
Soil pH, ecological stoichiometry, 
and allometric scaling in soil biota
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• BISQ is based on
A broad definition of biodiversity: all biota, ecosystems 
and functions
(ratification by Dutch Government and granted to RIVM)

• BISQ aims to
Develop quality standards for soil organisms outside 
nature area’s to protect ecological function and services 
of the soil

• Our assessment relies upon
500 locations in The Netherlands

Biological Indicator for Soil Quality
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• Get more insights on the influence of nutrient supply
and land management on trophic interactions and biota

• Comparison of effects of the two energy channels on
the community structure of detrital soil food webs:

Bacterial-based energy channel (high nutrient supply rates , 
low carbon sequestration, high litter quality) 

Fungal-based energy channel (low nutrient supply rates ,    
high carbon sequestration, low litter quality)

Goal of this lecture
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Collecting size, mass and abundance is expensive …

1693Abiotics

1540Oligochaeta

1438Arthropoda

269Nematoda

1033Fungi

2230Bacteria

EUROTaxocenes

8200 EURO

10,000 USD
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Sampled location

 
           Soil-pH (KCl)

3 - 4

4 - 5

5 - 6

6 - 7

7 - 8

Urban area

Soil acidity

Biocides

Phosphamidon

Mevinphos

Parathion

Dimethoate
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BoBI: Bodembiologische Indicator
LMB:  Landelijk Meetnet Bodemkwaliteit

Bron: RIVM-LER
Datum: 01-03-2008
Ontwerp: H.J. van Wijnen, J.J. Bogte, M. Rutgers, A.J. Schouten

akkerbouw op zand (9,9 %)

akkerbouw op zeeklei (8,5 %)

(melk)veehouderij op zand (14,9 %)

(melk)veehouderij op rivierklei (5,2 %)

(melk)veehouderij op zeeklei (8,5 %)

(melk)veehouderij op veen (6,9 %)

(melk)veehouderij op löss (0,5 %)

tuinbouw op zand (2,1 %)

halfnatuurlijk grasland op zand (2,7 %)

heide op zand (0,8 %)

bos op zand (8,2 %)

stadspark (0,7 %)

overig (10,5 %)

bedekt (17,1 %)

Bodemgebruik per grondsoort

Meetlocaties BoBI-LMB

tuinbouw op zeeklei (3,4 %)

natuur en recreatie

(percentage van NL-landoppervlak)

biologisch

gangbaar extensief

� gangbaar intensief

�� gangbaar intensief+

Nutritional quality acts as 
a general stoichiometric
constraint on variation in 
the structure of soil food 
webs in a comparable 
way to that of aquatic 
food webs. How does 
such a trend hold for 
entirely different biota?
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N N N M -8.85 -8.81 -8.79 -8.42 -8.05 -7.77 -6.80 -6.80 -5.97 -5.05 -5.01 -4.82 -3.70
CONV INT ORG 27 28 29 30 31 32 33 34 35 36 37 38 39

0 0 1 0 0 0 1 1 1 1 0 1 1 1
11.95 10.75 12.39 1 1 1 0 0 0 1 0 0 1 0 1 1 0
2.55 2.80 2.99 2 0 0 1 0 1 0 0 0 0 1 0 0 0
3.15 3 0 0 1 0 1 0 0 0 0 1 0 0 0

2.80 2.99 4 0 0 1 0 1 0 0 0 0 1 0 0 0
2.55 2.81 5 0 0 1 0 1 0 0 0 0 1 0 0 0

2.97 3.42 6 0 0 1 0 1 0 0 0 0 1 0 0 0
4.04 3.91 3.85 7 0 0 1 0 1 0 0 0 0 1 0 0 0
3.24 2.80 2.99 8 0 0 1 0 1 0 0 0 0 1 0 0 0
3.75 3.67 3.69 9 0 0 1 0 1 0 0 0 0 1 0 0 0

