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Abstract  

 

Since the first land plants appeared 480-360 million years ago, natural selection has 

resulted in continued colonization into increasingly drier and harsher environments.  The 

evolution of traits associated with water transport and avoidance of embolisms allowed plants to 

conquer increasingly more seasonal and drier terrestrial environments.  However, it is unclear 

just how the xylem anatomy of the first Embryophytes differed from extant (living) taxa and if 

these differences translated to differences in plant functioning.  I measured and compared 

hydraulic traits from stem cross-sections from extant plants and extinct fossil specimens.  For 

231 stems comprising 115 extant and 116 extinct taxa, measures of xylem conduit 

diameter/frequency and segment diameter were measured.  Comparing these measures of xylem 

conductive traits indicates that extant plants, for their size, have more and wider conduits leading 

to a larger total conductive area and higher rates of water conductance.  Further, the combination 

of xylem traits found in extinct paleo plants suggests that they were less efficient at water 

transport and likely more restricted to less seasonal and more wet environments.  Together, these 

results reveal a unique insight into the functioning of extinct paleo plants and the evolution of 

xylem form and function.   

  



Introduction 

 

The evolution of the land plants, the Embryophytes, was characterized by adaptations that 

allowed plants to transition from water to land (Bateman et al. 1998).  These adaptations are 

characterized by traits associated with how plants transport water and avoid embolisms (Oliver et 

al. 2000, Sperry 2003, Larter et al. 2015).  Indeed, one of the central problems plants faced in the 

transition from water to land was desiccation, or drying out.  Selection to avoid desiccation and 

minimize the hydraulic impediments to transporting water characterize plant taxa that continued 

to invade and expand further inland into drier regions.  The ancestor(s) of terrestrial plants were 

closely related to present-day aquatic charophytes or the green algae (Lewis and McCourt 2004, 

Leliaert et al. 2012, Timme et al. 2012).  These early land plants were highly dependent on water 

for survival and reproduction (Komatsu et al. 2013, Niklas 1997).  Bryophytes, a group which 

includes the taxa liverworts, hornworts, and mosses (Renzaglia et al. 2007, Cox et al. 2014), are 

restricted to marshy environments and cannot live entirely out of water as they have no 

specialized vascular tissues (Niklas 1997, Proctor 1982).  The first and most primitive vascular 

plants, or tracheophytes, differed from bryophytes in that they had evolved a directed vascular 

transport network.  Their vascular tissue, or xylem, consists of specialized water conducting 

tubes called tracheids.  Furthermore, the evolution of the tracheophytes was characterized by the 

evolution of traits associated with more specialized hydraulic systems reflected in the size and 

number of tracheids (Lucas et al. 2013).  The evolution of more specialized hydraulic systems 

allowed plants to more efficiently transport sufficient amounts of water from the roots to the 

leaves during transpiration, minimizing the risk of hydraulic failure or embolisms in times of 

drought (Meinzer et al. 2001).  As a result, the evolution of specialized xylem traits reflected 



selection to increasingly colonize more continental, seasonal, and drier environments (Meinzer et 

al. 2001).  Descendants of the earliest land plants increasingly colonized the driest environments 

and deserts on the planet (Willis and McElwain 2014) and produced the tallest tracheophytes and 

the most massive organisms the world has seen (the largest being a redwood measuring at over 

115 meters) (Koch et al. 2004).   

The evolution of specific conductive traits of xylem anatomy appears to have allowed 

several lineages of Embryophytes to colonize increasingly more extreme environments and reach 

new heights (Woodruff et al. 2008, Niklas 1984, Niklas 1997).  Several important keys to the 

evolution of xylem anatomy include adaptations for moisture availability, transpiration rate, and 

mechanical strength (Carlquist 1975).  The trade-off to such adaptations is the increased risk of 

developing an embolism (Gleason et al. 2016).  Water in the xylem is under negative pressure, 

reflecting the fact that transpiration in the leaves literally pulls the water column in the xylem up 

through the plant.  When the pull on the water column becomes too severe, the water column can 

break leading to cavitation of the water column and an embolism (Tyree and Sperry 1989).  

