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Summary 

1. The Metabolic Theory of Ecology (MTE) predicts observed patterns in ecology based on metabolic rates 

of individuals. The theory is influential but also criticized for a lack of firm empirical evidence confirming 

MTE’s quantitative predictions of processes, e.g. outcome of competition, at population or community 

level.  

2. Self-thinning is a well-known population level phenomenon among plants, but a much less studied 

phenomenon in animal populations and no consensus exists on what a universal thinning slope for animal 

populations might be, or if it exists. 

3. The goal of this study was to use animal self-thinning as a tool to test population-level predictions from 

MTE, by analyzing (i) if self-thinning can be induced in populations of house crickets (Acheta domesticus) 

and (ii) if the resulting thinning trajectories can be predicted from metabolic theory, using estimates of the 

species-specific metabolic rate of A. domesticus 

4. I performed a laboratory study where the growth of A. domesticus was followed, from hatching until 

emergence as adults, in 71 cohorts of five different starting densities. 

5. 96% of all cohorts in the three highest starting densities showed evidence of self-thinning, with estimated 

thinning slopes in general being remarkably close to that expected under metabolic constraints: A cross-

sectional analysis of all data showing evidence of self-thinning produced an OLS slope of -1.11, exactly 

that predicted from specific metabolic allometry of Acheta domesticus. This result is furthermore supported 

by longitudinal analyses, allowing for independent responses within cohorts, producing a mean OLS slope 

across cohorts of -1.13 and a fixed effect LMEM slope of -1.09. Sensitivity analysis showed that these 

results are robust to how the criterion for on-going self-thinning was defined. Finally, also as predicted by 

metabolic theory, temperature had a negative effect on the thinning intercept, producing an estimate of the 

activation energy identical to that suggested by MTE.  

6. This study demonstrates a direct link between the metabolic rate of individuals and a population-level 

ecological process and as such provides strong support for research that aims to integrate body mass, via its 

effect on metabolism, consumption and competition, into models of populations and communities. 

Key Words: metabolic theory of ecology, animal self-thinning, ¾ scaling law, metabolic rate, metabolic 

allometry, metabolic scaling 

Introduction 

Many characteristics, both within and across 

species, tend to be allometrically related to body 

size (Peters 1983; Calder 1984; Schmidt-Nielsen 

1984). Since metabolism is a fundamental 

biological process that involves uptake, 

transformation and allocation of energy, the 

scaling of metabolic rate with body size has been 

suggested as a common basis for these 

relationships. In line with this, attempts to relate 

various ecological phenomena to the metabolic 

rate of organisms have been made (Peters 1983; 

Begon, Firbank & Wall 1986; Cohen et al. 2005; 

Jonsson, Cohen & Carpenter 2005). In 2004, 

Brown et al. (2004) presented a more general and 

over-arching theoretical framework, dubbed the 

Metabolic Theory of Ecology (MTE), which uses 

metabolism of individuals to make theoretical 

predictions on ecological processes at all levels 
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of organization, including life history 

characteristics, population interactions and 

ecosystem processes. More specifically, it was 

argued (based on Gillooly et al. 2001) that the 

basal metabolic rate (RB) of organisms scales 

with body mass (W) and temperature (T) in the 

same way as biochemical reaction rates, i.e. as 

kT
E

b
BB eWaR



 , (1) 

where aB is the scaling constant, E is the 

activation energy, k is Boltzmann’s constant 

(k=8.61734×10-5 eV/K) and b is the allometric 

exponent (which has been shown to vary among 

species, (Glazier 2005), although a previously 

claimed universal value of ¾ is still often used, 

see below). If b and E are known quantities Eq. 1 

becomes a tool for predicting how rates like 

consumption, growth and mortality varies with 

body size and temperature, and from this, 

patterns in the distribution of abundances of 

populations (Jonsson, Cohen & Carpenter 2005), 

as well as interspecific interactions among 

organisms (Berlow et al. 2009; O’Gorman et al. 

2010; Berg et al. 2011) and community 

characteristics such as food chain length (Arim, 

Bozinovic & Marquet 2007) and food web 

dynamics (Boit et al. 2012; Schneider, Scheu & 

Brose 2012; Hudson & Reuman 2013) can be 

inferred. MTE has, however, gained mixed 

support. Its internal consistency and validity of 

assumptions have been challenged and empirical 

confirmation of its higher level predictions 

remain scarce (Price et al. 2012; Glazier 2015). 

