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Michael Susko has written a brief but compact and tightly argued work on evolution that could be of service to professional biologists and an eye-opener for the rest of us. He shows that the four billion years of biological evolution can be organized in a logarithmic time line. Starting with the beginning of life four billion years ago, the timeline is halved repeatedly as two billion, one billion, five hundred million, and so on up to the first manifestations of humans 6.2 million years ago.

Change is accelerating and occurs in the context of regular logarithms. These ten periods, the “ten pulses” of the book title—are called “Major Nodes.” The period before each major node is a precursor period in which the fossil-finds show increasing approximation toward the major change. The time of major change is followed by an explicit period in which the record confirms the change of the major node. Most significantly, at each of these nodes, there is a noticeable development in terms of increased complexity, mobility, sociality, and consciousness. This framework provides for biological students and scholars, a time-map on which any previous or future discovery can be located. 

Throughout the book, Susko provides evidence from a very large number of scholars in archeological fossil-finds, molecular estimates, and chemical evidence. The work is enhanced by a glossary so that readers who are not professional biologists, but who have an interest in the process of evolution can gain an understanding. He does not express his personal beliefs except at the end in a brief conclusion. There he states that perhaps a form of “cosmic consciousness” has had a hand in all of this. His conclusion is reasonable, but the evidence stands independently from the conclusion. His final two sentences sum up a possible take-away from this study. After pointing out that world religions seem to be aware of the journey in time, he concludes: “But here we have brought the fruits of science, and the evolutionary witness for our past, to show that life has been continually gifted with greater freedom to move, greater awareness, and a greater capacity to love one another. We are invited to join in this journey and help build the universe.”





Richard P. Mullin  10/28/2021 

PhD, Duquesne University
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PREFACE 
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This project has been several years in the making, as its scope is wide and the evidence detailed. From the start of life to the advent of humans, a novel use of logarithms will be employed to create an evolutionary scale. Logarithms, as a concept in math, are little taught to our young and one that we do not usually consider as adults. Yet the phenomenon of logarithmic growth is routine in nature and can be used to open a window to better understand the world. It is pervasive and not hard to understand in its essence. It means that numbers or values can change in exponential fashion, with radical and multiplicative increases, versus linear increases of just adding one by one. Thus, a tree has a single trunk, many limbs, then dozens of twigs, which in turn bear hundreds of leaves. It’s similar to our arms, which have a single bone from the shoulder, doubles below the elbow, and expands into multiple bones in our wrist and fingers. Or, when a hurricane jumps from category three to four, it’s not an incremental change, but packs considerably more punch than the single digit of increase would indicate. It is also like a car going from 30 miles to 35 miles per hour, doubling the impact of a crash.... We could go on. 

As stated earlier, this work will consider the application of logarithms to measure evolutionary change over time. Our findings will be twofold: such change is pulsed, exhibiting radical nonlinear leaps, and that these pulses are logarithmically placed. In a way, this is a simple project, in which we keep halving units from the start of life to the advent of humanity, and look for nodes of nonlinear leaps. Remarkably, there are. Importantly too, the evidence around these pulses also follows a logarithmic pattern, in which there is a longer period of uncertain and suggestive evidence prior to the actual node of change, then a shorter period for which the evidence becomes confirming and leaves no doubt. 

There was no initial a priori theory for which evidence was forced to fit into a strait jacket. Rather, the evidence suggested the pattern first. But once the general theory is found to be working, we are directed to search for more findings which are supportive. The vagaries of the world, however, mean that there will never be a perfect fit, and the evidence seems to wobble back and forth at times. Even then, results are remarkably suggestive. 

So I offer you to go on a time journey that is logarithmically paced. In terms of this work, it means that the pulses of evolution are quickening at regular log intervals. You can be the judge of whether the pattern holds true. Do not let the math deter you, for I will make it clear how the calculations were obtained. For some, it may be just trusting that the numbers are correct, as if this is a mathematical “just so” story. However, a calculator in which you can put in the base two and then add a given exponential will easily produce the numbers found in the scale used here. Also, a “log base 2 calculator,” which produces quick and easy results, can readily be found and used online. 

