
Part

I
Aims, Approaches and Diversity

All research begins by analysis of nature.
Michelangelo, artist and observer (1475–1564)

Look deep into nature and then you will understand
everything better.
Albert Einstein, mathematician, inventor and philosopher
(1879–1955)

Speak only if it improves upon the silence.
Mahatma Gandhi, observer and philosopher (1869–1948).

Introduction
The arborescent gymnosperms are effectively all trees globally
that are not angiosperms. They are predominantly woody and
resinous trees with largely narrow (often needle-like) perennial
leaves, and their mostly evergreen habits contribute year-
round functional potentials. Their occurrence is geographically
and ecologically wide. They form the dominant trees and
keystone elements of one-third of the world’s forests, and are
present especially through moist more-temperate latitudes of
both hemispheres, as well as across many mountain ranges,
including those of the tropics. These trees thus contribute
substantially to the environments and sustainability of major
land areas. Many have also had particularly long evolutionary
histories. They collectively have formed the dominant forests
of the Earth for at least five times longer than the angiosperms
have existed. Their contribution to the stability of the terres-
trial environments of this planet, and their recovery from
extremes, have been far-reaching and extensive, and they have
great potential in these respects both today and in the future.

Many of the Northern Hemisphere members produce their
seed in cones, but this is not true especially of many Southern
Hemisphere representatives, whose seed is more often pro-
duced in association with fleshy, berry-like structures, of a great
range of detailed form and derivation. Although the group have
so often been overall called ‘conifers’, such a term closely applies
to mainly modern Northern Hemisphere representatives, and
especially the Pinales, to which I largely restrict it here. I have
therefore instead sought an informal replacement term that is
more widely applicable across both hemispheres. For this,
I have adopted have and utilised the new term the ‘resinifera’,
referring to the fact that virtually all, whether cone-bearing or

berry-fruited, are united by being trees which throughout all
parts are characterised by production of resin.

More technically the total ancient plant lineage of the gym-
nosperms is overall composed of four different groupings: the
Cycadophyta, the Gnetophyta, the Ginkgophyta and the
Pinophyta. Of these, the class Pinophyta is by far the largest
today, containing 72 living genera and more than 700 species.
Further, only the Ginkgophyta and the Pinophyta regularly form
woody trees reaching tall, arborescent form, and are hence the
focus of this book. This has almost certainly been true also for
these two major groupings throughout the fossil record (when
the Ginkgophyta have also been much more abundant and
diverse). Consequently, the surviving array of these trees shows
great variety in history, ecology, structural details, environmental
function, vegetation achievement and strong global climatic and
ecosystem-service output, applications and potentials.

Upon this basis, the research approach taken here is that
study of the living members of the resinifera forms an espe-
cially valuable basis for gaining wider understanding of their
functional role through their long evolutionary past, as well as
providing a sound structural and practical basis in manage-
ment for a sustainable future. Each genus of these trees is thus
studied and analysed here in practical detail for their distinc-
tions, diversity, distributions, ecologies, biological, adaptive
and functional significances, forest contributions, environ-
mental interactions and evolutionary achievements. Such a
work is necessarily of considerable magnitude in both breadth
and depth through space and time. Perhaps for this reason,
there has never been any previous comparable generically led
comprehensive treatise on their overall evolution, gathering
data from detailed surveys of their comprehensive diversity,
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setting this around fresh evidence of their living systems and
developing from this analyses of the biogeodynamics of all
living genera. This thus embraces the total diversity of their
living systems, individualities, pathways progressed, practical
and functional contributions made, phytogeographic conse-
quences and evolutionary achievements, all of which this book
seeks to uniquely uncover, assemble and integrate.

Aims and Objectives
Here we attempt to do the following:

1. Stress the importance of an ecological–evolutionary focus
upon arborescent gymnosperm diversity through drawing
together a powerful triumvirate assembly (see below) of
independent evidence bases.

Map 1 Global distribution of forests dominated by modern arborescent gymnosperm trees, presented throughout these accounts (original).

Map 2 Global distribution of modern tropical rainforests (assembled and redrawn after Whitmore 1987, included here for comparison).
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2. Focus on gaining additional novel data input from living
systems, spanning all known genera, and stressing not only
similarities but especially distinctions, differences and
individuality of adaptations, achievement and diversity.

3. Amplify evidence of especially rarer and lesser-known
genera, hitherto most often overlooked.

4. Embrace all habitats and locations where arborescent
gymnosperms are present, gaining especially balances
between the Northern and the often more neglected
Southern Hemisphere.

5. Analyse the consequent global presence of all of these
genera and their individual suites of features, development,
divergences, adaptations, specialisations and long-term
environmental and interactive functioning.

6. Investigate especially resulting ecological roles of their
living systems, and how the dynamics of these provide vital
balance to the overall vegetation and diversity of
ecological–evolutionary achievement.

