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EXECUTIVE SUMMARY

We surveyed habitat composition and condition, abundance and distribution of

redds (nests), and characteristics of the spawning populations of salmon and trout in

Miller, Walker, and Des Moines creel(s, tributaries of Puget Sound. during the 1998-

1999 spawning season. We divided each survey stream into reaches based on

geomorphology, channel confinement, and gradient, For habitat work, we randomly

selected sampling sites, each 100 m long, within each reach. In November, we

surveyed multiple 100 m sites that contained 4,215 m= in Miller Creek. 2.347 m2 in
Walker Creek,.and 6,3gl mz in Des Moines Creek. Within the sites we described

generally the habitat composition and condition with 11 descriptors. On several

occasions dudng the period mid-October to mid-March, we surveyed by foot all reaches
on each stream for redds and salmon and trout carcasses. We surveyed 6.5 km of
Miller Creek. 3.7 km of Walker Creek. and 4.2 km of Des Moines Creek.

Habitat composition and condition varied among reaches within streams and

among the three streams. Habitat diversity typically increased in an upstream direction

in the survey streams. Turbulent fast water habitat was the most common habitat type

in the lower reaches of all streams, while non-turbulent fast water and scour pools

increased in frequency in the upper reaches. Dammed pool habitat was relatively rare
in all streams. Cover oomponen,_ such as woody debris, undercut banks, and boulder

cover were relatively scarce in all streams surveyed. Canopy cover, however, was

quite extensive in all reaches of all streams. Shrubs and trees were typically the

dominant streamside vegetation. Fine sediments differed among reaches within

streams and among streams. Fine sediments and sediment depths tended to increase

in an upstream direction. Within pools in upper reaches on Miller and Walker creeks,

percent surface fines approached 100%. Des Moines Creek typically had lower percent
surface fines than did Miller or Walker creeks.

We counted a total of 148 redds during the 1998-1999 spawning season: 21

echo Oncorhynchus kisutch redds, 5 chum O. keta redds, and 9 of unknown origin in

Miller Creek; 66 echo redds, 7 chum, and 1 cutthroat O. olarki redd in Walker Creek;

and 22 echo, 16 chum, and 1 of unknown origin in Des Moines Creeks. Although time

of spawning vaded somewhat among streams, echo spawned primarily during

November, while chum spawned during November to mid-January. Although sample

i
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size was small (n = 1), cutthroat began spawning in March. Coho and chum spawned

almost entirely in the lower reaches of each stream. In Walker Creek, however, coho

spawned in all reaches, but their redds were most abundant in Reach 2. We found one
cutthroat trout redd in the lowest reach on Walker Creek. Redds of unknown origin

were located in upper reaches on Miller and Des Moines creeks. We found no

steelhead O. mykiss redds.

We sampled a total of 150 carcasses during surveys on the three streams: 63
coho, 6 chum, and 1 steelhead on Miller Creek; 42 echo and 3 churn on Walker Creek;

and 30 echo, 3 chum, and 2 steelhead on Des Moines Creek. We estimated

female:maleratiosof 1 : 1.17. 1 : 1.10. and1.50 : 1 forcohosalmonin Miller,Walker,
and Des Moines creeks, respectively. We did not compare ratios for other species

because of small sample sizes. Although mean lengths of salmon and trout differed

little among steams, lengths differed between species and gender. On average, coho

were larger than steelhead. Chum were on average larger than both coho and
steelhead. Female coho were generally larger than males. We found little difference in

sizes of male and female chum, but sample size was small. The percent of eggs

voided by female echo was typically low in all streams. Female coho in Des Moines

Creek voided fewer eggs than did females in Miller and Walker creeks. The few chum

that we sampled voided all their eggs. Over 75% of the coho that spawned in the three
streams were of hatchery origin. We found one steelhead and no chum of hatchery

origin.
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INTRODUCTION

In this report, prepared for the Alrpor_Communities Coalition, we examine

habitat characteristics and fish spawning in Miller, Walker, and Des Moines creeks,

Washington. Because these streams will to some degree be affected by the proposed

airport expansion, our purpose was to (1) describe generally the current habitat

composition and (2) document where, when, and how many salmon and trout redds

(nests) occur within the three streams. In addition, we described population
characteristics of salmon and trout based on examination of carcasses.

STUDY AREA

Miller Creek basin is located within King County. west and northwest of Seattle-

Tacoma InternationalAirport (Figure 1). The airport formsthe eastern boundary of the

basin, and the city of Normandy Park lies to the south. The plateau edge above

8eahurst and the hills north of Arbor Lake form the western and northern boundaries,

respectively. The total drainage area is approximately 1,922 rlectares (ha) (NRPD &

SWMD 1987). Miller Creek falls from an elevation of about t t0 meters (m) to where it

meets Puget Sound at Miller Beach. Several small streams flow into Miller Creek.

Walker Creek is one of the largest. It rises (ca. 90 m) in the wetlands west of the airport

and flows toward and then parallel to MillerCreek. Walker Creek drains into Miller

Creek about 0.4 kilometer_ (kin) upstream from Miller Beach on Puget Sound. Large

porLionsof both Miller and Walker creeks are developed, both commercially and

residentially.

