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‘6.1 Introduction

here is general agreement that river flow variability is a major driving force in shaping
uvial hydrosystems and in determining ecological strategies and species richness in
- water courses (Southwood, 1977; Hildrew and Townsend, 1987; Townsend, 1989; Poff,
997). Flow variability creates conditions for water fluxes and linked material exchanges
etween surface and groundwater (SGW), resulting in an active interface zone with
ing boundaries in time and space. This interface or ecotone is termed the hyporheic
e, where flow direction and strength of changes over time and space varies, providing
amic conditions for metabolic and biogeochemical processes. Hydrologic and geo-
tphic contexts (including SWG exchange) establish a template upon which biotic
cesses operate (Poff, 1997). Thus, effectively to address natural trends as well as
lan-modified changes in fluvial ecosystems, ecological and hydrologic perspectives
tbe merged. For management, the priority is to identify the timing, frequency, mag-
» and duration in flow variability that is needed to maintain processes as near to
8:1 conditions in space and time as possible (Petts et al., 2005). Hence, information
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ili i tural or human-
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6.2 Fluvial Ecosystems: The Hydrogeomorphic Template an
Ecosystem Function
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6.2.1 Fluavial Ecosystem Function: Biogeochemical Dynami

i conceptual mo!
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responsible for nutrient processing; (ii) development of microhabitat conditions, such as
redox conditions, that favour certain processes over others, and (iii) delivery of essential
materials (macronutrients, organic carbon) from uplands to fluvial ecosystems or among
different compartments of fluvial ecosystems. Finally, the biogeochemistry of fluvial
ecosystems is a function of the biogeochemical processing in each component subsystem,
linked by the fluxes of water among them (Fisher ez al., 1998).

Effects of SGW interactions on biogeochemical dynamics will vary depending on basin
size. Small streams are subject to short-duration but severe floods. Fluxes from the bank
to the clearly delimited riverbed are direct, with consequent extensive interactions between
soil and water. The contributions of material and water fluxes are usually unidirectional
(basin to river). Small streams in their valleys are best visualized as the visible fraction
of underground flows (Winter, 2001), rather than as disconnected gutters draining catch-
ments. By contrast, large floodplain rivers have low bank length:volume ratios, and the
river both deposits and entrains sediments and nutrients from parafluvial zones during
floods. Major alluvial aquifers and extended floodplains are important storage reservoirs
for water and nutrients that are mobilized during periodic floods. The contributions of
groundwater from uplands are proportionately lower than for small streams, with a vast
hyporheic zone interacting with the river and creating a fluvial ‘riparian corridor’ or
‘hyporheic corridor’ (e.g., Stanford and Ward, 1988, 1993). Thus, the magnitude and
direction of connections between the catchment and its river vary downstream. Intermedi-
ate-sized rivers exhibit riffle—pool morphology featuring downwelling zones, where
surface water enters the subsurface, alternating with upwelling zones, where hyporheic
water is discharged to the surface. Matter fluxes are lateral (bidirectional exchanges with
parafluvial and riparian groundwater) and vertical (bidirectional exchanges with the hypo-
theic zone). These patterns of SGW exchange strongly influence river biogeochemistry
because of differential processing of nutrients and organic matter in surface and subsur-

“1‘ face environments (e.g., Dent et al., 2001), and because groundwater inputs often are
chemically distinct from the river.

6.2.2 Fluvial Ecosystem Structure: Biotic Communities

Superimposed upon the hydrogeomorphic template of fluvial ecosystems are its habitats,
which determine the structure and dynamics of biotic communities and their component
populations. Extensive research and theory connects this template (especially flow
dynamics) to communities of fish and macroinvertebrates (e.g., Southwaod, 1977; Connell,
1978; Townsend, 1989). More recently, the importance of SGW exchanges and the
different zones or ‘biotopes’ they create has been recognized (e.g., Boulton er al., 1992;

ont et al., 2006). In sandy-bed rivers, surface benthos is often absent owing to
ur, whereas deep hyporheos is protected from export and may thrive due to high rates
-SGW exchange, which delivers organic material through the sandy matrix (Boulton,
93; Rouch et al., 1997; Fellows et al., 2001). Of course, biotic communities include
ganisms within functional groups ranging from denitrifiers and nitrifiers (bacteria) to
five predators that transform large biotic particles to small particles and dissolved

ents (fish), and so these communities are essential components of biogeochemical
arnics.

