
symmetryS S

Article

Stakeholder Symbiosis in the Context
of Corporate Social Responsibility

Danli Wang 1,2, Weidong Zhu 3, Chao Zhang 1,*, Hongyi Li 4 and Yong Wu 1

1 School of Management, Hefei University of Technology, Hefei 230009, China;
2017010088@mail.hfut.edu.cn (D.W.); wuyong@hfut.edu.cn (Y.W.)

2 School of economics, North Minzu University, Yinchan 750021, China
3 The Center for Industrial Information and Economic Research, Hefei University of Technology,

Hefei 230009, China; zhuwd@hfut.edu.cn
4 Business Administration Faculty, The Chinese University of Hong Kong, Hong Kong 999077, China;

hongyi@baf.msmail.cuhk.edu.hk
* Correspondence: zhangchao@hfut.edu.cn; Tel.: +86-186-798-502-46

Received: 29 October 2020; Accepted: 17 November 2020; Published: 18 November 2020 ����������
�������

Abstract: With the rise of corporate social responsibility (CSR) and the great changes of the organization
scale of the modern enterprise, it is difficult to maintain an ideal development only by maximizing the
equity of shareholders. The co-governance of stakeholders can meet the interests of all stakeholders,
which is the embodiment of corporate social responsibility in corporate governance. The creation and
sharing of enterprise values are the foundation of the coexistence of stakeholders. A rational allocation
of the limited enterprise values among stakeholders plays a crucial role in balancing their relationship
and realizing the sustainable development of the enterprise. Based on the application of corporate
social responsibility in stakeholder governance, this paper constructs a stakeholder symbiosis
evolution model with the help of symbiosis theory. By solving the differential equation, the symbiotic
evolution path of stakeholders is analyzed. The dynamic mechanism of stakeholder Symbiosis
evolution is analyzed by using the system analysis method and evolution theory. The dynamic
mechanism of the population evolution of stakeholders is represented in an original graphical manner
to describe the symbiotic evolution process of stakeholders. Lastly, we use the numerical simulation
method to simulate different symbiosis models which are reflected by different symbiosis coefficients.
It is concluded that the symmetric mutual benefit symbiosis model is the most effective model to
reflect corporate social responsibility.

Keywords: corporate social responsibility (CSR); stakeholders theory; symbiosis theory; symmetric
mutual benefit symbiosis model; symbiotic evolutionary model; evolutionary dynamic mechanism

1. Introduction

In the 1960s, great changes have taken place on the organizational scale of American enterprises.
Corporate social responsibility and social ethics have attracted much attention [1,2]. It is difficult for
enterprises to maintain the uniqueness of shareholders’ rights and interests established by commercial
law and company law [3]. Stakeholder theory can solve this problem. Stakeholder theory emphasizes
that all stakeholders participate in the creation of enterprise value and the value distribution among
stakeholders should depend on the contribution of the stakeholders [4]. Stakeholder theory is more
suitable for the development of modern enterprises compared with the model of shareholder-centered
governance. Therefore, the model of the co-governance guided by the stakeholder theory has drawn
more attention from scholars [5,6]. In the co-governance of stakeholders, a key issue is how to balance
the interests of stakeholders. Scholars researched this issue from the perspective of symbiosis to
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construct the symbiotic governance model of stakeholders [7]. The concept of symbiosis originates
from biology. It is used to describe the relationship between existing symbiotic units under a certain
model and state of the resource environment. The operation law of modern management has similar
symbiotic characteristics with the biological community in the natural ecosystem. Yuan Chunqing,
a Chinese scholar, first applied the symbiosis method completely in his book Symbiosis Theory and
Small Economy. He systematically developed symbiosis theory from the perspective of economics and
introduced it into the study of the small economy in China. Since then, the symbiosis theory has been
widely used in social and economic research.

The existing research on economic management with symbiosis theory focuses on the symbiosis
between enterprises or industries. The researches involve industrial symbiosis [8–10]. Symbiotic
development of productive service industry and manufacturing industry [11]. The symbiosis of
innovation ecosystem [12] and so on. The logistic growth model proposed by Dutch biologist Verhulst
in the mid-19th century is mostly used to describe the trajectory of symbiotic evolution among the
units in the symbiotic relationship. However, there is little literature on the study of internal economic
relations of enterprises based on the symbiosis theory. With certain constraints, the process of co-creation
and sharing of enterprise value among stakeholders can be studied by referring to the symbiotic
model in biology. However, the symbiotic relationship and the symbiotic evolutionary process in
the economic system is more complicated compared with that in biology. A symbiotic relationship
in the economic system is mainly manifested by the characteristics of nonlinear and disorder in the
interaction among symbiotic units [13]. Around the core issues of stakeholder governance theory and
symbiotic evolution theory, the topics like the measurement of the stakeholder population density
in symbiotic development, the description of the symbiosis model, the dynamic mechanism of the
symbiotic evolution, and the evolution of symbiotic environmental capacity and population density
under the established mechanisms can be studied. The study on these topics will help improve and
refine the stakeholder theory.

The traditional unilateral governance model of shareholders takes the profit index as the target
variable. In the symbiotic governance model, value-added is regarded as the value variable for the
enterprises. Value-added can reflect the object attribute, multiple subject attribute, and social attribute
of the value [14]. Value-added conforms to the logic of the symbiotic governance of stakeholders and
reflects the corporate social responsibility. At the same time, the stakeholders get income by devoting
their resource endowment. In the symbiotic governance model, the income of all stakeholders should
change with time and form a symbiotic evolution mechanism. In this paper, value-added is adopted as
the quantification of enterprise value. The incomes of the value-added of stakeholders are used as the
index for population density. By taking the income of the value-added as the indication of population
density, the performances of stakeholders in the symbiosis process can also be shown, which meets the
purpose of this research.

