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Study Area

• Primary and secondary 
pre-montane wet forest

• 120m elevation change 
within watershed

• 12-55° slopes

Soil Characteristics
• Derived from saprolitic tuff
• depths  range  15cm-

<300cm
• 50-75% water content
• Moisture content sample 

taken every 20cm within 
each core

Methods

Depth Measurement
• Bucket auguring/drilling                                                                  until 

saprolitic tuff is <50% of                                                                       
grittiness and chunks

• Depth to saprolitic tuff was                                                          
measured at 101 sites

• Each site was surveyed and georeferenced using a Total Station 
(electronic/optical surveying instrument)

Topography Information
• 770 additional locations were surveyed using a Total Station 

with mm accuracy

Data Analysis
• Digital Elevation Model (DEM) generated 4 x 4m                                                                               

grid cell using kriging
• Depth to saprolitic tuff maps were created by kriging and inverse 

distance weighting
• Simple linear regression was used to analyze the relationship 

between depth to saprolitic tuff  and  topography features
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Introduction

The study took place in the Howler Monkey watershed in the southwestern 
part of the  Texas A & M Soltis Center for Research and Education. The 
center is located near San Isidro de Penas Blancas, Costa Rica. The 
hydrologic movement within a tropical pre-montane wet forest is important 
in characterizing the ecosystem changes as climate change continues to 
impact these fragile environments. Caribbean volcanic ash soils, Andisols, 
have very unique properties, including the capacity to retain large amounts 
of water. Andisols have a poorly crystalline structure from the particles 
grouped together as microaggregates (Dorel et al., 2000). The soils are 
particularly distinct because they have a particle density of 1.41 g cm-3. 
Continuously ranging between 40-50% clay, the soils are characterized as 
clays and clay loams. 

Objective
To map the depth to the saprolitic
tuff in the Howler Monkey

watershed, at Texas A & M Soltis
Center, San Isidro de Peñas

Blancas, Costa Rica. Then to use 
the map to calculate a volume
of soil within the watershed 

which is necessary in a hydrologic 
budget. 

y = -1.3x + 1.3
R² = 0.24
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Corrected Depth to Saprolitic Tuff vs. Slope 

Results  & Discussion cont…
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Photo 1: Rachel Oien bucket 
auguring
Photo 2: Saprolitic Tuff

• The spatial structure of depth to saprolitic tuff was correlated with elevation

• Depth to saprolitic tuff measurements had high variability at closely spaced locations, nugget = 0.0887 m2

• Elevation and slope were weakly correlated to depth to saprolitic tuff

• The small scale variability in saprolitic tuff depth was extremely large 

• Elevation data may not have been collected at a fine enough spatial scale to  
describe local tuff variability

• Average depth to saprolitic tuff across the watershed was 108cm estimated 
from the two interpolated maps

• Approximate soil volume accumulated= 
• watershed topography-saprolitic tuff depth = 32,840m3

• Average soil moisture=66% 
• water the volume held in watershed=soil volume * .66= 21,675m3

• Kriging smoothed the data

• Inverse distance weighting accounts for the 3 deep cores

Results  & Discussion

• Semivariance plots show the spatial 
structure  among elevation and depth 
to saprolitic tuff

• Both semivariance plots of elevation 
(Figs. 2 and 3) have similar spatial 
structure; hence the 101 soil cores 
captured the spatial structure of 
topography

Fig 1. Digital Elevation Model of the Watershed

Fig. 3Fig. 2 Fig. 4

• Depth to saprolitic tuff ranged from 10 cm-250cm

• Depth to saprolitic tuff is not normally distributed
Fig .7 Depth to saprolitic tuff, Kriged

Fig . 8 Depth to saprolitic tuff, Inverse 
Distance Weighted
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Fig . 6 Histogram of depth to saprolitic
tuff measurements

Fig . 5 Percent slope of the watershed
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Soil Locations n=101

Elevation Locations 
n=871

0        60      120 Meters

• Slope depth was   
corrected using 

Conclusions

Spherical Model
nugget=0.89m2
sill= 0.17m2
Range=92m

Soltis Center

Depth (m)

<VALUE>

0.285 - 0.413

0.414 - 0.52

0.521 - 0.635

0.636 - 0.746

0.747 - 0.836

0.837 - 0.934

0.935 - 1.045

1.046 - 1.156

1.157 - 1.374

3D DEM of Watershed

Value
High : 114.025

Low : -12.7015

Depth (m)

<VALUE>

0.057 - 0.427

0.428 - 0.588

0.589 - 0.761

0.762 - 0.911

0.912 - 1.061

1.062 - 1.257

1.258 - 1.603

1.604 - 2.169

2.17 - 2.999


