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Cones and consequences: the
false dichotomy of conifers vs
broad-leaves has critical
implications for research and
modelling

Summary

In plant science research and modelling, particularly from the
northern hemisphere, the terms ‘needle-leaved’ and ‘conifer’ along
with ‘broad-leaved’ and ‘angiosperm’ are often used synony-
mously, creating the false dichotomy that -conifers are
needle-leaved and angiosperms are broad-leaved. While these
equivalences may be largely correct in the temperate northern
hemisphere, they do not hold true in equatorial and southern
hemisphere forests. Confounding needle-leaved conifers and
broad-leaved angiosperms presents significant issues in empirical
research and modelling. Here, we highlight the likely origins and
impacts of misusing conifer-related terminology, the misinterpreta-
tion that ensues and its implications. We identify the issue of a focus
on Pinaceae and coin the term ‘Pinaceae panacea’ to describe this.
We provide recommendations for future research: from standardis-
ing the use of definitions to shifting away from using Pinaceae as a
model group for all conifers.

The problem

In plant science and modelling, the use of the binary ‘conifers’ vs
‘broad-leaves’ to categorise tree species, forests and define plant
functional types is alarmingly common. At the root of this is the
direct comparison of a morphological term, ‘broad-leaves’ and a
taxonomic term, ‘conifer’. With ‘conifer’ often used synonymously
and interchangeably with ‘needle-leaved’, this dichotomy implies
that conifers and broad-leaved are antonyms, negating the global
diversity in leaf shape across both conifer and angiosperm trees. The
incorrect equation of needle-leaved and conifer, along with
broad-leaved and angiosperm sets up a false dichotomy which
has cascading negative implications. This starts with negating the
diverse array of leaf morphologies displayed by conifer and
angiosperm species. These categories, or derivations of these, are
used in many scientific publications including empirical research,
global modelsand predictions. The misuse of terms and subsequent
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miscategorisation of trees therefore affects our understanding of
plant systems and the accuracy of our projections with implications
for research, conservation and beyond.

Definitions

Trees, which are the focus of this paper, can be categorised as either
gymnosperms or angiosperms. Gymnospermsare nonflowering seed
plants that encompass but are not limited to conifers, cycads and
ginkgos. Conifersare defined as plants belonging to the Coniferae,
the order of woody gymnosperms comprising trees bearing cones
(Oxford English Dictionary, 2023) which can exhibit many leaf
widths and shapes (Fig. 1) and consist of ¢. 615 perennial extant
species (Farjon, 2018). Angiospermsare the most numerous, diverse
and widespread extant plant group (Kvacek ez al., 2020) taking
many forms, from herbs to shrubs and trees, and also exhibit diverse
leaf morphologies.

While there are many leaf shapes in trees, for example, awl and
scale leaves, here we focus primarily on the two leaf shapes which are
the basis of most misattribution of tree-related terminology and
classification: needle-leafrefers to a narrow leaf form, sometimes also
termed ‘acicular’. While more common in conifers, this leaf shape is
also present in angiosperms, notably in, but not limited to,
Proteaceae (e.g. Hakea lissosperma, Orites acicularis, Grevillea
rosmarinifolia; Fig. 1) with species occurring in dry climates across
Eurasia and Africa. Broad-leaf encompasses all leaves that possess a
large surface area. Many angiosperms have broad-leaves, a character
which has evolved to maximise light capture through photosynthesis
(Biffin ez al, 2011) but this leaf shape is also present in conifers, for
example, in many species within Podocarpaceae and Araucariaceae.

The ‘Pinaceae Panacea’

One of the key advantages of using conifers as an ecological study
group is that they are near-globally distributed, with representatives
in a wide range of ecosystems (Fig. 2). However, treating
‘coniferous’ as a synonym for ‘needle-leaved’ reduces conifers to
largely the northern hemisphere temperate species, many of which
are members of Pinaceae (Fig. 2). The ecological dominance and
relative morphological homogeneity of this group combined with
the historically large proportion of scientific research from the
global north (Auge et al., 2024) underpins the emergence of what
we term the Pinaceae panacea’ (whereby Pinaceae is often used a
model group for all conifers), and the false dichotomy of
‘needle-leaved’ conifers vs ‘broad-leaved’ angiosperms. For exam-
ple, foliar nitrogen records for gymnosperms in the TRY database
(Kattge eral., 2020) are almost entirely (91.5%) species in Pinaceae,
with just 4.3% of records belonging to Southern hemisphere
species.
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Fig. 1 Global distribution of conifer leaf widths
and silhouettes of both broad-leaved conifers
| and nonbroad-leaved woody angiosperms. (a)
' Geographic distribution of conifer leaf width.
( | The colour gradient shows the mean leaf width
% : 4 W l (mm) of native conifer species, mapped at
‘botanical country’ resolution (Level 3 of the
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In northern temperate and boreal systems, evergreen,
needle-leaved conifers generally dominate high latitudes and
elevations, whereas broad-leaved, deciduous angiosperms occupy
lower latitudes and elevations (Sprugel, 1989). However, this
pattern does not hold true for global plant diversity. In tropical
ecosystems, home to over half of all conifer species (52.5% native to
the tropics and subtropics; from the World Checklist of Vascular
Plants; Govaerts et al., 2021), the morphological and ecological
differences between conifers and angiosperms are less apparent.
Conifers in these systems tend to be members of the ‘southern
conifers’ (Podocarpaceae, Araucariaceae, Callitroideae, Fig. 2),
separated from the characteristic northern lineages (including
Pinaceae) by over 60 million years of evolutionary and ecological
isolation (Leslie et al., 2012).

