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EXECUTIVE SUMMARY

The Corte Madera Creek Watershed and its tributaries are among the few streams flowing
to San Francisco Bay that retain a steelhead trout population. The Friends of Corte Madera Creek
Watershed (Friends) are interested in restoring the watershed. As part of the watershed project,
Friends contracted with A. A. Rich and Associates (AAR), a fisheries and ecological consulting
firm, to undertake a fishery resources investigation and prepare this Fishery Resources Technical
Report. The results ofthis study, including the proposed restoration and monitoring suggestions are
part of a comprehensive watershed plan to improve water quality, fishery resources, and native
vegetation and wildlife in the Corte Madera Creek Watershed. This fishery resources report
identifies how the declining trend in the steelhead population can be reversed. The report identifies
some of the factors limiting the steelhead trout population, formulates corrective actions, describes
how to monitor the success of those actions, and presents an action plan for the restoration of the
Corte Madera Creek Watershed as long-term steelhead trout habitat.

This report addresses the status ofthe existing fishery resources conditions within the Corte
Madera Creek Watershed. More specifically, the objectives of this study are to:

• Provide life stage and habitat information on the rainbow/steelhead trout;

• Provide a historical perspective, to the extent possible, on the
fishery resources conditions;

• Assess water temperature conditions from April to October;

• Assess physical habitat conditions during the low-flow season;

• Assess fishery resources population conditions during the low flow season;

• Identify some limiting factors for the rainbow/steelhead trout; and,

• Design a Steelhead Restoration Plan which will improve
rainbow/steelhead populations.

To carry out the objectives, the following types of surveys were undertaken: (I) Water temperature
monitoring, beginning in the spring and extending through the summer; (2) Habitat surveys during
the dry months; and, (3) Fish population surveys during the dry months.
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The results from the water temperature monitoring demonstrated that, despite potentially
thennally stressful conditions in many areas ofthe watershed, there appeared to be "thennal refuge"
(thennal refugia) areas where the trout could reside during the hotter summer months. The areas
where water temperatures were suitable appeared to be the areas where the greatest number of
salmonids were collected. With regard to smoltification, water temperatures began to become
thennally stressful, beginning in May. If the fish emigrate out of the system before May, as they
may, this would not be a problem.

Corte Madera Creek is highly channelized, as a result of various activities (e.g., USACE
concrete flood control channel and landowners' retaining walls) undertaken to control flooding
during the winter months. The U.S. Anny Corps ofEngineers (USACE) flood control channel serves
only as a migration route for the anadromous steelhead trout. The upstream areas ofCorte Madera
Creek consist oflong lateral scour pools alternating with riffle areas, habitat used by a variety offish
species, although none in great abundance.

San Anselmo Creek had the greatest variety ofhabitats ofany ofthe creeks within the Corte
Madera Creek Watershed, probably due to the fact that it flows through towns, but its origin lies in

. the relatively tinimpacted reaches within the Cascade Canyon Open Space Preserve. Throughout
its length, it was characterized by alternating lateral scour pool/riffle sequences. In the lower more
urban reaches, the lateral scour pools were associated with retaining walls and rip rap, whereas in'
the upper more natural areas, they were associated with bedrock. The creek along Cascade Road
in Fairfax was dry for more than a mile, but substrate consisted almost entirely of gravel suitable
for trout spawning.

Although short on water by the end ofsummer, Cascade Creek offered the best trout habitat
of the entire creek system. It was characterized by bedrock pools and cascades, abundant canopy,
and clean clear water. Although there was no spawning gravel, the pools provided rearing habitat
for trout. The uppennost boundary for fish migration was the Cascade Falls.

Sleepy Hollow Creek was characterized by low flows, and a heavily urbanized (e.g.,
retaining walls, bridge pillars, concrete in the creek) channel. In the lowennost reaches, the habitat
during the late summer months was suitable for stickleback and roach; higher up in the drainage,
there were some appropriate pools for trout. Although dry throughout much of the upper sections,
the substrate was gravel suitable for trol'.t spawning.

At the time of the habitat surveys, most of Ross Creek was dry. The only area where there
was flowing water and a number of pools suitable for trout was within the Natalie Coffin Greene
Park area.
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From the results of our "spot check" observations, it appeared that Fairfax Creek had little
water in it by the end of the dry season. There were lateral scour pools and shallow riffles
throughout the Creek, substrate consisted ofgravel, sand and silt, and there was abundant vegetative
cover.

Fish species collected in the Corte Madera Creek Watershed included rainbow/steelhead
trout, threespine stickleback, California roach, sculpin species, and Sacramento sucker. Limiting
factors for trout production were lack ofstream flows and high water temperatures, depending upon
both the creek and location of the reach within a creek.

Of the five fish species collected, trout were the most abundant in San Anselmo, Cascade,
and Ross creeks; only trout were collected in Cascade and Ross creeks. Roach, stickleback and
sucker were the predominant species in Corte Madera Creek; trout and roach were the most
prevalent species in San Anselmo Creek; and, stickleback and roach were the most prevalent species
in Sleepy Hollow Creek.

The mean trout populations, as a function of habitat type, within the Corte Madera Creek
Watershed were as follows: (1) Corte Madera Creek - 0.03-0.14 fish/square meter of fish habitat;
(2) San Anselmo Creek - 0.01-12.76 fish/square meter; (3) Cascade Creek - 0.59-0.84 fish/square
meter; (4) Sleepy Hollow Creek - 0.02-0.41 fish/square meter; and, Ross Creek - 0.25 fish/square
meter. The greatest numbers of trout were collected in San Anselmo and Cascade creeks within the
Cascade Canyon Open Space Preserve. However, there was no statistical difference in population
sizes between any of the various creeks, due to the wide variability in the number of
rainbow/steelhead trout in the various habitat types.

Based on the size distribution, the juvenile rainbow/steelhead trout were probably from three
to four different age classes. Most of the trout were young-of-the-year (i.e., hatched during spring
of 1999) fish, but there were some older fish in both San Anselmo and Sleepy Hollow creeks. The
greatest variety of age classes came from these two creeks, as well, suggesting that there is a self
sustaining population of rainbow/steelhead trout in the watershed, albeit small. Of particular
interest was the variety of age classes in the first bedrock pools sampled in the Cascade Canyon
Open Space Preserve, upstream of the dry creek bed which extended for over a mile in length.

Based on the length data, the stickleback collected were young-of-the-year fish, the roach
and suckers, from one to four years old, and the sculpin from one to five years old.

The report provides a Steelhead Restoration Plan for the Corte Madera Creek Watershed
which incorporates both science and public involvement to achieve watershed improvement. The
three phases to the plan are: (1) Phase 1- Undertake preliminary baseline surveys; (2) Design
Steelhead Restoration Plan; (3) Phase III - Implementation of restoration actions, research and
surveys; (4) Phase IV - Monitoring Results ofRestoration Actions; and, (5) Adaptive Management.
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PREFACE

I was raised in Mill Valley during the 1950's and 1960's in a house that my parents built on
the slopes of Mount Tamalpais. I spent much of my childhood playing in the creeks and on Mt.
Tam. In fact, there are few creeks in Marin County that I did not plunge into as a child, including
all of the creeks in the Corte Madera Watershed. I have fond memories of what was, to me, a
magical place to grow up. It is a continual joy to me to study the creeks in which, as a child, I spent
many a day catching unwary crayfish, using string, "baited" with raw bacon, and observing the
myriad of organisms, not the least of which were trout. The Corte Madera Creek Watershed is the
fifth watershed in Marin County that I have had the privilege, as an adult, to study.
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CHAPTER 1

INTRODUCTION AND SCOPE OF WORK

A. PROJECT AREA

The Corte Madera Creek Watershed, covering about 28 square miles, is located in the
southeastern quarter ofMarin County and encompasses the towns ofLarkspur, Corte Madera,
Kentfield, Ross, San Anselmo, and Fairfax. The watershed extends from latitude 3r 55' 50"
N to 38°1'30" N and from longitude 12r30' 40" to 122°36' 45" W. The watershed includes
Corte Madera, Ross, San Anselmo, Tamalpais, Sleepy Hollow, Fairfax, and Cascade creeks
and Phoenix Lake. Larkspur and Tamalpais creeks drain directly into the estuary/tidal portion
and they were not included in this study. The watershed drains into San Francisco Bay just
south of the San Quentin Peninsula, approximately lO miles north of the Golden Gate Bridge.
The watershed ranges in elevation from sea level to 2,571 feet at the East Peak of Mount
Tamalpais (Figure 1).

B. BACKGROUND

The Corte Madera Creek Watershed and its tributaries are among the few streams
flowing to San Francisco Bay that retain a steelhead trout population. The watershed is situated
within the Central California Coast Evolutionary Significant Unit (ESU).· The National Marine
Fisheries Service (NMFS) listed the steelhead trout within this ESU as threatened, under the
Endangered Species Act (Federal Register, 1997, 1998).

In 1995, I wrote a Watershed Plan for the Corte Madera Creek Watershed, for Friends
of Corte Madera Creek (Friends) entitled, Preliminary Outline for a Corte Madera Creek
Watershed Management Plan (Rich, 1995). Several years later, Sandra Guldman, Co
Chairperson of Friends asked if I would be willing to join Friends in submitting a proposal to
the Category III CALFED Bay-Delta Program for a steelhead trout restoration planning effort.
I agreed and, fortunately, we received funding.

As a result of receiving the funding, Friends contracted with my firm, A. A. Rich and
Associates (AAR), to undertake a fishery resources investigation and prepare this Fishery
Resources Technical Report.

1
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The results ofthis study, including the proposed restoration and monitoring suggestions
are part of a comprehensive watershed plan to improve water quality, fishery resources, and
native vegetation and wildlife in the Corte Madera Creek Watershed. This fishery resources
report identifies how the declining trend in the steelhead population can be reversed. The report
identifies the factors limiting the steelhead trout population, formulates corrective actions,
describes historic and current fishery resource conditions, describes how to monitor the success
of those actions, and presents an a'ction plan for the restoration of the Corte Madera Creek
Watershed as long-term steelhead trout habitat. To that end, an Advisory Committee,
comprised of representatives from ,local government, federal and state agencies, community
groups, and other stakeholders, will review documents and guide formulation ofthe restoration
plan. The proposed fishery resources effort will occur concurrently with an
erosion/sedimentation planning project being conducted by Stetson Engineers (2000).

Although this study targets steelhead trout, habitat improvements in the riparian
corridors will also benefit riverine aquatic habitat and the neotropical migratory bird guild that
uses the riparian corridor. Similarly, improvements in water quality and water flows likely will
benefit saline emergent wetland habitats in the lower reaches And, San Francisco Bay will also
benefit from improvements in water quality, flow, and temperature.

2
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C. SCOPE OF WORK

This report addresses the status of the existing fishery resources conditions within the
Corte Madera Creek Watershed. More specifically, the objectives of this study were to:

• Provide life stage and habitat information on the rainbow/steelhead trout;

• Povide a historical perspective, to the extent possible, on the
fishery resources conditions;

• Assess water temperature conditions from April to October;

• Assess physical habitat conditions during the low-flow season;

• Assess fishery resource population conditions during the low flow season;

• Identify limiting factors for the rainbow/steelhead trout; and,

• Design a Steelhead Restoration Plan which will improve
rainbow/steelhead populations.

With the exception of the U.S. Army Corps of Engineers (USACE ) flood control channel,
which is under tidal influence, this study is limited to the freshwater portions of the watershed.

5
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CHAPTER 2

SALMONIDS AS INDICATOR SPECIES OF A
WATERSHED'S ECOLOGICAL HEALTH

Although a variety of fish species inhabit the Corte Madera Creek (Table 1), the
steelheadlrainbow trout is the fish species of primary interest in Corte Madera Creek
Watershed. Both the anadromous (fish which spawn in freshwater, are reared for a period of
time in fresh water, emigrate to sea for several years, and return to their natal streams to spawn),
steelhead and resident rainbow trout, inhabit Corte Madera Creek and its tributaries. In
addition, coho and chinook salmon have been sighted occasionally.

Biologists often use salmonids (salmon and trout) to assess the ecological well-being
ofcreeks. The reason is that salmonids are what are referred to as indicator species (McCarthy
and Shugart, 1990). Salmonids respond more quickly to environmental perturbations than other
fishes. Thus, the condition of salmonids and their habitat provide a good indication of the
relative health ofa creek. Salmonids are to fisheries biologists what the canary was to miners:
a warning sign. The salmonid's response to its environment can provide an indication of the
health of the watershed ecosystem, just as the condition of the canary was used to assess poor
air quality conditions in mines. Thus, the salmonid health and salmonid habitat are
environmental harbingers of events to come, if we do not remedy or remove the causative
agent (s).

