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Traditionally, morphology is seen merely as an auxiliary subdiscipline of
biology and other fields. Allegedly, it does not provide explanations for phenom-
ena but merely describes forms as a preliminary step in their analysis. Here, the
view is defended that forms, and hence morphology, can also take over an
important explanatory function and even, ultimately, constitute the explan-
atory level fundamental to biology as a distinct science. According to this thesis,
the form of organisms and their parts provide the only specifically biological
causal factors. Nothing but the form, the specific spatial arrangement of matter,
determines the peculiarity of organisms’ ways of being. Therefore, biological
explanation must start from specific structures. These structures provide the
respective boundary conditions for harnessing the general laws of nature, thus
determining their trajectory. Ultimately, then, forms play the most funda-
mental explanatory role in biology.

Introduction
JohannWolfgang von Goethe, upon having coined the term “morphology,”
held that this science—“the study of the form, formation, and transforma-
tion of organic bodies”—could be regarded both as “a study in itself” and as
“a subsidiary science of physiology” (Goethe c. 1796). In its function as an
auxiliary science, Goethe added, the goal of morphology was “only […] to
represent and not explain.” In this respect, it is distinguished from the other
subsidiary sciences of physiology, especially physics and chemistry. Hence,
for Goethe, morphology was an ordering and typifying, but not an explan-
atory science. In his morphology, Goethe initially refrained completely from
explanations and questions of causes, in accordance with his well-known
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maxim: “Lively questions about the cause […] [are] of great harmfulness”
(Goethe 1998, No 608).

Thus, organic forms were not primarily understood as causal factors.
Goethe thought of forms as dynamic in themselves, as constantly changing
things: “the theory of forms is the theory of transformation” (Goethe 1807)
goes another of his maxims—and already here a fundamental reinterpreta-
tion of the concept of form can be seen. However, Goethe did not conceive
of forms as (efficient) causes (Ursachen) but as original things (Ur-Sachen).
As the efficient cause for the change of organic forms, Goethe adopted a
principle of his own. Following Blumenbach and Kant, he described this
as a formative drive (Bildungstrieb) (Goethe 1820). Goethe thus followed
the view, dominant in the late eighteenth century, that the phenomena
of life presuppose the effectiveness of special life forces or organic drives.

The distinction between form and force or cause is explicitly formulated
as a counterpoint in Ernst Cassirer’s work. His 1942 study of the problem
of form and causality begins with the following opposition: “The concept
of form and the concept of causality form the two poles around which our
understanding of the world revolves” (Cassirer 1942, p. 87). The “what”
and the “from where” were polar opposites. And both held “a distinct
claim of knowledge,” Cassirer rejected approaches connecting both with
each other. In a posthumous manuscript, he expressly warned of the
“danger” of form being “made into a ‘kind of cause’—because the concept
of cause already implies a kind of materialization” (Cassirer 1936/37, p. 132;
see also Schwemmer 2011, p. 234).

However, there is also the reverse “danger” of idealizing of the concept of
form, especially when organic, that is, necessarily materially bound forms,
are concerned. Therefore, I argue that forms can and, in biological context,
should be understood as causes. Extrapolating from this view, I also oppose
the understanding of morphology as a non-explanatory auxiliary science. In
contrast to this Goethean view, I will defend a notion of morphology as an
explanatory discipline which, in the life sciences, includes fundamental
explanations—even the most fundamental ones.

The thesis of this contribution, as the title suggests, is that forms can be
viewed as forces or causes. They are the only other forces of life beyond the
forces of physics. According to this thesis, the only specifically biological
causal factors are the forms of organisms and their parts—the objects of
morphology. Only form, the specific spatial arrangement of matter, deter-
mines the individual, specific way of being of organisms—both of living
beings in general, in contrast to inanimate matter, and of particular living
beings in their respective way of being. This distinct way of being, how-
ever, is not conditioned by life forces that are equal in rank to the physical
forces—as vitalism claimed until the first decades of the twentieth century.
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Nevertheless, I agree with the majority of biologists and bio-philosophers
that living beings are in some way special and that the scientific knowl-
edge about them is based on different conceptual and theoretical founda-
tions than the knowledge of inorganic natural bodies. In order to explain
the characteristic abilities of living beings—such as metabolism, reproduc-
tion, mobility or sensory perception—one could, therefore, perhaps stick
to the concept of force. Then, the thesis would read like this: The life form
is the life force. Or, to strengthen the claim: The only life force is the life
form, the forms of living beings. Although it is rarely put in such abbre-
viated form, the thesis is hardly surprising and could even be seen as one of
the central lessons of the history of biology in the last 200 years: It is
nothing but the manifold specific forms on all levels of biological organiza-
tion that enable organisms to perform their recurring, characteristic activi-
ties that distinguish them from inorganic matter.

