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FHR Currents . . . Purpose

manogement of habitat,

The Fish Hekitat Relatienships [FHR) Program of E-5 USF5 has been established to re-
search ond develop informatien an fish ecology and 1o ceordinote effecive applica-
tions of this knewledge in manoging and protecting our fisheries. By relating life
stoge requiremeants of specific species o physical habital porameters, we are aiming
al aur main objective: developing a methodology to manaoge fishearies through the
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Introduction

Pl pigeetive of thix fallefin s (o descrile o stream
habital snventony frocediure thet will classify and
quantify fish hebital in feewo of oheannel feaiures,
The fracedure s based on information gathend e
pravel and bowlder-lied streqms tn e smestern Cos-
parede Mouvdainy of Chegon gand Washington and n
the Klanaih Mouwntaias of Californde (Bisson of af
PUE T - hadliven, T9ORG; Ceorend of ., tnovevdens; Decker
o oal, in frrogress), A sliea Dbt éi-nr.“u.'u.r_*_.' Py
audlined foeve eon pive Enformetion on e segioenes,
distrilbiction, and avatlability of pool, viffle and run
hebiiol wnits, and ypelds o graplic pictuve of the
slreani channel (Figure 1) Avesrs which may be fim-
:'!r-'."." L e R "'_."' '.I.'_.':-'.:'.fln'.i'." .l'.'.-'.-,r:."|'.-'.'|' |"'.I.'_.'r.'r.:.'.'.'-':'.'_:l_-_ _I'.l-r.':".'.'.':l_:_"_
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Present day [ishery management Is very oo
plex, involving several ditferent AP nCies, WECT Zrouys
and land managers, While millions ol dollars are
being spent anmually o restore and enhance anad-
romons Hsheries, man's elfect on stream habita is
increasing through the ever growing demands on
timber, water, and other resources, A key o effec-
tively protecting, maintaining, restoring, and en-
hancing anadromous lisheries in light ol tluese
demands is an understaneing of the relationships
between physical habitat parameters (eg. channe!
marphology) and fish production Tactars (Tood and
habitat requirements) for all age classes of cach
species for the duration of stream residency. Habi-
tal requirements of anadramons salmonids rearing
i streams are known w dilfer between species, age
classes, and seasons (Everest and Chapman, 1972
Reiser and Bjornn, 149759,

Because of the diversity in managemoent gronps,
several different habitat survey or assessment tech-
nigues are emploved in porthern California, This
lack ol standardization complicates the comparison
of information between agencies and often creales
barriers in developing and implementing efficient
management strategies, This bulletn outlines a
standardized habita assessment procedure with Built
in fexibility 1o be workable with varving budgets

aned L] wWer,

Background

This svstem of naming habitat is derived from
work on stream channcel morphology, pool-riflle
and step-poel formation, and fish habitan utiliza
Hon in western Washington and Oregon {Bisson et
al., 1981 Sullivan, 1986; Grant et al, in review].
The development of poolriffle or step-poal se-
quences is a fundamental stream channel process
(¥ing 19711, These main channel features, along
with others formed by smaller scale local effects
{e.g, logjams and slides), can be recognized as dis
tinct channel units or habitar types. A total of 22
habitat types have been identified and delineated
in northern California o date as the celinement of
the system continues (g 2, Jollowing beages).

Figure 2 illustrates how the 22 pes are classi-
lieel, Three categories {proceeding from shallow o
deep water) are riffles, runs and pools, All of the 22
tvpes are members of the 3 main caegories, Rilfles
are cliffereniated an the basis of waler surface gra
dicne Pools are dillercoriated ar owe levels: (1) the
position of the pool in the stream channel {secon
dary channel, backwater, lateral, or main channel],
and then (2) the cause of the scour (obstruction,
blockage, consiriction, or merging Hows), Hun
habital types have low gradients, and are differenti
ated on the basis ol depth and velocity. The Tve
pointed star plots of each type in Table & ilhestrate
the ratio of fve phvsical habitat variables [mean
depth, width, and length, and area and valume] o
Hurdygurdy Creek, California, The patlern ol the
starplot describes the “mean shape” of the habit
wpes. Tvpes with similar star plots have simila
morphometry,