Sco
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6.3 Flow Variability and SGW Water Movements

Water flow drives nutrient fluxes in fluvial ecosystems. Flow variability induces fluctua-
tions in water depth of river channel cross-sections (laterally) and along the long profile

(downstream). Just as variation in surface water hydraulic gradient (a measure of the dif-
ference in water total energy between two points in space) drives water movement between
points on a river, water movement between free-flowing water and connected unconfined
porous media can be approximated using the hydraulic gradient (HG; see Chapter 9).
Local conditions can create or enhance HG along a water course, generating local flow-
paths in riverbed sediments and banks at angles from the main flow direction. The extent
of SGW exchange will depend upon both HG and saturated hydraulic conductivity,
according to Darcy’s Law (e.g., Maidment, 1993). Variations in HG and hydraulic con-
ductivity in space and time yield variations in water flow and SGW exchanges. Hydraulic
conductivity values of the channel-lining layer range from 107 to 10°msec™ (Calver,
2001). As a general rule, hydraulic conductivity of riverbed substrates is greater than that
of bank sediments by a factor of 100 to 1000, such that water flux will be greater in bed

sediments than in the banks at any given HG (e.g., Wroblicky et al., 1998).

6.3.1 In Space
SGW exchange can occur in several directions. At small scales, exchange between surface
and hyporheic waters is dictated by variation in form of the bed (Savant et al., 1987;
Thibodeaux and Boyle, 1987; Harvey and Bencala, 1993) or the influence of structural

features — including biotic features such as macrophyte beds or fish nests (e.g., White,
tures cause local variation in vertical HG (VHG) or

1990; Dent et al., 2000). These feal

hydraulic conductivity, and hence SWG exchange. Heads of riffles are infiltration zones
(downwelling) of surface water in the hyporheic zone, and discharge zones (upwelling)
occur at the end of hyporheic flow paths, often at the tails of riffies. Similar variations
occur at larger scales, such as variation in VHG near riffle-pool transitions (e.g., Dent
et al., 2001) and variation in hydraulic conductivity associated with abandoned channels
in oxbows of meandering rivers. Such lateral water movements may also be linked to an
existing HG between a river and shallow groun
the river corridor, hydraulic conductivity tends to de
coarse sediments, to lowlands, where fine sediments dominate.

expressed in the hyporheic corridor concept
the ratio of annual overland flows to interstitial flow

river mouth.

Longitudinal components of SGW fluxes correspond to shortcuts in meanders, agal
as a result of HG and bank hydraulic conductivity. In
rally steeper upstream within a river network, with more riffle-pool sequences per km
more pronounced steps, Creating greater opportunity for SGW exchanges regardles
river flow regime. This idea was investigated using a three-dimensional mecham

denas et al., 2004), parameterized

hydraulic model under steady-flow conditions (Car
data for a channel bend. Heterogeneity of hydraulic con

field hydraulic conductivity
tivity, bed-form profile, and channel curvature had significant influences on hypor
zone geometry, SGW flux magnitude, and residence time. The major cause of SG
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6.3-2 In Time

