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Rapid global biodiversity loss and increasing emerging infectious diseases
underscore the significance of identifying the diversity-disease relationship.
Although experimental evidence supports the existence of dilution effects
in several natural ecosystems, we still know very little about the conditions
under which a dilution effect will occur. Using a multi-host Susceptible-
Infected-Recovered model, we found when disease transmission was density -
dependent, the diversity-disease relationship could exhibit an increasing,
decreasing, or non-monotonic trend, which mainly depended on the
patterns of community assembly. However, the combined effects of the
host competence-abundance relationship and species extinction order
may reverse or weaken this trend. In contrast, when disease transmission
was frequency-dependent, the diversity-disease relationship only showed a
decreasing trend, the host competence-abundance relationship and species
extinction order did not alter this decreasing trend, but it could reduce the
detectability of the dilution effect and affect disease prevalence. Overall, a
combination of disease transmission mode, community assembly pattern, and
host community composition determines the direction or strength of the
diversity-disease relationship. Our work helps explain why previous studies
came to different conclusions about the diversity-disease relationship and
provides a deeper understanding of the pathogen transmission dynamics in
actual communities.

disease risk, dilution effect, amplification effect, community disassembly, host
competence, stochastic extinction, deterministic extinction
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Introduction

In recent decades, emerging infectious diseases (primarily
zoonotic diseases) have been increasing at an unprecedented
rate, posing a severe threat to human health and affecting
agricultural production and wildlife conservation (Allen et al.,
2017; Gibb et al, 2020). At the same time, the increasing
disturbance of ecosystems by human activities has accelerated
the rate of extinction for species (Estrada-Pena et al,, 2014).
The biodiversity-disease relationship is one of the fundamental
challenges in studying infectious disease ecology (Huang et al,,
2016). Accurate prediction of infectious disease risk in the
context of declining biodiversity is important both in theory and
in practice.

Although the link between host species richness and
disease risk has long been identified in entomology, veterinary
medicine, and epidemiology (Elton, 1958), this relationship
attracted the attention of ecologists only since last two
decades. The dilution effect hypothesis, whereby increased host
biodiversity reduces disease risk, was formally proposed in
studies of Lyme disease transmission dynamics (Keesing et al,,
2006). The dilution effect shows a win-win situation in public
health and nature conservation, reflecting the service function of
ecosystems (Ostfeld and Keesing, 2012). Although many cross-
taxa and cross-system empirical studies have confirmed the
existence of the dilution effect in nature (Ostfeld and Keesing,
20005 Johnson et al.,, 2013; Liu et al,, 2016), and ecologists have
summarized the mechanisms by which the dilution effect occurs
(Keesing et al,, 2006), there are still some debates about the
diversity-disease relationship. Several studies have discovered
that the relationship between diversity and disease risk is highly
context-dependent (Liu et al.,, 2020; Cortez and Dufty, 2021),
with some studies confirming no effect (Salkeld et al., 2013;
Vadell et al.,, 2020) or even an amplification effect (increased
host biodiversity increases disease risk) in some ecosystems
(Wood, 2014; Halliday et al., 2017). Clarifying the conditions
under which the dilution effect occurs not only helps to gain
insight into the dynamics of disease transmission in multi-
host communities but also provides a theoretical basis for the
prevention and control of infectious diseases in the real world.

Host community composition is essential in determining
the relationship between biodiversity and disease risk
(Johnson et al, 2015). Due to factors such as life history
host (the
host’s ability to maintain and transmit disease) varies

traits and evolutionary history, competence
significantly among different species (Downs et al, 2019).
The number and proportion of high competent hosts in
a community directly determine the disease prevalence
of the community, so community composition can affect
community disease risk. In fact, changes in community
composition are primarily determined by species extinction
orders under community disassembly (LoGiudice et al., 2003).
Deterministic and stochastic extinctions reflect different
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host competence-extinction risk relationships. In the case of
deterministic extinction, low competent hosts go extinct first.
Therefore, it is not difficult to predict that as species richness
decreases, the proportion of high competent hosts will increase,
leading to an increase in disease risk in the community, i.e., a
dilution effect occurs. Both field and theoretical studies have
confirmed that deterministic extinction of host species is an
important mechanism for the dilution effect (Lacroix et al,
2014; Johnson et al,, 2019). However, when host species go
extinct at random, it is unclear whether host richness promotes
or inhibits disease risk.

