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INTRODULTION

Since the inception of the Montana Department of PFish, Wildlife and
Parks' (MDFWP's) ifustveam flow program in the mid~1970%s, the wetted perimeter
inflection point method has been the primary means for deriving instream flow
recommendations for the preservation of aquatic resources during the low-warer
pericd in Montana's streams and rivers. Because the field of instream flow
method (IFM) development has continually expanded over the paét decade o1 s0,
the Department felt a need to review irs method in light of recent advances 4n
the "state-of-the-art.” The purpose of this document is to (1) provide an
up-to-~date svnopsis of the history of the wetted perimeter inflection point
method, (2) examine irs theoretical and experimental basis, and {3) identify
its strengths and wezknesses as compared to other available procedures. We
will also discuss the applicability of the werted perimeter inflection point
method to a variety of streams, both large and small, guidelines for its usa,

and provide & justification for the use of the method in Montana.




HISTORY

The development of methods to determine the amounts of water to remain
instream for the protection of figh and wildlife resources and related
recrestional opportunities has been 4 relatively recent phenomencn {Loar and
Sx1e 1981, The primary reasch for this has been a reluctance of wvaricus
state governments to recognize instream uses as 'bemeficial® uses of water,
Becauss of limited waterv svailability and resultant user conflicts, it was in
the arid western states where instream flow methods {iFM's) were filrst
devised. These developments followed the establishment of institutional
frameworks (instream flow programs), which have proliferated in the westein
states since 1973 (Lawb and Meshorer 1983). However, the degree of protection
afforded to fish and wildlife by instream flow programs differs markedly among
states due to differing levels of statutory protection, water availability,
and user conflicts. Consequently, a variety of IFM's have been devised by
state fisheries agencies to meaetl the needs of their particular instream flow
BIORY 2ms {Trihey and Sralnaker 1985)., Another factor contributing te the
diversification of IFHM's was that the characteristics of aquatic resources
{such as warowaler VS. coldwater habitat, anadromous VE. resident species)
vary both within and betwesn states.

Many of the first studies concerning instream flow needs were conductad
during the 1830's and 1960's below federally funded hydroelectric and
irrigation dams On large rivers iIn the West {(Trihey and Stalnaker 1983).
Pecause these projects had their most visible impacis on naturally occurring

14w sumpmer streamflows, biclogists were most concerned with setting minimum



flow "standards” for the summer—fall periods. The first applications of IFM's
to treams and rivers on a statewids basis began in Oregon during the late
1960°s. The early development of IFM's in Oregon was mnot just coineddence
because in 1955 Oregon became the first western state fo provide for the
adminisrrative establishment of flow standards. Their program was quite
successful and has been a prototype for other westexn states, including
Montana {(Lamb and Meshorer 1983}.

4 series of workshops were held in the Northwest during the early 19707s
v review and discuss available IFM technology. Three of the more significant
events in the development of IFM's did not occur until 1%75., The first event
was a publication by Stalnaker and Arnette (1976} that comprised the first
compilation and erivical evaluation of exlsting IFM's. Second, g conference
sponsored by the Western Division of the American Fisheries Society was held
in Boise, Idaho. This landmark event brought together IFM practitioners,
developers and administrators to discuss the legal, soclal and biolegical
aspects of the instream flow Iissue, and resulted in the publication of 2
two—volume document (Orsborn and Allman 1976). The third significant event
was the formation of the Instream Flow Group (IFG) by the U.5. Fish and
Wildlife Service at Fort Collinms, Colorade. The purpose of this group was fo
advance the "state-of-the-art” and become the center of activity related to
ingtream flow assessments. In the late 1970°s t%e IFG developed the Instream
Flow TIncremental Methed (IFIM), which has heen in a continual state of
refinement ever since.

The timetable for the development of Montana's IFM closely paralleled
those for the other western states. In the early 1960's a series of uusuc-
cessful legislative attempts were made to obtaln "heneficial use” status for

fich and wildlife and to develep a procedure to obtain instyvean flows for



these  rTesources {(Peterman 19793 . The filrst oprovisions for  the
instream flow needs for fish and wildlife were made in 1969 when the Monmtana
legislature authorized the Fish and Game Cosmission to file for rights to the
unappropriated waters in portions of 12 streams. Because the "state-of~-the-
art” of IFM development was in its infancy, most of these original filings
were based on the professionsl judgment of 1lncal fisheries biclogists. In
1680 and 1981 they were quantified using rhe wetted perimeter method.

The passage of the Montana Warer Use Act in 1973 and the Yellowstone
Moratorium in 1974 pzsviéeé the main stimuli for the development of methods to
quantify the instreanm flew needs of fish and wildlife in Montana. The ¥Water
Yse Act was a revolutionmary legislative act that specifically defined fish and
wildlife as beneficial users of water and astablished a process for reserving
unappropriated water for these purposes. IThe Yellowstone HMoratorium was
enacted in respemse to a “rush” of applications for Yellowstone River water by
industrial and water-marketing Concerns and placed a moratorium oOn all large
diversion or storage applications in the Yellowstone Basin. The TYellowstone
Moratorium provided e peried of three vears to quantify all future bemeficial
uses (including fish and wildlife) in the basin and allocate waler to meet
those needs {(Peterman 1979).

TIn 1973 and 1974, in response to this mandate, the MDFWP began. in sarnest
te develop an IFM that was appropriate for the rivers and streams of Montana
znd could be cost and time-effectively applied on 2 baginwide scale (Spence
1576). After a review of available IFM"s, the MDFWP decided to enter into &
cooperative progran with the U.S. Bureau of Reclamation and in 1974 began
using the Bureau's WSP (water surface profile) model to generate hydraulic and
channel configuration informarion on which Instreasm flow recommendations were

based {(Spence 1975; Dooley 1976). Data from the WSF model were used to define



{1} passage flows fer migratory fish, (2} nest protection flows for Canada
peese, and for the first time in Montana. (3) to define minimum flows for fish
during the low flow pericds based on the relationship between wetted perimeter
and discharge in riffles {(Elser 1976). Preliminary £ield testing of the WSP
model was conducted during the wmid-1970's by MDFWP personnel (Elser 1976
Vorkman 1976). These evaluations were geared towards the technical aspects of
the WSP hydraulic model as well as the appropriateness of wusing wetted
perimeter—digcharge relationships to derive instream flow recommendations for
rhe low flow periced.

Following the completion of fieldwork asscciasted with the Yellowstone
water reservation im 1977, the MDFWP shifred emphasis to the Upper Clark Fork
and Upper Missouri River Basins. Ag action plan was devised to guide Depart-
ment efforts at securing instream flows {(Nelson and Peterman 1979). The
wetted perimeter method using the WSP hydraulic model continued to be the
primary means of deriving minismum filow recommendations for the low flow period
until the results of an evaluation study were published by MDFWP {Helson
1980a, 1980b and 1980¢). This study, funded by the 17,5, Fish and Wildliife
Service under the auspices of the IFG, evaluated four IFM’s applied to five
river reaches in southwest Montana. Besides providing a hasis for using the
wetted perimeter imflection point method, the study led to the development of
an improved and simplified method to generate wetted perimeter~ discharge
relationships for streams and rivers {Nelson 1984a). The resultant WETF
computer program replaced the WEP model and since 1980 has provided the wetted

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

based,



RELATIONSHIPS BETWEEN STREAMFLOWS AND FISH POPULATIONS

Many physical and biological factors interact to regulate fish abundance
in streams. Hall and Knight {1981} 1isr five major factors: gtreanf low,
habitat guality, food abundance, predation, and movement and migration. In a
natursl stream environment, 1t 1is d4fficyls to measure the effect of one
factor independently of the othars. The exact role each factor plays in
regulating 2 given strean population is often masked by the interaction of the
others., This complexity hampers the a%iﬁity of fishery scientists to predict
the response of a fish population dn a given stream to envircnmental
variations, such as man-caused changes In streamflow. Accurate predictions
require the development of a2 model that guantitatively describes the relation—
ship betwsen fish abundance and all regulating varisbles. The “srate-of-the-
art? has not yet advanced to this lavel, nor is 1t evident that such models,
if ever developed, would be applicable to a broad range of stresms.