Fluxes across the SGW interface are known to vary seasonally (e.g. Evans and Petts,
1997; Malcolm et al., 2004). Based upon the case study presented above, larger HGs
support downwelling in the channel at medium to high flows. These flow conditions occur
~60 % of the year for this case study, compared with just 10% of the time (at low flow)
when upwelling dominates. Three-dimensional SGW exchanges can persist with low,
almost steady, flows except for the lateral concave bank. Gradient magnitude is empha-
sized with intermediate flows, which corresponds to unsteady flow conditions. Of course,
these results may not apply in other contexts, such as streams or rivers that are strongly
groundwater fed, where near-channel head gradients should be modified. During drier
periods in more humid climates, groundwater feeds the river as baseflow. During wet
weather, alternating rise and fall of river stage generates exchange fluxes from surface
water to hyporheic and floodplain waters, and the reverse also occurs (Evans and Petts,
1997). In arid regions, VHG strengthens during the dry season, and the direction of SGW
exchange may even shift from discharge to recharge (Stanley and Boulton, 1995). In
human-controlled, steady low-flow conditions, vertical flow should predominate as a
result of reduction in lateral head gradient between SW and shallow GW surface, but as
shown in Figure 6.2, lateral and longitudinal flux can persist in river banks as a result of
planar and vertical geomorphic features. Flow variations in time can modify SGW bound-
aries, producing greater changes than expected given the geomorphic template (Figures
6.1 and 6.2). Rapid change in flow emphasizes vertical hydraulic gradients between the
channel and surrounding shallow floodplain groundwater, reinforcing lateral exchange
_ rates. The latter case was shown to occur in a matter of hours during flooding of a
mid-sized river in Arizona, USA (Marti et al., 2000). The temporal distribution of flow
- variations and antecedent events are critical variables in determining SGW exchange
~ boundaries, because VHG and even hydraulic conductivity can change rapidly. Thus, the
total annual flux across the SGW interface is not likely to be the same for small VHGs
over long durations as for large VHGs over short periods of time. Measurement of flow

duration across a range of discharges is therefore needed to characterize the influence of
- flow variability on SGW exchanges rates.

: 6f3.3 An Analysis of Flow Variability Dependency with Basin Area

oth the duration and intensity of flows are expected to control SGW exchange rate as
ell as the spatial extent of the hyporheic zone. Comparison of flow variability for range
f basin areas can provide scaling factors to judge how the strength and direction of SGW
hanges changes with system size.
“Inthis analysis, time series of daily river flows from the Colorado (Arizona, USA) and
i¢ Loire (western France) basins were used to: (i) evaluate how SGW exchange scales
‘basin area in two contrasting climatic regimes, and (ii) compare the effect of arid
umid temperate climates on flow variability. River gauging stations were chosen to
tarange of basin areas from 100 to 100000 km?, selecting as far as possible a common

oring period in each basin, but giving priority to natural flow conditions. The dura-
feach time-series used was 10 years.
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The Colorado River basin in southwestern USA is a ~489 000km? catchment with
headwaters in the Rocky Mountains. The Colorado drains mountainous and lowland arid
and semi-arid terrain, and has been heavily modified to meet water-supply demands for
agriculture, Mining, and urban growth in the region. Discharge from the mainstem Colo-
sado to the Gulf of California has dropped to a trickle as a result of this water use. Annual
precipitation ranges nearly 1000mm in the mountains, which falls mainly as snow, 10
under 200mm in the deserts. Temperatures exhibit a similarly wide range (<0—>45°C),
with cold winters in the mountains and hot, dry summers in the deserts. The basins
selected for analysis ranged in area from 100 to just under 300 000km?, and are drained

by unimpounded, free-flowing rivers.

The Loire River in western France drains 110000km” of gentle terrain in the west and
highly eroded mountainous lands in the east that account for a quarter of the total area.
The basin is covered with a patchwork of land uses from forested uplands t0 agricultural
and urban areas on flat lands. Climate in this region is humid, with annual precipitation

ranging from 700 mm in the plains to 1000 mm in the mountains, and is characterized by

cool, rainy winters and mild summers. River flow alterations include hydropeaking in
mer; however, the latter

winter and abstractions for agricultural water supply in the sum
impacts mainly the Loire mainstern. Basin selection covers a range from 100to 1 10000 km?
in area, with nearly patural flows for <5000km? catchments. The specific discharge for

small to large Colorado and Loire basins, respectively, ranges from 0 to 4 and from 5 to
15157 km™.