The application of symbiosis theory in management mainly focuses on the macro level. As the
most basic part of the economic system, the sustainable development of enterprises is related to the
sustainable development of the economy. The distribution of enterprise value among stakeholders
plays an important role if the enterprise pursues long-term sustainable development. Although there
are many types of research on value distribution, it is rare to incorporate symbiosis theory and evolution
thought into the research of enterprise value distribution.

This study contributes to the literature in three ways. Firstly, based on stakeholder theory
and symbiosis theory, we construct a symbiotic evolution model of stakeholders to describe the
development trajectory of stakeholders in the value creation process. In this model, the value-added
income of stakeholders is selected as the index that could reflect the population density of stakeholders.
Different symbiotic coefficients represent different symbiotic modes. Different symbiosis modes are
given corresponding management significance. The model can be used as a tool to judge whether the
symbiosis model of stakeholders in the enterprise conforms to the goal of corporate social responsibility.
Secondly, we introduce the theory of evolution into the study and perform a further derivation
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on the symbiotic evolution model between shareholders and employees on a mathematical level,
in which the dynamic mechanism of the symbiosis and evolution process of stakeholders is shown,
thus providing theoretical supports for the model. Lastly, based on the analysis of the system stability
of the symbiotic evolution model of shareholders and employees, the different symbiotic modes are
simulated. By simulating the development process of symbiotic units under various symbiotic modes,
the influence of different modes on the environmental capacity are discussed, and finally, the optimal
symbiotic model for stakeholders is derived.

In summary, this paper integrates stakeholder theory, symbiosis theory, and evolution theory
into a research framework. From the perspective of corporate social responsibility, the stakeholder
symbiotic evolution model innovates the research of stakeholder symbiosis governance.

The rest of the paper is organized as follows. In Section 2 we discussed the most related literature
in this area. In Section 3 we constructed the symbiotic evolution model of stakeholders based on
the logistic growth model. On this basis, we gave a practical explanation of the different symbiotic
model of stakeholders. In Section 4 we summarized the dynamic mechanism of stakeholder symbiotic
evolution by deducing the formula of stakeholder symbiotic evolution. The dynamic mechanism is the
theoretical support for the symbiotic evolution of stakeholders. In Section 5 we simulated different
symbiosis mods. And the last section is the conclusions of this paper.

2. Literature Review

2.1. Corporate Social Responsibility and Stakeholder Theory

The relationship between corporate social responsibility and stakeholder theory has always been
controversial. Some scholars considered that CSR was competitive with stakeholder theory [15].
Others saw the relationship between CSR and stakeholder theory was complementary [16]. This paper
adopts the viewpoint of [17]: Stakeholder theory emphasizes the responsibility to all stakeholders,
which can be defined in corporate social responsibility. In addition, according to the pyramid of
corporate social responsibility, moral management should meet the interest needs of all stakeholders [18],
rather than merely maximize the interests of shareholders as the goal of corporate development.
According to [19], corporate social responsibility activities can well motivate employees to participate
in the work. Stakeholder theory emphasizes that all stakeholders participate in the creation of
enterprise value and the value distribution among stakeholders should depend on the contribution
of the stakeholders. From this point of view, the implementation goal of CSR is consistent with the
guiding goal of the stakeholder theory. From the perspective of [20], CSR is a tool to implement
stakeholder theory. In the study on the implementation of CSR of EU member states, scholars found
that enterprises that can implement CSR well have better performance [21]. From the perspective of
consumers as a stakeholder, when a CSR is consistent with the consumers’ moral foundations, and the
enterprise persistently adheres to the CSR, consumers will show positive responses to the enterprise,
such as gaining consumers’ word-of-mouth and loyalty [22,23]. According to [24], reputation is a very
important factor for an enterprise to win customers, corporate social responsibility is an important tool
to promote the reputation and enhance the brand [25].

2.2. Stakeholder Symbiotic Governance

In general, stakeholders refer to all groups or individuals that affect the realization of goals
of a certain organization or are affected by the realization of goals of a certain organization [26].
For an enterprise, the stakeholders include shareholders, employees, creditors, suppliers, consumers,
governments, and communities. There are two modes for stakeholder governance: one is the traditional
management model in which shareholders exercise governance unilaterally to maximize the interests
of shareholders by coordinating the relationship among stakeholders through communication and
appropriate economic incentives [27–30]. However, it is difficult to balance and guarantee the interests
of all stakeholders with this model. Therefore, a significant improvement to corporate performance in
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the management practice can barely be achieved. The second one is called stakeholder participation
governance model, which is composed of stakeholder joint governance [31] and key stakeholder
governance [32,33]. Shareholders belong to the overall scope of stakeholders in this model. The goals
of this model are to realize a rational interest allocation among all stakeholders and to maximize the
enterprise value in the end. This turns out to be a better governance model [34], and it has been applied
by many companies in practice.

In the studies of joint governance of stakeholders, there are still many aspects that need to be
improved, such as the selection of stakeholder objective function and the allocation demands of
general stakeholders. To improve the theory of joint governance of stakeholders, many scholars have
introduced the concept of “symbiosis” from biology into their researches and constructed the model of
stakeholder governance from the perspective of symbiosis. symbiosis degree and symbiosis coefficient
were used to describe the co-governance model of core stakeholders. Scholar [35] established an
omnibearing and multi-level symbiotic network that includes shareholders, enterprises, government,
and managers. Other scholars classified stakeholders and then established the stakeholder model and
group-interest allocation model from the perspective of multiple capital symbiosis [36], which includes
finance capital, human capital, social capital, organization capital, and ecological capital [37–39].
These studies have become the foundation of the symbiotic governance model. Scholars [7] established
the Symbiosis Evolution Model of core stakeholders, analyzed the symbiosis development model
of labor and capital explicitly, and fitted the model parameters with Haier data, which verified the
rationality and necessity of building the symbiosis model of labor and capital.