6
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Common Name Native Corte Ross San Sleepy Fairfax Cascade
Species Madera Creek Anselmo Hollow Creek Creek

Creek Creek Creek

Salmonidae
(Trout and Salmon)

Chinook Salmon X 9 9 9 9 9
Oncorhynchus tshawytscha

Coho Salmon X 4c,4d 9 7,9 9 9 9
Oncorhynchus kisutch

Steelhead Trout (adults) X 9 9 9 9 9 9
Oncorhynchus mykiss

Rainbow/Steelhead Trout X Ia,2,3,4a,4b la,2,5,6b Ia,3,5,6a,7,8 la,4d,5,6b 6b la,6b
Oncorhynchus mykiss

Brown Trout 9
Salrno trutta

Cyprinidae (Minnows)

Sacramento Pikeminnow X 4a
Ptychocheilus grandis

California Roach X la,2,3,4a,4b,5 la,3,5,7 la,5 2 4d
Lavinia symmetricus

Common Carp Ib,9
Cyprinus carpio

Catostomidae (Suckers)

Sacramento Sucker X la,3,4a,4b la,5,7
Catostornus occidentalis

}

TABLE 1. FISH SPECIES WHICH HAVE BEEN SIGHTED AND/OR COLLECTED IN THE
CORTE MADERA CREEK WATERSHED
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Common Name Native Corte Ross San Anselmo Sleepy Fairfax Cascade
Species Madera Creek Creek Hollow Creek Creek

Creek Creek

Cyprinodontidae (Killifish)

Rainwater killifish X 4a,4b
Lucania parva

Poeciliidae (Mosquitofish)

Mosquitofish X 4a
Gambusia affinis

Atherinidae (Silversides)

Topsmelt X 4b
Atherinops affinis

Gasterosteidae (Stickleback)

Threespine Stickleback X Ia,2,3,4a,4b,5 1a,3,5,7 la,4d,5 2,4d'
Gasterosteus aculeatus

Centrarchidae (Sunfish)

Sacramento Perch X 9
Archoplites interruptus

Black Crappie 9
Pomoxis nigromaculatus

00

TABLE 1 (CONT.). FISH SPECIES WHICH HAVE BEEN SIGHTED AND/OR COLLECTED IN THE
CORTE MADERA CREEK WATERSHED
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Common Name Native Corte Ross San Anselmo Sleepy Fairfax Cascade
Species Madera Creek Creek Hollow Creek Creek

Creek Creek

Embiotocidae (Surfperch)

Tule Perch X 4a
Hysterocarpus traski

Shiner Perch X 9
Cymatogaster aggregata

Gobiidae (Gobies)

Tidewater Goby X 4b
Eucyclogobius newberryi

Longjaw Mudsucker X 4b
Gi/lichthys mirabilis

Cottidae (Sculpins)

Pacific Staghom Sculpin X 4b
Leptocottus armatus

Prickly Sculpin X la,4a,4b
Cottus asper

Riffle Sculpin X la,4a,4b
Cottus gulosus

Sculpin spp. X la,2,3 la,3 2
(probably riffle and prickly)

}

TABLE 1 (CONT.). FISH SPECIES WHICH HAVE BEEN SIGHTED AND/OR COLLECTED IN THE
CORTE MADERA CREEK WATERSHED
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Common Name Native Corte Ross San Anselmo Sleepy Fairfax Cascade
Species Madera Creek Creek Hollow Creek Creek

Creek Creek

Pleuronectidae
(Righteye Flounders)

Starry Flounder X 9
Platichthys stellatus

TABLE 1 (CONT.).

Key

la
Ib

0 2
3
4a
4b

4c
4d
5
6a
6b
7
8
9
10

FISH SPECIES WHICH HAVE BEEN SIGHTED AND/OR COLLECTED IN THE
CORTE MADERA CREEK WATERSHED

Rich, 2000 (collected from August-November, 1999)
Rich, 1994 (personal observation; adult spawners in USACE channel)
Leidy, 1997 (collected in July, 1997)
Leidy, 1993 (collected in July, 1993)
Leidy, 1984 (collected in his study)
Cited in Leidy, 1984 (from collections at the California Academy ofSciences in San Francisco State
University: 1950's to mid 1970's)
Cited in Leidy, 1984 (personal communication with Dr. John Hopkirk)
Cited in Leidy, 1984 (Leidy and Fiedler, collected September 18, 1981)
Michaels and Thompson, 1969 (collected in July, 1969)
NMFS, 1997 (collected in September, 1996)
NMFS, 1997 (collected in May, 1997)
Fry, 1936
Snyder, 1905
Anectodal (no written record found)
Marin Independent Journal, July 14, 1986
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A.A. RICH AND ASSOCIATES

CHAPTER 3

IMPORTANCE OF IDENTIFYING HABITAT REQUIREMENTS
AND LIMITING FACTORS

Understanding the biological and physical factors which are necessary to sustain the
salmonid populations in the Corte Madera Creek Watershed is critical to developing
management strategies to improve the habitat and enhance populations. Salmonid production
is affected by environmental conditions during each life stage. Salmonids, similar to other
fishes, have different habitat requirements for the successful completion of each of their life
stages. Thus, it is essential to understand what the watershed has to offer fishes, before one can
determine what restoration measures would be most effective in improving salmonid
populations. This Chapter describes the general habitat requirements and limiting factors for
salmonids. The results of the study are presented in Chapters 7 and 8.

Life history events for any organism, including salmonids, must be discussed in concert
with key life stage requirements. Life stage requirements are those features of an organism's
environment that are essential to its continued survival and reproductive success. Critical life
stage requirements for the rainbow/steelhead trout include:

• Appropriate water temperatures;

• Appropriate water quality;

• Abundant food;

• Accessibility to spawning and rearing areas; and,

• Appropriate physical habitat.

Each of the life stage requirements may vary, depending upon the season and the life stage and
condition of the fish. If any life stage of any species is deprived of a life stage requirements, the
population as a whole can be negatively affected. When life stage requirements are not met, or are
limited in some way, the fish's survival and reproductive success can be jeopardized. One
extremely important concept in enhancing fish populations is the following:

If there is no change in the limiting factors (s) for the population (s),
no increase in the target population (s) will occur.

11
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Factors which have the potential to restrict populations are called "limiting factors". The
term limiting factor was originally used in a physiological context to describe environmental factors
(e.g., food, dissolved oxygen, other respiratory gases) that limited the metabolic rate of fishes (Fry,
1971). However, during the past decade agency biologists have expanded the limiting factor
concept to apply to ecological systems. Thus, many of the terms which were originally used to
describe physiological processes that affect fish production are now used in a much broader context
to describe ecological functions (Reeves et aI., 1989). Potential limiting factors from an ecological
context include: water temperature; water quality; and, quantity and quality of habitat suitable for
spawning and rearing. Some limiting factors, such as not enough woody debris (habitat which trout
prefer and need), can be influenced by human intervention. Other limiting factors, such as the lack
ofwater, often cannot be altered. Thus, before one can determine what measures are needed to help
restore Corte Madera Creek and its tributaries, one must identify the following:

• The requirements of the fishes; and,

• Any Limiting Factors which may exist.

As each life stage of the trout has specific life requirements, it is imperative to understand both the
events of each life stage and the factors which affect those events.

The anadromous steelhead, and the resident rainbow, trout require special conditions for
successful spawning, egg development and hatching, growth and survival of juveniles, and
smoltification (during which the anadromous fish change from a freshwater to a seawater animal,
and emigrate to sea). Although, many general requirements (e.g., good water quality, abundant
food, etc.) are the same for the steelhead and rainbow trout, specific factors may limit production
(i.e., limit the number of fish in the stream). For example, barriers to adult fish immigration may
limit the success of spawning for steelhead trout. Thus, it is essential to understand what Corte
Madera Creek and its tributaries have to offer these fish, before one can determine what measures
are needed to help restore the Corte Madera Creek Watershed.

12
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A.A. RICH AND ASSOCIATES

CHAPTER 4

LIFE HISTORY STAGES AND REQUIREMENTS
OF STEELHEAD AND RAINBOW TROUT

A. LIFE HISTORY STAGES

1. Steelhead Trout

The steelhead trout is a polymorphic subspecies of the resident rainbow trout. Similar to
other anadromous salmonids, the steelhead trout begins life in a freshwater stream or river, rears for
a period of time in freshwater, emigrates to sea for several years, and returns to its natal streams to
spawn. Except for their ocean-going habits and larger spawning size, the steelhead trout is visually
indistinguishable from its non-migratory counterpart, the rainbow trout. Whether or not a particular
stream supports an anadromous or resident trout population appears to be the result of local
adaptation and geographic location. Populations may be migratory, resident, or mixed, where the
two forms presumably interbreed. Both the anadromous and resident forms may exist in the stream,
and, in some instances, may be physically discrete from one another, due to an impassable barrier
to upstream migration, such as a waterfall. In these situations, the steelhead trout does not exist
above the barrier (Utter et aI., 1980; Behnke, 1992; Needham and Gard, 1959).

Steelhead trout migrate to sea at various ages, spend varying amounts of time in the ocean
(one to four years), and return to their natal stream to spawn. The life history infonnation for
steelhead trout can be divided into five life stage events, which include (Figure 2 and Table 2):

• Adult immigration;

• Spawning;

• Egg and alevin incubation;

• Fry and juvenile rearing; and,

• Smoltification and emigration.

A description of the timing and general biology of each of these stages is discussed below. Life
stage requirements are discussed in the subsequent section.

13
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FIGURE 2. STEELHEAD TROUT LIFE STAGE PERIODICITIES IN THE CORTE MADERA CREEK WATERSHED
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UFESTAGE OPTIMAL WATER DISSOLVED pH WATER DEPTH WATER
TEMPERATURE OXYGEN (mgtl)

TURBIDITY SUBSTRATE
VELOCITY (mgll) SIZE

IMMIGRATIONI 7.8-11.2 'C ~ 7 at ~ 15 'C 7-8 ~ 18 em ~ 25 efs
PASSAGE

~ 25 N/A
46.0-52.0 'F ~ 9 at > 15 'C ~ 0.6 ft

SPAWNING 7.8-11.2 °C ~ 7 at ~ 15°C 7-8 ~ 18 em ~ 15 efs ~ 25 0.6-13 em
46.0-52.0 of ~ 9 at > 15 'C ~ 0.6 ft 0.2-5.0 in

INCUBATION 7.8-11.2°C ~ 7 at ~ 15°C 7-8 ~ 18 em ~ 7 efs ~ 25 0.6-13 em
46.0-52.0 'F ~ 9 at> 15°C ~ 0.6 ft 0.2-5.0 in

FRY EMERGENCE 8.9-11.2°C ~ 7 at ~ 15°C 7-8 fry: 8-36 em ~ 7 efs ~ 25
48.0-52.0 of ~ 9 at> 15°C

0.6-13 em
3-14 in 0.2-5.0 in

juvenile: 25-50 em
10-20 in

REARING 12.8-15.6°C ~ 7a\~ 15°C 7-8 18.3-67.0 em ~ 2 efs ~ 25
55.0-60.1 of > 9a\> 15°C 0.6-2.2 ft

6.4-24.9 em
2.5-9.8 in

SMOLTlFICATlONI 6.98-11.3 °C ~7at~15'C 7-8 18.3-67.0 em > 7 efs ~ 25
EMIGRATION 44.4-52.3 of.

6.4-24.9 em
~9at>15°C 0.6-2.2 ft 2.5-9.8 in

}

TABLE 2. HABITAT REQUIREMENTS FOR STEELHEAD TROUT »
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LIFE STAGE REDD COVER FOOD POOURIFFLE RATIO
(mean area of redd per spawning
pair)

IMMIGRATION AND PASSAGE

SPAWNING 4.4-5.4 square meters
47-58 SQuare feet

INCUBATION

FRY EMERGENCE

REARING Need abundant cover to protect them from Primarily insects, captured as I: 1 pool-to-rime ratio, with
predators, reduce summer water drifting organisms areas ofslow, deep water
temperatures adn provide food resources

Often use turoulence cover as they feed on
drifting insects

SMOLTIFICATION AND Need abundant cover to protect them from Primarily insects, captured as I: I pool-to-rime ratio, with
EMIGRATION predators, reduce summer water drifting organisms areas ofslow, deep water

temperatures ado provide food resources

Often use tutbulence cover as they feed on
driftin!! insects

TABLE 2 (CONT.). HABITAT REQUIREMENTS FOR STEELHEAD TROUT
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Sources:
em
ft
C
F
in
s

centimeters
feet
centigrade
fahrenheit
inches
less than or equal to

cmls
fils
>
<
2

centimeters per second
feet per second
greater than
less than
greater than or equal to

SOUlCes: Rich, 1987; Brett & Blackburn, 1981; Baracco, 1977; Hooper, 1973; Zaugg et aI., 1972; Smith, 1973; Hunter, 1973; Zaugg and Wagner, 1973; Thompson, 1972; Dickson and Kramer, 1971;
Doudoroffand Shumway, 1970; Orcutt et aI., 1968; Hartman and Gill, 1968; Wagner, 1974; Philips and Campbell, 1961; Whitmore et al., .1960; Cloem, 1976; Bovee, 1978; Phillips et aI., 1975;
Adams et al., 1975; Hall and Lentz, 1969; KosIci, 1966
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A.A. RICH AND ASSOCIATES

The steelhead trout which migrate into Corte Madera Creek (beginning in December usually)
to spawn is referred to as the "winter run". These are steelhead trout which enter and spawn during
rising stream levels during the winter and early spring months (Withler, 1966). Most steelhead
trout begin to immigrate into San Francisco Bay in November, although the timing is dependent
upon streamflow levels in the riverine systems (Figure 2). Storm events result in streamflow
changes, which cue anadromous fish immigration into Corte Madera Creek, and from there, into the
tributaries. Immigration of steelhead trout occurs in "waves" or pulses, coinciding with storm
events, resulting in temporary high water flows (freshet conditions). Studies suggest that these
freshet conditions are required to initiate both movement into a lagoon or bay, and upstream into the
creeks (Shapovolov and Taft, 1954; Briggs, 1953).

