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Appendix D - Prioritized Fish and Physical
Habitat Factors

This appendix is adapted from a draft report prepared for the Kootenai Tribe of Idaho by Paul
Anders, Cramer Fish Sciences and Rich McDonald and Jon Nelson, U.S. Geological Survey, as part of
the coordination activities and information gathering activities associated with this Kootenai River
Habitat Restoration Master Plan project. The unpublished draft report was completed in July 2008
but has not been finalized at this point. The information in this appendix is provided as support to
the aquatic limiting factors discussion presented in Chapter 2 of the Master Plan, and specifically, to
provide additional background information for Section 2.6.1, Tables 2-13 through 2-18.

Introduction

As part of the Kootenai Tribe’s Master Planning phase for the Kootenai River Habitat Restoration
Project, the Tribe convened a multidisciplinary project design team to help provide advice, input and
technical review, in the development of various work products. One of the products this design
team helped to develop was a table prioritizing fish and physical habitat factors for the six focal
aquatic species that are being considered in development of the Kootenai River Habitat Restoration
Plan. The intent of this product was to provide a tool that could help designers identify a common
suite of prioritized habitat factors that would satisfy requirements for Kootenai River fishes and
could help guide the physical habitat requirements for development of appropriate habitat
restoration actions.

Methods

Using a spreadsheet template developed and partially populated by Paul Anders as a starting point; a
draft spreadsheet of prioritized habitat factors supporting fish and habitat design requirements was
reviewed and compiled during a one-day Kootenai River Habitat Restoration Project “Design Team
Plus” meeting in Spokane Washington on July 1, 2008. Participants at this meeting included: co-
managers including regional fish biologists and Kootenai Tribe staff; the Tribe’s river design
contractors; and agency representatives from BPA, USFWS, USACE, and USGS. Participants at the
meeting represented a broad range of disciplines.

To develop the 2008 draft report, the list of existing habitat factors was reviewed and prioritized for
white sturgeon and design needs. Because of the central importance to this project and its role as an
endangered, indicator species of Kootenai River ecosystem health, Kootenai sturgeon was
presented as the primary species of concern. However, due to their ecological and management
importance, quantitative information from the other focal fish species was also reviewed and
included where relevant and different from (not covered by) sturgeon habitat requirements.

Critical Kootenai sturgeon life stages were identified. The matrix was then reviewed one cell at a
time by life stage and assigned a “1” or a “2”. A priority score of “1” represented a quantifiable
factor that was supported or confirmed by empirical data, and was controllable in design. A priority
score of “2” represented a quantifiable factor, controllable in design that was believed to be
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important but lacked empirical data ranges or confirmation. Blank cells in the matrices indicated no
relation between particular life stages and habitat factor combinations.

After the July 1 meeting, the updated table was circulated for additional review and to help fill gaps
left from the July meeting. A condensed matrix was subsequently produced including only habitat
factors that received a ranking of a “1” or “2”. Using this condensed matrix, Paul Anders produced a
final spreadsheet with quantitative, life stage-specific information for Kootenai sturgeon. Behavioral
and habitat use information included in this table for early life stages of Kootenai sturgeon was
provided by recent empirical research outside the Kootenai River due to the absence of life stages
beyond embryos in the river (Kynard and Parker 2006; Kynard et al. 2007; Kynard et al. 2008).
Additional information about migrating and pre-spawning adults was provided by recent empirical
work on the Kootenai River.

Results

Tables 1 through 15 in the following section present the results of these exercises. Following is an
abbreviated discussion regarding the first three “roll up” tables.

White Sturgeon and Habitat Design and Evaluation Criteria

Spawning adult, embryo, and free embryo life stages of Kootenai River white sturgeon were
determined to be of primary importance due to their association with long-term and ongoing
recruitment failure (Table 1). Remaining life stages (non-reproductive and migrating adults, larvae
and juveniles) were assigned a status of secondary importance.

