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INTRODUCTION

Since the inception of the Montana Department of Fish, Wildlife and
Parks' (MDFWP's) instream flow program in the mid-19707s, the wetted perimeter

inflection point method has been the primary mezsns for deriving instream flow

[

recommendations for the preservation of aquatic resources during the low-water
period in Montana's streams and vivers, Because the field of instreanm flow
method (IFM) development has continually expanded over the past decade or so,

the Department felt a need to review its method in light of recent advances in

Ean

the "state-of-the—art.” The purpese of this decument is to {1} provide an

[

up-to—date synopsis of the history of the wetted perimeter inflection poin
method, (Z) examine its theoretical and experimental basis, and (3) ddentcifl:
its strengths and weaknesses as compared to other availsble procedures. We
will alse discuss the applicability of the wertted perimeter inflection point
method to a variety of streams, both large and small, guidelines for its use,

and provide a justification for the use of the method in Montans,



The development of methods to determine the amounts of water to remain
instrzam for the protection of figh and wildlife rescurces and relared
recraational opportunities has been a velatively recent phenomencn {(Lear and
Sale 1%81). The primary reason for this has been a rveluctance of various
state governments Lo recognize Insiream uses as beneficial” uses of water.
Because of limited water availability and resultant user conflicts, it was in
the arid western states where instream flow methods (IFM's) were first
devised, These developments followed the establishment of institutional

rameworks {instream flow programs), which have prolifevated in the westsrn
states since 1973 (Lamb and Meshorer 1983). However, the degree of protection
afforded ro fish and wildiife by instream flov programs differs markedly amonyg
states due to differing levels of statutory protection, water availability,
and user conflicts. Consequently, a variety of IFM's have been devised by
state fisherles agenciles to meet the needs of their particular instream flow
programs {(Trihey and Stalnaker 1985). Another factor contributing to the
diversification of IFM's was that the characteristics of aquatic rescurces
{such as warmwater vs. coldwater habirat, anadromouz vs. Tesident species)
vary both within and bestween stares.

Many of the first studies concerning instream flow needs were conductad
during the 1950’s and 1960's below federally funded hydroelectric and
irrigation dams on large vivers in the West {Trihey and Stalnaker 1985},
acause “hese proiects had thelr movz wvi ‘e impaciz on natural.y ocourring

low summer streamflows, biclogists were most concerned with setting minimum



flow "standards" for the summer—fall periods. The first applications of IFM's
to streams and rivers on a statewide basis began in Ovegon during the late
1960's, The early development of IFM's in Oregon was not just coincidence
because in 1955 Oregon became the first western state to provide for the
administrative establishment of flow standavds. Their program was quite
successful and has been a prototype for other western states, including
Montana {(Lamb and Meshorer 1983},

4 series of workshops were held in the Northwest during the early 19707s
to review and discuss avallable IFM technology. Three of the more significant
events in the development of IFM’s did not occur until 1976, The first event
wag a publication by Stalnaker and Arnette (1976} that comprised the first
compilation and criticsl evaluation of existing IFM's. Second, sz conference
sponsered by the Western Divisicn of the American Fisheries Scciety was held
in Boise, Idaheo. This landmark event brought together IFM practitiomers,
developers and administrators to discuss the legal, soccial and biolegical
aspects of the instream flow issue, and resulted in the publication of a
two~volume document (Orsborn and Allman 1978)., The third significant event
was the formation of the Instream Flow Group (IFG) by the U.3. Fish and
Wildlife Service at Fort Collins, Colorado. The purpose of this group was o
advance the "state-of-the-art™ and become the center of activity related to
instream flow assessments. In the late 1970's the IFG developad the Instresm
Flow Incremental Method (IFIM), which has been 1in a continual state of
refinement sver since.

The timetable for the development of Montana's IFM closely paralleled

thoee for the rsrhery weetsrs ~vores Ty the ~orly 360"~ 4 series of

18y En

cessiul legisliative attempts were made to obrain “beneficial use' status for

fish and wildlife and to develop a procedure to obtain instream flows for



thege TEsSources {Peterman 1979;. The first provisions for the
instream flow needs for fish and wildiife were made in 1969 when the Montana
1agisiatura authorized the Fish and Game Commission to file for rights to the
gnappropriated waters in portionsg of 12 streams. Because the "srate-of-the-
art” of IFM development was in its infancy, most of these oxiginal filings
were based on the professional judgment of local fisheries bioclogists. In
1980 and 1981 they were quantified using the wetted perimeter method.

The passage of the Montana Water Use Acr in 1873 and the Yellowstone
Moratorium in 1974 provided the main srimuli for the development of methods o
guantify the instream flow needs of fish and wildlife in Montana. The Water
Tse Act was a vevolutlonary legisglative act that specificallv defined fish and
wildlife as bemeficial users of water and established 2 process for reserving
unappropriated water for these purposes. The Yellowstone Moratorium was
enacted in response to a rtush” of applications for Yellowsteone River water by
industrial and water-marketing concerns and placed a moratorium on all large
diversion or storage applications in the Yellowstene Basin. The Yellowstone
Moratorium provided a period of three vears to quantify all future beneficial
uses {including fish and wildlife) In the basin and allocate water to meet
those needs {Peterman 1979).

In 1973 and 1974, in response to this mandate, the MDFWP began in earnsest
to develop an IFM that was appropriate for the rivers and streams of Montana
and could be cost and time-effectively applied on 2 bhasinwide scals (Spence
1976). After a review of available IFM's, the MDFWP decided to enter into a
ceoperative program with the U.8. Bureau of Reclamation and in 1974 bhegan
waine the Bureau's WSP {wster surface profile) model to zenevate hydraul -~ and

configuraticn dnfprmatrion on which dnstrean flow recommendations were

based {Spence 1975; Docley 1976). Data from the WSP model were used to define



} passage flows for wmigravory fish, (2} nest protection flows for Canada
geese, and for the firse time in Montana, (3} to define minimum flows for fish
during the low flow periods based on the relatiocnship between wetied perimater
and discharge in tviffles (Elser 1976). Preliminary £field testing of the WSP
model was conducted during the wid-1%2707s by MDFWP sersonnel {HElser 1%76:
Workman 1976}, These evalvations were gearved towards the technical aspects of

the WSP hydraulic model as well as the appropriateness of

using wetted
perimeter~discharge relationships to derive Instream flow recommendarions for
the low flow pariod.

Following the completion of fieldwork associated with the Yellowstone
watey reservation In 1977, the MDFWP shifted emphasis to the Upper Clark ?grk
and Upper Misscuri River Basins. An action plan was devised to guide Depare-
ment afforzs at securing instream flows (Nelson and Peterman 197%). ?hg
watted perimeter method using the W8P hydraulic model continued o be the
primary means of deriving minimum flow recommendations for the low flow perioed
until the results of an evsluazion study were published by MDFWP (Helson
1980a, 1980b and 1980c¢}. This study, funded by the U.S5. Fish and Wildlife
Service under the auspices of the IFG, evaluasted four IFM's applied to five
river reaches in southwest Montans. Besides providing a basis for using the
wettad perimeter inflection point method, the study led to the development of
an improved and simplified wmethod to generate wetted. perimeter- discharge
relationships for streams and rivers (Helson 1884az)., The resultant WETP

computer program replaced the WP model and since 1980 has provided the wetted

perimeter-discharge datz upon which the Department’s flow recommendations are

hased,



RELATIONSHIPS BETWEEN STREAMYLOWE AND FISH POPULATIONS

Many physical and bioclogical factors interact to regulate fish abundance
in gtreams. Hall and Knight (1981) list five major factors: streémflew,
habiratr guality, food abundance, pradation, and movement and migration. In a
natural stream envirvonment, it is difficult to measure the effect of one
factor dndependently of the others. The exact rvole each factor plays in
regulating a2 given stream population Iig often masked by the interaction of the
others. This complexity hampers the ability of fishery scientists to predict

the vespomse of 2 £fish population iz a gilven stream to environmental

A

variations, &uch as man-caused changes in streamflow. Accurate prediction
require the development of z model that quantitatively describes the relation-
ship between fish abundance and all regulating variablas. The "state-of-tha-
art” has not vet advanced to this level, nor is it evident that such models,
if aver developed, would be applicable to g broad range of streams.

Bacause there are wide gaps in ocur knowledge of how Zfish respeﬁd.ts
envirommentzl changes, £ishery scientists wmust rely on broad, general
assumptions when discussing the means by which stream £ish populations are
regulated, These agssumptions may not fullvy describe the means of regulation
for a given stream of interast or apgiy to all streams in a particular region,
and many have not been tested in definitive scientific studies. Despite these
ldmivatdions, the assumptions. in general., are logical and defensible, but not
immune to criticism, These assumptions are an essential part of all Iinstream

tlow methods. Tiis sectlon wiil _oieflly . w58 some <©. the as  ptions



regarding the regulation of fish azbundance in Montana's streams, and provide a
basis of support Irom the scientific literature.

The standing crops (number and total weight) of fish that a particular
gtresm SUppoOrts can vary over time. For Montana's stresms, standing crops ars
cvpically lowest following the rigors of winter and highest in fall after the
summer growing season., The magnitude of these annual lows and highs can vary
substantdially from vear—to-year,

A factor often considered a major, if not the overriding, cause of this
variability within a8 particular streasm 18 the vear-to-vear wvariation in
gtreamfiows. Simply stated, more water tramslates inte mors space fox fish
and the population increases te f£ill this void. Conversely, lower flows
provide less space and lead to z reduction in fish standing crops. It is the
logic of this relationship that has led manv to believe that the period of
lowest streamflows is the single factor having the greatest impact on a
stream’s carrying capacity. Carrying capacity here is defined as the standing
crops of fish that can be nmaintained indefinitely by the aquatic environment,

Substantial support for this belief dis provided din the literature.
Positive correlations betrween the magnitude of a stream’s annual low flows
and the wariation in fish standing crops over time have been documentad in
aumercus studies (Neave 1549 and 1938, McKevnan et al. 1950, Wickarr 1931,
Henry 1933, Neave and Wicket: 1333, Pearseon et al. 1870, Burns 1971 and Whire
et al. 1%76). In Montana, such relationships have bhesn suggested for the

Galliatin, Big Hole, Madison, Bighorn and Yellowstone vivers (Nelson 1984h,

Fredenberg 1985, Vipcent 1987, and Clancy 1988).

o] ge
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Flows csn dncraase o 2 Tevel where they no longer *rmofi
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tions.  High fipws, especislly those assvoeiated witn floeds, have bheen shown

to adversely impact fish, with eggs and voung generally affected more severely



than adults {(Allen 1951, Elweod and Waters 1969, Seegrist and Gard 1372 and
Anderson and Nehring 1985). However, the magnitude of the impact on the
population can vary by species, the time of year high flows occur and the
phyeical stream characteristics.