The entry ofsteelhead trout into streams is not determined entirely by either sexual maturity
or age. Although, California steelhead trout typically return to freshwater after one to two years at
sea, they have a highly variable life history; some return after three or four years at sea(Shapovolov
and Taft, 1954; Briggs, 1953). Steelhead trout which have spent only one year at sea, but have
returned to spawn, are termed "grisle"; such males are commonly called "jacks".

After the adult steelhead trout move into a stream, they will seek out a pool or glide habitat
located near the spawning area; many will "hold" in these areas for two to four weeks while their
reproductive products (eggs and milt) ripen. In the Corte Madera Creek Watershed, most steelhead
trout spawn in January and February.

Most adult steelhead trout die after spawning, but some return to the ocean and then to the
stream to spawn again; these fish are called "repeat spawners". The incidence ofrepeated spawning
by steelhead is more common among females than males. Repeated spawning by females allows
each female to return in subsequent years to release eggs and, hence, increase the number of fish
produced. Males usually serve more than one female during spawning. Thus, in terms of
perpetuation of the species, it is not as important for males to return to spawn year after year.
Research on coastal streams has shown that the percentage of repeat spawners varies from three to
over 50 percent ofa run. Although, most steelhead trout return to spawn only once, as many as five
returns have been recorded, although not in recent years (Fulton, 1970; Bjornn, 1969; Withler, 1966;
Shapovolov and Taft, 1954; Briggs, 1953).

Steelhead trout eggs incubate for a variable period of time (usually 30-60 days), depending
upon water temperature (Leitritz and Lewis, 1980; Shapovolov and Taft, 1954). In the Corte
Madera Creek Watershed, most incubation probably occurs from January through March, although
the incubation period may extend further in wet years.
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Once the yolk sac is absorbed, steelhead trout fry begin to emerge from the gravel. In the
Corte Madera Creek Watershed, most fry emergence begins in March. The distinction between fry
and juvenile is, admittedly, an arbitrary one. "Fry" status is assigned to the fish emerging from the
gravel; "juvenile" status is assigned to the fish when it has reached a given length; the length differs
from study to study. After emerging from the gravel, the young fish feed and tend to congregate in
schools close to shore. As the fish grow, they spread out, eat larger foods, and are thought to inhabit
moderately swift portions of creeks. Most steelhead trout spend from one to two years in the
streams, before returning to sea (smoltification), where they spend from one to three years, before
returning to freshwater to spawn. A very small percentage offish emigrate out ofCalifornia creeks
during their first year (Moyle, 1976; Withler, 1966; Shapovolov and Taft, 1954; Briggs, 1953).

Smoltification, or theparr-smolt transformation, consists ofbehavioral, morphological, and
biochemical changes which transform a darkly pigmented, bottom dwelling freshwater salmonid (the
parr) into a pelagic silvery fish (the smolt) (Folmar and Dickhoff, 1980). During this process,
salmonids emigrate from their natal streams into the sea. In the Corte Madera Creek Watershed,
smoltification and emigration probably extend from March into June. The fish then emigrate out
to San Francisco Bay and from there to the Pacific Ocean.

If steelhead trout undergoing smoltification are unable to reach the Pacific Ocean, due to
environmental problems (e.g., low streamflow, thermal blocks), they revert to an immature parr-like
condition (Folmar and Dickhoff, 1980). Depending upon conditions, the trout may de-smoltify and
re-smolt the following year, or it may die, particularly if it is a small fish.

2. Rainbow Trout

Although not sea-dwelling, the rest ofthe life history ofthe resident rainbow trout is similar
to that of the steelhead trout. Most rainbow trout are spring spawners (February to June) (Figure
3; Table 3). Most resident trout mature in their second or third year, although the time of first
maturity can vary from the first to the fifth year of life (size at maturity can be 13 centimeters or
larger) (Moyle, 1976)..

18
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FIGURE 3. RAINBOW TROUT LIFE STAGE PERIODICITIES IN THE CORTE MADERA CREEK WATERSHED
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LIFE STAGE WATER DISSOLVED pH WATER WATER TURBIDITY SUBSTRATE SIZE
TEMPERATURE OXYGEN DEPTH VELOCITY (mgll)

(mef\)

SPAWNING 12-18 'C ~ 7 al s 15 'C 6.5-8 >(8em s 122 cmls s 25 fish < 50 em long: 1.5-6.0 em
54-64 of ~ 9al> 15'C > 7in s 4 ftls 0.6-2.4 in

fish ~ 50 em long: 1.5-10.0 em
0.6-4.0 in

INCUBATION 12-18 'C ~7als 15'C 6.5-8 > 18cm s 48-9( cmls s 25 0.3-10 em
54-64 'F ~ 9al> 15°C > 7in s 1.6-3 ftls 0.1-4 in

FRY (2-18 'C ~ 7 at s 15 'C 6.5-8 > 18cm s 8-30cmls s 25 0.3-10 em
EMERGENCE 54-64 'F ~ 9at> 15'C > 7in s .26-1 ftls 0.1-4 in

REARING 15-18 'C ~ 7 at s 15 'C 6.5-8 > 18cm fiy: s 8-30 cmls s 25 1.5-10 em
59-64 'F ~ 9 at> 15'C > 7in s .26-1 ftls 0.6-4 in

juvenile: 10-22 cmls
.3-.72 ftls

ADULT 15-18 'C ~ 7 al s 15'C 6.5-8 > 18cm 12-73 cmls s 25 1.5-10cm
59-64 'F ~ 9al> 15'C > 7 in 0.4-2.4 ftls 0.6- 4 in

TABLE 3. HABITAT REQUIREMENTS FOR RAINBOW TROUT »
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TABLE 3 (CONT.). HABITAT REQUIREMENTS FOR RAINBOW TROUT »

»
LIFE STAGE REDO SIZE COVER FOOD POOLIRJFFLE RATIO

(mean area of redd per
spawning pair)

SPAWNING 0.2 square meters
2.2 square feet

INCUBATION

FRY EMERGENCE

REARING Need abundant cover to protect them from predators, Primarily insects, captured as I: I pool-to-rime ratio, with
reduce summer water temperatures and provide food drilling organisms areas of slow, deep water
resources

Ollen use turbulence cover as Ihey feed on drilling
insects

ADULT " " Fishes, invertebrates " "
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em
Il
C
F
in

centimeters
feet
centigrade
fahrenheit
inches
less than or equal to

cm/s
fils
>
<

centimeters per second
feet per second
greater than
less than
greater than or equal to

Sources: Rich, 1987; Hooper, 1973; Doudoroffand Shumway, 1970; Orcutt et aI., 1968; Delisle and Eliason 1961' Thompson 1972' Smith 1973'
Homer and Bjornn, 1976; Hunter, 1973 " ""
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B. IMPORTANT ENVIRONMENTAL FACTORS

For any given species, each life stage has specific environmental requirements, or life
requirements. When life requirements are not met, or are limited (i.e., limiting factors) in some way,
the fish's survival and reproductive success can be jeopardized. Each of the requirements vary,
depending upon the season of the year and life stage of the fish. If any life stage of any species is
deprived of a life requirement, the population as a whole can be negatively affected (Figure 4).

By integrating the knowledge of salmonid habitat requirements with that of historical and
current conditions, one can determine how habitat conditions for salmonids have been affected by
past and ongoing watershed activities. From this information, it is possible to determine what types
of activities are needed in order to help improve steelhead habitat. Restoration activities, together
with monitoring of the success of those activities, could improve steelhead trout habitat and
populations in the Corte Madera Creek Watershed.

The best method for identifying salmonid requirements and determining whether or not these
requirements are being satisfied is to use site specific data. However, as site-specific information
is incomplete for all of the life stages of both the steelhead and rainbow trout in the Corte Madera
Creek Watershed, relevant data from other systems has been used. As more information becomes
available, the requirements for each life stage of the trout should be re-evaluated on an ongoing
basis. Then, ifnecessary, one or more ofthese requirements can be modified, ifthere is a scientific
basis for such a change.

In the absence ofstudies conducted in a specific geographical area, it is common to analyze
information from other areas or laboratories and to identify a "threshold" value" or "threshold"
effect. Threshold values and threshold effects are two commonly used terms which are usually only
defined in peer-reviewed scientific publications. Biologically speaking, a "threshold" is a level or
value that must be reached before an event occurs; a "threshold effect" is the harmful effect of a
small change in the environment that exceeds the limit of tolerance of an organism or population
(Lawrence, 1995). There are several problems with using thresholds based on data from laboratories
or areas other than the site of interest. First, in the laboratory environment, one is forced to control
or eliminate many of the factors (e.g., effect ofration size on thermal requirements, effect ofenergy
expenditure as a result ofescaping predators or seeking prey, effect ofprevious stressors) that affect
fish in the wild. Thus, laboratory data are not analogous to those collected in a stream. Data from
other geographical areas can alsomisrepresent the requirements for the area in question; thermal and
physical requirements vary from creek to creek, depending upon existing conditions.

To protect the steelhead and rainbow trout in the Corte Madera Creek, I am going to err on
the side of conservatism, with regard to the various life stage requirements for these fish. For
example, the results of various studies demonstrate a range of thermal optimal values for juvenile
steelhead. However, until we know whether or not any or all of the creeks in the Corte Madera

22
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Creek Watershed provide the necessary food to sustain higher optimal temperatures, it is best to
assume that food is a limiting factor (i.e. there is not enough food). Thus, given a choice of several
optimal water temperatures, based on laboratory studies, I will, initially, choose the lowest
temperature as being optimal. Then, in the future, if studies are conducted within the watershed
which demonstrate that optimal water temperature are higher than those selected here, the
requirements can be modified, based on the results of those site-specific studies.

In the following paragraphs, critical life stage requirement variables for salmonids are
discussed. These requirements are based both on the results ofpeer-reviewed studies published in
a variety of scientific and various agency reports and documents.

1. Appropriate Water Temperatures

Ofall of the life stage requisites, water temperature is the most important, yet, perhaps, least
understood. A major problem hindering precise understanding of temperature effects is that many
environmental factors (e.g., food availability, previous exposure to stress, genetic adaptation, age
and size) simultaneously influence a fish's response to temperature. Water temperature can really
be considered in two ways: (1) as a factor affecting the rate ofdevelopment, metabolism and growth;
or, (2) as a stressful or lethal factor. The two, of course, are inseparable.

By contrast to us, as mammals, fishes are poikilothenns, which means that their internal
body temperature varies, according to the external environment. This means that a fish has little
physiological control (i.e., thermoregulation) over its body temperature; if the water is hot, the fish
is hot and if the water is cold, the fish is cold, etc. Thus, the poikilothermic fish, unlike the
homeothermic mammal (which can thermoregulate), has no physiological way to acclimate quickly
to changes in water temperature. And, a fish's metabolism, which controls all aspects of its body,
is directly proportional to water temperature, within certain limits. Thus, as water temperatures
increase, so does the metabolic rate and the need for food. If there is enough food available and
dissolved oxygen and other conditions are satisfactory, then the fish will grow, within certain
thermal ranges. However, if the amount of food is limited and/or other stressors exist (e.g., low
dissolved oxygen, pollution), the fish will not grow. In addition, beyond certain physiological
limits, even an increase in food availability will not assist the fish; beyond this point, water
temperature can be stressful and even lethal.

Despite a fish's inability to change quickly, physiologically, they often use behavior to
thermoregulate. This is of great importance when their habitat provides more than one thermal
option. For example, in studies on the Navarro River Watershed (Rich, 1991), juvenile coho
salmon were collected in water temperatures that would be considered stressful according to the
results reported in the scientific literature.. Yet, the fish had good growth rates and appeared to be
healthy. It was surmised that both the abundant food resources and cool "thermal refugia" accounted
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for this apparent anomaly (Rich, 1991). Thus, within the thermocline in the pool, the cooler areas
provided a refuge for the salmonids during the hot part of the day. The fish could then digest their
food at physiologically acceptable water temperatures, even though a large percentage of the pools
were characterized by high water temperatures.

Chronic sublethal stressful water temperatures are usually ofmore importance to long-term
fish population health than acute lethal temperatures. Stressful water temperatures are more
common and the results less easily studied and understood than a "fish kill", resulting from lethal
water temperatures. However, sublethal water temperatures can effectively block migration, reduce
growth rate, create disease problems, and inhibit smoltification. Hence, it is of paramount
importance that the impacts of sublethal stressful water temperatures be understood and, when
possible, mitigation measures be implemented, to reduce the long-term impacts: reduced
productivity within the watershed.

Water temperature· standards used for selected fish species by fisheries biologists are often
subject to debate. One of the primary reasons for this problem stems from the fact that it is common
to base water temperature standards on selected laboratory data, rather than site specific field data
for a given species. For example, water temperature requirements for salmonids, are often
developed without any understanding of the physiological and/or behavioral response of the fish to
changes in water temperature. Therefore, water temperature standards often do not agree with field
data for a given fish species.

Thus, to identify appropriate water temperature requirements for fishes, it is of paramount
importance to use site specific data, preferably temperature-physiology studies. The status of
knowledge regarding the impacts of water temperature on steelhead trout is provided in Appendix
G. Based on available information, physiological optimal water temperature ranges are summarized
in Tables 2 and 3 for the steelhead and rainbow trout, respectively.