A total of 15 individual habitat factors constituting aspects of substrate, cover, hydraulics, and
hydrology were identified as valuable for evaluating fish (white sturgeon) and physical habitat
design. Thirty-four observations for these habitat factors across white sturgeon life stages were
given a ranking of “1” (a quantifiable factor for fish and physical habitat design, was supported or
confirmed by empirical data, and was controllable in design), whereas 6 were scored with a “2” (a
quantifiable factor, controllable in design, and thought to be important, but lacked empirical data
ranges or confirmation) (Table 1).

Channel geometry habitat factors previously included in fish habitat factor analysis were determined
to be larger scale habitat design features rather than specific evaluation criteria and therefore were
not ranked in this habitat factor prioritization process. However they remain important features of
habitat design options for biological, ecological, and physical reasons.

A condensed matrix was then produced as a more effective way to visualize prioritized, common
habitat factors (Table 2). This matrix was then populated with quantitative habitat factor values
ranges where available for white sturgeon (Table 3).

Additional Focal Species and Habitat Design and Evaluation Criteria

Due to their ecological and management importance, quantitative habitat requirement information
for the other focal fish species was also reviewed and included where relevant to habitat factor
prioritization.
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Table 1. Initial prioritization of habitat factors for white sturgeon and habitat design and evaluation needs.

Legend: 5

Life stage of primary importance/limitation

Life stage of secondary importance/limitation

1 Quantifiable, supported or confirmed by empirical data, controllable in design

2 AQuantifiable, controllable in design, thought to be important but lack empirical data ranges or confirmation
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Table 2. Condensed matrix of prioritized habitat factors for white sturgeon and physical habitat design.

Legend: Life stage of primary importance/limitation
Life stage of secondary importance/limitation

1 Quantifiable, supported or confirmed by empirical data, controllable in design
2 Quantifiable, controllable in design , thought to be important but lack empirical data ranges or
confirmation
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Table 3. Quantitative matrix of prioritized factors for white sturgeon and physical habitat design.
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Table 4. Glossary of prioritized habitat factors.

Water Quality Water temperature:

Nutrient availability:

Substrate Substrate type:

Particle size distribution:

Lateral extent (length):

Interstitial space:

Cover Depth/Incident light:

Hydraulic cover:

Large woody debris:

Bedforms

Hydraulics Velocity structure:

Boundary shear stress:

Bedload transport:

Hydrology and magnitude:

For sturgeon spawning, > 9°C
Nutrient/food availability is important to all exogenously feeding life stages of all fish
species, but is not directly affected by channel design

Sand, gravel, cobble, boulder, bedrock

D1 Dsg Dgy, If the size of sturgeon embryos (~3mm diameter) is 1/6 of D, then there should
be adequate interstitial space; same is true for free embryo using free embryos dimensions

Length or distance downstream of particular substrate type; relevant to free embryo or
embryo incubation habitat

If the size of sturgeon embryos (~3mm diameter) is 1/6 of D, then there should be adequate
interstitial space; same is true for free embryo using free embryos dimensions

For sturgeon, relevant to ~first 5 days post-hatch when they are negatively phototaxic
Local areas of reduced velocity, flow, or turbulence associated with (just downstream from)
bedforms, rock, large woody debris used by fish

Although ranked as a secondary habitat factor for white sturgeon, large woody debris is an
important component of habitat cover and complexity for various native resident and
adfluvial salmond species life stages in the Kootenai River.

Ripples and dunes on the channel bed that are typically fairly small in height relative to the
depth of water (larger features are generally called "bars"). These features are important

: due to their role in creating hydraulic roughness through form drag and, in at least some

cases, their lee (downstream) sides are used as low-velocity refugia for certain aquatic
species.

Could be redefined as "velocity structure”, to include velocity, velocity variability, and lateral
sheer; Hydraulic cover, as well as it's described components, can be quantitatively
described down to the smallest cell dimensions in the USGS modeling.