1. Concepts of Form and Morphology
The form of a living being is often understood to be the spatial configu-
ration of its body. This form can change in the course of its life, and yet the
living being does not change its identity. Hence, the criterion for the dia-
chronic identity of an individual is not the continuity of form. Based on
this concept of form, which concentrates on static conditions, forms could
be understood as mere accidentals, especially in the organic realm. Tradi-
tionally, they are also primarily regarded as explananda, as phenomena to
be explained by biological theories in the fields of physiology, developmen-
tal biology, or evolutionary biology. However, forms can also take on an
important explanatory function themselves: Thus, they do not only play
the role of an explanandum but often also of an explanans—even, ulti-
mately, the explanans fundamental to biology as a distinct science.

First, however, I want to look at forms as determinants of essence.
“Form” is a term with which we characterize not only individual living
beings in their respective existence but also life in general. Form often even
functions as the genus proximum to “life.” This becomes particularly clear in
the concise formula of life as a “form of being.”

Since the 1970s, this expression has been used to define the concept of
life in the German Brockhaus Encyclopedia. In this context, it probably goes
back to Nicolai Hartmann, who used it in 1940: Hartmann defines life as
the form of being of a “structure of processes” (Prozessgefu€ge), i.e., as a struc-
ture of material units for which its dynamics are essential (Hartmann
1940, p. 336). Ultimately, however, this way of talking about life as a
“form of being” can be traced back to Aristotle, to his writing On the Soul,
in which he says that “to live is the being of living beings” (vivere viventibus
est esse in Latin) (Aristotle De anima 415b13). This expresses the fact that
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life is not a quality that belongs to a thing and can be lost by this same
thing. When something loses its life, it has lost what it previously essen-
tially was, a living being.

The concept of form, in this context, also goes back to Aristotle; he de-
fines the principle of life, which he calls “soul,” as form (ει’~δος). Thomas
Aquinas and with him the scholastic tradition translate this Aristotelian
ει’~δος as “form”: “[It] is said that ‘life’ is ‘being’ for living things, because
they are active in such a way that they have being through their form”
(vivere dicitur esse viventium ex eo quod viventia, per hoc quod habent esse per suam
formam, tali modo operantur; Thomas Aquinas 1266–73, II-II, 179, a, ad
1m). Here, form is the foundational aspect, the explanans: Living things
operate or function in a specific way, because they have their being by their
(respective) form. This becomes even clearer in another passage where
Thomas directly calls the form of living beings, which he identifies with
their soul, a “cause”: “The soul is called the form of the body inasmuch as
it is the cause of life, for the form is the principle of being” (anima dicitur
forma corporis in quantum est causa vitae, sicut forma est principium essendi;
Thomas Aquinas 1269, qu. 14, ad8). And finally, Thomas concludes this
statement when he says that through its form every thing has its reality
( per formam unumquodque est actu) and hence calls the soul the “formal cause”
of the living body (anima est causa viventis corporis, ut forma) (Thomas Aquinas
1268, lib. 2, lect. 7, no. 319).

However, one should not project our contemporary understanding of
the words into these passages. For Aristotle and his followers, the concept
of form does not necessarily imply spatial configurations—this meaning
does appear in Aristotle, but it only becomes dominant after the “scientific
reinterpretation” of the concept of form in the sixteenth century (Emerton
1984). Scholastic “causes” are not to be understood in the sense of efficient
causes either—this is the meaning to which the term is narrowed down in
the mechanistic philosophy of the early modern period. Nevertheless, the
close connection between the concept of form and the concept of cause is
significant: In the classical tradition there is a dynamic, causal concept of
form, a concept that explains the essence of a thing through its dynamic
form, its inner power. This is especially true in the realm of living beings,
in so far as the principle of life, the soul, is understood by Aristotle and in
the Aristotelian tradition as a productive form, as a form that produces the
capacity to live.