2. Acceptable Water Quality Conditions

Sensitivities of fishes differ, with regard to dissolved oxygen (DO) concentrations,
siltation/sediment, and pollutants. Salmonids are particularly sensitive to low DO, high sediment
loads, and various pollutants.
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Dissolved Oxygen

Although sensitivity of fish to low DO concentrations differs between species (e.g.,
sa1monids are more sensitive than suckers), the requirements (e.g., feeding, growth, reproducing,
etc.) for each life stage controls the amount of oxygen needed at any given time. If these
requirements are not met, the fish undergoes a stress reaction. The stress reaction can influence the
fish's life processes and, sometimes, whether or not the fish lives or dies. Chronic sublethal DO
levels can result in the following impacts on salmonids: (1) Cessation of immigration; (2) Negative
impact on swimming performance; (3) Reduced growth rate; (4) Reduced food consumption rate;
and, (5) Avoidance reactions. Any of these responses can affect the fish's ability to complete its life
cycle and perpetuate the species. For salmonids, DO concentrations should generally be above 7
mg/l, although at low water temperatures, 5 mg/I is probably also suitable (Brett and Blackburn,
1981; Jones, 1971; Whitmore et aI., 1960).

Sedimentation and Turbidity

Sa1monids require and seek out clean (silt-free) gravel. Although, they will spawn and rear
in embedded substrate if nothing else is available, there may be a subsequent reduction in survival
to emergence (Folmar and Dickhoff, 1982). It is well-known that fine sediments can influence the
survival ofsalmonids, particularly at the egg and alevin life stages. Fine sediments (defined in most
studies as particles with a diameter ofless than 3 mm or 0.85 mm) may reduce intergravel flow and
the delivery of dissolved oxygen to incubating eggs and developing alevins in the redd, impede or
obstruct the emergence of alevins, reduce the carrying capacity of rearing habitats for juvenile
salmonids, and smother food organisms (McNeil and Ahnell, 1964; Cooper, 1965; Koski, 1966;
Cloern, 1976; Phillips et aI., 1975).

Chronic turbidity that is caused by fine sediment suspended in the water column may
interfere with feeding by juvenile salmonids and, thereby, reduce growth. Other potential effects
of suspended sediment on salmonids include irritation of gill tissues, avoidance behavior, and
mortality (Noggle, 1978)

Although, it is generally accepted that increased input of fine sediments can be harmful to
sa1monids, determining the exact threshold amount that may limit production of salmonid
populations in a watershed is more problematic. Many stream systems in California, including those
in the Corte Madera Watershed (Stetson Engineers, 2000) have high sediment loads, including an
abundance of fine materials less than 1, mm diameter. Yet, historically these streams supported
healthy populations of salmonids.
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Pollutants

Compared to many ofthe other urban creeks I have surveyed, the creeks in the Corte Madera
Creek Watershed are relatively clean. However, many of the human activities in the Corte Madera
Watershed result in degradation of the creeks inhabited by steelhead and other fishes. Storm drains
flow into many of the creeks and San Francisco Bay. Oil from cars, detergents from washing cars,
lawn and garden sprays containing herbicides, are all toxic to fishes, particularly the sensitive
salmonids, and can result in chronic stress or even be lethal, depending upon the circumstances. In
addition, sediment problems, originating from headwater areas, primarily, and, to a lesser extent,
creek banks in the towns, result in increased siltation in the creeks (Stetson Engineers, 2000), which
can be hannful to salmonids. Finally, high colifonn bacteria counts have been detected during the
winter months in various segments ofthe creek, although this is probably more a problem to humans
than to fishes (Marshall et al., 1994).

3. Abundant Food Resources

Salmonids are opportunistic predators that eat a wide variety ofaquatic invertebrates, as well
as terrestrial invertebrates that fall into the stream (Mundie, 1969; Tippets and Moyle, 1978).
Abundant food is particularly important to salmonids during wann summer months, when water
temperatures and metabolisms are high. Young salmonids require a large and constantly replenished
supply of food, in order to survive and grow.

4. Accessibility to Spawning and Rearing Areas

Sometimes barriers (e.g., dams, shallow riffles, waterfalls, debris jams) will delay, or even
curtail immigration beyond the barrier. Migration barriers may limit the success of spawning for
steelhead trout and coho salmon. Some barriers are insurmountable, but, given suitable conditions
(e.g., deep pools at the base ofa waterfall or cascade, etc.), steelhead trout may be able to get past
many obstacles that appear to be barriers. The best method for detennining whether or not a barrier
to migration exists is to obtain site·specific infonnation.
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5. Appropriate Physical Habitat

The amount of streamflow, substrate quality and quantity, appropriate water depths, and
adequate shelter or cover affect all life stages of salmonids.

The amount ofstreamflow affects all life stages of trout. Of the factors known to influence
anadromous salmonid's ascent ofcreeks, streamflow connected with storm events is one ofthe most
important. Once the fish immigrate into Corte Madera Creek, there has to be enough water for them
to "pass over" barriers in order for the fish to reach their spawning areas. Streamflow regulates the
amount of spawning area available; as flows increase (up to a point), more gravel is covered and
becomes suitable for spawning. During egg incubation and fry emergence, adequate streamflows
are necessary to cover the eggs and wash away excretory products. During rearing, streamflow is
related to the amount of food and physical habitat available. Streamflow is also an important factor
during the parr-smolt transformation and emigration of anadromous fishes.

A number of dam barriers which have existed in the creeks of the Corte Madera Creek
Watershed for many decades may have impeded the passage of steelhead to upstream spawning
areas. While some now have fish ladders which allow passage of anadromous salmonids, some of
the fish ladders are very old and need to be updated with new, more efficient structures.

Trout require and seek out clean (silt free) gravel. Although they will spawn and rear in
embedded substrate, ifnothing else is available, there is usually a reduction in survival. Successful
spawning, incubation, and fry emergence depends upon the following: (1) Size class composition
of the substrate; (2) Existing degree of embeddedness; (3) Porosity of the substrate down to below
the point ofegg deposition in the fish's redd; and, (4) Percolation rate ofwater through the substrate.
General substrate requirements are provided in Tables 2-3 .

Water depth is important to salmonids, particularly during the immigration and spawning
season. Steelhead trout in California streams rarely choose redds which will later be exposed by
receding stream levels. During egg development, there must be an abundance of well-oxygenated
water flowing over the redds. Preferred depths have been determined by measuring the water depth
over active redds (Smith, 1973; Hooper, 1973; Hunter, 1973; Thompson, 1972; Shapovolov and
Taft, 1954).

Cover is an important factor in a fish's life. Cover provides protection from predators (e.g.,
birds, mammals, other fishes), as well as, sometimes, reduced water temperatures during hot days.
Cover can be provided by overhanging vegetation, undercut banks, submerged rocks and vegetation,
submerged objects such as logs, floating debris, and even turbulence and depth, sometimes. Young
salmonids prefer habitats which are characterized by abundant cover. The nearness of cover to a
spawning area may be a factor in the actual selection ofspawning sites; some salmonids select areas
adjacent to undercut banks and overhanging vegetation (Reiser and Bjornn, 1979; Moyle, 1976).
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One of the important characteristics of urban areas such as the Corte Madera Creek
Watershed is the need to reduce the impacts of flooding. Unfortunately, for salmonids, reduction
ofin-channel structure, including large woodydebris, as a result offlood control measures, may lead
to the loss of habitat features important to juvenile salmonids. Reductions in structure may cause
decreased frequency, depth, and complexity of pool habitat used by rearing juvenile and holding
adult salmonids. In particular,the carrying capacity of streams for older age classes of juvenile
salmonids may be reduced as these life stages typically prefer deeper pool habitats (Bisson et aI.,
1988). Stream channels tend to become simpler and less stable after removing woody debris and/or
channelizing the streams. As a result, the structural complexity that provides substrate diversity,
low-velocity refugia during high flows, and cover from predation is lost (McMahon and Reeves,
1989). Other potential impacts of reduced in-channel structure include: reduced retention and
sorting of spawning gravels and fine sediment; reduced retention of fine and coarse organic
materials important for maintaining macro invertebrate communities (used as food by juvenile
salmonids); and, reduced retention ofsalmonid carcasses that contribute important nutrients to the
stream and food for juvenile salmonids.

6. Competition from Non-Native Fish Species

Non-native fish species such as carp and sunfish compete with native trout for space and
food. In addition, these non-native species are tolerant of high water temperatures and habitat
conditions which are unsuitable for trout. Hence, enhancement ofconditions suitable for trout will
minimize habitation by non-native fish species, provided that non-native fishes are not released into
the streams.
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CHAPTERS

LIFE HISTORY STAGES AND REQUIREMENTS
OF OTHER FISHES

The main non-salmonid fish species in the Corte Madera Creek Watershed include the
threespine stickleback, California roach, several species of sculpin, and Sacramento sucker (Table
4). All of these species are hardier than salmonids and are able to adapt, establish, and re-establish
themselves more easily than salmonids.

A. THREESPINE STICKLEBACK

There are two types ofthree-spine stickleback: (I) estuarine anadromous; and, (2) freshwater
resident. In all probability, the stickleback collected in the Corte Madera Creek Watershed are of
both types, ~ith the estuarine type in the lowest most reaches Corte Madera Creek which is
influenced by the tides, and the freshwater resident type throughout the rest of the watershed.

Anadromous populations ascend creeks to spawn in the spring and summer months; the
resident form spawns in the spring and summer, as well (Table 4). The breeding cycle lasts two or
three months, during which an elaborate courtship ritual takes place. At the beginning, the females
remain in schools and the males build the nests. After the male builds a nest (out ofvegetation and
sand, glued together with mucus secretion from the kidney) on the substrate within his territory, the
gravid female, performs a zig-zag courtship dance (Tinbergen, 1953). Ifa female is ready, she will
respond to the dance by following the male to the nest and laying the eggs; the male will fertilize
the eggs, chase the female away, repair, incubate and guard the nest. Once the eggs hatch (six-eight
days at 64-68 OF), the fry remain in the nest for a couple ofdays. Once the fry begin to swim about,
the male continues to guard them, grabbing wanderers in its mouth and spitting them back into the
main school. Eventually, the fry become more active, the male has more difficulty guarding them,
and begins the spawning cycle again with another female, or joins a school offish that have finished
reproducing. The young fish join schools of similar-sized fish.

Stickleback live in weedy pools and backwaters, or among emergent plants at streams edges,
over bottoms ofsand and mud (Moyle, 1976). They require cool water for long-term survival; it is
unusual to find them in water warmer than 73-75 OF. It is also unusual to find them in turbid water,
since they are visual feeders, as the large eyes suggest. They feed primarily on bottom organisms
or organisms living on aquatic plants (Hagen, 1967; Hynes, 1950). Anadromous populations feed
more on free-swimming crustaceans, although they may also feed on bottom organisms.
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I I
ESTUARINE HABITAT FRESHWATER HABITAT

Overwintering Breeding Overwintering Breeding

Period of Occupation September - April May-August September - February March - August

Substrate Sand Sand, Mud Fine gravel Mud

Vegetation Variable Abundant Sparse Sparse

Water Depth More than I meter Less than I meter Less than 1.5 meters Less than 0.5 meters

Water Current Strong Moderate Moderate Weak

Water Temperature 1O-15 DC 18 - 22 DC 12 - 17 DC 18-22 DC

Salinity
Approximately 20 parts o- 1 parts per thousand oparts per thousand oparts per thousand
per thousand

TABLE 4.

Sources:

HABITAT REQUIREMENTS OF THREESPINE STICKLEBACK

Moyle, 1976; Snyder and Dingle, 1989; Hagen, 1967; Hynes, 1950.
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Most stickleback appear to complete their life cycle in one year. Usually a majority of the
stickleback in one area will be uniform size. Freshwater stickleback seldom exceed 60 millimeters
total length in California; anadromous stickleback commonly reach 80 millimeters. Females are
usually larger than males.

Two adaptive features of the stickleback have enabled it to survive, despite its small size.
First, the dorsal fin has three spines which the fish can maneuver into an upright position, thus
diminishing its delectability to predators. Second, it is extremely euryhaline (i.e., it can withstand
wide variations in salinity concentrations).

B. CALIFORNIA ROACH

California roach are habitat generalists, being found in cold "trout" streams, as well as warm
intermitted streams and main channels of river (e.g., Russian and Tuolumne rivers). They are
tolerant of relatively high temperatures (86-95 OF) and low oxygen concentrations (1-2 parts per
million) (Moyle, 1976). .

Reproduction occurs from March to June, but may be extended through late July. During
the spawning season, schools of fish move into shallow areas with moderate flow and graveVriffle
substrate. Females deposit adhesive eggs in the substrate within 2-3 days and th~ fry remain in the
substrate interstices until they are free-swimming. Roach are bottom feeders, and feed on
filamentous algae, as well as crustaceans and insects. Growth is seasonal. With rapid growth
occurring during the summer months.

C. SCULPIN SPECIES

Not only is the variety ofsculpin species enormous, but identification of the various species
is a royal headache, even for an experienced ichthyologist. Hence, as the focus of this project is on
trout, sculpin collected were not keyed to species. However, based on results of previous surveys
(Leidy, 1997), they were probably either prickly or riffle sculpin. Sculpin are bottom fish with a
large flattened heads, fan-like pectoral fins and smooth, scaleless, but occasionally prickly, bodies.
These features and the absence of the balancing organ, the swim bladder, enable sculpin to remain
on the bottom, even in fast-flowing streams. In addition, these species have a darkly mottled
coloration, which blends in with the rocky areas they prefer, concealing themselves from both
predators and prey. Generally, this is a hardy family of fishes, which will adapt to a wide variety
of coastal conditions (Moyle, 1976).

