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1 Abstract 
In 1951, a Swedish paleobotanist named Rudolf Florin published an extensive study titled 
“Evolution in Cordaites and Conifers.” In this study he presented morphological 
interpretations of the female cone in both living and extinct conifers, as well as presenting a 
hypothesis for the origin and evolution of this structure. According to Florin the female 
conifer cone is a compound strobilus consisting of a main axis bearing fertile dwarf-shoots in 
the axils of bracts. Over the course of evolution, the dwarf-shoots became reduced and 
modified in multiple lineages, resulting in that the compound nature of the strobilus being 
often indiscernible in living conifers. This study is considered a landmark in the study of 
conifers, but since its publication there has been progress in our understanding of conifer 
evolution, with the most significant contribution being molecular phylogenetics. My goal with 
this review has been to determine if Florin’s study can now be considered inaccurate, with the 
null hypothesis being that he was completely wrong. To do this I have read the study itself 
and criticized it through the lens of molecular phylogenetics. Using R-studio I’ve also made 
my own analysis of conifer phylogeny. It is safe to say that research since Florin’s study has 
shown some of his conclusions to be inaccurate, his overall hypothesis about the female 
reproductive structures of living conifers being a result of the reduction and modification of 
an ancestral compound strobilus is still accurate as it is supported by fossil, morphological 
and phylogenetic data. However, the surprising result of molecular phylogenetics placing the 
order gnetales as part of the conifer-clade points to the need for further investigation into the 
evolution of these ancient plants. 
 
1951 publicerade en svensk paleobotanist vid namn Rudolf Florin en omfattande studie med 
titeln “Evolution in Cordaites and Conifers.” I denna studie presenterade han morfologiska 
tolkningar av den honkotten i både levande och utdöda barrträd, samt presenterade en hypotes 
för ursprung och utveckling av denna struktur. Enligt Florin är den honliga kotten en 
sammansatt strobilus bestående av en huvudaxel som bär reproduktionsorgan i axlarna av 
stödblad. Under utvecklingsförloppet minskades och modifierades dvärgskotten i flera linjer, 
vilket resulterade i att den sammansatta strobilus-strukturen ofta var oskiljbar i levande 
barrträd. Denna studie betraktas som ett landmärke i studien av barrträd, men sedan 
publiceringen har det gjorts framsteg i vår förståelse av barrträdens evolution, varvid det 
viktigaste bidraget är molekylär fylogenetik. Mitt mål med denna litteraturundersökning har 
varit att avgöra om Florins studie nu kan betraktas som felaktig, med nollhypotesen att han 
hade helt fel. För att göra detta har jag läst själva studien och kritiserat den genom linsen för 
molekylär fylogenetik. Med hjälp av programmet R-studio har jag också gjort min egen 
analys av barrträdens fylogeni. Forskning sedan Florins studie har visat att några av hans 
slutsatser är felaktiga, men hans övergripande hypotes att de honliga 
reproduktionsstrukturerna hos levande barrträd är ett resultat av reduktion och modifiering av 
en ursprunglig, sammansatt strobilus är fortfarande korrekt eftersom det kan stödjas av 
fossila, morfologiska och fylogenetiska data. Det överraskande resultatet av molekylär 
fylogenetik som placerade ordningen Gnetales som en del av barrträden pekar dock på 
behovet av ytterligare undersökning av utvecklingen av dessa urgamla växter. 

 
Keywords: conifers, evolution, phylogeny, fossils, morphology, cordaites, gnetophytes, cones, strobilus, female, 
seeds, permian, carboniferous, mesozoic, Florin, development, review 

 



 

3 

2 Introduction 
“Conifers are shrubs or trees with secondary wood built of tracheids with large 
bordered pits in their walls and narrow rays. The leaves are simple and single or 
parallel veined. Resin is produced in the wood or in the leaves and is conducted 
through resin canals. The reproductive organs are separated into male and female, 
with male cones (pollen cones) simple and female cones (seed cones) compound or 
reduced. Conifers have only one copy of a large inverted repeat in the chloroplast 
DNA, whereas all other plants studied so far have two copies.” 

Farjon, A. (2008a). Chapter 1: What Are Conifers?. In A Natural History of Conifers 
(pp. 16–21). Portland, Oregon: Timber Press. 

In the Northern Hemisphere, conifers are very familiar plants due to their ubiquitous presence 
in forests and gardens. But conifers are a cosmopolitan group of plants with over 600 species 
and a wide range of variation in vegetative and reproductive traits. This wide distribution and 
range of variation despite such low species numbers is due to the complicated evolutionary 
history of conifers, spanning approximately 300 million years (Farjon 2008b). 
With this in mind, conifer taxonomist Aljos Farjon wrote a definition of key characteristics 
shared by all living conifers (quoted above). In his definition he described the female conifers 
cone as “compound or reduced,” this morphological interpretation is based on research by a 
Swedish paleobotanist named Rudolf Florin (Farjon 2008a). 

 
2.1 Brief history of Florin’s research 
Between 1938 and 1945, Florin published an eight-part monograph in Palaeontographica B 
volume 85, entitled “Die Koniferen des Oberkarbons und des unteren Perms.” In this 
monograph he carefully analyzed the fossilized remains of conifers from the Upper 
Carboniferous and Lower Permian. The purpose of this publication was to provide a guideline 
for improved taxonomic organization in the collections of natural history museums, which 
was lacking at the time. This monograph later became the basis for a series of Prather 
Lectures at Harvard University, that were published in Acta Horti Bergiani, 15, with the title 
“Evolution in Cordaites and Conifers” (Florin 1951). 
During this time, it was widely debated in botanical circles whether the female cone in 
conifers represented a simple strobilus or a compound strobilus. The morphology of the 
typical conifer cone consists of a main axis, with densely aggregated ovuliferous scales 
subtended by bracts. In the former interpretation, as a simple strobilus, the cone is a fertile 
shoot and the bract-scale complexes represent spirally arranged  megasporophylls. In the latter 
interpretation, as a compound strobilus, the cone is a modified branch and the ovuliferous 
scales represent spirally arranged fertile shoots subtended by sterile bracts. In angiosperms a 
simple strobilus would be equivalent to a single flower, whilst a compound strobilus would be 
equivalent to an inflorescence (Florin 1951). 
One of the main goals in Florin’s lectures was to settle this debate by studying the female 
cones of early conifers and comparing them to those of their descendants, both living and 
extinct. He determined that their morphology was equivalent to that of a compound strobilus, 
that the female cones in all living conifers are homologous with this structure, and the reason 
why they’d been confused for simple strobili was due to multiple reductions and modification 
during the course of evolution (Florin 1951). This research has come to be regarded as a 
landmark in the study of conifers, and conclusively settled the debate (Farjon 2008a). 
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2.2 Progress in conifer phylogenetics 
The conclusion that female conifer cones are compound strobili that have been reduced and 
modified during the course of evolution is still a very broad evolutionary scenario. It does not 
answer how it might have happened. A useful tool for making inferences about evolutionary 
history is phylogenetics. In “Evolution in Cordaites and Conifers” phylogeny does not factor 
into any of the conclusions (Florin 1951). This does put some of the evolutionary scenarios 
outlined in the paper into question. 
During the last few decades, phylogenetics using molecular data has revolutionized the study 
of relationships and evolution in all forms of life, including conifers (Farjon 2018). As 
technologies have become more sophisticated it has become cheaper to sequence genetic 
material, resulting in an ever-growing library of molecular data available. This progression 
has allowed scientists to infer relationships and evolutionary histories with greater clarity than 
can be achieved with only morphological and fossil data. However, with a group as ancient 
and disjunct as conifers, fossil data is still important. The vast diversity of conifers is now 
extinct, meaning that many branches are missing in phylogenetic trees using only living 
taxons. It is safe to say, then, that any evolutionary inferences using only molecular data are 
incomplete at best (Farjon 2018). 
For this reason, I have decided to (1) review the morphological and fossil data presented in 
“Evolution in Cordaites and Conifers,” (2) review our contemporary understanding of conifer 
phylogeny based on molecular data and (3) review fossil evidence accumulated since 1951. 
Using this knowledge, I will discuss what inferences could be made about the evolution of 
conifers, specifically their female reproductive structures, and identify places where more 
research might be required. But the main goal with this review will be to use this knowledge 
to question the accuracy of the overall evolutionary scenario outlined by Florin. 
Of course, it should be acknowledged that a single essay, written by one (inexperienced) 
author over the course of just two months, is probably not sufficient to disprove an entire 
paradigm. So rather than approaching this as an attempt at establishing a new paradigm, I 
approached this more as a brief overview of conifer evolution using the most widely accepted 
research. My hope is that this review will be useful to myself and to the reader for opening up 
new potential lines of inquiry into the often-disregarded evolutionary history of plant life, a 
subject equally as complex and fascinating as the evolution of animals. 
 