Indeed, although widely used in theoretical 

studies, direct mechanistic or experimental 

support for a ‘metabolic pacemaker’ view of 

ecology, i.e., empirically linking ecological 

processes at the population and community level 

to the resting metabolic rate of organisms is 

scarce (Glazier 2015). To address this deficit I 

here study the dynamical relationship between 

abundance and body size - a population-level 

process affected by intraspecific competition - in 

cohorts of growing individuals of Acheta 

domesticus (house crickets) and analyze whether 

the self-thinning relationship that this process 

potentially gives rise to corresponds to 

predictions based on metabolic theory. As such, 

this study represents a test of MTE’s extended 

predictions (i.e. level 4 of MTE according to 

Price et al. 2012), not its internal consistency or 

validity of its assumptions. If these predictions 

do not hold, this implies that the theory is either 

incorrect, or incomplete and need to be modified. 

Self-thinning is a well-known phenomenon in 

plant populations where it has been studied 

thoroughly since first described by Yoda et al. 

(1963). Self-thinning describes the combined 

increase in size of individuals (usually mean 

weight, W) and decrease in density (N) in cohorts 

of growing and competing individuals. As 

individuals grow the cohort eventually reaches a 

point where additional growth cannot be 

achieved without a decrease in density. 

Interestingly, this appears to be a strictly 

regulated process, with the cohort usually 

following a linear trajectory in the plane of logW 

vs logN. Furthermore, the slope of this line has in 

many plant populations been found to 

approximate -3/2 (White 1980, but see Weller 

1987; Lonsdale 1990). In contrast, animal self-

thinning is a much less studied phenomenon and 

no consensus exists on what a universal thinning 

slope for animal populations might be, or if it 

exists. However, assuming that the total 

metabolic requirement (Mtot) of a cohort is 

related to the metabolic rate of its individuals as 

NeWaNRM kT
E

b
BBtot 



, (2) 

an animal thinning slope for a food limited 

population with a constant food (energy) supply 

rate (FC) can be predicted by equating the 

metabolic requirement with the supply rate (i.e. 

C
kT

E
b

Bctot FNeWaFM 


). This 

implies that: 

bbkT

E

b
B

b
C NeaFW

111 

  (3) 

Taking the log and simplifying yields: 

)log(
1

)log( N
b

W ST   (4) 

where  
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Thus, providing full support for ‘metabolic 

self-thinning’ in animals requires (i) the 

estimated self-thinning slope to show a high 

conformity to -1/b (i.e. being significantly 

different to -1 but not to -1/b, with b being a 

species-specific estimate of the allometric 

exponent), and (ii) the self-thinning intercept (but 

not the slope) to be affected by temperature as 

predicted by Eq. 5. Based on Eq. 4, ignoring 

effects of temperature and assuming the 

canonical value of the allometric exponent (i.e. b 

= ¾) and not using a species-specific estimate, 

Begon et al. (1986) predicted that mobile animal 

populations should have a thinning slope of -4/3. 

This proposed animal self-thinning rule was 

given tentative support from experiments with 6 

cohorts of the grasshopper Chorthippus 

brunneus, which had a mean thinning slope of 

-1.29 (but ranged greatly from -1.58 to -1.03). 

Later studies have mainly focused either on 

sessile animals, such as mussels, barnacles or 

tunicates (Hughes & Griffiths 1988; Guiñez & 

Castilla 2001, reporting thinning slopes around 

-1.5) or drift-feeding salmonid fish with mixed 

results (e.g. Elliott 1993; Armstrong 1997; 

Dunham & Vinyard 1997; Steingrímsson & 

Grant 1999; Keeley 2003; Lobón-Cerviá & 

Mortensen 2006, see discussion). Studies of 

mobile animal self-thinning in other than 

salmonid fish are scarce (but see Smith et al. 

2013) and no demonstration yet exist of self-

thinning in a mobile species unequivocally 

following theoretical predictions based on 

metabolic theory (i.e. Eqs. 4 & 5). 

