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ABSTRACT
It is well known that there are no two snowflakes that are the same. Whether or not living organisms are like that is 
not well known. Micrasterias is a plant composed of a single cell with an isthmus dividing it into two semicells. The 
purpose of the study was to compare the morphology of a sample 105 Micrasterias cells and their semicells for 
originality or duplicates and to calculate statistical probabilities. All of the cells and their semicells were originals. 
There were no duplicates. Like snowflakes, the statistical probabilities for morphological unanimity amongst the 
Micrasterias cells and their semicells were well beyond the science standard for statistical significance. Like 
snowflakes in the non-viable realm, the results suggest that living organisms also may be unanimously original.
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INTRODUCTION 
It is well known that snowflakes are originals, but it is 
not well known if the same can be said for living 
organisms. Over a number of years, Bentley 
photographed 5,381 snowflakes and found that each 
snowflake was an original [1,2]. Since 1931, others 
have confirmed his originality finding (“And thus it's 
unlikely that any two complex snow crystals, out of all 
those made over the entire history of the planet, have 
ever looked completely alike.”) To date, apparently 
there have been no duplicate snowflakes discovered. 
The typical snowflake had six radii of the same design, 
but that radial design was not found in any other 
snowflake. Compared to other snowflakes, the radial 
design made that part, and thus the whole, of each 
snowflake an original [3,4]. See Figure 1.
Micrasterias are microscopic single-celled plants that 
may be a fitting candidate to represent the botanical 
biosphere in morphological comparisons. Micrasterias 
is composed of two semicells which may provide an 
opportunity to determine the originality or duplication 
not only of the whole cell but also its semicell parts. As 
well as conjugation, Micrasterias reproduce by binary 
fission. If the conjugating cells or daughter fission cells 
are identical, then a sample may reveal a 

large number of duplicates. Contrarily, if the 
conjugating cells and the daughter fission cells are 
originals, then duplicates would be absent from any 
sample. Apparently, no sample of Micrasterias cells has 
been studied and that is why it is not known whether a 
sample of Micrasterias cells would be unanimously 
originals like snowflakes, or would reveal large 
numbers of duplicates.

The purpose of the study was to investigate for 
microscopic plants, like the algal desmids, Micrasterias, 
the observation made for snowflakes. Are single-celled 
desmids, like the Micrasterias, all originals or are there 
duplicates? Further, if original, are their semicell parts 
original? 

MATERIALS AND METHODS
The specimens for the study were obtained from 
commercially available cultures of Micrasterias as sold 
by scientific supply houses. The specimens were studied 
in the order that they appeared on microscope slides 
prepared for bright-field microscopy. The depth of field 
was the surface of the specimen. See Figure 2 A. If that 
did not permit a determination on whether or not the 
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Figure 1. A sample of four of Bentley’s 5,381 snowflakes. Each snowflake had six radii with the same design, but 
that design was not present in any radius of any other snowflake. Therefore, each snowflake was an original. There 
were no duplicate snowflakes [1, 2].

Figure 2. An example of a shallow microscopic depth of field (A) to determine whether a Micrasterias specimen 
was an original or a duplicate. An example of a deep microscopic depth of field, B, to determine whether a 
Micrasterias specimen was an original or a duplicate. A and B are the same specimen. Another example of a deep 
depth of field, C. An example of differential interference contrast (DIC) microscopy, D, to determine whether a 
Micrasterias specimen was an original or a duplicate.

A B

C D
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specimen was an original or a duplicate, then a deeper 
depth of field was to be employed. See Figures 2B and 
2C. If the deeper depth of field left any doubt, then 
differential interference contrast (DIC) microscopy was 
to be employed. See Figure 2D. 
The microscope used for the study was an American 
Optical One-Twenty trinocular with a Martin 
Microscope Company adapter and a Canon T3i camera. 
The images were recorded on the memory card, then 
were transferred to an iMac 12,1 computer with OS X, 
Version 10.6.8, operating system. To facilitate the 
inspections, the Adobe Photoshop CS5.1 program was 
used to rotate the images to a uniform horizontal 
orientation and to remove the background.  
The Micrasterias cell is composed of two semicells
joined at the isthmus. See Figure 3. For each 
Micrasterias cell, each semicell was compared to 
determine whether it was an original or a duplicate. 