3 Aims 
To study the conclusions outlined in “Evolution in Cordaites and Conifers,” and determine if 
they are still accurate. My null hypothesis is that the paper is overall inaccurate, and therefore 
can not be used for evolutionary and morphological studies of female conifer cones. 
 

4 Materials and Methods 
 
4.1 Literature: 
A physical copy of Acta Horti Bergiani, 15, was borrowed from the Biomedical Library at 
University of Gothenburg. 
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Research and review papers relevant to the subjects covered in this essay were found through 
the search engine Google Scholar, and downloaded from their respective webpages. To limit 
the results to only the latest research, a custom time range was set from 2010 to 2020. 
Keywords used were plants, conifers, phylogeny, gnetophytes, evolution, cones, development, 
fossils. 

Three books cited in this essay are: Farjon 2008, Soltis et al. 2018, Taylor et al. 2009. 
The other book cited in this essay, Anderson et al. 2003, was downloaded from archive.org. 

 
4.2 RStudio: 
To generate a phylogenetic tree for potential use in this essay, R Project was used with an 
interface provided by RStudio. The following inputs were run in RStudio: 
install.packages("ape") 

library(ape) 

setwd("/X/") 

plants_tree<-read.tree("VascularPlants.tre") 

species_list<-plants_tree$tip.label 

species_list 

Conifer1<-grep("Pinus",species_list) 

Conifer2<-grep("Araucaria",species_list) 

Conifer3<-grep("Podocarpus",species_list) 

Conifer4<-grep("Taxus",species_list) 

Conifer5<-grep("Cupressus",species_list) 

Conifer6<-grep("Sciadopitys",species_list) 

MRCA_Conifer<-getMRCA(plants_tree,c(Conifer1,Conifer2,Conifer3,Conifer4,Conifer5,Conifer6)) 

Conifer_tree<-extract.clade(plants_tree,MRCA_Conifer) 

plot(Conifer_tree,cex = 0.1) 

To explain the inputs: "VascularPlants.tre" is a file containing a phylogenetic dataset for 
31 749 species of vascular plants. The tree is based on molecular data from 7 genes (18S 
rDNA, 26S rDNA, ITS, matK, rbcL, atpB, trnL-F) and structured through maximum 
likelihood estimation (Zanne et al. 2014). The file was originally generated by Zanne et al. 
using data from GenBank, it is included in their supplementary material and available for 
download at datadryad.org. All species belonging to the genera Pinus, Araucaria, 
Podocarpus, Taxus, Cupressus and Sciadopitys were selected from the tree. Then a clade 
including all the species in these genera, their most recent common ancestor (MRCA) and all 
its descendants were extracted from the tree. Finally, the tree was plotted and visualized in a 
pdf-file. 
It was originally planned to scale the branches of the tree to the rate of character changes or 
geologic time, and to include bootstrap support. However, this method had been taught during 
the course BIO217 at Gothenburg University. It was chosen not because it is the most reliable 
or advanced method, but because it was easy to learn. Because of this, the tree generated with 
RStudio was not changed from the initial plotting. The phylogenetic trees studied for this 
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essay were those published by authors with access to more advanced technologies, as these 
results were considered more reliable. 
 

4.3 Figures and Tables: 
It was originally planned that illustrations from “Evolution in Cordaites and Conifers” would 
be included in this essay, either by scanning them or by drawing new illustrations based on 
those in the paper. However, this could only be done after receiving direct permission from 
the copyright holder. Since Acta Horti Bergiani was the primary publication of Bergian 
Garden, they were contacted. Unfortunately, they could not provide useful information on 
who is the copyright holder. So, it was decided that it would be easier to simple illustrate the 
evolutionary changes in fossil conifers using a table. 
Photographs appearing in this essay have been taken by the author using an iPhone SE. No 
filter has been added and the photographs haven’t been manipulated in any way. Locations 
where the photographs were taken are given in the figure description. Figure 4 is a rough, line 
and dot sketch drawn by hand. 

 

5 Results 
 

5.1 Summary of Evolution in Cordaites and Conifers (Florin, 1951) 
The majority of this paper is devoted to analyzing the external morphology and internal 
anatomy of female cones belonging to both fossil and living conifers. In addition to conifers 
the paper also analyzes the reproductive organs of cordaites, an extinct group of 
gymnospermous seed plants that Florin presupposed were either ancestors of conifers or 
formed a sister taxon (Florin 1951). 