Increasing aridity and seasonality of water availability increases the risk of embolism and hence 

a risk of hydraulic failure.  Specific traits of xylem anatomy evolved in response to natural 

selection to minimize the physical limitations of water transport in more arid environments.  The 

traits that characterized the xylem of early water transport systems of the earliest tracheophytes 

likely imposed limit on their growth, productivity, and survival (Brodribb 2009).   

The xylem trait most prominent regarding water transport is the first water conducting 

tube, or conduit, known as the tracheid.  The tracheid is essentially a “pipe” for water transport.  

It is responsible for the transportation of water and nutrients from the roots to the leaves (see 

Figure 1A and Figure 1B).   



 

 

 

 

 

 

Figure 1A. Example of a fossil cross-section from which measurements were taken.   

A represents a whole conduit while B represents the diameter of a single conduit.  Image from 

Stewart and Rothwell (1993).   

 

 

 

 

 

 

 

 

 

Figure 1B. Example of a fossil cross-section from which measurements were taken.        

C represents the segment of the plant from which the cross-section was obtained while D 

represents the diameter of this segment.  Image from Stewart and Rothwell (1993). 

 

Water transport in tracheophytes is governed by the size (radius) and number of tracheids 

per unit area.  These traits are relatively straightforward to measure and assess within both fossil 



and extant plants.  All vascular plants, or tracheophytes, are characterized with these pipe-like 

cells (Langdale 2008).  Together, these hydraulic traits characterize the rate of flow of water and 

nutrients (Burgess et al. 2001).  Tracheophytes include the lycophytes, pteridophytes, 

gymnosperms, and angiosperms.  See the phylogeny in Figure 2 for the major taxonomic groups 

of plants mentioned above, their synapomorphies, and the estimated time at which these groups 

emerged.   

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Phylogeny depicting the major taxonomic groups of plants as they evolved 

from primitive green algae to the modern vascular plants we see today. 

 

 Here I assess if the water conducting ability of some of the first tracheophytes differed 

from the water conducting ability of several extant taxa.  On the one hand, with the evolution of 

xylem the ability of selection to increase hydraulic efficiency and further increase rates of xylem 

conductivity may have been limited by other factors.  For example, biomechanical limitations 



due to selection for increasing plant height may have also limited the ability for selection to 

further increase water transport abilities and minimize risk of embolisms (Niklas 1992, Niklas 

2000).  On the other hand, continued selection to minimize hydrodynamic constraints of long-

distance transport (Enquist 2003) would have resulted in continued selection for more efficient 

and hydraulically safe xylem (Brodribb 2009).  I assessed the hypothesis that continued selection 

to transport water more efficiently has resulted in clear functional differences in water transport 

abilities between extinct and extant taxa.  To test this hypothesis, I measured the size and 

frequency of tracheids in the xylem of extant and extinct taxa.   

The two different xylem traits, tracheid size and number, can be linked to the water 

conducting ability of the plant by using the Hagen-Poiseuille equation.  This equation relates the 

hydraulics of fluid flow to the dimensions of a pipe.  Assuming simple Newtonian flow of a 

fluid, we can link how certain characteristics of a plant and its conduit system (the radius and 

length of the conduit) then influence fluid flow rate.  The Hagen-Poiseuille equation states  

∆𝑷 = (𝟖𝜼𝒍 𝝅𝒓𝟒⁄ )𝑸      (1) 

where ∆𝑷 = 𝑹𝑸.  Here, the Hagen-Poiseuille equation is written two different ways, both 

relating flow pressure to characteristics of the hydraulic system of a plant.  The variables 

involved are Q (fluid flow rate), ΔP (change in pressure along the pipe), r (radius of the 

conduit/pipe), ƞ (fluid viscosity), l (the length of the tubing), and R (the resistance to fluid flow).  

The simplified version of this equation, for our purposes, is given here: 𝑹𝒆𝒔𝒊𝒔𝒕𝒂𝒏𝒄𝒆 ∝ (𝟏 𝒓𝟒)⁄ .  

This version of the Hagen-Poiseuille equation illustrates the relationship between the radius of a 

conduit and the resistance of a fluid.   