Here, I report the results of a laboratory study, 

using animal self-thinning as a tool to test 

population-level predictions from metabolic 

theory, where the growth of individual larvae of 

A. domesticus, in cohorts of different starting 

densities, was followed from hatching to 

emergence as adults. For A. domesticus the 

metabolic exponent, b, has been estimated to 

0.899±0.051 (mean ± 95% CI, Krüger 1958, see 

Appendix S1 in Supporting Information), rather 

than the canonical value of ¾, and based on Eqs. 

4 and 5, I thus hypothesize (i) that house crickets 

will self-thin along a linear trajectory in the plane 

of logW vs logN, with a slope of -1/0.899 ≈ -1.1 

and (ii) that the intercept, but not the slope of the 

relationship will be affected by temperature. 

Both hypotheses are corroborated, thus providing 

the first experimental evidence of how an 

ecological process at the population level can be 

directly linked to the basal metabolic rate of the 

individuals involved. 

Methods 

EXPERIMENTAL SETUP 
72 cohorts of newly hatched nymphs of A. domesticus 

were established with number of replicates and 

starting densities as follows: 30×5 (d1), 18×10 (d2), 

12×20 (d3), 6×40 (d4) and 6 replicates × 80 

individuals (d5) as described in Appendix S2. Every 

7th day, until all surviving nymphs had emerged as 

adults, the individuals were weighed (to the nearest 

0.1 mg) and the number of survivors recorded. Results 

are based on 8773 measurements of individual body 

mass from these cohorts. As the temperature within 

each block was monitored during the experiment it 

was discovered that the spatial variability in 

temperature was greater than the temporal variability 

(see Appendix S2). Although not planned, this 

unexpectedly allowed a subsequent analysis of the 

effect of temperature on the thinning trajectory (see 

Eq. 5) in the different cohorts. Prior to the full 

experiment a pilot study (see Appendix S3) was 

carried out to test the experimental setup, in particular 

if the amount of food provided was appropriate to 

induce self-thinning for a sustained period at a 

number of different starting densities. Only the data 

from the full experiment is shown and analyzed here, 

but the results from the pilot study can be found in 

Appendix S3 and Fig. S3.1 as additional support of 

the conclusions drawn and illustration of some 

problems of relevance for self-thinning (Fig. S3.2). 

EXTRACTING DATA FOR ANALYSES – DEFINING SELF-

THINNING CRITERIA 
Regression results on self-thinning are likely to 

depend on which data points they are based on. 

Objective criteria for on-going self-thinning, that are 

neither too including nor too excluding, thus need to 

be established for extracting data to the subsequent 

analyses (see Appendix S4 and Fig. S4.1 for problems 

that needs to be addressed when defining self-thinning 

criteria). Based on this, two sets of thinning criteria 
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were formulated: (a) one ‘weak’ and (b) one ‘strong’ 

(see Appendix S4). These criteria were used for 

extracting data points between time tj and tl from 

cohort x for the analyses in (a) steps one and two, and 

(b) step four, respectively, below.  

STATISTICAL ANALYSES 
To analyze the self-thinning relationship a four-step 

approach was used. First, since it has been argued that 

power law relationships sometimes could be better 

analyzed on the original scale of measurement using 

non-linear regression (NLR), rather than linear 

regression (LR) of log-transformed data (Packard 

2009; Packard, Birchard & Boardman 2010; Xiao et 

al. 2011), I followed Xiao et al. (2011) to determine 

the preferred model (NLR or LR) for my data. Thus, a 

cross-sectional analysis (see Appendix S5) was 

performed (using both non-linear and linear least 

squares regression), across all data showing evidence 

of self-thinning (using the weak criteria, see Appendix 

S4). The error distributions under the two models 

were compared and the preferred model (LR in this 

case) was determined based on the relative likelihood 

of the two error structures, using AICc (see Xiao et al. 

2011). Second, although linear mixed effects models 

(LMEM) was the preferred linear regression approach 

for the final analyses here (allowing for cohort 

identity, block position and starting density to affect 

both intercept and slope), ordinary least squares 

(OLS) regressions were first performed, 

independently on each cohort showing indications of 

self-thinning (using the weak criteria) to look for 

support for an underlying common self-thinning 

relationship with intercepts and slopes being normally 

distributed (as assumed in LMEM). After OLS 

regressions produced support for a common thinning 

relationship, LMEM were fitted to the data. The best 

model was found by first comparing all independent 

non-nested models with random effects on the 

intercept and keeping the one with the smallest AIC. 