 
5.1.1 Cordaites: 
Species in the order Cordaitales were important plants in the infamous “coal swamps” of the 
Upper Carboniferous where they formed monotypic stands or grew in mixed forests. They 
were large, woody trees that could grow to over 45 m tall (making them the largest trees in 
their environment) with straight trunks and distal crowns. Some species grew as smaller trees 
or shrubs, and sometimes the smaller trees grew stilt roots superficially similar to those in 
modern mangroves. The leaves were usually 10 to 20 cm long, parallel-veined, strap-like and 
spirally arranged (Taylor et al. 2009b). 
Unlike in conifers, both male and female reproductive structures in cordaites have the same 
overall morphology: a main axis bearing fertile dwarf-shoots subtended by bracts in two 
opposite rows. The fertile dwarf-shoots bear spirally arranged leaves, with the apical leaves in 
the dwarf-shoot being fertile. Fertile leaves in male dwarf-shoots (microsporophylls) are 
flattened with multiple elongated pollen sacs at the tip. A vascular bundle runs up the middle 
of the leaf and forks multiple times at the apex and sends a branch into the base of the pollen 
sacs. Fertile leaves in female dwarf-shoots (megasporophylls) are elongated and terminate in 
one or more pendulous and flattened ovule with two integumentary lobes (Florin 1951). 
Florin identified two types of megasporophylls: the older and more primitive belonging to 
Cordaianthus pseudofluitans which is cruciately dichotomized, and the younger Cordaianthus 
zeilleri, which is entire right up to the apical ovule. At the base of the ovule, the sporophyll’s 
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vascular bundle forks into three branches, two of these run down the integumentary lobes and 
the third into the base of the ovule (Florin 1951). 
 

5.1.2 Conifers of the Upper Carboniferous and Lower Permian: 
In vegetative morphology these plants would have looked very similar to living members of 
the genus Araucaria: monopodial trees with whorled branches and spirally arranged scale-like 
leaves. In earlier forms the leaves were dichotomized or sometimes bifurcated, in later forms 
the bifurcated leaves were still present in leaves of penultimate branches whilst leaves on the 
ultimate branches were entire and more reminiscent of modern conifers. This might point to 
the possibility that dichotomized leaves represent a more primitive form (Florin 1951). 
Florin identified two main types of female cones in Paleozoic conifers: the Lebachia-type and 
Ernestiodendron-type. In both types the cones are cylindrical, compact and bear numerous 
spirally arranged fertile dwarf-shoots subtended by bifurcated bracts. In the Lebachia-type the 
dwarf-shoot bear multiple, spirally arranged, sterile scales and a single megasporophyll near 
the base (Florin 1951). 
The megasporophyll bears a single, apical, flattened and erect ovule facing the main axis of 
the cone. The Ernestiodendron-type is distinguished from the Lebachia-type by having more 
flattened dwarf-shoots with 3–7 megasporophylls, projecting in a fan-like shape, arising from 
the middle and apical parts of the dwarf-shoot. In some species the sterile scales are absent, 
and the ovules are inverted. In both types the ovule is surrounded by two integumentary lobes 
(Florin 1951). 
The female cones of early conifers share some similarities with the female structures of the 
cordaites, the male structures are remarkably different and more similar to living conifers. The 
main axis carries spirally arranged microsporophylls and lack sterile scales. The 
microsporophylls have a basal, narrow structure and a distal, oval-shaped and upturned 
structure. Attached on the inside of the distal structure are two elongate pollen sacs. It is also 
worth noting that whilst the shape of the male cone in early conifers is similarly cylindrical 
and compact as the female cones, they are placed on ultimate branches bearing entire leaves. 
In contrast, the female cones are placed on penultimate branches bearing bifurcated leaves 
(Florin 1951). 
The pollen grains of conifers from the Upper Carboniferous and Lower Permian are very 
similar to those of cordaites: the microgametophyte is surrounded by an air-sac that only 
leaves the gametophyte exposed at the distal pole. Only towards the Upper Permian do conifer 
pollen grains appear with two distinct air-sacs more similar to the characteristic pollen grains 
of the genus Pinus (Florin 1951). 
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Table 1. Morphology of fertile dwarf-shoots in cordaites and early conifers. All shoots have a spiral phyllotaxy. 
Far left column denotes (1) outer shape of megasporophylls, (2) the megasporphyll’s positions on the dwarf-
shoots, (3) the number of sterile scales. 

 Cordaianthus 
pseudofluitans 

Cordaianthus 
zeilleri 

Lebachia Ernestiodendron 

1. Megasporophyll 
morphology: 

Branched Entire Entire Entire 

2. Megasporophyll 
position: 

Apical Apical Basal Apical and 
Middle 

3. Sterile scales: Multiple Multiple Multiple Absent or 
Multiple 

 
 

5.1.3 Conifers and Taxads of the Upper Permian and Mesozoic: 
In the section of Florin’s paper dealing with younger conifers, a large number of fossilized 
female cones are analyzed. They differ in many ways but a few general trends are observed: 
Basic morphology of a main axis with radially symmetrical fertile dwarf-shoots in the axils of 
spirally arranged sterile bracts is carried over from the more primitive Lebachia- and 
Ernestiodendron-types. The dwarf-shoots become more flattened over time resulting in an 
arrangement with the megasporophylls closer to the main axis and the sterile scales placed in 
between the sporophylls and the bracts. Phyllotaxy of the dwarf-shoot changes from a spiral 
arrangement to a whorled, decussate arrangement. Reduction of the sterile scales resulted in 
that only those facing the main axis remained whilst those closer to the bract became 
suppressed, in some cases the number of scales were reduced down to one. At least two 
megasporophylls were usually present and the ovules were usually inverted. The sterile scales 
would often fuse to each other at the margins, and fuse to the bract. The megasporophylls also 
fused to each other at the base, and over time the megasporophylls became increasingly 
reduced and incorporated into the sterile scales (Florin 1951). 
In a strong departure from modern thinking about the interrelationships of seed plants, Florin 
argued that taxads were not a part of the conifer-radiation. Taxad female structures consist of 
a single axis with decussately arranged sterile, scale-like leaves and terminated by a single 
ovule, with no megasporophyll, surrounded by an aril. After observing this same morphology 
in a fossil specimen from the Upper Triassic (named Palaeotaxus), Florin concluded that the 
taxads distinct female structure was ancestral to the group and could not have evolved from a 
compound cone. It should be noted though that the sterile leaves in Palaeotaxus are spirally 
arranged, similar to fertile dwarf-shoots in early conifers (Florin 1951). 
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Table 2. Basic organization of fertile dwarf-shoots in Upper Permian and Mesozoic conifers. All shoots have an 
opposite and decussate phyllotaxy with sterile and fertile appendages in pairs, m: megasporphyll, s: sterile scale, 
x: suppressed appendage, (-): absent. (Table based on tentative diagrams in Florin 1951) 

 Pseudovoltzia Ullmannia Voltzia Schizolepis Cheirolepis Swedenborgia Drepanolepis 

1st pair m – m s – s m – m m – m m – m m – m x – x 

2nd pair m – x m – x m – x m – x s – x m – x m – x 

3rd pair s – s s – s s – s s – s s – s m – m x – x 

4th pair s – x s – x s – x s – x s – x s – x s – x 

5th pair s – s - s – s - s – s s – s - 

6th pair - - - - - x – x - 

7th pair - - - - - s – s - 

 
5.1.4 Living Conifers and Taxads: 
In the paper Florin recognizes 7 families of living conifers and taxads: Taxodiaceae, 
Pinaceae, Araucariaceae, Podocarpaceae, Cupressaceae, Cephalotaxaceae and Taxaceae 
(Florin 1951). For this review I will follow the linear sequence and classification by 
Christenhusz et al. which recognizes Sciadopitys to belong to its own family 
(Sciadopityaceae) and merges Taxodiaceae with Cupressaceae, and also merges 
Cephalotaxaceae with Taxaceae (Christenhusz et al. 2011). 