Not all space in a stream 1s equally suited for fish., Fish tend to
concentrare and spend much of thelr time in specific habitatrs, which consist,
among other things, o©of a preferred range of bottom substrates, current
velocities and water depths, and contzin cover., Components of the preferred
fish habitat - not all of which are readily fidentifiable - can vary with the
species, life stage and size of fish and by stream and season.

Cover, or shelter. has long been recognized as one of the basic and
essentiasl components of fish habitat. Cover sserves as a means for avoiding
predators and provides areas of moderate current speed used as resting and
helding areas by fish., Cover is provided by such things as undercut banks,
overhanging and submerged bank vegetation, woody debris, aquatic vegetationm,
instream boulders and cobbles, and surface turbulence, Water depth by itself

g a form of cover,

[N

Fish habitat can be improved through artificial marmipulation, thus
increasing a stream’s carrying capacity. One of the most cited examples
occurred at Lawrence Creek, Wisconsin, where the brook trout biomass (fotal
weight) dincreased almost threefold following extensive habitat improvements
that increased bank cover by 416% and pool arez by 289% (Hunt 1971 and 19767,
Fish habitat can alsoc be degraded by man's activities. The destruction of

bank vegetation is a prime exzample that leads to habitat losses and, in turn,

K}

#i=g the effapts of

reduces the carryine cavacitv.  ¥or example, =z studw pveTy
habitat manipulation on trout abundance In & small Montana stream veported

that the removal of a portion of the overhanging brush cover reduced the trout



biomass in & test section by 41% (Boussu 1954). 1t is thus well established
that f£ish do respond, sometimes dramatically, to habitat alrerations.

The amount of available fish habitat in a particular stream is strongly
infiuenced by strsamflow. This 1s an obvicus relationship because many
habitat components, such as water velocity, depth, and availzble bank cover,
‘are directly affected by the magnitude of the flow {(Randolph 1984 and Wesche
19733, It dis through 4its influence on fish habitast that streamflow is
believed to primarily vegulate £ish abundance. Greater flows expand the
available habitat, allowing the fish popularion to dncreasse, Conversely,
following flow reductions, fish populations decrease in response to shrinking
habitat. HNumerous studies have documented positive relaticnships betwesen fish
standing crops and various indices of habirat quantiry {Gunderson 1968, Lewis
1969, Stewart 1970, Wesche 1974 and 1980, Nickelson and Hafele 1978 and Loar
et al. 1983b).

While streamflow primaerily regulates £ish standing crops through its
effect on physical habitatr, other factors that can contribute to the variation
in fish sbundance over time are alseo influenced by flow., One suzh factor is
food supply. The abundance, production and composition of food itazms can be
altered by variations in flow {Cushman 1985).

Aquatic insects, such as caddisflies, stoneflies and mayfliises, and other
aquatic Iinvertebrates are the primary food of Montana's stream—dwelling game
fish (Brown 1871). It is widely accepted that the production of these aquatic
food organisme is greatest in riffles of streams (Hynes 1670). Needham (1834)
and Briggs (1948) reported that 80 percent of the invertebrate production in
their study streams occcurred in riffles., A& rviffle ¢ - srorlan o8 oo
which the water flow is rapid and shallower than the sections above and below.

Streams usually consist of a succession of pools and riffles.



Aguatic invertebrates wnormally become available as a food source when
drifting in the current, aithough salmonids and other fish alsoc rely heavily
at times on bottoem foraging. The majority of the studies reported inm the
litersture support the general conclusion that a strong positive correlarien
exlsts between the abundance of aquatic drifr and water velocities {or stream
discharge} (Chapman 1966, Waters 1969, and Everest and Chapman 1972).
Increasing velocities, which are necessary to free invertebrates from the
bottom substrate, should incresase the quantity of drift up to the point where
flows near flood levels (Warers 1969).

While increased water wvelocity is the generally accepted mechanism for
creating drift, sufficient riffle habitat must be available to produce this
food source. To sustain maximum invertebrate production, the riffle habirtar
should be wetted vear-vound because the majority of aguatic insects live from
one to three vears on the stream bottom before emerging as air breathing,
winged forms and completing their Iife c¢ycles. These organisms canpnot he
expected to readily recolonize those areas that are alternately wetted, dried
and reweited sach year. TUp to 47 days may be regquired to fully recclonize a2
dewatered substrate {CGerisch and Brusven 1981}. Thus, both the total amount
of wetted riffle area and the velocities through these riffles appear to be
important factors determining the gquantity of drife.

The assumption that food supply can be an important factor controlling
fish abundance is supported by a number of gtudies. Mason and Chapman (1963},
Peterson (1966}, Elliotr (1973) and Gibson and Galbraith {(1975) reported that
stream sections having the higher incoming dyrif:t supported greater fish
standing crovs. Murphv et al. {1981 foun” +ha+r r-~u+ hicmasg at -+ strean
sites in Oregon’'s vascade Mountains was highly correiated with the biomass (in

riffle samples) of the collector-gatherer group of invertebrates {r=0.99,



P<0.01) eud moderately correlated with the total invertehrare biomass {(r=0,83,

P<0,03).

Figh abundance can reflect the gquantity of the food supply and, din those
streams where food is limiting, populations will benefit 1if food production
vas optimizad. One means for accomplishing this gozl is to maintain a flow
level that wets the maximum amount of a stream’s riffle ares. The underliying
asgumption is that fish standing crops will respond to increases in wetted
riffle area via the dImpact on food production. Support for this logic is
provided by Pearsom et al, {1970), whe found that pools having larger upstrean

riffles averaged higher production of coho salmon per unit of pocl area than

ools with smaller riffles. On the negative side, Cada e al. {1983) were
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unable to show a consistent relationship between invertebrate densities and
riffle wetred perimeter {(an index of wetted riffle area) at various flows for
four southern Appalachian trout streams. However, they concludsed that their
analysis was only preliminary and, in a subsequent ccrzes?ondesca with the
MDFWP, Cada stated that he hoped to restudy the relationship in greater detail
and suspected that there was some value 1in examining wetted perimeter when
considering flow effects on aquatic invertehrates.

Streamflow will control the amount of riffle area that 1s covered by
water and, as a vesult, may influence food production. This potential
relationship between streamflows and food production is of particular signifi-
cance during the warmer months when higher water temperatures initiate fish
growth and young fish are hatched and sznter the poepulation. Dus to this
growth and recrultment, the population increases over summer din both numbers
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nd nLiomass, tynfo-Tiv reaching 0 Cighest lev. - fal
fish populations in Montana's streams tend to increase over summer suggests
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that the amount of preferred habitat neesded for population expansion is



gxcess at this time., Vacant habitat would have to be available in order for
rhis expansion to occur. This is consistent with the fact that stresmflow in
Montana's unregulated streams 1s normally highest in summer and lowest in

inter {(Figure 1}, (Przirie stresms, regulated sireams and rhose heavily
depleted for irvigation often viclate this "rule of thumb”). Conseguently,
habitrat availebility is expected to be greatest during summer snd lowest in
winter. OUn these streams, food supply may be more influential in limiting the
summer population expansion than is a lack of unfilled habitat. Experiments
of Wilzbach {1983} suggested that, in summer, food abundance was the over-
riding factor determining the abundance and distribution of adult cutthroat
trout in sStreams. {Imn 1887, rthe Cooperative Fisheries Research Unit
a2t Montanz State University began a studvy to zssess the role of summer food
supply in vegulating trout abundance in Montana's streams. Ho study resules
are agvailable at this tims.]

In winter, Montana's streams normally exhibit high fish losses, which ars
attributed to the seasonally low flows coupled with the detrimental effacts of
sub~gurface ice formation., ice scouring and other harsh physical conditions
that typically characterize a Montana stream in winter. The severity of the
winter environment on trout survival has been discussed by a number of authors
{(Maciolek and HNeedham 1952, Needham and Jones 1959, Butler 1%7% and EKurtz
1980) and borne out by the high over-winter mortality rates that have been
documented for a number of Montana streams (MDFWP 1984 and Schrader 1983). 3y
winter's end, §opui%ticns are typically reduced %o the lowest level of the
vaar in response to the adverse habivatr conditions. The winter period and its

assoclrred low flows ave believed to ultimareTv »:-ulate the cr-~oity of

—12~



% OF MEAN ANNUAL WATER YIELD
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Flgurs 1.

Monthly water availability for mountain frout streams in Montana.

The monthly values are the averages for
2ast of the Continental Divide.
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five unregulated streams



A better understanding of the comnection between food supply and winter
habitat dn regulating fisgh abundance is provided by Mason (1976). He was
gble, through supplemental feeding, to incresse the summer biomass of fuvenile
salmon in 2 small Brirish Columbia stream by 6-7 fold when compared to natural
levels., However, the over-winter loss of these fish was extremely high,
resulting in a spring population that was numerically similar to  the
population under natural conditions {no supplemental feeding)., This study
demonstrated that food supply was the wmost important factor controlling
population size in summer, but physical habitat in winter ultimately limirted

the population, preventing & high carry-over of

Py

rh

ish from the previocus
summer 's supplemental feeding.

The role of habitat in regulsting fish sbundance in Meontana's streams is
probably dominant In winter and of lesser importance in summer when food
supply likely plays 2 key role. During the transition period berween summer
and winter when flow levels start to apprecach the winter lows (Figure 1),
habitat should begin to play a more prominent role in controlling population
size. As natural flows progressively decline, z thecretical point is reached
when habitat reductions overtake food supply as the primary limiting factor.
Justification for habitat becoming a key Ilimiting factor prior to the winter
low flow period being reached is based on the fact that the habitat neseds of
individual fish are generally considered greatest during the warmer months
when fish grow, ‘rayroéaca, and actively defend territories. In winrer,

escaping from the rigors of the harsh physical environment appears to be the

primary 1ife function. For protection, wintering fish tend to seek out the

.

Adepener prels. enter the hottom svhatrate nr crmpevaecate heavy acoomy

tions of brush and debris (Chapman and Biornn 1968). Because wintering fish

typically confine their acitlvities to limited areas and are less active, thedir

o e



individual habitar requirements appear to be less than thelr non-winter
ragquirements. Thus, a grsater flow iz needed in the warmer months than is
regquired during winter to support the same fish abundance. Started sznorher
way, a given flow should provide less fish habitat during the warmer months
than in winter. ({This generality zpplies only to those time pericds when
sub~surface ice is not the dominant determinant of channel structure. When
icing dis severe, vhysical habitat is grossly altered and iz no longer
comparable to the habitat in summer.)

