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CHAPTER 2 
The demographic consequences of adaptation: evidence from experimental 
evolution  
 
ABSTRACT  

Individuals that adapt to novel environments experience improved fitness, which in 
turn affects demography and hence ecological dynamics. How this fitness increase is 
achieved in life history may influence the way these ecological dynamics change. By 
default, we expect individuals to select for a better conversion of resources into 
offspring, either through a higher resource use or through a more efficient 
conversion. In the former case this will result in a higher intrinsic growth rate, whereas 
in the latter case, it may also lead to a higher equilibrium population size. Evidence of 
the existence and strength of these eco-evolutionary feedbacks of fitness on 
demography is to date, however, scarce. Here, we used two evolutionary experiments 
with spider mites and confronted the data with a population dynamics model to 
investigate whether and, if so, how, an increase in fecundity as a proxy of adaptation 
affects the population intrinsic growth r and carrying capacity K. We found support 
for the hypothesis that adaptation can positively affect intrinsic growth rate in one 
experiment and we found support for the hypothesis that the level of adaptation 
negatively influenced the carrying capacity in both experiments. Our results suggest 
that adaptation leads to an increase of the resource use while allocating the energy 
gain to reproduction. These findings show the importance of evolution for population 
dynamics in changing environments. 
 
KKey words - carrying capacity, evo-to-eco, experimental evolution, intrinsic growth 
rate, local adaptation, spider mites, Tetranychus urticae
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IINTRODUCTIONN 

Life is an evolutionary rat race: interactions with conspecifics impose continuous 
selection on individuals, resulting in an increase of the most competitive phenotypes. 
This increase in frequency is caused by changes in birth and death rates (Pelletier et 
al., 2007; Schoener, 2011), which ultimately affect the overall population growth rate. 
The evolution of life histories will thus affect the ecological properties of populations 
such as the intrinsic growth rate and the carrying capacity, and eventually shape its 
stability and resilience (Strauss, 2014; Hendry, 2016, 2019). Populations that evolved 
higher growth rates can, for instance, establish better and expand their ranges faster 
following colonisation (Therry et al., 2014; Ochocki & Miller, 2017; Weiss-Lehman et 
al., 2017; Van Petegem et al., 2018). Also, if external factors are causing a population 
to collapse, populations that have evolved higher growth rates should recover faster 
(Turcotte et al., 2011a, 2013). However, high growth rates may also cause chaotic 
dynamics and hence higher instability due to over-compensatory regulations (Best et 
al., 2007). 

From a consumer-resource perspective, an increase in population growth rate due to 
higher birth rates can result from an increase in resource acquisition or from an 
increase in the efficiency to acquire resources (Siepielski et al., 2016). This better 
resource acquisition may occur through lowered handling times, or increased 
metabolic efficiency such as the evolution of detoxification mechanisms as observed 
in plant-herbivore interactions (Després et al., 2007; Van Leeuwen & Dermauw, 2016; 
Dermauw et al., 2018; Rane et al., 2019). Both possibilities may occur simultaneously. 
When resources are acquired more efficiently, they may lower intraspecific 
competition and leave more resources available for conspecifics (including offspring), 
and eventually increase the population equilibrium, i.e. its carrying capacity (Siepielski 
et al., 2016). When the per capita resource use increases, this may increase 
competition leading to a lower carrying capacity (Siepielski et al., 2016). We refer to 
Fig. 1 for a schematic overview of how the various routes to increased performance 
(fitness) may translate to population dynamics. 

Life history evolution will occur when populations face novel and challenging 
environments, and may induce demographic changes in the populations creating a 
potential eco-evolutionary rescue (Govaert et al., 2019). Empirical evidence for 
effects of local adaptation on population dynamics is, however, scarce (Fussmann et 
al., 2007; Hendry, 2019), except for predator-prey systems (Yoshida et al., 2003; 
Hairston Jr. et al., 2005; Becks et al., 2010, 2012; Hiltunen & Becks, 2014; Hiltunen et 
al., 2014). Turcotte and colleagues (2011, 2013) provided empirical evidence of an 
increase in population growth rate during the exponential growth phase of aphids 
following adaptation to novel host plants by manipulating the population’s 
evolvability. As the increased population growth did not affect host plant biomass, 
this evolution was not associated with an increase in resource consumption efficiency. 
Variation in growth rates in this aphid system was largely determined by variation in 
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the environmental context (i.e. plant size), and relatively little affected by trait 
variation (Bruijning et al., 2019). This is unsurprising given the focus on very short-
term demography following colonisation of novel plants. It, therefore, remains an 
open question of how evolution in this system would have affected longer-term 
population dynamics.