Recause thers are wide gaps in our knawie@galof how fish respond to
environmental changes, fishery sclentists must rely on broad, general
assumptions when discussing the means by which stream fish populations are
regulated. These assam§tieﬁé may not fully describe rhe means of regulation
for a given stream of dnterest or apply to all streams in a particular reglom,
and many have not been tested in definitive scientific studles. Desplte these
1imitations, the assumptions, in general, are logical and defensible, but not
iwmune to criticism. These assumptions are an egsential part of all instream

fiow methods., This section will briefly discuss some of the assumptions
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rransects, These transects are established across critical riffles where
fish passage problems would firet appear as discharge derreases. Criteria
developed for various fish species from £ip1d observations and laboratory
studies are then compared to cross~sectional information to identify flows
where channel width, water depth, and current velocity conditions no longer
allow adeguatse DASSAZE. Depth and velocity passage criteria for a varlety of
fish species were presented by Thompson {1972), Similarly, several habltat
retention techniques use either species—specific or generic depth and velocity
criteria and carefully placed croas-sectional transects LO derive flow
recommendations for known spawning areas {Wesche and Rechard 1980},

While not all of the habltat retention methods described by Wesche and
Rechard (1980) consider passage and spawning requirsments, they do share &
common emphasis on defining flows required to provide adequate fish vearing
wabifar. However, as pointed out by Thompson (1972}, the identification of
appropriate rearing flows 1s far more difficult shan determining passage and
spawning flows. Fish habitat veguirements for rearing purpoeses are complex
because preferences for water depth, veloccity, COVer; and substrate usunally
vary unot only between species but alsc between iife stages {(i.e., fry,
juveniles. sduirs) of a single specles. Purther, the habitat requirements
{primarily current velocity, substrate and depth) of the numerous spacies of
aguatic macrolnvertebrates that comprise the main food base for trout in most
sereams alsc vVary significantly between apecies.

Becausse zrearing habitat requirements of iotic fish species and food
organisms are 890 complex and interrelated, the habitat retention IFM's
typically evaluate the relationship between streamflow and some general index
of physical habitat conditions in deriving flow recommendations., Many of

rhese methods focus on riffies because of thelr importance &8 food wroducing
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areas and the belief that the maintenance of viffles will provide adequate
ameunts of habitat in other arsas of the stream (Stalnaker and Amette 19763 .

! merhods

As shown in Table 1, four of the seven Common "habitat retention’
specifically consider riffle habitats and five methods give at leazt some

consideration to the amounts of wetted perimeter retained in the streanm.

Incremental Methods

The third group of IFH's can be referred to as "incremental.” These
rechniques produce habitat-discharge relationships for specific life stages of
various fish species. They are termed “incremental” methods because they
attempt to predict the artual smount of suitable fish habltat present 28 flow
changes incrementally. The "California Method” for rainbow trout and the
"yRRT Method” for brown trout (both described by Yesche and Rechard 1980)
are included in this group. However, the hest known technique is the Instreanm
Flow Incremental Methed (IFIM). IFIM is the most sophisticated instream flow
method and it continues to be refined by the IFQ at Fort Collins, Colorado.

The IFPIM has been described in detail elsewhere (Trihey and Wegner 1981,
Bovee 1982, Milhous et al. 1984y, Loar and Szale {1981) describe the method as
follows:

"A package of computer programs. collectively called PHABEIM

(Physical HABitat SIMulation system), 18 used to implement this

analysis of instream Ilow needs. The overall approach combines

(1} multiple-transect field data from a representative and/or

critical river reach, {Z2) hvdraulic simulation models teo predict
physical habitat paramerers such as mean velocity (v}, depth (d},

and substrate (s), and (3} specles-specific suitability functions

(s , 8

, 8 3. Suitability functions are used to caleculate weighting
¥ 4 g

=2}



Fable 1. Summary of the common "habitat retention” methods used to determine
rearing flow requirements {derived from Wesche and Rechard 1980},
Habitat Unit
Method Species Considered Resring Oriteria
Oragon salmonids riffles - adequate depth
- &0% werted
- velocity 1.0 to L.5 frfsec
pools - velocity D.3-0.8 fr/sec
~ ppol-riffle ratic near 50:50
Colorade salmonids riffles - 50% wetted
{USFS Region ZJ ~ gvarage velocity 1.0-1.5 £t /sec
- depth £.2-G.4° if width less 20°
0,5-0,6' if width more 207
USFS Regiom & saimonids all units - mumerical raring system for pool
{pools, riffles, runs, quality, pool structure, sLream-
ere.} bed and bank environment
USFS Reglon & salmonids $yypical rearing habltat” - depth $.53-3.0 ft
veloclty 0,2-1.6 fr/sac
nggod producing habitat™ depth 0.1-3.0 £t
- yelocity 1.0°46.0 ft/sec
Washington salmonids rifflefpool zequence - inflection point on wetted
perimeter: discharge curves
Idaho warmwater riffies inflection point on wetted
perimeter: discharge Curves
Montana's WELP salmonids riffles - infiection point on wetted

perimeter: discharge turves
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coefficients representing the habitat prefersnces of variocus life
stages of target fish species. Finally, measures of habitat sult-
ability and avaiiabiiiiy {as wetted surface aresa. aj} ars used in
computation of Weighted Usable Ares (WUA), an index of habitat
condition. This index is computed for each 1ife stage [&.%..
spawning (8), fry (F), juvenile (1), and adult {A)] and can be

plotted against discharge” (Figure 2.

A major difference between IFIM and the Yhabirat retentlion” methods is
that it builds a two-dimensional surface ares model of a stream section while
she other methods usually examine habirat characteristics in tewyms of usable
width ar discrete cross-sectional transecis. IFIM divides the study section
inte z 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 flow-related changes 1in
depth and velocity within each cell. fnce the hydraulic wodel for each cell
is constructed, habitat suitability curves are consulted to determine habltat
suitability for a given 1life stage of a given species for each flow of
interest.

Example habiltat suitability curves for velocity, depth, and substrate are
shown in the upper right on Figure Z. Sujtability factors range between 0.0
{most unsuitable) and 1.0 {most suitable). A composite habitat suitability
factor is determined for each cell in the study section at each flow of
interest by multiplication of factors for depth, velocity, substrate and/or
cover. This composite suitabiliiy factor also ranges between 0.0 and 1,0 and
it is multiplied by the surface area of the cell to determine the "usable”

sres in the cell at a particular flow. These values are tabulated for all



(3) TARGET SPECIES

= LABITAT SUITABILITY DATA
(1) REPRESENTATIVE REACH
HYDRALULIC - FORPHOLOGE ;
CALIBRATION DATA :
S’E
.
i
PHABSIM
i v
ﬁizga?ﬁ%%ag 3.3,5,8 HABITAT
SHAULAT! Lt SUITABILITY
Folm CALIBRATED ]
MODEL N SEHARGES MODEL

WA

DISCHARGE
() HAGITAT RESPONSE CURVES

Figure 2. Organization and information processing in the Instream
¥ipw Incremental Method {IFI¥M) for instream flow ASSeS8S~
ment {from Loar and Sale 1981).
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Subdivision of a stream reach into transects and mapping cells
for computational purpeses with the Instream Flow Incremental

Method {IFIM) {(from Loar and Sale 19813,

Figure 3.



caells in the study ssction Lo determine tofal weighted usable area (WUA) &t a
given flow for a life stage of a species {i.e., WOA for yainbow trout fry in
srream section "x at 13 cfs). Using habltat suirability curves and depth and
velocity predictions from rhe hydraulic model, graphs of WUA versus discharge
for various life stages of a fish specles can be generated (i.e., lowetr right

in Figure 2).

Advantages and Limitations of iM's

There are a number of IFM's that can be employed to determine the
instream flow needs for Iishery rescurces. Wesche and Rechard (1980} listed
11 common technigues, many of which are still in use, There is no CONSEnsUS
on which method is the most appropriate for all situations. Such a consensus
may not be possible because of regional differences in instream flow program
structures and goals, hydrology, channel morphology, fish community structurs
and habitat use, available funding, and continuing advances in the "state-of-
sha-art” of instream flow analysis.

