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Our SFS community condemns the ongoing violence 

and oppression against Black Americans.

We stand with our Black colleagues in support of movements like Black Lives Matter and Black Visions Collective. 

We need to make space for the tragedy and trauma felt so painfully and personally by Black people and other 

underrepresented groups. 

We regret that our Black members have faced discrimination in their communities, workplaces, and in this scientific 

Society. As a scientific community, we need to commit to changes that will make our society more inclusive and 

equitable for all. Only specific plans and actions will result in meaningful change.

https://tinyurl.com/watershedmoment

Think intentionally about how you can be a part of changing our culture. 

Bring your energy, ideas, and diversity to SFS.

Adapted from Amy Rosemond, President SFS

6/2/2020 message

https://tinyurl.com/watershedmoment


We are all trying to make friends 
with diatoms; the last thing we 
want to do is put a name on them.
CW Reimer



Workshop 
Goals

• Review some of the more known species 
concepts

• Understand the morphological species 
concept as applied to diatoms

• Gain the ability to think about a diatom 
species as a size and shape series and the 
importance of restoration of cell size  

• Appreciate that as cells become smaller, 
they converge on the same morphology

• Learn to use ImageJ to measure key 
morphometrics – length, width, striae count



Linnaeus (1707-1778) believed that 
study of nature would reveal the 
Divine Order of God's creation.

In his early years, Linnaeus believed 
that species were unchangeable. The 
theory of evolution would have 
shocked him. 

Linneaus believed that the 
naturalist’s task was to construct 
Order in the universe by constructing 
a natural classification of organisms. 
His binomial system for naming, 
ranking, and classifying organisms is 
still in wide use today.



Organisms are real entities (species) grouped 
into higher categories (genera)

One Latin name is used to indicate the genus, 
with a second one for the species - binomial 
system of nomenclature

Evolution by natural selection is the central 
organizing process of life on earth,  yet we 
continue to use a naming system based on a 
creation.



No one definition has satisfied all 
naturalists, yet every naturalist 
knows vaguely what he means 
when he speaks of species.

Darwin, 1888



Biological 
species 

concept: 

a group of organisms that are 
able to interbreed and produce 
viable offspring



De Queiroz, 2007



Species 
concepts 

share 
common 

elements: 

Species are separately evolving 
metapopulation lineages, or more 
specifically, segments of such 
lineages. 

A lineage refers to an ancestor-
descendant series in this case of 
metapopulations, or simply a 
metapopulation extended through 
time.

De Queiroz, 2007



The diatoms have no trouble 
telling what species they are; 
that’s a human problem. 

M.B. Edlund



Cells get 
smaller over 
time. Sexual 
reproductio
n results in 
size 
restoration. 
(van Heurck 
1896)



Because of their silica cell wall, 
diatom species tend to give their 
identities away



PARENT CELL

Diatom frustule represented by 2 valves 
(hypovalve and epivalve), in girdle view



PARENT CELL

Diatom frustule represented by 2 valves 
(hypovalve and epivalve), in girdle view

2 DAUGHTER CELLS

Each daughter cell has one valve 
from the parent, and one new valve 
(always a hypovalve)

cell division 

(mitosis)





Bishop and Spaulding 2017

MacDonald-Pfitzer Hypothesis 

(1869)

Normal mitotic divisions produce 

size changes, because new valves 

formed are always hypovalves



Size and shape 
changes result 
and those size 
and shape 
changes vary 
across taxa



Sellaphora pupula group

Slight differences in valve shape and size, 
striation pattern and striation density were 
markers for populations (demes) that did not 
interbreed.

Furthermore, gene sequences (18S, ITS 
region, rbcL) show divergence between 
demes.

Therefore, we have good 
evidence that valve morphology is 
reflective of biological species!

Mann et al. 2004



Size and 
shape

SO, how do we understand size and shape of 
species?



2013

May 20th

June 10th

June 21st

July 15th

Diatoma vulgaris 
Bory

Burge et al. (in 

prep.)



East Lake Okoboji, Iowa –

epilithon, May/June 2013

Diatoma 
vulgaris



Diatoma vulgaris – ”recognized varieties”
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Burge et al. (in prep.)





Miocene diatomite
Chalk Hills, Idaho
12–94 µm diameter

Stone et al. 2020 Diat. Res.

Fascinorbis 
illustris



Stone et al. 2020 Diat. Res.



Stone et al. 2020 Diat. Res.



As one 
continues to 
learn new 
taxa, the more 
uncertain he 
becomes of 
those he 
knows.
M Hein (1990)





Semiorbis – how many species?

• four populations

• difficult to distinguish “species” with normal metrics

Outer Island, APIS

Pine Barrens, NJ

Nunavut, Canada

Norway

Breadth and Valve curvature vs Length



Shape analysis

• Landmarks, fixed and 
sliding

• size removed w/ 
Procrustes method

• generate Relative 
Warps

• suggests 3 
morphospecies

Shape factor 1 vs Length



Temperate North American lakes/wetlands
Florida and Caribbean karstic wetlands

Mastogloia smithii var. lacustris Mastogloia smithii

Studied Mastogloia 
specimens from 10 
locations.

Multiple morphological 
features separate these 
taxa.

Multivariate statistics can 
help when the differences 
are not easy to describe with 
words and pictures.

Multivariate analysis



Temperate North American lakes/wetlands
Florida and Caribbean karstic wetlands

Mastogloia lacustris lectotype Mastogloia smithii lectotype

Studied Mastogloia 
specimens from 10 
locations.