Carrying 
capacity K

Intrinsic growth 
rate r

(v) REFP

1 < 0
f1 > f0

= K * 

= resource availability rate
K = carrying capacity

= per capita resource use

(ii) RE

1 < 0
f1 = f0

(iv) REF

1 = 0
f1 > f0

(iii) RU

1 > 0
f1 = f0

(i) N

1 = 0
f1 = f0

(vi) RUF

1 > 0
f1 > f0

M1 M2 – M3 M4 – M6 M4 – M6

Figuree 1:: Scenarioss off evolutionn inn perr capitaa resourcee usee  andd fecundityy f influencingg thee 
intrinsicc growthh ratee rr andd equilibriumm populationn sizee K.. The subscripts 0 and 1 represent the 
situation before and after evolution, respectively. The size of the green leaves indicates the per 
capita resource use that is resulting in a potential positive (green arrow) or a negative effect 
(red arrow) on r and K. The yellow dots (eggs) show the fecundity f at the level of the individual. 
(i) N or ‘null scenario’: no change; (ii) RE or ‘resource efficiency’: more efficient resource use 
just leads to lower resource use and not to higher fecundity; (iii) RU or ‘resource use’: more 
resource is used, but the surplus energy is not allocated to increase fecundity; (iv) REF or 
‘resource efficiency for fecundity’: more efficient use of resources with all surplus energy 
allocated to fecundity; (v) REFP or ‘resource efficiency for fecundity, partially’: more efficient 
use of resources leads to lower resource use, but also to an increase in fecundity; (vi) RUF or 
‘resource use for fecundity’: more resources are used, and the surplus energy is allocated to 
increase fecundity. In this study, we only consider the last three scenarios for which fecundity 
increases, because this is our measure of adaptation.

The impact of evolution on ecology is difficult to unravel from observational studies, 
as environmental contexts may drastically change over time (De Meester et al., 2019). 
We can, however, study these eco-evolutionary dynamics in experimental 
populations at a longer time scale where populations approach equilibrium 
(Schoener, 2011). In this study, we used the two-spotted spider mite (Tetranychus 
urticae) as a model system in which spatial aspects of adapting populations were 
simulated (Alzate et al., 2017, 2019). During these experiments, individuals from the 
two-spotted spider mite were able to colonise a novel challenging host plant 
(tomato), with both migration rates and island size being manipulated (Fig. 2). In these 
experiments, novel environmental conditions caused strong selective forces on the 
spider mites which was reflected by their life history evolution (Alzate et al., 2017, 
2019). Here, we build further on these experiments to test how the adaptation level, 
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as measured by fecundity after twenty generations, correlated with population 
dynamics; specifically the intrinsic growth rate and carrying capacity as elementary 
parameters from a Ricker-type model (Ricker, 1954). Because the level of adaptation 
is typically measured as a function of fecundity (here fecundity after 20 generations), 
we expect an increase in the intrinsic growth rate in experimental systems that 
maximised the rate of adaptation. If more energy is invested in fecundity by more 
efficient resource acquisition (the Resource Efficiency for Fecundity (REF) scenario in 
Fig. 1), the population carrying capacity will likely increase (the Resource Efficiency 
for Fecundity, partially (REFP) scenario in Fig. 1). By contrast, we expect a lower 
carrying capacity when increased fecundity is accompanied by increased resource use 
(the Resource Use for Fecundity (RUF) scenario in Fig. 1).

Island biogeography 
experimentControl competition experiment

immigration rate 
1053210.5

re
so

ur
ce

 a
va

ila
bi

lit
y 

c

1

2

4

2.2

 
Figuree 2:: Overvieww off set-upp experiments. The two boxes represent both experiments: in blue 
the island biogeography experiment with three different island sizes given on the y-axis (one, 
two and four tomato plants per island) and three different dispersal levels on the x-axis (one 
mite every two weeks, one and two mites per week); in yellow the control competition 
experiment with four different levels of dispersal (two, three, five and ten mites per week). The 
two experiments overlap for a dispersal level of two mites per week and the resource 
availability c of one plant in the control competition experiment corresponds to 2.2 plants in 
the island biogeography experiments.
 