Des Moines Creek basin, located south of Miller Creek basin, drains an area of

about 1,500 ha near the center of the Seattle-Tacoma metropolitan area (DMCBC

1997). Des Moines Creek falls from an elevation of about 106 m to where it meets

Puget Sound at Des Moines Cr=Qk Beach Park (Figure 2). Like Miller Craek, Des

BioAnalysts, Inc. 1 April 1999
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Moines Creek has several small tributaries. The two largest tributaries, known

informally as the East Fork and the West Fork, convergeon the Tyee Golf Course

about 3.7 km upstreamfrom the mouth of Des Moine$ Creek. The East Fork flows out

OfBow Lake primarilythrough a series of subsurface pipes. The West Fork flows out of

the Northwest Ponds complex located at the western edge of Tyee Golf Course. Most

of the basin is heavily urbanized, and includes residential and commercial land uses.

METHODS

In this study we examined general habitat composition and condition within

randomly selected sites on Miller, Walker, and Des Moines creeks. We also conducted

salmon and trout spawning surveys throughoutentire reaches on those streams. Thus,

we did not conductspawning surveys within randomly selected sites. Below we

describe in moredetail the methods we used to assess habitat composition and salmon

and trout spawningwithinthe three streams.

Habitat

To assess general habitat composition and condition in Miller, Walker, and Des

Moines creeks, we firstdivided the streams into reaches based on geomorphology.

Miller Creek has two di=tlnct geomorphic segments (NRPD & SWMD 1987). The lower

portion of the basin (river kilometer 0-2.8) is an asymmetrical valley, initially cut into the

drift plain by outwash streams (b_low First Avenue South). Using the most recent

(1995) USGS 7.5 minute series topographic map, we divided the lower segment into

two reaches based on apparent channel confinement and gradienz Figure 1). Reach 1

extended from river kilometer (Rkm) 0-0.6, while Reach 2 extended from Rkm 0.6-2,8,

The upper basin lies on a rolling-tillplateau, with outwash sediment partially fillingbroad

swales. Here (upstream from Firs_t Avenue South) the stream Is low gradient and there

ere several wetlands, lakes, and depressions, We divided this segment into two
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reaches. Reach 3 extended from Rkm 2.8-5.4 and Reach 4 from Rkm 5,4-7.5.

Because of small stream size, difficult sampling conditions, and time constraints, we

ended sampling in Reach 4 just downstream from Sunny Terrace School (Rkm 6.5).

Walker Creek also has two distinct geomorphio segments (NRPD & SWMD

1g87). Like Miller Creek, the lower segment is an asymmetrical valley in which Walker

Creek has cut a deep ravine (below First Avenue South) (Figure 1). Using the USGS

topographic map, we divided this segment into two reaches based on apparent channel

confinement and gradient: Reach 1 from Rkm 0-0.5 and Reach 2 from Rkm 0.5-2.1.

The upper segment of Walker Creek (upstream from First Avenue South) rises in the

wetlands on the rolling-till plateau. This segment consisted of one reach extending

from Rkm 2.1-3.6. This sampling reach ended downstream from the wetlands (where

Walker Creek originates) just east of Des Moines Memorial Drive.

Like Miller and Walker creeks, Des Moines Creek has two distinct geomorphic

- segments. In the lower segment {Rkm 0-2.7), the stream descends steeply through a

ravine before it empties into Puget Sound. We divided this segment into three reaches

based on apparent channel confinement and gradient: Reach 1 extended from Rkm 0-

0.8, Reach 2 from Rkm 0.8-2.0, and Reach 3 from Rkm 2.0-2.7 (Figure 2). In the upper

segment the stream flows on a low-gradient plateau. This segment consisted of one

reach extending from Rkm 2.7-4.2. This reach ended just downstream from the

Northwest Ponds complex located at the western edge of Tyee Golf Course,

After dividing the streams into distinct reaches, we randomly selected 100-m

long sites within each reach for habitat sampling. Before selecting sites, we divided

each reach Into 100-m long units. We measured reach lengths from downstream to

upstream. A most-upstream unit less than 100 m was not considered for sampling. For

example, there were 21.6 possible sampling units in Reach 2 on Miller Creek. But

because we excluded upstream units less than 100-m long, we had only 21 units

available in Reach 2.

From the array of units available in each reach, we randomly selected either four
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100-m long units or 30% of the available units, whichever was less, to serve as

sampling sites for habitat work. This resulted in 12 habitat sampling sites on Miller

Creek: two in Reach 1, four in both Reaches 2 and 3, and two in Reach 4. We

randomly selected 10 habitat sampling sites on Walker Creek: two in Reach 1 and four

in both Reaches 2 and 3. On Des Moines Creek we randomly selected 13 habitat sites:

two in Reach 1, four in Reach 2, three in Reach 3, and four in Reach 4.