Because there is ne "best” method to determine instream flows to meetl
fishery needs under 511 conditions, the following discussion will examine the
gssumptions, strengths, and limitations of the main T¥M's. The interested
reader is encouraged to comsult the excellent review by Loar and Sale {1881
since much of the following is derived from that source. Since the main
objective of this report is to evaluate Montana's wetted perimeter inflection
point method, particular attention will be paild to this technique.

We will discuss the advantages and limitations of the various IvM's with
regard to the following main subject arveas’ hydraulics and channel morphology.
decisien-making capabilities, and data snd manpower Teguirements. Many of the

T¥M evaluation studies conducted to date will be discussed with particular



attention paid to assumptilons and experimental design., Finally, the resulis
of studies that evaluate the effectiveness of Montana's wetted pervimeter

method are summarized, and criteria for selecting a particular IFM are

discussed.

Hydraulics and Channel Morpholo

The ability of wvariocus IFM's to account for differemces in chamnel
morphology between watersheds or even individual stream reaches Is an
important consideration. The Paon-field” IFM's have the least ability to
compensate for such differences hecause they do not rely on site-specific
relationships between habitat and discharge. For example, the Tennant Method
{probably the most widely used non-fisld IFHM) assumes that a certain
percentage of mean annual flow will provide adequate channel width and depth
ro maintain aguatic resources &t B20WE desired level. However, watershed
geomcrphciégy investigations have identified a number of wvariables besides
£low frequency {such as watershed area, geology, slope, age, and stream order)
that play important roles in determining stresm channel and flow character—
igzrics. These varisbles have been shown to vary significantly between water-
cheds but nonme of the common "non-field” IFM's address this problem {Loar aund
Sale 1981), Hence these methods are best suited for regional application
where assumptions regarding the relationship between channel geometry, siream

flow and habltat are mei.
{

he "dncremental” and “habitat reteantion” IFH's utilize sirva~gpacific
habitatr measurements that account for differences in channel morphology
hetween watersheds or stream reaches by developing habitat-dischargse
relationships for each stream reach. To ‘develop these relationships, some

form of hydraulic model (either empirical or mathematical) is used, Each type
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of nvdraulic model is based on certain assumptions and has certain advantages
and limitations,

Empirical relationships between habitat and discharge ave derived by
direct measurement over a range of stream flows. This is a simple and
straightforward approach but it involves extensive ¢ime and manpower invest—
ments and offers limited ability to predict habitat characteristics outside
the range of obssrved flows. Trihey and Baldridge {1585 recommend an
empirical approach for high gradient streams with complex hydraulic features,
but their method requires three or more field visits to develop acceptable
habitat-discharge relationships. The need for a large number of site visits
is common with empirical approaches because habitat-discharge relationships
are seldom linear, thus necessitating numerous “points” {data gets) on graphs
to adequately describe these relationships. Extrapolation between and beyond
observed rest flows can be a questionable practice if empirical field data are
ipadequate to properly describe the shape of habitat-discharge curves.

Mathematical models are used by many of the field-oriented IFM's to
(1) reduce the amount of field effort regquired and {2} provide more ability o
extrapolate beyond observed flows. Three general types of hydraulic models
are typically used. The simplest and most direct hydraulic models are those
based on stage~di$chargé‘ relationships generated by regression techunigues.
These relationships are commonly derived from field measurements wade at threas
different flows, although accuracy can be improved by additional measwrements;
Tn certzin instances, mesasurements £an be made at iwo flow levels but sigonifi-
cant “two-point” errors can result (Bovee and Milhous 1978},

Several "habitat retention” IFM's such as the RZ-Cross, or Colorado,
Marhod utilize a second type of hydraulic model based on Manning'’s eguation.

This model develops a simulated stage-discharge relationshin for a given

-? T



cross— section based on field measurements of cross-sectional ares, hydrauliic
radius, energy slope, and channel roughness at a single discharge. This
method is advantageous because it entalls only one set ¢f field measurements.
However, 1t is not well sulted to natural stream channels where flow
conditions are npot always uniform, HManning's equation was developed to
describe flow conditions in mamnmade channels where energy siope and channel
roughness (Manning's "n") remain relatively constant as fiow changes. Thase
coefficients often wvary significantly in natural channels as discharge
changes, thus reducing the accuracy of the predicted stage-discharge relation-
ship (Bovee and Mllhous 1978, Consequently, for most natural stream
channels, stage-discharge relationships are best cbtained using an empirical
approach using three (or more) sets of fileld cbservatioms. The regression
approach also allows extrapolation over 4 greater vange of flows
{Bovee and Milhous 1978).

"Step-backwater” models comprise the third main group of hydrzulic wodels
used in IFPM's. The most well known of thess models is the WSP {Water Surface
Profile) model. This method produces three dimensional depth and velocity
maps of a stream section using Manning's equation and the Bermoulli Energy
Fquation, It can be applied using only one set of field measurements, but i%s
accuracy and range of extrapolation can he enhanced by one or more additional
sets of field datz (Bilerz et al. 1983). Step-backwater models reguire nore
precise and detailed field survey data and also regquire accurate and mandatory
placement of transects across all hydraulic control points in the study
section., IFPIM is the most flexible IFM in terms of hydraulic modeling because
it allows the use of empirical, regression, oY step-backwater proceduras as

wall as combinations of the latter two.



Decision-Making Capabilities

411 the varioue IFM's have advantages and disadvantages in terms of ease
of interpretation for decision making, ability to "customize” flow recommen-
dstions, and defensibility of decision criteria and processes. Trihey and
Sralnaker (1985) ddentified two types of IFM's that relate to decision~making
capabilities. They are the "standard setting” methods and the "incremental
methods. What we've called "non-field” and "habitat retention” methods ave
standard setting methods. These methods identifyv minimum flow standards that
may constrain development, whereas ineremental methods (of which IFIM is the
hest known) quantify tradeoffs by examining fish habitat responses to flow
alrerations.

The standard setting methods are by far the sasiest to iater§ret for
making decisions since they arve concerned with setting ninimum flows, Qhather
it be for spawning, passage, Incubation, yvearing, or food production.
However, because these methods recommend minimum flows they can actually
compromise some portion of the aguatic resource if these minimum flows are
all thar is maintained during the period of recommendation, Trihey and
Sralnaker’s (1985) analogy was that fish communities wmay be able to withstand
near-drought conditions for one year in ten {or one month per year), however,
standard setting methods may impose such condirions for 10 out of 10 years (or
211 months of the vyear). This could have serious biologlcal consgequences
bhecause fish and other aguatic organlsms avre often dependent on seasonal
variations in streamflow.

Ineremental methods, in particular IFIM, can compensate for this problem
to some degree because they can develep seasonal flow recommendations for

several 1ife stages of many species if adequate hydroleogic and habitat
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sultability data are available. In this regard it is a superior method fo the
“hobhirar retention” methods that comsider flow-related changes in only one
(such as riffle wetted perimeter) or a very few habitat components to indicate
overall ecosystem response. The ability of IFIM to gensrate complex seasonal/
species/life stage-specific flow recommendations can also be a limitation. At
times, an almost overwvhelming amount of information can be genervated, creating
problems with data synthesis and éetér&inatian of recommended flows. Froblenps
that must be addressed include determining which life stage is most limiving
to a species, and which life stage of which species is wost important during a
given season. These difficult decisions often require “srofessional judgment”
and are necessary because a flow that is beneficial to cne 1lifs stage of a
given species may be detrimental to other species or to other life stages of
the came species.

The vaviocus procedures used by IFM's to derive the final flov recommen—
darion{s) offer certain advantages and limitavions. The simplest and most
direct procedures are employed by the "non-field” methods that simply select
percentages of annual flow or some ather measure of flow frequency., While
this approach lacks biological sensitivity znd, at times, is unrealistic, the
mechanics of deriving the flow recommendations are relatively unassailable.

