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ABSTRACT: Healthy fish populations are dependent on streamflow regimes 
that protect the ecological  integrity  of their habitat. Fish habitats are the con- 
sequence of lin  a  e amon the  stream r.woci  •  Iai  •  ran and u•land  zones, 

_and watershe geograp_y.  luvial-geomorphic processes form an 
habitat. because  fh-is,  multiple in-channel and out-of-channel flows are needed 
to maintain these processes. We present a conceptual methodology for measuring 
four types of streamflow regimes: instream flows, channel maintenance flows, 
riparian maintenance flows, and valley maintenance flows. The combination o 
these four streamflow  types is designed to protect fish and their habitat. Usi 
a case study of the Salmon River near Whitebird, Idaho, we demonstrate h 
the methodology could be used tO  develop a multiple flow recommendati 

KEY WORDS: Ecology, floodplain, flow management, geomorpholo , in-
stream flow, Instream Flow Incremental Methodology, riparian. 

INTRODUCTION 

A  Iteration of streamflow for power 
production, irrigation, flood control, 

and other purposes adversely affects aquat-
ic resources. The question of how much 
streamflow is required to protect aquatic 
resources has been examined over the years 
from several perspectives including fish-
eries, channel maintenance, and riparian 
zone. Instream flow requirements for fish-
eries have been extensively studied and 
many technical approaches have been ad-
vanced (Stalnaker and Arnette 1976; 
Wesche and Rechard 1980). Instream flows 
to maintain channels and geomorpholog-,, 
ical processes have also been investigate 
(Beschta and Platts 1986; Rosgen et al. 198,6;  
Reiser et al. 1989). Other investigati hs  
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have focused on o -of-channel flows nec-
essary for ripar n vegetation and flood-
plain  processei  (Franz and Bazzaz 1977; 
Harris et al. 1487; Junk et al. 1989; Strom-
berg  and P;iten 1991). However, no mod-
els or appioaches  have been suggested that 
link the/  instream and out-of-stream flow 
requiriments  of all aquatic resources. Con-
sequently, streamflow  management typi-
caly  focuses on one or two critical resource 

ues rather than the simultaneous pro-
tection of multiple resources. 

Our purpose is to suggest a conceptual 
/ or theoretical method for evaluating both 

instream and out-of-stream flow require-
ments within a holistic streamflow 
management framework. We combine 
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nel 

well-known streamflow approaches into a 
unified methodology that recognizes flow 
requirements for fish, riparian habitat, 
floodplains,  and channel morphology. Es- 
tablishing streamflows only on the basis of 
fish needs may result in the degradation 
of the stream channel, alteration of geo-
morphological processes, reduction or al-
teration of riparian vegetation, and may 
cause changes in floodplain function. We 
review physical processes that lead to the 
ecological linkage between instream and 
out-of-stream resources and the depend-
ency of riverine resources on streamflows. 

The U.S. Fish and Wildlife Services' In-
stream Flow Incremental Methodology 
(IFIM) (Bovee 1982) and the Physical Hab-
itat Simulation system (PHABSIM) (Mil-
hous  et al. 1984) have many limitations as 
habitat-based models for the instream flow 
needs of fish (Annear and Conder 1984; 
Mathur et al. 1985; Orth 1987). Although 
it would be convenient for fish popula-
tions to be limited by three or four envi-
ronmental factors, such situations are the 
exception rather than the rule. In the sim-
plest example of limitations within IFIM, 
trout populations often fluctuate consid-
erably and in a manner that is apparently 

independent of direct simultaneous envi-
ronmental control (Platts and Nelson 1988). 
Seldom do we measure variables that truly 
affect fish populations. Models that fail to 
account for the natural fluctuations in an-
imal populations are destined to be only 
coincidentally accurate (Platts and Nelson 
1988). Broader thinking and more ecolog-
ically centered approaches are  needed 
when managing streamflows. However, as 
we explain later in this paper, PHABSIM-
derived fish flows play a key role in the 
overall flow evaluation. 

Multiple flow regimes are needed to 
maintain biotic and abiotic resources with-
in a river ecosystem. The four flow groups 
we examine are (1) flood flows that form 
floodplain and valley features; (2) over-
bank flows that maintain surrounding ri-
parian habitats, adjacent upland habitats, 
water tables, and soil saturation zones; (3) 
in-channel flows that keep immediate 
streambanks and channels functioning; and 
(4) in-channel flows that meet critical fish 
requirements. When natural flow patterns 
are altered, we must look beyond imme-
diate fish needs to determine how stream-
flows affect channels, transport sediments, 
and influence vegetation. 

STREAM P ROCESSES 

Watersheds reflect the long-term influ-
ence of geology, climate, and topography 
as well as shorter-term influences of veg-
etation (Chorley et al.  1984). Flows result-
ing from climatic conditions create and 
maintain stream-forming processes. When 
natural flow patterns are changed, fluvial 
processes change, and condition of the val-
ley, the stream, and all other ecological 
components must change as a consequence 
(Lotspeich 1980). 

To understand stream processes, one 
must first consider a watershed in four di-
mensions (Ward and Stanford 1989). These 
are the longitudinal dimension from head-
waters to mouth, the lateral dimension ex-
tending beyond the channel boundaries, 
and a vertical dimension  resulting from 
out-of-channel flows moving downward 
into the soil and groundwater. Each of these 
dimensions must then be analyzed in a 
temporal dimension. 

To determine which flow patterns are 
needed to maintain a stream system, one  

must match the respective valley bottom 
type, riparian type, and floodplain and 
channel type to the hydrologic processes 
that control form and function. Typically, 
steep high elevation streams flowing 
through V-shaped valleys lack floodplains 
or even riparian habitat. Other valley types 
create streams with riparian habitat but lack 
floodplains. The fluvial-geomorphic  pro-
cesses vary by valley type (Leopold et al. 
1964). 