In contrast to this productive concept of form in the classical tradition,
the structural concept, which has been called the “eidetic concept” (Wellbery
2014), focuses on spatial configurations and abstracts from material and
dynamic aspects. It is this concept that has emerged as the dominant
understanding since the seventeenth century. One of its consequences was
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that “form,” the “disposition” of parts and “organization” were seen as in-
sufficient in bringing about life. Additional principles were proposed. In
1659, Henry More, for example, referred to a “Plastical Power” that could
not emerge from the “mere organization of the Body” and which he
thought necessary for “organizing duly-prepared Matter into life” (More
1659, pp. 107, 46). A hundred years later, the doctrine of “life forces”
found many supporters who also claimed that matter and form were not
sufficient for life and that they had to be supplemented by dynamic factors,
because “organization does not give the body any power” (Medicus 1774,
p. 6). This situation changed around 1800 when it became customary, as
in the Aristotelian tradition, to associate forms with forces, i.e., to see in
the forms of organisms the reason for their specific properties. Since then,
the terms “organization” or “organism” usually take the place of the con-
cept of form: The Kantian Carl Christian Erhard Schmid claimed in 1798
that the “organic force” is always “bound to existing organization” (Schmid
1798, p. 129): “The life force is not added to the organism, but it is given
with and in the organism simultaneously” (Schmid 1799, p. 371). Jean-
Baptiste Lamarck, in his Philosophie zoologique of 1809, emphasized the
relationship of this vital force to the organization of the body. Lamarck,
too, described the life force as a consequence or result of physical organiza-
tion: The “state and order of things” (l’état et l’ordre de choses) in a living being
give direction (une direction) to the laws of nature (Lamarck 1809, vol. 2,
p. 92). Basically, however, it is the same forces and laws of nature that are
effective in living and inanimate bodies; only the specific boundary condi-
tions (“circonstances”) lead to a regulated effect in organic bodies (Lamarck
1809, vol. 2, p. 97). Lamarck explicitly claimed that the organic forces and
peculiarities were not due to “particular laws” of biology but would result
from these boundary conditions given by the “order and state” of the organic
bodies (le résultat […] de circonstances et d’un ordre de choses; Lamarck 1809, vol. 2,
p. 105). This is a view to which I will return: the order of things, that is, the
organization or form of a body, as a specific boundary condition for the
effectiveness of the laws of nature.

We see, here, how a specific understanding of organic forms, and hence
of morphology, emerged in the years around 1800. This understanding can
be distinguished from three other types of morphology that were devel-
oped within different research programs in the nineteenth and early twen-
tieth century. I would like to distinguish between four prototypical forms,
which can be arranged in a cross table (Table 1).

First, descriptive morphology assumes static conditions and perceives
forms simply as a constellation of parts within a whole. Forms appear, here,
as those aspects of objects that make them comparable. This is the founda-
tion for the museum-based comparative anatomy of the nineteenth century:
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Organic forms are compared, as Georges Cuvier did in his comparative
studies of skeletons, and are then brought into a logical system starting from,
for example, symmetry, as Ernst Haeckel attempted in his promorphology of
basic organic forms (Haeckel 1866, vol. 1).

Distinct from this is dynamic morphology, in so far as it recasts forms as
changing, as transformations. Goethe’s morphology and his theory of meta-
morphosis is one example of this, another is developmental biology, or causal
morphology, as Wilhelm Roux called it in the 1880s (Roux 1885, p. 21).
Even though the views of Goethe and Roux differ greatly—not least with
regard to the role of causal analysis—they do agree that, firstly, forms should
be conceived of dynamically. Secondly, forms are not merely objects, as
something secondary in need of explanation, but as agents, as something
creative that explains changes, as a cause that explains the properties of
living beings, i.e., as explanans.

This last point distinguishes dynamic from biological morphology, as
Hans Böker termed it in the first decades of the twentieth century (Böker
1924). However, biological morphology can also be traced back to Lamarck,
or, more generally, to the adaptive thinking of the theories of evolution in
the nineteenth century. The aim of biological or functional morphology, as it
was called later, is to explain organic forms from their specific functions in
animals’ ways of life. Therefore, in this account, forms are reinstated as the
explanandum. The spindle shape of a fish, for example, is explained by its fast-
moving form of life under water, or the bilateral symmetry of larger land
animals by the strong influence of the gravitational field.