MATERIALSS ANDD METHODSS 

Study species
The two-spotted spider mite Tetranychus urticae Koch, 1836 (Acari, Tetranychidae) is 
a cosmopolitan generalist herbivore (Gotoh et al., 1993; Bolland et al., 1998) which is 
regarded as a suitable model species for evolutionary experiments due to its high 
fecundity (1-12 eggs/day), short generation time (11-28 days) and small body size (ca. 
0.4 mm length) (Gould, 1979; Fry, 1989; Agrawal, 2000; Magalhães et al., 2007; Bonte 
et al., 2010; Alzate et al., 2017, 2019; Bisschop et al., 2019b). Response to selection 
in the two-spotted spider mite has been previously observed after just five 
generations (Agrawal, 2000) and adaptation was reported after fifteen to twenty 
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generations of selection to a novel host (Magalhães et al., 2009; Alzate et al., 2017; 
Bisschop et al., 2019b). We used the London strain of T. urticae which was initially 
collected from the vineland region in Ontario (Canada, . This strain 
is known for having a high standing genetic variation (Wybouw et al., 2015) and has 

 
 
Experiments 
Two previously performed evolutionary experiments were used in this study (Alzate 
et al., 2017, 2019). Both experiments investigated the spatial context of local 
adaptation from an ancestral population on bean plants Phaseolus vulgaris 
to the tomato plant Solanum lycopersicum 
challenging for spider mites due to their induced responses through phytohormones 
(e.g. ethylene, salicylic acid, and jasmonic acid) and glandular trichomes (Lucini et al., 
2015; Godinho et al., 2016).  
 
In the first experiment (Alzate et al., 2019) the authors investigated the joint effect of 
immigration rate (0.5, 1 and 2 mites/week) and resource availability (1, 2 and 4 plants 
per island) on the adaptation process of spider mites to tomato plants (Fig. 2). 

transferred mites were adult females taken from the ancestral population and 
therefore not adapted to tomato plants. 
The second experiment was the study of Alzate and colleagues (2017) examining the 
interplay between interspecific competition with a congeneric species and 
immigration rates (2, 3, 5 and 10 mites/week) on adaptation to tomato. In our study, 
we only considered the effect of different immigration rates and not the interspecific 
competition treatment, because the population sizes of T. urticae were affected by 
the population size of the competitor. We therefore refer to the second experiment 

newly transferred mites were adult females from the ancestral population. 
 
The two experiments were simultaneously performed within the same climate room, 
providing identical climate conditions (25 ± 0.5°C and 17-8h light/dark), and with the 
same ancestral spider mite population reared on bean plants. The experiments ran 
for about twenty generations (~ 13 days per generation). In total there were five 
replicates for each of the nine treatments in the island biogeography experiment and 
seven for the four treatments in the control competition experiment. Plants were 
refreshed every two weeks by placing all leaves with mites from the old plants to new, 

plants were two weeks older during removal than the fresh plants and had 
consequently larger carrying capacities. The plant refreshment procedure may 
therefore have resulted in additional population fluctuations. 
Alzate and colleagues (2017, 2019) assessed the ecological demographic dynamics 
twice per week by counting the number of adult females on the islands. To reduce 
the effect of population fluctuations potentially caused by the plant refreshment 
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procedure, we only used the population sizes assessed just before the plant 
refreshment for our analyses; this resulted in a weekly count of the population sizes. 
Alzate and colleagues (2017, 2019) measured the fecundity after twenty generations 
of putative evolution to the novel host plant. In order to reduce juvenile and maternal 
effects (Magalhães et al., 2011; Kawecki et al., 2012) on fecundity, they individually 
transferred the inseminated female mites onto bean leaf discs for two generations. 
The fecundity on tomato was assessed by transferring a single female offspring from 
this last generation on a tomato leaf discs, and for each female, the total number of 
eggs after six days was counted. We use fecundity (f) as a proxy for adaptation level 
(see Fig. S1 for the attained levels in the two experiments), because it has been shown 
in T. urticae that fecundity is more reliable than survival or developmental rate 
(Magalhães et al., 2007). 

Statistical analysis
The goal of this study is to examine whether differences in adaptation (evolved 
fecundity after twenty generations) to a new habitat result in differences in 
population intrinsic growth rate r and/or carrying capacity K (i.e., the equilibrium 
population size where Nt+1 is equal to Nt). 
Both r and K were estimated from the weekly measured population sizes (Nt) using a 
discrete-time model of population dynamics similar to the Ricker model (Ricker, 1954)
that incorporates negative density-dependence (see below for the resulting 
recurrence equation for population size). We chose the Ricker model rather than 
Beverton-Holt as a basis because most populations had an initial steep growth 
followed by oscillations after an overshoot. In our mathematical models, we assume 
a linear dependence of growth rate r (with intercept a0 and slope a1) and carrying 
capacity K (with intercept b0 and slope b1) on fecundity f. 