The amount and availlability of physical habitat way limit fish popula-
tions during the non-winter months din streams that are depleted for
irrigation. The habitat reductions that result when dirrigation water is
removed, especlally in late summer and fall when natural flow levels have
dropped considerably, become more limiting to the population than the food
suppiy and, if flow depletions are sevare, replace winter habitar as the
ultimate population control. Data collected for the Gallatin, Big Hele and
Shields Rivers - Montana streams that are severely depleted for irvigation -
suggest that the summer low flow has become the ultimate population regulator
on portions of these streams (Helson 1984bh and Clancy 1985).

How streamflow regulares populations during the non—winter months - vis
food supply, habitat or a combination of both - is less relevant than the fact
that regulation does occur. As g resulz,  theres are distinct benefits to
maintaining non-winter flow levels that exceed the winrer lows. One important
benefdt is that the higher flows of the non~winter period allow the population
to achieve maximum growth and expansion over summer, providing anglers with a
harvestable surpius of fish before the «--omine reopulation adjustmont -
winter. anglers have the opportunity to take 2 portion of the fish biomass

that will normally be lost over winter, without materially impacting future

15



fish abundance. Mainraining flows vear-round at the low level of winter would
aot  allow for this summer expansion and would, therefore, diminish or
eliminate fishing opportunities. Another resl possibilizy is that a vear-
round low {(winter) flow would reduce the fall population to a level bhelow the
carrying capacity of the winfer habitat, and thus lead tc a major reduction in
future fish abundance. This stems from the likelihood that habitat require—
ments of individusl fish may be greater in the warmer months than in winter.
Clearly, neither fish nor fishermen would benefitr if flows were maintained
vear-vound at their low winter levels.

While streamilow is often considered the wmost important wvariable
regulating fish demsdities, its influence can be masked or overridden by other
controls, such as man-caused pollution and the over-harvasting of fish by
anglers, In these situations, fish standing crops are suppressed by factors
unrelated to flow and held at a level £far below the stream’s carrving
capacity. The influence of flow levels, therefore, becomes secondary ezcept
possibly under extremely low flows. If these other controls were reduced or
eliminated, streamflow would again become the dominant population regulator.

When deriving flow vrecommendations for HMontana's siveams, Ffishery
managers strive to provide a level of protection that will maximize fish
populations. Given this goal, a prudent and defensible spproach is to fully
protect winter flows, Tlow reductions during the winter low flow period
would only serve to aggravate an already stressful situation for fish (MDFWP
1984}, potentially leading to even greater over-winter losses. For the
remainder of the year, a reasonable strategy is to provide a flow that main—
tains foaod production ard Fich habitar ot » Tevel that —ayi-iszaen the growih of
individual fish and the expansion of the population over the summer growing

SEASONL.



SURVEY AND ANALYSIS OF INGTREAM FLOW METHODS

Survey of Available Techniques

Probably the best and most defensible method for determining streamflows
ngcessary to maintain existing aquatic resources is to ohserve responses of
fish populations to changing flow regimes in a specific water over a period of
vears. wWhile this approach is desirable, it is impractical for use on & broad
scale becauvse of time and manpower reguirements. The need to collect
over a wide range of annual flow conditions is an additional constraint since
researchers seldom have control over this varisble. Although such information
exists for a few of Montana's "blue ribbon” trout streams (Nelson 1980z and
1980b), i is not a viable altvernative to the commonly used IFM's=.

Recent reviews by Wesche and Rechard (1980), Loar zand Sale {1981}, and
Trihev and Stalnaker (1983) have shown that the commonly used and accepted
instream flow methods can be classified into thres categorles. They will be
referred to as:

1. Hon-field

2. Habitat retention

3. Incremental

Hon~Field Methods

The first category includes z variety of "non-field” methods that set

fmuw flows heeed om existine historles? etrveamfliew rorords, One % the

=3
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mest common of these 18 the Tennant Metrhod, aise snown as the Montans Method.

The name "Montana Method" is-a misnomer because it is not the preferved method



in the MDFWP's program to set instream flows. This wmethod derives flow
recommendations based on percentages of the mean annual flow for the stream in
guegstion. Other related methods are based on manipulations of water yield or
flow duration information. 411 such wmethods are similar dn that they are
usuzlly performed in the office using existing hydrologic information with
few, 1f anvy, on-site visits required. These metheds are z2lsc generally weak

in establishing a2 biclogical basis for the recommended flows.

Habitat Eetention Merhods

The second group of IFM's includes 2 wide array of rechnigues that
examine rvelationships between discharge and generalized fish habitat indices
to derive flow recommendations intended to maintain the stream resource at z
desired level. Thev are called "habitat retention” methods bhecsuse they
specify flow levels where cevtain desirable aguaric habitat characterisrics
{such as riffle wetted pevimeter) are retained. These merhods reguire cns or
more visits to the stream or river where habitat measurements ars made along
established cross-—sectional tranmsects. Some methods employ hydrazulic simuls-
tion models {such as Manning's egquation or stage-discharge relationships)
while otrhers rely om repetitive measurements made at saveral differenr flows.

Habitat retention methods commonly apply criteriz to define flows
necessary to provide suitable conditions for one or move of the following 1ife
functions:

!, unimpeded passage to spawning areas

2. adequate spawning habitat

3. adeguate rearing habitat

suate £ .0 p Lue g habitar,
Por ewxample, the OUregon Method addresses f£igh passage reguirements by

examining wateyr depths and curvent veleocities over a range of flows at several

~18-



transects. These transects arve established across critical rpiffles wherae

ish passage problems would first appear as discharge decrsases., Criterias

s}

developed foy wvaricus fish specises from field observations and labovatery
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studies are then compared to c¢ross—-sectional Informstion to idenpif
where channel width, water depth, and current velocity conditions no longer
allow adequate passage. Depth and velocity passage criteris for s variety of
fish species were presented by Thompson {1972}, Similarly, several habitat
vetention technigques use either specieswspecific or generdic depth and velocity
criteria and carefully placed cross—-sectionsl transects o derive flow
recommendations for known spawning areas (Wesche and Rechard 1980).

While not all of the habitat retention methods described by Wesche and

onsider passage and spawning rsgquirements. thev do shars a
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common emphasis on defining flows vequired to provide adequate fish rearing
habitat. However, as peinted out by Thompson {1972}, the identification of
appropriate rearing flows is far more difficult than determining passags and
spawning flows. Fish habitar reguirements for rearing purposSes are complex
because preferences for water depth, veloecity, cover, and substrate usually
vary not only between species but alsc between life stages {(di.e., frv,
juveniles, adults) of 2 single species. TFurther, the habitat requirements
{primarily current velocity, substrate and depth) of the numerous species of
aquatic macreinverfebrates that comprise the main food bass for trout in most
gtraams also vary significantly between species.

Bacause vrearing habltat reguirements of lotic fish speciss and food
organismsz are so complex and iInterrvelated, the habitat retention IFM's
typically evaluvate the relatiouship betwsen streanmflow and some penersl dndax
of physice. habltat conditions dn deriving flow recommendations., Many of

these methods focus on rviffles beczuse of their importance as food producing
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areas and the belief that the maintenance of riffles will provide adequate

amounts of habitat in other areas of the stream (Stalnaker and Arnette 1976),

As shown in Table 1, four of the seven common "habitar retention”™ wmethods
specifically consider riffie bhabirats and five metheods give ar least some

consideration to the smounts of wetted perimeter retained in the straam.

Incrementral Methods

The third group of IFM's can be referred to as “incremental.” These

techniques produce habitat-discharge relationships for specific life stages of

various fish specles. They are termed "incremental” methods because they

attempt to predict the actual amount of suitable fish habitat present as flow

iEhe for rvainbow trout and the

changes incrementally, The "California Method"

£

"WRRI Method" for brown trout {borh described by Wesche and Rechard 1980

are inciuded in this group. However, the best known technigue is the Instreanm
Flow Inmcremental Method (IFIM), IFIM is the most sophisticated instream flow
method and it countinues to be refined by the IFS at Fort Collins, Colorade.

The IFIM has been described in detail elsewhere (Trihey and Wegner 1981,

Bovee 1982, Milhous et al. 1984). Loar and Sale {1981) descrihe the method as

"A package of computer programs, collectively called PHABRSIM

3]

{Physical HABitat SIMulation system), iz used to implement thi

analysis of dnstream £low needs. The overall approach combines

(1) multiple~transect field data from & representative and/or
i

critical river reach, (2) hydraulic simulation models to predict

— =t ™

phrsical hahitat »arameters such as mean velorite (v},
and subsirate {s), and (3, species-specific suiltability functions

{Sv’ Sd’ 8 ). Suitability functions are used to calculate weightin



Table 1. Summary of the common "habitat rerention” methods used ro determine
rearing flow regquirements {derived from Wesche and Rechard 1980),

Hapitat Unit
Merhod Species Considersd Rearing Oriveria
Oregon salmonids riffles =~ adeguate depth
= &0% wetted
- velocity 1.0 to 1.5 ft/sec
pools - welocity 0.3-0.8 fi/sec
~ pool-riffle ratic near 50:30
Colorado salmonids riffles - 50% wetted
(USFS Region 2 . - average velociry 1.0-1.3 ft/sec
= depth 0.2-0.47 if wideh less 20°
0.5-4.6% if widih more 20°
USFS Region 4 szlmonids zll units - numerical rating system for pool
{pools, riffles, runs, quality, pool struciure, stresm~
ate.) bed and bank environment
USFS Region & salmonids “typical rearing habifag” - depth 0.3-3.0 ft
~ velocity 0.2-1.8 ft/sec
"food producing hablzar® = depth 0.1-3.0 ft
= velocity 1.0-4.0 fr/sec
Washington salnmonids riffle/pool sequence - inflection point on wetted
perimeter: discharge curves
Idaho warmwarer riffles - inflecticn point on wetrted
perimeter: discharge curves
Hontana's WEIP salmonids rifflies = inflection point on wetted

perimeter: discharge curvesg
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coefficients representing the habitatr preferences of wvaripcus life
stages of target fish species. Finally, measures of habitat suiz-
abiliry and availability {(as wetted surface area, ai} are used iIn
computation of Weighted Usable Area (WUA), an index of habiter
condition, This index ds computed for each l1ife stage fe.g..
spawning (8), frvy (F), juvenile (J}, and adult (4)7 and can bhe

plotted against discharge” (Figure 2J.