The approaches used by various “habitat retention” IFM's to derive final
flow recommendations are the source of some controversy. Two approaches are
typically used. The first uses habitat criteria for such things as depth,
velocity, width, and wetted pervimeter as shown previously in Table 1. For
example, the Oregon merhod specifies rhat minimum flows for salmonid rearing
must provide sdequate depth im riffles, cover approximately 507 of riffle area
by flow, provide 1.0 to 1.5 feet/sec riffle water velocity, provide 0.3 to 0.8

feat/sec pool water veloolity, and must roduce z pool:riffle ratio of 50:30
B 5 P v
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(Thompson 1972}, The second approach rtelies on the identification of
inflection {or breaking) points on habitat~discharge curves o identify
criricsl flows below which habitar losses increase rapidly.

loar 4and Sale {1981) sand Annear aﬁé Conder {1984} criticized the

inflection point approach as being too subjective and having the potential to

Yoreate rather than alleviate controversy over water allocation needs.” Loar
and Sale (1981} recommend using habitat eriteris becanse they "are much less

ambiguous than inflection-point calculations and are preferable because the

¥

value judgments are clear and relatively more defensible.” However, Bistz et

al. (1985} presented an entirely opposite argument and rejected the use of
habitat criteria because none of the parameters have been directly related to
habitat guality. They further state: "The relationship between percent
{emphasis added) wetted perimeter retained and aquatic habitat quality is even
wore tenuous. Unlike the wetted perimeter inflection point, there ls no
currently available ratiomale for claiming that a fixed percentage of werted
perimeter represents an acceptable or nen—acceptable level of aquatic habitat
retention.”

As emphasized by Loar and Bale {1981}, all IFM's invelve some 1@?@3 of
subjectivity, and professional judgment i1s esgential to formulate final flow
recommendations., Inflection point methods require sudgment in selecting
inflection point flows, while methods employing habitat criteris 2eqﬁire
judgment in defining the criteria to use. The selection of inflection points
is often very simple and regquires iittle professional judgment. However, in

some cases the biclogist must use judgment to select inflection point flows

that will provide adequate habitat for the existimg agquatic resource. To

employ habitat criteria, the Judgment has to be made by the blologist at the



outset, but it should not be construed as being any less subiective tham that

employved in selecting inflectlon points.

Tiataz and Mannower Heguirements

Fach IFM has specific regquivements for srreamflow gaging dinformation,
field tramsect data, and site-specific habitat sultabilicy data for target
species, Tn Montana, the requirements for Iflow gaging information are
critical because most of the stream veaches involved in water =allocation
proceedings have no gaging records, The habitat retention IFM's are best
suited for ungaged streams since they require little or no long-term filow
information and also invelve one to three or more visits to the site. Flow
measurements and channel morphology observations made during these visits give
the blologist some idea of the annual hydrologic regime and 2 "feel” for the
flow-related changes in fish habitat quality and guantity.

Many of the non-field 1FM's require long-term streamflow records,
However, mean annual flow of many streams can be adequately estimated using
watershed analysis technigues requiring 1ittls or no fileldwork. The Tennant
method {z non-field method based oun percentage of mean snnual flow) can,
sherefore, be used in the absence of good streamilow rvecords, provided mean
annual flow can be accurately predicted from basin characteristics. Long-term
hydrologic information is considered essential by the IFG to negotiate fiow
recommendations,

The non-field IFM's typically require little or no tramsect information
gathered on-site. On the other hand, the habitat-retention and incremental
merheds often require extensive amounis of transect data at several flows.

Field data requirements for habitat retention methods can bs substantial if



passage, spawning, and rvearing flow requirements all need to be determined.
This could require two or more sets of transects in different habitats that
would sach need to be visited three or more times and possibly at different
seasons. Montana's wetted perimeter inflection point method is ome of the
simplest field methods because it requires only three sets of water surface
elevarion data and one szt of channel profile messurements at each transect,
In contrast, many other habitat retention methods, as well as IFIM, vequire
depth, velocity, substrate and/or cover measurements ai numerous points across
each transect for each visit to the site.

Habitat suitability curves for species of interest ave essential to the
application of IFIM as discussed previcusly and tllustrated in Filgure 2,
Originally, preferences for depth, velocity,. substrate, and cover for a single
1ife stage of a species were thought to be similar inm all streams. Hance,
suitability data gathered in one styeam would be transferrable to others, thus
saving additional time and effort. However, problems in applving IFIM Iin some
areas have been traced to the fact that fish may not use habitat squivalently
in different stream environments (Nelson 1980c, Annesr and Conder 1983).
Moyle and Baltz {(1985) recommend developing habilrat suitebility curves on—sitse
for each species of interest because variations inm fish population densities
and species composition within and between streams can lead to differences in
habitat use via intra- and inter—specific competition. Also, well known

iyrnal and seasonal habitat preference shifts can seriously complicate the
use of IFIM {(Campbell and Neuner 1985). Perhaps the best solution to this
problem is to identify which limiting factors operate during each season Lo
rﬁgﬁiata fish populations and then focus instream flow analysis and habitat

eriteria on these conditions (Campbell and Neuner 1983). If site-specific

=33



habitat preference data aze indeed mandatory, the costs and time invelved in
IFI¥ gpplications bacome Very high.

Manpower requirements vary significantly among various I¥M's and have
been discussed in detail by Wesche and fechard (1980) and Loar and 3Sale
(1981). The "non-field” methods typically require little or ao fieldwork and
can usually be completed with less than one man~day of office effort. Man-
power requirements are highly variable betwsen "habitat retention” methods and
depend upon which method 1is used and what 1ife functions {gpawning, dincuba-~
tion, passage, rearing} are considered. According to Wesche and Rechard
{19803 . the Oregon Method vtequires 3-6 man-days of field effort and 1-3
man~days of office work to derive recommendations for each of three functions:
spawning, passage, and vearing. The Washington Mothod reguires much more
effort {(man-days): 10-20 field days and 15-30 office days for spawning; the
same for rearing; and 5-10 fileld days and 1-3 office days for wetted
perimeter. The Montana werted perimeter inflectlon point method erquires
relatively little manpower - about 4ef man-days in the fileld and L~1 man-days
in the office. Nene of the above manpower estimates include travel time.

As might be expected, IFIM has very high manpower and tralning time
requirements. Loar and Sale (1981} estimated that IFIM would typilcally

requirve up to ten rimes the manpower &s the simpler habitat retention methods

B

such as the Colorade (R2-Cross) HMethod and Montana's wetted perimeter
inflection point methed. In addition 0 manpower, the training costs for IFIM
are very high compared to other methods. The USFWS conducts a mandatory
series of 64-5 short courses to train IFIM users. These courses invelve
150-170 hours of training and cost $1,500-52,000 to complete, excluding
salary, travel, and lodging expenses. Tn addition, access to IFIM computer

software is extremely limited for non-federal personnal.
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IFM Evaluation Studies

The question of how effective various IFM's are for determining Instream
flow needs for maintenance of fisheries and other aguatic rescurces is one of
the most important issues facing fisheries biologists today, yet remains the
most difficult toe resolve. ithough many studies have been published thar
fayaluste” one or more IFM's (e.g. Nehring 1979, Prewitt and Carlson 1979,
Stalnaker 1979, Hilgert 1981, Orth and Maughan 1982, Annear and Condey 1983
and 1984, Bietz et al. 1985}, most of them are deficient because they tended
+o focus on the mechanics of the models used, or rhe uniformity of the
results, rather than on the bilelogical adequacy of the instream flow recommen—

dations,

The problem of velating the results of various IPM applications directly
te fish populations was recognized by Wesche and Rechard (1880), who stated,
“rhe fallacy of the 'state of the art’ haé been that no methodology, no matter
how detailed, addresses the question of potential biolegical conseguences. '

The following statement by Trihey and Srainaker (1985) indicates that we

continue ro face this dilemma:

“Daspite the successes, Iisheries biplogists have not vyet
schieved the capability of forecasting the number of fishes produced
in response GO0 any particular water wmanagement scheme, is
gquestion is being brought up wore and more in present-day water
development and constitutes a third phase. Within the next decade
or so a scramble is expected for research and method development
aimed at predicting changes in numbers of fish resulting from flow
and channel alterations, This will be similaer to the 1970's when
methods to quantify the response of fish habitat to streanflow were
developed. Only after reaching this third phase can we begin to
quantify the economic value of altering the instream resource. This
will provide an equivalent basis for compariscon of fishery resources
with other instream/out-of-stream values.”