7. Demonstrate how phytogeographic patterns often
especially link to wider environmental–evolutionary
stimuli of climates, geology and events of global Earth
systems dynamics, with implications for
geological applications.

8. Present analyses of each genus in a comprehensive and
ideas-rich, but also accessible and user-friendly, format in
which small ‘bites’ of individual generic essays can be
found and accessed in whole or part as needed.

The book strives to combine the total of these approaches,
building around the author’s own plant and living systems
observations, novel data-source analyses and inputs gained
across 50+ years. Generic entries also include fully comprehen-
sive world geographic-distribution maps, and a strong photo-
graphic back-up to further amplify visualisation of material
dimensionality, diversity and structure.

The objectives are to provide a series of comparative gen-
eric essays encompassing the great array of topics around these
globally critical ancient living plants, spanning their individual
biology, living functions achieved, ecosystem services provided
and environmental balances commanded, as the bases for
showing the global gain in their present and future onward
management and sustainability.

Data Input: A Triumvirate Approach
Three main essential sources of information are thus overall
surveyed, with much of that of the last added here from first-
hand experience:

1. Phylogenetic data. This essential basis spans frommolecular
to non-molecular data to provide a background of
comparative phylogenetic interrelationships through all
taxonomic levels.Whilemolecular evidence within this sector
has achieved several vitally important sample comparative
surveys, it does not necessarily replace – but rather combines
with – all other (especially cytogenetic and morphological)
evidence, including that available from other structural and

developmental (e.g. embryological) sources. The bases of
these different sources add to and widen the perspectives of
each other. Indeed, data from cytogenetics yields awareness
especially of vital other factors occurring, such as processes of
hybridisation and occasional polyploidy emerging, which
have been interpreted here to have contributed substantially
to achievement of locally – and perhaps more widely – far
greater phylogenetic complexity than previously appreciated.
From this aggregate, more objectively balanced phylogenetic
assemblies supporting broad global evolutionary overviews
are constructed. Especially highlighted throughout is
information on the depths of separation between the taxa in
question. The vitally important frameworks derived are then
built towards understanding evolutionary distances,
divergences, progressions achieved and perhaps the steps and
pathways involved.

I have used phylogenetic data especially widely
throughout this book to create a relative sequence of
successive placement of the taxa (here especially genera)
presented and discussed. The relativities established by this
phylogenetic information have thus resulted in
construction of a solid and consistent uniform new
taxonomic background throughout, with construction and
hierarchical placement of all classes, orders, families and
genera across the whole arborescent gymnosperms revised.
This forms the basis of their presentation throughout.

2. Palaeobotanic data. Because they have very many hard
parts, the arborescent gymnosperms often tend to fossilise
well, and always have. Their many hard parts (leaves, twigs,
cones, bark, wood and even resins) have enabled individual
trees to leave strong fossil signals in the palaeobotanic land-
plant record. Close study of such ancient elements of the
Earth’s forests through time thus offers a long-accumulated
perspective of these dominant forest-forming arborescent
gymnosperms as multiple ‘windows on the past’. This
shows the living members to often have withstood many
changes during Earth’s history, and the trees themselves
thus harbour experience of resilience to eons of evolution
in their unique gene arrays. We thus have an
extraordinarily strong palaeobotanic basis from which we
can build pictures of past occurrence with strong
confidence, offering often vital long-term bio-indicator
values of global terrestrial times and environments of the
past. Significantly, too, important areas – some now
without tree growth, such as Antarctica – are recorded with
respect to former palaeo-contrasts, with forest presence.
In all areas, additional new materials continue to be
actively produced, adding often fresh detail of patterns of
evolutionary specialisation. Where appropriate, these are
set against backgrounds of regional information of known
geological histories and influences of Earth systems
dynamics in space and time.

Palaeobotanic data, tome, also helps to show the presence
of other past taxa that have existed but become subsequently
extinct, but which may have nevertheless contributed to
palaeo-phylogenies and perhaps even to at least some
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still-living genomes. For each genus separately within this
book, I have thus assembled the known palaeobotanic (fossil)
data directly from numerous independent sources, gathered
here on a global through-time basis for each genus for thefirst
time. It spans survey of variations in successive plant
structures, living systems, palaeo-diversity, space–time
progressions, related groupings, diversification and
extinction events, evolutionary pulses and stases, palaeo-
abundances, paleo-ranges, linked possible palaeoclimatic
ecological settings and known habitats.

I have used palaeobotanic data as individual major
early-case information for each genus, to form a
background of what is currently independently known of
the past presence of each genus, the timescales involves and
geographic locations of fossil finds. I have also included
with it any discursive information, such as ideas regarding
structural differences and similarities, diversities and past
communities, habitats and environments in which each
genus has occurred, as far as direct fossil evidence has
succeeded in contributing to these.