Because of the differences in plant age between the experiments, the population 
carrying capacity Ki depends on the experiment: plants in the control competition 
experiment (cc) were one week older and probably provided more resources than the 
plants in the island biogeography (ib) experiment. To accommodate this difference 
we introduced a multiplier parameter c. 
We measured fecundity f after twenty generations, so the influence of adaptation on 
demography will be weaker at the beginning (before adaptation occurred) than at the 
end of the experiment. To account for a time-dependent effect of adaptation on r and 
K, we implemented two extra parameters within a sigmoid function, s. These two 
parameters are s1 (the shape of the sigmoid function) and s2 (the reflection point of 
the sigmoid function).
We thus assume:
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We modified the Ricker model to accommodate that every week a fixed number of 
immigrants were added to the population. In the model, this is reflected by the 
immigration rate . Because the mites were transferred directly after the weekly 
count, the immigrants can be added to the measured population size and they are 
able to reproduce along with the resident population. The number of plants differed 
in the different treatments of the experiment, so we defined K as the equilibrium 
population size per plant, and the total K’ is then the product of the number of plants, 
n, and K. This leads to the following model for population size Nt + 1 at time t + 1 given 
the population size Nt at time t: 
 

 
 
where  

 

 
 
We multiplied N’ in the density-dependent term (and hence K’ in the denominator of 

) by a factor of 1.3 because only the adult females were counted, while the total 
population consisted of juveniles and adult males as well, so they need to be included 
for the density-dependent term in the formula. We arrived at a factor of 1.3 because 
adult females contribute to about 26% of the entire population and consume about 
nine times more resources than males and juveniles, meaning that adult females eat 
76% (= 1/1.3) of the total daily consumed resources (De Roissart et al., 2015; Bonte & 
Bafort, 2019).  
To allow for stochasticity in fecundity we used a negative binomial error distribution 
on Nt+1 with a mean described by the abovementioned equation for Nt+1 and a 
dispersion parameter,  that was to be inferred from the data. The likelihood L of the 
model is then a product of the negative binomials across all time points from the start 
at 0 until the final time point T and across all replicates: 
 

 

 
To test the impact of the adaptation-level on the growth rate and/or the equilibrium 
population size, we estimated a0, a1, b0, b1, c, s1, s2 and  with maximum likelihood, 
using several initial parameter sets to find a global likelihood optimum. We also 
provide an estimate of the error in the parameter estimates by creating an interval of 
parameter estimates for which the loglikelihood is two units lower than the maximum 
likelihood. We compared six models (M1-M6), differing in which parameters were 
held fixed (M1: a1 = b1 = 0, M2: b1 = 0, M3: a0 = b1 = 0, M4: a1 = 0, M5: a0 = 0, M6: 
none of the parameters is fixed; see Table 1) and selected the best model based on 
the highest AIC weight. Because we chose fecundity as proxy of adaptation, we can 
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only differentiate the last three scenarios hypothesised before (Fig. 1); the six models 
correspond with those scenarios. The main difference between M2 and M6 on the 
one hand and M3 and M5, on the other hand, is that growth rate r is entirely 
depending on fecundity (r = a1 s f) in M3 and M5. We used the entire dataset and the 
data for both experiments separately to observe potential differences amongst 
experiments. 

All analyses were performed in R (version 3.4.3) using the optimizer function from 
DDD version 4.1 (Etienne & Haegeman, 2019), ggplot2 version 2.2.1 (Valero-Mora et 
al., 2010), ggpubr version 0.1.6 (Kassambara, 2018).

Tablee 1.. Thee fivee differentt modelss with parameters for growth rate r (a0 + a1 s(t) f) and the 
equilibrium population size K (b0 + b1 s(t) f). The is an indication of the amount of 
overdispersion. For infinite the negative binomial reduces to a Poisson distribution. The c
parameter is the difference in resource availability between both experiments due to plant age. 
The sigmoid function, s, accounts for a changing effect of adaptation on r and K in time with s1 
(the shape of the sigmoid function) and s2 (the reflection point of the sigmoid function). The 
last column links the models to the scenarios in Fig. 1.

