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Overview
A. Diversity of sources of variation in 

community trajectories of degraded tropical 
forests

B. Statistical applications to account for 
variability (spatial & temporal)

(1) Univariate mixed models (~ type of fit)

• of total plot measures
• of subsets of species with similar responses

(2) Multivariate hypothesis testing



MatureMature complex tropical forest complex tropical forest 
dynamics (100s tree species/ha) dynamics (100s tree species/ha) 
…… large permanent plots helpedlarge permanent plots helped

BUT: NONE in BUT: NONE in MMhaha dedeggraded raded 
rereggrowthrowth!!



Breckling & Birkenmeier (2000)  .

Regrowth can:Regrowth can:
a) be arrested in longa) be arrested in long--

termterm
b) repeat short cycles of b) repeat short cycles of 

variable lengthsvariable lengths

c) be patchy c) be patchy regrowingregrowing
at different ratesat different rates

d) have unknown endpointsd) have unknown endpoints



Potential sources of variation

~ meter- versus  km-scales

Temporal –
extrinsic:
Climate; 
Biol.inhibitors/
catalysts (e.g. 
herbivores/seed 
dispersers)

Spatial – intrinsic: 
Soil/microsites

(e.g. ecosystem 
engineers)

Spatial – extrinsic:
Landscape 
disturbance 
(e.g. fire),
biol.migration

Temporal –
intrinsic:
Species’
life-spans & 
phenologies
(e.g. seed 
production)



• Annually re-measured 
for 6 more years

20m 20m
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• 6 years after last fire: 
measured all trees

Aim: How can we detect experimental 
effects despite high background variability?

Random: Blocks, 
Plots within Blocks



-N

6 7 8 9 10 11 12
0

10

20

30

40

50

+N +N

6 7 8 9 10 11 12
Time of regrowth (years since last fire)To

ta
l w

oo
dy

 b
io

m
as

s 
of

 a
ll 

tr
ee

 s
pe

ci
es

 (M
g/

ha
)

2nd order polynomial fit (REML; Random: Blocks, Plots within Blocks)

 

 Individual Plot BLUPs 
Fixed Effects BLUPs (–P/+P pooled)
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(3 Blocks each): + +P

t2 p<0.01 
t:t0 p<0.001
t2:t0 p<0.01 

+N:t p<0.05 
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+P:t2:t0 p<0.05 
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+N:+P:t2:t0 p<0.05 



Nutrient effects on individual species
1. Select common tree species:

≥ 9 individuals 

persisting for ≥ 4 censuses

spread across ≥ 3 treatments

2. Fit mixed model for individual species

3. Pool species with significant responses 
to same model terms

4. Pool all other common species: 
(a) no significant treatment effects with 
(b) no successful fit (viol.assumptions) 

5. Re-fit mixed model for these 
“functional groups” of species
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2 N-responsive common spp. (REML; Random: Blocks, Plots within Blocks)
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 Individual Plot BLUPs 
Fixed Effects BLUPs (–P/+P pooled)
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(3 Blocks each): + +P

t:t0 p<0.001
t2:t0 p<0.01 



-N

6 7 8 9 10 11 12
0

10

20

30

+N +N

6 7 8 9 10 11 12
Time of regrowth (years since last fire)

Su
m

 o
f 1

1 
sp

ec
ie

s'
 w

oo
dy

 b
io

m
as

s 
(M

g/
ha

) 11 Non-responsive common spp. (REML; Random: Blocks, Plots within Blocks)

 

 Individual Plot BLUPs 
Fixed Effects BLUPs (–P/+P pooled)

 
Measured Plots o –P 
(3 Blocks each): + +P

all model terms p>>0.05
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 Individual Plot BLUPs 
Fixed Effects BLUPs (–N/+N pooled)

Measured Plots o –N 
(3 Blocks each): + +N

+P:t p<0.05
+P:+N:t p<0.01
+P:+N:t2 p<0.05

+P:+N:t:t0 p<0.05

… Differences among
common species in 
growth responses 
responsible for poor 
fit of total biomass

… Effects on 
overall 
community 
composition?



Hellinger-standardization
⇒ display changes in species woody 

biomass composition in fully 
Euclidian space (e.g. PCA, RDA):

Legendre & Gallagher 2001 Oecologia 129:271 

2. Autocorrelated repeated measures
X Rank-based ordinations

Ecologically meaningful community dissimilarity

yij = sp j
yi+ = sum for all spp

1. Zero-inflated data, mostly rare spp
X Metric ordination of raw data 
Orlóci 1978 Multivar. anal. in vegtn. research. Junk 

Faith et al. 1987 Vegetatio 69:57
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• Plots at 1st census
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• Plots at 1st census

– Trajectory over 
subsequent 
6 years

Unconstrained Ordination:
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Unconstrained Ordination: Primarily Plot Effects
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0. Remove variance 
associated with plot 
differences (77% of
Total Variance)
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1. Extract linear axes 
most related to 
model constraints 
(time & fertilization)

• Plots at 1st census
– Trajectory over 

subsequent 6 years

Partial Constrained Ordination: Interaction terms
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1. Mixed models of total plot measures:
powerfully account for background variation, 
but best fit may hide distinct composite trajectories

2. Mixed models of individual species:
can reveal hidden patterns; but 0-inflation problem

3. Hellinger community ordination:
Constraint important (for BACI) to 
separate inherent plot differences 
from treatment*time interactions

4. 4th-Corner Analysis (w.abundances
& autocorr.): Important gap in R…!?

Detect effects despite background variability?
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