An assemblage of geomorphic processes 
develop characteristic land forms as they 
construct the valley and its stream system 
(Strahler  1957). Flowing water erodes, 
transports, and deposits sediment and con-
trols vegetation species and  growth In gen-
erally  predictable ways (Morisawa 1968). 
Thus, valley type can be determined 
through land classification, historical anal-
ysis, and hydrological approaches (Lot-
speich and Platts 1982). 

The temporal distribution of flow, inter-
acting with geology, topography, and veg- 
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FLOODPLAIN PROCESSES 

Except in under-fit or deeply entrenched to the discharge of the stream and slope of 
streams, floodplain size is generally related valley bottom (Hack 1957). Surface erosion 

etation, influences the form and condition 
of a stream system and valley. We can 
broadly describe watershed changes that 
occur when fluvial processes are altered by 
reducing natural flood flows: (1) valley 
floors no longer flood; (2) local water tables 
are no longer recharged; (3) stream bar and 
channel areas no longer become inundated 
and scoured; (4) sediment accretes on bars 
and channel edges and forms lower, nar-
rower streambanks; (5) side channels and 
backwater areas become disconnected from 
the main channel or abandoned by the 
mainstream as they fill in; (6) tributary 
channel confluences with main stems lo-
cally aggrade and push out into the main 
channel; and (7) the ratio of pools to riffles 
is significantly altered (Morisawa 1968; 
Platts 1979; Leopold and Emmett 1983). 
These factors need to be considered in any 
analysis of flow alteration because biotic 
conditions such as riparian habitat  or long-
term fish community structure and fish 
populations may depend on them. 

Streams generally go through an aging 
process. They are seldom at equilibrium 
because they adjust to a wide range of fac-
tors and processes within the watershed 
(Kellerhals and Church 1989). Once a 
stream approaches an equilibrium condi-
tion, the controlling factors may change. 
Such adjustments may occur daily, season-
ally, or over long periods. Nevertheless, 
over time a channel and associated stream-
side vegetation will develop characteristics 
and features that balance the effects of a 
varied flow and sediment regime (Platts et 
al. 1985). 

Channel adjustments are a natural com-
ponent of the channel-forming processes 
in all valley bottom types (Lotspeich and 
Platts 1982). Hence, local channel dimen-
sions and characteristics will change as a 
result of natural or altered flow regimes. 
For example, the removal of all peak flows 
will cause near-term channel adjustments, 
but over the long term reduced peak flows 
will impair floodplain functions, which in 
turn alter streamside vegetation and chan-
nel conditions (Plaits  1979) that provide 
habitat for fish. 

The morphology of streams, especially al-
luvial ones, is controlled by the interaction 
of flow regime with streamside vegetation 
and sediment input (Hynes 1970). The 
magnitude and duration of the bankfull 
flows (and larger) are particularly impor-
tant. Geology, climate, and resulting sed-
iment supply (including quality and quan-
tity) and size of channel bed materials, 
within the geomorphic setting, also pro-
vide form control (Beschta and Platts 1986). 

In sand-bed streams, bedload transport 
generally occurs over a wide range of flows 
(Leopold et al. 1964). However, in gravel-
bed streams the channel materials are usu-
ally stable except during relatively high 
flows (Beschta 1987). Therefore, if fine sed-
iments that have become deposited be-
tween the gravels are to be removed by 
flowing water, sufficiently high flows must 
periodically occur to cause local scour and 
transport of bed materials (Beschta and 
Jackson 1979; Beschta 1987). Natural high 
flow events normally provide the neces-
sary level of streambed mobilization to 
flush fine sediments from both the bed and 
the gravel and rubble (Rosgen et al. 1986). 

Regulated flows that occur downstream 
from water diversion and storage facilities 
can have both a positive and a negative 
effect on channel substrates.  For example, 
a positive effect is the reduction in avail-
ability of fine sediments from upstream 
sources that may deposit in spawning 
gravels. A negative effect is the reduction 
in gravel recruitment and loss of fines for 
bank-building processes. 

Streambank form depends on a balance 
between erosive forces of flowing water 
and resisting forces of the bed, bank, and 
streamside vegetation (Platts 1979).  Vege-
tation buffers the streambank from flowing 
water, and flowing water in turn keeps 
vegetation from occupying the channel 
(Rosgen et al. 1986). The duration of over-
bankfull flow is also important to channel 
and floodplain characteristics. Flow dura-
tion determines the amount of time avail-
able for deposition of sediments, recharge 
of subsurface moisture, and other main-
tenance processes. 
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and mass wasting of upstream sideslopes 
provide material for floodplain deposits. 
Low-gradient reaches of many streams, and 
especially large rivers, have geomorphic 
settings that often produce relatively large 
floodplains and valuable wetlands. 

Floodplain habitats provide cover, nest-
ing, spawning, and rearing for fish and 
wildlife. Floodplains also play an impor-
tant part in the transfer of sediments and 
nutrients that maintain stream productiv-
ity (Sedell et al.  1989). If the stream and its 
associated floodplain are separated from 
water by improper flow management, both 
will change over time because the original 
dynamic balance between flows and flood-
plains has been altered. 

For floodplain ecosystems, timing and 
duration of flooding is particularly impor-
tant. Seasonal flooding affects seed dis-
persal, seedling survival, and growth of 
many plant species that occupy channel 
banks and floodplains (e.g., cottonwoods 
and willows) (Platts 1979). Flooding dur-
ing the growing season apparently has a 
greater effect on floodplain productivity 
than does an equal amount of flooding dur-
ing the  nongrowing Aragon  (junk  et al.  
1989). 