Estimated 
parameters Explanation

Scenario 
(in Fig. 
1)

M1 a0, b0, s1, s2, , c fecundity does not influence r and K i

M2 a0, a1, b0, s1, s2,, , c fecundity influences r iv

M3 a1, b0, s1, s2,, , c fecundity influences r (entirely; no 
intercept)

iv

M4 a0, b0, b1, s1, s2,, , c fecundity influences K v and vi

M5 a1, b0, b1, s1, s2,, , c fecundity influences r (entirely; no 
intercept) and K

v and vi

M6 a0, a1, b0, b1, s1, s2,, 
, c

fecundity influences r and K v and vi

RESULTSS 

The population dynamics are quite variable (Fig. 3). Most curves show an initial 
growth phase, followed by an overshoot and an oscillatory plateau phase, resembling 
Ricker dynamics. For the complete data set the best model (M2) was the one in which 
the intrinsic growth rate r was influenced by the adaptation level (r = 1.22 + 0.78 s(t) 
f, AIC weight = 0.68; Table 2). The model performed relatively well: the difference 
between estimated and measured population size (Nt+1) varied around 0 (Fig. S2). The 
carrying capacity K was not affected by the level of local adaptation (K = 23.53). This 
K is per individual plant, so it needs to be multiplied by the number of plants for the 
different island sizes in the island biogeography experiment and with c (c = 2.23) for 
the control competition experiment. The estimated value of c is in line with an 
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independent estimation from the raw data where we regressed the mean population 
size at the plateau phase against the number of plants for the island biogeography 
experiment (Fig. S3). In the second-best model M6 (AIC weight = 0.32), both the 
intrinsic growth rate (r = 1.22 + 0.78 s(t) f) and carrying capacity (K = 24.86 – 1.27 s(t) 
f) are influenced by fecundity. Our data shows decisive support (total AIC weight = 
1.00) for an influence of adaptation on r and partly (AIC weight = 0.32) on K. The model 
in which adaptation does not influence neither r nor K received no support. 
 
When considering the datasets of both experiments separately we found a significant 
correlation between adaptation and K for the island biogeography experiment as both 
models M4 and M6 received most support (combined AIC weight = 0.97; Table 2). 
Model M4 was considered the best model, but both models gave almost identical 
parameter estimates with no influence on the intrinsic growth rate (r = 1.95) and an 
influence on the carrying capacity (K = 26.10 – 4.13 s(t) f). By contrast, the best models 
in the control competition experiment were the same ones as for the total dataset, 
but the order changed. The best model was M6 (AIC weight = 0.57, Table 2) with 
fecundity influencing both the intrinsic growth rate (r = 0.98 + 1.11 s(t) f) and the 
carrying capacity (K = 23.71 – 3.89 s(t) f). In the second best model M2 (AIC weight = 
0.43) only the intrinsic growth rate is affected by fecundity (r = 1.00 + 1.05 s(t) f). 
Given that the parameter estimations between the entire dataset and the separate 
datasets differed, we compared the fit of the separate datasets with those of the 
combined dataset, based on the AIC values: the sum of AICs of the models for the 
separate datasets (AIC = 8415.03 + 3876.03 = 12291.06) was substantially lower than 
the AIC of the best model for the combined data (AIC = 12317.50) (Table 2; Table S1). 
 
Adaptation was measured after twenty generations, so we assumed the influence of 
adaptation to be larger at the end of the experiment than for the initial demography. 
The different sigmoid curves obtained from the optimised parameters are presented 
in Fig. S4. The main difference between both experiments was found in the reflection 
point, which was after 24 days in the control competition experiment and only after 
117 days in the island biogeography experiment. 
  
DISCUSSION 

Adaptation to a novel environment had a positive influence on the population's 
intrinsic growth rate and a negative effect on the carrying capacity in our populations. 
The positive effect of adaptation on the growth rate indicates that spider mite 
populations that were better adapted to tomato plants had an increase in growth rate 
during the measured population dynamics (see the Resource Efficiency for Fecundity 
(REF) scenario in Fig. 1). This scenario of a positive effect of adaptation on the growth 
rate and a negative on carrying capacity is expected under a consumer-resource 
perspective where adaptation increases consumer resource use. The surplus acquired 
energy can be allocated for reproduction and hence increase birth rates (see the 
Resource Use for Fecundity scenario in Fig. 1).   