Figure 3. The isthmus that joins the semicells.

The sampling was unbiased. No specimens were 
discarded because they were originals or duplicates. 
Whichever they were, they were accepted into the study. 
This seemed to mimic the repeated tossing and 
recording of an unbiased coin. Accordingly, the 
probability of the repeated consecutive appearance of 
originality, or duplication, without the appearance of the 
other, was calculated as 2 to the Nth power, P = 2N. As 
an example, Bentley photographed 5,381 original 
snowflakes without the appearance of a duplicate. If one 
believed that all snowflakes are originals, then the 
probability of being wrong would be P = 1 / 25,381, one 
chance in a number with 99 zeros after it. A usual 
standard for being wrong for science experiments is less 
than 5 chances in a hundred (P < 0.05) and one of the 
most stringent standards is less than 1 chance of being 
wrong in 10,000 experiments (P < 0.0001). Given that 
Bentley’s results were so much more stringent than the 
most stringent scientific standard, one may appreciate 

why it is considered common knowledge that all 
snowflakes are originals [4]. The chance of being wrong 
is about one chance in the number 1 followed by 99 
zeros.
In the present study, if results were heavily one-sided, 
then a conscientious search was made for disproof 
experiments. If proof experiments consistently 
succeeded and disproof experiments consistently failed, 
then there would seem a greater likelihood of 
uncovering the truth than if there were only the proof 
evidence. 
To uncover the truth, the objective scientist likely heeds 
Einstein’s admonition, “But the truth of a theory can 
never be proven. For one never knows if future 
experience will contradict its conclusion. The disproof 
experiment is the purposeful search for the contradiction 
to hasten the recognition of the truth [5]. 
The protocol for gathering the photographs was to 
prepare a slide for bright- field microscopic 
examination. The magnification used was x100 to 
search for the Micrasterias cells on the slide and x400 to 
photograph them. More than one image with a different
focus was taken of the same cell. Later, the best image 
was selected and was put in the basic file whereas those 
with inferior focus were put in a file for the discarded 
images. In all, 105 different Micrasterias cells were 
photographed. To facilitate inspection, the backgrounds 
of the best images were deleted, the images were rotated 
to obtain a uniform horizontal orientation, then they 
were put in the on-series file. For inspection, the on-
series photographs were placed in iPhoto, a program 
providing an array to facilitate the inspection of many 
images, and were arranged in ten rows of ten and one 
row of five. The on-series photographs also were put in 
a duplicate test series file, if needed, to test the 
competence of the protocol for the discovery single-
blind of duplicates. 

RESULTS
It appeared that photographs 0269 and 0270 were the 
same. To test whether this was a case of a duplicate cell 
or merely a duplicate image of the same cell, an 
examination was made of the basic file and the 
microscopic backgrounds in each photograph. The 
backgrounds were identical and that established that 
0269 and 0270 were photographs of the same cell. 
Therefore photograph 0269 was discarded, and 
photograph 270 with the better focus was retained in the 
on-series file.
In similar fashion, photographs 1004, 1014, and 1018 
were tested, 1004 and 1014 were duplicate photographs 
and were discarded, whereas 1018 with the superior 
focus was retained in the on-series file. Similarly, 0226 
and 0227 were of the same cell and 0227 was discarded 
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whereas 0226 with the superior focus was retained in 
the on-series file. 

The case of 0867 and 0868 was different. They were 
both of the same cell but 180º out of phase. Evidently, 
0868 was mistakenly retained during the rotational 
procedures to obtain the uniform horizontal orientation. 
Accordingly, 0868 was discarded and 0867 was retained 
in the on-series file.