Floodplains  receive a wide range of nu-
trients, organic matter, and fine soil par-
ticles during overbank flows. Floodplain 

A CONCEPTUAL APPROACH 

Maintenance of stream ecosystems rests 
on streamflow  management practices that 
protect physical processes which, in turn, 
influence biological systems. Consequent-
ly, multiple flow regimes are needed in 
most streams to protect multiple resources. 
We use U.S. Geological Survey (USGS) 
stream gage data from the Salmon River at 
Whitebird,  Idaho (Table 1), to illustrate our 
flow regime concepts. Mean monthly flows 
are derived from 76 years of daily records 
(Figure 1). Instream flows for fish, such as 
the Tennant (1975) method used here, and 
out-of-channel flow requirements are all 
illustrated at this site. 

The Whitebird reach of the Salmon Riv-
er can be classified using Cupp's (1989) 
method for valley segments as an allu-
viated mountain valley that is deeply en-
trenched in mountainous side-walls with 
a relatively wide floodplain and alluvial/  

nutrients can, however, establish their own 
cycles because organisms and environ-
mental conditions differ considerably from 
those of the main stream (Vannote et al.  
1980; Minshall etal.  1983). Floodplains also 
import, store, produce, and recycle mate-
rials used in downstream food chains, thus 
providing energy flow to detrital food webs 
(Vannote et al. 1980). 

Riparian vegetation is a major factor af-
fecting floodplains, fisheries habitat, and 
channel characteristics (Platts 1979). The 
fundamental importance of vegetation to 
long-term channel stability and form is 
usually the weakest part of most flow anal-
yses. Corridors of riparian vegetation along 
streams influence light, temperature, and 
organic input; provide cover; and control 
bank morphology (Larsen etal.  1986). Nat-
ural flooding that maintains the riparian 
system in a productive growth stage, if re-
duced, can enable nonriparian species to 
invade riparian zones and floodplains. Al-
though extreme events may play an im-
portant role in shaping channels, Wolman 
and Miller (1960) indicate that the less ex-
treme and more  frequent flooding events 
(CONSIDERED as ban kfull) are probably most 
influential. In high desert streams, Platts 
et al. (1985) found that large storm events 
dominated the channel-forming process. 

colluvial deposition. There are local inclu-
sions of steep competent hillslopes  with 
steep colluvial complexes. 

Four potential flow requirements are il-
lustrated in Figure 1; procedural method-
ologies for evaluating these flows are sum-
marized in Table 2. Flow magnitude 
increases from flow regime I  (fish main-
tenance), flow regime 2 (channel mainte-
nance), flow regime 3 (riparian mainte-
nance), to flow regime 4 (valley process 
maintenance). 

Fishery Flows 

The PHABSIM, part of IFIM (Bovee 1982), 
is the most commonly used model for 
quantifying instream flow habitat needs of 
selected fish species (Orth 1987). The mod-
el allows resource managers to predict what 
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conditions are favorable for fish and to se-
lect  appropriate  year-round flows. 

The primary purpose of PHABSIM is  to 
describe the relation between streamflow 
and usable quantities of physical water col-
umn space (discharge versus habitat). Such 
relationships represent the space in a 
stream that can be used by a specific species 
during its life stage. PHABSIM is partic-
ularly useful during late summer, which 
corresponds to the period when most hab-
itat suitability index (HSI) curves are 
developed. PHABSIM-derived fish main-
tenance flows carry fish mainly through 
low-flow conditions. Seldom would 
PHABSIM flows be a restriction during 
moderate to high flow regimes. PHABSIM 
is necessary to determine base flow needs, 
particularly in late summer and fall. Thus, 
PHABSIM will adequately handle some 
phases of an instream flow assessment. 
However, other analytical methods are 
needed to address channel maintenance 
flows, and especially riparian and valley 
maintenance flows,  

Channel Maintenance Flows 

Channel maintenance flows consist of 
moderately high flows that are expected to 
prevent vegetation growth in the channel 
and remove sediments (Reiser et al.  1989). 
Most channel-maintenance flow methods 
suggest that bankfull discharge is a simple 
discriminator for differentiating between 
channel-forming and floodplain-forming 
processes (Wesche and Rechard 1980). Le-
opold and Emmett (1983) suggest 1.5-year 
recurrence intervals for bankfull flows. 
However, Chorley et al. (1984), in studying 
36 active  floudplains,  showed that bankfull 
recurrence  inter/alb  vary  between  1 and  
32 years. Therefore, bankfull flow must be 
evaluated for a specific stream. 

For certain snowmelt stream channels 
much of the fluvial process response occurs 
during the ascending limb of the peak flow 
hydrograph (Rosgen et al.  1986). Thus, the 
entire range of the hydrograph may be du-
plicated by short timed releases of flows at 
appropriate intervals. These observations 
were made in reference to channel pro-
cesses but not to those associated with ri-
parian habitats and floodplains. 

To illustrate complex flow regimes, Ros-
gen et al. (1986) used simplified relation- 

ships. The relationships are based on the 
assumption that flows on the ascending 
hydrograph mimic the range of frequently 
occurring discharges that form and main-
tain channels over time. It  was further as-
sumed that sediment loads are not changed 
appreciably by those factors controlling 
flows. Given these assumptions, then three 
basic flow components are required in 
snowmelt streams: (1) a snowmelt peak flow 
that is defined as bankfull discharge, (2) a 
low flow that is defined as base flow dis-
charge, and (3) snowmelt rising and re-
cession discharges (flow regimes over time) 
(Rosgen et al. 1986). 

