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Extended Data Figure 1. Covariance effect and community structure. Relationships between changes in species richness and pool species richness (a–d), between their residuals and changes in species-abundance unevenness (estimated using the Gini index; e–h), and between changes in species-abundance unevenness and the covariance effect (i–l) are shown for both natural grasslands (a–b, e–f and i–j) and biodiversity experiments (c–d, g–h and k–l). Solid black lines represent significant regression lines. Conditional and marginal R2 values (i.e., Rc2 and Rm2) are shown in the figures. In biodiversity experiments, sample loss resulted in pool species richness not always matching the originally planted species richness.
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Extended Data Figure 2. Covariance effect and community structure in the Jena biodiversity experiments. Relationships between changes in species richness and pool species richness (a–b), between their residuals and changes in species-abundance unevenness (estimated using the Gini index; c–d), and between changes in species-abundance unevenness and the covariance effect (e–f) are shown for the main (a, c and e) and dominance (b, d and f) experiments in Jena. Solid black lines represent significant regression lines. Conditional and marginal R2 values (Rc2 and Rm2) are shown in the figures. Sample loss resulted in pool species richness not always matching the originally planted species richness.
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Extended Data Figure 3. Species richness in relation to the average and covariance effects in the Jena biodiversity experiments. Shown are relationships of residual changes in species richness (Extended Data Figure 2a–b) with the average (a–b) and covariance (c–d) effects in the main (a and c) and dominance (b and d) experiments in Jena. Solid black lines represent significant regression lines, with conditional and marginal R2 values (Rc2 and Rm2) shown in the figures.
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Extended Data Figure 4. Average and covariance effects in driving productivity in the Jena biodiversity experiments. Relationships between temporal deviations in ecosystem functioning (i.e., productivity anomaly) and the average effect (a–b), and between their residuals and the covariance effect (c–d), are shown for the main (a, c, and e) and dominance (b, d and f) experiments in Jena. Conditional and marginal R2 (Rc2 and Rm2) from linear regressions, and partial Rc2 and Rm2 from residual regressions, are reported for the average and covariance effects, respectively. Solid black lines represent significant relationships. The contributions of the two effects to ecosystem functioning were compared (using paired t-tests). In the main experiment, the two effects showed comparable relative importance (e), and the explanatory power of the covariance effect (partial R2; see Methods) was positively related to species-abundance unevenness (estimated using the Gini index; Extended Data Figure 9a). Boxes (e–f) show medians (solid lines), means (dashed lines), interquartile ranges (boxes) and the 2.5th and 97.5th percentiles (whiskers).
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Extended Data Figure 5. Covariance effect and community structure in global grassland nitrogen addition experiments. Relationships between changes in species richness and pool species richness (a–b), between their residuals and changes in species-abundance unevenness (estimated using the Gini index; c–d), and between changes in species-abundance unevenness and the covariance effect (e–f) are shown for nitrogen addition experiments in natural grasslands of northern China (a, c and e) and Nutrient Network (b, d and f). Solid black lines represent significant regression lines. Conditional and marginal R2 values (Rc2 and Rm2) are shown in the figures.
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Extended Data Figure 6. Effects of nitrogen addition on plant community productivity in Nutrient Network grasslands. Effects (F-values) of nitrogen addition are shown, with boxes showing medians (solid lines), means (dashed lines), interquartile ranges (boxes) and the 2.5th and 97.5th percentiles (whiskers).
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Extended Data Figure 7. Average and covariance effects in driving ecosystem functioning in global grassland nitrogen addition experiments. Relationships between temporal deviations in ecosystem functioning (i.e., anomalies) and the average effect (a–b), and between their residuals and the covariance effect (c–d), are shown for natural grasslands of northern China (a and c) and Nutrient Network (b and d). Conditional and marginal R2 (Rc2 and Rm2) from linear regressions, and partial Rc2 and Rm2 from residual regressions, are reported for the average and covariance effects, respectively. Solid black lines represent significant relationships.