During Nov_mb=r 1998. we described both the habitat types and general habitat

conditions within each randomly-selected site on Miller, Walker, and Des Molnes

creeks. Following Hawkins et el. (1993) Level II classification, we defined a habitat

type as an area of the stream with r_latively homogeneous depth and flow that was

bounded by sharp gradients in both depth and flow (i.e., turbulent fast water, non-

turbulent fast water, scour pool. and damned pool) (Table 1). Thus, for each site we

described two different riffle and pool types. For a habitat type to be classified as a

habitat unit, the habitat type had to be equal to or longer than the mean width of the

wetted channel.

We defined habitat condition as discrete stream variables that collectively

create site-specific aquatic habitat for fish. Here our purpose was to desc, ribe

habitat conditions within each site. For consistency, the same individuals measured

the following habitat variables at each sampling site:

Length

Within a Gltewe measured habitat unit length at the center of the wetted

channel from the downstream end of the unit to the upstream end.

Wetted width

We recorded the wetted channel width for each habitat unit within a site. We

measured across the wetted channel perpendicular to the flow at the point (visually

estimated) that represented the mean width of the habitat unit_

Maximum depth

We mea=ured maximum depth in all habita_ types within a site. We m_asured

I
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itatthe deepest point(notnecessarilythe center)inthehabitatunit.

Residual pool depth

We calculatedresidualpooldepth as the differencebetween maximum pool

depth and maximum tailorestdepth.

Sediment depth

We measured finesediment depths {particles<2 ram;e.g.,sand, silt.and

clay) only in pool habitat types. We measured sediment depth at the center of the

pool with a 1/4 inch {9.84 turn) stainless-steel rod with a blunt end. We pushed the

rod into the fine sediments until it hit particles larger than sand,

PerGent surface fines

We visually estimated the percentage of the wetted strearnbed surface area

within a habitat unit that was covered with fine sediments (materials <2 mm), We

reported these scores for every habitat unit regardless ofhabitat type.

- Percent boulder cover

We visually estimated the percent of the wetted surface area of the habitat

unit that had boulder cover (Included submerged and partially submerged boulders).

Platts et a[. (1983) defined boulders as any substrate with a particle diameter size

greater than 30,5 ca.

Dominant riparian vegetation

We identified riparian habitat as the dominant vegetation along the left and

right strearnbank_ (Platts et al. 1g87). The rating considered all material (organic

and inorganic) on or above the strearnbank that offered strearnbank protection from

erosion and stream shading, and that provided cover or resting security for fish. We

rated the area adjacent to the 100-rn site that covered the exposed stream bottom,

bank, and 10 feet (3.05 rn) beyond the top of the bank. We rated the stream

channel with a numbered code for vegetation dominance (Table 2).

Percent woody debris cover

We visually estimated the percent of the wetted surface area of the habitat

BioAalalysts,Inc. 5 April 1999
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unit that was covered with woody debris. We defined woody debris as any wood

(logs, root wads, and brush) within the water column. The wood did not have to be

totally submerged in the water.

Percent streambank undercut

We visuallyestimated the percentage of tile water surface area in a habitat

unitthat was covered or Influenced by undercut banks. The water surface level

does not influencethis reading.

Percent canopy cover

We visuallyestimated the percent of the water surface area in a habitat unit

that was shaded by vegetation (grasses, shrubs,and trees) that hung over the

stream above the stream surface.

We summarized habitat type and habitat condition for each reach. These

• summaries described the mean habitat conditions of the various reaches. For

habitat variables expressed as percentages, we calculated their means as the ratio

of two random variables. For example, the mean percentage of fines within a reach

was calculated by dividing the sum area of fines within all sampling sites of the

reach by the sum total area of all sites sampled within that reach. This quotient was

then multipliedby 100.

Spawning Surveys

We surveyed each stream for salmon and trout redds and oaroasses by foot

several times (typicallybiweekly) during the periodmid-October 1998 to mid-March

1999. We surveyed 6.5 km of Miller Creek from just downstream from Sunny Terrace

School to Puget Sound, 3.7 km of Walker Creek from Des Moines Memorial Drive zo

Puget Sound, and 4.2 km of Des Moines Creek from the Northwest Ponds complex to

Puget Sound. Observers noted the number and location of redds in field notebooks

and also recorded fish species, water temperature, and location of each redd. To avoid

recountingredds on successive surveyswe constructed detailed maps of each

i ---
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spawning site. Redds identified in each site were recorded on the maps. This method

allowed us to more accurately track development of individual redds in each site. To

maintain consistency, the same observer surveyed streams on successive dates.

We described the population structure of spawned salmon and trout by collecting

and analyzing data from carcasses. We recorded location, species, and gender, and

measured the fork length, mid-orbital to hypural (MOH), and post-<)rb?tal to hypural

(POH) lengths of all carcasses encountered. We checked salmon for adipose fin clips

and tags (indicative of hatchery origin). For about every fifth fish encountered, we

collected at least five scales from the third row above the lateral line, between the

dorsal and adipose fins (scales have not b¢cn analyzed at this time). We also opened

female carcasses to visually estimate degree of egg voiding. We summarized fish

length data by calculating mean and standard errors. We used both arithmetic (AM)

and geometric (GM) means to summarize percent egg voidance. The geometric mean

is probably most appropriate, I but because it is rarely used in the literature, we al_o

reported the arithmetic mean.