 
Pinales: Pinaceae 
As in the Mesozoic conifers, the female cone bear spirally arranged dwarf-shoots, that are 
flattened and have a decussate phyllotaxy, in the axils of sterile bracts. The bract is largely 
free from the seed-scale complex, rudimentary or conspicuous and single-veined. The dwarf-
shoot might appear to be a single scale, it actually consists of multiple (usually 2–3, but more 
in Keteleeria and Picea) sterile scales fused together, which is evident by multiple veins with 
separate points of origin at the vascular bundle in the main axis. The dwarf-shoots usually 
bear two (multiple in Larix) basal megasporophylls which are entirely fused with the sterile 
scales, and each has its own rudimentary vein and inverted ovule. It is possible that the fertile 
dwarf-shoots were more complex in the past considering the morphology of Keteleeria, Picea 
and Larix (Florin 1951). 

 
Araucariales: Araucariaceae 
In Araucariaceae, the overall morphology is similar to that of Mesozoic conifers but is highly 
modified and reduced. Bracts are normally wider and longer than the seed-scale complex. 
Sterile scales are normally reduced to only one which is entirely fused with the bracts, but in 
some species the tip is free. In both Araucaria and Agathis the bract and seed-scale have one 
vein each which dichotomously branches multiple times. The bract’s vein, and the seed-
scale’s vein both have a single point of origin from the vascular bundle in the main axis and 
branch of from each other at the base of the axillary complex (except in Araucaria bidwillii 
where they originate separately). Only one megasporophyll is normally present. It is entirely 
fused to the scale, has a single inverted ovule, and either no or very rudimentary veins. In 
some species there are abnormal cases where some dwarf-shoots have two ovules fused to one 



 

10 

scale each. Florin did acknowledge that the sterile scale could be the result of an intimate 
fusion of two scales, and that further research was needed to determine which interpretation 
was correct. Since the relict species Wollemia nobilis wasn’t discovered at this time it didn’t 
factor into the analysis (Florin 1951). 
 

Araucariales: Podocarpaceae 
In this family the female reproductive structures have been reduced and modified along 
several lines of evolution to such an extent that no general description can be given. Yet 
closer examination of all these cases reveals their common origin from the compound 
strobilus of early conifers. Cone-structures are still found in the genera Saxegothaea, 
Microcachrys, Phyllocladus and Pherosphaera. In the former two genera the typical 
arrangement of bracts, scales and inverted ovules are still present, except that in Microcachrys 
the dwarf-shoots are whorled and not spirally arranged. In both genera the seed-scale complex 
is fused to the base of the bract, the scale is highly reduced and is enveloped by the bract and 
the scale in turn envelops the ovule. In the genus Podocarpus the ovule is almost entirely 
enveloped by the scale, subtended by a highly reduced bract and the main axis is so reduced 
that the cone only consists of one or two axillary complexes. Similar structures are found in 
many related genera. Interestingly, in the cones of Phyllocladus and Pherosphaera the scale is 
suppressed, and an erect ovule is placed terminally on the fertile dwarf-shoot. Also, the ovules 
of Phyllocladus are surrounded by an aril and only one ovule in the cone will mature as all the 
others are reduced. In all described cases, the veins of the seed-scale complex and the bract 
have a single point of origin (Florin 1951). 
 

Cupressales: Sciadopityaceae 
This family includes only one unique genus containing only a single species: Sciadopitys 
verticillata (Christenhusz et al. 2011). Only the tip of the bract is free from the axillary seed-
scale complex, and in the early stages of development it is much longer than the scale. The 
scale eventually grows much larger than the bract. Whilst the scale has multiple veins the 
bract has a single vein with a separate point of origin. Multiple ovules are attached near the 
base of the scale and are each supplied by a single vein which branches of from the scale’s 
veins. This internal anatomy indicates a fusion of multiple megasporophylls with multiple 
sterile scales (Florin 1951). 
 

Cupressales: Cupressaceae 
In all the genera previously classified as Taxodiaceae the fertile dwarf-shoots are spirally 
arranged on the cone-main axis (except for Metasequoia with a whorled arrangement). The 
shoots are flattened with a decussate arrangement and each bears multiple sterile scales that 
are largely fused to the bracts and each other. Each scale is fused to one megasporophyll. In 
the genera Cryptomeria, Glyptostrobus and Taxodium both the scales and bracts are well-
developed, the megasporophylls are fused to the corresponding scale at the base and are 
reduced to an axis carrying an erect ovule. Like in Sciadopitys, the ovules of Cryptomeria are 
supplied by a vein each which branches of from the scale’s veins. This is contrasted with the 
genera Cunninghamia, Taiwania and Athrotaxis where the scales are reduced and the axis of 
the ovule is pushed outwards from the main axis during development, resulting in an inverted 
ovule (Florin 1951). 
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Cones belonging to the remaining genera show numerous modifications. Whilst they 
generally maintain the cone-structure, the dwarf-shoots are whorled instead of spirally 
arranged. Similarly, to more basal genera the ovule is erect and placed in the basal portion of 
the dwarf-shoot, whilst the sterile part of the dwarf-shoot appears to be intimately fused with 
the bract throughout the course of development. In many genera the veins of the sterile part of 
the dwarf-shoot fuses to the veins of the bract near the base. Cones of the genus Cupressus are 
notable for their variation in the number of ovules in each seed-scale complex, ranging from 
as few as 3 in some species to as many as 20 in others (Florin 1951). 
An extreme case of modification and reduction is apparent in the berry-like cones of 
Juniperus communis: only three scales are present in a single whorl, each bears a single ovule 
which is displaced during maturation. In some abnormal cases a second fertile whorl is 
present with three scales each bearing two ovules. This indicates that the displacement of 
ovules in normal cones is a result of one ovule in the seed-scale complex being suppressed 
during development. Each scale is supplied by a vein which branches multiple times. Due to 
the presence of a single branch which runs through the distal part of the scale, Florin 
interpreted the scale to have been fused with a bract (Florin 1951). 
 