2.3. Stakeholder Symbiosis and Value-Added Theory

There is a natural inter-connectivity between value-added theory and the Stakeholder theory.
To share corporate value is the motivation for stakeholders to contribute their resources and participate
in corporate governance. Value-added is the newly created value in the production process of an
enterprise. It reflects the contributions to the enterprise and the corresponding obtained benefits of all
participants inside and outside the enterprise. It is a quantitative index of stakeholder theory.

Many scholars believe that value-added is more suitable as a value variable and a target variable
of an enterprise than profit [40,41]. Moreover, value-added provides more information for stakeholders
than profit [42]. Scholars [43] found that value-added could satisfy the demands of value-co-creation
of stakeholders. Besides, value-added reflects the subject-object relationship in the value creation
process. Compared with the profit, value-added reflects corporate incomes in a more general way [44].
Meanwhile, using value-added to assess the corporate value can alleviate the hostility of employees
and inspire their enthusiasm for the work. Some scholars believed that the calculation of profit is
affected by many factors with larger uncertainties. It is difficult to precisely show the business results
of an enterprise by using its profit. However, using value-added can avoid these defects. It is also an
ideal index to show the operation status of enterprises. The allocation of value-added is an important
method for enterprises to motivate the stakeholders, which can give full play to the function of
incentive compatibility. Moreover, rational allocation is the foundation of cooperation in an enterprise.
It can lead to a good partnership between stakeholders [45]. Based on the allocation of value-added,
scholars [45] have established a research framework that can be used to study the non-competitive
market influence factors that affect the allocation of value-added of stakeholders. Reasonable allocation
of value-added is conducive to the creation of enterprise value as well, this leads to a harmonious
environment for stakeholders to create and share the enterprise value together.

3. Modeling and Methods

The logistic growth model is a population evolution model based on exclusive resource
consumption, which is used to describe the evolution of species population over time. In the economic
field, the relationship among stakeholders in an enterprise is similar to that of population symbiosis
in the ecosystem. The enterprise provides the living environment and resource for stakeholders,
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on the other hand, the stakeholders create and share the enterprise value by undertaking different
responsibilities to promote the development of the enterprise. Therefore, this paper constructs the
enterprise stakeholder growth model based on the logistic growth model. In the study of the symbiotic
relationship of stakeholders, we mainly consider the population density, symbiotic model, and the
evolution of stakeholder groups under different symbiotic modes.

In the studies of symbiosis relations in the economic field, the population density is usually
represented by several features of symbiosis units. For example, scholars [9] regarded GDP as the
population density of industry. This paper takes the income of value-added V as the population
density for stakeholders and takes the maximum income of value-added that an enterprise can
provide to stakeholders as the environmental capacity of the stakeholders. The natural growth
rate r, which reflects the change of population density of stakeholders, is a constant if we neglect
the change of value-added caused by exogenous factors such as the economic environment and
enterprise system. With the increase of the population density of stakeholders, here is the income
of value-added, the population number is density-dependent. Limited by the environment carrying
capacity, the population density of stakeholders will inevitably reach the maximum, which means
that value-added allocated to stakeholders has a maximum value. Therefore, the development of
stakeholders in an enterprise conforms to the logistic growth model, which can be used to reflect the
growth process of the stakeholder population in the enterprise.

3.1. Logistic Growth Model of Stakeholders

Assuming population density (income of value-added) of stakeholder i in the enterprise is
represented by Vi which can be denoted as a function of time, Vi(t). With the development of time,
factors such as technology, innovation, information, and the market environment will affect the
population density of stakeholders. The initial population density is Vi0. The natural growth rate is ri,
and the environmental capacity of the population (the maximum added-value that the enterprise can
allocate to the stakeholders under the given conditions) is Ki. Then the logistic growth equation of
stakeholders is as follows:  dVi(t)

dt = riVi(t)[1−
Vi(t)

Ki
]

Vi(t0) = Vi0
(1)

Equation (1) is a first-order ordinary differential equation (ODE) with separable variables, and its
solution is as follows:

Vi(t) =
Ki

1 + (
Ki−Vi0

Vi0
)e−rit

(2)

When t→ +∞ , Vi(t)→ Ki . The population density will not be affected by the initial value and
tends to the environment capacity value Ki. In a limited time, when 0 < Vi(t) < Ki, the second derivative

of Vi(t) is d2Vi(t)
dt2 = ri

[
1− 2Vi(t)

Ki

]
dVi(t)

dt . When Vi(t) <
Ki
2 , d2Vi(t)

dt2 > 0, Vi(t) is a concave function in [0, Ki
2 ],

and the increase of population density is not limited by the Environment. When Vi(t) >
Ki
2 , we can

get d2Vi(t)
dt2 < 0, then Vi(t) is a convex function in [ Ki

2 ,K]. Due to the increase of population density,
the competition within the population is intensified, and the natural growth rate ri is then limited.
The growth rate slows down until it reaches the extreme Ki. The logistic growth model of stakeholder i
can be shown in Figure 1.