142434-Bisschop_BNW.indd   52 24-02-20   10:21



                       Demographicc consequencess off adaptationn  

Tablee 2.. The estimates for the parameters for growth rate r (a0 + a1 s(t) f) and the equilibrium 
population size K (b0 + b1 s(t) f) for (A) the complete dataset, (B) the island biogeography 
experiment and (C) the control competition experiment. The is an indication of the amount 
of overdispersion. For infinite the negative binomial reduces to a Poisson distribution. The c
parameter is the difference in resource availability between both experiments due to plant age 

interval after the parameter estimates gives the error on the estimates which are values for 
which the loglikelihood is two units less than the maximum likelihood.

a0 a1 b0 b1 c s1 s2 loglik df AIC AICw

A) Complete dataset

M1
1,83

[1.73; 1.94]
0,00

23,61
[22.29; 25.13]

0,00
2,87

[2.63; 3.13]
2,30

[2.10; 2.54]
9,66

[0.00; ]
53,32

[0.00; 
-6167,99 6 12347,98 30,47 0,00

M2
1,22 

[1.12; 1.32]
0,78 

[0.66; 0.92]
23,53 

[22.28; 24.95]
0,00

2,93 
[2.69; 3.20]

2,23 
[2.03; 2.47]

22,22
[0.86; ]

23,15
[21.06; 26.90]

-6151,75 7 12317,50 0,00 0,68

M3 0,00
2,67

[2.51; 2.84]
23,93

[22.88; 25.11]
0,00

2,32
[2.13; 2.52]

2,07
[1.92; 2.24]

0,04
[0.03; 0.07]

0,00
[0.00; 7.88]

-6304,21 6 12620,42 302,91 0,00

M4
1,84

[1.74; 1.94]
0,00

25,43
[24.13; 26.93]

-3,27
[-4.77; -1.41]

2,89
[2.64; 3.15]

2,21
[2.02; 2.44]

10,06
[0.05; ]

115,22
[104.98; 161.02]

-6164,68 7 12343,37 25,86 0,00

M5 0,00
2,67

[2.51; 2.83]
17,75

[16.70; 18.93]
5,59

[4.69; 6.72]
2,34

[2.15; 2.54]
2,10

[1.95; 2.29]
0,04

[0.03; 0.06]
0,00

[0.00; 9.12]
-6299,28 7 12612,57 295,06 0,00

M6
1,22

[1.12; 1.32]
0,78

[0.66; 0.91]
24,86

[23.61; 26.28]
-1,27

[-2.40; 0.00]
2,93

[2.69; 3.20]
2,21

[2.02; 2.45]
22,88

[0.92; ]
22,69

[21.06; 26.90]
-6151,50 8 12319,01 1,50 0,32

B) Island biogeography experiment

M1
1,95

[1.82; 2.08]
0,00

23,70
[22.26; 25.36]

0,00
3,35

[2.99; 3.74]
2,78

0,30
[0.00; ]

20,00
[0.00; ]

-4204,98 6 8421,96 6,93 0,02

M2
1,95

[1.82; 2.08]
0,00

[0.00; 0.13]
23,69

[22.26; 25.36]
0,00

3,35
[2.99; 3.74]

1,78
5,55

[0.00; ]
10,21

[0.00; ]
-4204,98 7 8423,96 8,93 0,01

M3 0,00
2,32

[2.16; 2.49]
23,83

[22.51; 25.36]
0,00

2,94
[2.63; 3.28]

3,13
4,97

[0.06; ]
1,52

[0.00; 26.41]
-4259,34 6 8530,67 115,64 0,00

M4
1,95 

[1.83; 2.09]
0,00

26,10 
[24.73; 27.69]

-4,13 
[-5.58; -2.36]

3,39 
[3.03; 3.79]

13,76
14,28 

[0.03; ]
116,70 

[105.03; 160.82]
-4200,52 7 8415,03 0,00 0,71

M5 0,00
2,32

[2.17; 2.49]
16,28

[14.98; 17.78]
6,61

[5.44; 7.96]
2,96

[2.65; 3.30]
18,55

3,05
[0.11; ]

7,84
[0.00; 26.02]

-4256,73 7 8527,45 112,42 0,00

M6
1,96

[1.83; 2.09]
0,00

[0.00; 0.16]
26,10

[24.73; 27.69]
-4,13

[-5.58; -2.36]
3,39

[3.03; 3.79]
2,31

48,69
[0.03; ]

114,98
[105.01; 160.95]

-4200,52 8 8417,03 2,00 0,26

C) Control competition experiment

M1
1,62

[1.46; 1.80]
0,00

21,67
[19.31; 24.85]