Cupressales: Taxaceae 
As mentioned previously, Florin did not consider the female reproductive structure in 
Taxaceae to be a result of reduction and modification of a compound cone since the fertile 
axes are solitary rather than aggregated, and the ovule is terminally placed in the axis itself as 
opposed to a reduced megasporophyll. The axis is placed either laterally or terminally on 
vegetative shoots. Aside from the integument, the ovule is surrounded by an aril. Florin did 
not consider this aril homologous with the arils in other conifers and argued that in Taxaceae 
it was an outgrowth of the base of the main axis whilst in other conifers it represented an 
outgrowth of the megasporophyll. It should be noted however that a vegetative shoot can 
produce multiple lateral fertile axes over the course of multiple seasons, sometimes this shoot 
is of finite growth but can go back to indeterminate growth. Whilst the leaves of vegetative 
shoots differ from leaves of fertile shoots by being spirally arranged as opposed to decussate, 
fertile shoots of the fossil Palaeotaxus are spirally arranged. Also, the integument is normally 
formed by two lobes but in abnormal cases by multiple lobes (Florin 1951). 
However, Florin did consider the reproductive structures of Cephalotaxus to be a reduced and 
modified cone. The main axis is succulent and bear decussately arranged fertile dwarf-shoots 
in the axils of bracts. The dwarf-shoot only consists of two terminally placed and erect ovules, 
the basal portion of the fertile axis bears small outgrowths which fuse with the integuments. 
But in abnormal cases the fertile shoot can be more complex with additional ovules and even 
bear sterile scales. Florin compared Cephalotaxus with fossil cones of the Ernestiodendron-
type, noting that in both cases the dwarf-shoot had lost the sterile scales. He also compared 
them to the unique fossil conifers Stachyotaxus (Upper Triassic) and Palissya (Lower 
Jurassic) noting that in both cases the dwarf-shoot had lost sterile scales whilst the 
megasporophylls had fused together and to the bract. In Stachyotaxus the number of ovules 
had been reduced to two but Palissya retained a larger number of ovules. From these 
comparisons Florin concluded that the cones of Cephalotaxus are derived from a more 
complex cone and interpreted the fertile axis as reduced megasporophylls (Florin 1951). 
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Figure 1. 
Top left: Pseudotsuga menziesii (immature seed cones), Uppsala Botanical Garden, Sweden. 

Bottom left: Pinus peuce (mature seed cones), Gothenburg Botanical Garden, Sweden. 

Top right: Araucaria araucana (juvenile habit), Uppsala Botanical Garden, Sweden. 

Bottom right: Podocarpus milanjianus (habit), Uppsala Botanical Garden, Sweden. 



 

13 

Figure 2. 

Top left: Sciadopitys verticillata (mature seed cones), Gothenburg Botanical Garden, Sweden. 

Top right: Cunninghamia lanceolata (mature seed cone), Gothenburg Botanical Garden, Sweden. 

Bottom left: Juniperus oxycedrus (ripe pseudo-fruits), Lecci, Corsica, France. 

Bottom right: Taxus baccata (ripe pseudo-fruits), Gothenburg, Sweden. 
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5.1.5 Application of Telome Theory 
According to the telome theory the bodies of the first vascular land plants consisted of simple, 
dichotomously branching axes. Fertile axes carried erect, terminal sporangia. Over the course 
of evolution this system was modified along several lines, but five general trends can be 
distinguished: overtopping, planation, fusion, reduction and recurvation. The morphology of 
fertile structures in all vascular plants are thus modifications to the fertile axes along these 
five trends (Florin 1951). 
In cordaites it can be inferred that the megasporophyll evolved through a series of 
overtopping, planation and reduction. The cruciate, dichotomized morphology of the older 
pseudofluitans-type might have evolved through an initial reduction in the number of 
sporangia in the fertile axes, and overtopping resulting in alternating branches. At the apex, 
aggregation of three branches led to the evolution of two integumentary lobes surrounding the 
ovule. In the younger zeilleri-type as well as in early conifers, a reduction of the alternating 
branches might have led to the megasporophyll becoming entire up to the apex. If this 
application of the telome theory is accurate it follows that since the Lower Permian, the 
flattening and change in phyllotaxy in the fertile axes of conifers is due to aggregations of 
appendages and suppressions of internodes. Some appendages were suppressed altogether. 
The megasporophylls were further reduced and fused with the sterile scales until only the 
ovule and its two integuments are visible today, forming what is sometimes called the 
“ovuliferous scale” (Florin 1951). 
Florin also used telome theory to further argue that the aril in taxads is not homologous to 
arils found in conifers. The arils in genera such as Phyllocladus are homologous with 
megasporophylls, which are appendages on lateral axes. Since the ovules in taxads are placed 
terminally on the main axis, their arils are homologous to the lateral axes which in other 
conifers are represented by the fertile dwarf-shoots (Florin 1951). 

 
5.2 Molecular phylogeny 
Molecular phylogenetic studies of seed plants consistently resolve living gymnospermous 
seed plants (Ginkgo biloba, cycads, gnetophytes and conifers) as a monophyletic clade sister 
to the angiosperms (Soltis et al. 2018). The commonly accepted scientific name for this clade 
is Acrogymnospermae (first proposed by Cantino et al. 2007). 
The conifers themselves are consistently resolved as a monophyletic clade that may or may 
not include the gnetophytes (Soltis et al. 2018). For simplicity, I will in the following two 
subsections only refer to the families and genera discussed in my summary of Florin’s paper. 
Many phylogenetic studies on conifers have been published, I will focus on one of the more 
well-known studies by Leslie et al. First published in 2012 and later expanded upon in 2018, 
this appears to be the most widely accepted phylogeny for conifers (Farjon 2018). 
This study is significant because it focuses only on conifers (excluding gnetophytes), using 
one of the most complete taxon samplings made. They compared 3 genes (2 chloroplast genes 
[rbcL and matK] and one 18S ribosomal gene) from 578 species encompassing all the extant 
conifer genera. Three cycad genera (Cycas, Zamia, Encephalartos) were used as outgroups, 
and they recovered the conifers as a monophyletic group. The vast majority of branches in 
their resulting phylogenetic tree had at least 90% bootstrap support (Leslie et al. 2018). 
 

5.2.1 Family-level phylogeny based on Leslie et al. 2018: 
The conifers are divided into two main clades: Pinales and Cupressophytes. 
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Pinales only includes the family Pinaceae, and the cupressophytes includes the orders 
Araucariales and Cupressales. 
Araucariales includes the families Araucariaceae and Podocarpaceae. 
Cupressales is divided into two main clades: one clade only includes the family 
Sciadopityaceae, and the other clade includes Taxaceae and Cupressaceae. 
This family-level topology has been recovered from other phylogenetic studies using both 
transcriptomes (Ran et al. 2018) and protein-coding nuclear genes (Wickett et al. 2014). 
Phylogenetic analyses using significantly larger taxon sampling has recovered the same 
pattern using both transcriptomes (Leebens-Mack et al. 2019) and protein-coding plastid 
genes (Gitzendanner et al. 2018). 
 

5.2.2 Genus-level phylogeny based on Leslie et al. 2018: 
(Note: genera are listed in order of divergence) 
Pinaceae is divided into two main clades: Abietoids (Cedrus, Pseudolarix, Nothotsuga, 
Tsuga, Keteleeria, Abies) and Pinoids (Pseudotsuga, Larix, Cathaya, Picea, Pinus). 
Araucariaceae is divided into two main clades: Araucaria and Agathoids (Wollemia, 
Agathis). 
Podocarpaceae is divided into two main clades: Prumnopityoids (Lepidothamnus, 
Phyllocladus, Halocarpus, Parasitaxus, Lagarostrobos, Manao, Sundacarpus, Prumnopitys) 
and a “Tropical clade” (Saxegothaea, Microcachrys, Pherosphaera, Acmopyle, Dacrycarpus, 
Falcatifolium, Dacrydium, Retrophyllum, Nageia, Afrocarpus, Podocarpus). 