The prickly sculpin is tolerant of changing salinities and high water temperature"s ( 78-,
82.4 OF), prefers substrates of sand, silt and course gravel, and is often found in pools. Sculpin are
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voracious eaters, feeding mainly on benthic invertebrates, eggs and even small fishes; the food eaten
varies with the size of the fish. Prickly sculpins become mature in their second through fourth year,
depending upon the population. Spawning can occur from late February through June, although
most spawning takes place in March and April; water temperatures usually need to be between 46
55 °0. Prior to spawning, they move into areas, in either a freshwater or intertidal zone, that contain
large flat rocks and moderate currents. The male selects the nest site, prepares the nest by digging
a small hollow under a large flat rock, and when the female is ready, she moves in, is courted by the
male, and attaches the eggs to the ceiling ofthe hollow. The male then chases the female away and
guards the eggs until they hatch. Movements by the male facilitate water circulation over the eggs,
assuring normal development. The hatched fry are soon ready to swim, and as a result, are swept
downstream, where they are planktonic for about a month. After that, they settle on the bottom and
start a general upstream movement into their natal stream. Similar to other sculpin, growth is subject
to much individual variation. Prickly sculpin feed mostly upon large benthic invertebrates, small
fishes, and fish eggs (Patten, 1971; Moyle, 1976; Kresja, 1965; Kottcamp, 1973).

Riffle sculpin are well-named, as they are most common headwater streams where riffles
predominate. In coastal streams, they are found in a variety of habitats, but seem to prefer cool
water and gravel bottoms, avoiding the swifter riffle areas. They are opportunistic bottom feeders,
with crustaceans the most important food. Age and growth characteristics are similar to those of
other sculpins, with most growth during the spring and summer. Maturity occurs at the end of the
second year of,life and spawning occurs from late February through April. Riffle sculpins either
spawn on the underside ofrocks in riffles or inside cavities ofsubmerged lots. Males stay in the nest
guarding the eggs and fry and eggs hatch inll-24 days, depending upon water temperatures. After
absorbing the yolk sac, the fry assume a benthic existence (Bond, 1963; Millikan, 1968; Moyle,
1976).

D. SACRAMENTO SUCKER

Sacramento suckers inhabit a wide variety ofwaters, from cold, rapidly flowing streams to
warm, nearly stagnant pools. Adults tend to be most numerous in large bodies of water and
juveniles tend to inhabit tributary streams where adults have spawned. They are usually assoCiated
with native minnows, such as the California roach. The food of the Sacramento sucker consists of
algae, detritus, and invertebrates associated with the bottom.

Spawning usually occurs in the fourth or fifth year oflife, between February and early June,
although it may take place in July and August, as well. Suckers spawn over gravel riffles in streams.
A sudden cooling spell may halt migration until the water warms up again. At the onset of
spawning, females are accompanied by two to five males, the eggs are broadcast over the gravel to
which they adhere after sinking into the interstices. Eggs hatch in three to four weeks and the young
are soon washed into warm shallows, where ~ey sometimes occur in large schools. Typically, they
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spend two to three years in the spawning stream before they finally move down to a larger river
during fall high water (Moyle, 1976; Brauer, 1971).
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CHAPTER 6 METHODOLOGY

A. GENERAL APPROACH

To understand what the Corte Madera Creek Watershed has to offer steelhead trout, one must
first collect information on habitat requirements and historical and existing conditions. Most of the
habitat in Corte Madera Creek and its tributaries was surveyed and representative habitats were
sampled for fishes during the low flow season; water temperature was monitored in the creeks from
April through September.

A Quality Assurance Project Plan was required by the EPA, one of the CALFED agencies.
It was submitted in December, 1999 (Rich, 1999). The measures used for quality assurance are
included in that plan which is in Appendix A, along with the Sample Survey Sheets.

B. WATER TEMPERATURE MONITORING

A total of32 thermographs ("Tidbits" arid "Hobos", Onset Computer, Massachusetts) were
installed in representative areas of each stream reach in Corte Madera, San Anselmo, Cascade,
Sleepy Hollow, and Ross creeks, beginning in April and extending to the end of September for the
sites where water was still flowing; at some ofthe sites, thermographs were removed earlier because
the site dried up (Figure 5; Appendix C, Tables 1-6). Each thermograph was cabled to a concrete
landscaping block; each block was cabled to a tree. AAR's fisheries biologists and volunteers
trained by Dr. Alice Rich (Appendix B) maintained the thermographs during their installation. At
the time of their initial installation, the location of each thermograph was photographed and the
latitude and longitude recorded, using a Garmin GPS 48 Personal Navigator. Prior to installation,
each thermograph was calibrated to record water temperature every 10 minutes, 24 hours a day. The
number of thermographs installed in each ofthe creeks were as follows: (I) Corte Madera Creek
8; (2) San Anselmo Creek - 12; (3) Cascade Creek - I; (4) Sleepy Hollow Creek - 6; and, (5) Ross
Creek - 5 (Figure 5).

To monitor the water and habitat conditions of each site during the time when the
thermographs were installed, photographs were taken (one fadng upstream and one facing
downstream) at each site on a weekly basis. Each thermograph was checked weekly to determine
whether or not the thermograph was working (from the blinking light on each thermograph); (1)
immersed in water; and, (2) residing in the original habitat in which it was placed. When any of the
conditions did not apply, Dr. Rich was contacted and she assessed whether or not to either move or
replace the thermograph. Some of the thermographs were remove~ early, as many of the stream
reaches dried up (Tables C-I through C-6, Appendix C). To preclude the possibility oflosing data
sheets, two sets of data sheets and two sets ofphotographs were stored at all times in the following
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FIGURE 5. THERMOGRAPH MONITORING SITES

Basemap Sources: USGS 7.5 minute tope maps, San Rafael and Novato
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locations: (1) One set inAAR 's office; and, (2) One set at each volunteer's and/or AAR's biologist's
house.

As the creeks have a lot of summer traffic, primarily school children, there was a good
chance that some of the thermographs would be removed. Therefore, to minimize the chance of
losing data (i.e., someone removing a thermograph), all thermographs were: (1) monitored weekly;
and, (2) removed and replaced with new thermographs and the data downloaded on a monthly basis.

C. EXISTING FISH HABITAT CONDITIONS

To accurately describe the existing fishery resources conditions in the creeks, identification
of the components of fish habitat is essential. To describe the stream habitat conditions, Habitat
Typing (Bisson et aI., 1982) and general descriptive measurements were used (Appendix A).
Habitat Typing consists ofmeasuring the individual habitat units, or types, within a selected stream.
This information is then compared with the habitat needs of the fishes collected from the stream.
Dr. Rich modified the habitat typing methodology to include artificial habitats created in urban and
some coastal areas, but not specifically identified in the methodology developed by Bisson et al.
(1982). For example, stream banks composed of rip rap, gabions, concrete, or wood walls would
not be considered natural habitats, whereas a stream bank composed ofan undercut bank would be
considered a natural habitat according to Bisson et al (1982). However, both natural and artificial
pool habitats are often inhabited by fishes. Thus, if one were to encounter a lateral scour pool
associated with an undercut bank, one would call it "a lateral scour pool associated with an undercut
bank", according to Bisson et al. (1982). By the same reasoning, if one or both banks were
composed of rip rap and this rip rap was the physical attribute creating the lateral scour pool, this
habitat would be called "a lateral scour pool associated with rip rap." Or, if a lateral scour pool had
been created by a concrete wall, the habitat would be called a "lateral scour pool associated with
concrete wall."

The habitat within the Corte Madera Creek Watershed was surveyed in August-November,.
beginning at the mouth and proceeding upstream to the headwaters of the watershed (Figure 6).
Habitat measurements were made where water existed; much ofthe channel and some ofthe creeks
were dry at the time ofthe surveys. The following creeks were surveyed, using habitat typing: Corte
Madera, San Anselmo, Cascade, and Sleepy Hollow. Due to the lar-k of financial resources, Ross
and Fairfax creeks were surveyed in a more cursory manner; Larkspur and Tamalpais Creek were
not surveyed at all. We walked and photographed all of Ross Creek, taking notes on creek
conditions at each area where photographs were taken; Fairfax Creek was photographed and notes
of the habitat recorded at each bridge crossing in November of 1999.
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D. FISH POPULATION ESTIMATES

To assess fish population conditions within the Corte Madera. Creek Watershed,
electrofishing surveys were conducted from August through October, 1999. Electrofishing is
commonly used by fisheries biologists for collecting fish. However, in order to minimize the
capture stress on the fishes, this method must be used with caution and only by trained personnel.
When used quickly, efficiently, and knowledgeably, this method is less stressful than that ofbeach
seining and/or other collection techniques.

To accurately sample the number and species of fishes in the creeks, it was necessary to
electrofish representative samples of each habitat type observed in the creek. Ideally, to provide
a statistically-sound study, one needs, first, to identify the number ofhabitat types, and then sample
(randomly) about 30% of each habitat type. As there were budgetary constraints on this project,
such a methodology was not practical. However, at least one representative of each habitat type
was chosen for fish sampling for each creek and, except for Ross Creek, from 10-100% of each
habitat type was sampled.. Based on the results of the habitat surveys, the total number ofsampling
sites was as follows: (1) Corte Madera Creek - 11 sites out of26 habitats recorded (42%); (2) San
Anselmo Creek - 41 sites out of 183 habitats recorded (22%), (3) Cascade Creek - 3 sites out of32
habitats recorded (9%); (4) Sleepy Hollow Creek - 25 sites out of216 habitats (12%); and, (5) Ross
Creek - 2 sites (Ross Creek was not habitat typed) (Figure 6).

The electrofishing proceeded as follows. To prevent the fish from escaping during the
sampling procedure, block nets were placed at the lower and upper ends of the sampling site. To
sample the site, an electrofisher (Smith-Root Type 12 backpack) was used. The fish sampling crew
consisted of one "electrofisher", who operated the electrofishing unit, and one or two netters,
depending upon the size of the habitat. Starting at the downstream block net, the electrofisher
waded upstream through the sampling station, operating the electrofisher. Stunned fish were netted
and placed in water-filled buckets. In order to estimate fish population sizes by the maximum
likelihood method (Van Deventer and Platts, 1983, 1986), three or more passes were completed at
each station (see Appendix A for sample electrofishing survey sheet).

After each pass, fish were identified to species and enumerated. For each fish, the following
items were recorded: species name; fork length; and, weight. After the electrofishing was
completed, the fishes were returned to the sampling station from which they were collected. After
the electrofishing was completed at each station, the physical dimensions ofthe habitat (e.g., length,
depth, width) were recorded. The dimensions were used to calculate the number offish (by species)
per square meter ofstream. The fish were weighed, using an Ohaus scale accurate to 0.1 gram. The
scale was calibrated before each field session, using standard weights certifiable to the National
Institute of Standards and Testing.

40

••••••••••••••••••••••••••••••••••••••••••~,



Le£Jend:

GREENBRAE

------Town limit

• Electrofishing Site Name

o 1000 2000 3000 4000 5000 6000 7000 last

___.:..:.5:..-__..:;,0 ...;1 kilometer
1000

Scale 1: 24 000
____--:;112~ ....:;0 .r..l1mile

E-SH-15
E-SH-14
!:-SH-13
E-SH-12

E-SH-4
E-SH-3
E-SH-2

.. E-SH-1

E-SH-21
E-SH-20

~~.. E-SH-19

E-5A-1 B_--.-.ojIli7,I"

FAIRFAX

E-SA-17
E-SA-16
E-5A-15 ~l'J

41

E-C-3

ELECTROFISHING SITES

A.A. RICH AND ASSOCIATES

Phoenix Lake

Basemap Sources: USGS 7.5 minute topa maps, San Rafael and Novato

FIGURE 6.

•••••••••••••••••••••••••••••••••••••••••••



•••••••••••••••••••••••••••••••••••••••••••

A.A. RICH AND ASSOCIATES

To reduce the stress of capture on the fishes, particularly the sensitive trout, the fish were
placed in a buffered (sodium bicarbonate to pH 7.0, 75 parts per million) anaesthetic (methane
trisulphonate, 50 parts per million); previous studies (Rich, 1979, 1983) demonstrated that salmonids
exhibited little stress response when such a mixture was used. In addition, a battery-operated pump
aerated the water in the bucket in which the fish were residing, prior to release back into the creek.
We also used a special measuring board, designed by Dr. Rich over 10 years ago, which minimizes
stress on fish by allowing the fish to remain in the water during length measurements. Finally, rocks
were placed in buckets which had fish residing in them; this reduces the stress on fish, as well (Rich, .
1979).

E. DATA ENTRY AND ANALYSIS

The data were entered into DBASE (Windows 98) , a computer data management program.
Population (maximum-likelihood method) size, lengths, weights and total biomass (i.e., total weight
of the fish) estimates, together with standard deviations, were calculated on the computer, using
Microfish (Van Deventer and Platts, 1983). Statistical analyses (analysis of variance) were
conducted, using the computer statistical program, SPSS.
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CHAPTER 7 FISHERY RESOURCES HABITAT CONDITIONS

A. HISTORICAL CONDITIONS

There are few written records of"how things used to be" before the Europeans arrived, with
regard to the fishery resources. However, there is no question that trout were ample enough for the
Coastal Miwok Indians to rely upon for food. Malcolm Margolin (1978) quoted the nineteenth
century ethnologist, Stephen Powers, when describing the California Indians as "almost amphibious.
They were always splashing in water." California had so much water in those early days; freshwater
swamps; San Francisco Bay rimmed with vast saltwater marshes, rivers throughout the year, springs
out of the hillsides, natural lakes and enumerable creeks. The clear creeks provided the native
Indians with abundant fish and freshwater.