Many empirical studies support a negative correlation
between host competence and extinction risk, which is
considered necessary to cause a dilution effect. Taking Lyme
disease as an example, the less competent Virginia opossum
and chipmunk are first to go extinct when host species richness
decreases, while the most competent white-footed mouse can
be abundant in communities with low species richness (Ostfeld
and Keesing, 2000; Keesing et al., 2010). Similarly, Johnson
etal. (2013) found a non-random nested structure of amphibian
community composition in 345 wetlands in California. High
competent hosts appeared in almost all wetlands, and low
competent hosts usually appeared only in wetlands with
higher species richness. This phenomenon also exists in plant
communities (Lind et al., 2013; Liu et al,, 2017). Although the
above examples support a negative correlation between host
competence and extinction risk, the generality of this finding
remains to be confirmed due to limitations in field observations
and experimental conditions (Rohr et al,, 2019). For example,
in a study of primates, no significant association was found
between host competence and extinction risk (Young et al,
2013).

Since species richness and host abundance can influence
pathogen transmission (Dobson, 2004), the total community
abundance-species richness relationship should influence
the diversity-disease relationship (Mihaljevic et al, 2014).
The community assembly pattern reflects how community
abundance scales with species richness. Compensatory assembly
and additive assembly are two extreme assembly patterns often
considered in theoretical studies, which yield completely
different richness-abundance relationships. The former means
that total community abundance does not vary with host
richness, and the latter means that total community abundance
increases linearly with host richness. It has been demonstrated
that when disease transmission is density-dependent, the
compensatory assembly will lead to a dilution effect, while the
additive assembly will lead to an amplification effect (Rudolf
and Antonovics, 2005; Chen and Zhou, 2015). However,
some studies found that the saturated relationship between
community abundance and species richness is more reasonable
than additive and compensatory assemblies, and can better
reflect the changes in the total community abundance during
biodiversity loss (Lehman and Tilman, 2000; Rohr et al., 2019).
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Until now, few studies have considered the effect of saturated
community assembly on the diversity-disease relationship
(2014)]. Furthermore, to our
knowledge, no studies have explored the combined effects

[but see Mihaljevic et al.

of community composition, community assembly patterns,
and disease transmission modes on the diversity-disease
relationship.

In this study, using a multi-host Susceptible-Infected-
Recovered (SIR) model, we hope to explore how host
community composition, community assembly pattern, and
disease transmission mode jointly affect community disease
risk under community disassembly. We predict that different
patterns of community assembly and disease transmission
modes will result in different trends in diversity-disease
relationships, and that shifts in community composition may
alter such trends.

Materials and methods

The SIR model is the most classical and fundamental
infectious disease model. It can characterize both density-
dependent and frequency-dependent transmission of diseases.
Similar to Dobson (2004), we adopt the classical multi-host SIR
model to describe the state transition process of disease:

ds; .

1

i biN; — j:EI BijSil; — diSi

i, <«

7dt1 = ;:1 BiSilj — (di + vi+ wi)li
dR;

7dtl = vili — diR;

Here the subscript i represents the host species i (i = 1
...n), Si, I;, R; represent three different states of host i, namely
susceptible, infected and recovered. Z;‘Zl BijSilj represents the
number of newly infected individuals of host i per unit time. d;,
Wi, and y; represent natural death rate, disease-induced death
rate, and recovery rate, respectively. Other parameters and their
meanings are shown in Table 1.