Sciadopityaceae only includes the monotypic genus Sciadopitys. 
Taxaceae is divided into two main clades: Cephalotaxus and Core Taxaceae (Amentotaxus, 
Torreya, Austrotaxus, Pseudotaxus, Taxus). 
Cupressaceae includes a basal grade of Taxodiaceous genera (Cunninghamia, Taiwania, 
Athrotaxis, Metasequoia, Sequoiadendron, Sequoia, Cryptomeria, Glyptostrobus, Taxodium) 
and two major clades: Callitroids (Papuacedrus, Austrocedrus, Pilgerodendron, Libocedrus, 
Fitzroya, Diselma, Widdringtonia, Neocallitropsis, Actinostrobus, Callitris) and Cupressoids 
(Thujopsis, Thuja, Fokienia, Chamaecyparis, Tetraclinis, Microbiota, Platycladus, 
Calocedrus, Cupressus, Xanthocyparis, Hesperocyparis, Juniperus). 
 

5.2.3 Placement of the gnetophytes: 
The gnetophytes are a monophyletic group of gymnospermous seed plants consisting of three 
genera: Ephedra, Gnetum and Welwitschia (Christenhusz et al. 2011). Before molecular 
phylogenetics were developed, morphological systematics had consistently placed the 
gnetophytes as sister to the angiosperms. This was known as the “anthophyte hypothesis,” and 
it was widely accepted (Soltis et al. 2018). 
But surprisingly, molecular phylogenetic studies have consistently placed the gnetophytes as 
closely related to the conifers despite the lack of morphological evidence for this relationship. 
Their exact placement remains, however, problematic. Gnetophytes have been recovered as a 
sister group to all conifers (Gnet-ifer topology), sister group to Pinaceae (Gne-pine topology), 
or sister group to all conifers except for Pinaceae (Gne-cup topology). Soltis et al. claimed 
that whichever topology is recovered seems to depend on which genetic material is used for 



 

16 

phylogenetic analysis, with nuclear genes favoring Gne-pine topology and plastid genes 
favoring Gne-cup topology (Soltis et al. 2018). 
 

 
Figure 3. Gnetum gnemon (unripe pseudo-fruits), Gothenburg Botanical Garden, Sweden. 

 
This claim is supported by the analyses conducted by Wickett et al. and Gitzendanner et al., 
with the former analysis supporting a Gne-pine topology based on nuclear genes, and the 
latter analysis supporting a Gne-cup topology based on plastid genes (Wickett et al. 2014, 
Gitzendanner et al. 2018). 
In order to narrow down the exact placement of gnetales the analysis conducted by Leebens-
Mack et al. is of particular interest. To better clarify phylogeny in problematic lineages and 
the overall phylogeny of Plantae sensu lato (Archaeplastida), they performed ASTRAL 
analysis on 410 gene-trees derived from the transcriptomes of 1 153 species. This method 
allowed them to account for variations in phylogeny caused by gene flow. Their final results 
strongly support a Gnet-ifer topology (Leebens-Mack et al. 2019). 
Within the gnetophytes themselves, Ephedra has been consistently resolved as basal to the 
order. This could make the genus important for inferring ancestral traits to the gnetophytes 
and shared traits with the conifers (Soltis et al. 2018, Ran et al. 2018, Wickett et al. 2014, 
Leebens-Mack et al. 2019, Gitzendanner et al. 2018). 
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5.2.4 Results using RStudio: 
R-studio recovered a phylogenetic tree of the conifers which, at both family-level and genus-
level, had the exact same topology as Leslie et al 2018. (with very few exceptions). Due to the 
lack of outgroups, the monophyly of the clade can’t be ascertained. 
The phylogenetic tree generated by R-studio excluded the gnetophytes from the conifer-clade. 
Their exact placement in an attempted phylogeny of all seed plants couldn’t be resolved, since 
the program was unable to generate such a large tree without crashing. 

 

6 Discussion 
(Note: due to several uncertainties regarding the phylogeny generated with R-studio [lack of 
bootstrap supports, lack of outgroup, branches are not proportional to geologic time or 
character changes] and the simple method by which it was generated, I’ve deemed it 
unreliable. As such, it is not accounted for in the following subsection.) 
 

6.1 Cordaites: ancient ancestors? 
Florin presupposed that the cordaites represented a stem group to the conifers, but many 
scientists today argue that it is more likely that they represent a sister lineage (Taylor et al. 
2009b). One issue with placing cordaites as a stem group to conifers is that their pollen cones 
don’t seem to be homologous: the cordaites pollen cones are compound strobili, and the 
conifers pollen cones are simple strobili. Because of this, Florin assumed that the female and 
male reproductive structures in conifers evolved at different times (Florin 1951). 
But it turns out that the generalization of conifer pollen cones as simple strobili is inaccurate. 
Fossils of conifer pollen cones with a compound structure have been found in strata dating 
back to the Upper Carboniferous (Taylor et al. 2009b). It is also been discovered that many 
living conifers (Amentotaxus, Cephalotaxus, Nageia, Podocarpus, Prumnopitys, Pseudotaxus, 
Retrophyllum, Sciadopitys, Taxodium, Taxus) have compound pollen cones, and that pollen 
cones in general are a lot more variable in living conifers than previously assumed (Schulz et 
al. 2014). From this it can be reasonably assumed that the evolution of pollen cones in 
conifers has been highly dynamic, much like the evolution of seed cones, and that to dismiss 
the pollen cones of cordaites and non-homologous with conifers is not as simple as Florin 
assumed. 
The exact placement of cordaites is uncertain, it is still widely accepted that they’re close 
relatives of early conifers. So, to use them for inferring ancestral characters is valid. New 
fossil specimens have revealed greater variability in form than was known in Florin’s time, 
meaning that the range of characters available for phylogenetic studies has expanded (Taylor 
et al. 2009b). 