From the latter equation, we see that as the radius of a pipe increases, the resistance 

drastically decreases to the 4th power.  To more efficiently transport water from the roots to the 



tips, a bigger radius is needed to reduce the resistance met by the flow of water.  In this study, we 

test the hypothesis that tracheophytes evolved to more efficiently transport water and have done 

so by evolutionary changes in the xylem anatomy that assist with making this process easier.     

 

 

 

 

  



Methods  

  

In order to determine the evolutionary changes that tracheophytes underwent to conquer 

the terrestrial environment, a list of hydraulic traits was compiled and gathered for an extant and 

extinct dataset.  These datasets were also used to determine how extant and extinct tracheophytes 

differ with regards to xylem anatomy.  Due to their commonality and occurrence across both the 

extant and extinct datasets, the central xylem traits focused on were conduit diameter/frequency 

and segment diameter.  The extant dataset consisted of data from 115 extant specimens that was 

provided by Dr. Jarmila Pittermann at the University of Santa Cruz, California.  These 

measurements were collected from live specimens.  The extinct dataset consists of fossil cross-

sections that I gathered from literature searches.  Over 116 fossil cross-sections from 22 different 

papers were collected from these literature searches, most of which came from the Devonian 

period (419-359 million years ago).  While the raw data for the extant dataset was already 

provided to me, no such dataset existed for extinct species prior to my analysis of fossil cross-

sections.   

An important aspect to consider is how the two datasets compare.  The extant dataset 

consists of only three species – one fern and two lycopods.  The extinct dataset, on the other 

hand, consists of nearly 40 different species (perhaps more as some of the species’ names were 

unlisted within the literature).  While the extant dataset consists of tracheophytes that are 

currently living, the extinct dataset has plants ranging from the late Devonian period to the late 

Carboniferous period (about 358.9-298.9 million years ago, a range of nearly 60 million years).  

While we generally know where in the plant the extant cross-sections were obtained, rarely is 

there any information about where in the plant the fossil cross-sections came from.  This is 



important to acknowledge because it is entirely possible that by comparing the extant and extinct 

datasets, we are comparing cross-sections from different places in the total plant architecture 

(e.g., closer to the base, closer to the tips, somewhere in the middle).  Additionally, many of the 

fossil cross-sections did not have any information as to where they were obtained.  The results 

would be more consistent if we were to compare tracheophytes of different ages in the same 

climates/regions.  It makes sense to compare very old extinct tracheophytes to moderately old 

extinct tracheophytes.  This is done in order to determine how the anatomy has evolved over 

time (thus making it important to have a range of ages for the extinct dataset).  There are several 

abiotic and biotic factors that could factor into the evolution of these extant tracheophytes, but it 

is nearly impossible for us to assume the exact environment of these plants millions and billions 

of years ago.    

The fossil cross-sections were analyzed with the image-processing program ImageJ/Fiji.  

These measurements were compiled in a dataset as well, and then the two datasets were 

compared using the computer programming language R.  Using code written in R, many plots 

were produced that allowed for the comparison of the extant and extinct datasets; this code also 

allowed for the extensive analysis of both datasets.  Boxplots were generated and include the 

mean values along with the p-values for each comparison.  For each trait, two-sided t-tests of the 

extinct species versus the extant species were performed in order to determine if significantly 

different mean values occurred.  This would indicate a change in hydraulic traits and vascular 

form.  These boxplots can be seen in Figure 3.    

  



Results and Analysis 

 

All of the analyses performed in R are reported for each comparison in the following 

table (Table 1).  It was found that the mean conduit diameter was significantly greater for the 

extant taxa than the extinct taxa.  Additionally, there was a significant difference in the mean 

number of conduits, with more conduits for the extant taxa.   