The framework of the simulation was as follows. First, we
constructed a global species pool containing 49 host species,
the vital parameters of each species followed the parameter
setting method established by Roche et al. (2012) and Mihaljevic
et al. (2014). Second, we simulated the process of biodiversity
loss under deterministic and stochastic extinction respectively,
generating local communities with different species richness.
Finally, for each local community, we calculated community Ry
as a measure of community disease risk to explore how different
combinations of community composition, disease transmission
mode, and community assembly pattern affect community
disease risk under community disassembly.
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TABLE 1 Parameters, definitions, and values for generating the
global species pool.

Parameter  Definition Value
b; Per capita birth rate 0.6M,70'27
i Per capita natural death rate 0.6M;" 0.27

m Constant 1.5

Vi Recovery rate d;

Wi Disease induced mortality (m —1)d;

Bii Intraspecific transmission rate Roi(di + vi + i) / K;

Bij Interspecific transmission rate a\/m

€ Constant 0.05

) Number of the species in the 10
modal rank

z Constant derived from field study 0.1

Py Modal rank 3

P Rank 1~8

K; The equilibrium abundance of 2~256
species i

M; Body weight log(M;) = a — blog(P;)

a Constant 2

b Constant 1

Ro; Intraspecific basic reproduction ~Gamma (k,0)
number

k Shape parameter of the gamma 0.5
distribution

0 Scale parameter of the gamma 5
distribution

Generating a global species pool

In multi-host communities, different hosts have different
epidemiological and ecological traits (Joseph et al, 2013).
In order to make the constructed communities closer to
the actual communities, we drew heavily on the existing
community ecology rules and parameter setting methods to
assign reasonable parameter values to each host species (Roche
etal, 2012; Joseph et al,, 2013). These parameters mainly include
species abundance, demographic rate, and epidemiological
traits.

Species abundance

Species abundance in the global species pool was assumed
to follow Preston’s law. This law yields a species-abundance
relationship that follows a log-normal distribution, in which a
few species are common, and most species are rare (Preston,
1948). This distribution has been proved to describe the
abundance distribution patterns in many ecosystems, such as
vertebrates, alpine meadows, and fungi (Preston, 1962). It can
be expressed as

s(P) = soe’Z(P’PU)Z

where z is a constant, sy is the number of species in the modal
rank, and s(P) is the number of species in Pth rank from the
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modal rank. We assumed a total of eight ranks, including 49
species (Table 1). The abundance at each rank was assigned on
alog, base, which we considered to be the species’ equilibrium
abundanceK; (Roche et al., 2012).

Demographic rate

Assuming that the community was in equilibrium, i.e., the
birth rate of any host is equal to death rate. Empirical studies
have shown that species’ birth and death rates tend to be
allometrically related to body weight (Charnov, 1993). Similar
to Roche et al. (2012), the relationship between birth (death) rate
and body weight was expressed as

bi = d; = 0.6M; "

where M; represented the average body weight of species i.
We assumed the body weight is exponentially related to its
abundance (Mihaljevic et al., 2014),

log(M;) = a — blog(P;)

It can be seen from the above equation that the species with
the smallest body weight is the most abundant.

Epidemiological traits

Field evidence suggests that host species vary significantly in
their competence. Taking West Nile Virus as an example, hosts
range from birds to horses to humans (Ezenwa et al.,, 2006).
Birds are the most competent hosts, while horses are dead-end
hosts, contributing little to the spread of the disease. In order to
reflect the variations in host competence, we drew intraspecific
values Ry; from a truncated gamma distribution. The value of
Ry; reflects the competence of the host i. If Ry; is greater than
one, the pathogen can successfully invade the host population,
and vice versa.