 
6.2 Pinaceae: the most primitive living conifers? 
Since molecular phylogenetics have consistently resolved the family Pinaceae as sister to all 
living conifers, it is easy to assume that their morphological traits are “primitive” when 
compared to other conifers. Indeed, the morphology of their seed cones seems to be very 
similar to those of Upper Permian and Mesozoic conifers described by Florin, with largely 
free bracts in a spiral arrangement and seed-scale complexes consisting of multiple, 
decussately arranged scales fused together at their margins. Although the megasporphylls are 
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reduced, they still maintain their own vascular bundles which remain free from the veins of 
both the sterile scales and the bract (Florin 1951). 
Of course, it should be noted that the term “primitive” has largely fallen out of favor in 
modern evolutionary biology, as ancient lineages are not evolutionary dead ends but can 
undergo dynamic evolutionary changes (Liu et al. 2019) and diversifications in response to 
environmental changes (Dorsey et al. 2018). 
To refer to members of Pinaceae as the most primitive conifers might not be entirely 
supported by the fossil record or molecular phylogeny. All surviving families of conifers first 
appear in the fossil record during the Mesozoic, but the first to appear are members of 
Podocarpaceae and Araucariaceae in the Middle and Upper Triassic respectively. Pinaceae 
first appear much later in the Upper Jurassic (Farjon 2008c). Rapid diversification occurred 
during the Cretaceous and it was during this period that the family had the highest 
morphological diversity and species count. Much of this diversity has been lost and the 
majority of living species are only found in a few genera which have undergone recent 
diversification (Leslie et al. 2018). 
Another question that must be addressed is when Pinaceae diverged from other conifers. If 
the family belongs to a clade sister to all other living conifers this might put the point of 
origin of the clade at the origin of the entire conifer-clade, which has been dated to 
approximately the Upper Carboniferous or Lower Permian using fossils and molecular clocks 
(Leslie et al. 2018 & Ran et al. 2018). If that’s true this would mean that conifers diverged 
into two clades early in their evolution, and one clade suffered major extinctions leaving 
Pinaceae is the only surviving family. But given the fragmentary nature of the fossil record, 
and the old age of conifers, this evolutionary scenario is dubious at best. It should also be 
acknowledged that the use of molecular clocks in combination with fossil data to estimate 
divergence times is not a reliable technique (Carruthers et al. 2020). 
Can Pinaceae be used to infer ancestral traits of conifers by comparing them to the sister taxa 
Araucariales and Cupressales? Considering how morphological data from the fossil record 
has the capacity to drastically alter phylogenetic topologies (Koch et al. 2020), it is likely that 
any evolutionary scenario for conifers using only living taxa would be very incomplete. But 
there is fossil evidence which does point to Pinaceae being older than previously thought. 
Specifically, the discovery of fossil seed cones with close morphological similarities to 
Pinaceae dating back to the Upper Triassic (Taylor et al. 2009c). 
 

6.3 Cupressophytes and the evolution of pseudo-fruits 
Compared to Pinaceae, the fertile dwarf-shoots belonging to members of Araucariaceae seem 
to have undergone further modification, since the seed-scale complex is almost entirely fused 
to the bract and only one ovule is (normally) present (Florin 1951). This could lend support to 
the designation of Pinaceae-type seed cones as primitive. However, members of 
Araucariaceae have often considered to be the most primitive of living conifers. The basal 
genus Araucaria could reasonably be considered a living fossil since members of the genus 
are known from well-preserved seed cones dating back to the Middle Jurassic. Considering 
that Pinaceae first began to diversify much later during the Cretaceous, it could be assumed 
that the Araucariaceae-type seed cone evolved earlier than the Pinaceae-type (Taylor et al. 
2009c). 
Three families in the cupressophyte-clade, Cupressaceae, Podocarpaceae and Taxaceae are 
remarkable for including members that retain a recognizable seed cone, as well as members 
where the seed cone has been modified into a pseudo-fruit (Florin 1951). 
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As mentioned in my summary of Florin’s paper, he did not recognize members of core 
Taxaceae to be true conifers. Molecular phylogenetic has rendered this hypothesis invalid, 
and simple phylogenetic bracketing makes the evolution of the taxad pseudo-fruit from a 
compound strobilus appear almost self-evident. The basal member of Cupressales, 
Sciadopitys verticillata, produces a seed cone very similar to the Pinaceae-type. Basal, 
Taxodiaceous genera in Cupressaceae produce seed-cones with fertile dwarf shoots that are 
sometimes (such as in Cryptomeria) even more complex than those of the Pinaceae-type, 
whilst more derived genera (such as Juniperus) produce pseudo-fruits which Florin 
recognized as highly modified and reduced compound strobili. Florin also recognized the 
female reproductive structures of Cephalotaxus to be modified strobili, and molecular 
phylogenetics have resolved Cephalotaxus as sister to the rest of Taxaceae (Florin 1951 and 
Leslie et al. 2018). 
It is not unreasonable, then, to assume that the pseudo-fruit in core Taxaceae has evolved 
from a compound strobilus. Any other alternative would not be parsimonious as it would 
imply that the common ancestor of living Cupressales lost the compound strobilus, only to 
regain it on three separate occasions. Considering that a similarly extreme reduction and 
modification of seed cones have occurred independently on several occasions in both the 
closely related Cupressaceae and distantly related Podocarpaceae, the exclusion of core 
Taxaceae from Florin’s model of conifer evolution can be rejected. The various pseudo-fruits 
in these lineages probably evolved due to convergent evolution: different species evolved 
under similar selective pressures which favored animal dispersal over wind dispersal, 
resulting in the seed cone evolving into a structure which attracts bird with bright colors and 
fleshy tissues (Farjon 2018). 
In the case of the core Taxaceae, clues to how this evolution might have occurred is found in 
the developmental biology of Cupressaceae. It turns out that Florin’s assumption that the 
sterile scales has entirely fused with the bracts in cones belonging to members of 
Cupressaceae is incorrect. SEM-microscopy has revealed that in seed cones belonging to 
Cunninghamia, the sterile scales are almost entirely suppressed and only consist of small 
lobes. In Taiwania the lobes are even smaller, in the sequoias, callitroids and cupressoids they 
are completely absent leaving only the bracts and axillary ovules in the seed cone. In this new 
morphology the development of sterile scales is redundant and have been switched off, ovules 
are placed directly on the main axis and are subtended by sterile bracts. This means that in 
species with winged seeds, the wings are formed from the ovule’s integument and not (as in 
Araucariaceae and Pinaceae) from a sterile scale. Interestingly, the development of seed 
wings from the integument is also present in Sciadopitys verticillata (Farjon et al. 2003). 
It is likely that the loss of the sterile scales allowed the ovules to develop with greater 
flexibility in terms of their position, which could account for the great diversity of female 
reproductive structures found in Cupressaceae and their relatives (Farjon et al. 2003). Other 
clues can be found in Florin’s paper: the sterile scales appear to have been lost in 
Cephalotaxus, the ovules in Juniperus communis are displaced from their axillary bracts 
during development, only three ovules develop in J. communis but additional ovules are 
developed in abnormal cases (Florin 1951). Furthermore, some species of Juniperus only 
have one ovule placed terminally on the seed cone’s main axis (Leslie et al. 2018). 
From this, a hypothetical scenario for the evolution of the pseudo-fruit in core Taxaceae can 
be suggested: suppression of the sterile scales placed the ovule directly on the cone’s main 
axis, this was followed by the terminal ovule being displaced from the axillary bract to the 
cone apex, all other ovules were suppressed until only the terminal remained, the aril 
developed from the ovule axis, the shoot itself was reduced and the bracts were aggregated, 
reduced and modified into small scales subtending the aril (Leslie et al. 2018). 