As shown in Figure 1, when the population density of a stakeholder is less than Ki
2 , the density is

in an accelerating growth period. When the population density is more than Ki
2 , its growth rate slows

down but the population density is still increasing until it reaches Ki. This process can be understood in
the perspective of value-added income as: when the internal and external resources and environment
of an enterprise remain unchanged, the new value that the enterprise can create is determined, and the
value-added income of each stakeholder has the maximum value due to the limited total value-added
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of the enterprise. In a certain period, if we ignore the overall growth of the enterprise brought by
external factors such as economic environment, economic system, and innovation, the value-added
income of all stakeholders will go through the processes of starting, accelerating growth, growth rate
slowing down, and finally reach saturation.Symmetry 2020, 12, x FOR PEER REVIEW 6 of 19 
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3.2. Symbiotic Evolution Model of Stakeholders

Stakeholders provide resources and make use of their expertise to promote the development
of an enterprise. In this process, the scale of the enterprise is expanded with an increasing newly
created value. Therefore, the value-added that can be allocated to all stakeholders is also increased.
This means that the symbiosis development of stakeholders makes the environmental capacity for
each population increase, and the population density (value-added incomes) of stakeholders is also
increased. This can be explained as such that the symbiosis process of stakeholders has certain impacts
on the environment capacity, at the end, their population density is affected as well. In this paper, we use
a less stringent constraint on population density in the logistic growth model to promote population
growth. In practice, different stakeholders might be affected by different symbiotic mechanisms.
Meanwhile, the extent of the influence of the symbiotic process on stakeholders might also be different.
Therefore, the effect of symbiosis on various groups of stakeholders is nonlinear. To facilitate the
research, this paper first selects two important groups of stakeholders, shareholders, and employees,
to construct a symbiotic evolution model and study their symbiosis model. Then we extend the results
to general stakeholders. The symbiotic evolution model of shareholders and employees is as follows: dV1(t)

dt = r1V1
[
1− V1

K1
+ αV2

K2

]
dV2(t)

dt = r2V2
[
1− V2

K2
+ βV1

K1

] (3)

In the equations above, the first equation is the shareholder evolution growth equation. α represents
the coefficient of the effect of the change of employee population density on the shareholder. The second
equation is the employee evolution growth equation. β represents the coefficient of the effect of the
change of shareholder population density on the employee. In symbiosis, α and β are called symbiotic
coefficients. According to the symbiosis theory, the symbiotic model of shareholders and employees
varies with the range of α and β. The specific symbiosis model is shown in Table 1.



Symmetry 2020, 12, 1897 7 of 18

Table 1. Symbiosis model of shareholders and employees.

Case Symbiotic Coefficient Symbiosis Model

(1) α = β = 0 independent symbiotic model
(2) α = 0, β > 0 or α > 0, β = 0 partial benefit symbiosis model
(3) α = β > 0 symmetric mutual benefit symbiosis model
(4) α > 0, β > 0, α , β asymmetrical mutual benefit symbiosis model
(5) α < 0, β > 0 or α > 0, β < 0 parasitic symbiosis model
(6) α < 0 and β < 0 competitive symbiosis model

Source: authors’ elaboration based on the following studies [7,12].

In case (1), when α = β = 0, the shareholders and the employees are in an independent symbiotic
model. This means that the shareholders and the employees develop independently of each other. In the
practice of management, it is unusual for shareholders and employees to be independent of each other.
Because physical capital and human capital cannot exist in the enterprise alone. The independent
model is not conforming with the development goal of an enterprise.

In case (2), when α = 0, β > 0 or α > 0, β = 0, the shareholders and the employees are in a
partial benefit symbiosis model. In this model, only one of the two is benefiting, the other one is
not affected. Since a coordinated allocation of the value-added is the foundation of the cooperation
between different groups of stakeholders, the one who does not benefit from the symbiosis will not
allow such a long-term existence of this model. Therefore, this model will inevitably lead to a loss of
human capital or physical capital for an enterprise.

When α > 0 and β > 0, the shareholders and the employees are in a mutually beneficial symbiosis
model. According to the different conditions of mutualism, mutually beneficial symbiosis model can
be divided into symmetric mutually beneficial symbiosis model and asymmetric mutually beneficial
symbiosis model. When α = β, as in case (3), the shareholders and the employees are in a symmetric
mutually beneficial symbiosis model. In this model, the shareholders and the employees can not only
benefit from each other but also have a symmetrical allocation for the value-added. Both physical capital
and human capital will participate in the governance of the enterprise in coordination, which guarantees
stable cooperation between shareholders and employees and improves the efficiency of enterprises,
thus leads to the greatest development for enterprise value. Therefore, this model is an ideal model for
an enterprise.

When α , β, as in case (4), the shareholders and the employees are in an asymmetric mutually
beneficial symbiosis model. In this model, although the shareholders and the employees can benefit
from each other, the allocation of value-added is asymmetric, which means one of the two gains more
value-added than the other. In the practice of enterprise management, the unilateral governance
structure of shareholders often ignores the importance of employees, which leads to the asynchronous
evolution of shareholders and employees. This situation is manifested as attaching more importance
to physical capital than human capital or vice versa.

The fifth case represents a parasitical symbiosis model between shareholder and employee.
In this model, there is no new value-added created. The value-added incomes only transfer from the
shareholders to the employees or from the employees to the shareholders, which is conducive to the
parasite but unfair to the development of the host. In the management practice, this kind of situation
may appear in the beginning stage of symbiosis, which mainly exists when the value-added has not
been generated after receiving the investment of shareholders.