Force in the downstream direction exerted by the flowing water on the bed per unit area of
the channel bed. Equivalently, the actual skin friction force by the bed on the flowing water.
So-called "total" boundary shear stress may also include pressure drag on bars and
bedforms.

In the braided reach, enough to not suffocate embryos and not scour them,; In meander
reach: enough to scour clay layers before spawning

Flow duration, frequency Largely determimed by hydrosystem operations in the Kootenai River downstream from

Libby Dam
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Table 5. White sturgeon - River Reaches, Water Quality, and Substrate. Source: Habitat Suitability Matrices by Species and Life Stage (from Anders 2008).

White Sturgeon Water Quality Substrate
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Kootenai Tribe of Idaho
Kootenai River Habitat Restoration Project Master Plan Appendix D - July 2009




Table 6. White sturgeon - Cover, hydraulics, hydrology and channel geometry. Source: Habitat Suitability Matrices by Species and Life Stage (from Anders 2008).

Species: White Sturgeon Cover Hydraulics Hydrology Channel geometry
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Table 7. Burbot - River reaches, water quality, substrate, cover, hydraulics, hydrology and channel geometry. Source: Habitat Suitability Matrices by Species and Life

Stage (from Anders 2008).

Species:  Burbot River Reach Water Quality Substrate Cover Hydraulics Hydrology Channel geometry
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Table 8. Bull trout - River reaches, water quality and substrate. Source: Habitat Suitability Matrices by Species and Life Stage (from Anders 2008).

Species: Bull trout River Reach Water Quality Substrate
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Adult habitat
Zerotol cobble (16-64
ero to low ;
levels of | iameten) | <35.405 (< 6.35 mm)
27 | <40 pollutants/ <10% fine sediment
Embryo | Fertilized e X mg/l | NTU X X X X
ry 99 9 contaminan (<1.0 mm) high substrate
2 - 6°C(daily ts permeability to aerate
. Pre-emergence . average) eggs (<25%
Alevins yolk-sac stage early spring X X X X embeddedness)
Exogenousl 50% cobble and
Fry feoding X X gravell40% f
9 Juveniles feed boulder/<10% fines
primarily on unembedded juveniles over-winter in
Fingerling Yearlings |summer-winter| ? X aquatic inverts course interstitial space
until >100 mm at substrate of a
10-13°C(daily which time they gravel to
average)® become cobble 50% cobble and
Juvenile > Age 1 Year round X| X[ X]|X]|X piscivorous gravel/40%
boulder/<10% fines
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Table 9. Bull trout -Cover, hydraulics, hydrology and channel geometry. Source: Habitat Suitability Matrices by Species and Life Stage (from Anders 2008).

Species: Bull trout Cover Hydraulics Hydrology Channel geometry
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HEEEEREE S EHEIEE R ] T T [Slg|Elde k| 2 3 7= x
Life Life Stage | Duration/ [§|2]8/8|5|S45|S) 8 HEEEE £8 z 5 [555/30%E 5 £ 2 s 3
St D ibti lity|21S|E| 3|2 =] 2|8 ) o|0|®|o|® T ® o wm ol ol oS8P | o K] 2 o
age escription |seasonality|q|o S|~ |T|d[m(ee > >ojJoc)m £ = o £ T|IQOWwnuD g (S) n "4 o
fluvial adults
are strongly
with pools Thoratory | low-
Migrating | Reproductive 2|a olalxl|2| » ulltrout | gradient
adult migration X| X[ X X|X|[?|?]and low Yvater X| X[ X| X| X d|X|?|?|X[?| ? |are strongly| “gtream
velocity associated 1:1-0.4:1
b s reaches
hab.ltat within with (p:riffle
swift stream seasonal ratio)
reaches use of
tributary
Spawning| In spawning habitat Natural
x ?
Adult habitat Sept-Oct X € X XXX 7| X X|x| o x X vegetatio
. n
b FI::):mg extends
Embryo | Fertilized egg| winter X x| x| x| x| x :::wzgl 1 5_“2’ ? X >2 active
higher in years ch;iadr:::l
Pre- groundwater on each
Alevins emergence |early spring X X| X[ X|X|X| " upwelling ? X id
yolk-sac stage sites stde
Fry Ex‘f’ge"_°“s'y spring  |X|? X strong | x|x|x|x|x x|2| |x| | x| migratory X
eeding preference for bull trout
. . . summer- low w?ter are strfmgly 11 -
Fingerling Yearlings winter X[ X|X XX ? velocity, X[ X X[X X|? X|[?] X | associated X 0.4:1
juveniles use with ( ool:riff
slow water seasonal poo
! le ratio)
pockets w/in use of
Juvenile > Age 1 Year round | X(X|X| [X|X| [?| swift stream |X|X[X|X|X b|X|?|b(X|?| X | tributary X
reaches habitat
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Table 10. West slope cutthroat - River reaches, water quality and substrate. Source: Habitat Suitability Matrices by Species and Life Stage (from Anders 2008).