RESULTS AND DISCUSSION

Habitat

Habitat type

The mean number of habitat units per site (measure of habitat diversity) varied

little among reaches in Miller and Walker creeks (Table 3). The number of habitat units

per site was greater in Miller Creek (4-5 units/site) than in Walker Creek (4 units/site).

In Des Moines Creek, the mean number of habitat units per site decreased in an

upstream direction (Table 3). That is, the number of habitat units per site was greatest

in Reach 1 (6 units/site) and least in Reaches 3 and 4 (2-3 units/site).

IThe geometricmean findsuse In averagingratioswhere it is desired to give each retie equal
weight,an0in averagingpercentchanges.

BioAnalysts,Inc. 7 April 1999
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Turbulent fast water habitat made up the greatest percentage of habitat in

Reaches 1, and 2 (below First Avenue South) on Miller Creek (Figure 3). Although

scour pools made up less than 20% of the habitat in Reaches t and 2, scour pools

increased in an upstream direction. Habitat types varied more in Reaches 3 and 4

(upstream from First Avenue South) than in Reaches 1 and 2 (Figure 3). Non-turbulent

fast water and scour pools made up the largest percentage of habitat in Reach 3, while

turbulent and non-turbulent fast water constituted the greatest percentage of habitat in

Reach 4. Culverts were more common in Reaches 3 and 4 on Miller Creek than in

reaches below First Avenue South.

Turbulent and non-turbulent fast water made up the greatest percentage of

habitat in Reaches 1 and 2 (downstream from First Avenue South) on Walker Creek

(Figure 4). Scour pools constituted less than 5% of the habitat in both reaches. In

Reach 3 (upstream from First Avenue South), non-turbulent fast water made up about

60% of the habitat, while culverts constituted about 15% of the stream length. Dammed

pools were more common in Reach 3 than in Reaches 1 and 2 on Walker Creek. _+

In Des Moines Creek, turbulent fast water habitat made up 80-95% of the habitat

in Reaches 1,2, and 3 (Figure 5). Scour pools and non-turbulent fast water made up a

small percentage of the habitat types in these reaches. These observations are

consistent with those of Resource Planning et el. (lgg4) and DMCBC (1997). All four

habitat types occurred in Reach 4 on Des Moines Creek (Figure 5). Turbulent and non-

turbulent fast water made up the gre_rtes_ percentage of habitat (g5%) in Reach 4, while

_cour and dammed pools constituted only about 5% of the habitat.

Habitat condition

Habitat conditions varied among reaches within Miller, Walker, and Des Moines

creeks (Table 4). Although mean maximum depths and residual pool depths of given

habitat types varied little among reaches in Miller Creek, sediment depths and percent

surface fines tended to increase in an upstream direction. Surface fines covered 88-

BioAnalysts, lnc, 8 April 199v
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100% of the _treambed in pools in Reaches 3 and 4 on Miller Creek. Woody debris

and boulder cover varied among reaches in Miller Creek. Woody debris was most

abundant in Reach 2, while boulder cover was present in Reaches 2, 3, and 4, but rare

in Reach 1. Undercut bank cover was lacking throughout Miller Creek. Percent canopy

cover was high throughout Miller Creek, with shrub¢ and trees as the dominant riparian

vegetation.

In Walker Creek, water depths varied little with given habitat types among

reaches, but sediment depths and percent surface fines varied widely among reaches

(Table 4). Sediment depths were highest in Reaches 1 and 3. and surface fines

completely covered bottoms of pools in Reach 3. Woody debris, boulder cover, and

undercut banks were relatively scarce in all reaches on Walker Creek, while percent

canopy cover was high in all reaches. Shrubs and trees were the dominant riparian

vegetation in all reaches. Grass was a common streamside vegetation in Reach 1.

- In Des Moines Creek, water depths (maximum depths and residual pool depths)

tended to increase in an upstream direction (Table 4). Pools were deepest in Reach 4.

Sediment depths and percent surface 11nesappeared to be less in Des Moines Creek

than in Miller and Walker creeks. Woody debris and undercut banks were lacking in all

reaches on IDesMoines Creek. Resource Planning et el. (1994) and DMCBC (1997)

also reported a lack of woody debris in IDesMoines Creek. Boulder cover was highest

in Reaches 2 and 3 and relatively scarce in Reach 1. Percent canopy cover was high

in all reacho.s on Des Moines Creek. Shrubs and trees were the dominant riparian

vegetation in all reaches.

Spawning
Redd counts

We counted a total of 148 redds (nests) during the 1998-1999 spawning season:

35 redds in Miller Creek, 74 in Walker Creek, and 39 in Des Moines Creel<. In Miller

Creek we found21 coho Oncorhynchus kisutch redds, 5 chum O. keta redds, end 9

BioAnalysts, Inc. 9 April 19{3{}
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redds of unknown origin. The small size of the i_tter redds suggest that they likely

belonged to resident cutthroat trout O. clarki. ]n Walker Creek we counted 66 coho

redds, 7 chum redds, and 1 cutthroat trout redd. In Des Moines Creek we counted 22

coho redds,16 chumredds,and 1 of unknownorigin.