[image: ]
Extended Data Figure 8. Species-abundance unevenness and the relative importance of the covariance effect. Relationships between the partial R2 of the covariance effect (see Methods) in explaining temporal deviations in ecosystem functioning (i.e., anomalies) and species-abundance unevenness (estimated using the Gini index) are shown for both natural grasslands (a–b) and biodiversity experiments (c–d). Solid black and dashed grey lines represent significant and non-significant regression lines, respectively. R2 values from linear regressions (or conditional and marginal R2, i.e., Rc2 and Rm2, from linear mixed-effects model) are shown.
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Extended Data Figure 9. Species-abundance unevenness and the relative importance of the covariance effect in the Jena experiments. Relationships between the partial R2 of the covariance effect (see Methods) in explaining temporal deviations in ecosystem functioning (i.e., anomalies) and species-abundance unevenness (estimated using the Gini index) are shown for the main (a) and dominance experiments (b). Solid black lines represent significant regression lines. R2 values from linear regressions are shown.
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Extended Data Figure 10. Effects of altering species-abundance ranks on the estimation of the covariance effect. Reversing species abundance ranks, as in the design of the Agrodiversity experiment, reversed the sign of the estimated covariance effect (Box 1). Here, we show that when a plot with manipulated species abundances exhibited a negative correlation with abundances in the plot with uniformly high planting proportions, the estimated covariance effect was correspondingly negatively correlated across plots. The solid black line represents a significant regression line, with explanatory power (R2) shown in the figure.



1

image1.png
Change in species richness

Residual ASR

AGini

Natural grassland

Northern China
33 sites
(Productivity, n = 254)

&
€
]
Q
w
o
7]
2
R; =0.889
g4 R,=0.810 g
30 60 % 120
Pool species richness
(PSR, spe. m?)
g_
f'.l’\ln_
c 2
o o
L2
2
o
%)
oo
l
4
So
[¢]
-0.05 0 005 0.1 015 0.2
AGini
(unitless)
P <0.001 o (i)
N 2 o
ST RS =0.608 &
wn
o C%)
?ﬂ\‘_
85
55

0

-0.05

T T
-100 0
Covariance effect

(gm?)

T
100

Change in species richness

Residual ASR
(ASR ~ PSR, spe. m?)

AGini
(unitless)

.2)

Nutrient Network
57 sites
(Coverage, n = 467)

Biodiversity experiment

Agrodiversity
19 sites, 416 plots
(Productivity, n = 1269)

Jena
2 experiments, 253 plots
(Productivity, n = 2033)

2 ©f| 2 o G
Q Q
c c
< <
2T 2T 2 “
2 E {0 o| GE" o ®
S0 S
-5 59 ¢l 8
S £% o ol €% 8
82 | p<o0.001 32 | p<o0.001 %
] RZ=0.091 § 8{R2=0825
kS % _ s T g% ©
S | Rn=0008 ol RZ=0.748 8
20 40 60 80 3 4 0 1 20 30 40 50
Pool species richness Pool species richness Pool species richness
(PSR, spe. m?) (PSR, spe. m?) (PSR, spe. m?)
ol 2 21P <0001 oF (h)
ol o RZ=0.010
7 X gy x g 1
G 52 %5
o T o ® ¥ o
29" 329
[ Py @?
| Q1 - Q
i €~ o 9
o g“.‘- g
<7 o |
o bl W °
01 0 01 02 03 05 0 05 1
AGini AGini
(unitless) (unitless)
2 [e) N —
S P <0.001 ) e
H ] o]
m m
- =] £E8
ST 0= Q=]
< g o < :C;
o
0
2 <7
;_

T T
-100 0 100
Covariance effect

(%)

T
-400

T T
-200 200

0
Covariancg effect
(gm™)

T T
-300 0 300

Covan'ancg effect
(gm™)

T
-600




image2.png
Biodiversity experiment

Jena, Main experiment

66 plots
(Productivity, n = 497)
o G (@)
Q
c
<
25 2
g E" o %
gg &
& - 8
g’
32 | p<o0.001 %
§ 8{RZ2=0.858
< K S o
(8] R, =0.806 8B
0 1 20 30 40 50
Pool species richness
(PSR, spe. m?)
241 P <0001 of (c)

0 5
1 1

-5
I

Residual ASR
(ASR ~ PSR, spe. m?)