Species: Westslope Cutthroat River Reach Water Quality Substrate
[ =
=]
= -
s E & -!; §. @
@ =y ] o ] »| o
= =3 = S s =\ 8
ol 3 g °| 3 g 2 8 g
SIDI=IS 52 =) ® 3 > s <4 3 S|.s
AEEEEEENE: % | 2 £ = < |32
Life Stage Duration/ | 33|5|-21-2 (5| s(2 = S = -2 S @ = =
: 4 v EEEEEEEE = @ 5 E £ =3 = s|e
Life Stage Description | seasonality |S|m|m|& & ==& S 2 a = = S = & S|=
. cobbles and
Migrating adult Rep.rodu.ctlve X ?21? X boulders for
migration ?
cover
Spawning In spawning 0
. March-May | X X 2-10C2 X X|X
Adult habitat course
Embryo Fertilized egg | March-June X X substrate of ) X! X
Zerotolow | gravelto 50Aa‘:::‘bble
>7 | <40 levels of |cobble (16-64
. pre-emergence : diameter)| 9raveli40%
Alevins yolk-sac stage May-July X mg/l | NTU X poIIuta.mtsIcon mm diameter) boulder/<10 X| X
taminants .
; % fines
10-17°C Intact riparian
Fry Excf)g:t;zusly May-July |?|?]? X (daily corridors that
9 average)1 provide course
Summer- | X substanital source
. . . als
Fingerling Yearling Winter | 2|7 X . of Terrestrial sul::tr:lttteoof X
10- 1_7 c Invertebrates May- g
X (daily November. cobble
Juvenile >Age 1 Year round 2 ?1? X average)1 Terrestriall X
Aquatic interface.
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Table 11. West slope cutthroat - Cover, hydraulics, hydrology and channel geometry. Source: Habitat Suitability Matrices by Species and Life Stage (from Anders

2008).
Species: Westslope Cutthroat Cover Hydraulics Hydrology Channel geometry
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Life Stage Duration/ (B c|5|€|5|2T|3| & |(8|3(e(3l5| 6| 239 |8 B ® %g’g = |55 s ]
Life Stage | Description | seasonality |8|3|S5|2|F|S|Ale] 2 [SA|SI2|d| £€ | € |8 & S Blawl S |Slml & e
Natural
channel; no
Migrating adult| TeProductive x|x|x|x|2[2]2[2] x [x|x|x|?|?2| =2 x| o48m | evidenceof |, \yial 5 |x 1:1-0.4:1
migration human -
(pool:riffle
caused .
. ratio)
erosion
Spawning In spawning 16 to 60 9to30cm
Adult habitat March-May | X|X|X|X a cmls X|X| X X X (min) X a |X|X
Embryo | Fertilizedegg | March-June | X |X|X|x|x|? X |x|x|x[x]|?2| x ? x| Natural
Flooding vegetation
extends >2
pre-emergence every active
Alevins May-July | X|X]|X|[X]|X|? X X|X[X]|X|? 1.5-2 ? X
yolk-sac stage channel
years widths on
each side
Fry Exogenously |y juy [ x| x| x|x X [x|x|x x| x ? x| | x [x]x
feeding
. . . Summer- 1:1-0.4:1
? ? ? ? ?
Fingerling Yearling Winter X|X|X|X]|? ? X|X|X]|? i ? X X [X[X (pool:riffle
11-72 6cm ratio)
Juvenile > Age 1 Yearround | X |X|X|X|? 2| ™S Ix|x|x|? x| (min) ? x|2| x |x|x
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Table 12. Redband trout - River reaches, water quality and substrate. Source: Habitat Suitability Matrices by Species and Life Stage (from Anders 2008).