Our present inabiliry to thoroughly evaluate the adequacy of instream

flow recommendations is related to two major difficulties. Thess ave: (1}
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lack of a thorough understanding of the carrying capacity of lotic svystems and
how various factors operate to limit carrying capacity, and {2} problems with
experimental design. BHoth of these problems arve complicated by the fact that
agquatic ecosystems are comprised of complex assemblages of organisms that
interact with one another as well as with their physical environment {(Glger
1973y, Purther, these Interactions may vary seasonally, between life stages

of a species, and between stream environments.

Carrving Capaciry and Limiting Factors

4 persistent problem that hampers efforts to successfully evaluate and
apply IFM's is the knowledge of what the carrying capacity of the stream is,
whether or not fish populations are at carrying capacity, and what
facror{s) act to regulate carrying capacity. Although the concept of carrying
capacity @ay be simply defined (the standing crops of £4sh that can be
maintained indefinitely by the aquatic environment) the controlling mechanisms
are not easily guantified. Carrying capacity is determined by the actlon of
one or more limiting factors.

Giger (1973) reviewed a number of publications and agreed with MeFadden
{1969) who concluded that 1t was impossible to identify any one factor that
exclusively regulated populations of early trout and salmen 1life stages (fry
and juveniles). Rather, a number of factors interact o regulate fish popula-
tions and "each factor can be understood properly only within the context of
the network of relationships” (Giger 1973}, It is likely that Limiting
factors vary between streams, or at least regionally, due to diffevences in
species composition, hydrology, climate, and habitat.

There is general agreement among Tresearchers that in most cases physical

hebitat during the late summer, fall, and winter months when siresmflows are
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at annual lows is the primsry factor limiting fish populations in western
coldwater streams and rivers (Wesche and Rechard 1980, Giger 1973}, lLoar and
2ale (1981) suggest that fish habitat may be a Timiring factor only during
very high or very low flow conditlons. They further state that at dnter-—
mediate flows when habitat availebility is high, other factors such as food
production may become more Important as limiting factors. It is obviocus that
continued research is needed to develop consistent methods to identify 1dimit-
ing factors so that instreanm flow recommendations can be better tallored to

suit differing seasons and stream envivonments {Campbell and Neuner 1985).

Experimental Desigu

Based on 2 review of available literature, three main approaches have
been used to evaluate the adequacy of various IFM's feor making appropriate
instream flow recommendations. These arve:

(1) Approaches that examine short-term relstionships between streamflow
or some habitat index (such as weighted usable area (Wus} derived
using IFIM) and fish population size or standing crop.

{2} Approaches involving experimental manipulatione of flow and fish
pcynia%imns or standing crops.

{3) Long~term studies of velationships between flow regimes and fish
populations or standing crops.

Each of the above approaches has certain advantages and limirationz. The
first is probably the least suitable for evaluating IFM's. At least two
studies {Stalnaker 1979, Annear and Conder 1983) have examined the relation-
ships between WUA {a measure of habitat gquantity) and trout populations in
several streams at one poiant in time, typically during the low flow periocd

when habitat is assumed to be limiting., While this approach does offer some



insight intc the ability of I¥IM to guantify amounts and quallity of fish
habirat, it does little to address the question of the adequacy of IFIM's flow
recommendations, | The relevance of this approach in addressing the first
question (relationship between WIA and fish population size) is questionable
since one must assume that the fish populations were at carrving capacity
during the one peint in time when populations were esrimated. This assumption
is seldom tested, primarily due to a lack of rapid and accepted assessment
technigues.

A similar approach was utilized by Orth and Maughan (1982) who examined
relationships between WUA and blomass of several fish species in riffle areas
of a warmwater stream during two consecutive Summer low flow periods.
Although significant positive eorrelations were observed, their work was
strongly criticized by Mathur et al. (1985}, primarily on the grounds of smatl
sample size and assumplions concerning carrying capacity. Irrvespective of
these rriticisms, the short-term nature af such srudies and the lack of any a
priori knowledge of what the minimum flow should be renders them ineffective
in truly evaluating the adequacy of IFM recommendations,

The study by Kraft (1972} dllustrates the pitfalls that can be
encountered by short-term studles where carrying capacity is not takem into
account. In this study {(conducted in southwest ¥Montana}, responses of a wild
brock trout population were related to manipulated flows in a natural stream
channel. The results indicated that significant dewatering {up to 20Z) during
s thres-month, summer, low flow perlod had little effect om trout populations
o or biomass.

%raft's results are somewhat surprising in view of the abundant evidencs
(both euxperimental and intuitive) supporting the contention that the f[low

regime plays z major role io regulating fish populatioms. Shortecomings in
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rafe's study that may explain these anomalous fipndings are that no sttempt
was made to determine (1) whether the stream was al carrying capacity, (2}

what factor(s) limited the population, and {3) what the long-term effects of

by

such & flow regime might be. {Another possible, although unproven, gxplana—

1

rion that would support his findings is that hrook trout ave more tolerant of
low flows than are other Crout specles.) 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 1FM evaluation approach Involves the manipulation of fish
populations and flow regimes in experimental channels. Fxamples of such
designs are studies by Fasterbrooks (1981), White et al. (1981}, and Randolph
{1984), A unigue and key ingredient of these studies is the attempt to insure
that 4nitial fish population levels are at carrying capacity. This 1s accom-
plished by oversaturalting the habirat with introduced wild fish, then allowing
the population to reach equilibrium (via emigration) prior to dewatering.

This 1s a conceptually appealing method to examine responses of fish
populations (at carrying capacity) and habltat to streamflow reductions, but
i+ also has shortcomings. Randolph (13984) suggested that egquilibrium fish
population size before and after such experiments may be affected by initial
stocking demsity. While this phenomenon obvicusly creates some “secounting®
problems, it may not significantly affect the sverall study objective, which
i to identify critical flows and habltat conditions below which the stream’s
abiliry to suppori a heslithy aguatic rasoulce rapidly diminishes. Other
1imitations to this study design are that {1} only one {or a few at most)
stream chamnel i1s examined, {(2) investigatioms are usnally confined to one

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



(3) 4t is not applicable to larger streams and vivers bacauze of legilstical
difficulries.

The third approach to IFM evaluation involves the ezamination of fish-
flew informarion collected sver a period of vears on one o1 more streams.
This empirical approach overcomes many of the shortcemings inherent im short-
rerm and/or experimental studies, but it too hag limitations. First, this
method involves a long-term commitment of time and manpower, probably for at
least five to ten or more vears. JThis is essential to insure 2 diversity of
ohservations at a variety of flows. Long study periods are also required to
enable the researcher to follow individual year classes of fishes through
their 1ife cycle {from fry to adult) which commonly requires three to five
years. Because of the long~term nature of such studies, the ressarcher must
remain asware of, and try to sccount for, changes im the watershed {(logging,
grazing, other development) and management policies {fish stocking changss,
fishing regulations) that may also affect fish populations. Further, long-
term studies can generate enormous amounts of complex hydrologic and fisheries
information (if multiple species and life stages are congiderad), which can
prove difficult to compile in a consistent, meaningful, and defensible manner.
Consequently, this approach has been applied to only a few waters.

Due to their intensive dats requirements, long-term, empirical IFM
svaluation srudies are rvelatively rave. They are advantageous because they
provide flow recommendations hased on direct observations of fish population
response to a flow reglme under "patural conditions. The adequacy of IFM
flow reccommendaticns can then be critically evaluated, as Nelson {1%80a, 19801

and 1980¢) and Anderson and Nehring (1985} have done. Armear and Conder

(1984) stressed the continued need for such studies:



"The question of adequacy of any instream flow method for
fisheries will only be resclved by long-term biclogical documenta-
tion — a component of all compariscns of instream flow metheds that
is noticeably missing. Until this issue Is resolved, studies such
as rhis one will continue to only hint at acceptable procedures for
identifving realistic fishery needs for instreanm flew.”