Although previous quantitative population studies are not available, comparison ofhistorical
and anecdotal information with more recent information strongly suggests that, as the years have
passed, there have'been fewer and fewer salmonids in the Corte Madera Creek Watershed. Given
the urbanized nature of the watershed, it is likely that the rainbow/steelhead trout is the only
salmonid species persisting to the present time. Stressors include high water temperatures,
hydrograph changes, water quality degradation, streambed changes, loss ofriparian habitat, land use
and human impacts. However, in spite of these problems, the Corte Madera Creek Watershed has
been identified by EPA (Leidy 1984) as one ofthe watersheds that should be targeted for protection.

Stream surveys on Corte Madera, San Anselmo, Cascade, Sleepy Hollow, Fairfax, and
Tamalpais creeks demonstrated a wide assortment of fish species, reflecting both the estuary and
freshwater environments (Table I) (Allen, 1960a, b; Michaels and Thomson, 1968; Scoppettone
1976; Eimoto and Walkup 1980; Leidy, 1997, 1993, 1984; Jones, 1971). However, the five
dominant species present in Corte Madera Creek and its tributaries included only sucker, roach,
stickleback, sculpin, and rainbow/steelhead trout. In recent years, the most frequently observed
species was limited to California roach, Sacramento sucker, threespine stickleback, sculpin, and
rainbow steelhead.
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B. SUMMARY OF WATER TEMPERATURE CONDITIONS

The results of the water temperature monitoring discussed below identify potential thermal
stress, not actual thermal stress. Due to the fact that water temperature is such an important factor
for cold-blooded animals, such as salmonids,.it is best to err on the side of caution and assume that
if water temperatures exceed the thermal optima (based on results from the scientific literature) for
a given life stage that there is thermal stress. Without site-specific food-fish growth studies, we
have no way of knowing whether or not the higher water temperatures which occurred in portions
ofthe creeks actually resulted in enough thermal stress that steelhead and rainbow trout productivity
in the watershed was affected. As water temperatures increase, the trout requires more food to
sustain itself. Ifthere is more than enough food available to sustain a trout, and ifthe fish isn't eaten
by a predator, it has a good chance of growing and emigrating out of the system. If, as this
watershed project proceeds, future studies demonstrate that the salmonids are more tolerant ofwater
temperature conditions than reported in the scientific literature, the thermal optima for the steeelhead
and rainbow trout can be modified as warranted. Tables 5 and 6 summarize the potential impacts
on steelhead and rainbow trout, respectively, in the Corte Madera Creek Watershed.

Generally speaking the salmonids appeared in good condition, with the exception of the
larger (12-14 inches in length) ones collected in pools in Sleepy Hollow Creek. These larger fish
appeared emaciated, suggesting that they were not able to obtain enough food. As the fish were
collected in stranded pools, there was no flowing water to provide either drifting insects or larger
prey, such as other fishes. And, as the pools appeared to have been isolated from the rest of the
creek, these larger fish were probably just waiting for the winter rains to move on to better "fish
pastures".

One of the really exciting (albeit, probably only to a fish physiologist!) outcomes of
installing so many thermographs in a relatively small system is that it provided the opportunity to
observe the varying thermal conditions, depending upon the habitat type and area. For example, the
USACE concrete channel provides no refuge areas and no cover; it is generally a stressful
environment for salmonids, beginning about April and extending throughout the summer. However,
as one proceeds up through the drainage, despite the lack ofwater in many of the reaches during the
summer months, the results demonstrated varying thermal regimes, depending upon the habitat type
and area. For example, in San Anselmo Creek, there was a range oftimes when water temperatures
were potentially thermally stressful. Hence, as the timing of immigration, egg incubation, fry
emergence, and smolt emigration vary from year to year, the trout may have the opportunity to adapt
to some degree. In other words, the areas where water temperatures are suitable appeared to be the
areas where the greatest number of salmonids were collected. In summary, despite potentially
thermally stressful conditions in many areas ofthe watershed, there appeared to be "thermal refuge"
(thermal refugia) areas where, ifaccessible, the trout could reside during the hotter summer months.
With regard to smoltification, water temperatures begin to become thermally stressful, beginning
in May. This would not be a problem, ifmost of the emigrating steelhead exit the watershed prior
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to May. Smolt trapping studies would allow us to detennine when the smolt emigration was
occurring.

1. Corte Madera Creek

In the USACE channel, beginning in late May and extending through September l
, water

temperatures were high (65-75 OF). These water temperatures were probably stressful to any
steelhead in the area during spring and summer months and may have been lethal during the
smoltification/emigration and rearing life stages ofsteelhead. Based on the 1999 data, ifany adults
were migr,ating through the channel after mid-April, stressful thermal conditions may have impacted
steelhead. Similarly if the parr smolt transfonnation was not complete by the end of April, there
may have been thennal stress, beginning in May. For rearing steelhead, summer water temperatures
were potentially stressful, beginning in June and extending through September (Appendix C, Tables
C-l, C-5, C-6 Figures C-l through C-5).

Upstream of the USACE channel, the months for steelhead immigration through fry
emergence were probably thennally stressful by mid-April. Water temperatures during fry and
juvenile rearing were probably non-stressful until June. Water temperatures were stressful by mid
April for any steelhead remaining in the creek during the the parr-smolt tranformation. For rainbow
trout in Corte Madera Creek upstream ofthe channel, water temperatures were probably not stressful
most of the time. However, there were a some days during the hot summer months (July and
August) when the maximum daily temperatures could have been stressful in some of the stream
reaches, ifthe fish could not find thennally cool refuge areas (Appendix C, Tables C-l, Figures
C-6 through C-33).

I And probably into October, as well, although thennographs were removed from Corte Madera
Creek on October 1, 1999
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2. San Anselmo Creek

For steelhead trout, thennal conditions in San Anselmo Creek: (I) were stressful to
incubation and fry emergence, beginning in May; (2) depending upon the habitat type and location,
there was a number of times when juvenile rearing conditions were stressful; and, (3) with regard
to smolt emigration, thennally stressful conditions began in May. For rainbow trout, thennal
conditions were generally acceptable, provided the fish could find thennal refuge areas during the
hot summer months (Appendix C, Table C-2, Figures C-34 through C-87).

3. Cascade Creek

Although, thennal conditions in Cascade Creek were potentially stressful during the hottest
part of the summer (July and August), this was the area where we collected the greatest number of
age classes oftrout. This suggests that there is a self-sustaining resident trout population inhabiting
the area. Portions of this area are heavily vegetated and relatively non-impacted by humans; there
appear to be food resources to sustain the trout at higher temperatures (Appendix C, Table C-4,
Figures C-88 through C-89).

4. Sleepy Hollow Creek

Thennal conditions in Sleepy Hollow Creek were generally satisfactory for all life stages of
both steelhead and rainbow trout, with the exception of the lowest reaches near Sir Francis Drake
High School. There were many areas which had dried up throughout this drainage. Yet, we
collected the largest trout in this creek And, in areas where there was sufficient pool habitat, trout
were collected, albeit in small numbers (Appendix C, Table C-3, Figures C-90 through C-118).

5. Ross Creek

Although most of Ross Creek downstream of Phoenix Lake dried up by June, water
temperatures were satisfactory for spawning, egg/alevin incubation, and fry emergence. As we did
not have thennographs in the upper reaches of the creeks, assuming that it too would become dry,
summer water temperatures are not known. However, although we only sampled two sites in Ross
Creek, due to the fact that most of the creek was dry by late spring, it appeared that what little pool
habitat there was in the uppennost reaches was used extensively by the trout. It would be of value
to monitor water temperatures in the upper sections ofRoss Creek. (Appendix C, Table C-4, Figures
C-119 through C-143).
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C. SUMMARY OF HABITAT CONDITIONS

In order for trout to thrive, there must be appropriate habitat conditions, including the
following: accessibility to spawning sites; adequate streamflows; acceptable water temperatures and
water quality; appropriate substrate composition; and, abundant food. A summary of the general
habitat conditions in the Corte Madera Creek Watershed are discussed next, followed by a more
detailed discussion of habitat conditions in the subsequent pages. Data from habitat typing surveys
are provided in Appendix D. Photographs ofrepresentative areas throughout each ofthe creeks are
provided in Appendix F.

The Corte Madera Creek Watershed can. be divided into the following three very broad
sections: (1) The lowest reach consists of wetland habitat, which supports estuarine fish species,
waterfowl and shorebirds; (2) The middle reach consists mostly of urban creek habitat with homes
and roadways lining the creek channels; and, (3) The upper reaches of the watershed encompass
large open space areas and light housing development.

1. Corte Madera Creek

Corte Madera Creek is highly channelized, as a result of various activities (i.e., USACE
concrete flood control channel and landowners' retaining walls) undertaken to control flooding
during the winter months. The USACE flood control channel serves only as a migration route for
the anadromous steelhead trout and even as a migration route, it is of low quality. The upstream
areas ofCorte Madera Creek consist of long lateral scour pools alternating with riffle areas, habitat
used by a variety of fish species, although none in great abundance (Figure 7).

2 • San Anselmo Creek

San Anselmo Creek had the greatest variety ofhabitats ofany ofthe creeks within the Corte
Madera Creek Watershed, probably because it flows through towns; but its origin lies in the
relatively unimpacted reaches within the Cascade Canyon Open Space Preserve (Figure 7).
Throughout its length, it was characterized by alternating lateral scour pool/riffle sequences. In the
lower more urban reaches, the lateral scour pools are associated with retaining walls and rip rap,
whereas in the upper more natural areas, they are associated with bedrock. The creek along Cascade
Road in Fairfax was dry for more than a mile, but substrate consisted almost entirely of gravel
suitable for trout. Hence, during the winter months, it would be a good spawning area for steelhead.
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3. Cascade Creek

Cascade Creek flows into San Anselmo Creek in the Cascade Canyon Open Space Preserve.
Although short on water by the end of summer, Cascade Creek offered the best trout habitat of the
entire creek system. It was characterized by bedrock pool and cascades, abundant canopy, and clean
water. Although there was no spawning gravel, the pools provided rearing habitat for trout. The
uppermost boundary for fish migration is the Cascade Falls.

4. Sleepy Hollow Creek

Sleepy Hollow Creek flows from its headwaters above Sleepy Hollow in San Anselmo down
along Butterfield Road and into Corte Madera Creek downstream ofSir Francis Drake High School
(Figure 7). It was characterized by low flows, and a heavily urbanized (i.e., retaining walls, bridge
pillars, concrete in the creek) channel. In the lowermost reaches, the habitat during the late summer
months was suitable for stickleback and roach; higher up in the drainage, there were some
appropriate pools for trout and, although dry throughout much of the upper sections, the substrate
was gravel suitable for trout spawning.

5. Ross Creek

Ross Creek flows out of Phoenix Lake and into Corte Madera Creek in Ross (Figure 7). At
the time of the habitat surveys, most of the creek was dry. The only area where there was flowing
water and a number of pools suitable for trout was within the Natalie Coffin Greene Park area.

6. Fairfax Creek

Fairfax Creek flows down the slopes above and through the town ofFairfax its confluence
with San Anselmo Creek (Figure 7). From my cursory observations (photos taken at bridge
crossings), the physical appearance of Fairfax Creek suggested that this creek was similar to that of
Sleepy Hollow in the dry months of a wet or normal year. From the results of our "spot check"
observations, it appeared that Fairfax Creek had little water in it by the_end of the dry season, there
were lateral scour pools and shallow riffles throughout the Creek, substrate consisted ofgravel,sand
and silt, and there was abundant vegetative cover. A survey conducted by Leidy (1997)
characterized the stream as follows: (I) channel incising; (2) bank vegetation trampled with bank
erosion; (3) some good spawning gravel, but extensive sand and fines; and, (4) no salmonids sighted.
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In the following paragraphs, stream reaches are summarized; a detailed listing of habitat
types and characteristics for Corte Madera, San Anselmo, Cascade, and Sleepy Hollow creeks is
provided in Appendix D (Tables D-l to D-4). The abbreviations in parentheses, such as SA-16,
depict the habitat type number reported in Appendix D; in this example, "SA-16" would represent
the sixteenth habitat as we proceeded upstream, from the beginning of San Anselmo Creek.
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Corte Madera Creek1.

The USACE concrete flood control channel is under tidal influence and serves as a migration
corridor (both upstream and downstream) for steelhead trout and, at times, depending upgn the tides
and season, contains other fish species, as well. Due to the absence of any structure or cover for
protection, and the poor quality of the old fish ladder, the channel also provides an excellent
opportunity for birds to prey upon juvenile emigrating steelhead. In summary, the USACE flood
control channel was created for flood control, not for fishes, particularly not for salmonids.

Corte Madera Creek is formed by the confluence of Ross Creek and San Anselmo Creek.
Beginning at the downstream end, Corte Madera Creek extends from the USACE concrete channel
in Kentfield upstream to the confluence with Ross Creek in Ross (Figure 7). Proceeding upstream,
summer habitat conditions can be divided into the following four general stream reaches: (1)
Lowermost USACE concrete flood control channel; (2) Fish ladder; (3) Long, shallow, alternating
pool/riffle sequences from the fish ladder upstream to just beyond the Lagunitas Road bridge; and,
(4) Longer and deeper pool/riffle sequences with more structure (e.g., large woody debris, rootwad)
than the downstream areas (Appendix D, Table D-l).