 

P-Value DF 

Extinct 

95% CI 

Lower 

Limit of 

Mean 

Extinct 

95% CI 

Upper 

Limit of 

Mean 

Extant 

95% CI 

Lower 

Limit of 

Mean 

Extant 

95% CI 

Upper 

Limit of 

Mean 

Extinct 

Mean 

Extant 

Mean 

Mean 

Conduit 

Diameter 

(μm) 

2.20 x 

10-16 
86 0.05 0.07 12.87 16.64 0.06 14.76 

Mean 

Segment 

Diameter 

(mm) 

0.36 107 0.96 2.48 1.92 2.92 1.72 2.42 

Mean 

Number 

of 

Conduits 

2.20 x 

10-16 
112 29.07 35.65 125.93 200.01 32.36 162.97 

 

Table 1. The P-value, the degrees of freedom for the combined extant and extinct datasets, the 

lower and upper limits for the 95% confidence interval of the means for each dataset, and the 

sample estimates of the mean for each trait measured (mean conduit diameter, mean segment 

diameter, and mean number of conduits).  The P-value comes from performing a two-sample     

t-test comparing the extinct and extant datasets. 



 

 

 

 

 

 

 

 

 

Figure 3.  A. Comparison between the extinct and extant datasets for number of conduits.  The 

average number of conduits is 32.4 and 163 conduits for the extinct and extant datasets, 

respectively.  B. Comparison between the extinct and extant datasets for mean conduit diameter 

reported in micrometers (μm).  This plot has been log-transformed to be seen more clearly.  The 

average mean conduit diameter is 0.0581 μm and 14.8 μm for the extinct and extant datasets, 

respectively.  C. Comparison between the extinct and extant datasets for segment diameter 

reported in millimeters (mm).  The average segment diameter is 1.72 mm and 2.42 mm for the 

extinct and extant datasets, respectively.   

 

Several important observations can be drawn from Figure 3A and Figure 3B.  From 

Figure 3A, the frequency of conduits has significantly increased as we move from the extinct 

tracheophytes to the extant tracheophytes.  The mean number of conduits in a cross-section for a 

given tracheophyte is 32.4 conduits for the extinct dataset and 163 for the extant dataset.  A two-

sample t-test was performed within R, giving a p-value of 2.20 x 10-16 for this relationship.  This 

A B C 



indicates that there is a significance difference between the mean of the extinct dataset and the 

mean of the extant dataset.   

 From Figure 3B, there is a significant difference between the mean conduit diameter in 

the extinct and extant datasets.  As we move from the extinct tracheophytes to the extant 

tracheophytes, the mean conduit diameter has increased from a mean of 0.0581 μm to 14.8 μm.  

A two-sample t-test was performed giving a p-value of 2.20 x 10-16 for this relationship, again 

indicating a significant difference between the means.   

 In Figure 3C, no relationship is indicated.  While the p-value of 0.36 implies no 

significant difference in segment diameter, a relationship can still be concluded with regards to 

the conductive area of the tracheophyte rather than its segment diameter.  This non-significant 

relationship between extinct and extant segment diameters controls for variation between the two 

datasets.  Had there been a significant difference, the data would have had to be normalized.  

These results allow for the findings of Figure 3A and Figure 3B to be compared with respect to 

cross-sections with the same segment diameter.  

  



Discussion 

 

My analyses support the hypothesis that selection has resulted in increasingly more 

efficient water transport systems.  Extant plant taxa differed in xylem anatomy (Figure 3; Table 

1).  Results indicate that there has been an increase in both conduit frequency and conduit size.  

While the above plots indicate that the frequency and size of conduits has increased as 

tracheophytes have evolved, we cannot conclude any certain relationships with regards to 

segment diameter, other than it allows for control of segment diameter variation.  Recalling the 

general feature of the Hagen-Poiseuille relation that greater radius means easier conductance, it 

is favorable for the conduits of a plant to have a larger radius in order to significantly decrease 

the resistance the plant experiences when transporting water from its roots to its leaves (Tyree 

and Sperry 1988).  With the relationships that Figure 3A and Figure 3B have indicated, conduit 

size and frequency have both increased as tracheophytes have evolved.  Since both relate to the 

hydraulic efficiency of plants, it must be that the conductive area has also increased with regards 

to these plants.  Therefore, we cannot conclude that segment diameter has increased, but rather, 

the conductive area has increased.  This conclusion can be better understood by thinking about 

how closely packed the conduits are.  As the number of conduits increases, the segment diameter 

does not necessarily increase as well.  Rather, the conduits pack closer together and there is more 

conductive area, even if the segment cross-section area remains the same.   