Fysluations of Montana's Wetted Ferlmeter Method

The zdequacy of Montana's wetted perimeter iﬁfieﬁtisﬁ point method has
been tested using all th%ee of the above study approaches with generally good
results. Orth and Maughan (1982) compared the wetted perimeter, Tennant, and
1¥TH metheds on & warmwater stream in Oklahoma. They found that 211 thres
methods produced similar, acceptable minimum flow recommendations for the low
flow period.

Randolph (1984} evaluated the wetted perimeter method in =z small streanm
in southwestern Montana during a two-month period In late summer/early fall,
Wild vainbow trout densities dIn three stream sections wele enhanced to
simulate “carrying capacity” by the relocation of wild fish from uvpstresam
aTea5. He concluded that the wetted perimeter infiecti&m point method
produced an accurate minimum flow recommendation for a section characterized
by riffle-pool habitat, but it §adefe$timaieé figh flow needs in rifflie-rum
sections. Fish population response to reduced flows {emigration) appeared to
he more closely related to riffle depth {total or longest, comntinucus top
width having depth of 15 om or more) than to Q%anges in wetted perimeter.
Hence, depth criteria may be violated before the wetted perimeter inflection
point is reached im the relatively shallow riffle-vun habltats of small
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Welson (1980a and 1980b) compared minimum £low recommendations derived
using the wetted perimeter, Tennant, and IFIM methods to long-term information
on trout standing crop and flow in five veaches of four "hlue ribbon” rivers
in southwest Montana. With one exception, the empirical troutfflow data sets
ineluded information for 4-13 years. He concluded éhai inflection points on
wetted perimerer—discharge curves for one riffle in each river provided
acceptable flow recommendatlons. Becommendations based on composites of
sgveral transects through various habitat units (pools, wuns, and riffles
combined) were mnot as reliable because iInflection points were legs easlly
recognized. The Tennant method was found to be of some use in making minimum
flew recommendations, but percentage of flow required appeared to vary between
rivers. Finally, IFIM flow recommendations wers inordinately low due to the
application of a small stream habitat model to a large viver and the progran's
use of mid-depth velocity measurements, rather than the velocities near the
stream bottom, to describe the water velocities used by fish., The IFC has
since corrected these problems.

Loar et al. (1985a) observed population fluctuations of three age classes
of rainbow trout in two Appalachian streams over a Iwo—year period in relation
to late summer low fiows. They found that young-of-the-year rainbow trout
preferred shallow riffle habitats, and flow-related population declines of
these fish were related to reductions in riffle wetted perimeter.

Studies by Annear and Conder (1984) and Bietz et al, {1985} examined the
consistency of the wetted perimeter recommendations for a number of streams by
comparing them to recommendations devrived from other methods or by converting
them to percentages of the mean annual flow and comparing these to each other.
These studies, while econtributing to the advancement of the state—of-the-art,

are not considered in this discussion because they do not address the adeguacy
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of the wetted perimeter recommendations in maintaining the stream fisheries at

acceptable levels.

Criteria for Selecting an IFM

A number of factors must be considered before selecting an sppropriate
IFM for a given situatiomn, These include biolegical goals, geographic scope,
administrative goals, time and manpower availability, biological and histori-
cal streamflow data avallability, ability to wonitor and enforee flow
recommendations, and the type of decision-making process fellowed,

The gecgraphic scope and the type of water allocation process inveolved
are the primary consideratioms in seléaiing an appropriate IFM. Trihey and

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

method snd Montana's wetted perimeter inflection ?Giﬁt method} are most
appropriate for:

i Protecting the instream [low resource.

2. State water plans.

3, State water allocation permits oy reservations.

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

They concluded that incremental methods (primarily IFIM) are most appropriate

ey

o]

"
.

Time series analysis to identify limiting flow conditions.

oo

. Fine tuning a resocurce maintenance objective {maximum utilization of

jRN

available water),
3. Avoiding or minimizing flow-related impacts.
&, Comparing mitigation alternatives.
These recommendations carry substantial weight and are bazed on considersable

experience; one of the authors (Dr. Stalnaker) has been the leader of the



i¥G since its formation ome decade ago.

The "standard setting” methods are most appropriate for basinwide water
allocation becausse they can provide cost effective, simple, single, minimum
fiow values for a large number of stresms with a wminimal awount of time
consuming negotiations. Simple, minimum flov recommendations facilitate water
allocation processes and can be monitored and enforced with relative ease.
Other advantages are that these methods require little or mo long-term stream-
flow data and (at least in Montana) appear to provide reasonable minimum flow
recoﬁm&adatien§ for streams and rivers alike.

The high time and manpower regquirements and the nature of the decision-
making process make IFIM an impractical tool 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 minimem flows. Rather, it is
designed for negotiating flow regimes for specific project areas by quantify-
ing flow-related habitat tradeocifs.

He contacted water respurce adminisrraters in fish and wildlife agencies
in several western states and the provinces of Alberta and British Columbia in
early 1986 to solicit their views regarding the use of the wetted perimeter
infleetion point method and to ascertain which IFM(g) 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
{1985}, That is, they employ a variety of IFM's (non-field, habitat reten-
tion, and incremental) in rthelr programs depending upon the needs of a
particular situation. The use of IFIM is usually regtricted te significant
water development projects or highly controversial allocatlon disputes.

§ix of the eight agencies {Colorado, Washington, Mimnesota, Wroming.

Tdaho, and British Columbia) that responded Indicsted that they used some



variarion of the wetted perimeter method in some part of their instream flow
program, California and Alberta do not wuse the wetted pevimeter method.
falifornia currently has no basinwide allocationm process analogous to
Montana's water reservation system, so they are primarily concernad with new
water development projects on which they place "conditions” {personal communi-
cation with Gary Smith, Fisheries Bilologist, California Fish and Game).
California requires project éﬁ?ﬁiﬁ?&?ﬁ'tﬁ fuad and conduct IFIM studies, which
the State then reviews. Alberta is currently developing a modification of the
Tennant method to bes used on a basinwide planning scale and uses IFIM on large

watrer development projects.



MONTANA'S INSTREAM FLOW METHOD

An IPM that was compatible with the Srate's water reservation process was
a major consideration when the MDFWP selected its primary methed for making
instream flow recommendations. Under the reservation process, the unappro-
priated waters in a basin are allocated asmong all competing uses, including
municipal, agricultural and industrial as well as instveam for the protection
of fish and wildlife and water quality. When granted, the instream reser-
vation becomes a part of the priority date system, with szome future usas
subject to, or junlor o, the Iinstream reservation. During some time periods,
especially in water short years, dunior consumptive ussTs will have to comply
with the terms of the reservation éﬁd cease withdrawing water when streamflows
£311 below the granted instream flows. Given this requirement, complex flow
recommendations that vary by time period and by year are generally unsuitable
secause they confuse junior water users and exacerbate problems with compli-
ance and policing. A single, year-round rvecommendatlon tends to wminimize
these problems, but such a vecommendation may faill to fully satisfy the
instream flow needs of all fish species and all of their life stages and
functions. However, keeping the recommendations simple appears, in the long
sun, to be in the best dinterest of the resource because compliance and
policing problems are minimized.

Under the reservation process, the Department has the respomsibility
for requesting instream flow protection for literslly hundreds of streams.

Due te the large number of streams, funding, manpower and time limitations
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also became an important consideration ir. the selection of an appropriate
method. Of the three broad categories of methods previously described, two
were quickly relegated o 2 secondary role in deriving recommendations under
vhe reservation process.

0ffice or non-field methods {Category 1} were Jjudged less desirable
hacause of the Department's contention that the recommendations would be more
credible 1f they reflected stream—spacific habitat and discharge relationships
vather than a flow guantity derived solely from the historic flow record,
Furthermore, the lack of sufficient historic flow data for the vast majority
of ¥ontana's streams precluded the use of virtuaslly all office metheds. In
additieon, the consensus in the literature is that this category should be
confined to deriving preliminary or reconnaissance grade recommendations
(Stalnsker and Arnette 1376}, thus 1imiting their suitsbility for Montana's
reservation program.