We considered three possible relationships between host
competence Ry; and abundance. First, Ry; was positively related
to abundance, so the most abundant species are the most
competent. Then we relaxed this condition by assuming that
there was no relationship between Ry; and species abundance
(neutral). Finally, we considered a negative relationship between
Ry; and host abundance, where the most abundant species were
the least competent (Vinson and Park, 2019).

Similar to Mihaljevic et al. (2014), we calculated intraspecific
transmission rate B;; by
_ Roi(di + vi + i)

Bii = B —

The interspecific transmission rate f;; was proportional to
the geometric mean of the intraspecific transmission rate f;; and
Bjj: modified by a constant scaling factor &, i.e., Bij = sm
(Roberts and Heesterbeek, 2018). In this study, we assumed
the interspecific transmission rate were symmetrical (i.e., Bij =
Bji)» and the transmission rates were the same for different
individuals of the same species.

Frontiers in Ecology and Evolution

04

10.3389/fevo.2022.1032931

Till now, we have constructed a global species pool
containing 49 hosts and described in detail how different
demographic and epidemiological parameters were assigned to
host species (Table 1). To get robust results, we repeated the
above process 1,000 times to generate different global species
pools.

Simulating the process of community
disassembly

For each global species pool, we considered deterministic
extinction and stochastic extinction of host species to
simulate different biodiversity loss processes, generating
local communities with species richness ranging from 2 to
49. According to the life history trade-off theory, the higher
body weight, the lower number of species, and therefore the
higher the risk of extinction (Huang et al., 2013). Thus, under
deterministic extinction, we removed the highest body weight
(the least abundant) host species from the community at a time
until two host species remained in the community. While under
stochastic extinction, we randomly selected one host species to
remove at a time to simulate the decrease of species richness.
Note that these two different species extinction ways correspond
to different species extinction orders, thus reflecting different
host community compositions.

Next, we separately considered the additive, compensatory,
and saturated community assembly under each extinction
pattern. In the additive assembly, the addition of new
species increases the total community abundance, so the total
community abundance was linearly accumulated with species
richness. In contrast, in the compensatory assembly, the total
community abundance was kept constant, and the abundance
of remaining species in the community was compensated
in proportion to their abundance when species richness
decreased. In the saturated assembly, the community abundance
(Kcom) increased asymptotically with species richness (R)
by

5300
(R+5)

Keom = 800 —

This asymptotic function is close to the form of the
relationship between plant cover and species richness (Tilman
et al,, 1996). If the total community abundance Kt < Ko, the
abundance of each species was not adjusted, and the increase
in community abundance was almost linearly with species
richness. In contrast, if Kr > Ko, the adjusted abundance of
each host was obtained by multiplying the abundance of each
species by a scaling factor Keom/Kr, and then the increase
in community abundance was almost a fully compensatory
assembly.

In order to get rid of random effects and to get general
results, we repeated the process of stochastic extinction
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1,000 times for each of the above scenarios [all the nine
possible combinations of community assembly patterns (i.e.,
additive, saturated, and compensatory assembly) and host
competence-abundance relationships (i.e., positive, neutral, and
negative correlations)].

Community basic reproduction
number Rg

As in previous studies, the community basic reproduction
number Ry was used as a proxy for disease risk, which
measures the possibility of successful disease invasion in a multi-
host community (Roberts and Heesterbeek, 2013; O’Regan
et al, 2015). We used the next-generation matrix method to
calculate community Ry (Dobson, 2004). For a local community
containing m species, the expression of the next-generation
matrix G based on the SIR model is

Biipii . Bjipji
(ditviti) (ditvitui)
e=
Bipii . Biipy
(di+vj+u) (ditvj+uy)

where represents the lifespan of the

i,j=1..m. T
infected host i. pj; depends on whether the disease transmission

10.3389/fevo.2022.1032931

mode is density-dependent or frequency-dependent. For
density-dependent transmission, pj; equals to the equilibrium
abundance K; of infected host species i. For frequency-
dependent transmission, pj; equals to the proportion of infected
host species i, namely K; / 3" | K;. By calculating the dominant
eigenvalues of the next-generation matrix G, we can obtained

the community basic reproduction number Rq.