Multiple morphological 
features separate these 
taxa.

Multivariate statistics can 
help when the differences 
are not easy to describe with 
words and pictures.

Multivariate analysis



• Grunow (1878) described the “lacustris” variety, 
which differed from the nominate M. smithii by its 
habitat, stria density, and larger central area.

• Van Heurck (1885) described the striae as 
“radiating to apices”.

• Patrick and Reimer (1966) reported partectum 
density for Mastogloia species.

Morphological features used to investigate 
Mastogloia smithii and similar taxa.

• Length:width
• Length:partecta
• Stria density
• Angle of striae
• Areola density
• Partectum density
• Area of central area

Lee et al. 2014 Diatom Research 29: 325-350

Valve             Partectal ring



Florida Jamaica Mexico Belize

Florida (brackish)

Mastogloia smithii

Mastogloia
pseudosmithii sp. nov.

Lectotype 
(Belgium) Michigan Iowa Ontario

Lee et al. 2014 Diatom Research 29: 325-350

Mastogloia lacustris

Mastogloia calcarea sp. nov.

Multivariate statistics helped confirm 
morphological species boundaries 
and distribution of taxa.

Lectotype (Dorset, UK)



The Navicula reinhardtii species flock 
(Bacillariophyceae) in ancient Lake Hövsgöl, Mongolia: 
description of four taxa
Mark B. Edlund and N. Soninkhishig 2009

A couple more examples…
Taxonomy, ecology and analysis of type material of 
some small Encyonopsis with description of new 
species in Ireland
Bryan Kennedy, Yvonne Buckley & Norman Allott 2019



Size and 
shape

Ontogenetic trajectories of similar species 
often converge.

Therefore, at certain stages of their life cycle, 
some species may not be distinguishable from 
one another. Usually at the “small end” of the 
life cycle.



Surirella brebissonii
S. brebissonii var. kuetzingii
S. ovalis

English & Potapova 2012



Simple 
morphometric
s

Use ImageJ to measure key morphometrics –
length, width, striae count

https://imagej.nih.gov/ij/



Use ImageJ to open up your 
image. 

You can open images of single 
diatom valves, but I like to pull 

up entire plates so I can 
measure and compare many 

species at once.

If you’re interested in making 
your own flora with plates like 

this one, go to

https://diatoms.org/news/onlin
e-voucher-flora-workshop

https://diatoms.org/news/online-voucher-flora-workshop


Use CTRL + to zoom in on a 
diatom valve with a scale bar.



Click to select the “Straight 
Line” tool, and draw a line the 
same length as your scale bar.

If you press SHIFT while drawing 
your line, the line will be 

perfectly straight.



Go to Analyze -> Set Scale



Change the “Known distance” to 
the known length of your scale 

bar. This will normally be 10 
microns, unless otherwise 

stated.

Change “Unit of length” to 
“micron”



Draw a straight line down the 
valve to measure its length. 

Click CTRL + M and a box will 
pop up. The “Length” is the 

length of the line you just drew.



Repeat, this time measuring the 
valve width.

Click CTRL + M again, and the 
length of the new line you drew 

shows up under the first 
measurement.

This valve has a length of 48.3 
μm and a width of 8.0 μm.



Now, draw a straight line that is 
10 μm long.

Start at the central area and 
draw parallel to the apical axis.



Click CTRL + K to bring up 
the “plot profile” of the line 
you just drew. This is often 
an easy way to count striae

density.

Alternatively, you can 
simply count the # of striae

in the picture.

This valve has a striae
density of 11 / 10 μm.



For small valves, measuring 
using a 10 μm line might 

not be possible!

In this example, I drew a 5 
μm line instead.



This valve has 7.5 striae / 5 μm, 
which we typically convert to 

15 striae / 10 μm.



These methods can be applied to 
published images as well!

In this case, I took a photo from a book 
(Biblioteca Diatomologica Vol. 51) with 

my cell phone camera.

Sometimes people measure diatoms using 
slightly different methods. Measuring 

published images yourself, and comparing 
your own measurements, makes for the 

most even comparisons.
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We measure centric diatoms 
slightly differently than pennate 

diatoms.

This is an example of how NOT to 
do it!

Measuring along a chord in centric 
diatoms can create large errors, 

especially for small taxa.



We measure centric diatoms 
slightly different than pennate 

diatoms.

This is an example of how NOT to 
do it!

Measuring along a chord in centric 
diatoms can create large errors, 

especially for small taxa.



Instead, measure striae density 
based on circumference.

First, measure the valve diameter 
by drawing a straight line.

In this case, the valve diameter is 
22.9 μm.

Circumference = π(diameter)

Circumference = 3.14 * 22.9

Circumference = 71.9 μm



Next, measure the total number of 
striae (or in this case, fascicles) on 

the valve.

In this example, this valve has a 
total of 50 fascicles.



Finally calculate the striae (or fascicle) density based on the 
circumference:

density = total number of striae on the valve * 10 / circumference

density = (50 fascicles * 10) / 71.9 μm

= 7.0 fascicles / 10 μm



Did we meet 
the 
Workshop 
Goals?

• Review some of the more known species 
concepts

• Understand the morphological species 
concept as applied to diatoms

• Gain the ability to think about a diatom 
species as a size and shape series and the 
importance of restoration of cell size  

• Appreciate that as cells become smaller, 
they converge on the same morphology

• Learn to use ImageJ to measure key 
morphometrics – length, width, striae count



Thank you for joining us today.

Questions? Comments?
Discussion!