Species: Redband Trout River Reach Water Quality Substrate
c
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ol |3 5 © & S 2 8 [E|°
-~ |N|v~ |N [ .9 > E g ; © (¢} 0 :E o]
clo|o|E|E|le|k e s S ] € = o =2
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Life Stage Duration/ | 21-5|5|5 (S| 5|2 (2 ° £ 8 2 = z g £ el e
Life Stage Description seasonality |3 |@|a&lala(S=18]S 2 a = 3 b = & SlE
Reproductive X X cobbles and
Migrating adult p_ . X XX X| X 10-130C 2 >Tmgll | <4.0NTU boulders for
migration X X
cover
course
Spawnin In spawnin X substrate of
pawning Pawning 1 March-April x| x| [x| 4-120c2 >7mgll | <40NTU X gravel to X| X
Adult habitat ?
cobble (16-64| ..,
. 50% cobble
Zero to low |[mm diameter) and
Embryo Fertilizedegg | March-May | ? X 5.110C 2 >7mgll | <4.0NTU X levels of X gravelld0% | X | X
pollutants/
Pre-emergence contaminants boulder/<10
Alevins g April-May | ? X X >Tmgll | <40NTU X X %fines [ X| X
yolk-sac stage
Intact
y Ex?ge(;l_ously Maydune | 2| 2] 2[2]2]2]x X >Tmgl | <4ONTU | 2 course
geding X col:ri dors substrate of
Fingerling Yearling Summer-Winter] X [ X [ X | X | X X 10-170C 1 >Tmgll ? . gravel to X
X that provide
X X X substanital cobble (16-64
Juvenile >Age 1 Year round X|X|X[X X| X 10 -170C1 > 7 mgll ? mm diameter) X
X X X source of
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Table 13. Redband trout - Cover, hydraulics, hydrology and channel geometry. Source: Habitat Suitability Matrices by Species and Life Stage (from Anders 2008).

Species: Redband Trout Cover Hydraulics Hydrology Channel geometry
f=
]
©
o
[}
< o
= °
3 2
® =
al 2 8 z
sl 5 25 E
‘£ 2 e Qo
(7] 3 © ® _|= )
s @ 3 S| g8 ]
s = 5- c c o
G 2 gl s g |58 a
z g |2 == M- 5l (22 g
O s F 7 @ o (&2 ©
= 1gl5|:|8 £ : sls| = |2 z 3| [9]5|. c
clo|lX|a|®|B 2|3 ol o = G = 2= |s|3|E o g
o(lT|E| @ ol> S| | = c | 5 = Qo ° fud 33 [ c @
S| s(8(2|[o|B ® S0 |8|e|s]| 2 g o s glelclslsls S e
olG|le|2|o|8al® L IS - I I ® = 7] S5lglslelels N o
E|12|5(2(=|8|e|8 o 2|5 5 o - MGG - £
= 2[2(3|3|2|51E| £ (2|8 |s|£(8|5] B |8 = 2 |Yalz(88g = Z
Life Stage puration/ |B[2|3|€|5|[2|5|Z8| © |e|5|e|T|z|5 2 = & S |3o|8|E|E|8] = 3
. L . olm|le|S5|>|s|l0|0 &) o|o|®|[O|®]| Z (<] © 7} < S|E|C|lo(c|8 2 o
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Migrating adult |  Reproductive X|x|x x{x|22] x |x|x|x|2|2]|2 0.18m 2 20 x| 2| 2| x|x
migration
Natural 1:1-0.4:1
channel; no (pool:riffle
. . . . evidence of ratio)
Spawning Adult|In spawning habitat| March-April | X X X| X|X 0.15-1.2m human X X|X Natural
caused vegetation
Flooding erosion extends >2
Embryo Fertilized egg March-May X X X| X ? | X | every1.5-2 ? X X| active
Pre-emergence yolk| years channel
Alevins gencey April-May X | x|x]|x 2| x 2 X X| widths on
sac stage .
each side
Fry Exogenously May-dune | X | 2 X X | x|x|x X 2 x| [x|x|x
feeding 141 - 0.4:1
Fingerling Yearling Summer-Winter| X [ X | X X[ X 48-91 X|X|X ? X[?2] X|X|X (pool:riffle
cmis — 18cm ratio)
Juvenile > Age 1 Yearround [ X | X | X X[ X X|X|X ? X[?2]X|X|X