Apparently, an intermediate range of 
discharge transports most of the sediment 
load over the long term and thus deter-
mines channel form and condition. Rosgen 
et al. (1986) further determined that a sed-
iment rating curve and a frequency curve 
of daily discharges, based on the work of 
Andrews (1980), could be used to define 
effective flow. Andrews determined that 
effective discharge was nearly equivalent 
to the discharge at bankfull  stage. This sim-
plifies the estimation of channel mainte-
nance flows because only those measure-
ments that determine bankfull flows are 
needed. In contrast, Platts et al.  (1985) 
found that bankfull flows were not always 
an adequate indicator of channel form and 
condition. This was the case for certain 
types of basin-range streams, especially 
those that tend to experience lateral shifts 
in channel location when stressed by man-
agement activities. Overall, the interme-
diate range of discharges (i.e., approxi-
mately bankfull stage) is, in our opinion, 
an important hydrological benchmark that 
is related to the shape of many alluvial 
channel.  

Base flow discharge is determined from 
low-flow statistics. Rosgen et al. (1986) sug- 
gested that 7-day low flow at the 1.5-year 
return interval be used for calculating base 
flow. The difference between base flow and 
bankfull flow is large in most streams. 
Therefore, there is a need to prevent rapid 
changes in the rise or fall of streamflow so 
as not to accelerate bank erosion unduly. 
Duration of each increment on the rising 
curve is determined from hydrograph 
analysis to approximate the normal rate of 
rise of the ascending limb (Figure 2). 

The duration of recession flows gener- 
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Month 

October 
November 
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Low flow 
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3 
7 
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Discharge, in cfs, for indicated recurrence interval, in years, and 
Period   nonexceedence probability, in percent 

(consecu-  2  5  10  25  50  100 
tive days)  50%  20%  10%  4%  2%  1% 

High flow 
1 62,000 81,900 93,100 105,000 113,000 120,000 
3 60,200 79,800 90,800 103,000 111,000 118,000 
7 56,600 75,500 86,300 98,300 106,000 113,000 

15 51,600 68,900 78,800 89.700 96,900 103,000 
30 45,700 60,000 67,900 76,300 81,700  86,500 
60 36,700 47,400 53,000 58,700 62,300 65,400 
90 29,500 37,800 42,100 46,700 49,500 51,900 
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d on the  TABLE  1 
;cending  Hydrologic data base for the Whitebird gaging station, Salmon River, Idaho, U.S. Geological 
equently  Survey 
Id  main- 
rther as-  Monthly and annual mean discharges 1911-1917, 1920-1989 
changed 
trolling 

en en three 
iired in 
,eak flow 
'ge,  (2) a 
low dis- 
and re- 

ter  time) 

ange of 
ediment 
s deter- 
Rosgen 

at  a sed- 
7  curve 
work of 

Month 
Maximum 

(cfs) 
Minimum 

(cfs) 
Mean 
(cfs) 

Standard 
deviation 

(cfs) 
Coefficient 
of variation 

Percent of 
annual 
runoff 

October 8,590 2,950 4,860 1,200 0.25 3.6 
November 8,250 3,010 4,960 1,150 0.23 3.7 
December 9,490 2,750 4,540 1,250 0.27 3.4 
January 8,390 2,740 4,190 987 0.24 3.1 
February 8,100 2,880 4,440 1,040  0.24 3.3 
March 11,700 3,520 5,460 1,520 0.28 4.0 
April 27,100 5,400 11,600 4,400 0.38 8.6 
May 56,000 10,500 32,100 10,100 0.32 23.8 
June 82,600 9,530 39,000 16,500 0.42 28.9 
July 35,500 3,520 13,800 7,300 0.53 10.2 
August 8,890 2,300 5,430 1,710 0.31 4.0 
September 7,080 2,490 4,480 1,080 0.24 3.3 

Annual 17,500 5,810 11,300 2,890 0.26 100 

I  define  Magnitude and probability of annual flow 
led that  based on period of record 1912-1917, 1921-1989 
iivalent 

lii891m.  
mainte-
teasure- 
aws  are 

(1985) 
always 

,rm and 
certain 
lecially  
il  shifts 
1,  man-
iterme-
pproxi-
pinion, 
trk that 
illuvial  I  Magnitude and probability of annual high flow 

based on period of record 1911-1917, 1920-1989 

Dlichnrge,  In cfm,  for IndIcnted  recurrence  interval, In yenrm, and 
Period   nonexceedence probability, in percent 

(consecu- 
tive days) 

2 
50% 

5 
20% 

10 
10% 

20 
5% 

50 
2% 

100 
1% 

Low flow 
1 2,670 2,240 2,030 1,870 1,700 1,590 
3 2,810 2,380 2,180 2,010 1,840 1,730 
7 3,120 2,660 2,430 2,240 2,050 1,920 

14 3,370 2,870  2,630 2,430 2,220 2,080 
30 3,610 3,060 2,790 2,580 2,350 2,200 
60 3,810 3,240 2,960 2,750 2,520 2,380 
90 3,960 3,380 3,100 2,890 2,660 2,510 

120 4,120 3,510 3,230 3,010 2,780 2,640 
183 4,400 3,710 3,390 3,140 2,870 2,710 
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VALLEY 0 
RIPARIAN  0  
CHANNEL 0 

HSHEHIES  
MEAN 0 

F  M A  MJJ 

MONTH 
FIGURE 1.  Minimum monthly stream flow requirements for fisheries,  channel maintenance, riparian 
habitat, and valley maintenance in Salmon River at Whitebird, Idaho. 
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TABLE I 
Continued 

Inoduntunuous  pcuk  flow 
based on 76 years of recorda  

63,000  83,500  95,200  108,000  117,000  125,000 

Duration of daily mean flow for period of record 1911-1917, 1920-1989: 
discharge (c(s)  equaled or exceeded for indicated percent of time 