Perhaps one reason we may not see trends where they are expected (e.g., an increase in 

segment diameter) is due to possible bias in the fossil record.  Whenever working with fossil 

cross-sections of plants, there is always the factor of compressional distortion and decortication 

(removal of the outermost layers) that may affect the values of certain measurements (Niklas 



1984).  This would have resulted in unexpected variation in segment diameter.  In addition to 

this, the fossil record itself is limited and finding intermediate forms is difficult (Kenrick and 

Crane 1997, Wellman et al. 2003, Clarke et al. 2011).  Despite any uncontrollable sources of 

error, the data are sufficient in concluding how certain aspects of xylem anatomy – in particular, 

conduits – have evolved to allow for plants to conquer the terrestrial environment. 

 

  



Conclusions and Further Work 

 

 Looking at fossil cross-sections of extinct tracheophytes and comparing them with extant 

tracheophytes is a method that has not before been used.  With this approach, we can see how 

plants have evolved not only to first overcome desiccation to colonize the land (Wodniok et al. 

2011), but to move into more extreme environments as niches became more specialized and 

difficult to find (Chapin et al. 1987).  This is evident by the difference in water conducting 

ability for the extinct and extant tracheophyte taxa tested, with the extant taxa having evolved to 

transport water more efficiently.  What can be concluded from this study is that as tracheophytes 

evolved, they developed increased conduit size and frequency for a given segment diameter, 

thereby assisting in the process of making water transport easier.  And while it cannot be 

concluded that segment diameter increased as we move from the extinct tracheophytes to the 

extant tracheophytes, it can be said that total conductive area has increased as tracheophytes have 

evolved to become larger to support the increasing need for efficient water transport in plants 

(Sperry et al. 2006, Tyree et al. 1994).   

 Several more interesting questions can be addressed with this research.  One idea would 

be to test if the xylem of these extinct tracheophytes follow the predicted packing rules as 

presented in the Savage et al. 2010 paper, suggesting that plants have evolved to optimize the 

distribution of resources via changes in the vascular system.  It would be meaningful to confirm 

whether tracheophytes have evolved according to this scaling principle (Savage et al. 2010).    

 Collecting more data (i.e., more fossil cross-sections) would be beneficial for several 

reasons, the first being that it would contribute more phylogenetic data that could allow for more 

comparisons across groups (e.g., ferns) (Swenson 2011, Graham and Fine 2008).  This would 



also allow for the control of intraspecific variation.  By carefully selecting extinct tracheophyte 

cross-sections, being sure to collect those that are like each other with regards to local climate, 

temperature, and precipitation, we would essentially be controlling for these traits to reduce 

variation within the dataset that is associated with these traits. 

 The importance of this work is that it relates to the current issue of climate change that 

the world is presently facing.  This study looked at how tracheophytes have evolved from some 

of the earliest tracheophytes to those that are living today, with selection for xylem anatomy 

allowing the most efficient transport of water (Pittermann 2010).  Now, what if we could 

determine what tracheophytes will look like in the future?  This research could possibly be taken 

further to predict future plant form and function, establishing what plants may be more likely to 

survive the increasing atmospheric temperatures in terms of their xylem anatomy (McDowell et 

al. 2008).     
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Status Taxonomy Age (MYA) Mean Conduit Diameter (μm) Mean Segment Diameter (mm) Mean Number of Conduits Location Citation

Family Genus Species

Extinct Lycopodiaceae Leclerqi complexa Middle Devonian na 1.078451354 1193.548387 Near Blenheim, NY (Grierson 1976)

Extinct Archaeopteridaceae Callixylon petryi Upper Devonian? 0.032857926 na 896.5517241 Finger Lakes region of NY (Beck 1953)

Extinct Archaeopteridaceae Callixylon petryi Upper Devonian? 0.041766914 na 636.3636364 Finger Lakes region of NY (Beck 1953)