The evolution of the major northern hemisphere clades Pinaceae
and Cupressoideae (Cupressaceae) has been driven primarily by
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temperature; these clades include many species with extreme
resistance to cold (Strimbeck & Schaberg, 2009) and more recent
evolutionary radiations (Forest et 4/, 2018). These clades both
feature trees which share many physical characteristics, with slim
leaves that can be needle-like (Pinaceae), thin and flattened (e.g.
Larix-larch and Pseudotsuga-Douglas fir) or scale-like and tightly
appressed to the stem (e.g. Juniperus, Sequoia). By contrast, the
southern conifer clades (Podocarpaceae, Araucariaceae and
Callitroideae) tend to have much older lineages (Forest
et al., 2018) and display higher variation in leaf form, from
scale-like and appressed (e.g. Microcachrys, Callitris) to awl-like
(e.g. Araucaria) and even broad and multi-veined (e.g. Nageia,
Agathis, Phyllocladus) (Fig. 1). Water, rather than temperature, has
been the primary long-term ecological constraint for these southern
lineages (Leslie ez al, 2012; Brodribb ez al, 2014; Brown
et al., 2021). These hemisphere-scale differences are apparent even

© 2025 The Author(s).
New Phytologist © 2025 New Phytologist Foundation.



New
Phytologist

(a)

(c)

b
\$ ¥ ’*.:.,.3. |

Pinaceae
(b)

Podocarpaceae + Araucariaceae

(d)
& .‘ ’ w“;‘
¢ 2hi v
< ’,':

Cupressaceae + Taxaceae + Sciadopityaceae

(e)

Fig. 2 The relationships between hemisphere,
clade and leaf morphology for the major extant i
conifer clades. Species richness (a, c, e) of each
of the three major conifer clades (from Leslie
etal., 2012), mapped to botanical countries and
distribution of mean leaf width (b, d, f)
partitioned by clade.

within genera, with Pinus krempfii, the only species of Pinaceae that
occurs in the southern hemisphere, featuring wide, flattened leaves
that are functionally more similar to those of podocarps than other
Pinus species (Brodribb & Feild, 2008).

We note that the tendency to use the temperate northern
hemisphere as a proxy for global biodiversity is not unique to
conifers; latitudinal biases and shortfalls in plant science are well
documented, from foundational taxonomic knowledge (Freeman
& Pennell, 2021) to species’ distributions (Diniz Filho ez al., 2023),
traits (Maitner et a/., 2023) and other data (e.g. genome size; table
S4 in Soto Gomez et al, 2024). These biases are further
compounded by differences in digitisation and availability of data
(e.g. Ronquillo ez al., 2023) and access to herbarium specimens due
to their physical locations (Park ez al, 2023). While addressing
these shortfalls directly will require sustained, targeted collection
and digitisation efforts, imprecise use of language further reinforces
and amplifies biases towards temperate, northern hemisphere
science.

Implications: empirical research

Empirical research, based on experiments and observation,
produces fundamental and foundational information on plants at
the cellular, organismic, population and ecosystem scales. This
knowledge informs conservation and modelling. However, it is not
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uncommon to see empirical research in trees using, or based on, the
false dichotomy of conifers vs broad-leaves (i.e. Bachofen
et al., 2024; Li er al., 2024; Shi et al., 2024). In many studies,
conifer vs broad-leaf terminology is prevalent in the study context
(i.e. introduction) and is used to build aims and hypotheses which
inform the conclusions and new research perspectives, perpetuating
the incorrect use of these terms in future research.