Perhaps you think that the age of discoveries is over, that one can’t come up with something new that might radically change our understanding of time and evolution. But I am afraid that as this work suggests, increases in our consciousness and awareness are not yet over. I invite you to take this journey and participate in this discovery. In doing so, you may help to make for the next step of evolution that has yet to be written.







Michael Susko, July 2021

M.S., Loyola College  
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INTRODUCTION
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­This work offers a novel way to map evolutionary change from the start of life to the advent of humans. Rather than using the traditional, linear scale in which the increasing pace of events bunches up toward the end, we employ a logarithmic scale which expands our resolution as we come to the present. This scale will allow us to see clearly the patterning of events throughout the span of evolution. 

The use of the concept of logarithm should not deter us. In this work, it means we will simply halve the time to mark major pulses of evolutionary change. Thus, if the start of life is approximately four billion years ago, we go next to two billion years ago with the first nucleated cells, then to one billion years ago with the advent of complex multicellularity, and so on until the 10th node when we come to the start of humanity, about 7.8 million years ago.

If this mapping holds true, it means that significant evolutionary change is accelerating as we come to the present. Remarkably, the pacing occurs with logarithmic regularity, in that we identify major pulses of evolutionary change at regular halving or log intervals. 

Importantly too, and confirming for our hypothesis, the evidence for change presents itself in logarithmic fashion around these nodes. That is, each Major Node has a precursor period in which fossil finds are increasingly approximating a grade-level change, followed by an explicit period which actually confirms the change. 

We place the Major Node itself in the logarithmic middle between the precursor and explicit phases, in which we envision grade-level change to have occurred. As to why this logarithmic march towards greater consciousness has occurred with mathematical regularity, we reserve for our conclusion. The main goal of this work will be to establish the successive pulses of evolution and present the evidence which confirms such patterning. 

Before elaborating, it bears repeating that the Major Nodes of the log scale basically halves units over time. Thus, our path is from the origin of life at 4 billion years ago (or 4 bya), to the eukaryotic cell at 2 bya ago, to complex multicellularity at 1 bya, to the first vertebrates at 500 million years ago (or 500 mya), two layers of mammalian evolution at 250 and 125 mya, then proceeding through three layers of primate evolution at 66 mya, 33 mya and 16 mya, until the emergence of hominins or humans, about 7.8 mya. A total of ten Major Nodes encompasses this evolutionary span, in which each makes for a qualitative leap in consciousness, paired with a greater mobility and social engagement in the world. 

It is important to delineate the advantages in using this model to orient ourselves in evolutionary time. 


	A logarithmic scale provides an easy mnemonic device of halving, leaving us with only a few key dates to remember. It provides a quick grasp of where we are in the temporal scheme of things and how it relates to the whole. If we throw out a date, say 260 million years ago, we know that we are just before the 5th node of 250 mya, the time of the first mammals. 

	The model offers an expanding visual scale, in which we can easily view all the information. The events do not all bunch up toward the end of a linear scale, leaving us with a chart with little utility. At the same time, a log scale provides precision. Thus, if we consider a specific fossil, dated at 230 mya, we can say it’s 10% log distance after the Major Node for mammals.

	The model, with its precursor period, embraces uncertainty and allows that uncertainty to give us information. We are not yet sure that mammals have arrived at 300 mya during the precursor period, but that dispute tells us something. The model also embraces certainty, providing a bandwidth in which we expect affirming discoveries. Thus, by 210 million years, or 25% log distance after the Major Node, we expect confirmation for mammals. 

	Thus, this model is broadly predictive. The log chart provides an immediate frame of reference for existing fossil discoveries, and if there are gaps, it suggests what we should expect to see. The scale also directs us to pay attention to stretches of time that we might easily gloss over.









Summing up, a logarithmic frame of reference provides us with a powerful tool to advance our evolutionary understanding.










Precursor Events, Major Nodes, and Explicit Events 







A critical feature of this work is that the detailed evidence for the pulses of evolution is organized logarithmically, with precursor events prior to the Major Node and explicit events afterwards. With this in mind, let us review how each node will be described. 