The experiences with images 0226 through 1018 
indicated that the methods were capable of 
distinguishing duplicates from artifacts. Accordingly, 
the formal single-blind test for duplicates was 
considered unnecessary and was abandoned.
The results of the present study were that all of the 105 
consecutive Micrasterias specimens were originals 
without the appearance of a duplicate. The 
determinations were made with the superficial depth of 

      Figure 4. Four examples (A, B, C, and D) of originality found in the sample of 105 Micrasterias cells.
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field for bright-field microscopy. There was no need for 
evidence from the deeper depths of field or from the 
differential interference contrast (DIC) microscopy, 
although all were tested and all results regardless of 
method agreed that each specimen tested was an 
original. See the four samples in Figure 2.
If one believes that all Micrasterias are originals, then 
the chances of being wrong are 1/ 2105 or P < 4.06- 31 

well beyond the science standard for statistical 
significance. 
The 105 specimens also were studied in the iPhoto array 
to determine whether their semicells were originals or 
duplicates. All semicells were originals. As examples, 
see the semicells in Figures 2 and 4. The probability of 
being wrong if one believed that all semicells were 
original was P = 1/2210, well beyond the science 
standard for statistical significance. 

DISCUSSION
It may not be known why snowflakes uniformly have 
six radii and not some other number [3]. If there is some 
mechanism that dictates the number six, and dictates the 
same design for each of the six, then one may wonder 
why for the adjacent snowflake the number of radii was 
the same, each radius had the same design, but that 
design was not only different but it seemed there was no 
replication of it before or since. Why is there this 
mixture of constancy with one of the most singular sorts 
of variation imaginable, originality? The explanation for 
the originality of snowflakes relies on a vast array of 
variables that affect morphology in the transit from 
formation to journey’s end. Evidently, no two 
snowflakes are at all likely to encounter the same 
conditions in every affecting variable of such an 
extensive array. Consequently, each snowflake comes 
out differently in the common design of its six radii. 
Presumably, the constants like the six radii are 
determined by the crystal requirements of water. If so, 
then do those crystal requirements also require that the 
design on each radius be the same within each 
snowflake but different between snowflakes? More 
clarity may be needed [3}.
The results of the present study agree with aspects of the 
findings for snowflakes. Like snowflakes, all of the 
Micrasterias cells were originals. �Further, the parts of 
the cells, like the semicells, were originals. 
Furthermore, these conditions may have been present in 
the cells studied in earlier work, for observations on 
desmids have been reported as early as 1827 with no 
notes then or currently that desmid morphology is in a 
state of flux [6]. 
Two commercial sources provided the Micrasterias 
samples for the present study. From each source, the 
samples came from in-house cultures and there was no 
indication that they were microscopically screened or 

otherwise stratified into groups in any way. Technically, 
they were not random samples of the entire population 
of Micrasterias as may be defined for the statistical 
treatment of experimental results. However, they were 
haphazard samples without known bias, the closest to 
the random sample ideal given the impracticality of 
random sampling the indeterminately large and 
changing population of Micrasterias cells.
Brook wrote his chapter 8 on The Morphogenesis of the 
Desmid Cell. This is a review to 1981 of the possible 
mechanisms controlling cell morphology [7]. Meindl 
continued the review to 1993 [6]. Holloway's reviews 
went to 1999 [8, 9] and Ambrosi's went to 2011 [10]. 
None of these references describe with certainty the 
cellular morphological controls and none varied the 
suspected controls experimentally to prove the solutions 
were correct. None of these references mentioned the 
originality or duplication issues of the present study. 
Therefore, as for snowflakes, one may conclude that the 
morphogenesis literature is incomplete on the arrays of 
structures and their interacting mechanisms that 
determine the constants and the originalities found 
within and between Micrasterias.
Given the statistical significance of a small sample, the 
inference to the entire population is a protocol of 
longstanding validity and reliability in biology. The 
statistical probabilities of the present study suggest that 
all Micrasterias and their semicells are originals. If 
further research on Micrasterias and a variety of other 
organisms establishes again unanimous originality, then 
one likewise may infer this originality quality to all of 
biology. Further, if future studies of the non-viable 
domain confirm Bentley’s and others’ unanimous 
findings on snowflakes, then that inference may affect 
the understanding of the remainder of the universe, and 
may suggest a unified model, perhaps a mathematical 
model, of originality for the entire universe. 
Although the protocol seemed capable of distinguishing 
duplicates from originals, the experiences with images 
0226 through 1018 suggested a need for a simpler 
protocol less susceptible to error. There seemed a need 
for greater control gathering the data from the slide and 
treating the findings with the aid of a computer. 

CONCLUSION
Microscopic inspection of 105 haphazardly collected 
Micrasterias specimens revealed unanimously original 
morphologies. The semicell parts of the Micrasterias 
cells also were original. 
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