2.51 10 0 0 1 0 1 0 0 0 0 1 0 0 0
2.85 2.80 11 0 0 1 0 1 0 0 0 0 1 0 0 0

2.50 12 0 0 1 0 1 0 0 0 0 1 0 0 0
2.81 13 0 0 1 0 1 0 0 0 0 1 0 0 0

3.59 3.50 14 0 0 1 0 1 0 0 0 0 1 0 0 0
3.69 2.97 3.55 15 0 0 1 0 1 0 0 0 0 1 0 0 0
3.39 16 0 0 1 0 1 0 0 0 0 1 0 0 0

2.50 2.51 17 0 0 1 0 1 0 0 0 0 1 0 0 0
3.20 18 0 0 1 0 1 0 0 0 0 1 0 0 0

2.85 3.61 3.59 19 0 0 1 0 1 0 0 0 0 1 0 0 0
4.85 3.40 4.06 20 0 0 1 0 1 0 0 0 0 1 0 0 0
3.02 3.61 3.42 21 0 0 1 0 1 0 0 0 0 1 0 0 0
3.39 4.09 3.36 22 0 0 1 1 1 0 0 0 0 1 0 0 0
2.55 23 0 0 1 0 1 0 0 0 0 1 0 0 0
3.15 2.99 24 0 0 1 0 1 0 0 0 0 1 0 0 0

2.51 25 0 0 1 0 1 0 0 0 0 1 0 0 0
2.50 26 0 0 1 0 1 0 0 0 0 1 0 0 0

-0.20 27 0 0 0 1 0 0 0 0 0 1 0 0 0
3.02 2.20 2.08 28 0 0 0 1 0 0 0 0 0 1 0 0 0
1.30 1.38 1.36 29 0 0 0 1 0 0 0 0 0 1 0 0 0
0.60 0.78 30 0 0 0 1 0 0 0 0 0 1 0 0 0
0.30 1.00 1.04 31 0 0 0 1 0 0 0 0 0 1 0 0 0

-1.00 32 0 0 1 1 0 0 0 0 0 1 0 0 0
0.44 0.99 33 0 0 1 1 0 0 0 0 0 1 0 0 0
1.22 0.22 1.68 34 0 0 1 1 0 0 0 0 0 1 0 0 0
1.09 0.54 0.04 35 0 0 1 1 0 0 0 0 0 0 0 0 0

-1.73 -0.70 36 0 0 1 1 0 0 0 0 0 0 0 0 0
-0.23 0.66 -0.05 37 0 0 1 1 0 0 0 0 0 1 0 0 0
0.90 0.17 0.90 38 0 0 1 1 0 0 0 0 0 0 0 0 0

-0.51 -0.51 -0.02 39 0 0 0 0 0 0 0 0 0 1 0 0 0

25 webs with body mass and population 
were published online [14 May 2009] :

� occurrence and abundance of species

� feeding guilds and trophic relationships

� environmental conditions (pH, SOM …) 

Publicly available data [Open Access ]
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Bacterial pathway Detrital pathway

24 25 26

27 28 29

30

3 4 5 6

7 8 10

11 12

13 14

15 16

19 20 21 2297bis 23

17 18

1 2 

SOIL RESOURCES

SOIL SYSTEM

Naturwissenschaften (2006) 93

But we can easily merge this huge amount of information in a Cartesian plane
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mites

collembolans

nematodes
enchytraeids

MICROFAUNA MESOFAUNA

R 2 = 0.622
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Better Organic Matter

SAME FOOD WEB AS IN THE PREVIOUS SLIDE

Scaling
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Independent predictor “population density”

Independent predictor “body mass”

large (Lumbricus)abundant (Bacteria)

small (Bacteria)
ra

re

Independent predictor “population density”

Independent predictor “body mass”

large (Lumbricus)abundant (Bacteria)

small (Bacteria)
ra

re

Independent predictor “population density”

Independent predictor “body mass”

large (Lumbricus)abundant (Bacteria)

small (Bacteria)
ra

re inverting

axes

Allometry scaling as proxy
for ecosystem functioning
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Plantaginetea majoris + Filipendulion +
Polygono-Chenopodietalia + Secalietalia
+ Scheuchzerietea + Nardo-Callunetea