Sum 

1. Avero?  

2. PHAB'  
analys  

3. HEC-2 

1% 5% 10% 15% 20% 30% 40% 50% 60% 

69,900 44,500 29,800 20,700 14,500 8,110 6,180 5,330 4,750 

70% 80% 90% 95% 98% 99% 99.5% 99.9% 

4,320 3,900 3,410 3,050 2,690 2,520 2,330 2,010 
4. FrequL  

OCCUrTi  

5. Flow d 
curve 

specific 
discharg 
program 
elevatioi 
draulic 
can assis 
tionship 
charactei 

Riparian 

Riparii  
synonym 
though 

a Weighted skew, 0.500. 

ally has not been considered as important 
to channel processes as rising limb flows. 
Consequently, Rosgen et al. (1986) suggest 
decreasing flows by 10% of peak flow each 
day. This would allow a regulated stream 
to go from peak flow to base flow over a 
10-day period. However, natural high flows 
seldom operate in this short a time frame. 
Reducing the duration of peak flows may 
impair some channel-forming processes 
and certain types of vegetation seeding and 
growth (Franz and Bazzaz 1977). 

In the absence of supporting research, 
we recommend that flows be reduced by 
no more than 10% of the previous day's 
flow, and in most cases a reduction of less 
than 10% of the previous day's flow would 
be highly preferred. A less than 10% re- 

duction would assist in protecting fish from 
stranding and provide a longer period of 
high flows for vegetation seeding. At high- 
er flows, we recognize that the incremental 
changes in flow reduction rates are not 
greatly different; however, as flows de- 
crease there is increasing separation be- 
tween drawdown rates. We illustrate these 
differences in Figure 2, using three draw- 
clown  rates for the Whitebird site. In prac- 
tice, streamflows would not be reduced be- 
low some minimum instream flow for fish. 

One of the commonly used hydraulic 
simulation models for evaluating flood 
flows is the HEC-2 model (U.S. Army Corps 
of Engineers 1982). This model utilizes a 
step-backwater approach to determine the 
velocity and water surface elevation for 
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specific stream discharges. For a specified 
discharge and channel configuration,  the 
program calculates an initial water surface 
elevation. The interaction between hy- 
draulic variables and channel dimensions 
can assist in evaluating the dynamic rela- 
tionships between discharge and habitat 
characteristics over time and space. 

Riparian Flows 
Riparian and floodplain flows are used 

synonymously in this discussion even 
though some floodplains could require 

higher flows than riparian vegetation. 
FIoodplain  landforms, which are generally 
considered to be represented by topo- 
graphically flat areas, often include side 
channels, oxbow lakes, wetlands, swamps, 
and ponds. To date, there are no univer- 
sally accepted or recognized methods for 
determining flow quantity or duration 
needed to maintain riparian habitats and 
their surrounding floodplains. Franz and 
Bazzaz  (1977), Harris et rd.  (1987), and 
Stromberg and Patten  (1990) have initiated 
modeling approaches to measure riparian 
response to altered flow regimes but these 
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TABLE 2 
Summary of steps and concepts for developing multiple stream  flow recommendations 

Indicates timing of high and low flows 
Indicates slopes for rising and falling limbs 
Can be used to index daily drawdown rate 
Establishes minimum instream flow to maintain fish 
Late summer/fall flows are usually set lower than base flows 
Used to estimate extent and elevation of riparian  habitat in sampled 

reach 
Estimates  elevation of bankfull conditions and floodplains in sampled 

reach 
Estimates discharge (Q) needed to provide bankfull flows and to main- 

tain riparian zones and floodplains 
Indicates return period for peak flows (determined from historical rec- 

ords or from HEC-2 analyses) 
Establishes the extent to which riparian and valley flow requirements 

exceed the average annual hydrograph 
Demonstrates flow duration associated with specific exceedence values 
Demonstrates that recommended flows do occur in time 

1. Average annual 
hydrograph 

2. PHABSIM  flow 
analysis 

3. HEC-2 analysis 

4. Frequency of 
occurrence curve 

5. Flow duration 
curve 

F  M A  MJJ A S O N O  
MONTH 

FIGURE 2.  Curves  comparing channel maintenance flows (m'/second)  (using the Rosgen at  al.  1986 
method) to the mean monthly hydrograph  for Salmon River at Whitebird, Idaho. 
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VALLEY MANTENANCE  FLOW 
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FIGURE 3. Estimated HEC-2 model measurements on a cross  section of  Salmon River at Whitebird, 
Idaho. 
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FIGURE 4. 

M A  M  J  Ì  A  S  0 N 

MONTH 
Fisheries and riparian-flood How  curves for Salmon  River at Whitebird, Idaho. 
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investigations have focused on local con-
ditions and have not been tested on a re-
gional basis. 

The HEC-2 method can be used to esti-
mate effects of flow changes on channels 
by predicting those velocities that disrupt 
bed armor and fines from gravel beds. We 
use HEC-2, however, to identify those out-
of-channel flows that influence and main-
tain riparian and valley-forming processes. 
As shown in Figure 3 for the Whitebird 
site, HEC-2 predicts water surface at any 
given elevation. The upper and lower el- 

evations of riparian habitat and the valley 
is measured and HEC-2 used to determine 
the discharge needed to reach those ele-
vations. HEC-2 transects can be simple ex-
tensions of IFIM transects and, therefore, 
the required field effort for this model is 
very minimal. 

Floodplain maintenance is dependent 
upon flooding at selected intervals if flood-
plain functions and vegetation are to be 
maintained (Junk et al. 1989). As shown in 
Figure 4, these flows occur at the peak of 
the hydrograph for the Whitebird site and 
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represent discharges within the Q.,  to Q10  
range (where Q2 3  and Q10  indicate flows 
that are equalled or exceeded, on average, 
once every 1.5 and 10 years, respectively). 
HEC-2 modeling predicts the discharge 
needed to flood riparian habitat and the 
floodplain. High flow frequency of occur- 
rence (or return period) identifies when, 
in time, those discharges occur. 