Flow variability has two dimensions: the first re
the second concerns the timing of given flow co
coefficient of variation (CV) was calculated from

is a dimensionless measure of the dispersion around the me

flects deviation from a mean value, and
nditions. For the first dimension, the
the discharge time series. This metric
an discharge; hence, it can be

used for comparison between basins and across spatial scales. Higher values of the CV
for natural flow regimes often reflect a high ratio of peak-to-mean flows. The temporal
distribution of flow fluctuations was assessed using mean event duration (D-value) and
mean number of events per year (N-value) versus basin area. Events were defined as flows
exceeding a threshold, with duration of exceedance computed for each event. Median
discharge was used as the threshold because, by definition, it gives the flow value that is
exceeded (or not reached, in the case of low-flow events) half of the time. The median
reference is calculated only for the period of flow for intermittent streams to focus on
water-movement indicators. To illustrate the dynamics of flow, the relationship between
mean time of rise to peak flow and mean event-flow duration at each station was consid-
ered. To judge the magnitude with duration, the rate of change was calculated as the peak
event flow divided by the median flow to give an M-value.
The comparative analysis of discharge time series revealed differences in flow Vart:
ability for the arid/ semi-arid Colorado basin compared to the humid Loire basin. Overall
CV was greater in the arid basins than in the humid basins. CV decreased from small
large basins above 2 threshold of ~1000km? in both climatic situations, although th
pattern is more marked for the Colorado (Figure 6.3). Below this threshold, CV Wi
positively correlated with basin size for the Loire basin. In contrast, the Colorado exhi
ited no clear relationship between CV and basin size for small basin areas. It may be
Jocal basin features, like topography and geology, more strongly influence flow variabil!
of small rivers in arid climates, but a regional study should be developed to confirm

D" event mean Duration (days/year)

Coeff. of variattion

S
urface Water-Groundwater Exchange Processes

8
R =0.15 P=0.33 & Colorado
7 ——
6 L & Loire
i
5 L] K]
I
)
4 ““"“'I/)/.i X n RE=0.5 P=0.01
I
3 L] ; n -
|
24— m |
I=
D) &1 o
! o1 L N \—
=

) .
o L__RE=06 P=0.02 R?=07 P=0.0g4
100 1000 ’ I
10000 100000 1000000

In of basin area (sq.km)

| = Colorado

< Loire

T ;

il

:‘v||x|1|‘ T |||:;“: . =
TTTTT T LI
10000 100000
In of basin area (sq.km)

1000

T

10000000

tation that in arid cli
climates tempor : .
i . al grad )
d induce more intense exchanges gradients in water level will be greater and

101

“gUIe 6.3 C()e” i nt ot I f ream flo function of (fIS( har e for artous
; cient va iatfon g
I ! ' of st l W as a fu Ct
Sized catc wnents in the CO/OfaGO ‘eIVEI basi”, SOUt“WeSteI” USA and th L re ba i I /y
Y e Lot SI'”,

{coefficient of variati
ariation calculated from 10 years’ data in each oystem.) France

ure 6.4 Mean eve .
nt duration per
nts in the Color. : 1 per year versus Jog of basin siz : .
ado River basin, southwestern USA, and the Li;irrr(e)rbvar'lou;/y sized catchr
’ asin, rrance



Future
102 Hydroecology and Ecohydrology: Past, Present and Fu

jons are expected to
ion of flow fluctuations
As discussed earlier, the frequency and duration mber per year decreases as mean

event nu ) i-
. SGW exchanges. Mean even ionships that link these var
influence HGs "}ﬂgg;‘;zs according to the mathematical relationships
event duration 1n