First, we will start with the time of the Major Node and a brief description of the accompanying grade-level change. Next, precursor events will be described which increasingly approximate the grade-level change. Precursor events include indirect indicators such as molecular estimates, chemical evidence, and fossils with a partial suite of traits. Events during this time are often confused finds and have a higher degree of uncertainty. 

After the Major Node, explicit findings bring us increasing certitude that a grade level change has indeed occurred. Usually, a strong sign of such change is found within 10% log distance of the Major Node, with definitive evidence usually occurring by 25% log distance after the Major Node. 

In-between the precursor and explicit periods, in the logarithmic middle, we hypothesize the point when evolution tipped to a grade-level change. The exact time of change will remain largely invisible, given the chances of fossil preservation for any particular point in time, and with only a few of the new type being present at first. 

To summarize, we propose that evolutionary events are logarithmically organized in time. That is, major change is organized around a logarithmic middle, between precursor and explicit periods on either side.







To see how our terminology might fit into contemporary paleontology, let us consider the concepts of stem and crown groups. At the “stem origin date”––what can be called the first ancestor of a group––very few, if any, of the identifying traits can be identified. Then after a series of often confusing stem forms, we come to more certainty, and finally to a member of the crown group, fossils close enough to be identified with current, living survivors. This first ancestor of the crown group is actually called the last common ancestor of all the survivors.​[1]

We can now relate this to the Major Node with precursor and explicit events. The precursor period can be seen as containing the initial stem groups, occupying a confusing, fragmentary period of evolutionary change. Along this early path of the stem ancestor, we see many fossil offshoots which went extinct. Turning to the explicit side of the Major Node, we find a substantial number of traits for the crown group. Often, toward the end of the explicit period, we find the first identified member of the actual crown group. As for the Major Node itself, it can be seen as the logarithmic middle between the stem and crown groups, as a likely place that a critical tipping point was reached. 







A Note On the Mathematics Used in the Log Scale







Let us take a step back and explain how math is used to come up with the numbers used in our scale. To review, a logarithm is a number, the amount of times you multiply a base to come up with a given number. If you want to come up with the number 16, for example, using a base of 2, you would have to multiply it four times. Thus, 24 = 16. To repeat, the base of two must be multiplied four times (the exponential or logarithm) to make for 16. In this work we will use the base of two, rather than the more common base ten.

We can now show how logarithms are used to measure the placement of major evolutionary nodes, with precursor and explicit minor nodes on either side to frame the evidence. First, we need to calculate distances between Major Nodes using powers of 2, as in 22 = 4, 23 = 8, 24 = 16.... For the much larger figure of 4 billion (for the start of life), we can use 2 to the 32nd power (or 232) which gives us 4.3 bya. As this over shoots the 4 billion marker, we will drop a tenth of a power to 231.9, a calculation that puts us precisely enough at 4 billion or 4.0007 bya. For the next Major Node of change we will mark down the exponential by one, as with 230.9, which puts us at 2 billion, and so on.

The reason for using this method is not to find a complicated way to halve numbers. Rather, in terms of the nuts and bolts of a log chart, we can now place events precisely on a log scale. For example, consider the precursor period before the hypothesized start date of life at 4 Bya. We can add 1 /10 log distance, or .1 to the exponential, giving us 2 32, and ––using a calculator––find the numerical value of 4.3 bya. Near this point we find light carbon from Canada at 3.25 bya, which may have been produced by life. 