-10

AGini
(unitless)

0.5

AGini
(unitless)

T T
-300 0 300

Covariancg effect
(gm™)

T
-600

Residual ASR Change in species richness

(ASR ~ PSR, spe. m?)

AGini
(unitless)

.2)

Jena, Dominance experiment
187 plots
(Productivity, n = 2033)

o+ (o]

o4

@ o o o
P <0.001

kh R =0.469 © ©

. R, =0.401 o
2 4 6 8

Pool species richness
(PSR, spe. m?)

“1 P <0.001 (d)

o

™4

© |

o

od

o |

<

T T
-300 0
Covariance effect

(@m?)

T T
-600 300




image3.png
Residual ASR

Residual ASR

Biodiversity experiment

Jena, Main experiment
66 plots
(Productivity, n = 497)

o
€ o
0]
Q.
w
o o
1)
o
! w
o
)
a
=3
—2‘00 (IJ 2(IJO 4(IJO 6(IJO B(IJO
Average effect
gm?)
=5 o ®° (c)
o oo
I °
0]
Q.
@ h
¥odoo &
1)
o
ol
x| P <0.001 R
2. R; =0.156 °
#{RrZ=0075 8
(o]
-600 -300 0 300

Covariancg effect
(gm™)

Residual ASR
(ASR ~ PSR, spe. m?)

Residual ASR
(ASR ~ PSR, spe. m?)

Jena, Dominance experiment
187 plots

(Productivity, n = 2033)

3
i

0
1

(b)

T T T T
200 400 600 800
Average effect

0

0
1

(d)

T T
-300 0
Covariance effect

(gm?

T
300





image4.png
400

200

@m?)

0

Residual anomaly

-200

1.0

0.8

0.6

Explainted variance
0.4

(Rz or partial R?, unitless)

0.2

0.0

Biodiversity experiment

Jena, Main experiment
66 plots
(Productivity, n = 497)

Jena, Dominance experiment
187 plots
(Productivity, n = 2033)

T T T T T
200 O 200 400 600 800

Average effect
(gm?

T T T T
2000 0 200 400 600 800

Average effect
(gm?

P <0.001 (©)

Partial RZ = 0.375
Partial R2= 0330 , 8 ©

Residual anomaly

P <0.001 (df
Partial R2 = 0.231
Partial R = 0.194

T T T
-600 -400 -200 0 200 400

Covariance effect

T T T T
-600 -400 -200 0 200 400
Covariance effect

@m? (@m?
() tos = 1.965 [ t1as = 14.754
T P =0.054 g 8 P P <0.001
§ 52
SY o | ] o
83 35°]
o EEy
== 5 83
— Q. O |
x

0.0

T T
Average effect Covariance effect

Partitioned effects

T T
Average effect Covariance effect

Partitioned effects




image5.png
Change in species richness

Residual ASR
(ASR ~ PSR, spe. m?)