Results

Results in the case of
density-dependent transmission

In the case of density-dependent transmission and stochastic
species extinction, the relationship between species richness and
community abundance determined how community Ry varied
with species richness (Figure 1). Specifically, when community
abundance increased linearly with species richness (i.e., the
additive assembly), community Ry increased monotonically
with species richness, i.e., the amplification effect. While when
community abundance was kept constant with species richness
(i.e., the compensatory assembly), the community R initially
decreased monotonically with increasing species richness and

10 20 30 40

10 20 30 40

10 20 30 40

Community Ry

10 20 30 40 0

10 20 30 40

10 20 30 40

10 20 30 40

10 20 30 40

species richness

FIGURE 1

The relationship between host species richness and community Rg under density-dependent transmission and stochastic extinction scenario.
Each column represents different community assembly pattern. From the first column to the third column are additive, saturated, and
compensatory assembly, respectively. Each row represents the relationship between host competence and abundance. Positive, neutral, and
negative correlations are from the first to the third row. The x-axis in each panel represents species richness, and the y-axis represents
community Rg. Each boxplot represents the values of 1,000 simulations for each species richness level, and the red dots represent the mean

values of community Rg.
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then gradually became stable. That is, a dilution effect occurred
at low species richness, while when species richness was
high, the community Ry was almost unchanged with species
richness. When community abundance was saturated with
species richness (the saturated assembly), the diversity-disease
relationship showed a non-monotonic hump-shaped trend, with
a peak corresponding to species richness of about 15. Along
the species richness gradient, the community Ry first increased
(amplification effect) and then decreased (dilution effect).

As shown in Figure 1, the above conclusions still hold
for positive, neutral, or negative species competence-richness
relationships. These findings suggested that in this case,
community assembly patterns qualitatively determined whether
disease risk increases, decreases, or is non-monotonic under
community disassembly. However, the relationship between
species competence and extinction risk could only quantitatively
but not qualitatively alter the diversity-disease trend.

Conversely, in the case of density-dependent transmission
and deterministic species extinction, the community R
increased monotonically with species richness when community
assembly was additive (Figure 2). The host competence-richness

10.3389/fevo.2022.1032931

relationship only affected the value of community Ry, but
did not change this increasing trend. These results were
consistent with the stochastic extinction scenario. However,
when community abundance was saturated with species
richness (saturated), community Ry increased monotonically
with the increase of species richness, which is different from
the non-monotonic humped-shaped curve in the stochastic
extinction scenario. When community abundance did not
change with species richness (compensatory), the direction
of the diversity-disease relationship depended on how host
competence varied with abundance (The third column in
Figure 2). If host competence was positively correlated with
abundance, then community Ry decreased as the increase of
species richness, i.e., a dilution effect occurred. In contrast,
if host competence was negatively correlated with abundance,
then community Ry increased with species richness, i.e., an
amplification effect occurred. If host competence was neutral
with abundance, community Ry first slightly decreased and
then slightly increased with species richness. An interesting
finding is that the results in the latter two cases (negative or
neutral relationship between host competence and abundance)

10 20 30 40

10 20 30 40

10 20 30 40

Community Rgy

1edraesaa sttty
AL

20 30 40

10

10 20 30 40

10 20 30 40

species richness

FIGURE 2

The relationship between host species richness and community Rp under density-dependent transmission and deterministic extinction

scenario. Other details are the same as in Figure 1.
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were quite different from those in stochastic extinction scenario
(Figures 1, 2).

In summary, the direction and strength of the relationship
between diversity and disease risk under density-dependent
transmission were determined by a combination of community
assembly pattern, host community composition, and host
competence-abundance relationship.