4 major difference between IFIM and the "habitat retention” methods is
that it builds a two-dimensicnal surface area model of a stream section while
the other methods usually examine habitat characteristics in terms of usable
width at discrete cross-sectional transects. IFIM divides the study section
inte a matrix of rectangular cells (Figure 3) and uses either a single-flow
{(WSP—-type model incorporating Manning's equation) or a multiple-flow stage-
discharge hydraulic modeling approach to describe f{low-related changes in
depth and velocity within each cell. Once the hydrauiic model for each cell
is constructed, habitat suiltability curves are consulted to determine habitat
suitability for a given life stage of a given species for each flew of
Interest, |

Example habitat suitability curves for velocity, depth, and substrate are
shown in the upper vight on Figure 2. Suitability factors range between 0.0
{most unsuitable) and 1.0 {most suitazble). A composite habitat suitability
facter is determined for éaah cell 4o the study section at each flow of
interest by multiplication of factors for depth, velocity, substrate and/or
cover, This cromposite sullabiTiny Factor alse vanpas hetweaon 0.0 -~ 1 0 gnd
it 45 multdipliiec by the suriace arvea of the ceil to determine the ‘usable”

areaz in the cell at a particular flow. These wvalues are tabulated for ail
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Figure Z. Organization and information processing in the Imstream
Flow Incremental Method (IFIM) for instrsam flow assess—
ment {from Loar and Sale 1981).



Subdivision of 2 stream reach Into transects and mapping cells
for computational purposes with the Instream Flow Incremental
Method {IFIM) (from Loar and Sale 1981).
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cellz in the study section to determine total weighted usable area (WUA) at a
given flow for a life stage of a species (i.e., WUA for rainbow trout fry in
stream section "' ar 13 cfs). Using habitat suitability curves and depth and
velocity predictions from the hydraulic model, graphs of WUA versus discharge
for various life stages of a fish species can be gesnerated (i.e., lower right

in Figure 2},

Advantages and Limitatdions of IFM's

There are a number of IFM's that can be emploved to determine the
instream flow needs for fisherv resources, Wesche and Rachard (1980} listed
il common techniques, many of which are still in use, Thera is no consensus
on which method iz the most appropriate for all situarions. Such a2 consensus

may not be possible because of regional differsnces in instream flow program

structures and goals, hydrology, channel morphology, fish communicy structurs

-y

and

o

w2bitat use, gvaillable funding, and continuing advances in the "state-of-
the-art” of instream flow analysis.

Because there i1s no "best” method to determine instream flows to meer
fishery needs under all conditions, the following discussion will examine the
agssumptions, strengths, and limitarions of the main IFM's, The inrsrestaed
reader 1s encouraged to consult the excellent review by Lozr and Sele {1981
gince much of the following is derived from that source. Since the main
objective of this report is to evaluate Montana's wetted perimeter inflaction
point method, particular attention will be paid to this technique.

We will discuss the advantages and limitations of the varicus IFM's with

regard to the folleowing main subisesr svenrs hwdraniics ond channel =evreba’?- oo

ing capabilities, and data and manpower requirements. Many of the

FES 24

IFM evaluation studles conducted to date will be discussed with particular



attention paid to assumptions and experimental design. Finally, the results
of srudies that evaluate the effectivensss of Montana's wertad perimetrer
methed are summarized, and criteria for selecting a particular IFM are

digcussed,

Hydraulics and Channel Morphology

The abiidity of various IFM's to account for differences in channel
morphology between watersheds or even dindividual streasm reaches 1is an
important consideration. The "non-field” IFM's have the least ability to
compensate for such differences because they do not rely on site-specific
relationships between habitar and discharge, For example, the Tennant Method
{probably the most widely used non-field IFM) assumes that a certain
percentage of mean annual flow will provide ad@qua§e channel width and depth
te maintain agusfic rescurces at some desired level. However, watershad
geomorphology investigations have identified a number of wvariasbles bhesides
flow frequency (such as watershed area, geclogy, slope, age, and stream order)
that play important reles in determining stream channel and flow character-
istics. These variables have been shown to vary significantly between water-
sheds but none of the common "non-field" IFM's address this problem {(Loar and
Sale 1981). Hence these methods are best sguited for regional application
where assumptions vegarding the relationship between channel geometyy,. Stream
flow and habitsr are met.

é

The "incremental”™ and "habitat retention'” IFM's utilize site~specific

habitat measurements that account for differences in channel morphology

F R Aoovra Voo L A

hetweon  watersheds or s&resm reacrhes 1

relationships for each stream reach. lo develop these relatiocnships, some

form of hydraulic model {either empirical or mathematical) is used. Each typa

T



of hydraulic model is based on certain assumptions and has certain advantages
and limitations.

Empiricsl relationships between habitat and discharge are derived by
direct messurement over a range of strean flows. is 1z a simple and
straightforward approach but it involves extensive time and maﬂp@wér invest-
ments and offers limited ability to predict habitat charscteristics outsidse
the renge of observed flows., Trihey and Baldridge {(1983) recommend an
empivical appreach for high gradlent streams with complex hyvdraulic features,
but thelr method requires thres or more field wvisits to develop acceptable
habitat—discharge relationships. The need for a large number of site wvisits
is common with empirical approaches because habitat-discharge relationships
are seldom linear, thus necessitating numerous "points™ {data sets) on graphs
to adequately desaryibe these relaticonships. IExtrapolation hetween and hevond
observed test flows can be z guestionable practice if empirical field data are
inadequate to properly describe the shape of habitat-discharge curves.

Mathematical models are used by many of the {fisld-oriented IFM's to
(1} reduce the amount of field effort required and (2) provide more ability to
extrapolate beyond ohserved flows. Three gensgral types of hydravlic models
are typlcally used. The simplest and most direct hvdraulic models are those
based on stage-discharge relationships generated by regression technigues.
Thesa relationships are commonly derived from field measurements made at three
different flows, although accuracy can be improved by additional measurements.
In certain instances, measurémenzs can be made at two flow levels but signifi-
cant "two-point’™ arrors can result (Bovee and Milhous 1978).

Several "habitat retenti~n” TFM':z swrh s the P2-Urgss. ~r (alpweads

azad on Hanning's eguation.

ol

Method wtilize a second type of hydraulic medel

Thiz model develops a simulated stage-discharge relationship for a given



cross~ section based on field messursments of gross—sectionsl arvea, hydraulic
vadius, energy sicpe, and channel roughness at a single discharge. This
method is advantageous because ir entaills only one set of field measurements,
However, it iz qnot well szuitred to natural stresm channels where flow
conditions are not always uniform. Manning's equation was developed to
degcribe flow conditions in manmade channels where energy slope and channel
roughness {(Manning’s "n”) remain relatively comstant as flow changes. These
coefficients often vary significantly in natural channels as dischargs
changes, thus reducing the asccuracy of the pradicted stage-—discharge relation-
ship {Bovee sand Milhous 1978}, Consequently, for most aatural stream
channels, stage-discharge rslationships are best obtained using an empirical
approach using thras {or meore) sets of fisld obseryvations. The regression
approach also sallows extrapclation over a greater 7range of flows
{Bovee and Milhous 1978},

"Step~backwater” models comprise the third main group of hydraulic models
used in IFM's. The most well known of these models is the WSP (Water Surface
Profile) model. This method produces thres dimensional depth and velocity
mgps of a stream section using Manming's equation and the Bermoulli Energy
Eguation. It can be applied using only one set of field measurements, but its
sccuracy and range of extrapolation can be enhanced by one or more additional
sets of field data {Bietz et al. 1983). Step~backwater models require mors
precise and éetaiied fiald survey dataz snd also require accuratre and mandarory
placement of tramsects across ell hydraulic control points din the study
section., IFIM is the most flexible IFM in terms of hydraulic modeling because

it allows the use of ewmpirical, regrassion, or step~hacrkwater prrocosdures as

well as coumuplinations of the latter two.
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Decision—Making Lapabilities

All the varicus IFM's have advantages and disadvantages in terms of sase
of interpretation for decision making, ability to “customize' flow recommen—
dations, and defensibility of decision criteriea and processes. Trihey and
Stalnaker (1983} identified two types of IFM's that relate to decision~making
capabilities. They are the "standard sstting” methods and the “incrementall

" merheds are

maethods., What we've called "non—field” and Thabitat retention
standard setting methods. These methods identify minimum flow standards thar
may constrain development, whereas incremental methods {of which IFIM is ths
best known) quantify tradeoffs by examining fish habitat responses to flow
alterations.

The standard setting methods are by far the easiest to interpret for

making decisions since they are concerned with setting minimum flows. whether

t be for spawning, passage, dincubation, rearing, or food production.

[N

However, because these methods recommend minimum flows they can actuslly
compromise some portion of the aquatic resource if rhese minimum fiows are
all that is maintained during the period of recommendation. Trihey and
Stalnaker's (1985} analogy was that fish communities may be able to withstand
near-drought conditions for one year in ten (or one month per year), however,
standard setting methods may impose such conditions for 10 out of 10 years (ox
all months of the vear). This could have sericus biological consequences
because fish and other agquatic organisms are often dependent on seasonal
variations in streamflow.

incremental methods, in particular IFIM, can compensate for this problem
te som  degree bec: se they ca .evelop oo .o al flow recommendaricr for

several life stages of wmany species if adequste hydrologic and habitat



suitability data are available, In this regard it iz a superilor method to the
"habitat retention”™ methods that consider flow-related changes in only one
{such as riffle wetted perimeter) or a very few habitat components to indicare
overall ecosvstenm rvesponse. The ability of IFIM to generate complex seascmal/
species/1ife stage-specific flow recommendations can also be a limitation. At
tdmes, an almost overwhelming amount of information can be generated, creasting
problems with data synthesdis and determination of recommended flows. Froblens
that must be addressed include determining which 1ife stage is mest limiting
to g species, snd which 1ife stage of which species is most important during =
given season. These difficult decisions often require "professional judgment”
and sre necessary bscause a flow that dis beneficizl to ome 1ife stage of a
given species may be detrimental to other species or to other 1ife stages of
the same species.

The various procedures used by IFM's to derive the final flow recommen-
dation{s) offer certain advantages and limitations. The simplest and most
direct procedures are employed by the "non-field” methods that simply select
percentages of annual flow or some other measure of flow freguency. While
thiz approach lacks biological sensitivity and, at times. is unrezlistic, the
mechanics of deriving the flow recommendatrions are relatively unasssailsble.