3. Living systems data. This main aspect throughout forms
the foreground of evolutionary studies covered here. Such
material has the advantage of having a wide taxonomic
sweep reflecting the fullest expression of generic make-up,
diversity and taxonomic authenticity. It also displays
structure and phenology, adaptive features and variations.
Evidence of the significance of adaptations and diversities of
structures are sought throughout, and an additional strength
is that all can be further checked through sensitive
combinations of repeat observation, experiment and
feedback. Close observations are possible through a wide
range of scales. Here we present detail at levels never before
attempted, geographically, ecologically and experimentally
widely, across time, and structured to be complementary
and comparable across the whole array of living genera
presented on a global scale. The book attempts to include
within this, as far as possible, details of patterns and
processes of growth and development, life cycle progressions
and turnovers, forest structures formed, ranges and habitats
occupied and environmental interactions and influences in
both space and time, and to draw from these dynamic
evolutionary perspectives. Detailed functioning of trees and
whole-forest living plant ecosystems, and the intricacies
involved, are followed across broad taxonomic spectra,
offering insights about how features offer opportunities to
appreciate their roles as functional elements of ecosystem
behavioural dynamics. As well as clear, larger-scale
processes, evidence of accumulations of many small-scale
processes become evident, occurring in intimate and
scattered episodes and mosaics. Vital attention is given to
how trees interface and interact with the many aspects of
environmental processes about them, and I have sought to
especially display diversity of form, distinctiveness of
functionality and individuality of evolutionary achievement.
It is held that all of these, as seen today, have also
contributed to moulding the pathways of individual generic

evolution through often long periods of evolutionary time.
Considerations derived from the breadth and depth of such
plant living systems data lead especially to important
perceptions of the biological complexities so often involved
in their continuity and the evolutionary processes involved.

I have used living systems data as the core of this book.
The book contains many additional new contributions from
first-hand experience. From these it can be seen that because
most of the living members are essentially survivors of often
long periods of evolutionary time, there are vast sources of
information locked-up within the structures and dynamics
of these living plants and their systems relevant to long
periods of Earth history. Much of this, in relation especially
to functions, processes, ecologies and environmental
interactions, is explorable and determinable. The book thus
provides a broad, in-depth, recordable, ecodynamic and
environmentally interactive study, with many principles and
long-term implications as a result. In terms of the breadth of
this data, in an important brief history of the whole of
gymnosperm diversity through time, Anderson et al. (2007)
estimated that across the span of 375 million years of
gymnosperm presence on Earth, there have been a total of
10 classes, 37 orders and 84 families of these plants.
A majority of these have likely been arborescent, and their
contribution to the vegetation of this planet and its
functioning has thus been immense. Of the living members
that still form trees (termed the ‘living arborescent
gymnosperms’ as treated here), I recognise a total of 2
classes, 7 orders and 23 families still extant (see Part II).
Thus, compared with those that have existed across
geological time, those still living are only a moderate-sized
sample. But, in an objective perspective, these arborescent
gymnosperms are very much the equivalent of the reptiles of
the animal kingdom (as much as the Pteridophyta are the
Amphibia – Page 1988), and of the present survivors, very
many are more exactingly the living equivalent of dinosaurs.
In the arborescent gymnosperms, a large contingent thus
survived the Cretaceous–Tertiary mass extinction event that
killed the dinosaurs. Having a total of 2 classes, 7 orders, 23
families, 73 genera and around 700 living species of these
plants, plus the whole of the ecosystems they form, still alive
to study remains spectacular by any standard.

Outcomes Encapsulated
Each of the above triumvirate of principal resources offers
independent fields of data and wider information for each of
73 genera, relevant to understanding evolution within each.
These have the strength of being multiple in source and both
additive and comparative in content. That of (1) provides a
first background step that effectively answers basics of the
‘what’ of the evolutionary process of each genus; (2) provides
further background steps that develop outlines of much of the
‘when’ and ‘where’; and (3), as the living plant systems fore-
ground, seeks to advance much of the ‘which’, ‘how’ and ‘why’,
and provides visualisations of pattern and process, pathways
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Molecular data