0,00
2,30

[1.99; 2.65]
2,46

2,72
[0.00; ]

15,83
[0.00; ]

-1949,24 6 3910,47 34,44 0,00

M2
1,00

[0.86; 1.15]
1,05

[0.80; 1.34]
13,47

[12.20; 15.11]
0,00

2,46
[2.13; 2.84]

3,86
162,43

[1.79; ]
21,81

[21.01; 27.00]
-1931,30 7 3876,61 0,58 0,43

M3 0,00
3,54

[3.15; 3.98]
19,05

[17.69; 20.69]
0,00

1,72
[1.50; 1.97]

2,72
0,03

[0.02; 0.05]
15,38

[0.52; 26.93]
-2018,34 6 4048,68 172,65 0,00

M4
1,61

[1.46; 1.78]
0,00

19,04
[16.97; 21.84]

11,64
[0.01; 69.74]

2,32
[2.01; 2.67]

2,69
21,75

[0.12; ]
136,38

[132.88; 154.31]
-1947,45 7 3908,91 32,87 0,00

M5 0,00
3,51

[3.13; 3.93]
15,45

[13.97; 17.24]
4,98

[3.40; 7.01]
1,73

[1.51; 1.98]
2,55

0,03
[0.02; 0.05]

19,48
[4.77; 31.27]

-2016,45 7 4046,91 170,87 0,00

M6
0,98

[0.84; 1.13]
1,11

[0.85;1.41]
23,71

[21.97;25.95]
-3,89

[-5.18; -2.12]
2,48

[2.14;2.85]
2,68

17,84
[0.59; 

24,31
[21.09; 26.97]

-1930,02 8 3876,03 0,00 0,57
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Figuree 3:: Ecologicall dynamicss perr populationn withh thee modell estimationn off M55 forr thee islandd 
biogeographyy experimentt andd M66 forr thee controll competitionn experimentt (Tablee 2).. The number 
of adult females is plotted against the time in days (dots are the empirical data and the curves 
present the model fitted to the data). Each colour per plot represents an individual population 

experiments 
and island sizes). No data are available for fecundity on tomato for small islands with 0.5 and 2 
mites per week.

The intrinsic growth rate is key to population dynamics and determined by life history 
traits as fecundity and survival (Tanner, 1975). In T. urticae, fecundity has been shown 
to be the most reliable proxy for adaptation relative to baseline survival or 
development rate which are experimentally difficult to assess with great precision 
(Magalhães et al., 2007). In this study, we investigated whether fecundity at the 
individual level is related to the intrinsic growth rate on the population level. Although 
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the models where fecundity entirely influences the intrinsic growth rate (i.e. no 
intercept) did not receive any support (M3 and M5), we did find support that the level 
of adaptation as measured by fecundity is positively related to the intrinsic growth 
rate at the population level in the complete dataset and the control competition 
experiment (M2 and M6). This result is in line with Turcotte and colleagues (2013)
who performed an experiment with the green peach aphid, Myzus persicae, and 
demonstrated that population growth during the exponential growth phase was 
enhanced by evolution. In our study, however, we did not only demonstrate that 
adaptation affects population growth rate during the exponential growth phase 
throughout the establishment, but also under equilibrium conditions where 
populations are at carrying capacity. 

A higher intrinsic growth rate may indicate that populations are more stable and 
resilient to environmental perturbations as they will reach the carrying capacity 
faster. However, a high growth rate may also lead to over-compensatory mechanisms 
under scramble competition and even population collapse (Best et al., 2007). The 
two-spotted spider mite seems to show such dynamics, as we see colonisations of 
novel plant resources occur under small numbers, followed by a fast growth with 
overexploitation and a potential overshoot (Fig. 3). It is hence not straightforward to 
link evolved growth rates to stability as delayed density dependence may eventually 
lead to population decline. We should however note that spider mites show strong 
density dependence in their dispersal (Bitume et al., 2013). It can hence be expected 
that an evolved increased intrinsic growth will eventually feedback on spatial 
dynamics, more specifically on invasion success and rate of range expansion (Neubert 
& Caswell, 2000; Bonte et al., 2018). 