Methods that apply species— and 1ife stage-specific habitat criteria in
evaluating the condition of the stream environment at various flows {Category
3} proved to be incompatible with the basic goal of the Department ‘s instream
filow program, which is to set fiow recommendations at a level that will
sustain existing fishery rasources. Category 3 methods, of which the IFIM is
the best known and most commonly applied example, were designed to be used in
negotiating flows rather than setting minimum strandards. This is a costly,
complex and time consuming analysis that has 1imited application in Montana's
water reservaiion PIOCESS.

Those methods that exzamine various components of a stream's hydraulic
characteristics at various flows for the purposs of developing generalized
hebitat~discharge relationships are inciuded in  Category 2. The flow

recommendations would mof, In most cases, he hazed on detailed eysluations of
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the hahitat requirements of specific fish species or 1ife stages. The
simplified prediction techniques that this group uses in evaluating the
condition of the stream environment reduce the figld date reguirements to the
point where dollar costs, manpower needs and time expended are resasomable,
The outcome of the analysis is a ninimum flow standard that is intended to
fully protect some aspect of the stream resource. These methods are most
appropriate when dnstream protection is requested for a large number of
streams, as occurs in state water allocation programs {Trihey and Stalnaker
1985},

The MD¥WP was, therefore, limited to selecting a method from Category Z.
The method chosen was the wetted perimeter iInflection point method, A brief

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

Wetted Perimeter Inflection Point Method

This method focuses on the previcously discussed assumption that the food
supply can be a major factor influencing a stream’s carrying capacity during
the non-winter months. The principal food of many of rhe fuvenile and adualt
game fish inhabiting the streams of HMontana is aquatic invertebrates, which
are produced primarily in stream riffle areas. The method assumes that the
game fish carrying capacity is related to food production, which in tura Is
relared to the amount of wetted perimeter in riffles.

Wetted perimeter is the distance zlong the bottom and sides of a chamnel
cross—-section in contact with water (Figure 4%, As the flow in a strean
chapnel increases, the wetted perimeter gisa {nereases, but the rate of gain

of wetted perimeter is nct constant throughout the entire range of flows.
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The plot of wetted perimeter vexsus flow for stream riffle cross-
sections generally, but not always, shows two points, referred to as break or
inflection peints, where the rate of increase of wetted perimeter changes. In
the example {Figure 5), these inflection points occur at approximate flows of
8 and 12 cofs., Below the lower inflection point, the flow is spreading out
horizontally across the stream bottom, cgusing the wetted perimeter o
increase rapidly for very small increases In flow. A point is eventually
reached {at the lower inflection point) where the water starts to move up the
sides of the active channel and the rate of iIncrease of wetted perimeter
begins to deecline. Af the upper inflection point, the stream Is approaching
1ts maximum width and begins to move up the bamks as fiow increases. Large
increases in flow bevond the upper inflection polnt cause only small Increases
in wetted perimeter. Flow levels at these inflection points arve deplcted in
Figure 6.

The area available for food production is ccﬁsidere& near optimal at the
upper inflesction point because almoet all of the available riffle area is
wetrted., At flows below the upper inflection point, the stream begins to pull
awav from the riffle bottom yntil, at the lower inflseticon point, the rate of
1oss of wetted bottom begins to rapldly accelerate. Once flows arse reduced
below the lower inflection point, the riffle bottom is being esxposed alb an
even greater rate and the area available for food production greatly
diminishes. The method is intended to establish 2 threshold below which 2
stream's food producing capacity begins to decline {upper inflection point)
and s threshold at which the loss is judged unacceptable {lower inflectlion
point).

While this infleetion point concept focuses on food production, there are

indications that wetted perimeter relates to other factors that influence a
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srream's carrying capacity. One such factor is cover (or shelter), a well
recognized component of fish habitat.

In the headwater streams of Montana, overhanging and submerged bank
vegetation and undercut banks are often important components of cover. in
Wyoming, overhead bank vegetation was the cover parameter that explained the
greatest amount of wvaviation in trout population size in small, brown trout
streams (Wesche et al. 1987). Ths wetted perimeter~flow relatiomship for a
stream channel is, in some cases, similar to the relationship between bank
cover and flow. lows exceeding the upper inflection point are considered to
provide near optimal bamk cover. Below the upper inflection point, the watex
pulls away from the banks, decreasing the amount of bank cover associated with
warar. At flows below the lower inflection point, the water is sufficlently
removed from rhe bank cover to severely reduce its value azs figh shelter,
Support for this relationship is provided by Randolph {1984}, who found a high
correlation betwean riffle wetted perimeter at various flows and the total
ares of overhanging bank vegetation (r = 0.88-1.00) aznd undercut banks {(r =
0.84=0,97) for three study sections in a amall Montana stream.

In addition to producing food, riffles also are used by many game fish
epecies for spawning and the rearing of their vyoung (Sando 1981 and Loar et
al. 1985s)., Thus, the protection of riffles insures that the habitat required
for these critical Iife functions is also protacted,

Another 4important consideration rhat supports the keying of recoumen-
dations to riffles is the fact that riffles are the area of a stream most
affected by flow reductions {Bovee 1974, Nelson 1977 and Loar et al. 1985a).
By providing a recommendation that wets a large pertion of the available

viffle area, we ave, at the same time, bhelping to protect both runs and pools

- areas where adult fish normally veside,
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The wetted perimeter iﬁfleztiﬁﬁ point method provides a range of flows
(haetween the lower and upper inflection points) from which a single instream
flow recommendation is selected., Flows below the lower inflection point are
judged undesirable based on thelr probable impacts on food production, bank
cover, and spawning and rearing habitats. Flows ezceeding the upper inflec-
tien point are considered to provide near optimal conditions for fish, The
upper and lower inflection points are helieved to bracket those flows needed
tc maintain the high and low levels of aquatic habitat potential. These flow

levels arve defined as followss

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

consistently produce abundant, healthy and thriving aquatic popula=
tionz. TIn the case of gsme fish species, these flows would produce
abundant game fish populations capable of sustaining a good to
excellent sport fishery for the size of stream imnvolved. For rare,
rhreatened or endangered species, flows to accomplish the high level
of aguatic habitat maintenance would: 1} provide the high population
jevels needed to ensure the continued existence of that species, or
2y provide the flow levels ahove those which would adversely affect
the speciles.

2. Low Level of Aguatic Habitat Potential - Flows to accomplish a low

level of aguatic habitat maintenance would provide for only a low
population of the species present. In the case of game fish species,
a poor sport fishery could still be provided. For rare, threatenad
or endangered specles, their populations would exist at low or
marginal levels. Tn some casss, this flow level would mot be

sufficient to maintain certain speciles.



The finml Fflow recommendation is generally selected from this range of
fipws by a consensus of the biologists who collected and analyzed all velevant
fi1eld data for the stream of interest. The biclogists' ratinmg of the streanm
resource forms the basis for the flow selaction process. Factors considered
in the evaluation include: (1) the level of recreational use, {2} the existing
tavel of environmental degradation, (3} watex availability and (4) the
magnitude and composition of existing fish populations. igh population
information, which is essential for all streams, is a major comsideration. &
marginal or poor fishery would likely justify a flow recommendation at or near
+he lower inflection point unless other ronsiderarions, such as the presence
of species of Tspecial concern” {arctic grayling and cutthroat trout, for
example} warrant a higher flow. 1In general, streams with significant regident
fish populations, those providing crucial gpawning and/or rearing habltats for
migratory populations, and those supporting significant populations of species
of "special concern” should be considered for recommendations at or near the
upper inflection point.

Other candidates for upper inflection point recommendations are streams
that have the capacity to provide outstanding fisheries, but are prevented
from reaching their potential due to stream dewatering. The flow at the upper
inflection point would provide a goal to strive for should the measns become
available to improve streamilows through such mechanisms as water storage
projects or the purchase of irrigation rights. Streams that are subjected to
other forme of environmental degradation, such as mining pollution, and which
have the potential to support significant fisheries if reclaimed, are
addirional candidates for upper inflection point recommendations.