The approaches used by various "habitst retention” IFM’s to derive final
flow recommendaticns are the source of some controversy. ITwe approaches are
typically used. The first uses habitat criteria for such things as depth,
velocity, width, and wstted perimeter azs shown previocusly din Table 1. For
example, the Oregon method specifies that minimum flows for salmonid rearing
must provide zdeguate depth in viffles, cover aprrowimately 60Z of riffle aver

L0t 1.5 feet/see riffle water velorcity, provide 0.3 o 0,8

st

by flow, provide

feat/see pool water velocity, and must produce a pool:viffle ratio of 50:530

~30-



{Thompsen 1972;. The second approach raelies on the ddentificarion of
inflection (or breaking) points on habitat-discharge curves to identify
critical flows below which habitat losses incresase rapidly,

Loar and 5azle {i?%i} and Annear and Conder {1984 criticized the
inflection point approach &3 being too subjective and having the potential to
"create rvather than allsviate controversy over water allocation needs.” Loar
and Sale {1%81) recommend using habitat criteria bscause they "are much less
smbiguous than inflectiom-point calculations and are preferable becsuse the
' However, Bietz at

value judgments are clear and relatively more defsnsible.’

(93

al. (1983) presented an entirely oppesite argument and rejected the uss of

o

“ahitat sriteriz because neone of the parameters have heen direcrly related to
habitatr gquality. They further state: "The relationship betwesn percent
{emphasis added) wetted perimeter vetained and aguatic habitat quality is even
more tenuous. Unlike the wetted perimeter inflection point, there 18 no
currently avalilsble rationals for claiming that a fixed percentage of wetted
perimeter represents an sacceptable or non-acceptable level of aquatric habitatr
retention.”

As emphasized by Loar and Sale (1981), all TFPM’s dinvelve some level of
subjectivity, and professional Jjudgment iz essential to formulate final flow
recommpendations. Inflection point methods vequire Jjudgment 1in selescting

inflection point flows, while methods emploving habitat criteria reguire

&

judgment in defining the criteris to use. The selection of inflection point
is often very simple and reguires little professional Judgment. However, in
some cases the biclogist must use judgment to select inflection point flows

that will provide adeguate habirat for the »xistine aguatic ra=-—vrrn Fr

i

vmpioy hebitat criteria, the Judgment has to be made by the bislogist at the



outset, but it should not he construed as being any less subjective than that

emploved in selecting inflection points.

Data and Manpower Requirements

Each IFM has specific requirements for streamflow gaging informarion,
field transect data, and site-specific habitat suitabilicy data for targer
species. In HMontana, the requirements for flow gaging iInformation are
critical because most of the stream reaches invoelved in water allocation
proceedings have no gaging records. The habitat retention TFM's are bast
suited for ungaged streams since they reguire little or no long-term Tlow
information and algo involve ome to three or move visits te the site. Flow
messurements and channel morphology observations made during these visits give
the biclogist some idea of the annual hydrologic regime and a2 feel” for the
flow-related changes In %ish habirat quality and guantity.

Many of the non~field TFM's require Ilong-term streamflow records.
However, mean annual flow of many streams can be adequately estimared using
watershed analysis techniques requiring little or mno fieldwork. The Tennant
method (a2 non-field method hased onm percentage of mean annual Fflow) can,
therefore, be used in the absence of good streamflow records, provided mean
arnual flow can be accurately predicted from basin characteristics. Long-term
hydrologic dinformation is considered essential by the IFG to negotiate flow
recommendations.

The non-field IFM's typicali§ require 1little or no transect informarion
gathered on-~site. On the other hand, the habitat-retention and incremental

maethods oftren veaulre extensive amournts of transect dsta 5t gevera!

Fiald data reguirvements forv habitat rvetention methods ¢an be subspancial i

3



passage, spawning, and rearing flow reguirements all need to be determined.
This could require two or moere sete of transects in different habiltars thaz
would each need to be visited thres or mere times and possibly at different
seasons. Montana's wetted perimetsy Iinflection point method dis one of the
simplest field methods because it requires only three sets of water surface
elevarion data and onme sat of channel profile measurements at each fransect,
In contrast, many othey habitar retention methods, as well as IFIM, yequize
depth, velocity, substrate and/or cover measurements at numerous points zcross
gach transect for each wvisilt to the site.

Habitat suitability curves for species of interest are essential to the
applicatrion of IFIM as discussed previously end illustrated in Figure 2.
Originally, preferences for depth, velocity, substrate. and cover for a single
iife stage of a species were thought to be similar im 2ll streams. Hence,
suitability data gathered in one stream would be transferrable to others, rhus
saving additional time and effort. However, problems in applying IFIM in some
areas have besen traced to the fact that fish mav not use habitat equivalently
in different stream enviromments (Nelson 1980c, Annear and Conder 1983).
Moyle and Baltz (1983) recommend develeoping habitat suilcability curves on-site
for each species of interest because variationms in fish population densitvies
and species composition within and batween streams can lead to differences in
habitar use via dintra- and inter-specific competition. Also, well koown

iurnal and seasonal habitat preference shifts can seriously complicate the
gse of IFIM {Campbell and Neuner 1985). Perbaps the best sclution to this
problem is to identify which limiting factors operate during each season to

..,

reoilate Fiah nonul=trinrne and rthen fores fnarream 7

towr mralwsis and habhitat

eriteria on these conditions (Campbell ang Neuner 1983). If site-speciiic
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habitat prefervence data are Indeed mandatory, the costs and time involved in
TFIM applications become very high.

Manpower reguirements varvy significantly among various IFM's and have
been discussed in detgil by Wesche and Rechard (1980) and Loar and 3ale
{1881). The "non~field” methods typically require little or no fieldwork and
can usually be completed with less than one man~day of office «ffort. Man-
power requirements are highly variable between “"habitat retention’ methodz and
depend upon which method is used and what 1ife functionms (spawning, incuba-
tion, passage, rearing) are considered. According to Yesche and Rechard
(1980), the Oregon Method reguires 3-6 man-davs of field effort and 1-3
man~davs of office work to derive recommendations for each of three functions:
gpawning, passage, and rvearing. The Washington Method reguires much nmore
effort (man-days): 10-20 field days and 153-30 office days for spawning; the
same Ior vearing; and 3-10 fisld days and 1-3 office davys for wettad
perimeter. The Montana wetted perimetsr Iinflection peint method requires
relatively little manpower - about 4~6 man-days in the field and *~1 man~days
in the office. HNone of the above manpower estimates include travel time.

4s wmight be expected, IFIM has very high manpowaer and training time
requirements. Loar and Sale (1981} estimared that IFIM would typically
require up to ten times the manpower as the simpler habitar retention methods
such as the Colorade (RBI-Cross) Method and Montana's wetted oparimeter
inflection point methed, In addition to mampower, the training costs for IFIM
are very high compared to other methods. The USFWS conducts a mandatory
series of 4-3 ghort courses to fraln IFIM users. These coourses involve
180-170 henrs of trainfng and cost §1.50N-8% A% <o ceonlate, exclufine
saLary, travel, and lodging expenses. In addition, access to IFIM computsar

spftware is extremely limited for non~federsl personnel,



IFM Evaluation Studies

The guestion of how effective wariocus IFM's are for determining instream
flow needs for maintenance of fisheries and other aquatic rescurces is one of
the most important issues facing fisheries bhiologists today, vet remains the
meat difficult to resclve. Although many studies have been published that
"evzluate” one or more I[FM's (e.g. Nehring 1979, Prewitr and Carlson 1%79,
Stalnaker 1%79, Hilgert 1981, Orth and Maughan 1982, Amnear and Conder 1983
and 1984, Bietz et al. 1985}, most of them are deficient because they tended
ro focus on the mechanics of the models used, or the uniformity of cthe
results, rather than on the biclogicsl adeguacy of the instresm flow recommen-

The problem of relating the results of various IFM applications directly

to fish populations was recognized by Wesche and Rechard (1980), who stated,

?

as been thar no methedology, no matier

e

the art’

P

“rhe fallacy of the 'state o

how detalled, addresses the question of potential biological consequences.”

The following statement by Trihey and Stalnaker (1985} indicares that we

kN
continune to face this dilemma:

"Desgpite the successes, fisheries bioleglsts have not vet
achieved the capability of forscasting the number of fishes produced
in response to any particular water management scheme. This
gquestion is being brought up more and more In present-day water
development and constitutes a third phase. Within the next decade
or s8¢ a scrambie is expected for research and method development
aimed at predicting changes In numbers of fish resulting from flow
and channel alterations. This will be similar to the 1970's when
methods to guantify the response of fish habitat to streamflow were
develgped. Only after reachipg this thivrd phase can we begin to
guantify the economic value of altering the instream rescurce. This
will provide an equivalent basis for comparison of fishery resocurces
with other instream/ocut-cf-stream values.”

Our 1oabilicy we choroughly evaluate “he adequacy f dnstrea.

fiew recommendations is related to two major difficulties, These are:



tack of 2 thorough vnderstanding of the carrying capacity of lotic systems and
how various factors operate to limlt carrying capacsity, and {2} problems with
experimental éesigﬁ. Both of these problems are complicated by the faet that
aquatic ecosystems are comprised of complex assemblages of organisms thas
interact with one another as well as with their physical eavivonment {Giger
19733, Further, these interactions may vary seasonally, between life stages

of a2 species, and between stream environments.

Carrving Capacity and Limiting Factors

A persistent problem that hampers efforts to successfully evaluate and

apply IFM's is the knowledge of what the carrving capacity of the stream is,

Ly

whether or =wnot fish populations are at carrving capacitv, and what
factor(s) act to regulate carryving capacity. Although the concept of carrving
capacity may be simply defined (the standing crops of fish that can be
maintained indefinitely by the aguatic enviromment) the controlling mechanismg
are not easily quantified. Carrving capacity is detsrmined by the agction of
one or more limiting factors.