Valley floor gradient and width, eleva- 
tion, fluvial processes, and soil parent ma- 
terial govern riparian type and the extent 
of the riparian zone (Platts et al. 1985). 
Kondolf  et al. (1987) reported that in a large 
U-shaped glacial valley, the width of the 
riparian strip is  highly variable, whereas 
on alluvial fan deposits the riparian strip 
is relatively uniform. It follows that not all 
valley types support riparian vegetation. 
Steep-sided, V-shaped valleys lack flood- 
plains or even terraces that can support 
riparian  habitat. Consequently, out-of- 
channel  flows tire  not needed for riparian  
or valley maintenance in these types of 
valleys. 

Valley Maintenance Flows 

Climatic variability, expressed through 
the magnitude and frequency of high-flow 
events and modified by vegetation, deter- 
mines valley form and condition in both 
natural and artificial systems (Platte  et al. 
1985). Large hydrologic events affect val- 
ley sides, whereas smaller flow events af- 
fect channels and floodplains  (Platts et al. 
1985); both, over the long term, affect val- 
ley form. 

The steeper the valley slope, the greater  

the stream power of valley water flow 
(Lanka et al. 1987).  Also, the narrower the 
valley width, the less horizontal distance 
the flows cover. Changes in valley form 
and slope generally represent long-term 
adjustments because immense quantities of 
materials are redistributed and vegetation 
patterns changed (Lotspeich and Platts 
1982). In many valleys, form and condition 
are still under the influence of Pleistocene 
events (Platts 1979). Other processes must 
continue for decades and centuries to over- 
ride these prehistoric settings. 

We identify valley-forming flows as 
those peak discharges that usually exceed 
Q„ (Figure 4). This flow regime is more 
difficult to establish because most valleys 
have been formed by forces other than flu- 
vial processes, such as glaciers, faults, and 
lava flows (Lotspeich and Platts 1982). Es- 
tablishing this flow must be done with cau- 
tion. Valleys created over long periods 
(thousands of years) by historic flood flows 
may now be occupied by roads, homes, 
businesses, and other property. Further- 
more, because of the infrequent occurrence 
of >Q23  flows, relatively short-term gaging 
station records, and measurement errors 
associated with large flows, our ability to 
accurately determine Qz,  is limited in many 
areas. 

Not all valley types are dependent upon 
the energy from flood flows to maintain 
their geomorphology. In wide alluvial fan- 
type valleys, the energy associated with 
flood flows has no affect on valley geo- 
morphology but it is the channel flow that 
induces meandering, scouring, and filling. 

SUMMARY 

0. 

Knowledge of fluvial-geomorphic pro- 
cesses that create and maintain streams and 
how aquatic and terrestrial ecosystems 
function synergistically is fundamental to 
identifying flows that maintain fish habi- 
tats and, ultimately, fish biomass and di- 
versity. Protecting these parameters with 
multiple flow recommendations is neces- 
sary because of these ecological linkages. 
Single purpose instream flows alone, 
whether derived from the PHABSIM or 
other methodologies, provide only short- 
term protection for fish populations. Di- 
version or storage of bankfull and flood  

flows in different valley bottom types will 
result in habitat alterations and a reduction 
in fish populations and diversity. 

The concepts we present in this paper 
examine broad interactions of fluvial-geo- 
morphic processes, riverine-riparian  hab- 
itat, and their geographic setting. We rec- 
ognize the limitations inherent in using 
our conceptual method. For example, most 
tributaries lack historical flow records that 
define average annual discharge and there 
are frequently no data available on the du- 
ration and frequency of flow events. Chan- 
nel maintenance flows vary by channel 

M. T. Hill et al.  207 991 

OT 'd MN SdAAld NV3Id2WV bbIl_St7S90E 917:VT S66T-TZ-S0 



type and elevation, and the duration of our analysis are not new, it is clear that 
out-of-channel flooding required for plant  streamflow management practiced only as 
germination is unknown. Future research a fisheries art is inadequate to protect river 
focusing on the hydrostatic and hydro-  ecosystems. Multiple flow requirements are 
dynamic  requirements of floodplains may required for maintenance of ecological sys-
improve our understanding of geomorphic tems encompassing streams, riparian zones, 
processes and provide the details necessary and valleys. Such analysis is seldom con-
to refine in-channel and out-of-channel ducted because of expense and complexity. 
flow requirements. However, we have demonstrated for the 

Establishing multiple flows for protec-  Whitebird site that multiple flow analysis 
tion of aquatic resources recognizes that is possible with methods currently in com-
natural systems were built and are main-  mon use. 
tained by different magnitudes of dis- Fundamental research that quantifies the 
charge occurring over time and space. This ecological links between instream and out-
calls into question the conventional wis-  of-stream resources is needed to develop 
dom that excess water is available in all more refined methods. This research will 
streams for diversion or storage purposes. come from hydrologists, aquatic and ter-
It is likely that any substantial alteration restrial biologists, botanists, and geomor-
of natural streamflows  from snowmelt-  phologists working together to establish 
controlled broad alluvial valley types will multiple flow criteria. Meanwhile, tech-
have significant impact on fish habitat and niques are available to perform more com- 
abundance. prehensive analyses than are now the cus- 

Although the technical methods used in tom. 

REFERENCES 

Andrews,  E. D. 1980. Effective and useful bankfull  discharges of streams in the Yampa River 
basin,  Colorado and Wyoming. Journal of Hydrology 46(3):311-330. 