Generally, a given stream wirrl'L contain all 2k
habital types, instead the mix will be daminaced b
a few habital types which are reflective of the over
all channel gradient, Qow regime, cross-sectiona
profile, and substrate pariicle sice, (Grant ot al. 1
revicew) [ound that the mix of habital tvpes in west
ern Cascade streams with gradients in excess of 2%
and large boulder substrate consisted of 4 vpes
pool, riffle, rapid, and cascade, Bisson et al. {1481
recagnized T4 distinet habitat types in small stream
with gradients less than 2. Basins than exhibin

wicle range in channel gradient will also have |
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Fignere 20 00ar of 22 fadeind Pyfes o

1 — Low Gradient Riffles “LGR™

Shallow rooches with swiffly lowing,
turbulent woter with same portiolly
exposed substrote. Grodient < 4%,
sulstrote is wswally cobble deminated,

High Gradient Riffle

2 — High Gradient Riffles "HGR"™

Steep reaches of moderafely decp, swilt,
QN YEry I'ul'l.'.-nl'E.".".' wzler, Amounf -:l’-
expased substrate is relafively great
Grodien! is = 43, and subshrate (s bovlas

dominaled,

Cascade

3 — Coscode “CASY

k] s i . F | :
The steepest riffle habitet, consists of aierrafing
] . r ] ] ] J ] .
small woterfalls cnd shallow pools. Subatrale i
] ] ] [ I
vavally bedrock ond boulders



4 — Secondary Channel Pool “S5CP”

Pools formed oukside of the averoge wetted
channel. During summer these poois will dry
up or have very litle flow. Mainly
associghed wilf gre ..-{_I' hars and mey

conlain s I'I‘TI I"'I1-f'.| SI subs.r.r:l {EK]

Backwater Pool

5 — Backwater Pool “BWP"
Boulder Formed

Found aleny channel morging ona coused by
eddies around chskruchions such os boulders,
raatwads, ar woody debris. These pocls are usually
shallow and ore damingted by fine-grain
substrates. Current velocities are guite fow.

Backwater Pool
(Roct Wad Formed)

& — Bockwater Pool “"BEWP”™
Reot Wad Formed

FHR Currena
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Backwater Pool

{Log Formed)

7 — Backwater Pool "BWP”™
Log Formed

Trench/Chute

8 = Trench/Chute “"TRC"

Channel cross sections typicolly U-shoped
with bedrock or coarse grained botfom
flanked by bedrack wolls. Corrent velacitios
are swil! ond the direchian of Alow is
uniform. Moy be pool-like,

@ — Plunge Pool “PLP™

Fournd where siream posses over o complele or
nearly complete chonnel obsiruckion and drops
-_;.‘:_:r_:r_n'}-' itk .h':!_' ,:.'.'!_:n:'.lrl'u!_.l:‘:r'.ll J‘:-e'.'llr'.lw__ .=.|:':‘.~|.l.'|'|'|£1 S
deprassion, sften large ond deep. Svbsirale size (s

F:l'g.'rll}-' varahle,




Lateral Scour FPool
(Log Formed)

11 — Lateral Scour Pool “LSP”
Rool Wod Formed

12 — Lateral Scour Pool “LSP”
Bedrock Formed

FHE Cuvrdiie

10—Lateral Scour “LSP” log Formed

Formed by fow impinging against one sirgam bank
o crpeninsl o paiien choangd obstrochion. The

' {

oisociaied scoor i conbingd fo < HUE of welled
channe wigdh, Channel cbalruchions maude

rpotwants, woody oehs, bowoers, ond bearock

Lateral Scour Pool
(Root Wad Fornmed)

Lateral Scour Pool
(Bedrock Formad)
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Dammed Fool 13 — Dammed Pool “DPL"
complah

Vmrar |'J:'.‘I:‘.'\c}..'||-:'|'-:.'\c:' Feom a camplele or ."l:!i:lrl.}" ot
channel bleckage (debris joms, reck londslides or bee
ol Subsirale fenos Tovecra srmoller gravels and sa

14 — Glides “GLD"

B

A AR BRI DS TS i SMOCy ane EEI'I [
| . I Preal

with low to moderate veleeities and litle or no

i J ) L | . [}
surfgge furbulence. Sunstrate wsually consists of
cobbe, gravel and sand.