Results in the case of
frequency-dependent transmission

In the case of frequency-dependent transmission, disease
transmission was determined by the proportion of host species,
not by host abundance. Therefore, there was little difference
in disease transmission whether the community assembly
was additive, compensatory, or saturated. Thus, we used
the additive method as an example to show how species
extinction pattern and host competence-abundance relationship
affect the relationship between diversity and disease risk
(Figures 3, 4).

As seen in Figures 3, 4, regardless of whether species
extinction was deterministic or stochastic, community R

10.3389/fevo.2022.1032931

decreased monotonically with the increase of host richness, i.e.,
only a dilution effect occurred. The host competence-abundance
relationship only changed the value of community Ry, but did
not alter diversity-disease trends. For a fixed species richness
level, the community Ry was highest when host competence
and abundance were positively correlated and lowest when
there was a negative correlation between them. In particular, a
negative host competence-abundance relationship exhibited a
weak dilution effect when the species richness was low, while
when species richness was high, community Ry did not change
with species richness, that is species richness had no effect on
disease risk (third column in Figures 3, 4).

Discussion

The relationship between host diversity and disease risk
is one of the central concerns in disease ecology. In the
context of rapid global biodiversity loss and increasing
emerging infectious diseases, a deeper understanding of the
diversity-disease relationship is important for public health
and wildlife conservation. Although extensive experimental
evidence supports the existence of dilution effects in natural

w

N

Community Rg

"Mmm
e,
il

10 20 30 40

10 20 30 40

10 20 30 40

Species richness

FIGURE 3

The relationship between host species richness and community Ry under frequency-dependent transmission and stochastic extinction
scenario. Each column represents different relationship between host competence and abundance. Positive, neutral, and negative correlations
are from the first to the third column. Each boxplot represents the values of 1,000 simulations for each species richness level, and the red dots

represent the mean values of community Rg.

10 20

30 40

10 20 30 40

10 20 30 40

Species richness

FIGURE 4

The relationship between host species richness and community Rg under frequency-dependent transmission and deterministic extinction

scenario. Other details are the same as in Figure 3.
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ecosystems, we still know very little about the conditions
under which the dilution effect occurs (Keesing and Ostfeld,
2021). By building a multi-host SIR model, we found when
disease transmission was density-dependent, the diversity-
disease relationship could exhibit an increasing, decreasing, or
non-monotonic trend, which mainly depended on the patterns
of community assembly. However, the combined effects of the
host competence-abundance relationship and species extinction
order may reverse or weaken this trend. In contrast, when
disease transmission was frequency-dependent, the diversity-
disease relationship only showed a decreasing trend (i.e., only
a dilution effect occurred). The host competence-abundance
relationship and species extinction order did not alter this
decreasing trend in this case, but it could reduce the detectability
of the dilution effect and affect the value of the community
Ry. Overall, a combination of disease transmission mode,
community assembly pattern, and host community composition
can alter the direction or strength of the diversity-disease
relationship.

Exploring the general consequences of the host competence-
abundance relationship on disease risk is one of the main goals
of this study. An interesting finding is that under density-
dependent and deterministic extinction scenario (Figure 2),
different host competence-abundance relationships (positive,
neutral, or negative) may lead to opposite results in the case
of compensatory assembly. The reason may be that a positive
relationship between host competence and abundance means
that low competent hosts are the first to be extirpated from
the community. Therefore, community disease risk increases
with decreasing species richness, i.e., a dilution effect occurs
(Rosenthal et al., 2021). Conversely, if host competence is
negatively related to abundance, then the most competent hosts
go extinct first, resulting in community contains a large number
of less competent hosts. Hence, disease risk decreases when
community disassembly, i.e., an amplification effect occurs. If
host competence is neutral with abundance, then host species
are randomly removed as species richness decreases, therefore
the relationship between diversity and disease risk is weak.