There is also the competition symbiosis model between the shareholders and the employees when
α < 0 and β < 0, as shown in case (6). This model mainly exists among industry competitors and does
not support the symbiosis development of internal stakeholders.
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Based on the above analysis, when there are n stakeholders in the symbiosis circle, the symbiosis
growth function of each stakeholder can be described as

dV1(t)
dt = r1V1(1−

V1
K1

+
n∑

j=2
α1 j

V j
K j
)

. . . . . .
dVi(t)

dt = riVi(1−
Vi
Ki

+
n∑

j=1, j,i
αi j

V j
K j
)

Then the symbiotic evolution model of stakeholders can be expressed as follows:

dVi(t)
dt

= riVi

1− Vi(t)
Ki

+
n∑

j=1

ai j fi j(V ji)

 (i, j = 1, 2 . . . n, i , j) (4)

where ai j refers to the influence coefficient of corporate stakeholder j to stakeholder i, ai j fi j(V ji) refers
to the influence of stakeholder j on the population density of stakeholder i, that is, the effect of
income of value-added. The model can describe the symbiotic relationship among the n stakeholders
and their evolution. The symbiosis evolution model of enterprise stakeholders is composed of
multiple nonlinear equations. The quantity of specific equations is determined by the number of
enterprise stakeholders. The model can be used to analyze the symbiosis evolution of any two or more
stakeholders. The parameters of the model can be estimated by mathematical methods.

4. Dynamic Mechanism of the Model

To explain the dynamic mechanism of the symbiosis evolution model, the evolution process
of stakeholder population density (income of value-added) in symbiosis should be described.
For convenience, this paper chooses the two core stakeholders, i.e., the shareholders and the employees
as an example and studies their symbiosis and evolution process.

4.1. The Expansion of Symbiotic Evolution Model of Shareholders and Employees

According to the above discussions, the symbiosis evolution model for the shareholders and the
employees changes over time which leads to a dynamic development process. To clarify the change
and explain its dynamic mechanism, Equation (3) needs to be transformed:

dV1
dt = r1(1 + a12 f12(V2)) ∗V1

[
K1(1+a12 f12(V2))−V1

K1(1+a12 f12(V2))

]
dV2
dt = r2(1 + a21 f21(V1)) ∗V2

[
K2(1+a21 f21(V1))−V2

K2(1+a21 f21(V1))

] (5)

Let 
λ1 = r1(1 + a12 f12(V2))

λ2 = r2(1 + a21 f21(V1))

M1 = K1(1 + a12 f12(V2))

M2 = K2(1 + a21 f21(V1))

Then Formula (5) can be changed into dV1
dt = λ1V1(1−

V1
M1

)
dV2
dt = λ2V2(1−

V2
M2

)
(6)
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When there are n stakeholders in an enterprise, the evolution model of any stakeholder i in a
symbiotic environment can be expressed as follows:

dVi
dt

= λiVi

(
1−

Vi
Mi

)
(7)

In the above formula, λi = ri(1 +
n∑

j=1
ai j fi j(V ji)), Mi = Ki(1 +

n∑
j=1

ai j fi j(V ji)). Therefore,

the symbiotic development of stakeholders still conforms to the logistic growth model. Equation (7) has
a similar form to Equation (1), but with a different meaning. Equation (1) indicates that stakeholders
develop independently. In this case, with the assumption of this paper, the natural growth rate ri
and the maximum environmental capacity Ki of stakeholders are only affected by the factors of their
own and are approximately two constants. Equation (7) describes the symbiotic development and
mutual influence of stakeholders. In Equation (7), the maximum environmental capacity and natural
growth rate of either part are affected by the density of the other’s population which leads to two
variables changing over time. Here λi represents the symbiotic natural growth rate of the stakeholders,
and Mi is the maximum capacity that an enterprise can take under the symbiosis environment, that is,
the maximum value-added that an enterprise can provide to its stakeholders. The symbiotic natural
growth rate λi and the maximum symbiotic environmental capacity Mi change with the changing
population densities of stakeholders. The symbiotic effect results in the variations of the maximum
environmental capacity and the natural growth rate of the population.

4.2. The Dynamic Mechanism of Symbiotic Evolution Model of Stakeholders

The above discussion indicates that stakeholders are in a complicated symbiotic relationship with
each other in the symbiotic model, and their development is similar to the ecological symbiotic system.
The evolutionary trajectory of stakeholders is a dynamic, multi-parameter, time-wise logistic curve,
which is shown in Figure 2.
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In Figure 2, S1, S2, and S3 represent different stakeholder populations respectively.K(t1), K(t2),
. . . K(tn) are the limits that stakeholder populations constantly reach in their development process,
which reflect the maximum environment capacities of the population. The stakeholder population will
go through the process of starting, accelerating growth, growth rate slowing down, and saturation in
each development stage. When it reaches saturation, it might break through the limit of the initial
environmental capacity by adapting a certain new mechanism and enter another higher development
stage. Alternatively, the population begins to decline and develop in the opposite direction because
of the negative inhibiting mechanism. The population symbiosis evolution of the stakeholders is
affected by macroeconomic status, enterprise resources, internal and external policy regulation, etc.
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The dynamic mechanisms of symbiosis evolution include benefit-driven mechanism, selection-balance
mechanism, synergy mechanism, and policy regulation mechanism. Different mechanisms correspond
to different stages of stakeholder evolution in Figure 2.

At the very beginning stage, it is the benefit-driven mechanism that plays a decisive role,
corresponding to the time period of t0–t1 in Figure 2. Driven by benefits, stakeholders make full
use of their respective advantages, for instance, the resources they own, to create enterprise value
cooperatively. At this stage, the value-added of the enterprise increases rapidly, and the value-added
income of stakeholders shows exponential growth. At the same time, the benefit-driven mechanism
is also the dominating force to stimulate the innovation of enterprise. When the population of
stakeholders reaches the saturation stage, the benefit-driven mechanism could work together with
the synergy mechanism in stimulating the increase of enterprise value and continuously breaking
the limits and enter another growing stage. Due to the constraints of enterprise resources and the
number of its own population, the growth rate of value-added income of all stakeholders will slow
down at a certain time. Without the impact of the factors that could lead to a breakthrough on the
environment capacity, for example, if excluding the expansion of environmental capacity brought by
innovation, the value-added income of all stakeholders will gradually reach their maximum. This stage
corresponds to t1–t2 in the dynamic mechanism diagram, and the dominating mechanism is the
selection-balance mechanism.