From the fish ladder joining the USACE flood control channel upstream to about 25 m
upstream of the Lagunitas Road, the habitat was characterized by long (25-30 m), shallow (0.04 
0.4 m average depth) alternating lateral scour pool/riffle sequences; riffles were very narrow (1-2
m wide) and shallow. Although there was abundant shade, the low streamflows, rip rap and wooden
retaining walls resulted in fairly stagnant pool areas. Riffle areas were extremely shallow. Substrate
in the pool areas consisted of sand, silt and organic detritus; in the riffles, small gravel was the
predominant substrate.

From just beyond Lagunitas Road and extending upstream to the confluence with Ross
Creek, the pool habitat was characterized by longer (10-140 m) and had deeper (0.25 - 0.50 m
average depth) lateral scour pool/riffle sequences, with more structure (e.g., large woody debris,
rootwad) than in the downstream areas. Abundant shade, some structure, wider riffle areas (5-7 m
average width), with much ofthe substrate composed ofsmall gravel offered better salmonid habitat
than in the downstream reaches of Corte Madera Creek. However, the reach was deeply incised



••••••••••••••••••••••••••••••••••.J
••••••".•

A.A. RICH AND ASSOCIATES

throughout with concrete retaining walls along much of the area. Substrate in pool areas was
primarily sand and silt. Just downstream of the confluence with Ross Creek, there was a large
woody debris jam (about 30 m length) which was difficult to walk through; pool depth in that area
was over a meter in many areas and the water was stagnant; the woody debris needs to be modified,
although not removed, so that the stream can flow through it.

2. San Anselmo Creek

San Anselmo Creek extends from the confluence with Ross Creek upstream through Ross,
San Anselmo, and Fairfax, and well into the Cascade Canyon Open Space Preserve (Figure 7). San
Anselmo Creek had the greatest variety ofhabitat types ofany ofthe creeks within the Corte Madera
Creek Watershed, probably due to the fact that it flows through the towns, but its origin lies in the
relatively unimpacted reaches within the Open Space Preserve. Proceeding upstream, summer
habitat conditions are described by general stream sections, as follows (Appendix D, Table D-2).

Confluence with Ross Creek Upstream to Sir Francis Drake Boulevard
Bridge at San Anselmo Town Limit (just downstream ofBolinas
Road) (SA-l to SA-7)

The lowermost reach of San Anselmo Creek was characterized by long alternating lateral
scour pool/riffle sequences, again with a lot ofman-made retaining walls and concrete in the creek.
Except for the large pool underneath Sir Francis Drake bridge near the town limit ofSan Anselmo,
pools were generally shallow (0.1 - 0.2 m average depth) and ranged from 20-70 m long; riffles
ranged from 4-6 m in width, with substrate composed of gravel; several potential spawning areas
were seen in this area. Although there was abundant shade, sand and silt substrate and low
streamflows limited summer trout habitat. A hose, which appeared to be a diversion hose (although
not pumping water at the time of the survey) was located on the left (facing upstream) side of the
creek under the Sir Francis Drake bridge.

Sir Francis Drake Bridge at San Anselmo Town Limit
(near Bolinas Road) Upstream to Sir Francis Drake Boulevard Bridge
at Ross Valley Veterinary Hospital (near Bank Street) (SA-8 to SA-17)

This reach of San Anselmo Creek was characterized by long alternating lateral scour
pool/riffle sequences, again with a lot of man-made structures, including a rock dam at SA-12,
concrete retaining walls, what appeared to be an old asphalt/concrete boat ramp (right bank as one
faced upstream), and concrete in the creek. Pools (lateral scour associated with concrete walls,
primarily) were generally shallow (0.2 - 0.5 m average depth) and ranged from 1'5-90 m long, with
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gravel substrate, but covered with organic detritus; riffles ranged from 3-6 m average width, with
substrate composed of gravel and cobble; one potential spawning area was seen. Again, hoses in
the creek were spotted (SA-12 and SA-16), one with a pump at the Sunnyside Nursery. Although
there was abundant shade and clean gravel, low streamflows limited summer trout habitat.

Sir Francis Drake Bridge Upstream through Downtown
San Anselmo to Sycamore Avenue Bridge (SA-I8 to SA-22)

Except for a similar reach through downtown Fairfax, the reach of San Anselmo Creek
flowing through downtown San Anselmo consists ofvery poor trout habitat, but is very suitable for
roach (we collected more roach in one of the pools in this section than anywhere else in the entire
watershed). This reach was characterized by long, deep (some more than 1m deep) stagnant lateral
scour pools created by concrete retaining walls and huge pieces of concrete strewn throughout the
creek bottom. Even in the section adjacent to Creek Park, the faster moving riffle area was full of
concrete pieces. The fish species observed throughout the area was the hardy California roach,
which thrive in this type of urban environment. Cover was provided by bridges and buildings.

Sycamore Avenue Bridge Upstream to Madrone Avenue Bridge
(SA-23 to SA-36)

Compared to the previous section, creek habitat improved a bit in this reach, with lateral
scour pools associated with logs and root wads interspersed with those associated with rip rap and
concrete walls. Pools ranged from 8-37 m in length, 1-6 m average width, and 0.1-0.4 m average
depth. Abundant canopy/overhanging was present, substrate consisted of gravel, primarily, with
several potential trout spawning areas in riffle areas. Some concrete block~ were strewn about,
although few by comparison to those in the creek in downtown San Anselmo. A log (about 30 cm
diameter) in SA-26, although not an anadromous fish passage barrier, created a stagnant pool behind
it. A large (about 2/3 m long and 30 cm diameter) iron pipe lay in the substrate at SA-28. A hose,
with pump attached, was sighted in SA-30. Just downstream (SA-37) of the Madrone Avenue
Bridge, there was an eroding bank on the left side (faci.ng upstream) of the creek, which appeared
to be contributing silt to the creek.
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Madrone Avenue Bridge Upstream to Nokomis Avenue Bridge
(SA-37 to SA-48)

Proceeding upstream from Madrone Avenue to Nokomis Avenue, the pool/riffle sequence
continued, with pools (20-35 m length; 3-5 m average width; 0.1-0.4 average depth) mostly
associated with rip rap walls. Substrate consisted primarily of sand in the pools and gravel in the
riffles (4-12 m length; 1-5 m average width; 0.05-0.1 average depth) and abundant canopy/
overhanging cover was present. California roaches were seen throughout this reach. At SA-64,
there was a tributary (dry) on the right (facing upstream). This tributary, Sorich Creek, runs
underneath Sir Francis Drake Blvd from under the Red Hill Shopping Area.

Nokomis Avenue Bridge Upstream to Saunders Avenue Bridge
(SA-49 to SA-76)

From Nokomis Avenue upstream to Saunders Avenue, the habitat was characterized by the
continuation of the pool/riffle sequences. There were a combination ofpool types (10-95 m length;
2.5-8.5 m average width; 0.2-0.6 m average depth), but most associated with concrete walls, rip rap,
with a few root wads and cut banks. At the most upstream end there was a cascade consisting of
three bedrock pools (15 m long), some concrete in the channel, and a denil fish ladder underneath
the Saunders Avenue bridge. Substrate consisted primarily of gravel in both the pools and riffles
(6-20 m length; 1-7 m average width; 0.03-0.08 m average depth) and abundant canopy/o~erhanging
cover was present. A good portion of this habitat had long concrete or wood retaining walls for
flood control, thereby channelizing the creek and creating good roach habitat and poor trout habitat.

Saunders Avenue Bridge Upstream to San Anselmo Avenue
Lansdale Station) (SA-77 to SA-102a)

Upstream ofthe denil fish ladder, the creek flows adjacent to Sir Francis Drake High School.
The habitat continued with pool/riffle sequences. The pools (10-50 m length; 2-8 m average width;
0.1-0.5 m average depth) were ~ssociated primarily with concrete walls and rip rap, although there
were also a few pools associated with bank cuts. Substrate consisted primarily of gravel and sand
in the pools and gravel in the riffles (3-18 m length; 0.5-5.3 m average width; 0.03-0.07 m average
depth). There were several long (e.g., 105 m) concrete and wood retaining walls (at both the
downstream and upstream ends of the reach) for flood control, thereby channelizing the creek and
creating good roach habitat and poor trout habitat in those areas. There was also abundance ofhuge
concrete slabs and a radiator discarded in the creek bed near Lansdale Station. A very long curved
concrete culvert ran underneath the road at Lansdale Station.
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San Anselmo Avenue (Lansdale Station) Upstream to Dam at
Pastori Avenue, Fairfax (SA-J02b to SA-J22)

This portion of the creek, upstream of Lansdale Station was fairly shallow (lateral scour
pools mostly from 0.1-0.3 m depth), but the gradient increased and there were a series of cascades
near the upstream end of the reach (before the old denil fish ladder under Pastori Avenue). This
provided some added current down through the reach. The habitat continued with pool/riffle
sequences. The pools (14-80 m length; 3.5-8 m average width) were associated primarily with
concrete walls, root wads, and cut banks. Substrate consisted primarily of gravel and sand in the
pools and gravel in the riffles (4-13 m length; 1.8-5.3 m average width; 0.04-0.05 m average depth)
and abundant canopy/ overhanging cover was present. There were fewer retaining walls than in the
previous reach which gave the creek the feel a more natural feel. There were some large concrete
blocks in the creek and a collapsed left bank at SA 110, where an old wood retaining wall was
falling into the creek.

Pastori Avenue Up$tream to Behind Fairfax Post Office
(SA-123 to SA-J28)

The habitat in this reach was ofvery poor quality, similar to that in downtown San Anselmo.
Much of this reach ran under an overhang of the Fair-Anselm Plaza. It was characterized by lateral
scour pools created by concrete pilings and a collapsing wooden wall behind the Fair Anselm Plaza.
The pools were stagnant and only stickleback were seen swimming about.

Behind Fairfax Post Office Upstream to Dam at Pacheco Road
(SA-129 to SA-J44)

From the Fairfax Post Office upstream to a concrete dam. at Pacheco Road, the habitat was
characterized by the continuation of the lateral scour pool/riffle sequences. There was a
combination (rootwad, cut bank, backwater, rip rap, concrete wall) of lateral scour and dam pool
types (8-47 m length; 1.4-8.8 m average width; 0.7-0.4 m average depth). Substrate consisted
primarily of sand and gravel in the pools and gravel in the riffles (8-22 m length; 1-5 m average
width; 0.02-0.05 m average depth) and abundant canopy/overhanging cover was present. Behind
40 Inyo Avenue the left bank (as one faced upstream) in a curve in the creek was bare and appeared
to be eroding into the creek. At the upstream end of the reach, at Pacheco Road, there was a large
(about 3 m high, 9 m wide, and over 0.5 m deep) concrete dam, with a cut in the middle at its base,
which allowed the creek to flow down through it.
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Pacheco Road Upstream to Creek Road (SA-145 to SA-169)

From Pacheco Road bridge upstream to Creek Road, the habitat was characterized by the
continuation ofthe lateral scour pool/riffle sequences. There was a combination (bedrock, rootwad,
cut bank and a few concrete walla) of lateral scour pool types (6-39 m length; 2.2-13 m average
width; 0.1-0.5 m average depth). A more natural habitat (i.e., bedrock, rootwad) was characteristic
of the lower half ofthis reach; the upper reach was characterized by a number oflateral scour pools
associated with large concrete and wood retaining walls. Substrate consisted primarily ofgravel in
both the pools and riffles (3-41 m length; 1- 4.5 m average width; 0.02-0.05 m average depth) and
abundant canopy/overhanging cover was present.

Creek Road Upstream to Upstream ofBolinas Road Bridge
(SA-170 to SA-l96)

From the Creek Road bridge upstream to SA-196 (upstream ofthe Bolinas Road bridge), the
habitat was characterized mostly by lateral scour pools, with a few riffles in the downstream portion
of the reach. In addition, this was the first reach in San Anselmo Creek where significant (i.e., over
100 m length) dry areas (i.e., creating stranded pools) appeared during the course of the surveys.
The downstream half of the reach was heavily channelized, by numerous wooden and concrete
retaining walls constructed for flood control purposes. In addition, there were a number of man
made concrete dams (slabs of concreate as substrate) which created pools over 0.5 m deep. There
were a few good-sized root wad and lateral scour pools associated with cut banks throughout the
reach. Lateral scour pools ranged from 3 to 43 m length, 1-6 m average width, and 0.04-0.5 m
average depth. Substrate consisted primarily of sand and silt in the pools and gravel in the riffles
(1.5-16 m length; 1-1.5 m average width; 0.04-0.05 m average depth) and abundant canopy/
overhanging cover was present. The upstream end of the reach ended in a bedrock pool. Just
downstream of the bedrock pool was a large (9 m length, 6 m average width, more than 1 m deep)
lateral scour pool with rootwads and woody debris; it formed at the confluence with an unnamed
tributary.

Dry Reach for about 1700 Meters (about 1 mile), Upstream into Cascade Canyon
Open Space Preserve (SA-197 to SA-199)

San Anselmo Creek was dry for over a mile ofcreek bed, beginning at SA-197 and extending
to SA-199. The downstream end of this reach began at a bedrock pool just upstream ofthe junction
of an unnamed tributary. Upstream of this point, there was no water until well into the Cascade
Canyon Open Space Preserve. Although the creek bed was dry, the substrate for almost the entire
reach was composed ofspawning gravel. About 150 m upstream ofthe beginning ofthe reach there
was a 1.1 m high and 5.8 m wide concrete d_am. With low flows, it might be a passage barrier for

61



A.A. RICH AND ASSOCIATES

anadromous salmonids during the winter months. However, with typical high winter flows, the
height of the dam would not be sufficient to prevent steelhead trout from passing during the
spawning season.