. eriods (out points
3 ittent streams with no ﬂow_ pe differed
. ept for arid intermitien nificantly di
ables (Flgm;e ?\f;;::‘;fp event duration and event nutr;llber :,Zﬂ;t:&itic al population is
from curve). -1 both belong to the sa ith 2 mean
. - the probability that ] S w events with 2
between dm;/a tef;,s ectipveb" Overall, the Colorado basin CXhll":l:'z fsoevent duration for the
<1% nd <fSZOO ’dl;iyf repeated on average pine times a year, Whe
tion . 3 er year. .
il,l:iie basin is 28 days and frequencgggﬁexége:rga) Zhows a major change 1 mt;a;l
its outlet (~300 ation (white triangie)-
The Colorado at its ou s a result of dam Oper: lates
. from 36 to & days, a igure 6.5). D-Value also correlate
event duration D-value, ’ 00km? in area (Figure 6.5). L FRigure
ds to basins <1 - ohin in the humid climate (Fig
Such a value correspon : ngest relationship in t but
- i in area, with the strong sLtd ively small datase!
positively with 1?1‘% bfiiin this analysis, which is limited to 2 rela‘m;re};SC & mumber of
64). We conch ?de range of basin areas, that event durations In
encompasses a wide ra . (0 to
asin area increases. _ exchange (owing
events def:reaf;aitisatiarge number of events favours mcrf;’ff‘iiﬁ-lvri total SGW exchange
sumin . ion should de .
ab:l;t charées in hydraulic gradient), event duration the relative magnitude of events,

ire data
i i th Colorado and Loir
i d the time of rise to peak on basin area .(F1gure 6.6tz‘.e]3;c;me b valucs
t1otr:"batltl similar pattern for the two indices, with almostf D S e in the iver
exhibit a s . dices "
i itude gives an in
Relative flow magni

3 ]

i au
to easily transfer the median flow. Bec

s Colorado
& Loire o

A Adificial flow

-

1

5 101520253035404
“p" event mean Duration (days per year)

i rio
mean duration per year, forh vaFr
'n USA, and the Loire basin,

°N" event mean Number / year

50 55 60

a m f 5 a. ven
F’gure 6.5 Me nnu be!‘ oreven per ye rversus ew t
SiZ ed (:atchme I e O’O dO Rlve b in, O

A nts in t“ (: ra r pasin, s uth este

-values and forms the basis for flo
“tecurrence intervals of major events (Javelle et al., 2002). Time of

Surface Water-Groundwater Exchange Processes 103

(23]
o

3.50 ~
R2 = 0.77 P=0.000 '
-+ 3.00 E

Relative magnitude g
T 250

Duration
/,..-—""" + 2.00
/Rh 022 P=0.004 | 150

4]
<

p-s
<

means of event duration and time
of rise (days)
w
L]
of relative magnitude (c

20
7 © Time of rise + 1.00
0= R2=0.11 p=0.05 T 0.50
0 . . 1 —+ 0,00 =
100 1000 10000 100000 1000000

in of basin area (sq.km)

Figure 6.6  Magnitude, duration, and time of rise to peak flow versus basin scale; regressions
presented for Loire and Colorado Rivers combined

relative magnitude is strongly correlated with log basin area (R*=0.77; Figure 6.6), larger
basins should exhibit larger water-level elevations during events as a percentage of median
flow, and vertical hydraulic gradients between SW and GW should be correspondingly
greater. Also, since event duration is positively related to basin area, event duration and
relative magnitude are correlated (for the Loire and Colorado, R? = 0.44 and 0.22, respec-
tively). Such a relation between magnitude and duration is clearly confirmed for maximum
od magnitude—duration—frequency analysis to calculate
rise to peak flow is only
weakly correlated with basin area (Figure 6.6) but the trend does imply that water leve]
€s faster in small than in large basins. Again, rapid changes in water elevation might lead
strong, short-term vertical hydraulic gradients favouring SGW exchanges.