Finally, I would call the fourth type, with which I am mainly concerned
with here, nomological morphology. In this account, forms are used as the
basis for explanation, in a way similar to dynamic morphology. However,
nomological morphology is not only concerned with the transformations of
forms. It, in contrast, contends that all peculiarities of living beings are
explained by form, beginning with the question of how life, as such, is

Table 1. Cross-Classification of Four Types of Morphology.

Leading Idea

Type/Transformation Function/Law

Direction of
Explanation

Form as
Explanandum

Descriptive Morphology
(Cuvier, Haeckel)

Functional Morphology
(Lamarck, Böker)

Form as
Explanans

Dynamic Morphology
(Goethe, Roux)

Nomological Morphology
(Polanyi, Moreno)
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possible. By referring to forms, the “form of being” of life in general and
the lives of certain living beings in particular can be elucidated. This re-
quires understanding forms as causal factors, as “causes of form,” and de-
veloping from them principles or “laws” that govern living beings: their
functional unity, nomological autonomy, and individual peculiarity. In or-
der to understand the development and systematic foundation of this ac-
count, it is helpful to reconstruct the expansion of morphology through
various fields in the nineteenth century.

2. Fields of Morphology
After Goethe began publishing his writings on morphology in 1817, the
term was quickly adopted and applied to all levels of the organic hierarchy.
Morphological studies were, thus, not only conducted on whole organisms
but also on their individual parts.

In 1821, Karl Friedrich Burdach published “Morphology of the Head”
(Burdach 1821) and, in 1831, Joseph Hermann Schmidt distinguished the
four morphological levels of hierarchy of cells, tissues, systems, and organ-
isms (Schmidt 1831). In the 1840s, the term “morphology of the cell” be-
came widespread (Schleiden 1842, p. 279), enabling Julius Victor Carus to
establish, in his System of Animal Morphology of 1853, a hierarchy of mor-
phological levels from cells, tissues, and organs to “the overall form of the
animal body” (Carus 1853, p. 76).

Since the 1830s, as is well known, the concept of morphology was also
applied to the study of non-living entities. This was the case particularly in
the three structural sciences of crystallography, geology, and linguistics
(Suckow 1834, p. 529; Keferstein 1834, p. 96; Schleicher 1859). Morphol-
ogy was mainly related to macroscopic forms; in physics, the term only
became established in the 1860s and it was around this time that calls for
a “universal morphology” abounded. For instance, a work on the “mor-
phology of heat” in 1867 claimed that science, as a whole, was universal
morphology, united under the common aim “to find and determine the
individualized forms of matter” (Müller 1867, p. iii). As such, microscopic
structures also came into the view of morphology: In 1896, a first book on
“animal micromorphology” was published (Apathy 1896, p. 47), and,
since the 1930s, “molecular morphology” has become a well-established
field. In 1938, the botanist Albert Frey-Wyssling gave an overview of the
“realm of morphology” in which he distinguished structural levels from
organs to molecules and atoms (Frey-Wyssling 1938, p. 5). Subsequently,
morphological analyses were applied to structures of microscopically visible
chromosomes, submicroscopic membranes, and macromolecules.

One of the most important theoretical applications of morphology is to
technology and the machine sciences. Since the end of the nineteenth century,
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engineers have used the concept of morphology in this context. Franz
Reuleaux, considered the founder of machine morphology, provided a general
definition of a machine in hisTheoretical Kinematics of 1875. According to him,
“a machine is a combination of resistant bodies, which is set up in such a way
that by means of its natural mechanical forces it can be forced to work under
certain conditions” (Reuleaux 1875, p. 38). According to Reuleaux, the spe-
cific efficacy of a machine depends on its “equipment”; the parts of a machine
are arranged in such a way as to “allow each of the moving bodies only one
single movement, namely the movement intended for it” (Reuleaux 1875,
p. 38). This restriction is given by the special constellation of the components,
the structure or “the morphology” of the machine. Morphology acts by
“restricting” and thereby “coercing” the general laws of nature into a certain
direction. Thus, the specific work of a machine is not conditioned by addi-
tional forces of nature, but through its specific form.