Extinct Archaeopteridaceae Callixylon petryi Upper Devonian? 0.036824428 na 810.8108108 Finger Lakes region of NY (Beck 1953)

Extinct Archaeopteridaceae Callixylon petryi Upper Devonian? 0.027584308 na 2090.909091 Finger Lakes region of NY (Beck 1953)

Extinct Archaeopteridaceae Callixylon petryi Upper Devonian? 0.050562608 na 622.2222222 Finger Lakes region of NY (Beck 1953)

Extinct Archaeopteridaceae Archaeopteris macilenta Lower Frasnian na na 1290.322581 NY (Carluccio et al. 1966)

Extinct Archaeopteridaceae Archaeopteris macilenta Lower Frasnian na na 1061.22449 NY (Carluccio et al. 1966)

Extinct Archaeopteridaceae Archaeopteris macilenta Lower Frasnian na na 1192.307692 NY (Carluccio et al. 1966)

Extinct Archaeopteridaceae Archaeopteris macilenta Lower Frasnian na na 823.5294118 NY (Carluccio et al. 1966)

Extinct Archaeopteridaceae Archaeopteris macilenta Lower Frasnian 0.017133038 na 1666.666667 NY (Carluccio et al. 1966)

Extinct Archaeopteridaceae Archaeopteris macilenta Lower Frasnian na na 769.2307692 NY (Carluccio et al. 1966)

Extinct Drepanophycaceae Drepanophycus spinaeformis Probably Late Emsian 0.038436591 na 540.5405405 Gaspé Bay, Quebec (Hartman 1981)

(Early Devonian)

Extinct na Metadineuron ellipticum Visean 0.063144106 0.231307554 247.8632479 Scotland (Phillips 1974)

(Mississippian)

Extinct na Dineuron pteroides Visean 0.068746132 na 292.3076923 France (Phillips 1974)

(Mississippian)

Extinct Botryopteridaceae Botryopteris antiqua Visean 0.098281687 na 164.4736842 France (Phillips 1974)

(Mississippian)

Extinct na Metaclepsydropsis duplex Visean 0.178180412 na 104.4776119 Scotland (Phillips 1974)

(Mississippian)

Extinct na Diplolabis roemeri Visean 0.136249 na 83.69098712 Scotland (Phillips 1974)

(Mississippian)

Extinct na Etapteris scottii na 0.119667194 na 75.37688442 Minearl Coal, Kansas (Phillips 1974)

Extinct na Etapteris na na 0.138062702 na 60.13745704 Calhoun Coal, Illinois (Phillips 1974)

Extinct na Etapteris scottii Pennsylvanian na na 2210.526316 na (Phillips 1974)

Extinct Zygopteridaceae Zygopteris na Pennsylvanian na na 62.78283005 na (Phillips 1974)

Extinct Stenokoleaceae Stenokoleos bifidus Lower Mississippian 0.027685328 0.978104236 1439.393939 South Mountain, (Matten & Banks 1969)

Schoharie County, NY

Extinct Stenokoleaceae Stenokoleos bifidus Lower Mississippian na na 490.0662252 South Mountain, (Matten & Banks 1969)

Schoharie County, NY

Extinct Stenokoleaceae Stenokoleos bifidus Lower Mississippian na na 192 South Mountain, (Matten & Banks 1969)

Schoharie County, NY

Extinct Stenokoleaceae Stenokoleos bifidus Lower Mississippian 0.035695138 2.326803116 857.1428571 South Mountain, (Matten & Banks 1969)

Schoharie County, NY

Extinct Stenokoleaceae Stenokoleos bifidus Lower Mississippian na 1.800566082 1333.333333 South Mountain, (Matten & Banks 1969)

Schoharie County, NY

Extinct Stenokoleaceae Stenokoleos bifidus Lower Mississippian 0.033518923 na 1351.351351 South Mountain, (Matten & Banks 1969)

Schoharie County, NY

Extinct Stenokoleaceae Stenokoleos bifidus Lower Mississippian na na 468.0851064 South Mountain, (Matten & Banks 1969)

Schoharie County, NY

Extinct Stenokoleaceae Stenokoleos bifidus Lower Mississippian 0.030578415 na 1208.333333 South Mountain, (Matten & Banks 1969)