Additional random effects on the intercept was then 

added and kept if this resulted in a significant model 

improvement based on the likelihood ratio, after 

which random effects on the slope were successively 

added in the same way. Third, to determine the 

robustness of the results in step two, analyses of the 

sensitivity of the thinning relationship to different 

combinations of the weak self-thinning criteria, were 

performed, using both OLS and LMEM regression. 

The full results of this analysis can be found in 

Appendix S7 and Figs S7.1-S7.5. Fourth, since 

results, so far, mainly on the effect of temperature on 

the thinning intercept (Eq. 5), was ambiguous and this 

could be attributed to low confidence in some 

estimates of the thinning relationship (here illustrated 

by a negative association between variability in 

estimates and starting density), I finally used the 

strong thinning criteria (see Appendix S4), thus 

focusing on high quality data from the highest starting 

density cohorts only, and performed OLS and LMEM 

regressions on this data to determine the best estimate 

of the thinning slope and quantify the effect of 

temperature on the intercept. 

Estimated OLS slopes were tested for significance 

against the values 0, -1, -1.11 and -4/3. Testing 

against the latter two is obviously important since 

these are the theoretically predicted thinning slopes 

based on (i) a species specific metabolic exponent of 

0.899 for A. domesticus and (ii) the canonical 

metabolic exponent of 0.75. Furthermore, testing 

against slopes of zero and -1 is relevant since a slope 

significant from zero, but not significantly different 

from -1, implies support for self-thinning, but not 

necessarily for ‘metabolic self-thinning’. This is 

because the estimated metabolic exponent of most 

animals differ from unity (Glazier 2005) at the same 

time as it is easy to come up with a mechanistic 

prediction that the self-thinning slope will be -1 due to 

intraspecific competition only (and no non-linear 

metabolic scaling). However, detecting significant 

differences from -1 becomes increasingly more 

difficult the closer to unity the metabolic exponent is 

and poses a potential problem here where the 

predicted slope is -1.11. Consequently, being able to 

statistically distinguish between a slope of -1 from -

1.11 will require high quality ST trajectories with 

more than just a few good data points, thus the need 

for the ‘strong thinning criteria’ (see Appendix S4). 

Results 
Initially, the mean weight of individuals 

increased in all cohorts, without any or only 

minor mortality (Fig. 1a). The highest starting 

density cohorts were the first to suffer significant 

mortality, after which they showed clear 

evidence of self-thinning (Figs. 1a & S6.1), 

while low starting density cohorts (d1 and d2) 

suffered little or no mortality during the entire 

length of the experiment (and thus no evidence 

of self-thinning). Across all data points of high 

starting density cohorts (d3, d4 and d5) showing 

signs of self-thinning (dark markers in Fig. 1a) 

an analysis of the error distributions of both 
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Fig. 1. (a) Growth trajectories for all cohorts of house crickets (Acheta domsticus) of the full experiment that 

were followed, from hatching until emergence as adults. Each marker represents the mean weight of individuals 

as a function of number of survivors in one of the 71 cohorts at one of the weekly counts. Data points belonging 

to the same cohort are connected by lines (individual plots of each cohort showing evidence of self-thinning can 

be found in Fig. S6.1). Shaded markers represent data from high starting density cohorts (d3, d4 and d5) that lie 

on trajectories showing signs of self-thinning (on-going mortality and increase in mean weight, down to a final 

density of 10 ind.) using the weak thinning criteria (see Methods). This data was used to determine the preferred 

model (NLR or LR) for further analyses of the thinning relationship (see Methods), producing strong support for 

LR (see Appendix S5). The cross-sectional thinning relationship (across all cohorts) according to OLS 

regression is log10(mean weight) =  1.1104 × log10(density) + 3.5969. Open markers are remaining data points 

(deemed not to lie on trajectories representing self-thinning). (b) Variability in body mass of individuals (mean 

coefficient of variation, CV, of the size distribution) over time in cohorts of different starting densities. (c) 

Asymmetry in size of individuals (mean skewness of the size distribution) over time in cohorts of different 

starting densities. d1: 5 individuals, d2: 10 individuals, d3: 20 individuals, d4: 40 individuals, d5: 80 individuals. 

linear and non-linear regression models supports 

the use of linear regression analysis of the self-

thinning relationship (AICc, NLR = 1452.2, AICc, 

LR = 1075.2, see Figs S5.1 and S5.2), yielding a 

cross-sectional OLS slope of -1.1104  0.0496 

(mean ± 95% CI; significantly different from -1, 

thus strongly supporting hypothesis one). 