The process of deriving the flow reﬁ@ﬁmeaéati@n for the low flow peried

shus combines a field method {(wetted perimeter inflection point method) with a
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thorough evaluation by field biologists of the existing stream rescurce.

Ryief Descrintion of the Wetted Perimeter (WETP} Computer Program and Data
Heads

The wetted perimeter~flow relastlonship for & stream of interest is
derived using a wetted perimeter predictive {WETP} computer program developed
in 19880 for the MDEFWP.

Twe pieces of dinformation - the cross-saectional profile and stage-
discharge rating curve - are required £or each viffle cross—-section as input
to the WETP ?r@gr&ms' These data are obtained in the field using standard
surveying procedures.

The stage-discharge rating curve describes the relationship between the
height of the water surface {(the stage) in the riffle cross-section and the
magnitude of the flow ({discharge) through the cross-gection. This rating
curve, when coupled with the cross-sectional profile, is all that 1s needed to
compute the riffle wetted perimeter at most flows of dntevest.

The WETP program requires at least two sets of stage measurements taken
ar different 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 is vecommended., The three measurements are made
when runoff is receding (high flow), near the end of runoff {intermediate
flow) and during late summer—sarly fall {iow flow). The high flow should be
considerably less than the bankfull flow, while the low flow should approxi-
mate the lowest flow that normally occurs during the summer-fall season.
Although the WETP program will run using only two sets of stage-discharge
data, this practice is not recommended because substantial “two-point" error
can result. However, when only two data sets are obtainable. the higher

dizcharge should be at least twice as high as the lower discharge.



The channel profile alac has to bhe measured for each cross-section,
Ynlike the measurements of water surface elevation, this has toc be done only
ones, 1t is best to measure profiles at the lowest calibration flow when
wading is easiest.

The wetted perimeter method is applied seolely to riffles. Cross-sections
csn be established in a single riffle or in a2 number of differemt riffles.
Cross-sections should describe the typical riffle habitat within the sirean
segment being studied. TFor each riffle, the upper 1imit is three cro8s—
sections placed at the +iffla’s head, middle and bottom. FPewer can be used if
the riffle is fairly uniform, To be safe, you may want to model Lwo oF three
separate riffles 1In each study area. At least three and preferably five
riffle cross-sections should be used in the WETP analysis. The WETP progvan
accepts up to 10 cross-sectlons. The computed wetted perimeters for all
riffle cross-sections at each flow of intevest 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 colisction
procedures 1s provided In & publication titled “Guidelines for Using the
Wetted Perimeter {(WEIP) Computer Program of the Montana Department of Fisgh,

Wildlife and Parks”™ (NHelson 19842} .
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MONTANA'S WETTED PERIMETER METHOD - FINAL CONSIDERATIOHNS

The wetted perimeter method 1= intended to guantify the flow needs of
fish during the non~winter period from approximately April through October,
excluding the high flow, or snow runofi, months of May, June and July when

shout 75%7 of a stream's annual water yield passes through the svstem {(Figure

@

1} Flow recommendations for the high flow period should be based on those
lows .éeemeé necessary for flushing the anoual accumulation of bottom
cediments and maintaining the existing channel morphology.

A stream's annual high flow characteristics are generally accepted as
being the major force in the establishment and malntenance of channel form.
1t is the high spring flows that determine the shape of the channel vather
than the average or low flows.

The major functions of the high flows im the maintenance of channel form
are bedload movement and sediment transport. It Is the movement of the bad
and bank material and subsequent deposition which forms the mid-channel bars
and, subsequently, the islands. High flows are capable of covering already
ecarahlished bars with finer material, which leads successively to vegetated
islands., Increased discharge associated with sprinmg runcff also results in a
flushing action, which rémev&s deposited sediments and maintains suitable
gravel conditions for aquatic insect production, fish spawning and egg
incubation,

Reducing the high spring flows bayond the point where the maior amount of
hedload and sediment i1s transported would interrupt the ongoing channel

processes and change the existing channel form and bottom surfaces. A



significantly altered channel configuration would affect both the abundance
and species composition of the present aguatic populations by altering the
axisting habirat types.

Montfana's high flow method, termed the dominant discharge/channel
morphology concept (Montana Dept. of Fish and Game 1979}, requires at least 10
vears of continuous USGS gage records to derive recommendations and, conse-
quently, cannot be applied to most streams. Recommendations from the wetted
perimeter inflection point method do mnot satisfy flushing or channel mainte-
pance reguirements. DBecause most waler USers, particularly irrigators, are
snable to divert a significant portion of the runcff flows and, therefore, ave
incapable of materially impacting the high flow funetions of bedload movement
and sediment transport, high flow recommendations may be unnecessary in most
cases. Therefore, extending the wetted perimeter recommendations through the
high flow pericd - a common practice of the MDFWP - should not jecpavdize the
maintenance of adeguate high flows for most streams. Furthermore, Montana law
limits the granted instream flows for gaged streams Uo no more than 30% of the
average anmual flow, thus eliminating flushing and channel maintenance flows
from consideration in a reservation application.

As discussgé 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 a guideline, the winter recommenda—
tion should not %é 1egs than the base Fflow, 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 unquantified for most
streams. Past work by the MDFWP has shown that the upper inflection point
recommendations of the wetted perimeter method typically exceed base f[lows

{Leathe et al. 1985). Winter flows would, therefore, be protected if upper



inflection point recommendations were extended through the winter periocd.

This is z common practice of the MDFWP when recommending flows, Lower inflec-
tion point recommendations are aermally inadequate for protecting winter base
lows.

Regardless of the method used to quantify instream flows, there will be
some time periocds, especially during drought years, when the recommendations
exceed the available flows. Only when the recommendations egqual the historic
low flows would they never exceed the available water supply. However, such
recommendations would devastate a stream fishery 4f maintained for any 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 year on vecord.

ieathe‘ané Enk (1985} evaluated the amount of time the wetied pevimeter
recommendations _f@r five gaged, mountain stTeams in Montana's Bwan River
drainage exceeded the available streamflows. Year-round, upper inflectioen
point recommendatlions were found to exceed daily streamflows from 24 to G647 of
the time, depending on which of the five streams was evaluated. On the
average, rvecommendatlons exceeded +he available daily flows 417 of the time
and, conversely, were less than the daily flows 50% of the time. In other
words, excess water would be available for other uses 59% of the time, on the
average. Unpublished data for a number of the larger rivers im southwest
Montana showed that the wetted perimeter recommendations generally fell within
the 60th to 90th percentile range of flows, meaning that the avallable daily
streamflows, even with existing depletioms, will sgtill exceed the recommen—
dations from 60 to 90% of the time.

The wetted perimeter inflection point method has primarily been appliaed
in Montana to coldwater trout streams east and west of the Continental Divide.

Results of wvalidation studies in Montana support the use of this methed in
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deriving minimum flow recommendations for these waters (Nelsem 1980a, 1980b
and 1980c and Randolph 1984). The logic behind the method should apply to
warmwater streams as well. However, uo biclogical studies have been conducted
in Montanz to confirm she reliability of warmwater recommendations, although a
warmwater evaluation in Oklahoma supported the use of wetted perimeter (Orth
and Maughan 19827,

The wetted pervimeter method 1s unsuitable in certain situations. The
method is designed for use on stream reaches in which the flow is confined to
2 single channel, although the application to side channels off of main river
chanrels is a2 commonly used approach fov deriving recommendations fov those
rivers in which side channels are crucial to the well-being of certain
species, When the flow Is distributed among wmany channels, cross~sections
through these braided reaches are very difficult to model hydraulically,
making most computex models, including WETP, unworkable in this situation.
Waters having little or no riffle development, such as cascading mountain
streams that plunge from pool to pool and some low gradient, prairie streams,
are another axception, as are spring creeks., The stable, vyear-round flows
that characterize spring crseks prevent the collection of field dats at a

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

progranm,
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