Schoharie County, NY

Extinct Stenokoleaceae Stenokoleos bifidus Lower Mississippian 0.030652248 na 1468.75 South Mountain, (Matten & Banks 1969)

Schoharie County, NY

Extinct Stenokoleaceae Stenokoleos bifidus Lower Mississippian na 1.73462307 970.5882353 South Mountain, (Matten & Banks 1969)

Schoharie County, NY

Extinct Stenokoleaceae Stenokoleos bifidus Lower Mississippian na na 1700 South Mountain, (Matten & Banks 1969)

Schoharie County, NY

Extinct Stenokoleaceae Stenokoleos bifidus Lower Mississippian 0.035597243 na 857.1428571 South Mountain, (Matten & Banks 1969)

Schoharie County, NY

Extinct Stenokoleaceae Stenokoleos bifidus Lower Mississippian 0.039171053 na 631.5789474 South Mountain, (Matten & Banks 1969)

Schoharie County, NY

Extinct Stenokoleaceae Stenokoleos bifidus Lower Mississippian 0.051093197 na 404.040404 South Mountain, (Matten & Banks 1969)

Schoharie County, NY

Extinct Stenokoleaceae Stenokoleos bifidus Lower Mississippian 0.031338505 na 1103.448276 South Mountain, (Matten & Banks 1969)

Schoharie County, NY

Extinct Stenokoleaceae Stenokoleos bifidus Lower Mississippian 0.054044864 na 395.8333333 South Mountain, (Matten & Banks 1969)

Schoharie County, NY



 Status Taxonomy Age (MYA) Mean Conduit Diameter (μm) Mean Segment Diameter (mm) Mean Number of Conduits Location Citation

Family Genus Species

Extinct Stenokoleaceae Stenokoleos bifidus Lower Mississippian 0.054179422 na 545.4545455 South Mountain, (Matten & Banks 1969)

Schoharie County, NY

Extinct Stenokoleaceae Stenokoleos bifidus Lower Mississippian na na 895.8333333 South Mountain, (Matten & Banks 1969)

Schoharie County, NY

Extinct Stenokoleaceae Stenokoleos bifidus Lower Mississippian na 2.28537304 na South Mountain, (Matten & Banks 1969)

Schoharie County, NY

Extinct Stenokoleaceae Stenokoleos bifidus Lower Mississippian 0.063950916 na 438.5964912 South Mountain, (Matten & Banks 1969)

Schoharie County, NY

Extinct Stenokoleaceae Stenokoleus simplex Lower Mississippian 0.048831285 na 702.7027027 South Mountain, (Matten & Banks 1969)

Schoharie County, NY

Extinct Stenokoleaceae Stenokoleus simplex Lower Mississippian 0.030488692 na 1095.238095 South Mountain, (Matten & Banks 1969)

Schoharie County, NY

Extinct Stenokoleaceae Reimanniopsis indianensis Lower Mississippian 0.023118328 na 2052.631579 South Mountain, (Matten & Banks 1969)

Schoharie County, NY

Extinct na Tetraxylopteris schmidtii Devonian 0.027363645 na 1129.032258 Cave Mountain, (Scheckler & Banks 1971)

Greene County, NY

Extinct na Triloboxylon ashlandicum Devonian 0.033712594 na 740 Cave Mountain, (Scheckler & Banks 1971)

Greene County, NY

Extinct na Triloboxylon ashlandicum Devonian 0.024811343 na 1428.571429 Cave Mountain, (Scheckler & Banks 1971)

Greene County, NY

Extinct na Triloboxylon hallii Devonian 0.023147597 na 1409.090909 Cave Mountain, (Scheckler & Banks 1971)

Greene County, NY

Extinct na Ibyka amphikoma Erian 0.057552626 na 401.8691589 Eastern NY (Skog & Banks 1973)

(= Givetian)

Extinct Trimerophytaceae Psilophyton dawsonii Lower Devonian 0.028248123 na 1250 Gaspé, Quebec (Stein 1993)

(Late Emsian)