Variability in size among individuals initially 

increased in all cohorts, and mostly so in the high 

starting density cohorts, and then decreased (Fig. 

1b). A strong positive skew in the size 

distribution developed in the high starting 

density cohorts, while the skew was small and 

slightly negative in the low starting density 

cohorts (Fig. 1c). These results are in line with 

skewed size distributions and asymmetric 

competition being an integral part of the self-

thinning process (see discussion in Appendix 

S3). 

Using the weak thinning criteria (see 

Appendix S4), to include as many cohorts as 

possible, the slope for 23 individual cohorts 

showing signs of self-thinning (Fig. S6.1), 

ranged from -0.7369 to -1.918 (Appendix S6, 

Table S6.1), but the distribution was clearly 

centered on -1.1 (Fig. 2a). Furthermore, the mean 

thinning slope for all high starting density 

cohorts (d3, d4 and d5), with an overall mean of 

-1.1277, is very near the theoretically predicted 

value of -1.11 (Fig. 2b), but contrary to 

theoretical prediction (Eq. 5, hypothesis two) 

there was no significant correlation (r = -0.25, 

p = 0.25) between temperature and intercept (nor 

between temperature and slope). These results 

are not sensitive to moderate changes in the weak 

thinning criteria (Appendix S7, Figs. S7.2a and 

S7.2c). 

Under the weak thinning criteria the number 

of data points deemed to lie on a thinning 

trajectory increases with the starting density of 

cohorts (Fig. S6.1, table S6.1), with typically 

only three or four points qualifying in d3, four to  
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Fig. 2. (a): Frequency distribution of estimated OLS 

thinning slopes in cohorts of house crickets (Acheta 

domesticus) for data points that were identified to lie 

on a thinning trajectory (see Fig. S6.1) based on the 

weak self-thinning criteria (see Appendix S4). Light 

shaded bars show the frequency distribution of slopes 

among all cohorts (n=23) while dark shaded bars 

represent thinning slopes significantly different to 

zero (p<0.05, n=18). (b): Mean thinning slopes (±95% 

CI) within the three highest starting density cohorts 

(d3, d4 and d5) and across all cohorts (All). Light 

shaded bars are the mean thinning slopes across all 

cohorts showing evidence of self-thinning of each 

starting density category (d3: n=11, d4: n=6, d5: n=5, 

All: n=23), while dark shaded bars are the mean 

thinning slopes of statistically significant (p<0.05) 

slopes of each starting density category (d3: n=7, d4: 

n=6, d5: n=5, All: n=18). Dashed line is the predicted 

thinning slope of -1.11 based on metabolic allometry 

for Acheta domesticus (Krüger 1958). 

six in d4 and seven to ten in d5. As a result, the 

variability in both OLS and LMEM slope 

estimates is significantly greater for d3 and d4 

than for d5 (Tables S6.1 and S6.2, Fig. 2b), 

suggesting lower confidence in these slope 

estimates than for d5 and producing contradictory 

outcomes (from OLS and LMEM analyses) on 

the effect of temperature on the intercept. The 

strong self-thinning criteria (see Appendix S4) 