15 — Run “RUNY

Swillly Nowing reaches with litile surfoce
alevetions, Olen

ol and no major Heaw
1 ’ T ]
appears as flooded riffles. Typical subsirotes are
) i
grovel, cabble and boulders,




T4 — Step Ron "SRN”

] A g
A sequence of runs separated by short riffle stops.

Sulisteetas CIOE 1S ;.'l::'ll.l_:.-' -_r_:lr'_.-ﬁ:-l'r_r ;rrlr_.lI .\I:_."'-C.,h_.'l.l:l.l:.'.' :_:'{:.'.":.lr:':_‘rl'-f.":':'

Mid Channel Pool

17 — Mid-Channel Paol "MCP~

Leargger |2J:_:-r_:-|"_-: fermod E_J_,.r rmici-chionoel seous The seaw
hole encompasses more thon 80%% of the wetfed
chonsel, Wiator -'r:ll-:_:-.'il:.-' i5 slevee, raned e subsivaie

is highly vanable.

18 — Edgewater "EGW"

—~ ] i r ] il r

Giuist, shallow erec found clong the margins of the

sfreom, fvpically ossocioted with riffles. Woter velacity

is low and sometimes lacking, Substrote varies from
L1

cabbles to boulders.,




Channel Confluence Pool

1% — Channel Confluence Pool “CCP

large pocls farmed of the canflvence of twa or more
chanmels, Scour con be due fo plunges, lateral
obstruciions or downscour at the channel intersections
Velocity and rbulence are vseally greater than these
in other pool bypes.

Lataral Scour Pool

F d|
(Boulder Formed) 20 — Lateral Scour Pool “L5P*

Boulder Formed

Farmed by flow impinging against boulders
nal create a portiol channel absiruchion, The
assaciafed seour is confined ta < 0% of
wetfed channel width.

21 = Pocket Water “POW"

A section of swift lowing streom containing aumeraus

i j N . )
woulders or alher large obstruchions which creale eddies
or scour holes [packets) behind the obatructions
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5o _ Corner Pool “CRP” .

Lateral scour pools formed at a bend in the
channel. These pools are common in lowland
valley bottoms where stream banks consist of
alluvium and lack hard obstructions.

FHR Currents

Corner Pool

Corner Pool




broad mix of habitat types. Stratifying such a basin
by gradient and confinement is therefore suggested
to aid in predicting the location of certain habitat
types (see Rosgen, 1985).

Procedures

Inventory Scale

In assessing habitat for a stream reach or an
entire basin, the intent is to gather information
that will adequately describe the area of interest.
Conducting a habitat inventory can be time
consuming, so work must be carried out quickly
and efficiently. The level or scale of inventory to be
employed is dependent on the project objectives.
We have employed this system at two scales: basin
level and project level. Basin level habitat
classification is on the scale of a stream’s naturally
occurring pool-riffle-run units, where habitat unit
size depends on stream size and order. As a general
rule in a basin level inventory, homogeneous areas
of habitat that are approximately equal or greater
in length than one channel width are recognized as
distinct habitat units. In comparison, project level
habitat assessment operates on a scale of less than
one channel width for use on reaches of intense
management or study. Project level habitat typing is

used to evaluate and quantify changes in habitat as
the result of fish habitat restoration/enhancement
projects (figure 4). This information, in combination
with juvenile rearing population estimates or
spawning ground surveys, documents and quantifies
the project’s ability to provide the necessary habitats
for fish production. Project level habitat size
delineation depends on the nature and objectives
of the particular study or work being done, which
depends on the niche, size, life stage(s), etc. of the
targeted species. Both levels use the same habitat
types (figure 2).

Data Collection

Habitat typing can be accomplished efficiently
by two or three field people. Describing and meas-
uring all 22 habitat types is very labor intensive; an
average of one mile per day can be accomplished by
trained surveyors. Decisions are best reached by a
consensus among the team after a discussion of the
facts. This approach balances out the biases inher-
ent in each observer and insures quality in the data
collected.