Non-molecular data

Origins and divisions

Generic interrelationships

Phylogenetic structures,

distances, divergences

Taxonomies arising

Palaeobotanical data 

Palaeo-diversity 

Space–time progressions 

Floristic and habitat arrays 

Environments,  

palaeo-ecologies,  

Earth systems settings

LIVING PLANT FOREGROUND 

Structural phenology and adaptive features 

Developmental patterns, processes and diversity 

Functional individualities, specialisations and

achievements Life-cycle turnovers, interactions

and renewal dynamics Forest dimensions,

applications, environmental balances

Ecosystem services and

impacts

Chemical, physical, climatic and biotic responses 

Geobiological and Earth systems links and continua 

Environmental interactions, dynamics and specialisations 

Phytogeographic outcomes, drivers and achievements 

Forest functioning, balances and ecosystem services

Evolutionary patterns, processes and principles 

INTERACTIVE FEEDBACK

AND ENVIRONMENTAL–

EVOLUTIONARY

INTERPRETATIONS

Environmental 

impacts and

continuities

Developmental

pathways and

progressions

Known 

background 

developmental 

pictures 

PHYLOGENETIC BACKGROUND – PALAEOBOTANIC BACKGROUND 

The triumvirate information assembly utilised here. Components in italics are aspects provided especially first-hand here.
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and diversity, environmental links and interactions and the
possible resulting principles.

There have been many opportunities to test and re-test all
elements. Consequent dominantly practical, structural, devel-
opmental, dynamic and environmental analyses have thus
provided multifold unique bases around which new ideas have
been generated or have gradually unfolded and assembled
towards collective evolutionary ideas. From these datasets,
particular emphases are placed upon achieving combined-
balanced perspectives of how evolution has proceeded and is
still proceeding in the ‘real’ world, and the implications of this
through a space–time perspective.

Living systems of arborescent gymnosperms are then used
as the primary core of these studies, around which the data is
set, because of their considerable global significance in several
important respects:

• They allow the whole of averages and even extremes of
structure, function, development, processes, patterns and
sequences and adaptive detail to be studied in considerable
whole-plant living systems contiguous detail.

• They do this from across a wide range of phylogenetic,
taxonomic and life form spectra of living members,
between them showing virtually all conditions of form
present, in scales from the microscopic to forest trees.

• They allow records of sequences and succession of materials
through all life stages of individuals to be analysed.

• They open the opportunity for widespread sampling from
across geographic ranges, demonstrating full ranges of
ecologies and tolerances.

• In studies of the living systems they allow all variations of
interactions of the living members with their full diversity
of ecosystems and environments to be formed.

• Through this route, pictures of evolutionary progression
thus build, pointing towards principles, strategies and
environmental links today, and also likely those through
long periods of Earth evolutionary history.

• The dynamics arising also indicate fuller pictures of likely
interactions of plant families and genera with wild
environments through the course of their evolution.

• They can demonstrate how these trees, as integral
components of globally forested environments,
support ecosystem services.

Using the living plants and their systems as a central core
thus provides a strong, central ‘Rosetta Stone’ around which

information from all other resources can be best assembled,
displayed, interrelated, analysed and interpreted. I also bear
strongly in mind where there may be gaps. For example, while
the fossil record showsmany genera which are no longer extant to
have existed, which were once living plants too, others may have
also existed (especially, for example, in locations thatmayhave left
no fossiliferous trail). On the other hand, the living plants can
show the presence of some individual genera (e.g. Parasitaxus)
that are as-yet unknown from the fossil record, even as a life form.
They also show, often in detail, how life cycle turnovers take place.

In presenting the dynamics of the whole of this data, I have
throughout also used the terms ‘pattern’ and ‘process’whichmark,
for me, a particularly strongly recurring theme of environmental–
evolutionary developments and impacts that are present through
wide phylogenetic spectra. ‘Pattern’ occurs in a morphological
sense frommicro-structures to whole trees, through an enormous
range of scales, and both in structure and ecology. ‘Process’ espe-
cially reflects ways in which features of living plants build, interact
and effect functioning and progression of taxa, from the structural
development and life cycles of individual plants to the many
further dynamics of whole-forest structures and ecosystems, their
occurrence, recurrence and progression through time. Together,
developments balancing and rebalancing in time and scale are
established, and the resulting forest structures can be mosaic-like
in complexity and ever-changing in dimensions and time.
Evolution of the Arborescent Gymnosperms thence derives from
the total of these data inputs and considerations. It shows clearly
deep diversity derived through time, and upon this, strong indi-
viduality of adaptive solutions, environmental interactions and
evolutionary experimentation, differing directions pursued, selec-
tions, successes and extinction failures, developmental potentials
arising and renewing from diverse stocks, and the drivers and
dynamics of all of these.

All have been constantly subject to differing geoenviron-
mental opportunities presented by the very functioning of the
planet upon which they occur, and the many changes and
challenges of Earth systems dynamics. Evolutionary individu-
ality of separate genera is what I seek to especially emphasise,
from which many principles arise. It is this strong individu-
ality that demonstrates the distinctiveness of their many
diverse evolutionary achievements and pathways scribed.
‘Diversity’ (sensu Page 1979) is, then, the core of what has
been gained, inherited and achieved, at any point, and ‘inter-
activity’, ‘complexity’ and ‘flexibility’ all underlie the abiding
evolutionary potentials that are continuously apparent.
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