Our results have been confirmed by some empirical studies.
For example, a survey of amphibian communities in 147 wetland
areas in California found that the relationship between diversity
and trematodes disease risk showed a dilution effect when
low competent host species went extinct first, but showed no
effect when host species went extinct at random (Johnson
et al,, 2019). Similar results were found for plant communities.
For example, for alpine meadow plant communities, the low
competent host plants were the first to go extinct after nitrogen
addition, and the relationship between plant richness and leaf
fungal disease risk showed a dilution effect. However, when
plants were randomly removed in controlled experiments, plant
richness had almost no effect on fungal disease risk (Liu et al,,
2018). It is worth noting that traditional biodiversity-ecosystem
function controlled experiments tend to assemble communities
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by randomly sampling species from the species pool. This
may ignore the importance of species loss order and may
underestimate disease risk (Wolfi and Zavaleta, 2015).

In the case of deterministic extinction, our results were
consistent with previous findings that an amplification
effect occurred when community assembly was additive,
and a dilution effect occurred when community assembly
was compensatory under density-dependent transmission
(Rudolf and Antonovics, 2005; Mihaljevic et al., 2014). While
the
disease relationship did not change with different patterns

under frequency-dependent transmission, diversity-
of community assembly. However, as mentioned in the
Introduction, neither additive nor compensatory community
assembly  patterns reflect species richness-abundance
relationship in actual communities. In a community, both
additive and compensatory assembly can occur (Rohr et al,
2019). In general, additive assembly happens in the early stages
of a community (Chen and Zhou, 2015). As competition gets
tougher and resources are limited, it will switch to compensatory
assembly. Therefore, the saturated assembly is more reasonable,
and can better reflect the changes in the total community
abundance under community disassembly. For example, using
three different theoretical models, L.ehman and Tilman (2000)
found a saturated relationship between total community
biomass and species richness due to competition. Similarly, Guo
et al. (2006) showed a non-monotonic relationship between
grassland biomass and plant richness within a certain range of
species richness.

Saturated community assembly resulted in a non-
monotonic hump-shaped diversity-disease relationship under
density-dependent transmission and stochastic extinction
scenario, which emphasized the importance of host richness
ranges for identifying diversity-disease relationships in field
studies. The occurrence of a dilution or amplification effect
depends on whether species richness falls to the left or right
side of the peak (Halliday et al,, 2019; Rohr et al., 2019). If
host species richness falls to the left side of the peak, then an
amplification effect can occur when community disassembly.
On the contrary, there will be a dilution effect. This finding may
explain the divergent results in field studies and the controlled
experiments. In most field studies, species richness often falls to
the right side of the peak, making it easy to conclude a dilution
effect (Johnson et al,, 2013; Kilpatrick et al., 2017). However,
in controlled experiments, given the difficulty of manipulating
species richness, species richness tends to fall to the left side
of the peak, so it is easier to conclude an amplification effect
(Halliday et al,, 2017). In future research, we must focus on
evaluating the shape of the diversity-disease relationship and
determining where species richness lies on this curve.

Due to the complexity of the multi-host-pathogen
system, exploring the general diversity-disease relationship
is challenging, for which we made some simplifications. For
example, in natural communities, the presence of keystone
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species may have a significant impact on diversity-disease
relationships (Levi et al, 2016), which we did not take into
account. Furthermore, we only considered the saturated
community abundance-species richness relationship due
to competition. However, in many natural systems where
predation has a more substantial effect on disease dynamics
than competition (Chen et al, 2022), all of which needs
to be addressed in future studies. Despite these limitations,
this study demonstrated for the first time that the trends
of the diversity-disease relationship did not only depend on
community assembly pattern and disease transmission mode.
The relationship between host competence and extinction risk
could alter the direction and strength of the diversity-disease
relationship. This study not only explains the current debate
about the dilution effect, but also contributes to a deeper
understanding of the pathogen transmission dynamics in actual
communities.
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