to medium-sized basins should provide
han do rivers of larger basins. From our
get an idea on the ‘quantity’ of water exchanges, but clearly
temporal and spatial dimensions of concern are not the same for small to medium and
¢ basin sizes. This has clear implications for the validation of ecological concepts at

priate scales (Minshall, 1988).

drologic dynamics described in the previous section interact with the fluvial land-

, few studies are conducted for a
f scales and flow rates. The analysis presented here of how flow variability scales
$in area may provide a starting point for hypotheses about major controls of SGW
4nges for a range of fluvial ecosystem scales, considering duration (D), Frequency

Intensity (M) of events over a frequent discharge like the median discharge in
ple (Table 6.1).
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GW exchanges at a range of basin ar‘eas,
bility with basin area. For each. bas:y |
and the important biologica

Table 6.1 Hydrologic factors likely to c;)ntrc\)/{a f, c
based on scaling analysis of chaqge.s in f c:c}/v o,
area, the relevant spatial scale within the ;v ccosysen,
and anthropogenic influences on SGW exchange,

. e Sensitive
i Hydrologic Indicative Biologic influences anthropogenic
I(SkaSlzl; e faZtors fluvial influences
m
i | ecosystem
time scale dimension of
concern -
arg
Humans . .
Sector Flow diversion
>10000 2 Z 255:; days {hundredths
Of meterS) ; Strai htening
1000 to AD/I: :?2—35 days Reach (tenths Lo(r;gv-;gg_d trees Bridge |
10000 N < 6 days of meters) transpiration) construction
M>1 Beavers .
. o tion Bank incision
Punit  Riparian vegeta k stabilization
= 20-25 days Channe 00d Bank stab
100107000 g < 8 days (meters) g::;rrizge WO Canalization
M>0.5 Large tras_h )
. ; on,
15-20 days  Sub-unit Fish bioturbation Intrrggléiil e
<100 z; 10_days (meter) Algal mats species
M <05 Channel _
- modifications
Pollution
Invertebrate .
<10 Dz: N h?gr?jays Particle bioturbation ché(r)egsg”llﬁling
I\N4** ZZ 0.5 (decimetre) inverts and
microbiota)

Sedimentation

i nitude per year
: event mean relative mag
duration per year, N: event meéan number per year, M: eve
* D: event mean dur " , N:
Ek)Jg measure). ** expected time scale, not tested

d Fluvial
6.4 Implications of Flow Variability for SGW Exchange an
Ecosystem Structure and Function

_— . s
6.4.1 Material Delivery to and within Fluvial Ecosystem:

i 1 riv
i matter entering the
The catchment is the ultimate source of nutrients and organic

As water flows from uplands to fluvial ecosystems, t ren dov '
i orts chemical elements from oné comp O tions i

patPS’.lt tra.nSp. ic reactions within the catchment buffer mat;n Oy and

Ablom? e wat r'ehence concentrations of dissolved organlc car‘t{on O

riVmt'Vla p(?;Zr:lztiz,henﬁca’l signatures) of rivers are relatively stable an

reactive mi

CO. 0] (I (8] & 1T1Ver ‘()I exalnple resu

hen downstream along ri‘verme ﬂtz
or functional unit to anow
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degradation reactions and adsorption, a concept reflected in the ‘regional chromatography
model” advanced by Hedges et al. (1986). Hedges er al. (1994) further suggest that greater
attention should paid to nitrogen (N) content as a factor modulating organic matter
exports.