Research papers from across diverse topics frame hypotheses
around comparing broad-leaves (sometimes referred to as hard-
wood) vs coniferous (referred to as softwood) forests (Seiwa
et al., 2021; Morikawa ez al., 2022). The subjects of these papers
include butare notlimited to responses to environmental changes
(Zhang et al., 2020; Q. Liu ez al, 2023), carbon flux and
allocation (Oulehle ez al., 2018; Rog ez al., 2024), the impact of
forest type on run-off (Swank & Douglass, 1974; Komatsu
et al., 2011), soil pollution (Steinparzer et al, 2023), soil
invertebrates and soil fertility (J. Liu ez al, 2023), vertebrates
(Mittelman ez al., 2024) and forest evapotranspiration (Komatsu
et al., 2007). While the needle-leaved conifer and broad-leaved
angiosperm forest dichotomy does exist, particularly in the
northern hemisphere, when the study focal region is not clearly
stated and the limitations of the conclusions are not acknowl-
edged, these studies perpetuate the northern hemisphere centric
concept of a binary in forest types, negating global tree and forest

diversity.
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Importantly, a continued focus on solely coniferous
needle-leaved and angiosperm broad-leaved forests, without the
acknowledgement of alternatives, leads to a widening gap in our
knowledge of important alternative forest systems. This results in a
negation of the tropics, where many broad-leaved conifers reside
(Govaerts ez al., 2021). The tropics are not only home to a large
proportion of terrestrial biodiversity but are also identified as being
particularly vulnerable to climate and land-use change (Newbold
etal.,2015). Forests dominated by needle-leaved angiosperms such
as the Allocasuarina forests of Australia and southeast Asia
(Chonglu ez al., 2005; Broadhurst, 2012) are also neglected under
a binary view of forest types. With the information produced by
empirical research playing a fundamental role in our global
understanding of tree and forest function and dysfunction,
considering only two of the wide and varying forest types (i.e. the
Food and Agriculture Organization reported 20 forest types, FAO
& UNEDP, 2020) leads to a misunderstanding of forest responses to

biotic and abiotic stressors.

Implications: plant functional types and global
modelling

Inaccurate use of conifer-related terminology or using temperate
northern species as a proxy for conifer diversity also has significant
implications for global-scale modelling. Characterising and
quantifying plant function is crucial for understanding how
ecosystems work and therefore for better predictions of future
changes. To describe ecosystem complexity, plant species are often
categorised according to their functional traits into plant functional
types (PFTs; Diaz ezal., 2016; Bongers ez al., 2021). These PFTs are
used in land surface modelling, biodiversity characterisations and
trait-based estimations of the distribution of vegetation types.
Including PFTs increases the predictive power of estimations
(Dechant et al, 2024); however, PFTs are found to be most
accurate in comparatively low diversity areas such as Europe and
less precise in more complex systems with higher diversity
(Peaucelle er al., 2017). The groupings represented in PFTs are
not fixed categories, and the species they benchmark can vary
depending on the available data or the purpose of the study
(Dechant et al., 2024).

Plants are most commonly classified based on a combination of
growth form, leaf type and leaf phenology (i.e. evergreen
needle-leaf tree: Ma et al., 2023; Dechant et al., 2024; Hasler
et al., 2024). Databases such as TRY (Kattge ez /., 2020) or the
Tallo dataset (Jucker et al., 2022) include categories that allow
accurate classification of leaf types with terms, such as growth form,
leaf type, leaf phenology, woodiness, phylogenetic group. Using
leaf characteristics and taxonomy, PFTs can be assigned easily
without employing the conifer vs broad-leaf dichotomy, which can
lead to miscategorisations of tree and forest types.

The most controversial use of PFTs in trees generally occurs in
two scenarios: (1) when regional characteristics are upscaled to the
global level, such as in generalisations of plant strategies; or (2)
when PFTs include ‘conifer’ or ‘broad-leaf’ categories that are not
underpinned by accurate taxonomic or leaf morphological
definitions.
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Conifers in the northern hemisphere are often described as early
successional species, having fast growth rates and high fecundity
when resources are abundant, using mainly Pinaceae as a reference.
By contrast, ‘broad-leaves’ (referring to angiosperms) are often
presented with the opposite traits (Westoby & Wright, 2006;
Chave ez al., 2009). However, these generalisations are largely only
true when considering northern hemisphere temperate forests, with
global conifers encompassing a diverse array of ecological strategies
(Biffin er al, 2011). This becomes an issue when global studies
utilise research with a regional focus to support their statements. An
example of this is illustrated in a study that maps leaf form and habit
at a global scale (Ma ez al.,, 2023). The authors base the idea that
broad-leaved and needle-leaved trees have contrasting water use
strategies on a study focussed solely on boreal systems (Augusto
et al., 2015), and likewise, the idea that needle-leaved species have
lower photosynthetic rates than their broad-leaved counterparts is
based on a study focused solely on evergreen conifers and
angiosperms in productive habitats (Lusk e# @/, 2003). In other
cases, the existence of broad-leaved gymnosperms is omitted in
global studies (Yang er al., 2024), possibly due to a dearth of
sampled data for broad-leaved gymnosperms, influenced by the
effects of the ‘Pinaceae Panacea’.