Time o1'spawning differed among species and streams (Table 5). In Miller and

Walker creeks, coho spawning o_curred primarily during November. In Des Moines

Creek, however, echo began spawning in October and continued through November.

Peak coho spawning occurred around mid,November in a]l streams. Chum salmon

spawned only during November in Miller Creek, but during November to mid.January in

Walker and Des Moine_ creeks. Peak spawning of chum occurred around late-

November. Although sample size was small, cutthroat trout began spawning in March.

Redds were not distributed evenly among survey reaches on Miller, Walker,and

DesMoinescreeks(Table6). Cohoandchumspawnedonlyin Reaches1 and2 on

MillerCreek (downstreamfromFirstAvenueSouth). Therethe highestdensitiesof

redds for both species occurred in Reach 1 (18 and 5 redds/krn, respectively). We

found the 9 redds of unknawn origin in Reach 3. In Walker Creek, echo spawned in all

reaches, but their redds were most abundant in Reach 2 (34 redds]km). Chum

spawned only in Reaches 1 and 2 on Walker Creek. Densities of chum redds were

highest in Reach 1 (6 redds/km). One cutthroat trout redd was observed in Reach 1 on

Walker Creak. In Des Moines Creek. coho spawned only in Reaches 1 and 2, with

highest redd abundance in Reach t (26 coho redds/km). Chum spawned only in Reach

1, while one redd of unknown origin occurred in Reach 3.

Population structure

We sampled a total of 150 carcasses in Miller, Walker, and Des Moines creeks

during the 1998-1999 survey period (Table 7; Appendix A). In Miller Creek we sampled

63 coho, 6 chum, and 1 steelhead O. rnykiss: in Walker Creek we sampled 42 echo and

3 chum. We sampled 30 echo, 3 chum, and 2 steelhead in Des Moines Creek. Our

BioAaalysts, Inc. l0 April 1999
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systematic samples indicate that male coho outnumbered females by 1.17 and 1.10 in

Miller and Walker creeks, respectively, in contrast, female echo outnumbered males by

a factor of 1.50 in Des Moines Creek. We did not compare sex ratios for other species

because of small sample sizes.

Mean slzes of salmon and trout differed little among streams (-I-al31e7). Mean

lengths (post-orbital to hypural length (POH)) of female echo differed at most by only

1.6 cm among the three streams. Mean lengths (POH) of male echo differed by 1.3 ¢m

among streams. In all survey streams, female coho were on average larger than male

ooho, generally exceeding males by about 3-4 om (POH). Chum salmon were typically

larger than echo. Although sample size wa_ small, lengths (POH) of chum differed little

among streams or between sexes (Table 7). We sampled only three ste_lhead during

our surveys, These fish were on average smaller than both echo and chum salmon.

Percent egg voidance was low and varied among the survey streams (Table 7).

On average, female coho in Walker Creek voided more eggs (AM = 37%; GM = 61%)

than did female coho in Miller and Des Moines creeks. Female coho in Des Molnes

Creek voided the fewest eggs (AM - 16%; GM -- 51%). The few female chum that we

sampled (n = 6) voided 100% of their eggs. In contrast, the few steelhead we sampled

(n = 3) voided no eggs. In other words, these steelhead died before spawning.

The majority of echo salmon that spawned in the three streams were of hatchery

origin (bore adipose fin clips) (see Appendix A). In Miller Creek, 83% of the females

and 79% of the male coho salmon were of hatchery origin, while in Walker Creek all

coho sampled were hatchery fish. In Des Moines Creek, 78% and 75% of the

respective fema]e and male coho that we sampled were of hatchery origin. We found

no chum salmon of hatchery origin. That is, all chum sampled within the three streams

were wild. Of the three steelhead sampled in the study area, only one was of hatchery

origin.

BioAnalysts, Inc. 1 l April 1999
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Miller Creek
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Figure :3. Percentfrequencyof habitat types Cbasedonstream length)withinreaches on
MillerCreek, November1998.
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Figure4. Percentfrequenmyof habitattypes (based on stream length)within reacheson
Walker Creek, November1998.
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Figure5. Percentfrequency of habitattypes(based on stream length) within reache$ on
Des MoinesCreek, November 1998.
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Table 1. Codes and examples of the four habitat types used in the Level II
classification of Hawkins et el. (1 gg3).

I L • • ,m

Code Habitat type Examples

1 Turbulent Fast Water Falls, Cascades, Rapids, Riffles, Chutes

2 Non-Turbulent Fast Water Sheets, Runs, Glides

3 Scour Pool Eddies, Trenches. Mid-channel pools.
Lateral pools, Plunge pools

4 Dammed Pool Debris, Beaver, Landslide, Backwater,
Abandoned chann=l

Table 2. Riparian rating codes used to describe the dominant streamside
vegetation (Platts et el. 1987).