These material fluxes, both to and within fluvial ecosystems, are dependent upon sea-
sonal distributions of hydrologic events (i.e., high flows), as well as vegetation activity
and soil temperature. The mobile products of leaching, decomposition, and other terres-

water movement from catchment via subsoil waters to the river (Cirmo and McDonnell,
1997; Salmon er al., 2001; McGlynn and McDonnell, 2003). This action is exerted on

rivers, the direction of fluxes may be reversed (i.e., from river to riparian zone; Marti
et al., 1997). Studies of nutrient dynamics require analyses of spatial and seasonal varia-
tions of transport through, and activity in, different permeable media, such as upland soil,
the riparian zone, and the hyporheic zone. These dynamics are driven by the physical
movement of water in the fluvial €cosystem as a whole. Each functional unit may work
as a filter (mechanical, chemical and biochemical filters). Stronger active zones (hot spots)
are places where filters are particularly effective.

6.4.2 Modulation of Nutrient and Organic Matter Delivery by
the Riparian Interface Zone

The river is coupled with its catchment via the riparian zone or floodplain, whose nature
and width modulate transfers of organic matter and nutrients (Gold ef al., 2001; Burt and
. Pinay, 2005). Floodplain width and development can vary along river courses; thus, there
is variation in the capacity to modulate sediment or nutrient delivery to the river from the
catchment during floods. Within the fluvial landscape, heterogeneity in both biotic activity

95). However, at the ecosystem scale, zones of high denitrification potential can rep-
sent zones of low hydraulic conductivity. Therefore, the total capacity for N transforma-
n within these active zones can be low (Figure 6.7).

Permeable media within the fluvial ecosystem act as biogeochemical reactors whose
iction varies with hydrologic conditions. For example, transport of organic matter from

neral phase in soil interstices, leading to low concentrations. During storms, the system
hort-circuited, and large quantities of organic matter leached from surface litter or
getation are moved rapidly to the river without passing through soil horizons, where
bial uptake or fixation on minera] surfaces might have taken place. Under these
ons, the organic matter reaching the river is less degraded due to its short residence
in the soil. Such organic matter pulses are transitory and quickly absorbed, but in

am rather than the soil. The organic matter residence time is a few days, or even
+hours,
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I
Denitrification efficiency I
at the "bacteria" level ‘ A P
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at the "ecosystem" level e
- I"Iydra'ulic Conductivity €D
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Figure 6.7 The whole-system capacity for denitrification (i.e., efficiency of the nitrogen “filter’)
is a function of both bacterial efficiency (top) and hydrologic properties (bottom), since both high
biological activity and substantial hydrologic flux are required for an effective nutrient filter

In the model just described, near-stream riparian zones are of considerable importance
as an organic matter source to the river. High DOC concentrations associated with runoff
from storms or snowmelt often come mainly from the near-stream riparian zones (Boyer
et al., 1997), whereas infiltration water has a more distant origin and tends to be lower
in DOC concentration and more refractory. These suppositions are reasonable for soils
of the Hubbard Brook Valley (New Hampshire, USA) with its impermeable horizon that
functions like a podzol. Here, more tiver water comes from superficial horizons and deep

infiltration is significant. The model requires testing in more porous soils.

6.4.3 In-stream Biogeochemical Function and Flow Variability

The hyporheic zone lies at the interface of the epigean and hypogean river subsystems,

with its size dynarmically determined by porosity and the volume of water interacting with
the surface (Triska et al., 1989). Dimensions of the hyporheic zone will change i :

response to flow variability, as shown above for our case study. Like SGW exchange rate.
biogeochemical activity in the hyporheic zone changes in response to surface water flo
and its variations (Stanley and Boulton, 1995; Valett et al., 1996). The hyporheic ZoB
can serve as a mechanical, physical and biochemical filter. Hyporheic sediments stof
and process Organic matter and nutrients mostly received from exchange with surfac
water (Grimm and Fisher, 1984: Jones et al., 1995a; Boulton et al., 1998; Grimaldi:an
Chaplot, 2000). Riffle zones are important sites of SGW exchange (Speaker ef al., 198
Pusch, 1996); downwelling zones supply organic matter that fuels heterotrophic micro
metabolism (Pusch and Schwoerbel, 1994; Jones et al., 1995b; Mulholland et al., 19
which in turn supports a diverse and unique hyporheic community (Danielopol,
Boulton et al., 1992; Findlay et al., 2003). Thus, temporal dynamics of hyporheic-_;
biogeochemical processes are higbly dependent upon SGW exchanges that affect de