We found a decrease in population size with adaptive evolutionary change in each of 
the tested datasets. The selection of traits that increase performance will decrease 
the carrying capacity (Haldane, 1932). This means that those individuals with a higher 
number of offspring will be selected for even though they consume more resources 
leading to a decrease in the total population size. Such a negative effect of adaptation 
on population size has been found for the total yield of Saccharomyces cerevisiae
(Jasmin et al., 2012). This is also recently been predicted by Abrams (2019) where he 
used simple models to investigate how evolution influences population sizes. 
The AIC values (Table S1) indicate that different models are needed to explain the two 
datasets. Most support is given to the model only influencing the carrying capacity in 
the island biogeography experiment, while an influence of fecundity on both the 
carrying capacity and the intrinsic growth rate is found in the control competition 
experiment (Table 3). We believe that the differences in the experimental setup such 
as the higher immigration rates in the control competition experiment are responsible 
for this, but we do not have a clear justification for this. 

The interpretation of empirical data is challenging. We might sometimes overlook 
eco-evolutionary dynamics, for instance when the results found are in line with 
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generally accepted ecological or evolutionary theories (Kinnison et al., 2015). This 
appears to be most prevalent in cases with compensatory mechanisms or processes 
with nonlinear components (Kinnison et al., 2015). Also, it is known that fitness 
landscapes are dynamic and our use of fecundity at a single time point at the end of 
the experimental evolution may hence not be representative. We therefore 
implemented a sigmoidal function to alter the influence of adaptation on the 
population's intrinsic growth rate and carrying capacity. The main difference between 
both experiments was the reflection point of the sigmoid. The influence of fecundity 
on the demography was earlier in the control competition experiment than in the 
island biogeography experiment. We believe this is due to the differences in 
immigration rates as higher immigration rates in the control competition experiment 
likely increased the chance for rare beneficial alleles to invade the population. 
 
Experimental evolution with arthropods as model organisms opens avenues to test 
the relative importance of ecology and evolution of traits on demography. In contrast 
to phenotypic approaches using integral projection models (IPMs) (Coulson et al., 
2010; Smallegange & Coulson, 2013), experimental evolution offers the opportunity 
to effectively determine individual genetic variation in traits and to link these to 
population dynamics. However, the common garden breeding imposes time 
constraints on simultaneously quantifying changes in trait and population dynamics 
during highly replicated experimental evolution. This dynamic coupling has been 
recently implemented by the use of genetic analyses in wild guppy populations 
(Reznick et al., 2019) and should increase the chances for observations where 
evolution affects ecological dynamics as adaptation is known to be nonlinear (De 
Meester et al., 2019). Experimental evolution will contribute to improving our 
knowledge of eco-evolutionary dynamics, but this will always need to be carefully 
considered in light of practical experimental trade-offs with regard to estimating 
variation within and across genotypes and populations.  
 
In summary, our study provides evidence for a coupling between the level of fecundity 
and the growth rate and carrying capacity (evo-to-eco). Adaptation (i.e., higher 
fecundity) affected the intrinsic growth rate of the population positively in one 
experiment, while it had a negative influence on the carrying capacity in both. A higher 
intrinsic growth rate can increase population stability and resilience and hence allow 
for evolutionary rescue, but it can also indicate an increased risk for local population 
collapses due to over-compensatory regulations or enhanced spread, which is likely 
for species under scramble competition. Tracking the feedback from evolution to 
ecology is thus crucially important. 
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Figuree S1:: Fecundityy forr differentt levelss off dispersal.. The boxplots indicate the fecundity on tomato for the 
different dispersal levels (mites per week) for each experiment. The quantiles are set at 0.05, 0.32, 0.50, 
0.68 and 0.95.
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Figuree S2. The difference between estimated and observed population size in time for the island 
biogeography and the control competition experiment (the error bars are the 95% confidence interval).  
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Figuree S3.. Estimationn off thee parameterr cc fromm raww data;; c iss thee multiplierr accommodatingg forr 
thee differencee inn islandd sizee duee too thee plantt agee differencee inn bothh experiments.. The solid 
regression line is based on the means of the population size counts from the plateau phase 
(after 100 days) grouped per number of plants for the island biogeography experiment. The 
vertical dashed line is added for the mean population size counts from the plateau phase (after 
100 days) for the control competition experiment, which shows that the number of plants for 
the latter experiments is equivalent to ~2.4 plants in the island biogeography experiment.
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Figuree S4.. Sigmoidd shapess basedd onn thee optimisedd parameterss forr eachh experiment.. The curves 
show the influence of adaptation on r and K through time for the control competition 
experiment (blue) and the island biogeography experiment (red). Adaptation was measured 
after twenty generations, therefore we expect it to play a minor role at the initial demography 
of the populations.
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