The basic method of habitat typing is relatively
simple. Starting at the mouth of a stream and work-
ing upstream insures a known starting point. Use a
measuring device (tape, rod, optical rangefinder,
or hip chain) to measure mean length and width of
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cach unit. Three o five width measurcments are eetive decision making i involved and accuracy de-
sifficient. Along cach widith measurement transect pends heavily on a basic understanding of sream
use @ graduated leveling rod {or similar device) o processes, a good knowledge of the classilication

take several depth measurements [roan: baril 10 bk sysiem, and ConsiEency (5o Bieschia and Placts,
and estimate mean depth, IFa stgnificant portion [9806; Lisle, 1886 and Ying, 1971)

(= LRy of the measured habitar inchedes l.'.‘\'.E‘:l:l:i:'-:l

pouliders andSor islands, that portion should be os-

timaied and subtracted rom caleulatons of arca Discussion

{tol area - exposced area © wetted area), Othe

variables sucl as stream substrate, teslream covel The bazin level habitar classibicaton and inventony
clements and abundance, canopy cover, I'i.]:l:IIi:'.Il E.Il-!:-l.'-e'n:|.||1."~ described will provide a channel de-
quality, ete. can be collected along with the habitat  sedprlor of fish habitat availability (number, length,
e clata, ared, volume) and its relationship o channel lea-

Ay owith any classification svstem an pocasional tures. Measurement of all 22 IvpHes vy a0 el

habitat unit may not Gt distinetly into any ane habi- — picture of the streams make-up, the tvpe and gquan-

ta Lype, In an inventory, a certatn amount of suls ity ol seour forming material (logs, boolders, Ded-

i HAE P Area - Sg. Ft. {Thnuaanda}
Er e 7 |7 :
] 12| o

'LGR BWP GLD LSP
Habitat Type

j Before After

Figure 4 —
Projoct level habilal tvping is utilized to quantify changes in specilic habilot tupes resuling from hobitot restoration;’
enhancement wark.
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rock, etc.} that governs the mix and availability ol
cortam habital unics. When pairing this inborm-
tion with population estimates per babitat unit amd
with lish-habitar |4_'|::Ii::-'|h|:ir_| studies, the manages
has the basic data for limitng factor analyvsis and

fish production estimates (figure 3).

Fish-Habitat Relationship Studies

Models are being developed and fested by the
Fishh Hakira |-'.:'|.-.Ii1-||.h|:i|_|~. {(FHE program ol
U515 o aid in predicting potental fish production
e e basin. Phvsical ancd biolecical bhabital variables
such as depth, velocit, substrate, cover, empera-
ture, and food availahility are being investigated in
ierms of their relation and relative imporanece o

izl distributicn, abundavee, and coommunity st

INVENTORIES

HAEBITAT TYPES

pares. L he links between biological muiribotes such as
Bood availability, survival, growih, age siructure and
phviical habitat acribues such as water '..;-||:|.:'i'_:.'
and temperature, channel morphology, subsirat
particle size distribution, and habitar complexiny
can help managers predict the potential impacts on
the fishery from warershed disturbances (lopoing,
mining, grazing, hillalope Tailures and shdes). The
database needed o buildd 2uch 2 E_:|-'_-|:|j:'|:i'.'|:= micrele |
musl include a standardized basin level inventory of
fish populations and habitar availability (Parsons,
19845 Frgure 6 illusirates seasonal criical habit
needs for different ish specics and lile stges, sery
ing a5 & basiz for detcrmining aciors |:_||:i|_i_'|!_:r {1zh
production and planning hahitat restoration Sen-

hancement projects.

MANAGEMENT NEEDS

AVAILABLE HABITAT

ll.l

HOA L&A POV Lar
HABITAT TYPES

FISH PER HABITAT TYPE

o e
< i<
<

Figure 5 —

- FISH HABITAT
RELATIONSHIPS

= LIMITING FACTOR
ANALY SIS

= POPULATION
ESTIMATES

Habifat bping invenicrias, in conjunchion with populotian estimates ger hakilal units, provide Ashery monagers with
besic information (hobita availabilite, wotershed fish produchion) for sveluating the status and potentis! of the

watershed fo produce fish.
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m ALL HABITAT TYPESRPOW/BWP/SCP

MCP/LSP/POW

MCP/BWP B MCP/LSP

MCP/LSP

. , " - .F r ] I
An example of seasonal hobilot needs for different life stages of enadromous salmonids.