Compared with the positive promoting effect of the benefit-driven mechanism,
the selection-balance mechanism has a negative inhibiting effect on the symbiotic development
of shareholders and employees. The selection-balance mechanism selects symbiotic units in the
symbiotic system by some standards [46,47]. Normally, the symbiotic system will choose the symbiotic
unit with higher adaptability and eliminate the low, to maintain the balance of the symbiotic system
and promote the development of it. From the perspective of symbiotic units, this process is represented
that the symbiotic units take various strategies to compete for the limited resources for their own
development under the given environmental capacity, thus resulting in the crowding among the
populations. The selection-balance mechanism is a self-sustaining mechanism for stakeholders in the
enterprise. When the scale of an enterprise develops to a certain extent, influenced by various internal
and external factors, the contradiction between the finiteness of enterprise resources and the infinity of
various resource demands of various stakeholders makes the stakeholders compete for the limited
resources. Under the selection-balance mechanism, the competition behavior of stakeholders is not
only happening among different stakeholder groups, for instance between shareholders and employees,
but also within the same stakeholder group, for instance, among individuals in the employee group.
Affected by the selection–balance mechanism, the growth rate of the stakeholder population diminishes
to zero, then the population reaches the maximum that the environment can undertake, corresponding
to the halt of value-added income of the stakeholder.

The synergy mechanism is the key mechanism for stakeholders to break through environmental
capacity constraints. Synergy mechanism has a positive effect on the increase of stakeholder population
and environmental capacity. The positive effect can be explained in two aspects: Firstly, according to
the synergy theory proposed by Hermann Haken in 1969, synergism can better explain the dynamic
movement of an organization from disorder to order. Synergy mechanism can bring higher efficiency
and better utilization of resources as well [48]. It takes full advantage of stakeholder resources and
facilitates the break-through of the limit on stakeholder population density by jointly allocating
resources. In the practice of symbiotic governance, the synergy mechanism indicates that stakeholders
invest various resources into enterprises and integrate these resources into a value-creating and
sharing environment. All relevant stakeholders work together to create enterprise value and improve
value-added. The increase of value-added means that the environment capacity of stakeholders is
enlarged, and leads to the increase of value-added income of stakeholders. In the symbiotic evolution
model of stakeholders established in this paper, the synergy mechanism makes the symbiotic coefficient
ai j > 0, and the stakeholders are in the mutual benefit symbiosis model. Under the synergy mechanism,
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the population density of each stakeholder is acceleraholders. Secondly, synergy is conducive to
innovation. Innovation is the source power of evolutionary economics and the direct power for
enterprises to break through the original environment capacity [49]. Innovators will benefit from the
innovation before other competitors complete the imitation. innovation gradually develops from the
behavior of individual entrepreneurs to the behavior of R & D teams in large enterprises. The main
body of innovation changes from individual to the collective, and innovation is a kind of cooperative
behavior [46]. Synergy mechanism works through innovation and increases the value-added income
of stakeholders in the symbiotic system. With the action of benefit-driven mechanism and synergy
mechanism, the environmental capacity of the stakeholder population increased from K(t1) to K(t2),
corresponding to the t1–t2 period in Figure 2. Since then, with the action of these two positive feedback
mechanisms, the population density of stakeholders has developed continuously, corresponding to
the t2–tn stage in Figure 2. At the same time, the environmental capacity of the population gradually
expanded to K(tn).

The effect of the policy regulation mechanism runs through the whole symbiotic process of t0–tn.
It affects the population density together with the benefit-driven mechanism, selection-balance
mechanism, and synergy mechanism. Policy regulation includes both macro-control and micro policy
regulations. The policy regulation mechanism can either positively or negatively affect the creation of
value-added enterprises. When the policy regulation mechanism is consistent with the mechanism that
could promote the development of the population, the growth of the population density is accelerated
and the limit of the original environment capacity can be broken through quickly to enter the next stage
of symbiosis development. When the policy regulation mechanism is consistent with the negative
mechanism, it will slow down the population growth rate and even make the population density
evolve following the directions of AB, CD, and EF in Figure 2.

In summarize, the symbiotic system of stakeholders evolves and develops under the influence of
benefit-driven mechanisms, selection-balance mechanisms, synergy mechanisms, and policy regulation
mechanisms. In the long run, the symbiosis relationship of stakeholders could make the value-added
of enterprises increase continuously given that a positive mechanism dominates the process. As a
result, the value-added income of stakeholders increases as well.

5. Numerical Simulation Analysis

When the symbiotic mechanism acts in a symbiotic system, its impacts on each symbiotic unit are
different, which results in different symbiotic modes. With different symbiosis modes, the stakeholder
densities have various development paths and produce different results. Based on the analysis above,
the symbiosis model of stakeholders can be quantified by the symbiosis coefficient. To describe the
symbiosis and evolution process of stakeholders in various modes, the research method of numerical
simulation can be used. Numerical simulation can not only overcome the difficulties of empirical
research in dynamic large sample data collection but also show the symbiotic evolution process of
stakeholders vividly and systematically.