If we go to the explicit side of the Major Node, we find early fossils from life at 3.77 bya. This is matched closely to 10% log distance after the Major Node, which puts this minor explicit node at 3.73 bya. To calculate this distance, we simply subtracted .1 from the exponential which took us down to 231.8––one-tenth log distance later in time––and the result of 3.77 bya. To summarize:







231.8*10% explicit node (3.73 bya ) First fossils of life

(270 million years difference)

231.9◙ Major Node (4 bya) Hypothesized origin of life 

(300 million years difference)

232  *10% precursor node (4.3 bya) Isotopic evidence







Note that equivalent log distances, on different sides of the Major Node, are not the same linear distance. That is, one-tenth log distance prior to the Major Node is a longer amount of linear time than one-tenth log distance after the Major Node. In this case, 1/10 log distance prior to the Major Node is 300 million years long (from 4.3 to 4 bya), while the 1/10 log distance after the Major node is only 270 million years long (from 4 to 3.73 bya), or 30 million years less. To sum up, equivalent log distances are shorter in linear time the closer we come to the present. This means our log scale can be viewed as expanding the resolution of linear time––with shorter linear distances becoming more spaced out, the closer we come to the present. It will serve us well to keep pace with evolutionary events that are accelerating in time. 







Outline of the Ten Pulses







For the sake of clarity and to help set the stage, I present an outline of the ten pulses of evolution covered in this work, putting in bold the first node in a series, an evolutionary burst which sets the stage for further elaboration. The abbreviation “bya” means billions of years ago, and “mya” means millions of years ago. The chart reads from the bottom up.








7.8 mya  10.  1st Humans/Hominins

15.7 mya 9.  Hominoids (apes)

31 mya 8.  Anthropoids (monkeys)

63 mya 7.  1st Primates

125 mya 6.  Placental Mammals/Eutherian


250 mya 5.  Mammals

500 mya 4.  1st Vertebrates

1 bya  3.  Complex Multicellularity

2 bya  2.  Eukaryotic/symbiotic Cells

4 bya  1.  Life’s Origins






In the main, this work will present evidence supporting ten logarithmically paced pulses of evolution. Our expectation for the model is that it will provide a general good fit for the evidence, one which proves useful to view the sweep and detail of evolutionary history. 







Patterning of the Major Nodes







Not all Major Nodes are equal, and there is tentative evidence for a larger pattern. Specifically, we find series of overlapping fours, in which greater change happens on the first, then every fourth node.

1. The first node is an evolutionary burst which stands out in a remarkable way, such as the start of life or the first human. The first of a series represents a stage that has great evolutionary potential, to birth a new series of developments in which sentience/consciousness and mobile engagement take a qualitative leap. 

2. A qualitative elaboration occurs, often involving size increase, along with increases in consciousness, range of mobility and more social life. 

3. Amid more dominant life forms, a novel grade-level change occurs which is more subtle and hidden in nature, yet sets the stage for the next evolutionary burst.

4. The 4th (or the 1st again). Another evolutionary burst, for which we return to the first description. 







––––––––
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On the Meaning of Evolutionary Pulses







While our survey largely focuses on the concrete evidence of fossils and their placement on a logarithmic scale, these pulses represent the more invisible change of sentience and consciousness over time. This highlights that life has an inner dimension that we do not directly see. Life’s activity is not based solely on its reactions to an exterior world. Following the biologist Zak, life possesses an “information potential” which puts together motor and mental dynamics to build up a “self-image.” As we follow the evolutionary pulses that allow for the emergence of humanity, we witness life showing continued increases in capacity for such sentience/ consciousness. Zak describes this as “reflections upon reflections” making for an “unlimited capacity for complexity, exponential increases that we see through the course of time.”​[2]

Thus, with a logarithmic scale, we expect to see evolutionary events accelerating in time, showing radical expansions of consciousness, an unfolding of ever greater depth and complexity. In a paradoxical way, we could say that time itself is expanding. Put another way, compared to a day in the life of a single-celled organism, ours is richer and more varied. As for what this means for our future, if the past provides our best clue, is that consciousness will have yet more logarithmic unfolding. 

1st NODE: LIFE’S ORIGIN  

4 BYA 
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Procaryotic cells

––––––––
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The first log node is at 4 billion years ago, where we place the origin of life. No one would deny that the advent of life constitutes a great leap in the history of earth. Life has the ability to take in energy, tap the flow of entropy, then build up syntropy or order, and maintain a level of complexity that would not otherwise exist.​[3] Its effect is so profound that it has created much of the atmosphere and altered the earth’s landscape. An outline of events, based on a logarithmic scale, follows.
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