Kootenai Tribe of Idaho

Kootenai River Habitat Restoration Project Master Plan Appendix D - July 2009

D-15




Table 14. Kokanee - River reaches, water quality and substrate. Source: Habitat Suitability Matrices by Species and Life Stage (from Anders 2008).

Species: Kokanee River Reach Water Quality Substrate
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o o o <) TIKE]
~ > ] - ©|©
© () 6 7)) © 8 ol|'® (%
ol < 5 7] > = Nic|Z
(N[N Q| = o = © (¢] |5 s
clololE|E|l o= © E [ :é" - ; o|3|=
o||O == o8 = o = kel s =1k
. . 5|22 5|8 o o = o - o S|EP
Life Stage | Duration/ |2):5|-5I's[s|s|3|2(9 £ a 2 E 2 o £lc|s
Life Stage | Description | seasonality | |m | |35 |3 S =8 |2 2 a = 3 b3 = &|S[E]
C . late 0
M'g;tl'tng Rer:l:’im;;'if)tr']"e summer, |[X|X|X|x|x|x| |x|x 7.1ic2 X
g early fall (sockeye)
Spawning | in spawning | mid Aug- X X 5-12°C 2 X course substrate x| x| x
Adult habitat Sept (Kokanee) of gravel to
. . 45-10°C 2 cobble
Embryo | Fertilized egg winter X (sockeve) X (1225 mm) X[X]|X
Zero to low
. pre-emergence .
Alevins yolk-sac stage early spring X X >7mgll | <4.0NTU X levels of X[ X| X
pollutants/
contaminants
Exogenously .
Fry feeding spring X\ X[ X[ X[ X X XX X availability of course substrate | X
zooplankton, of gravel to
plants, algae. cobble
Fingerling |  Yearling summer- XXy x Limited non-
winter X|X 10-15°C 2 native
(sockeye) species
competition
Juvenile > Age 1 year round X| | X|X
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Table 15. Kokanee - Cover, hydraulics, hydrology and channel geometry. Source: Habitat Suitability Matrices by Species and Life Stage (from Anders 2008).

Species: Kokanee Cover Hydraulics Hydrology Channel geometry |
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Migrating | Reproductive | late summer, 213 o .
adult migration early fall X m/s XXX (min
depth)
Spawning in spawning .
Adult habitat mid Aug-Sept | X X [X|X[X X X (X X X| X X
Embryo | Fertilizedegg|  winter X |x|x|x embyo |y ? X
survival
ore higher in
) roundwate
Alevins emergence | early spring X | X[X[X X ?‘upwelling X ? X
olk-sac stage
y g sites '
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Fry feeding spring X| 7 X X | X[X[X X X ? X X|X|X|X| X
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2
Juvenile >Age 1 year round |X X[ X[ X[?
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