Giger (1973} reviewed a number of publications and agreed with McFadden
(1969} who concluded that it was impossible o identify any one factor that
exclusively regulated populations of earlyv trout and salmon life stages (fry
and juveniles). Rather, a number of factors interact fo regulate fish popula~
tions and "each factor can be understood properly only within the context of
the nerwork of vrelationships™ (Giger 1973). It 4is likely that Ilimiting
factors vary betwsen streams, or at least regionally, due to differences in
snaries comnosition. hvdrolegy, climnata. ard hahirss

that in most casss physical

&

Thers is generz. agreemsnl among researcher

habitat during the late summer, fall, and winter months when streamflows are
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at annual lows 18 the primary factor limiring fish populations in western
coldwater streams and rivers (Wesche and Rechard 1980, Giger 1973). Loar and
Sale (1981} suggest that fish habitat may be a limiring factor only during
very high or very low flow conditions. They further state that at inter-
mediate flows when hsbitat avallability is high, other factors such as food
production may become more important as limiting factors. It is cbvious that
continued research is needed to develop consistent methods to Identify Limic-
ing factors so that instream flow recommendations can be better tailpred to

suit differing seasons and stream environments {Campbell znd Neuner 19835},

Experimental Design

Based on a rveview of avalilable Ilditeraturs, three main approaches have
heen used to evaluate the adequacy of wvaricus IFM's for making appropriate
instream flow recommendations. These are:

(1) Approaches that examine short-term relationships between streamflow

or some habitat index (such as weighted usable area (WUA) derived

uging IFIM) and fish population size or standing crop.

iy
froka
i
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(2}  Approaches involving experimental manipulations of flow and
populations or standing Crops.
{3} ZLomg-term studies of relationships between flow regimes and fish
populations or standing crops.
Each of the sbove approaches has certain sdvantages and limitations. The
first d1s probably the least suitsable faz evaluating IFM's., Ar least two
gtudies (Stalnaker 1979, Annear and Conder 1983} have examined the relation~—

o

ghins hetrweern WHA {2 measure of habirar gusntite) and traur nanglatricne in

il

severas sireams at ope puin. in fime, cypilcally during the low flow period

when habitat ds assumed to be limitding., While this approach does offer some

-



insight dnto the ability of IFIM to quantify amounts and quality of fish
habitat, it does little to address the question of the adequacy of IFIM's flow
recommendations. The velevance of this approsch in addressing the firse
question {relationship betrween %@A and fish population size) is questionable
since omne must assume that the fish populations were at carrving capacity
during the one point in time when popularions were estimated. This assumption
is seldom tested, primarily due to a lack of rapid and accepted assessment
techniques.

4 similar approach was utilized by Orth and Maughan (1982) who examined
relationships between WUA and biomass of several fish spacies in viffie areas

0of a warmwater stream during two comnsecutive summer low Fflow periods.

=

Although sdignificant positive correlations were observed, their work was

strongly criticized by ﬁéthur et al, (198%), primarily om the grounds of small
sample size and assumptions conceraning carrying capacity. Irrespective of
these criticisms, the short-term nature of such studies and the lack of any a
priori knowledge of what the minimum flow should be renders them ineffasctive
in truly evaluvating the adequacy of IFM recommendations,

The study by Xraft (1972) illustrates the pitfalls that can bhe
encountered by short-term studiss where carrying capacity is not taken into
account. In this study (conducted in southwest Montana), responses of 2 wild
brock trout population were related to manipulated flows in a natural strean
channel. The results indicated that significant dewatering {up to %0%) during
a zhreéwmonthg summer, low flow periocd had lirtle effect on trout populations
or bilomass.

: ;

Kraft's veanlts are somevhat sirnricing dn view of =+ ‘-adant avi oo -

and dintuitive} supporting the contention that the flow

(borh expe

regime plays ‘& major role in regulating fish populations. Shortcomings in



Kraft's study that may explain these anomalous findings are that no attempt
was made to determine (1) whether the stream was ar carrying capacity, {23}
what factor{s} limited the population, and {3) what the loug-term effects of
such a flow regime might he. (Another possible, although unproven, explana-
tion that would suppert his findings 1s thar brook trout are more tolerant of
low flows than are other trout species.) Kraft's study apparently contained
the only evidence that Mathur et al. (1985) could provide to support their
suggestion that "short term” reductions in flow may not affect fish population
size.

The second IFM evaluation approach involves the manipulation of fish

populations and flow regimes in experimental channels, Examples of such
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designs ave studies by Easterbrooks {1981}, White et al. {1981, an
(1984). A unique and key ingredient of these studies is the attempt fo dnsurs
that initial fish population levels are at carrvying capacity, This is accom—
plished by cversaturating the habitat with introduced wild fish, then allowing
the population to reach equilibrium (via emigration} prior to dewatering.

This 4is a counceptually appealing method to examine responses of fish
populations {(at carrying capacity) and habitat to streamflow reductions, but
it also has shortcomings. Randelph (1984) suggested that eguilibrium fish
population size before aund after such e¥periments may be affected by initial
stocking demsity. While this phenomenon obvicusly creates some Yaccounting”
problems, 1t may not significantly affect the overall study objective, which
is to identify critical flows and habitar conditicns below which the gtream's
ability to support 2 healthy aquatic resocurce rapidly diminisghes. Other

ons to this study design arve ther (1) only ome (or 2 ety

jribe

Idmitat

Stredm channel is examinad, {(2) investigations are wusually confined to one

flow regime during one period of the vear (i.e., late summer low fiow}, and



{3) it is not applicable to larger streams and rivers because of legistical
difficulties,

The third approach to IFM evaluation involves the examination of figh-
flow information collected over a period of vyears on one or mors streams,
This empirical apprcach‘overccmes many of the shortcomings inherent in shore~
term and/or experimental studies, bur it toc has limitations. First, this
method involves a long-teym commitment of time and manpower, probably for at

least five to ten or more years, This is essential to insure a diversity of

flows, lLong study periods are alsoc reguired ro

<}
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observations at a variet
enable the researcher to follew individual yesr classes of Ffishes rhrough
theilr 1ife cycle (from fry to adult) which commonly requires three to five
vears. Because cf the long-tfterm nature of such studiss, the ressarcher must
remain aware of, and tTy to account for, changes in the watershed (logging,
grazing, other develeopment} and management policies {fish stocking changes,
fishing regulations) that may also affect fish populations. TFurther, long-
term studies can generate enormous amounts of complex hydrologic and fisheries
informaticn (if multiple species and 1ife stages are considered), which can
prove difficult to compile in a conmsistent, meaningful, and defensible manner.
Consequently, this approach has been appiied to only a few waters.

Due to their dntensive data requirements, long-term, empirical IFM
evaluation studies are relatively rare. They are advantageous because they
provide flow recommendations based om direct observations of fish population
response to a flow regime under "matural” conditioms. The adequacy of IFM
flow recommendations can then be c¢ritically evaluated, as Nelson {1980z, 1980b
and 1980c) and Anderson and Nehring {1985) have done. Arnear and Lorier

{1684} stressed the continued nesed for such studies:

4



filow method fov

"Tha gquestion of adeguacy of any instream f1
gical documentca-

fisheries will only be vesolved by long-term biolo
tion ~ & component of all comparisons of instream flow methods that
ig neticeably missing. Until this issue is resolved, studies such
as this onme will coptinue to only hint at acceptable procedurss for
identifving realistic fishery needs for instrsam flow.”

Evaluations of Montana's Wetted Perimerar Mathod

The adequacy of Montana's wetted perimeter inflection point method has
been tested using sll three of the above study approaches with generally good
results., Orth agnd Maughan (1982) compared rhe wetted perimeter, Tenmant, and
IFI¥ methods on a warmwater stream in Oklshoma. They found that zll three
methods produced similar., aceceptable minimum flow recommendations for the Ilow
flow period.

Randolph (1984} evaluated the werted perimeter method in 2 small stream
in southwestern Montana during 2 two-month period in late summer/early fall.
Wild rainbow trout densities din fhree stream sections were enhanced o

it

simulate “carrying capacity” by the relocation of wild fish from upstrean

arezs. He concluded that the wetred perimeter iInflection point methoed
produced an accurate minimum flow recommendaiion for a section characterized
by riffle~pool habitat, but it undevestimated fish flow needs in riffle~run
sections. Fish population response to reduced flows (emigratiomn) appeared to
be more closely related to riffle depth (total or longest, continuous top
width having depth of 15 em or more) than to changes in werted perimeter.
Hence, depth criteris may be viclated before the wetted perimeter inflection

point is reached dn the relativelvy sghallow riffle-run habitats of small

streams.



Welson (1980a and 1980b) compared ninimum flow recommendsations derived
using the wetted perimeter, Tennant, and IFIM methods to long-tern information
on trout standing crop and flow in five reaches of four "blue vibbon” rivers
in southwest Montana. With one exception, the empirical trout/flow data sets
included informacion for 4-13 vyears. He concluded that inflection pcinté on
wettad perimeter—discharge curves for omne viffle in each rtiver provided
acceptable flow recommendations. Recommendations based on composites of
severazl transects through wvarious habitat units {pocls, rums, and riffles
combined) were not as reliable because inflection points wers less easily
recognized. The Tennant method was found te be of some use in making minimum
flow recommendations, but percentége of flow reguired appeared to vary betwesn
rivers. Finally, IFIM flow recommendations were inordinatrely low due to the
appiication of a small stream habitat model to a large river and the program's
use of mid-depth veloeity measurements, rather than the wvelpcities near the
stream bottom, to describe the water velccities used by fish. The IFG has
since corrected these problems.

Loar et al. {1985a) observed population fluctuations of three zge classes
of rainbow trout in twe Appalachian streams over a two-vear periced in relstionm
to late summer low flows. They found that voung-of~-the-year rainbow trout
preferred shallow riffle habitats, and flow-related population declines of
these fish were rslated to raductions in riffle wstied perimeter.

Studies by Annear and Comder (1984} and Bietz et al. (1985) examined the
consistency of the wetted perimeter recommendations for a number of streams by
comparing them to recommendations derived from other methods or by converting
them ta nercentazes nf rhe mean annual Tlew and comraring these o sar™ other,
ipese studies, wi.oe contributing to the advancement of the state-oi-the-art,

are not considered in this discussion because they do net address the adequacy



of the wetted perimeter recommendations in maintaining the stream fisheries at

acceptable levels.
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Criteria for 3electing an

& number of factors must be considered before selecrting an appropriate
IFM for a given situation. These includs bioclogical goals, geographic scope,
administrative goals, time and manpower availability, bicloglcal and histori-
cal streamflow data availability, ability to monitor and enforce flow
recommandations. and the type of decision-making process followad.

The geographic scope and the type of water allocation §iscess involved
"gre the primarvy considerations in selecting an appropriate IFM., Trihey and

Stalnaker {1983} concluded that standard setting methods {such as the Tennant

method and Montana's wetted perimerer inflection point method) are most
appropriare for:

;. Protecting the instream flow ressurce.

2, State water plans.

3. State water allocation permits or reservations,

4, Tdentifying target flow for use during project feasibility studies.

They concluded that incremental metheds (primarily IFIM) are most appropriats

i ime series aznalvsis to identify limiting flow conditions.

2. Fine tuning 2 vesource maintenance objiective (mawimum utilization of

svailable water:.

3. Avoiding or minimizing flow-related impacts.

4, Comvaring mitigation slternatives.

3

; s carry substuntial weight and are based on considerable

BTG a L LG
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These reco

experience; one of the authors (Ur. Stalanaker) has been the leader of the



I¥G since its formation one decade ago.

