The role of hyporheic zone processes in
nutrient dynamics of streams:
A retrospective analysis

Nancy B. Grimm
Arizona State University
The First Hyporheic Network Workshop, June 2007

Outline

Hyporheic concepts and their history
Desert streams as hyporheic heaven
Hyporheic zone as habitat
Hyporheic zone as eco-reactor

SW-GW exchanges and consequences for
ecosystem processes

Discovering the hyporheic zone...

Grimm and Fisher 1984, Hydrobiologia
Hynes 1983, Hydrobiologia

Questions about the hyporheic zone

General questions

e Whatis it?

« Who lives there?

« How is it connected to the
surface?

« How does this linkage
affect each subsystem?

“A\lanagement questions

Ecosystem questions

* How does it get
its energy?
¢ What is the
limiting factor?
— For whom?
— Limiting to what?
¢ What s its role in
context?

« What needs protecting?

* Is it important to stream/
water quality and health?

with stream alteration,
land-use and climate

« Can we predict changes

» What material
transformations
occur there?

change?
Hyporheic Hyporheic
Stream Ecology Concepts Concepts Processes

 River Continuum

= Patch dynamics

¢ Flood pulse

e Catchment hierarchy

e Zonation

» Habitat template

= Nutrient spiraling

» Hydraulic stream
ecology

®

®

®

Telescoping
ecosystem model

Riverine landscape
Hyporheic corridor
Disturbance-stability

Refuge — habitat

Residence time — transient
storage

Complexity — subsystems

Linkage: SW—GW interaction

— Stream as surface manifestation
of groundwater

Flow paths: upland—stream

connectivity

— Uplands as dry parts of streams

Biogeochemical: carbon
and nitrogen cycling (or
pick your favorite
element)

Metabolism: respiration
and primary production
Energy flow and food
webs (plus organismal
interactions)




The Telescoping Ecosystem Model

* Incorporates:
— Nutrient spiraling
— Riverine landscape/
patch dynamics
— Disturbance & stability
— Linkage
« Developed at reach
scale, extendable to
larger or smaller scales
« Developed for desert
streams, more widely
applicable (we hope)

TEM Definitions
«~Uptake Iength—o.".q
Processing length: piraling length

Average flowpath distance

required to process an amount of

material equal to advective influx.

Retention length:

length of subsystem needed to
remove (or double) advective influx.

Processing length is subsystem- and
process-specific

Retention is sum of all process-
specific lengths for a given
subsystem

The Telescoping
Ecosystem
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Structure and function of aridland
streams

« Disturbance by flash flood
— important to structure
— resets ecosystem processes
— episodic terrestrial-aquatic interaction
- Physical structure
— Open channels, mobile sediments, distal riparian zone
— Sites of GW recharge, receive and process material from uplands
« Biological productivity — high relative to uplands, other streams
+ Nitrogen limited (N is least available relative to needs)

Study Sites




Disturbance and successio
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The hyporheic zone as habitat

Microturbellaria Microturbellaria

Rotifera Nematoda

Nematoda Oligochaeta

Tardigrada Ostracoda
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Boulton et al. 1992, Arch. Hydrobiol

gravel bar

surface stream

hyporheic zone

- Surface—hyporheic
Zone interactions:
lateral and vertical

Hydrologic methods for an
empiricist/ecologist

« Dye injections, hole digging 1

+ Easily inserted piezometers, wells,
etc.

 Short-term hydrologic tracer
additions (2-4-h)

* Long-term Br- tracer
addition (16 d, 40
m)

— SW-gravel bar
exchange L3

— Channel-riparian
exchange

SW-—gravel
bar exchange
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Transient storage zone: what is it?

from Morrice et al. 1997, WRR
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* Respiration
is higher at
down than
upwelling

» Tracks algal

abundance

» Seasonal
pattern
interrupted
by flooding

Jones et al. 1995, Ecology

Jones et al. 1995, Ecology

Jones et al. 1995, INABS
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Potential Production Supported
by Gravel Bar Nutrient Efflux f(

Assumptions
* 10-mgravel bar flowpath, with water flux

of 500 L/h, exchange area of 1m?
* Nitrate-Nincrease from2to 80 pg/L
» O:CN=138:106:16 (Redield 1958 PQ-13) ,
Production supported =18.9 g m*d*
Range of GPPreported =2-15g m?d*

Cold spots

¢ Henry and Fisher
(2006) showed that
periphyton distribution
can be predicted by
these outwelling ‘hot
spots’.

« Cyanobacteria are
significantly less likely
to occur at outwellings
than other sites.

Riffle

Successional patterns in algal
sellNity composition and biomass
eflect changes in N availability

Per Cent Cover

Valett et al. 1994
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Potential denitrification rate = 0.002 mg g h!

Streamflow - — ——
(22

2.2 cm-wide leading edge is sufficient
to explain observed N removal

Key controls on microbially mediated
biogeochemical transformations

substrate
concentration

N

Biogeochemical
Transformations

Nitrification: req. NH4, CO2,
redox
conditions 02
Denitrification: req. NO3,
organic C, anoxia
Assimilation: req. NH4,
NO3, or organic C, CO2

/y v\ or organic C, O2 or not
energy, substrate Dissimilatory NO3
C source stoichiometry reduction: req. NO3,

\/ organic C, anoxia

type and stoichiometr)And soon.....
of primary producers
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Downstream distance from addition (m)

Baseflow exchange?

 Localized regions of
very rapid entry of SW
into riparian zone

« All piezometers had
Br-, converged on
~65% of stream

N
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Conceptual model of stream-riparian
nutrient exchange

Schade et al. 2002, Ecosystems

Does the riparian zone retain or transform
N supplied by the surface stream?

N uptake
Denitrification
4
N input to reach J : N Export

2 —)

N input from stream to riparian zone

Foliar 15N of Riparian Trees
®  sycamore (Platanus wrightii)

ash (Fraxinus velutina)
®  willow (Salix goodingii)
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What causes the difference in 15N between riparian
species?
H1: Distance from the active channel
H2: Use of different water sources
H3: Diffelroences in growth rate
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Willow Ash Sycamore
Schade et al. 2005 INABS

N uptake
0.6 kg 0.09kg

15%

N input from stream to riparian zone
&l

25% N upteke
@ 0.09 kg

N input to reach

mm) 2.4 kg = 4%




Denitrification

' 0.6kg + 0.34kg
N inputto teach .

ﬂ 2.4 kg =57%
‘ 25%

N input from stream to riparian zone
0.6 kg =0.34 kg NO; -N + 0.26 kg NH,*-N

N uptake Denitrification
0.09kg 4 0.34kg 2% J
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= 18% mmp Rexch
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Riparian — stream interactions: floods

Soil (solid) and microbial (dotted)

Pulses of N seen in river chemistry
responses to storms
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Cumiiative daily precipitation (mm

Discharge, ni/s, Nitrate, mg/L
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Wetter 2001 antecedent soil
moisture conditions resulted in
larger summer floods, lower
stream nitrate concentration.

Drier conditions produced higher
stream [NO3-] concentrations,
lower magnitude floods.
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Causal Relationships in Nitrogen
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Spatial heterogeneity in nutrient biogeochemistry
corresponds to hydrogeomorphic template

Reach-scale patches

Riparian plant patches
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Because desert
streams are so flashy...

patterns of N retention
associated with riparian
vegetation may be highly
variable from year to year
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