Around 1900, the realization of the explanatory value of forms spread
throughmany disciplines. The historian of technologyOtto Bryk, for instance,
saw the “necessity of a new science, the ‘general theory of forms’ (universal
morphology)” (Bryk 1908). In the course of the twentieth century, several
attempts were made from various quarters to develop a machine morphology.
One goal of the morphological method was typifying and classifying
machines. The engineer Rudolf Franke, for example, proposed a “family tree
of gears” in his Theory of the Development of Gears, which systematized their
mechanisms of action hierarchically (Franke 1943). Beyond that, Fritz Zwicky
applied the morphological method to fields as diverse as sociology, natural
science, technology, and national defense. However, as its applications broad-
ened, the meaning of morphology became very unspecific. For Zwicky “the
essence of the morphological method lies in developing analytical and syn-
thetic methods for deriving the totality of all possible solutions to sufficiently
defined problems” (Zwicky 1959, p. 13). In a similar vein, Hermann
Holliger understood morphology simply as “interdisciplinary methodology”
(1970, p. 35) or “creative thinking in an ordered form” (1980, p. 2).

However, these very general definitions squandered what had been
achieved by Franz Reuleaux’ machine morphology. Indeed, it is more than
a general methodology, because it illuminates the relationship between the
general laws of nature and the principles of specific systems such as living
beings. On this understanding, morphology is an epistemic strategy that
investigates how forms can take the role of area-specific laws. Here, then,
the laws are explained by form.

3. Form-Determined Systems: Machines and Organisms
In his well-known essay “Life’s Irreducible Structure” (1968), Michael
Polanyi argued that living beings are characterized by an “irreducible
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structure” and that they share this irreducibility—i.e., the irreducibility of
their laws and principles to physical laws—with machines. What
machines and organisms have in common, according to Polanyi, lies in
their specific boundary conditions, which require a control of their mode
of action that goes beyond the laws of nature. Polanyi speaks of the “dual
control” to which machines and organisms are subject: One control stems
from the physical laws of nature to which all objects are subject, the other
consists in “harnessing” these laws of nature by the respective structure,
i.e., the form of the system and of its parts (Polanyi 1968, p. 1309).

Form thus functions as a boundary condition for the laws of nature to
become effective in a system. The boundary condition results from nothing
but the structure or the morphology of the system. It is not an additional
force, not a life-force, but nevertheless the decisive factor, and in general
the only factor that goes beyond the laws of physics and that determines
the peculiarity of living beings. In so far as this peculiarity depends solely
on the form of the system, one could speak of “form-determined systems.”
In these systems, form is a conditional factor acting in addition to the
physical principles and establishing the inherent laws of these systems.

Machines and organisms agree on this point—and this is the very reason
machine morphology in its relation to physics can be conceptually revealing
for the status of morphology and the question of biological reductionism. In
this view, organisms are not something special, something “irreducible,”
because they differ from machines but, rather, because they resemble
machines: In both cases it is the specific form that functions as a boundary
condition for the effectiveness of natural laws by fixing and channeling the
execution of these laws. The special nature of these systems cannot be
understood from the laws of nature alone. Hannah Ginsborg has concisely
articulated this on the basis of Kant’s biophilosophy: “organisms are
mechanically inexplicable, not in virtue of what distinguishes them from
machines, but rather in virtue of what they have in common with machines
[…]: they possess a regular structure and display regularities in their func-
tioning, which cannot be accounted for in terms of the basic physical and
chemical powers of matter alone” (Ginsborg 2006 p. 462). The irreduc-
ibility of living beings results from their technomorphic character, or, to
put it less provocatively, from their determination through form.

4. Form-Causes and Form-Laws
In what way, then, can forms become effective as causal factors or as laws
for systems? In recent years, this has been discussed primarily under the
heading of “constraints.” The term, which originated in mechanics, has
been used since the late 1960s to describe the special form of organization
of living beings. Here, its meaning is largely consistent with what Polanyi
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called the “boundary conditions” of the laws of physics, i.e., the factors that
channel and harness the laws of nature. In organisms, then, it is especially
morphological structures that are discussed as constraints. Howard Pattee,
who introduced the concept of constraints in this context, described them
as consequences of “material structures,” for example, molecules or mem-
branes (Pattee 1972, p. 249). Others followed him in this view by postu-
lating, more generally, “the form of an organism” as the material
constraints of its activities and the determinant of its functionality (Asma
1996, p. 58). As constraints for the laws of nature, the forms of organisms
give order and direction to the physical forces. Biological functions are
thus realized through the forms, indeed, the constraints themselves are
nothing but material structures. Their efficacy is not based on additional
energy reserves, but, rather, on the ordering of the very same thermody-
namic energy flow. The constraints themselves are distinct from this energy
flow to the extent that they are materially conserved in the structure of an
organism’s body that is maintained in the thermodynamic flow.