The "standard setting” methods are most appropriate for basinwide water
allocation because they can provide cost effective, simple, single, minimum
flow values for a large number of streams with a minimal amount of time
consuming negotiations. Simple, winimum flow recommendations facilitate water
allocation processes and can be monitored and enforced with relative ease.
Other advantages are that these methods reguire little or no long—term stream-
flow data and {at least in Montana) appear to provide reasonable minimum flow
recommendations for streams and rivers alike.

The high time and manpower requirements and the nature of the decision-
making process make IFIM an impractical ool for use in State water allocation
programs. As pointed out by the developers of the method (Bovee 1982, Trihey
and Stalnaker 1985), IFIM is not designed to set minimum flows. ather, it is
designed for negotiating flow regimes for specific project areas by guantify-
ing flow-related habkitat tradecffs.

We contacted water resource administrators in fish and wildlife agencies
in seveval western states and the provinces of Alberta and British Columbia in
early 1986 to solicit their views regarding the use of the wetted perimeter
inflection point method and to ascertain which IFM(s) they utilized. The
results indicated that most states or provinces follow a hierarchical approach
similar to that described by Loar and Sale (1981) or Trihey and Stalnaker
(1983). That is, thev employ a variety of IFM's (non-field, habitat reten—
tion, and Incremental) in their programs depending upon the needs of 2
particular situation. The use of IFIM is usually restricted to significant

rer development prrfects or highle rentrawveveial allarctdion diznatec

E
Six wi the eight agencies {Coiorade., Washington, Minnesota, Wyoming .

idaheo, and British Columbia} that responded indicated thar they uvsad some

il



variation of the wetted perimeter methed in some part of their instream flow
program. California and Alberta do not use the wetted perimeter method.
California currently has no basinwide allocation process analogous to
Montana's water reservation system, so they are primarily concerned with new
water development projects on which they place "conditions™ (personal communi~

th Gary Smith, Fisheries Biologist, California Fish and Game).

b

cation w
California requires project developers to fund and conduct IFIM studies, which

the State then reviews, Alberta is currently develeping a modification of the

23

Tenmant method to be used on a basinwide planning scale and uses IFIM on arge

water development projiects.
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HMONTANA’S INSTREAM FLOW METHOD

An IFM that was compatible with the State’s water reservation Process was
& major comsideration when the MDFWP selected its primary method for making
instream flow recommendstions. Under the reservation process, the unappyo-—
priated waters in a basin are allocated among all competing uses, including
municipal, agricultursl end industrial as well as instream for the pretection
of fish and wildlife and water qualitv. When granted, the instream reser—
vation becomes a part of the priority date system, with some future .uses
subject to, or junior to, the instream reservation. During some time periods,
especially in water short years, junior consumptive users will have to comply
with the terms of the ressrvation and ceszse withdrawing water when streamflows
fall below the granted imstream flows. Civen this requirement, complex flow
recomsendations that vary by time period and by year are generally unsuiltable
%eca;se they confuse junior water users and exacerbate problems with compli-
ance and policing., A single, year-round recommendation tends to minimize
these problems, but such a recommendation may fail to faully satisfy the
instream flow needs of 31l fish species and all of their life stages and
functions. However, keeping the recommendations simple appears, in the long
run, to be in the best interest of the rescurce because compliance and
policing problems are minimized.

Under the reservation process, the Department has the respousibility

for requesting instream flow protection for literally hundreds of streams.

powey and time T . lions

Dre 1o the larg aumber of st ams, funding, me



also became an important consideration In the selection of an appropriats
method. Of the three broad categories of metheods previocusly described, two
were quickly relegated to 2 secondary role in deriving recommendations under
the resevvaltion process.

Office or non—~field metheds (lategory 1) were Judged less desirable
because of the Department’'s contention that the recommendations would be more
credible 1f they reflected stream-specific habitat and discharge relationships
rather than a fiow quantify derived solely from the historic flow record,
Furthermore., the lack of sufficient historic flow data for the wvast majority
of Yontana's streams precluded the use of wirtually g1l office methods. In
addition, the consensus in the literature is that this categery should be
confined to deriviag wpreliminary or reconnaissance grade recommendations
{Sralnaker and Arnette 1976}, thus limiting their suizabiliicy for Montana's
reservation program.

Methods that apply species~ and life stage-specific habitatr criteria in
evaluating the condition of the stream envirvonment at various flows {(lategory
3) proved to be incompatible with the basic geal of the Department’s instream
flow program, which is te set £flow recommendationms at a level that will
gustain existing fishery resources. Category 3 methods, of which the IFIH is
the best knewn and most commonly applied example, were designed to be used in
negotiating flows rather than setting minimem standards. This is a costly,
complex and time consuming analysis that has limited applicatrion in Montana's
water reservation process.

Those methods that examine wvarious components of a stream’s hydraulic
characteristics at warions flows for the purpese of develoniny ceneralized

habiiur-discharge relationsunips are inciuded din Categury 2. The flow

recomuendations would not, in most cases, be based on detailed evaluations of

di T



the habitat requirements of specific fish sgpecles or 1ife stages. The
gimpiified oprediction techniques that this group uses in evaluating the
condition of the stream environment reduce the field data requirements to the
point where dollar costs, manpower needs and time expended are reasonable,
The outcome of the analysis i1s 2z minimum flow standard that is intendsd o
fully protect some aspect of the stream resource. These methods are nmost
zppropriate when Instream protection is requested for a large number of

streams, as occurs in state water allocation prograzms (Trihey and Stalnaker

198353,

The MDFWFP was, therefore, limited to selecting a method from Category I.

The method chosen was the wetted perimeter inflection point method. A brief

M

description of the method, irs assumptions and data needs follow.

Wetted Perimeter Inflection Point Method

This method focuses on the previously discussed assumption that the food
supply can be a major factor imfluencing s stream’s carrving capacity during
the non—-winter months. The principal food of many of the juvenile and adult
game fish dinhabiting the streams of Montana 1s acuatic invertebrates, which
are produced primarily in stream riffle areas. The method assumes that the
game fish carrying capacity iz velarted to food production, which in turn is
related to the amount of wetted perimeter in viffles.

Wetted perimeter is the distance along the bottom and sides of a chanmel
cross—section in céntaat with water {(Figure 4)}. As the flow in a stream
channel increases, the wetted perimeter alsc increases, but the rate of gain

of wetted perimster Is not constant thronghrur the snvire rany~ ~F flows.

by B
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The plot of wetted perimeter versus flow for stream riffle cross—
sections generally, but not always, shows two points, referred to as bresk or
inflection points, where the rate of increase of wetted perimeter changes. In
the example (Figure 53}, these inflection points occur at approximate flows of
8 and 12 cfs., Below the lower inflection point, the flow is spraading out
horizoutally across the stream bottom, causing the wetted perimeter o
increase rapidly for very small increases in flow. A point is eventually
reached {at the lower inflectiom point)} where the water starts to move up the
sides of the active channel and the rate of increass of warted perimetar
begins to declinme. At the upper inflection point, the stream is appreaching
its maximum width and begins to move up the banks 23 flow increases, Large
increases in flow beyond the upper inflection point cause only small increasas
in wetted pavimeter. Flow levels at these inflection points are depicted in
Figure 5,

The area available for food production is considered nasar optimal at rthe
upper inflection point because almost all of the available riffle area is
wetted. Atz flows below the upper inflection point, the stream begins to pull
away from the riffle bottom until, at the lower inflection point, the rate of
loss of wetted bottom begins to rapidly accelerate. Once Flows are reducsd
below the lower inflection point, the riffle bottom is being exposed at an
even greater vyate and the area available for food production greatly
diminishes. The method 1s intended to establish z threshold below which a
stream’s food producing capacity begins to decline {upper inflection point)
and a thresheld at which the loss is judged unacceptable {lower inflection
point).

While chis inflection point concept focuses on food production, there are

indications that werted perimeter relates o other factors thar +influence a
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stream's carrying capacity. One such factor is cover (or shelter), a well
recognized component of Ifish habitat.

In the headwater streams of Montana, overhanging and submerged bank
vegetation and undercut banks are often imgc%zant componants of cover. In
Wyoming, overhead bank wvegestation was the cover parameter that explained the
greatest amount of wvariation in trour population size in small, brown trout
streams {(Wesche et al. 1%87). The wetted perimeter-flow relatiomship for a
strszam channel ig, in some casaes, similar to the relationship between bank
cover and flow. Flows exceeding the upper inflection point are considered to
provide near optimal bank cover. Below the upper inflection peoint, the water
pulls away from the banks, decreasing the amount of bank cover associated with
water. Al flows below the lower inflection point, the water is sufficiently
removed from the bank cover to severely reduce dits value as fish shelrer.
Support for thié relationship is provided by Randelph (1984}, who found 2z high
correlation between riffle wetted perimeter at various fiows and the total
area of overhanging bank vegetation {r = 0.88-1.00) and undercut banks (r =
0.84~0.97) for three study sections in a small Montana stream.

In addition to producing food, riffles alsc are used by many game fish
species for spawning and the rearing of their young (Sando 1981 and Loar et
al. 1983a). Thus, the protection of riffles imsures that the habitat rvequired
for these critical life functioms is also protscted.

Another important comsideration that supports the keying of recommen-
dationg to riffles is tﬁa fact that rviffies are the area of z stream most
affected by flow reductions (Bovee 1974, Nelsonm 1977 and Loar et al. 19835a).
Bv providing a vecowmendation that wsts a large portion »F the available
riffie srea, we are, 4. he same time, helping to protect beth runs and pools

— areas where adult f£ish normally reside.



The wetted perimeter inflection point method provides a range of flows
{(between the lowar and upper inflection points) from which a single instreanm
flow recommendation is sslected, lows below the lower inflection point are
judged undesirable based on their probable impacts on food production, bank
cover, and spawning and vearing habltats. Flows excesding the upper inflse~
ticn point are considersd to provide near optimal conditions for fish. The
upper and lower inflection points are believed to bracket those flows needed
o maintain the high and low levels of aguatic habitat potential. These flow
levels are defined as follows:

1. High Level of Agquatic Habitat Potential - That flow regime which will

congistently produce abundant, healthy and thrdiving agquatic popula-
tiong., In the case of game fish species, these flows would produce
abundant game fish populations capable of sustaining a goed to
excellent sport fishery for the size of strsam involved. For rare,
threatened or endangered speciss, flows to accomplish the high level
of aguatic habitat mailntenance would: 1) provide the high population
levels needed to ensure the continued existence of that species, or
2} provide the flow levels above those which would adversely afisct
the species,

2 Low Level of Aquatic Habitat Porentdial -~ Flows to accomplish a low

level of aquatic habitat maintenance would provide for only 2 low
pgpulétian of the species present. In the case of game fish species,
a poor sport fishery could still be provided. For rave, threatened
or endangered specles, thelr populations would exist at low or

mareinal lsvels. In some ceges, this flow level would not he

sufficient to maintain certain species.



