
Only Scratching the Subsurface:
An Ecohydrologically Themed Tour of 

the Eel River Critical Zone Observatory

Today, we’ll take a walking tour of the Eel River Critical Zone Observatory at the 
Angelo Coast Range Reserve. We’ll begin by contemplating a North Coast 
ecological mystery that only geology can resolve. Next, we’ll visit Angelo’s 
experimental hillslope “workshop” – Rivendell – where extensive hydrological 
infrastructure produced a set of clues that reveal how a structured subsurface 
hillslope environment controls belowground water storage, and consequently 
water availability to streams and trees. Finally, we’ll explore the confluence of the 
South Fork Eel and Elder Creek to discuss how subsurface water storage dynamics 
impact stream flow and temperature regimes that matter for salmonids.



2

Soil (~ 2m)

Saprolite (~ 4 m)

Weathered 
mudstones

(~23 m)

Fresh bedrock
(~ 32 m)

Increasing depth

THICK PROFILE
Coastal Belt mudstones

THIN PROFILE
Central Belt mélange

2 – 3 m thick

Hahm et al, 2019; Dralle et al, in review
Preprint: https://eartharxiv.org/repository/view/3526/



Salve et al, 2012; 
Rempe and Dietrich, 2014
Hahm et al, 2019
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Each year in the upper 5 to 12 m 
at individual wells about the 
same amount of rock moisture is 
gained and lost.  

At individual wells this amount is 
equal to about 30 to 60% of the 
annual precipitation.   

In the 2014 drought, of the 1000 
mm  of total rainfall, 300 mm of 
it was stored as rock moisture 
and used by trees.

Average rock moisture seasonal 
storage for entire hillslope:  400 
mm

Groundwater: water in saturated soil or bedrock; 
i.e. the water table
Soil moisture: water in soil in the unsaturated zone 
Rock moisture: matrix and fracture water in 
weathered bedrock in the unsaturated zone 

Rempe and Dietrich, 2018

Annually consistent cycle of storage dynamics



Oshun et al, 2016
Hahm et al, 2020 (oaks at Dry Creek)
Lapides et al 2022 (isotopes in streamflow)



Tune et al, 2020
Druhan et al, 2017; Golla et al, 2021  



Forest carbon balance
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Aerobic respiration in weathered rock

Tune et al, 2020



Hydrological modeling

La Follette et al, 2022
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Total dynamic storage

Sd : Storage that directly influences discharge in 
the stream (i.e. groundwater table)

Si : Storage that may vary through time, but does 
not directly influence runoff (i.e. vadose zone = 
soil moisture and rock moisture)

Dralle et al, 2018



Storage capacity and flow regime

Hydrological scaling – Eel subcatchments are geological “hybrids” made up of 
varying percent coastal versus central belt melange

Dralle et al, in review
Preprint: https://eartharxiv.org/repository/view/3526/



Storage capacity and stream temperature

Dralle et al, in review
Preprint: https://eartharxiv.org/repository/view/3526/
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Habitat quantity, quality, and distribution

Adapted from Rossi et al. 2022



Adapted from Rossi et al. 2022
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Predicted mean temperature 
from May 15- July 1 in 4 
scenarios. Scenarios are 
combinations of two mean 
flow conditions (0.5 and 8.0 
m3/s, x-axis) and two air 
mean temperatures (16 and 20 
°C, y-axis). Mean river 
temperatures are calculated 
from the parameter estimates 
of a linear mixed-effect 
model. The pikeminnow icon 
shows where channel mean 
temperature is 16.3°C, which 
was the mean temperature 
from May 15- date of 
pikeminnow arrival at 
Wilderness pool from 2015-
2019 and is an estimate of 
pikeminnows upstream 
distribution July 1 in each 
scenario. In scenario A the 
whole reach is above 16.3 °C, 
and scenario D the 16.3 temp 
threshold, and presumably the 
upstream limit of pikeminnow 
migration for such years, is 
below our study reach.

Linear densities of Coho Salmon, (Oncorhynchus kisutch calculated by summing the total counts within each unit 
and dividing by its length. Each point represents one survey. Densities are plotted against River km (where 0 = 
mouth of SFER, increasing upstream). Left column of plots show surveys in late May and the right Surveys in early 
August. Rows of plots correspond to size classes. Years are shown as shapes and habitat types as colors.

Georgakakos 2020 (dissertation) 
Georgakakos et al, in prep



Upscaling by tracking storage deficits

Dralle et al, 2021; 
Wang-Erlandsson et al, 2016 



In CA, Sbedrock >> Ssoil and the volume of 
bedrock water supplied to forests exceeds 
that stored in man-made reservoirs.

McCormick et al, 2021
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A Central Belt WaterSHED (39.7732, -123.5460)

Hahm et al, 2019

Dralle et al, 2018