I

Rating Description

5 Shrubs are the dominant stream=ide vegetation.

4 Tree forms are the dominant streamside vegetation.

3 Grass forms are the dominant streamslde vegetation.

2 Forbs ere the dominentstreamsid= vegetation.

1 Over 50% Of the streambank has no vegetation and the dominent
bank material is made uD of such materials as soil, rock, bridge
materials, road materials, culverts, and mine tellings.

18
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Table 3. Summary of stream habitat in MilIQr, Walker, and Des Moines creeks,
Washington, 1998.

i ,, i i =m i1=

No of Area Mean No Meen NO
Reac._ 100m of dirf ofnab

Stream Reach sampled
length {kin) sites (m_) hab types units per

sampled per sl_e site

Miller 1 0.6 2 769,0 2 4

2 2.2 4 1633.7 2 5

3 2.6 4 1412.4 3 5

4 2.1 2 398.8 3 5

Walker 1 0,5 2 442,2 3 4

2 1.6 4 1062.2 2 4

3 1.5 4 852,9 3 4

Des Moines 1 0.8 2 879.7 3 6

2 1.2 4 2023.7 2 4

3 0.7 3 16o6.5 1 2

- 4 _.s 4 _88o.g 1 3

19
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Table 5. Numbem of salmon and trout r_dds observed during spawning ground
surveys on Miller, Walker, and Des Moines creeks, 1998-1999.

• I

Survey Number Of new redds
period Reach Coho Chum Ste¢lhead Cutthroet Unknown Total

Miller Creek

1g-Oct 1 0 0 0 0 0 0

2 0 0 0 0 0 0

3 0 0 0 0 0 0

4 0 0 0 0 0 0

26-Oct 1 0 0 0 0 0 0

2 0 0 0 0 0 0

3 0 0 0 0 0 0

4 0 0 0 0 0 0

16-Nov 1 8 2 0 0 0 10

2 8 0 0 - 0 0 8

3 0 0 o o. o o

4 0 0 0 0 0 0

30-Nov 1 3 1 0 . 0 o 4

2 2 2 0 0 0 4

3 0 0 0 0 0 0

4 0 0 0 0 0 0

14-Dec 1 0 0 0 0 0 0

2 0 0 0 0 0 0

3 0 0 0 0 0 0

4 0 0 0 o o 0

11-Jan 1 o o o o o o

2 0 o 0 0 0 0

3 0 o 0 0 0 o

4 0 0 o 0 0 0

22
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Table 5. Continued.

Numb¢r of new redd_
Survey
perloCl Reaah Cone ChUm steelhead Cut=l_roat Unknown Total

25-Feb 1 0 0 0 0 0 0

2 0 0 0 0 0 0

3 0 0 0 0 0 0

4 0 0 0 0 0 0

16-Mar 1 0 0 0 0 0 0

2 o 0 o 0 0 o

3 o o o 0 9 9

4 0 0 0 0 0 0

Total 21 5 O O 9 35

Walker Creek

18-Oct 1 0 0 0 0 0 0

- 2 0 0 0 0 0 0

3 0 0 0 0 o o

23-Oct 1 0 0 0 0 0 0

2 0 0 0 0 0 0

3 0 0 0 0 0 0

16-Nov 1 7 1 0 0 0 8

2 51. 1 0 0 0 52

3 0 0 0 0 0 0

30-Nov 1 1 1 0 0 0 2

2 4 1 0 0 0 6

3 3 0 0 0 0 3

14-Dec 1 0 0 0 0 0 0

2 0 1 0 0 0 1

3 0 0 0 0 0 0

23
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Table 5. Continued,

I I i i

Number of haw redds
Survey
period Reach Coho Cl_um 5teell_ead Cutthroat Unknown Total

11-Jan 1 0 1 0 0 0 1

2 0 1 0 0 0 1

3 0 0 0 0 0 0

25-Feb t 0 0 0 0 0 0

2 0 0 0 0 0 0

3 0 0 0 0 0 0

16-Mar 1 0 0 0 1 0 1

2 0 0 0 0 0 0

3 0 0 0 0 0 0

Total 66 7 0 I 0 74

Des Moines Greek

19-Oot 1 0 O 0 0 0 0

2 0 0 0 0 0 0

3 0 0 0 0 0 0

4 0 0 0 0 0 0

29-0ct I 2 0 0 0 0 2

2 0 0 0 0 0 0

3 0 0 0 0 0 0

4 0 0 0 0 0 0

16-Nov 1 16 3 0 0 0 t9

2 1 0 0 0 0 I

3 0 0 0 0 0 0

4 0 0 0 0 0 0

2,4
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Table 5. Conoluded.