 

20 

In fossil specimens of Permian conifers, the bracts are arranged spirally on the cone axis. On 
multiple occasions this arrangement has changed from spiral to whorled. A similar change 
appears to have occurred in taxads, since the scales subtending the ovule in Palaeotaxus are 
spirally arranged whilst in living taxads they’re whorled. Given that this fossil taxon is known 
from the Upper Triassic, the modification of the compound strobilus into a pseudo-fruit 
probably happened early in taxad-evolution (Florin 1951). Which is further supported by 
fossil remains of Taxaceae dating back to the Middle Jurassic (Farjon 2008c). 
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Figure 4. Rough sketch of a possible evolutionary scenario for the reduction and modification of a compound 
strobilus into a pseudo-fruit. A: main axis with alternate shoots in the axils of bracts, each shoot has alternate 
sterile leaves and a fertile leaf near the apex (Cordaianthus). B: Fertile leaves have moved to the bases of the 
shoots (Lebachia). C: Shoots have been reduced to ovuliferous scales (Pinaceae, Araucaria and Sciadopitys). D: 
Ovuliferous scales have been reduced to small lobes (Cunninghamia). E: Ovuliferous scales are completely 
suppressed, bracts have changed to a whorled arrangement and ovules have moved to the main axis 
(Cephalotaxus). F: One ovule has been displaced to a terminal position on the main axis, some ovules have been 
suppressed (Juniperus). G: All ovules, except for the terminal ovule, have been suppressed (Taxus). 
 
6.4 Gnetophytes: conifers or not? 
Whilst gnetophytes might appear at first glance to have no close relationship with conifers, a 
closer look at their ovules reveals a shared key trait: the ovule is borne apically on the 
megasporophyll, as opposed to on the adaxial surface as in angiosperms. Since this trait is 
shared by cordaites, supposedly a sister group to the conifers, it can be assumed that 
gnetophytes and conifers share a common ancestor (Soltis et al. 2018). 
This, however, doesn’t resolve the issue of the gnetophytes placement. As of now, the two 
most likely alternatives are the Gne-pine topology and the Gnet-ifer topology (Leebens-Mack 
et al. 2019). Whilst Leebens-Mack et al. used a vast taxon sampling and a method which 
accounted for incomplete lineage sorting, their recovery of the Gnet-ifer topology is not 
conclusive evidence for the hypothesis. Whilst the Gnet-ifer topology had more support in 
their analysis, multiple gene trees recovered the Gne-pine topology with enough probability to 
reject the null hypothesis that gnetophytes and conifers are a polytomous clade (Leebens-
Mack et al. 2019). Also, compelling evidence for the Gne-pine hypothesis is that Gnetales and 
Pinaceae share several gene loss events (Ran et al. 2018, Christenhusz 2011) Until further 
evidence is accumulated for either topology (or a completely different one) the most 
conservative phylogeny is that gnetophytes, cupressophytes and Pinales represent a polytomy 
in the seed plant tree of life (Soltis et al. 2018). 
One issue which makes the exact placement and evolutionary history of gnetophytes difficult 
to resolve is their rapid rate of evolution compared to other living gymnosperms. 
Gitzendanner et al. generated a phylogram based on plastid genes, in which the gnetophytes 
stood out amongst the gymnosperms for their significantly higher substitution rate. The same 
result was recovered by Ran et al., where the rate of molecular evolution in gnetophytes was 
more comparable to angiosperms than living gymnosperms (Gitzendanner et al. 2018, Ran et 
al. 2018). 
The only whole genome, belonging to a gnetophyte, that has been sequenced is that of 
Gnetum montanum. Its genome reveals that the high rate of molecular evolution in 
gnetophytes is due to a reduction of the genome size, which not only increased the mutation 
rate but also allowed for much more dynamic restructuring of the genome (Wan et al. 2018). 
So, whilst some scientists argue that it is unlikely that gnetophytes could have evolved from a 
conifer-like plant (Farjon 2018), it is possible that these radical alterations of the genome are 
what have allowed the gnetophytes to diverge from the conifers to such an extreme degree. It 
has been suggested that traits which were previously used to group gnetophytes and 
angiosperms into a monophyletic clade (anthophyte hypothesis) are homoplasious and 
evolved due to convergent evolution (Ran et al. 2018). 
This claim might be supported by fossil evidence which shows that gnetophytes rapidly 
diversified at around the same time as angiosperms first evolved during the Lower 
Cretaceous. It should also be noted that all living gnetophytes are pollinated by animals, with 
the exception of Ephedra which (after a near extinction) evolved wind pollination during the 
Lower Paleogene (Rydin 2018). But other fossil evidence suggests that gnetophytes evolved 
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much earlier, and that already by the Upper Triassic were their female reproductive organs 
highly distinct from the seed cones of contemporary conifers (Anderson et al. 2003). 
Considering the short branches between the common ancestors of gnetophytes, 
cupressophytes and Pinaceae, it is not so strange that support has been found for all three 
possible relationships, as some of these results could be due to incomplete lineage sorting 
(Gitzendanner et al. 2018, Ran et al. 2018). This might be interpreted as evidence that the 
seed plants underwent rapid diversification, possibly around the Carboniferous-Permian 
boundary (Leslie et al. 2018). 
 

7 Conclusion 
Florin’s interpretation of the female conifer cone’s morphology, as a compound strobilus that 
during the course of evolution underwent multiple reductions and modifications in several 
lineages, is still correct. The biggest inaccuracy in his paper was the exclusion of taxads from 
the conifer-clade, but ironically their inclusion into the conifers (as demonstrated by 
molecular phylogenetics) does lend further support to his interpretation, since the pseudo-
fruits produced by members of Taxaceae and Cupressaceae might be the most extreme 
reduction of the female reproductive structure. 
A big hurdle that needs to be overcome for future research into conifer evolution is the 
relationship between gnetophytes, cupressophytes and Pinales. If these three lineages 
emerged from a rapid diversification that took place at the Carboniferous-Permian boundary, 
fossils from this period might be useful. Whilst many conifers are known from the Lower 
Permian, it is unclear what their relationships are with living conifers or gnetophytes (Taylor 
et al. 2009c). If a rapid diversification took place such uncertainties might be expected, but it 
should be acknowledged that there is fossil evidence that gnetophytes were already a distinct 
lineage towards the end of the Permian (Taylor et al. 2009a). To get a clearer picture of early 
conifer evolution and their relationships with other seed plants, both living and extinct, we 
would need not only more fossil data but also more molecular data. Whole-genome 
sequencing of more seed plant taxa, and evolutionary developmental studies could be 
interesting future direction. 
“Evolution in cordaites and conifers” remains a landmark in evolutionary studies of female 
conifer cones, but many details to the evolutionary history outlined in the paper have been 
changed and updated since the publication. There can be little doubt that future results from 
studies of both living and extinct gymnospermous seed plant will make further updates and 
changes necessary. Perhaps we need a new monograph of Paleozoic conifer cones? 
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