The final flow recommendation is generally selescted from this range of
flows by a consensus of the bilologists whe collected and analyzed all relevant
field data for the stream of interest. The biclogists’ rating of the stream
resource forms the basis for the flow selesction process. Factors considered
in the evalustion include: {1} the level of recreational use, (2} the existing
level of esnvivonmental degradation, {3} water availabilisy and (&) the
magnitude and composition of existing fish populations. Fish population
informetion, which 1s essential for sll streams, is z major comsideration. A
marginal or poor fishery would likely justify & flow recommendation at or near
the lower inflection point unless other considerations, such as the presence
of s@pecies of Tspecial concern” {arctic grayiing and cutthroat trout, for
example) warrant a higher flow. In general, streams with significant resident
fish populations, those providing crucial spawning and/or rearing habhitars for
migratory populations, and those supporting significant populaticns of species
of "special comcern” should be comsidered for recommendations at or near the
upper inflection point.

Other candidates for upper inflection point recommendations are streams
that have the capacity to provide ourstanding fisheries, but are prevented
from reaching their potential due to stream dewatering. The flow at the upper
inflection peoint would provide a goal to strive for should the means become
avalilable to ZImprove streamflows through such mechanisms as water atorage
projects or the purchase of irrvigation rights. Stresms that are subiected to
other forms of environmental degradsticn. such as mining pollution, and which
have the vpotential to support significant fisheries 1f reclaimed, are
additional candidates for upper inflection point recommendatinnsg,

The piviees of derviving the flow recommendation .or the low fisw period

thus combines a fiald method {wetted perimeter inflection point methed) with a



thorough evaluation by field biologists of the existing stream rescurce.

Brief Description of the Wetted Perimeter (WETP} Computer Program and Data
Neads

The wetted perimeter~flow relationshipy for a stream of interest is
devived using a wetted perimeter predictive (WETP) computer program developed

in 1980 for the MDFWP.

Twe pieces of dinformation -~ the cross-secticonal profile and stage-
discharge rating curve ~ are tequired for each riffle cross-section as iaput
to the WETP prograzm. These data are obtained in the field using standard

surveving procedures,

The stage~discharge rating curve describes the relationship betwsen the
height of the water surface (the stage) inm the riffle cross-section znd the
magnifude of the fliow (discharge} through the cross-section., This rating
curve, when coupled with the cresé*sectionai profile, ds all that is needed o
compute the riffle wetted perimeter at most flows of interest.

The WETF program requires atr least two sets of stage measurements taken
at differvent known flows to develop the stage-discharge rating curve.
However, the use of three sets of stage-discharge data collected at a high,
intermediate and low flow I1s recommended. The three measurements arse madse
when runoff is receding (high flow), near the end of runoff (intermediate
flow} and during late summer-early fall {low flow). The high flow should be
considerably less than the bankiull flow, while the low flow should approxi-
mate the lowest £flow that normally occurs during the summer-fazll season.
Although the WETP program will run using only two sets of stage-discharge

ata, this practice 1s not recommended becanse enbersnrial "rwo~m-int™ error
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can result. Howeveo, when only two data sets are obtuinable, tne higher

digcharge should be at least twice as high as the lower discharge.
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The channel profile also has te be measured for each crogs—-gaction,
Unlike the measurements of water surface elevation, this has to be done only
once. It 1s best to measure profiles at the lowest calibration flow when
wading ls easiest.

The wetted perimeter method is applied solely to riffles. Cross-sections
can be established in a2 single riffle or in 2 number of different riffles,
Crosg~sections should describe the typical riffle habitat within the stream
segment being studied. For each riffle, the upper limit is three cross-—
sections placed at the riffle’s head, middle and bottom. TFewer can be used if
the riffle is fairly uniform. To he safe, you may want to model fwo or thrae
separate riffles in each study area., At least three and preferably five

riffle cross—sections should be used in the WETP analysis. The WETP program

F

§ up to 10 cross-sections. The computed wettad perimeters for all

i

cecep
riffle cross-sections at each flow of interesr are averaged and the recommen—
dation derived from the wetted perimeter-flow relationship for the composite
of all riffle cross-sections,

An in-depth description of the WETP computer program and data rollescrion
procedures 1is provided dim a publication titled "Guidelines for Using the
Wetted Perimeter (WETP) Computer Program of the Montana Department of Fish,

Wildlife and Parks” (Nelson 19843).



MONTANA'S WETTED PERIMETER METHOD - FINAL CONSIDERATIONS

The wetted perimeter merhod is intended fo guantify the flow needs of
fish during the non~winter period from approximately April through October,
gxeluding the high flow, or soow runeff, months of May, June and July vwhen
about 75% of a stream’s annwal water vield passes through the svstem {Figure
1). Flow recommendationsz for the high flow pericd should be based on thoss
flows deemed necessary for flushing the annual accumulation of bottom
sediments and maiﬁﬁaiﬁing the existing channel morphology.

A stream’s annual high flow characteristics are generally accepted as

=

being the major force in the establishmen:t and maintenance of channel form.

b

It iz the high spring flows that determine the shape of the chanmel rather
thar the average or low flows.

The maior functions of the high flows in the maintenance of channel form
are bedload movement and sediment transport. It 1s the movement of the bed
and bank material and subsequent deposition which forms the mid-channel bars
and, subsequently, the islands., High flows are capable of covering already
established bars with finer material, which leads successively to vegstated
iglands. Imcreased discharge associated with spring runcff also results in gz
flushing action, which removes deposited sediments and maintains suitable
gravel comditions Zor aquatic. insect production, fish spawning and egg
incubatien.

Reducing the high spring fiows bevond the point where the maior amount of

wliws i am - iment is ansurted  wou A ”inierzupt the - . - rtannel

rocesses and change the existin channel form and bottom surfaces. A
P & g



significantly altered channel configurstion would affect both the abundance
and species composition of the present aguatic populations by altering the
existing habitat types.

Montana's high flow method, termed the dominant discharge/channel
merphology concept (Montana Dept. of Fish and Game 1979}, regudires at lsast 10
vears of continvous USGE gage records to derive recommendations and. conse-
quently, cannot be appiied to most streams. Recommendations from thes wetted
perimeter inflection point method do not satisfy flushing or chamnel meinte—
nance requirements. DBecause most water users, particuolarly irrigators, are
unable fo divert a significanr portion of the runcff flows and, therefore, are
incapable of materially impacting the high flow functions of bedlead movement
and sediment trranmsport, high flow zecoméeﬁdatioas may be unnecessary in most
cases. Therefore, extending the wetted perimeter recommendations through the
high flow period - a common practice of the MDFWP -~ should not jeopardize thae
maintenance of adequate high flows for wost streams. Furthermore, Montana law
limics the granted iInstream flows for gaged sirsams to no more than 30% of the
average sznnual flow, thus eliminating flushing and channel maintenance flows
from considerztion in & reservation application.

As discussed In an earlier section, the protection of natural flow levels
during the critical winter months is justified if the goal is to maintain fish
populations at their existing levels. As z guideline, the winter recommenda-
tion should not be léss than the base flow, which is defined as the lowest
mean monthly flow during the winter months. Because the vast majority of
Montana's waters are ungaged, winter base flows are unguantified for most
streams, Past work hv the MDFWP has shown thet the unner inflerrion point
vecomuendatrions of the wetteu perimester method typically exceed base flows

{Leathe et al. 1983). VWinter flows would, therefore, be protected if upper



inflection point recommendations were axtended through the winter peried.
This is & common practice of the MDFWP when recommending flows. Lower inflec-
tion polnt recommendations are normelly inadequate for protecting winter base
flows.

Regardiess of the method used to quantify instresm flows, thers will be
some time periods, especislily during drought yesrs, when the %acsmmendatieﬁs
exceed the avallable flows. Only when the recommendations equal the historic
low flows would they never exceed the available water supply., However, suzh
recommendations would devastate a stream fishery if maintained for amy length
of time and are analogous to asking a farmer to produce his crops using only
the amount of water available during the worst drought vear on record.

Leathe and Enk (1985) evaluated the amcunt of time the wetted perimeter
recommendations for five gaged, mountain streams in Montana's Swan River
drainage exceeded the available streamflows. Year-round, upper d1nflection
point recommendations were found to exceed daily streamfliows from 24 to 64Z% of
the time, depending on which of the £ive streams was evaluated. On the
average, recommendations exceeded the zavailable daily flows 41Z of the time
and, comversaly, were less than the daily flows 353% of the time. Tn cther
words, excess water would be available for other uses 359% of the time, on the
average. Unpublished data for a number of the larger rivers in southwest
Montana showed that the wetted perimerer vecommendationsz generally fell within
the 60th to 90th percentile range of flows, meaning that the available daily
streamfiows, even with emisring depletionsg, will still exceed the recommen
dations from &0 to S0% of the time.

The wetted perimeter inflectfom prirt method hag primar??v hesn applied
in Montana to coldwate: Lrout streams east and west of the Continental Divide.

Results of validation studiles in Montana support the use of this method in

~60-



deriving minimun flow recommendsations for these waters {(Nelson 1980a, 1980n
and 1980¢ and Randolph 1984). The logic behind the method should apply to
warmwater streams as well, FHowever, no biologicsal studies have been conducted
in Montana o confiym the reliability of warmwater recommendations, although a
warnwater evaluation in Oklahoms supported the use of wetted perimeter {Orth
and Maughan 1982},

The wetted perimeter method is unsuitable in certain situations. The
method is designed for use on stream reaches in which the flow 1z confined to
a singie channel, although the application to side channels off of main river
charneis is a commonly used approach for deriving recommendations for thosze
rivers dip which side channels are ecrucial to the well<being of certain
Vspeci&ss When the flow is distributed among many channels, cross—seciions
through these braided reaches ars very difficult te wmodel hydraulically,
making most computer models, dnciuding WETY, unworksble in this situation,
Watars bhaving little or no riffle development., such as cascading wmountain
streams that plunge from pool to pocl and some low gradisnt, prairis streams,
are ancther exception, as are spring creeks, The stable, vear-round flows

that characterize spring creeks prevent the collection of fisld data zt a

-

1igh, medium and low flow - information needed to calibrate the WETP computer

v

program.
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