5.1. Stability Analysis of Equilibrium Point of the Model

The symbiosis of stakeholders is a dynamic system, and its symbiosis process is an evolutionary
dynamic process. To study the process, the stability of the equilibrium point of the model needs to
be studied [50,51]. The evolution processes of shareholders and employees are used as the specific
application of the symbiotic evolution model. φ(V1(t), t) = dV2(t)

dt = r2V2
[
1− V2

K2
+ αV1

K1

]
φ(V2(t), t) = dV2(t)

dt = r2V2
[
1− V2

K2
+ αV1

K1

] (8)

Let ϕ(V1(t), t) = 0, ϕ(V2(t), t) = 0, the equilibrium point of symbiosis and evolution of

shareholders and employees are as follows: E1(0, 0), E2(K1, 0), E3(0, K2), E4 (
K1(1+α)

1−αβ , K2(1+β)
1−αβ ). Due to
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the nonlinear characteristics of the symbiotic evolution model, it is necessary to use the Lyapunov
discriminant method to judge the stability of the system. In this paper, the Jacobian matrix is established
to test the stability of the local equilibrium point of the model. The Jacobian matrix of the model is
as follows:  φϕ1

φV1

φϕ2
φV1

φϕ1
φV2

φϕ2
φV2

 =
 r1(1− 2 V1

K1
+ αV2

K2
) r1α

V1
K2

r2β
V2
K1

r2(1− 2 V2
K2

+ βV1
K1
)

 (9)

When the determinant of the Jacobian matrix, represented by Det(J), is greater than 0 and the
trace, represented by Tr(J), is less than 0, the local equilibrium point is stable. By substituting local
equilibrium points with E1, E2, E3, and E4, the Det(J) and Tr(J) of the Jacobian matrix at the equilibrium
point can be obtained, the results are shown in Table 2.

Table 2. Local equilibrium points and stability conditions of symbiotic evolution model of shareholders
and employees.

Equilibrium Point Det(J) Tr(J) Stability Condition

E1(0,0) r1r2 r1 + r2 instability

E2 (K1, 0) −r1r2(1 + β) −r1 + r2(1 + β) β < −1

E3 (0, K2) −r1r2(1 + α) −r1 + r2(1 + α) α < −1

E4 (
K1(1+α)

1−αβ , K2(1+β)
1−αβ )

r1r2(1+α)(1+β)
1−αβ

−r1(1+α)−r2(1+β)
1−αβ α > −1, β > −1

5.2. Numerical Simulation of Symbiotic Evolution Model of Shareholders and Employees

The numerical simulation of the stakeholder symbiosis model assigns the parameters of the model
based on the experience of large enterprises in China. Based on previous research [7], we assume that
the growth rate of population resources of shareholders and employees in the symbiosis evolution
model is 0.05 and 0.15, respectively, and assuming the maximum environmental capacity is 1000,
the initial population density is 100 and the evolution cycle is 800 for both shareholders and employees.
Various values are given to the symbiosis coefficients α and β to simulate different evolution tracks of
shareholders and employees with different symbiosis modes.

(1) Independent symbiotic model: In this model, α = β = 0. Shareholders and employees are
independent. Their evolution processes do not affect each other. The scale of the population density
is only related to their natural growth rate. When the two groups are in equilibrium, their scales
are the upper limits for independent symbiotic model. The evolution of the population densities for
shareholders and employees are shown in Figure 3.Symmetry 2020, 12, x FOR PEER REVIEW 13 of 19 
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(2) Partial benefit symbiosis model. At this time, α = 0, β > 0, or α > 0, β = 0. The development of
one side whose symbiosis coefficient is 0 is not affected by the other side, and the maximum stable
scale is the upper limit of its independent development. The development of one side whose symbiosis
coefficient is greater than 0 benefits from the other side and the maximum stable scale is greater than
the upper limit of its own independent development. The evolution track of partial benefit symbiosis
is shown in Figure 4.
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(3) Competitive symbiosis model. This model requires the symbiosis coefficient of both
shareholders and employees to be less than 0, and the development of both groups will have a
negative impact on each other, and the maximum stable scale of both groups is less than the upper
limit of their own independent development. The evolution track of the competitive symbiosis model
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(4) Parasitic symbiosis model. In the symbiotic evolution model of shareholders and employees,
the symbiotic coefficient of the parasite is greater than 0, and that of the host is less than 0. The host is
affected by the consumption of the parasite, the maximum stable scale of it is smaller than the upper
limit of independent development. The parasite benefits from the host, so the maximum stable scale is
larger than the upper limit of its own independent development. The evolution track of the parasitic
symbiosis model is shown in Figure 6.
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(5) Mutual benefit symbiosis model. In this model, the symbiosis coefficient between shareholders
and employees is greater than 0. Mutual benefit symbiosis model can be divided into two forms
because the symbiosis coefficients of symbiosis units may or may not be equal. When the symbiosis
coefficients of shareholders and employees are equal, this is symmetric mutual benefit symbiosis model.
When the symbiosis coefficients of shareholders and employees are not equal, this is asymmetrical
mutual benefit symbiosis model. Under mutual benefit symbiosis model, both shareholders and
employees can provide benefits for each other, and the final stable scale of the two populations is larger
than the upper limit of independent development. In this model, the symbiotic system can break
through environmental constraints and expand environmental capacity through collaboration and
innovation. The evolution tracks of the symbiosis model of shareholders and employees are shown in
Figures 7 and 8, respectively.