weeds out these lower starting density cohorts, 

leaving only high quality data from the high 

starting density cohorts (d5, Fig. 3). This yields 

both a mean OLS slope and fixed effect LMEM 

slope of -1.09 with much lower variability 

(Tables S6.3 and S6.4) and with four of the five 

cohorts showing full support for ‘metabolic self-

thinning’ (i.e. having a slope significantly 

different from -1, but not -1.11). It also produces 

consistent results from both analyses on the 

effect of temperature. That is, for the OLS data I 

find a negative correlation between the average 

temperature experienced by each high starting 

density cohort and the estimated intercepts for 

each cohort (r2 = 0.9618, one-tailed probability 

p = 0.0045), but no significant effect of 

temperature on the slope (exactly as predicted by 

hypothesis two). In line with this, LMEM 

analyses show a significant random effect of 

block on the intercept only (Table S6.4), also 

indicating a temperature effect on the intercept, 

but not on the slope. However, before 

quantifying the effect of temperature, by 

estimating the activation energy (Eq. 2) from the 

LMEM data, I note that the OLS intercepts and 

slopes are centered on 3.6 and -1.11 respectively 

(Table S6.3), with the exception of the fifth 

replicate, which appear to be an outlier that could 

bias the LMEM estimates (and affect assessment 

of the activation energy). This is confirmed by an 

ANCOVA showing that this replicate (but not 

the others) deviate significantly from both the 

common intercept and slope (p = 0.003 and 

p = 0.02 respectively). Thus, a LMEM analysis, 

including the first four high starting density 

cohorts only, yields a fixed effect slope of 

-1.1099  0.0373 (mean ± 95% ci, strongly 

supporting hypothesis one) and intercept of 

3.6182  0.0682, with a significant random effect 

of block on the intercept only (Table S6.4). 

Finally, linear regressions of 1/kT on the 

estimated LMEM thinning intercepts (αST), 

where the slope should equal E/b, yields a 

quantitative estimate of the activation energy of 

0.66 eV.  

Discussion 
Whether there exists a self-thinning rule for 

animal populations has remained a fascinating 

enigma since Begon et al. (1986) raised the  
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Fig. 3. The relationship between density (number of surviving individuals) and mean weight (mg) in five high 

starting density cohorts (80 newly hatched individuals) from an experiment on self-thinning in house crickets 

(Acheta domesticus). Dark filled circles represent data points that were identified to lie on a thinning trajectory 

using the strong self-thinning criteria (see Appendix S4). Solid line in each subplot is the individual LMEM 

regression line for each cohort based on these data points. For regression statistics see Tables S6.4 (LMEM 

regression) and S6.3 (OLS regression). 

 

question. Although Begon et al. (2006) asserted 

that “Animals, whether they are sessile or 

mobile, must also ‘self-thin’, insofar as growing 

individuals within a cohort increasingly compete 

with one another and reduce their own density”, 

the more interesting question is whether this 

process occurs along a thinning line, and if so, 

whether the slope and intercept of the 

relationship can be mechanistically predicted 

using metabolic theory. Here I present strong 

evidence suggesting that the answer to these 

questions is yes. Experimental populations of A. 

domesticus do self-thin (Figs. 1, 3 and S6.1) and 

the slopes of the majority of the thinning 

trajectories are found to be remarkably close or 

even identical to the theoretically predicted value 

of -1.1 (Fig. 2, Tables S6.1 and S6.2), especially 

when using the strong thinning criteria (Tables 

S6.3 and S6.4). Furthermore, in accordance with 

the metabolic rate hypothesis (Eq. 4 and 5), the 

intercepts but not the slopes are affected by 

temperature. To the best of my knowledge, this is 

the first study to demonstrate a direct link 

between a population-level ecological process 

and the species-specific metabolic rate of the 

individuals involved.  

To provide unequivocal support for one of 

MTE’s extended predictions at the population 

level it is however not enough to show results in 

accordance with predictions based on the 

metabolic exponent and demonstrate a qualitative 

effect of temperature; the effect of temperature 

on metabolism (Eq. 5) also should be 

quantitatively demonstrated. Although the 

history of linking the metabolic rate of an 

organism to its size, or the temperature of its 

surrounding, goes back more than a century (e.g. 

Rubner 1883; Ege & Krogh 1914), it was only 

recently (Gillooly et al. 2001) that these two 

effects were mathematically united in a single 

predictive formulation (Eq. 1) using the 

Arrhenius equation (Arrhenius 1889). A crucial 

part of this is the activation energy, E (the 

average threshold energy needed to initiate 

biochemical reactions of the respiratory 

complex), with an early average reported value 

of 0.74 eV for invertebrates (Gillooly et al. 