Direct misuse of conifer-related terminology in defining PFT's
also results in miscategorisation. A common source of confusion
derives from Olson ez 2. (2001), with almost 6000 citations, which
defines ecoregions. Some of the categories in this framework are
limiting, for example, ‘tropical and subtropical conifer forests” and
‘tropical and subtropical dry/moist broad-leaved forests’. This
enhances and perpetuates the conifer/broad-leaf dichotomy and
precludes the inclusion of the many broad-leaved conifers of the
southern hemisphere. Adopting these categories for defining PFT's
in subsequent research has led to sustained use of these misleading
groupings. Of the 647 gymnosperm species with at least one trait
measurement in the TRY database (Kattge ez al, 2020), only
50.7% are categorised as needle-leaved. If treating all conifers as
needle-leaved, and all angiosperms as broad-leaved, the ecological
significance of leaf morphology is likely to be obscured by the
mis-categorisation of nearly half of all conifer species in the
database. Examples of this erroneous categorisation can be found in
some of an author’s own work (Vallicrosa et al., 2022a,b) and in
other examples that followed a similar approach (Bouchard
et al., 2024; Mo et al., 2024; Sarneel et al., 2024).

The recent examples mentioned above (all published within the
last 3 years) demonstrate the prevailing widespread misattribution
of terminology for tree classification in modelling that underpins
important global studies and predictions. Such miscategorisations
are especially concerning since they are repeatedly reviewed and
published in high-impact journals. Miscategorising trees system-
atically neglects a significant portion of global plant diversity and
perpetrates the historical under sampling of the global south (Auge
et al., 2024).

Recommendations

We outline some practical recommendations to minimise
miscategorisation and misinterpretation in our collective efforts
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as a research community to categorise trees and predict their
responses in a changing climate.

Avoid the false ‘conifer’, 'broad-leaf’ dichotomy

Using ‘conifer’ and ‘broad-leaf as distinct categories in global
studies is misleading. ‘Conifers’ and ‘broad-leaves’ are only distinct
categories in specific regions of the globe, while this dichotomy does
not hold in many others. By strictly using a combination of growth
form, leaf type (considering the various morphologies such as awl-
shaped, scale, etc.) and leaf phenology, we can safely upscale our
results to a broader scale.

Stop using Pinaceae as the sole model group for conifers

Despite being one of the most studied families among gymnos-
perms, Pinaceae is not representative of all conifers. Where
possible, including reference to the diversity contained within
conifers from other families is desired and strongly encouraged. If
the desired information about other conifer families is unavailable,
we suggest discussing the lack of information for these less studied
families and encouraging further research.

Separate taxonomic and morphological terms and
contextualise your study

Morphological and taxonomic terms should never be used
interchangeably, especially in global studies. When categorising
forests and trees, we suggest using both the taxonomic (angiosperm
vs gymnosperms) and morphological (broad-leaved vs needle-
leaved) categorisations used in the TRY database (Kattge
et al., 2020). For more localised studies, where ‘conifer’ can be
synonymous with ‘needle-leaved’, we recommend clearly con-
textualising statements.

Careful selection of references as an author and a reviewer

Both when writing and reviewing work, care should be taken when
selecting references to ensure that previous misuse of conifer-
related categorisations and terminology is not perpetuated. More
specifically, definitions of tree or forest types that only apply to
northern hemisphere systems should not be used to make
inferences about conifers or angiosperms at a global scale.

Conclusion

Classification of conifers as solely needle-leaved and angios-
perms as broad-leaved is incorrect and misrepresents the global
diversity of trees. This has consequences not only for reducing
the visibility of tree diversity with implications for conserva-
tion but also for empirical research, describing global flora and
predicting future patterns using PFTs. We by no means intend
to disregard the validity of the research contained within the
papers that we cite, but rather to identify the potential or
realised impacts of using this common dichotomy incorrectly,
arguing that misuse of terminology in classifying trees can have
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severe consequences for the study of ecosystems and the
accuracy of predictions about the future of our forests.
However, we believe that by acknowledging this issue and
following the recommendations outlined above, we can
collectively undertake research and build predictive models
that are accurate and representative, underpinned by clear,
considered and well-defined terminology.
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