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Appendix 1. Supplementary figures 

 

 

Figure A1. Sampling sites (black triangles) distributed across gradients of land use in the 

municipalities of Santarém (c. 1 million ha; 45 sites) and Paragominas (c. 1.9 million ha; 49 

sites), eastern Brazilian Amazon. Land use classification derived from Landsat 2010 imagery, 

showing primary forest (dark green), secondary forest (light green), and deforested areas 

(orange). Gray polygon in the top right map indicates the Amazon Basin. Some sampled streams 

in the eastern portion of Paragominas do not flow directly, but are connected, to the Amazon 

Basin sensu stricto. 

 

 

 

 

 

 

0 50 100 km

PARAGOMINAS 
(PGM)

PGMSTM

SANTARÉM 
(STM)

0 15 30
km



	   3	  

 

 

Figure A2. Representation of the three different spatial scales (dashed lines) considered for 
landscape analyses: the whole catchment upstream from sample site (“catchment”); 100-m wide 
buffer along the entire drainage network upstream from sample site (“riparian network”), and 
100-m wide buffer around the sampled site (“local”). Sample site is a 150-m long stream reach 
(red dot). 
 
 
 
 

 
 

Figure A3. Schematic representation of the sampled stream reach. Each transect was named from 
the downstream ("A") to upstream ("K") and marked with flags along the stream stretch. A total 
of 11 transects and 10 longitudinal sections of 15 m were established. Fishes were captured using 
seines (top-right) and semi-circular hand nets (bottom-right). 
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Figure A4. Non-metric Multidimensional Scaling (NMDS) ordination of sites from Santarém (n 
= 40; green dots) and from Paragominas (n = 49; dark gray dots) based on fish species 
presence/absence (A) and abundance (B) within streams. 
 

 

Figure A5. Position of the predominant state of each ecomorphological trait along each Principal 
Coordinate (PCoA) axis that composes the multidimensional functional spaces for fish species 
pools in Santarém (a) and Paragominas (b) sites. The functional identity (CWM) for each local 
assemblage is the abundance-weighted average value for each of the PCoA axes. See details in 
Fig. A6, Fig. A7, and Table A5. 
 
 
 
 
 
 

a b
PCoA1 PCoA1

Multicuspid Teeth shape Viliform/Conic Multicuspid Teeth shape Viliform
Low Number of teeth High Deep Oral-gape shape Wide
Deep Oral-gape shape Wide Up Oral-gape position Down
Large Eye size Small Large Eye size Small

Lateral Eye position Up Lateral Eye position Up
Low Pectoral-fin position High Compressed Body transversal shape Depressed

Elongated Aspect ratio of pectoral fin Rounded Low Pectoral-fin position High
High Caudal-peduncle throttling Small Elongated Aspect ratio of pectoral fin Rounded

Crescent-like Aspect ratio of the caudal fin Rounded Crescent-like Aspect ratio of the caudal fin Rounded

PCoA2 PCoA2
Long Mouth-protrusion length Short/Absent Comb-shaped Teeth shape Absent

Large Eye size Small Pectoral-fin rowing Fins surface ratio Caudal-fin/Body 
propulsion

Pectoral-fin rowing Fins surface ratio Caudal-fin/Body 
propulsion Large Fins surface to body size Small

Large Fins surface to body size Small

PCoA3 PCoA3
Conic Teeth shape Viliform/Comb-shaped Conic Teeth shape Viliform/Comb-/

Spoon-shaped
Compressed Body transversal shape Depressed Long Mouth-protrusion length Short/Absent
Elongated Body transversal surface Compact

PCoA4 PCoA4
- Teeth shape Canine - Teeth shape Multicuspid

Compact Body transversal surface Elongated Elongated Body transversal surface Compact
Small Body mass Large Large Body mass Small
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Figure A6. Four-dimensional representation of the functional space of the regional pool of stream 
fishes from Santarém (67 species), highlighting the distribution of each ecomorphological trait 
(as indicated above each pair of plots). Each plot represents two axes of a Principal Coordinate 
Analysis (PC), where species are plotted with dots according to their respective trait values. 
Species with high (superior quartile) and low (inferior quartile) values for each continuous trait 
are highlighted in red and blue, respectively. See specific legend for ordinal and nominal traits 
below their respective plots. 
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Figure A6. (continuation) 
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Figure A7. Four-dimensional representation of the functional space of the regional pool of stream 
fishes from Paragominas (112 species), highlighting the distribution of each ecomorphological 
trait (as indicated above each pair of plots). Each plot represents two axes of a Principal 
Coordinate Analysis (PC), where species are plotted with dots according to their respective trait 
values. Species with high (superior quartile) and low (inferior quartile) values for each 
continuous trait are highlighted in red and blue, respectively. See specific legend for ordinal and 
nominal traits below their respective plots. 
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Figure A7. (continuation) 
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