2001). Recent empirical studies have estimated 

activation energies of metabolism that vary 

considerably, but taken together they have 

indicated an expected range somewhere between 

0.46 and 0.96 eV (Meehan 2006; Terblanche, 
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Janion & Chown 2007; Downs, Hayes & Tracy 

2008; Irlich et al. 2009; Ehnes, Rall & Brose 

2011). However, activation energies of basal 

metabolism need not be identical to those 

relevant for non-resting activities. Rall et al. 

(2012), for example, studied temperature and 

body mass scaling of feeding rates in a large set 

of consumers, from unicells, via invertebrate 

ectotherms, to endotherms. In accordance with 

metabolic theory, they confirmed a temperature 

dependency of both attack rates and handling 

times, but estimated activation energies were in 

both cases much lower than those implied for 

metabolism, suggesting that temperature 

influences functional response parameters less 

strongly than expected by metabolic theory. 

Despite these caveats I here present estimates of 

the activation energy (0.66 eV) from the 

relationship between size and density in cohorts 

of actively foraging and competing individuals of 

A. domesticus, that lie within the original 

suggested typical range (0.6-0.7 eV) for 

heterotrophic respiration in animals (Gillooly et 

al. 2006) and is remarkably close to the 

suggested average value of 0.65 eV. This lends 

strong support to metabolic rate allometry being 

the driving mechanism behind the observed 

process of self-thinning in house crickets, and is 

in line with the general framework of the MTE, 

where ecological patterns and relationships are 

predicted from the metabolic rate of individuals 

and activation energies are based on basal 

metabolism (see Appendix S8 for further 

discussion on the effect of activity and density on 

metabolic rate and animal self-thinning).  

Not disregarding the MTE’s potential 

problems with its internal consistency and 

validity of its assumptions (e.g. Price et al. 

2012), which are not considered here, it has been 

criticized also for its ‘extended predictions’ 

being mainly supported by indirect, correlational 

evidence (Glazier 2015). Among other things, 

these extended predictions include how various 

ecological processes depend on the (resting) 

metabolic rate of individuals. Many of the 

relationships discussed and suggested in the 

original paper by Brown and colleges (2004), 

including that of population growth and density, 

were based on a general metabolic exponent of 

¾. Since then, many studies have adopted this 

view, using the canonical ¾-metabolic scaling to 

parameterize various models of populations and 

communities (e.g. Arim, Bozinovic & Marquet 

2007; Berlow et al. 2009; O’Gorman et al. 2010; 

Berg et al. 2011; Boit et al. 2012; Schneider, 

Scheu & Brose 2012; Hudson & Reuman 2013). 

So far, however, empirical studies have only 

been able to find circumstantial or tentative 

support for the existence of ecological 

relationships based on this scaling. At the same 

time, a growing body of studies are indicating 

that there is no universal ¾-metabolic scaling, 

instead the metabolic exponent is showing both 

inter- and intraspecific variability, varying with, 

for instance, taxonomy and environmental 

conditions (e.g. Glazier 2005; White, Phillips & 

Seymour 2006; McNab 2008; Glazier 2010; Sieg 

et al. 2009; Killen, Atkinsson & Glazier 2010), 

calling the entire framework of the MTE into 

question. However, as pointed out by Glazier 

(2005): “showing that metabolic scaling is 

variable … does not necessarily jeopardize the 

development of a general ‘metabolic theory of 

ecology’ that helps explain processes at higher 

levels of biological organization”. Rather, a 

deeper understanding of how metabolism is 

affected by body size and environmental 

conditions in different species could allow 

predictions from MTE to be more quantitative, 

instead of qualitative. Here, this means that we 

should not expect a universal -4/3 self-thinning 

rule for animals. Instead, the slope of the 

thinning line, if determined by metabolic 

allometry, should differ among species and may 

only be predicted for a species using reliable 

estimates of the metabolic exponent for that 

species. My study lends strong support for this 

view by showing how a species-specific estimate 

of the metabolic exponent, with surprising 

accuracy, can predict an ecological process at the 

population level. 