Extinct Trimerophytaceae Psilophyton dawsonii Lower Devonian na na 1260.869565 Gaspé, Quebec (Stein 1993)

(Late Emsian)

Extinct Trimerophytaceae Psilophyton dawsonii Lower Devonian 0.021280346 na 1526.315789 Gaspé, Quebec (Stein 1993)

(Late Emsian)

Extinct na Aneurophytales na Middle Devonian 0.041766664 na 641.025641 Millboro Formation (Stein 1993)

(Upper Eifelian) Radford, Virginia

Extinct na Aneurophytales na Middle Devonian 0.050787488 na 619.047619 Millboro Formation (Stein 1993)

(Upper Eifelian) Radford, Virginia

Extinct na Arachnoxylon kopfi Middle Devonian na na 306.9306931 Windom Formation (Stein 1993)

(Upper Givetian) Erie County, NY

Extinct na Arachnoxylon kopfi Middle Devonian na na 521.7391304 Millboro Formation (Stein 1993)

(Upper Eifelian) Radford, Virginia

Extinct Calamopityaceae Stenokoleos or Calamopitys na Lower Carboniferous 0.059412682 na 290.5982906 na (Stein 1993)

Extinct Calamopityaceae Diichnia kentuckiensis na na na 149.122807 na (Stein 1993)

Extinct na Triloboxylon ashlandicum Upper Devonian na na 465.7534247 Oneonta Formation (Stein 1993)

(Lower Frasnian) Greene County, NY

Extinct na na na Middle Devonian na na 740.7407407 Millboro Formation (Stein 1993)

(Upper Eifelian) Radford, Virginia

Extinct na Crenaticaulis verreculosus Emsian or Eifelian 0.034880111 na 636.3636364 Gaspé Bay, Quebec (Banks & Davis 1969)

Extinct na Crenaticaulis verreculosus Emsian or Eifelian 0.017962904 na 2600 Gaspé Bay, Quebec (Banks & Davis 1969)

Extinct na Tetraxylopteris schmidtii Upper Devonian 0.031091897 na 560 Eastern NY (Beck 1957)

Extinct na Rellimia thomsonii Middle Devonian 0.056293806 na 258.9928058 Eastern NY (Bonamo 1977)

(Givetian)

Extinct na Rellimia thomsonii Middle Devonian 0.214094644 na 1615.384615 Eastern NY (Bonamo 1977)

(Givetian)

Extinct na Gosslingia breconensis Siegenian-Emsian 0.036503382 na 794.8717949 South Wales (Edwards 1970)

Extinct Sphenophyllaceae Sphenophyllum plurifoliatum Middle Pennsylvanian na 1.194467074 na na (Eggert & Gaunt 1973)

Extinct Sphenophyllaceae Sphenophyllum plurifoliatum Middle Pennsylvanian na 1.644523822 na na (Eggert & Gaunt 1973)

Extinct Sphenophyllaceae Sphenophyllum plurifoliatum Middle Pennsylvanian na 1.03751295 na na (Eggert & Gaunt 1973)

Extinct Sphenophyllaceae Sphenophyllum plurifoliatum Middle Pennsylvanian 0.026854515 na 1217.391304 na (Eggert & Gaunt 1973)

Extinct Sphenophyllaceae Sphenophyllum plurifoliatum Middle Pennsylvanian 0.101170118 4.59977845 71.11111111 na (Eggert & Gaunt 1973)

Extinct Sphenophyllaceae Sphenophyllum plurifoliatum Middle Pennsylvanian 0.116709885 na 64.1025641 na (Eggert & Gaunt 1973)

Extinct Sphenophyllaceae Sphenophyllum plurifoliatum Middle Pennsylvanian 0.104279519 na 81.55339806 na (Eggert & Gaunt 1973)

Extinct Sphenophyllaceae Sphenophyllum plurifoliatum Middle Pennsylvanian 0.109688826 na 69.51871658 na (Eggert & Gaunt 1973)

Extinct Sphenophyllaceae Sphenophyllum plurifoliatum Middle Pennsylvanian 0.110217837 na 76.92307692 na (Eggert & Gaunt 1973)