Symmetric mutual benefit symbiosis model is the most efficient and stable symbiosis model.
And it is the ideal symbiotic model between shareholders and employees. From the perspective of
economics and management, in this model, both shareholders and employees can benefit from each
other’s behavior. The symbiotic parties can generate new added value and distribute according to the
symmetry mechanism. The evolution of both parties is synchronous. This is the best embodiment of
corporate social responsibility. In management practice, the symmetric mutual model is also regarded
as the most ideal symbiosis behavior model pursued by enterprises, under which both employers and
employees should try their best to develop together.Symmetry 2020, 12, x FOR PEER REVIEW 15 of 19 
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6. Discussion

The above theoretical analysis and simulation results show that stakeholders participate in
enterprise governance in the development of an enterprise. They create and share the value-added of
the enterprise. The allocation of value-added among stakeholders can be described by the symbiotic
evolution model of stakeholders. This is the embodiment of corporate social responsibility. In a limited
period of time, the stakeholder population which is measured by the value-added income increases
with a natural growth rate which is approximately constant, and finally reaches the upper limit due to
finite resources. The development of the stakeholder population conforms to the logistic growth curve.
With less stringent time constraints, when the stakeholders are in symbiosis model, the natural growth
rate and the maximum environmental capacity of each stakeholder population are not constant, but a
variable that changes with time due to the influences from the other populations.

The dynamic mechanisms that dominate the symbiosis and evolution process of stakeholders
include benefit-driven mechanism, selection-balance mechanism, synergy mechanism, and policy
regulation mechanism. In the primary stage of symbiosis development, the benefit-driving mechanism
plays a leading role, the population density (income of value-added) of stakeholders is in an accelerating
growth stage. The competition among stakeholders increases as the increasing population density.
With the finite added-value of an enterprise, the selection-balance mechanism begins to play a
leading role, which decreases the growth rate of the value-added income of stakeholders and turns
the growth rate into zero at the end. With the effect of this mechanism, the population density of
stakeholders reaches its upper limits which are related to environment capacity. To break through the
limit of the original environment capacity, the stakeholders need to make full use of the advantages
of symbiosis model. The synergetic mechanism plays a major role through a series of synergetic
behaviors such as complimentary advantageous resources and division of labor among stakeholders.
Synergy produces and promotes innovation [48]. Stakeholder groups can break through the original
environment capacity limit and enter a new stage of growth with higher environmental capacity.
The policy regulation mechanism accompanies the whole process of the symbiosis and evolution of
stakeholders and can promote and inhibit the development of the symbiosis process. At different
stages of the symbiosis, the mechanisms that play a leading role are different. The development of
stakeholders is pushed forward by these four motivation mechanisms alternately.

There are five symbiosis modes: independent symbiosis model, competitive symbiosis model,
parasitic symbiosis model, partial benefit symbiosis model, and mutual benefit symbiosis model.
By using numerical simulation on different models of the shareholders and employees, the two core
stakeholders of an enterprise, the evolutionary trajectories and the final scales of the population
(value-added income) of shareholders and employees in different symbiosis modes can be obtained.
The simulation results show that the mutual benefit symbiosis model is the optimal model for stakeholders
regarding the value-added income. This model can well reflect the corporate social responsibility and
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realize the long-term sustainable development of enterprises. In the practice of management, enterprises
can adjust the symbiosis model according to the actual data of their value-added allocation among
stakeholders, and make the symbiosis model turn to be mutually beneficial.

Under the background that CSR is widely concerned, the management enlightenment of corporate
stakeholder symbiosis governance lies in: in the process of the development, enterprises should
make full use of the logistic growth law of stakeholder population and accurately understand the
symbiotic evolution law; the dynamic mechanism of stakeholders’ symbiosis and evolution should be
coordinated reasonably, and the economic driving mechanism should also be used to promote the
development of the symbiotic system. When the population in a symbiotic system reaches, or nearly
reaches, the environmental capacity of an enterprise, the enthusiasm of stakeholders to carry out
collaborative innovation should be mobilized, so that the synergy mechanism of the system can be
activated and play an important role in breaking through the original environmental capacity, thus,
making the enterprise enter into a higher level of symbiosis system. With this methodology, enterprises
can achieve sustainable development and CRS goals.

7. Conclusions

This paper integrates the symbiosis theory and evolution theory into stakeholder governance
research and constructs a stakeholder Symbiosis Evolution Model by taking corporate social
responsibility as the background of stakeholder theory. By using the logistic model that describes the
growth of species in biology, the symbiosis evolution model of enterprise stakeholders is established,
and the corresponding dynamic mechanism of the model is also studied. The symbiosis evolution of
shareholders and employees are taken as the specific application to test the model. Their evolution
processes in different symbiosis modes are studied by performing a numerical simulation based on the
stability analysis of the equilibrium point of the model. The results show that: there are six symbiotic
modes in the stakeholder symbiotic evolution system. independent symbiotic model, partial benefit
symbiosis model, symmetric mutual benefit symbiosis model, asymmetrical mutual benefit symbiosis
model, parasitic symbiosis model, competitive symbiosis model, respectively. Symmetric mutualism
benefit model can well ensure the sustainable development of enterprises and reflect the corporate
social responsibility goals of enterprises, which is the best symbiosis model for stakeholders. There are
four dynamic mechanisms in the stakeholder symbiosis system, which are benefit-driven mechanism,
selection-balance mechanism, synergy mechanism, and policy regulation mechanism. The stakeholder
symbiotic evolution system is developing under these four mechanisms.

The stakeholder symbiosis model proposed in this paper is a long-term and sustainable
development model. Therefore, it needs a long period of time to collect the data to verify the model.
Also, the definition of each stage in the model mechanism needs to be further clarified. At present,
the research in this paper can only be fulfilled through theoretical analysis and simulation, which is the
limitation of this paper.

Based on the existing studies, further research can be carried out as verifying the characteristics
of different stages of stakeholder symbiosis with the actual data of enterprises. Considering that the
heterogeneity among enterprises will lead to different modes of stakeholder symbiosis, factors such
as enterprise-scale and category of the industry should also be taken into account in the process of
verifying the model with actual data.
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