of these materials.
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Variations i . .
dire:ﬁlggs 01? Sﬂg}v\vv can also influence biogeochemical function via effects on the strength
avel b (e € Sexc];l?anges. An'example is provided by DOC dynamics in a river
. D% i . ) iogeochemical processes within the gravel bar result in stron
éhydrologic ev; x\]/targ:ifnlg)(t)hc 1patte;;'ns, or no change, depending on the magnitude 0%
: . e low flow period, DOC concentrati ithi
o ) ions within the hypo-
hnessnoef 2:1 icrrolreltrtoll;?)d b.y very local parameters such as grain size or organic metZr
! cosed by seme fflai'of‘i::-lf ié’looc'is, the hydraulic conductivity of the sediments can be
ne interstitial particles, and retenti
S~ . . : s etention does not occur.
gal.bio}xlrl aIsl;a i1:!10\.;&/ regime con?rols b1910g1ca1 nutrient use via its influence on plant and
spionis thnve%'s. Large rivers with constant, slow flows can support water-column
[ ‘ngth ?o ﬁat édllregtly use dissolved nutrients, whereas more variable flows restrict
xed substrata. Biomass of attached al i i
o ' ' gae or biofilms varies substantial
mat:gler :;ggse:ﬁgré Iclurmig 9hlgh flows, followed by low-flow periods when bigri?ag
‘ ose, 1989; Grimm and Fisher, 1989; i
” ;G \ ; Battin et al., 20034). It i
gr!gr\:;thltggg )ca;[ account t;cl)lr a high rate of nutrient uptake from the water cglumlrsx
) . However, the relationship between nutri
2t Diofls, gttt o nor : utrient content of the water
: always direct (Ameziane et al., 2002;
1 turn, biofilms can have an effe e et -
n, : ct on the rate of SGW exchang
UC variables like transient storage (Battin et al., 2003b). e and other hydro-
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6.5 Conclusion

Dynamics of SGW exchange processes a.n'd associated ecosyzicm g:n;t:;);l;e;nr ;:;: ;::gh
ridors clearly relate to hydrologic variability. At the local scde oonstrated oy i
morphic unit, direction and magnitude o'f e:gchange wer;: em.CS e e 1y arge
discharge range and flow dynamics. Investigation of th?se . ynanfuﬂ Lo ity for twe
water courses was performed by generating hydrologic 1nd.1ce.s o ac; e e The
contrasting regions, and examining how they changed with 111cr251irmltic e aid o
strength of scaling relationships depended t_o some‘extent upon T dologic
temperate). Biogeochemical process dynamics are likely to covzrzc e tions
gradients, based upon a literaturﬁ survey of E}C}iﬁi‘élz;;:zx;gpi ;:ches toyﬂoW oy in

ecohydrologic approach that marmes log _ i
sp:;l and tz,me angd ccc?logical understanding of biotic responses ca&f?g:;i ic:;,r lllllrllrc:gn
standing of fluvial ecosystems and lead to better r_nana.gement unfers e enatine
manipulation and indirect impacts. Ecohydrology in this sense re:S oS 0 o function
enterprise, with ecologists bringing understanding of ecosys-ﬁtem e o il and
and hydrologists bringing knowledge of energy and water u;ces;,han e tymaion
SGW exchange. Flow variability can affect fluvial 'ecosystems yd biogeochemcal mics
of SGW interactions that are key to biotic comr.m.lmty sttucture an enei% e ealed
tion at a wide range of scales. Concepts recogn}ZIng spatial h[:"timg dvazcmg i
phenomena that influence SGW interactions will be most usetul to a

ing of fluvial ecosystems.
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