AGini
(unitless)

(ASR, spe. m'z)

Grassland nutrient addition experiment
Nutrient Network

Northern China
3 sites, 11 blocks
(Productivity, n = 122)

34 sites, 111 blocks

(Coverage, n = 1552)

@] g g (b)
g o O
& £_7 G
i R
o E§q o ©
5 §g i .
o g 28 &
7 = % o o)
el P \ $ 25 P <0.001 5
R& i0.899 @ s gl RC2 i0.893 5 %
24 R, =0.887 ol © R, =0.779 4
10 20 30 _4'0_ 50 60 10 20 3'0_ 4'0_ 50 60
Pool species richness Pool species richness
(PSR, spe. m?) (PSR, spe. m?)
1 o] ©o° )
<
£ 24
X g
2 %l{)—
o g 4 o
7
sie
D
X ol
7]
3, R; =0.855
o] "R, =0.494 o 5
01 005 0 005 04 015 02 01 0 01 02 03
AGini AGini
(unitless) (unitless)
2 o] P2< 0.001 ®
R{=0.720
ST S1R2=0.179 o
2] =2 ©
° §4°)
o < §o—
wn ;_
8] 2
< o~
3
51 °o
-400 200 0 200 400 450 300  -150 0 150

Covariancg effect
(gm™)

Covariance effect

(%)





image6.png
Nutrient addition
Nutrient Network
34 sites, 111 blocks
(Productivity, n = 1495)

1 OIOO 2000 30|00

Anomaly
(gm?)

0
1

F 11384 = 49.432
P <0.001

T T
Ambient N addition
Nitrogen treatment





image7.png
Residual anomaly

Grassland nutrient addition experiment

Northern China
3 sites, 11 blocks
(Productivity, n = 122)

Nutrient Network
34 sites, 111 blocks
(Coverage, n = 1552)

© (a) °
8
> 8-
g =
58
f=
< o
8
300 0 300 600 200 0 200 400
Average effect Average effect
(gm? (%)
P <0.001 (cy o | P <0.001
Partial RZ = 0.322 . 7| Partial R?=0.197 @ ©
! 2 _ = : 2 _
Partial R, 60.%970 o 2 e Partial R = 0.158
OCo ¢ 2
-8
© —o-
=
o o
d
Q o
x 97
o )
°o ° §.' o O
-500  -250 0 250 500 -400 -200 0 100
Covariance effect Covariance effect
(gm? (%)





image8.png
Partial R? of covariance effect

(unitless)

Natural grassland

Biodiversity experiment

Northern China Nutrient Network Agrodiversity Jena
33 sites 57 sites 19 sites, 416 plots 2 experiments, 253 plots
(Productivity, n = 33) (Coverage, n = 57) (Productivity, n = 416) (Productivityn = 253)
“| (a) 23 | (b) YK “1 (c) kS ]
s [Sol BRI % o [ORS
o7 1o [0} o [0 o [0 o7
2 ®| e 2
2 2 22 o | 25 2 2%
" $§° gg- N
2 3Ee] 3Ee] 3Ze
® 53° B2° o 52°
8] L3 & glPp=0045 S |& =]lpP=0009
P =0.400 g P =0.965 g R; =0.249 o | E R; = 0.446
84 R2=0.023 S 81 R?<0.001 & 8qRn=0023 © & 84 R,=039
o o o2 ) o0 o o2 0 o6 o o2 o0 o0 o o2 o0
Gini index Gini index Gini index Gini index
(unitless) (unitless) (unitless) (unitless)




image9.png
Partial R? of covariance effect

(unitless)

Biodiversity experiment

Jena, Main experiment
66 plots
(Productivity, n = 66)

Jena, Dominance experiment
187 plots
(Productivity, n = 187)

o (a) “8’ o
w % ©
o7 ) o
o
c
2 | 2 22
o g g o
o
84 x84
| P=0.001 £ | P=<0.001
%1 R?=0.763 & % R*=0334
eI6 eI4 el'2 ell’ el'6 eI4 el'2 el"
Gini index Gini index
(unitless) (unitless)




image10.png
Biodiversity experiment
Agrodiversity
19 sites, 416 plots
(Productivity, n = 396)

1
I

0.5

0

Correlation coefficience of
05

covariance effct (unitless)

-1

2_ ¢ ®
R2=0544 o ° o ggg
20089 o 06 @0

-1 05 0 05 1
Correlation coefficience of

species abundance (unitless)