R 2
=0.55, p =10

-20, n =110
(same 110 sites as in Ecology Letters  2005)
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Merging grasslands together, as vegetation ecologists do,  we get :

Other 60 webs excluded

for phenological reasons

during sampling efforts :

all arable fields had no

vegetation in the Winter,

and all pine forests no

understore in late FallN
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R 2 = 0.692
F = 51.61
25 grasslands
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R 2 = 0.771
F  = 127.68
(25 unmanaged

15 managed)
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Relationships between allometric scaling and 
ecological stoichiometry. Clockwise: the log-
transformed C : P and C : N ratios and the soil 
acidity as stoichiometrical predictors of the 
slope of the biomass spectrum of soil 
invertebrates. The faunal biomass spectrum 
slope is an index of how community patterns 
shifted by subtle changes in the nutrient ratios. 
The biomass spectrum slopes remain positively 
correlated with the concentrations of N (p < 
0.01) and P (p < 0.0001), but not with C. The 
pastures are given as squares, the meadows as 
diamonds, and the heathlands as triangles. 
Control plots of a long-term experiment 
(Biology and Fertility of Soils 2009) as circles.
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(25 unmanaged
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Relationships between allometric scaling and 
ecological stoichiometry. Clockwise: the log-
transformed C : P and C : N ratios and the soil 
acidity as stoichiometrical predictors of the 
slope of the biomass spectrum of soil 
invertebrates. The faunal biomass spectrum 
slope is an index of how community patterns 
shifted by subtle changes in the nutrient ratios. 
The biomass spectrum slopes remain positively 
correlated with the concentrations of N (p < 
0.01) and P (p < 0.0001), but not with C. The 
pastures are given as squares, the meadows as 
diamonds, and the heathlands as triangles. 
Control plots of a long-term experiment 
(Biology and Fertility of Soils 2009) as circles.
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NMS = 0.805*FBS - 0.838
R2 = 0.7402, p  = 10-47
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Mulder, Den Hollander, Hendriks, PONE 3: e3573 (2008) 
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Nematoda
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Mulder, Den Hollander, Schouten, Rutgers

Ecological Complexity 3: 219-230 (2006)

Reuman, Cohen, Mulder

Advances in Ecological Research 41: 45-85 (2009)

Nodes of taxa with low body-mass average
occur more often, as expected from theory
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Carbon mineralisation: reflects higher fungal biomass
Nitrogen mineralisation reflects N fertilization and high

bacterial activity with Ca
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OSSEKAMPEN

There is a general belief that a high fungal/bacter ial ratio is 
indicative of a more natural soil system, with high  nutrient 

retention and low losses (Van der Putten et al. 2001)
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-0.75 ± 0.16 SE
T

H
E

 O
S

S
E

K
A

M
P

E
N

 E
X

P
E

R
IM

E
N

T
*

*

*

0

2000

4000

6000

8000

10000

12000

UNT N P K PK NPK Ca

D
M

 k
g 

ha
-1 * *

*

*

0

2000

4000

6000

8000

10000

12000

UNT N P K PK NPK Ca

D
M

 k
g 

ha
-1

0

2000

4000

6000

8000

10000

12000

UNT N P K PK NPK Ca

D
M

 k
g 

ha
-1 *

N
at

ur
e 

P
re

ce
di

ng
s 

: d
oi

:1
0.

10
38

/n
pr

e.
20

10
.4

21
7.

1 
: P

os
te

d 
17

 F
eb

 2
01

0



17christian.mulder@rivm.nl

-0.70 ± 0.15 SE
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-0.62 ± 0.13 SE
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The entire structure of the soil

community reflects soil abiotics
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• The mass-abundance relationships 
(i.e., scaling exponents) CHANGE.

• Liming and fertilization ENHANCE 
mass-abundance relationships.

• Let us bridge the gap between soil 
food-web structure and SERVICE.

THANK YOU FOR YOUR ATTENTION 
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