This characteristic influence of the constraints has also been described as
“downward causation” of the whole system on its parts. Downward causa-
tion is, however, a problematic concept. After all, the relation of causation
is usually defined only for entities that differ from each other, but, in sys-
tems, the parts are parts of the same whole— thus, downward causation
succumbs somewhat into a self-cause. Without entering into this debate, it
is sufficient, here, to understand causation by the system’s own constraints
so that the regularities typical for a system are caused by its structure. The
structure acts “from above” on its components as a formal cause and thus
determines the behavior of the whole system. Furthermore, this implies
that the system’s characteristic regularity is the result of a selection process,
or perhaps less anthropomorphically: a process of restriction or channeling
achieved by the structure of the system. From the set of possible interac-
tions between the system’s components, some actions are excluded, or hin-
dered, by the form of the system, others are preferred. The result is a
functionally closed organization that is, on the one hand, physically pos-
sible but, on the other, in its idiosyncratic intricate order, is nevertheless
entirely improbable.

In their 2015 book Biological Autonomy, Alvaro Moreno and Matteo
Mossio described the constraints as a “distinct regime of causation” (Moreno
and Mossio 2015, p. 15). This regime begins from the form and leads to a
physically possible, though unlikely, functionally closed organization.
Because it is a causal factor based on the form alone, it may rightfully by
called a “formal cause.” The configuration of a certain strand of DNA, for
example, excludes some developmental trajectories of a system and favors
others, thus, it is effective for the specific development of an organism.
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Or, in a simple macroscopic example: The form of a bird is a formal cause
of its ability to fly, because it channels the laws of nature from above, i.e.,
from the entire organization of the system and directs them towards this
specific function.

All this applies equally to living organisms and machines. Organisms
differ from machines in that they determine their structure by themselves,
in that they were not designed by a designer external to them but possess a
“formative power” within themselves and can therefore be called “self-
organizing beings” (Kant 1790, p. 374). Put in the terminology of boundary
conditions and constraints: In the case of machines, the boundary conditions
are set by an engineer in such a way that they constrain the laws of nature to
fulfill the intended purposes of the machine. In the case of organisms, these
boundary conditions are produced by the organisms themselves.

Drawing on the theoretical biologist Stuart Kauffman, the conditions in
organisms can be described as a work-constraints-cycle (Kauffman 2000,
p. 4): Through their own form, organisms are able to use the laws of nature
to perform certain work, namely, precisely the work aimed at maintaining
their form, that is, their specific constraints. The constraints enable the spe-
cific work, and the work maintains the constraints. Because the constraints
cause effects, there is a “closure of constraints” or a form of “self-constraint”
in living beings (Montévil, and Mossio 2015). The maintenance of the con-
straints takes place either in the body of a certain individual organism,
through its self-preservation, or—by means of reproduction—in the body
of other organisms similar to it, its descendants. Many definitions of the
biological concept of life are based on this self-reference of organic forms:
The constant regeneration of constraints or self-constraints is seen as the
most fundamental characteristic of living beings (see, for example, “The
first and most simple idea of life […] is its being the principle of self-
preservation”; Hunter 1786–87, p. 223). The so-called “autonomy” of
living beings, consisting in this recurring self-reference, is nothing but
the control of the boundary conditions of the laws of nature by the forms
of its own body. It is, thus, an autonomy anchored in material forms.