Number of new redds
Survey
period Reach Coho Chum Steelhead Cutthroat Unknown Total

30-Nov 1 3 g 0 0 0 12

2 0 0 0 0 0 0

3 0 0 0 0 0 o

4 0 0 0 0 0 0

14-Dec 1 0 2 0 0 0 2

2 O 0 0 0 0 0

3 0 0 0 0 0 0

4 0 0 0 0 0 0

12-Jan 1 0 2 0 0 0 2

2 0 0 0 0 0 O

3 0 0 0 0 1 1

4 0 0 0 0 0 O

25-Feb 1 0 0 0 0 0 0

2 0 0 0 0 0 0

3 o o 0 0 o o

4 0 0 0 0 0 0

17-M@r 1 O 0 0 0 0 0

2 0 0 0 0 0 0

3 0 0 0 0 0 0

4 0 0 0 0 0 0

Total 22 I G O 0 1 39

25
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Appendix A. Char@cteristic$ of carcasses and date and location of retrieval on
spawning grounds within Miller, Walker, and Des Moines creeks, 1998-1999. Asterix (*)
denotes an adipose fin-clipped fish: FL - fork length. MOH - mid-orbital to hypural
length, and POH = post-orbital to hypural length.

Length(crn) Percent,
egg

3peoie_ Date Reaoh Sex FL MOH POH voidance

Miller Creek

Chum 11/30 1 F 66.0 55.5 54.5 100

11/30 1 F 69.0 59.0 58.0 100

12116 1 F 70.0 59.0 58.0 100

12/16 2 F 59.0 51.0 50.5 100

1/11 1 F 71.0 59.5 58.5 100

12/16 2 M 67.0 55.0 54.0

Coho 11/13 1 "* ._0.0 40,0 36,5 100

11/13 1 "* 56.0 43.0 42.0 0

11/t 3 1 :" 52.0 42.0 ,4.1.5 0

11/13 1 =" 60.0 48.5 45.5 0

11I13 t "-* 46,0 37.5 37.0 0

11/13 1 --" 57.5 45.5 44.5 0

11/14 2 F" 50.0 40.5 40.0 0

11/14 2 F" 54.0 44.0 43.0 0

11114 2 F* 56.0 46.0 45.0 60

11/14 2 F" 47.0 36.5 38.5 100

11/14 2 F 49.0 40.0 39.5 100

1U14 2 I:* 55,0 44.5 ,_3.5 0

11/14 2 F° 53.5 44.0 43,5 70

11/t4 2 F* 50.5 40.5 40.0 70

11/16 1 F 5t.0 42.0 41.5 0

11/16 1 F" 49.5 41.0 40.5 0

11/10 1 F" 02.0 43,0 42.5 t 00

28
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Appendix A. Continued.

Length (era) Percent
egg

SpecieG Date Reach Sex FL MOH POH voidanGe

Coho 11/16 1 F 4,6.0 38.0 37.5 0

11/16 1 I=" 51,0 42.5 42.0 0

11/16 1 F" 55,0 45.0 44,0 50

11/18 1 I=" 58.5 48.0 47,0 0

1t/16 1 _* 52.5 41 .S 4t .0 g0

11/18 1 F 46.0 30.0 35.5 70

11/16 2 F* 50.5 41.0 40.5 0

11/18 2 F" 55.0 43.0 42.0 0

11/30 1 F" 41,0 34.5 34.0 0

11/30 2 F ° 50,0 40.0 39.5 0

11/30 2 F* 48.0 39.5 39.0 0

11130 2 F 51.5 50.0 49.0 0

11/13 1 M" 31.0 25.0 24,5

11/13 t M* 50.0 40.0 '_.5

11/13 1 M" 43,,_ 35.0 34.0

11/13 1 M" 49.0 39.0 38.5

11/13 1 M* 51.0 41.0 40.0

11/13 t M* 44.0 35,5 35.0

11/13 1 M" 43.0 34.5 34.0

11/14 2 M" 46.8 38,0 37.5

11114 2 M" 50.0 40.0 39._

11/14 2 M" 52.0 41,5 40.0

11/1_. 2 M° 51.5 41.0 40.5

11/14 2 M* 53.5 42.0 41,0

11/14 2 M 48,0 37.5 37.0

11/14 2 M 46.5 36.5 35.0

1 lJI_. :2 M" 47.0 37.5 37.0

29
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Appendix A. Continued.

Length (cm) Peroent
egg

Species Date Reaoh Sex FL MOH POH voidance

Coho 11/14 2 M" 51.5 41.0 40.5

11114 2 M* 51.0 41.5 41.0

11/14 2 M" 50.0 40.0 3g.5

1t/10 1 M 48.0 37.6 37.0

1t/16 1 M 52,5 41.5 40.5

11/18 1 M" 50.0 40,0 39.5

11/16 1 M 58.0 45.5 44.5

11/15 1 M 52.0 40.5 40.0

11/16 1 M* 49.0 37,5 37.0

11/16 1 M° 44.5 35.0 34.5

11/16 2 M" 43.0 34.0 33.5

11/16 2 M" 50.0 40.5 40.0

11/30 1 M�48.5 39.0 38.5

11/30 1 M" 52.5 41.5 41.0

11/30 2 M 60,0 46.0 45.0

11/30 2 M" 54.0 43.0 42,5

11/30 2 M* 60,0 46.0 45,0

11/30 2 M" 47._ 37.0 36.5

11./30 1 M" 57.0 4(_.0 45.0

Steelheed 2/26 2 F 42.0 36.0 35.5 0

Walker Creek

Chum 11/30 1 M 70.0 55.0 54,0

1tj30 1 M 71.0 57.0 56.0

11130 1 M 6g,5 67.0 56.0

Coho 11/15 2 F" 45.5 37.0 30.5 0

11/15 2 F" 51 .S 43.5 43.0 1O0

1 _Jt_; 2 F= 5_..5 44.0 43,0 30
7 .':f/,'.,-. .