The metabolic rate hypothesis asserts that the 

thinning relationship in animals is driven by 

direct competition for food and determined by 
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the allometry between metabolic rate and body 

size (Eq. 2). Partly due to the difficulty of earlier 

studies to provide consistent results that 

unambiguously are in line with these predictions 

(e.g. Begon, Firbank & Wall 1986; Elliott 1993; 

Armstrong 1997; Dunham & Vinyard 1997; 

Keeley 2003), authors have looked for alternative 

mechanisms that could explain and predict 

animal self-thinning. Allometric growth patterns 

and ‘object packing’ into a two-dimensional 

surface due to competition for space has been 

invoked as an alternative mechanism for sessile 

animals (Hughes & Griffiths 1988; Guiñez & 

Castilla 2001), while territorial behavior (the 

territory size hypothesis, Steingrímsson & Grant 

1999) has been suggested for mobile animals 

such as stream-living drift-feeding salmonids. 

Under the latter mechanism, the thinning slope is 

hypothesized to be driven by indirect 

competition for resources, via direct competition 

for three-dimensional space (territory), and 

determined by the allometry between territory 

size and body size. Here, resources are 

‘continually renewable’ food that flows with the 

current, thus creating a situation similar to how 

plants compete for sunlight. Studies so far have 

produced mixed and far from conclusive results: 

some implying the metabolic rate hypothesis 

(Elliott 1993; Grant 1993; Bohlin et al. 1994), 

some suggesting the territory size hypothesis 

(Steingrímsson & Grant 1999) and some not 

being able to discriminate between the two 

(Dunham & Vinyard 1997). Keeley (2003), for 

example, analyzed three competing mechanisms 

for self-thinning in steelhead trout (based on 

allometry of metabolism, food consumption and 

space use respectively), finding a self-thinning 

slope that was most similar to that predicted by 

the allometry of food consumption. However, 

due to a wide confidence interval (which 

included the predicted slopes under the two other 

hypotheses) it was not possible to rule out any of 

the three mechanisms. Yet other studies, on 

brown trout, have found indications of an overall 

non-linear thinning-trajectory (Rincón & Lobón-

Cerviá 2002; Lobón-Cerviá & Mortensen 2006). 

Much of the confusion and difficulty of obtaining 

consistent results for animal self-thinning 

(conforming to the metabolic rate hypothesis) 

may stem from the fact that resource limitation is 

not enough to induce observable self-thinning. 

Instead, food supply rate need to be ‘fine-tuned’ 

in order to maximize both the likelihood of 

experimental observation and confidence in 

estimates of self-thinning trajectories. This is 

highlighted by the results of the pilot study, 

which (with the exception of two cohorts that 

provided support for a self-thinning slope of 

-1.1., Fig. S3.1I and L) show the difficulty of 

observing self-thinning if the food supply rate is 

‘non-optimal’ (see Appendix S3 for further 

discussion of this). All in all, while not 

disqualifying the possibility of alternative self-

thinning mechanisms in, for example, territorial 

or sessile animals, my study should revitalize 

interest in the metabolic rate hypothesis and 

whether ‘metabolic self-thinning’ could be the 

rule in non-territorial mobile animals.  

Conclusions 

Body size of organisms has provided a 

productive tool for predicting many relationships 

at the community level (Cohen, Jonsson & 

Carpenter 2003; Jonsson, Cohen & Carpenter 

2005; Woodward, Speirs & Hildrew 2005; 

Reuman et al. 2008; Barnes et al. 2010; Layer et 

al. 2010; Riede et al. 2011), as well as a tool for 

parameterizing population dynamical models to 

study and explain these patterns (Otto, Rall & 

Brose 2007; O’Gorman et al. 2010; Boit et al. 

2012; Hudson & Reuman 2013; Berg et al. 2015; 

Jonsson et al. 2015). The mechanistic basis for 

this strong effect of body size in many of these 

studies is the effect of body size on metabolism, 

via its effects on consumption. However, 

although logically convincing and based on well-

documented relationships between body size and 

the basal metabolic rate of organisms, the 

empirical support for a strong imprint of the 

basal metabolic rate of individuals on ecological 

processes at the population and community level 

is until now weak. Hence, I here provide strong 

experimental support for a modified MTE, where 

the metabolic exponent of individual species is 

taken into account to provide quantitative 

predictions of ecological processes. If 
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corroborated by future experimental studies, the 

integration of body mass, via its effect on 

metabolism, consumption and competition, into 

models of populations and communities could 

provide a much needed tool to analyze, for 

example, effects of anthropogenic stress on 

populations and communities and explore 

scenarios of predicted environmental change. 
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