Annear, T. C., and A. L.  Conder. 1984. Relative bias of several fisheries instream flow methods. 
North American  Journal of  Fisheries Management  4(48):331-539. 

Beschta,  R. L. 1987. Conceptual models  of sediment transport in streams.  Pages  128-165 in 
C. P. Thorne, J. C. Bathurst,  and R. D. Hey, editors. Problems of sediment transport in gravel-
bed rivers. London, England: John Wiley & Sons. 

and W. L. Jackson. 1979. The intrusion of fine sediments into a stable gravel bed. 
Journal of the Fisheries Research Board of Canada 36(2):204-210. 

-,  and W. S. Platts. 1986. Significance and function of morphological features of small 
streams. Water Resources Bulletin 22(3):369-379. 

Bovee,  K. D. 1982. A guide to stream habitat analysis using the Instream Flow Incremental 
Methodology. Instream Flow Paper No. 12. Washington, DC: U.S. Fish and Wildlife Service 
(FWS/OBS-82/26). 

Chorley,  R. J., S. A. Schumm, and D. E. Sugdem. 1984. Geomorphology. London, England: 
Methuen and Company. 

Cupp, C. E. 1989. Valley segment type classification for forested lands of Washington. Final 
report to the Washington Forest Protection Association, Olympia, Washington. 

Franz, E. H., and F. A. Bazzaz. 1977. Simulation of vegetation response to modified hydrologic 
regimes: A probabilistic model based on niche differentiation in a floodplain forest. Ecology 
58(0:176-183.  

Hack, J.  T. 1957. Studies of longitudinal stream profiles in Virginia and Maryland. Wash-
ington, DC: U.S. Geological Survey (Professional Paper 294-B).'  

Harris, R. R.,  C. A. Fox, and R.  Risser. 1987. Impact,  of hydroelectric development on riparian 
vegetation in the Sierra Nevada region, California. Environmental Management 11(4):519-
527. 

Hynes,  H. B. N. 1970. The ecology of running waters. Toronto, Canada: University of Toronto 
Press. 

Junk, W. J., P. B. Bayley,  and R. E. Sparks. 1989. The flood pulse concept in  river-floodplain 
systems. Pages 110-127 in D. P. Dodge, editor. Proceedings of the International Large 
River Symposium. Canadian Special Publication of Fisheries and Aquatic Sciences 106. 
Ottawa: Department of Fisheries and Oceans.  

Kellerhals, R., and M. Church. 1989. The morphology of large rivers: Characterization and  

208 Rivers • Volume 2, Number 3 July 1991 

man 
Rivt.  
Otto 

Kondolf  
asst.  
the 

Lanka, k  
hab,  
Am,  

Larsen, ,  
Gall 
sem  
628 

Leopold 
640 
Am 

CA 
Lotspei.  

a b. 

Am 
Mathur 

Inc  

Sin 
ane  

Minsha 

So,  
Morisw 

Co 
Orth, I 

fl(,  
Platts,  

mi  

rai 
Co 
Rk  

la,  
Reiser, 

Ct  

Rosger 
co  

Sedell,  
th 
Pr 
of 

StalnaI 
st,  
Iit  

Strait!.  
A P  

Strom I 
ca 

C,  

I
M.  T. Hi 

IT  d MN Sd,\Id Nt0I2JWC VVILS17990E Lb :17T G66T-1-2-92) 



management. Pages 31-48 in D. P. Dodge, editor. Proceedings of the International Large 
River Symposium. Canadian Special Publication of Fisheries and Aquatic Sciences 106. 
Ottawa: Department of Fisheries and Oceans. 

Kondolf, G. M.,  J. W. Webb, M. J. Sale, and T.  Felando. 1987. Basic hydrologic studies for 
assessing impacts  of flow diversions on riparian vegetation:  Examples from streams of 
the eastern Sierra Nevada, California. Environmental Management 11(6 ):757-769.  

Lanka, R. P.,  W. A. Hubert, and T. A. Wesche. 1987. Relations  of geomorphology to stream 
habitat and trout standing stock in small Rocky Mountain streams. Transactions of the 
American Fisheries Society 116(1):21-28. 

Larsen, D. P., J. M. Omernik, R. M. Hughes, C. M. Rohm, T. R. Whittier, A. J. Kinney, A. L. 
Gallant, and D. R. Dudley. 1986. Correspondence between spatial patterns in fish as-
semblages in Ohio streams and aquatic ecoregions.  Environmental Management 10(4):615-
628.  

Leopold, L. B., and W. W. Emmett. 1983. Bedload movement and its  relation to scour.  Pages 
640-649 in River meandering. Proceedings of the Conference, Rivers. New Orleans, LA: 
American Society of Civil Engineers' Waterways, Port, Coastal and Ocean Section. 

-,  M. G.  Wolman, and J. P. Miller. 1964. Fluvial  processes in geomorphology.  San Francisco, 
CA: W. H. Freeman and Company. 

Lotspeich,  F. B.  1980. Watersheds as the basic ecosystem: This conceptual framework provides 
a basis  for a natural classification system. Water Resources Bulletin 16(4):581-586. 

-,  and W. S. Platts. 1982. An integrated land and aquatic classification s . North 
American Journal of Fisheries Management 2(2):138-149. 

Mathur, D.,  W. H. Batton,  E. J.  Purdy, and C. A. Silver. 1985. A critique of the In  m Flow 
Incremental Methodology. Canadian Journal of Fisheries Science 42(4):825-831. 

Milhous,  R. T.,  D. L. Wegner, and T. Waddle. 1984. User's guide to the Physical Habitat 
Simulation system. Instream Flow Information Paper No. 11. Washington, DC: U.S. Fish 
and Wildlife Service (FWS/OBS-81/43 revised). 