30 "J_"
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Appendix A. Continued.

i •

Length (cm) Percent
egg

Species Date Reach S_x FL MOH POH voldance

Coho 11/1 _ 2 I=" 52..5 41.5 41.0 0

11/15 2 F'" 44.5 37.5 37.0 70

11/15 2 f ° 50.0 42.0 41.0 0

11/15 2 F* 55,0 45.5 45.0 0

11/15 2 F* 51.0 41.5 41,0 0

t 1/16 1 F" 52,0 42,5 42.0 0

11116 1 F" 52.0 4?.0 41.5 50

1t/16 2 F* 56.0 45.5 45.0 0

11116 2 F ° 52.5 43.5 43.0 TO

11/16 2 F" 4g.0 40.0 3g.5 0

11115 2 F° 56.5 47.0 4B .0 0

11/16 2 F* 47.5 40,0 39.5 10

11/16 2 F" 51.5 45.6 4_.0 1O0

11 I16 2 F" 52,0 43.0 42.5 1O0

11116 2 F" SO.O 41.0 40.5 1co

11/17 2 F_ 50,5 42.0 41.0 0

11/30 2 P* 47.0 40.0 3g.5 1O0

11/15 2 M" 51.0 40.5 40,0

11115 2 M* 48._ 3g.0 38.0

11/15 Z M* 45.5 37.5 37.0

11/15 2 M" 54.0 43.5 43,0

11/15 2 M" 47.0 38,5 38.0

11/15 2 M" 53.5 42.5 41.5

11/I 5 2 M" 56.0 44.0 43.0

11/15 2 M = 54.0 44.0 43,5

11/15 2 M= 44.5 35.5 35.0

11/15 2 M* 4B.O 39.0 38.5

31
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Appendix A. Continued.

Length (cm) Percent
egg

Species Date Reach Sex FL MOH POH voidanca

Coho ,1t/,1,5 2 M = 42.0 33.,5 33.0

11/10 1 M* 47.0 36.5 38.0

11/16 1 M ° 43.0 3".5 34.0

1,1/16 1 M" 47,0 37.5 37.0

11116 1 M° 50.0 39.5 39.0

"11/16 2 M* 32.5 25,0 24.5

11/16 2 M" 30.5 24.5 24.0

11110 2 M ° 48.0 39.0 38.5

11/16 2 M* 43.0 34,5 34.0

11/17 Z M" 45.0 37.0 3(].5

11117 3 M" 51.0 41.5 41.0

11/30 1 M" 57.0 46.0 45.5

De-.=MoJnes Creek

Chum ,12/t 8 1 F 63.0 54.5 53.5 100 -

12118 1 M 77.5 61.0 60.0

1/12 1 M 70.5 56.5 55.5

Coho 11/18 1 F° 54.0 43.5 43,0 0

11/18 1 F" 52.0 42.5 4,2.0 0

11/18 1 F" 58.0 44.5 43.5 0

1,1118 1 F 52.5 43.0 =,2.5 0

11118 1 F 47.0 38.0 37.5 50

1,1/18 1 F" 53.5 43,0 42._ 0

1,1/18 t F* 53,5 44,0 43.5 0

11/18 ,1 F 51.0 40.5 40.0 20

11/18 1 F° 49.0 40.5 40.0 0

11/18 ,1 F" 49,0 40.0 39.5 0

11II 8 1 F" 49.0 40.0 39,5 0

32
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Appendix A. Concluded.

|i •

Length (ore) Percent

egg
Species Date R_a_h S_x FL MOH POH voidance

Coho 11/18 1 F* 48.0 40.0 3g.5 70

1211 1 F 51.0 41.0 40,5 0

1221 1 F= 4g.0 4.0.0 39.5 50

1211 1 F* 50,5 41,0 40.5 0

12/1 1 F" tSS.O ,4.5.0 _.0 0

12/1 1 F" _6.0 37.0 36.5 0

12/1 1 F* 45.5 36.5 36.0 1O0

10/29 1 M 38.0 31.0 30.5

10/29 1 M 42.0 35.0 34,0

11118 1 M" 49.0 39,5 39.0

11/18 1 M _" 56.5 44,6 43.8

- 11/1,9 1 M" 48,0 38.5 38,0

11/18 1 M" 46,0 38.5 38.0

11/18 I M" 48.8 38.0 37.5

11/18 1 M" 51.0 40.5 4-0.0

11/18 1 M" 47,0 37.0 35.5

11/18 1 M" 50,0 39.0 38.6

12./1 1 M 46, 0 38,5 36.0

12/1 1 M" 45.0 36.0 35.6

8teelhead 12/18 2 F" 59.0 4.8.0 47.5 0

1/12 1 F 27.,5 22.0 21,5 0

3_
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