Conclusion

Habitat classification and inventories can be applied
at difllerent scales or levels and can provide basic
information with which 1o determine the availability
and importance of habitats w fish, and theretore
further our understanding of fish-habitat relation-
ships. Development of fish-habitat relationship
models will increase the value of habitat information
1o both rescarchers and managers by allowing insighi
into the relative importance and [lunction of physical
and biological habitat parameters in the ecology of
siream fishes. Aquatic habitat inventory information
can serve as valuable baseline data. For example,
project level habitas tvpe information provides the

habitat restoration /enhancement project designer

with insight on the relationship between channel
features and habitat development, and allows
projects o be evaluated by quantifving the changes
in habitat created by the project. Basin level
informatien can enable researchers o :h“.'t*]np
sampling schemes based on natural habitat nnits.
Ihere is @ necd for standardized methods
collecting stream habitat inventory information, Char
|'|u'i||_'|_1_. resources cross severa] manacement juris-
dictional houndaries. Therefare, proper use and
management of this resource requires responsible
agencies o communicate and work wgether through

shared inlormation.



FHR Currents

Acknowledgements

The following individuals have helped in the
development of this bulletin: Tim Curtis and Mike
Byrd (Calif. Dept. of Fish & Game), Jerry Barnes,
Boberg, Robert Dale, Lisa Folsom, Kim
Hannigan, Vicki Johnston, Joni Joiner, Karen Ken-
field, Kathy Krupnick, Peggy Mundy, Nan Ober, Marni
Scheider, and Debra Slaughman (Six Rivers NF) .

Editor/Design by Stephanie Gomes.
Six Rivers National Forest.

Literature Cited

Beschta, R.L. and W.S. Platts. 1986. Morphological
features of small streams: significance and function.
Water Resources Bulletin 22 (3) :369-379.

Bisson, P.A., J.L. Nielsen, R.A. Palmason and L.E.
Grove. 1981. A system of naming habitat in small
streams, with examples of habitat utilization by
salmonids during low streamflow. In N.B. Armantrout
ed. Acquisition and Utilization of Aquatic Habitat
Inventory Information. Proceedings of a symposium,
Oct. 28-30, 1981, Portland, Oregon. Hagen Publishing
Co., Billings, Montana. pp. 62-73.

Decker, L.M., D.D. Fuller, and M.E. McCain. (in
progress) Seasonal habitat utilization by anadromous
salmonids in Hurdygurdy Creek, California. Pacific
Southwest Forest and Range Experiment Station,
Arcata, California.

Grant, G.E., F.J. Swanson, and M.G. Wolman. (in
review) Morphology and morphogenesis of boulder-
bed streams, western Cascades, Oregon. submitted to
the Geological Society of America Bulletin.

Everest, F.H.,, and D.W. Chapman. 1972. Habitat
selection and spatial interaction by juvenile chinook
salmon and steelhead trout in two Idaho streams. J.
Fish. Res. Bd. Canada 29:91-100.

Lisle, T.E. 1986. Stabilization of a gravel channel by
large streamside obstructions and bedrock bends,
Jacoby Creek, northwestern California. Geological
Society of America Bulletin 97:999-1011.

Reiser, D.W. and T.C. Bjornn. 1979. Habitat
requirements of anadromous salmonids. General
Technical Report PNW-96, USDA Forest Service.
Portland, Oregon.

Rosgen, D. 1985. A Stream Classification System. In
symposium on riparian ecosystems and their
management: reconciling conflicting uses, April 16-
18, Tucson, Arizona. pgs. 91-95 with appendix.

Sullivan, K. 1986. Hydraulics and fish habitat in relation
to channel morphology. Ph.D. dissertation. Johns
Hopkins University, Baltimore, Maryland, 430 p.

Ying, T.C. 1971. Formation of riffles and pools. Water
Resources Research 7 (6) : 1567-1 574.

US Government Printing Office: 1990-786-951