Minshall, G.  W., K. W. Cummins, T. L. Bott, J. R. Sedell, C. E. Cushing,  and R. L. Vannote. 
1983. Developments in  stream ecosystem theory. Canadian Journal of Fisheries and Aquatic 
Sciences 40(7):1045-1055. 

Morisawa, M. 1968. Streams: Their dynamics and morphology. New York, NY: McGraw-Hill 
Company. 

Orth, D. J. 1987. Ecological consideration in the development and application of irtstream  
flow-habitat models. Regulated Rivers: Research and Management 1(1):171-181.  

Platts,  W. S. 1979. Relationships  among stream order, fish populations, and aquatic geo-
morphology in  an Idaho  river drainage. Fisheries 4(2):5-9.  

‚ K.  A. Gebhardt,  and W. L. Jackson. 1985. The effects of large storm events on basin-
range riparian habitats. Pages 30-34 in R. R. Johnson, editor. North American Riparian 
Conference Proceedings. Washington, DC: U.S. Forest Service (General Technical Report 
RM-120).  

,  and R. L. Nelson. 1988. Fluctuations in trout populations and their implications  for  
land-use evaluation. North American Journal of Fisheries Management 8(3):333-345.  

Reiser,  D. W., M. P. Ramey, and T. A. Wesche. 1989. Flushing flows. Pages 91-135 in J. A. 
Core and C. E.  retts,  editors. Alternatives  in  regulated river  management.  Boca  Raton, LA: 
CRC Press,  

Rosgen, D. L., H. S. Silvey, and J. P. Potyondy. 1986. The use of channel maintenance flow 
concepts in  the Forest Service. Hydrological Science and Technology 2(1):19-26. 

Sedell, J. R., J. E. Richey, and F. J. Swanson. 1989. The river continuum concept: A basis for 
the expected ecosystem behavior of very large rivers? Pages 49-55 in D.  P. Dodge, editor. 
Proceedings of the International Large Rivers Symposium. Canadian Special Publication 
of Fisheries and Aquatic Sciences 106. Ottawa: Department of Fisheries and Oceans. 

Stalnaker, C. B., and J. T. Arnette, editors. 1976. Methodologies for the determination of 
stream resource flow requirements: An assessment. Washington,  DC: U.S. Fish and Wild-
life Service (FWSJOBS-76/03).  

Strahler,  A. N. 1957. Quantitative analysis of watershed geomorphology. Transactions of the 
American Geophysical Union 38(4):913-920. 

Stromberg, J. C., and D. T.  Patten.  1990. Riparian  vegetation instream flow requirements: A 
case study from a diverted stream in the eastern Sierra Nevada, California. Environmental 
Management 14(2):185-194. 

-,  and -.  1991. Instream flow requirements for cottonwoods at Bishop Creek, Inyo 
County, California. Rivers 2(1):1-11. 

M. T. Hill et al. 209 

clear that 
ced only as 
rotect river 
rements are 
logical sys-
Irian  zones, 
.1clom  con-
omplexity. 
ed for the 
w analysis 
tly in com- 

in  tifies the 
m and out-
o develop 
earch will 
c and ter-
I geomor-

establish 
'iile,  tech-
nore com-
w  the cus- 

' River 

'thods. 

165 in 
cravel- 

.1  bed. 

small 

nental  
ervice  

; I nd: 

Final 

iogic  
(logy  

Vash-

arian  
519-

onto 

plain 
arge 
106. 

and 

1991 I  

t7VTLSVG90E 9t7:17T  S66T-T2-S0  alas.  
ET d MN SdAld  NV:IdWt"  



ITI)  1991 by 

r  

cades 
instrea 
to prot 
trend 
sumpt 
ronmi_  
Recog 
servec 

out of 
qualit 

Thi.  
occur]  
opme 
envir. 
study 
tral 
answ.  
agree 
that c  
can I  
view: 
prote 

1  Ri  210  Rivers  • Volume 2, Number 3 
 

JULY 1991 

Tennant, D. L. 1975. Instream flow regimes for fish, wildlife, recreation, and related envi-
ronmental resources. Pages  359-373 in J. F. Orsborn and C. H. Allman,  editors. Inst ream 
flow needs, Volume  2. Bethesda, MD: American Fisheries Society. 

U.S. Army Corps of Engineers. 1982. HEC-2,  Water surface profiles. Computer program 723- 
x6-L202A.  Davis, CA: Hydrologic Engineering Center. 

Vannote, R. L., G. W. Minshall, K. W. Cummins, J. R. Sedell, and C. E. Cushing. 1980. The 
river continuum concept. Canadian Journal of Fisheries and Aquatic Sciences 37W:130-437,  

Ward, J. V., and J. A. Stanford. 1989.  RiverIne  ecuaystems:  Thu influence  of man on catchment  
dyilainiCs  anti  fish eculugy.  Pages 56-64 in D. P. Dodge, editor. Proceedings of the Inter-
national Large River Symposium. Canadian Special Publication of Fisheries and Aquatic 
Sciences 106. Ottawa: Department of Fisheries and Oceans. 

Wesche, T. A., and P. A. Rechard. 1980. A summary of instream flow methods for fisheries 
and related research needs. Eisenhower Consortium Bulletin No. 9. Laramie: University 
of Wyoming, Eisenhower Consortium for Western Environmental Forestry Research. 

Wolman, M. G.,  and J. C. Miller. 1960.  Magnitude and frequency of forces in geomorphic 
processes. Journal of Geology 68(1):54-74. 

Received: 25 January 1991 
Accepted: 29 May 1991 

Discussion open until 30 June 1992 

ET  ' D  MN SD3AID  NVOP:GWT''  1717TLGPS90E  nq:t7i  CRPT  -TC -en  ii  


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13