5. Morphology and Autonomy
The autonomy of organisms consists in the fact that they redirect the forces
of nature with their bodily structures, redirect them for their purposes:
self-preservation. Besides their bodily structures, organisms do not have
their own sources of power. Thus, life forces are embodied. They are given
in the forms of physical structures, in the life forms. These determine the
functional organization and self-reference of the activities of living beings,
i.e., their ‘self,’ their self-generated and stabilized identity—and, beyond
that, the potential for evolutionary change of this self, of its form.
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According to this conception, substances—to which organisms and
other organic forms ontologically belong—are seen as causal factors.
Traditionally, this idea has faced a number of objections, one of the most
serious of which is related to the fact that substances are not temporal
events but things lasting in time. A conception that understands them
as causes is therefore confronted with the so-called “datedness objection”:
Because causal relations and thus causes are spatiotemporally concrete
events (or at least are usually understood that way), only those phenomena
can become causes that are also datable in time (Broad 1952, p. 215; Ginet
1990, p. 13). However, a position that assumes substances as causes can be
defended with models of actor causality that take an extended concept of
causality into account by not only assuming a temporally datable “triggering”
causality, but by attributing an active and decisive causal role to temporally
persisting substances (Mayr 2011, p. 217). There are many classical
authors who adopt this view (see e.g., Kant 1781/87, p. B 250). The
enduring substance is conceived as the cause that brings about different
effects depending on the external conditions or circumstances (Watkins
2005, p. 411). In a sense, there is a reversal in the roles of cause and
circumstance involved here: the time-bound datable event is given in
the circumstances not in the cause itself which endures in time. Thus,
in response to the datedness objection it is conceded that the substance
of the organic form is not a cause in the event-causal sense, but rather a
substance-specific disposition (Keil 2013). The disposition is given in the
material form of the organism. This form is the factor of crucial importance
for explaining the causal peculiarities of organisms, and to that extent of
high causal relevance. The specific arrangements of the parts in an organic
form performs, in an old and forgotten term, a kind of “constellation
causality” (Driesch 1904, p. 210).

Moreover, not only the autonomy of organisms as self-organizing sys-
tems but also the autonomy of biology as a specialized science depends
on forms. (Organismic) biology cannot explain without recourse to specific
structures. These structures provide the respective boundary conditions for
channeling the general laws of nature. Ultimately, then, forms are the only
explanatory terms in biology: It is the constellation of material building
blocks, and nothing else, that is the basis for the explanation of the char-
acteristic activities of living beings.

To explain this fact itself, one might refer to the development of biology
in the twentieth century. At the beginning of the twentieth century, the
botanist Karl Goebel believed that morphology was a preliminary, merely
descriptive discipline: “Morphological is that which cannot yet be under-
stood physiologically” (Goebel 1905, p. 82). And in the middle of the cen-
tury, Hermann Weber introduced his account of the “position and tasks of
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morphology” with the statement that talking about morphology at all
was “a risk,” because, in the perception of many, a morphologist was “at
best a man in a lost position—pitiful and a little ridiculous” (Weber 1955,
p. 137–8).

At the beginning of the twenty-first century, however, this has changed.
One could even say Karl Goebel’s statement has been reversed: Physiolog-
ical is that which cannot yet be understood morphologically. Biologists
have been thinking in terms of functions, that is, in terms of physiology,
since antiquity—without, however, knowing how these functions come
about. The use of functional concepts in biological research programs thus
predates morphological explanations by thousands of years. Aristotle, for
example, used the fundamental organic categories “nutrition,” “perception”
or “reproduction”—without knowing exactly which structures enable these
functions in the first place.

Functions can only be understood and explained when their morpholog-
ical background has been clarified. Morphology is, thus, the fundamental
explanatory theory in biology—it specifies the entities that make biolog-
ical mechanisms possible, forms. They determine the laws a system must
obey and the trajectories of its change.

Perhaps, then, the golden age of morphology is yet to come. Goethe’s
understanding of morphology as an auxiliary science supporting the real
science of life, physiology, is certainly only half the truth. The other half,
then, was pointed out by the anatomist and physiologist Karl Friedrich
Burdach, who coined the term “morphology” simultaneously with and
independently of Goethe. For Burdach, it is the task of morphology to
“recognize laws of formation” and thus to give explanations for organic
forms (Burdach 1817, p. 31).

Morphology as an explanatory science of laws is a program whose prom-
ise has not yet been fulfilled. However, the fundamental potential of mor-
phology for biology was, until the beginning of the twentieth century, at
least acknowledged. Thus, the developmental biologist Hans Driesch
wrote in the introduction of his Gifford Lecture of 1907: “It is form espe-
cially, which can be said to occupy the very center of biological interest; at
least it furnishes the foundation of all biology” (Driesch 1908, p. 17).
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