Cascade Canyon Open Space Preserve Upstream to Cascade Creek
(SA-200 to SA-214)

Although short on water by the end ofsummer, there is no question that San Anselmo Creek
within the Cascade Canyon Open Space offered the best trout habitat of the entire creek. The reach
was characterized by alternating lateral scour pools associated with bedrock, followed by riffles and,
in some, cases, cascades and pocket water areas. Pools ranged from 3-14 m length, averaged from
1.5-4.5 m width, and averaged 0.1-.75 m depth. Although there really was no spawning gravel
within the area ofthe creek which was flowing, downstream ofthis area there was spawning gravel.
There was abundant cover in the form of canopy, overhanging vegetation, and bedrock areas.

. 3. Cascade Creek

Although higher in gradient, Cascade Creek offered some of the same good quality habitat
as San Anselmo Creek within the Cascade Canyon Open Space Preserve. The reach was
characterized by alternating cascades with bedrock pools, followed by high gradient riffles and, in
the lower portion a few lateral scour pools and pocket water areas. The cascades ranged from 3-26
m length, with pools averaging 1-3.5 m width, and 0.1-0.2 m. Although there really was no
spawning gravel within Cascade Creek, the pools provided rearing habitat and downstream of this
area there was spawning gravel for over 1700 m (approximately a inile) distance. There was
abundant cover in the form of canopy, overhanging vegetation, and bedrock areas, similar to the
uppermost reach of San Anselmo Creek (Appendix D, Table D-3).

4. Sleepy Hollow Creek

Sleepy Hollow Creek extends from the confluence with San Anselmo Creek in San Anselmo,
several hundred meters downstream of the denil fish ladder at the Saunders Avenue bridge, and
extends upstream through residential areas, mostly along Butterfield Road and into the hills of
Sleepy Hollow (Figure 7). Proceeding upstream, summer habitat conditions are described by
general stream sections, as follows (Appendix D, Table D-4).
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Confluence with San Anselmo Creek to the Upstream
Side ofSir Francis Drake Boulevard (SH 1 to SH-2)

From the confluence with San Anselmo Creek to the upstream side ofthe Sir Francis Drake
Boulevard culvert, the creek was partially channelized by concrete and wood retaining walls. In
addition, there were numerous areas where rip rap had fallen into the creek Although there was
water, much of it was not flowing, and the areas where it was deeper, fanning lateral scour pools
associated with walls, the substrate was composed primarily of sand and silt. Generally, this was
habitat suitable for stickleback and roach, not salmonids.

Sir Francis Drake Boulevard Upstream to the Arroyo Avenue Bridge
(SH-3 to SH-50)

This portion ofthe creek flowed under Mountain View Avenue and Broadmoor Avenue and
upstream along Butterfield Road. It was characterized by the lack ofstream flow, with some areas
only a trickle; the creek was mostly dry behind Roble Court. The habitat consisted primarily of
lateral scour pools and trickles, with a few shallow pocket water areas. The lateral scour pools were
associated with rip rap and concrete retaining walls, primarily. The pools were ranged from 6-84
m in length, 1.2-4.7 m average width and 0.03-0.35 m in average depth. Substrate consisted
primarily ofsand, silt and concrete. Cover consisted ofcanopy and some cut bank areas, but mostly
it was in the fonn of concrete or rip rap blocks. The habitat appeared suitable for roach and
stickleback, but not trout. In addition to numerous pieces ofconcrete and rip rap, there was a water
heater (SA-17), a hose (SA-25) in the creek, and two recently dead (whether from natural causes or
poisoning was not known) racoons (just upstream of Sir Francis Drake Boulevard).

Arroyo Avenue Bridge Upstream to Caleta Avenue Bridge (SH-51 to SH-97)

From Arroyo Avenue upstream to Caleta Avenue, San Anselmo Creek was characterized
mostly by lateral scour pools associated with retaining walls (concrete, wood, rip rap) and concrete
pilings from bridges; there were a few rootwad pools, as well. Although pools were larger and
deeper than downstream ofArroyo Avenue, there generally was not enough flowing water to create
pool/riffle sequences at the time of the survey. Many of the pools were not connected and, hence,
stranded any fish which had been residing in them. The lateral scour pools ranged from 5 to 42 m
in length, 1-5 m average width, and 0.03-0.4 m average depth;. Substrate consisted primarily of
small gravel and sand, asphalt, and concrete blocks, and abundant canopy/overhanging cover was
present. A hose was seen in one pool (SH-60) and an various pieces garbage (cans, plastic, water
heaters) had been strewn into the creek throughout this section. Although the upstream end of the
reach ended with a good-sized (14 m length by 5 m width) rootwad lateral scour pool, such types
of habitat were not common.
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Caleta Ave"ue Upstream to Deer Hollow Road (SH-98 to SH-114)

From Caleta Avenue upstream to Deer Hollow Road, the habitat was characterized,
primarily, by lateral scour pools associated with rootwad and cut banks, with a' few concrete
retaining walls. Although, there was an increase in structure within the pool habitats, compared to
downstream areas, almost 50% of this section had dried up. Hence, as before, many of the pools
were stranded. The lateral scour pools ranged from 5 to 21 m in length, 1-5 m average width, and
0.07-0.3 m average depth and there was abundant canopy cover. Substrate consisted primarily of
gravel, particularly in the dry areas which, presumably are riffles during the wet season. A hose and
old metal pipes were seen at SH-107. At the upstream end of the section just below Deer Hollow
Road bridge, there was a series ofbedrock/concrete pools. During the winter, the upper pool is deep
(over 2 m) and water cascades down through the pools. In summary, although much of the section
was dry at the time of the survey, this section was characterized by a great deal ofspawning gravel
and some good rearing pools with structure in them.

Deer Hollow Road Upstream to Faw" Drive (SH-115 to SH-125)

Over 50% of the creek was dry from Deer Hollow Road upstream to Fawn Drive. Lateral
scour pools and dam in this reach were associated with bedrock (7-13 m in length; 1-3 m average
width; and, 0.04 - 0.14 m depth). As with the preceding sections, dry areas in this section were
comprised ofsubstrate suitable for spawning trout. A hose was seen at SH-121 and at the upstream
end of the section, just below the bridge, the pool was stagnant and had a rotten smell to it.

Faw" Drive Upstream to Culvert U"demeath ButterfieldRoad, Just Downstream
of Lege"d Road (SH-126 to SH-163)

This section was characterized by alternating pools, and a few bedrock cascades, with dry
sections in the creek. The pools in the lower portions were associated with bedrock; the pools in the
upper areas were associated with cut banks, rootwads, and concrete pilings (from foot and driveway
bridges). Pools ranged from 4-28 m in length,0.8-4 m average width, and, 0.05 - 0.36 m depth. As
with the downstream areas, the substrate in the dry areas was suitable for trout spawning. Just
upstream of Butterfield Lane, extending upstream for about 100 m, the pools were stagnant,
completely covere.d with duckweed.
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Culvert Underneath Butterfield Road, Just Downstream of Legend Road
Upstream to Dam (SH-l64 to SH-l79) Across From 33 Raven Lane

This section was characterized by very limited amounts of water, most of which was found
at the beginning and the end of the section. The pool just upstream ofButterfield Road was 25 m
long, and averaged 2.8 m wide and 0.12 m depth. At the end of the section there was a bedrock pool
and a man-made concrete dam, approximately 2.5 m high (impassable to steelhead immigration);
the pool was 13 m long and about 6 m wide, with a depth of over 0.5 m in the deepest part. The rest
of the section was alternately dry or almost dry, with a few shallow (0.1-0.2 m depth) lateral scour
pools associated with bedrock, cut bank and root wads. As the gradient increased as one proceeded
up the creekbed, this section is probably really "ripping" during the winter season. During the
summer, though, there is limited habitat, due to the lack of water.

Upstream ofDam Across From 33 Raven Lane (SA-l80 to SA-l83)

Upstream of the dam to Katrina Lane, there were a few stranded shallow pools. The area
directly below Katrina Lane was very dense with overgrown vegetation. The section above Katrina
Lane continued with alternating stranded pools and dry reaches. Substrate consisted ofsmall gravel
throughout most of the area, smaller than in the downstream areas.

5. Ross Creek

At the time of the survey, Ross Creek was dry from its confluence with Corte Madera/San
Anselmo creeks upstream to Glenwood Avenue. In the lower reaches of the dry area there was
gravel substrate suitable for spawning trout. Within Natalie Coffin Greene Park, extending upstream
to just below the spillway at Phoenix Lake, the habitat was characterized by lateral scour pools
associated with bank cut, rootwads and large woody debris. There was a lot ofstructure in the creek
in the upstream areas and the water in the creek was concentrated in a few pools. These areas
provided rearing habitat for trout, albeit to a rather limited extent.

6. Fairfax Creek

Fairfax Creek flows down the slopes above and through the town ofFairfax to its confluence
with San Anselmo Creek. From my cursory observations (photos taken of Fairfax Creek at the
bridge crossings), it appeared that the habitat in Fairfax Creek was similar to that of Sleepy Hollow
in the dry months of a wet or normal year. From the results of our "spot check" observations,
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it appeared that Fairfax Creek had little water in it by the end of the dry season, there were lateral
scour pools and shallow riffles throughout the creek, substrate consisted ofgravel, sand and silt, and
there was abundant vegetative cover.

Allen (I 960a) stated that Fairfax Creek usually went dry, beginning in April or May. He
also stated that the lack ofsummer flows, heavy pumping by private landowers, and trashing of the
creek by humans had destroyed the creek for salmonids for all practical purposes.
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CHAPTER 8 EXISTING FISH POPULATION CONDITIONS

A. POPULATION SIZES

Fish species collected in the Corte Madera Creek Watershed included rainbow/steelhead
trout, threespine stickleback, California roach, sculpin species, and Sacramento sucker (Appendix
E). Limiting factors for trout production were lack of stream flows and probably high water
temperatures, depending upon both the creek and location of the reach within a creek.

Compared to the other four fish species, trout were the most numerous in San Anselmo
Creek; only trout were collected in Cascade and Ross creeks. Roach, stickleback and sucker were
the predominant species in Corte Madera Creek; trout and roach were the most prevalent species in
San Anselmo Creek; and stickleback and roach were the most prevalent species in Sleepy Hollow
Creek. Only trout were collected in Cascade and Ross creeks (Figures 8-15).

The mean trout populations, within the Corte Madera Creek Watershed were as follows: (I)
Corte Madera Creek - 0.03-0.14 fish/square meter'; (2) San Anselmo Creek - 0.01-12.76 fish/square
meter; (3) Cascade Creek - 0.59-0.84 fish/square meter; (4) Sleepy Hollow Creek - 0.02-0.41
fish/square meter; and, Ross Creek - 0.25 fish/square meter. The greatest numbers of trout were
collected in San Anselmo and Cascade creeks within the Cascade Canyon Open Space Preserve.
However, there was no statistical difference in population sizes between any ofthe various creeks,
due to the wide variability in the number of rainbow/steelhead trout in the various habitat types
(Figure 8).

B. AGE OF THE FISH SPECIES COLLECTED

1. Rainbow/Steelhead Trout

Based on the size distribution (Figures 17-21 and Appendix E, Tables E-IO to E-14), the
juvenile rainbow/steelhead trout were probably from three to four different age classes. Most ofthe
trout were young-of-the-year (i.e., hatched last spring) fish, but there were some older fish in both
San Anselmo and Sleepy Hollow creeks. The greatest variety of age classes came from these two
creeks, as well, suggesting that there is a self-sustaining population ofrainbow/steelhead trout in the
watershed, albeit small. Of particular interest was the variety of age classes in the first bedrock
pools sampled in the Cascade Canyon Open Space Preserve, upstream of the dry creek bed (i.e.,
approximately 1700 m of dry creek). In other urban systems that I have sampled, such an area
would usually produce most, ifnot all, young-of-the-year fish, not a variety ofage classes. Hence,
it is important that the area be protected from man-made stressors.

1 square meter =surface area = length (meters) X width (meters) of fish habitat
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2. OtherF~hes

Based 'on the length data (Figures 17-21 and Appendix E, Tables E-lO to E-14), the
stickleback collected were young-of-the-year fish, the roach and suckers, from one to four years old,
and the sculpin from one to five years old. .
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Figure 8. Relative Numbers of Each Fish Species Within Corte Madera Creek
(mean +/- s.e.m.)
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FIGURE 10. RELATIVE NUMBERS OF EACH FISH SPECIES WITHIN SLEEPY HOLLOW
CREEK (mean +/- s.e.m.)

s.e.m. = standard error of the mean
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FIGURE 20 RAINBOW/STEELHEAD TROUT LENGTH-FREQUENCY DISTRIBUTION IN
ROSS CREEK.
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CHAPTER 9 STEELHEAD RESTORATION PLAN

A. OBJECTIVES AND SCOPE

The overall objective for steelhead restoration in the Corte Madera Creek Watershed is to
improve creek water quality and habitat conditions to increase productivity ofsalmonids. However,
before embarking on any improvement in the Corte Madera Creek Watershed, with regard to
steelhead/rainbow trout, specific objectives need to be defined. Are we trying to restore the
watershed to conditions which existed decades or even a hundred years ago? This would not be a
practical objective, as its success would never be achieved, due to the human-caused impacts which
have occurred and will continue to occur in this watershed. The fact that a steelhead/rainbow trout
population exists in the heavily-impacted Corte Madera Creek Watershed is testament to the
durability of this species. Durable as the species is, though, we must be practical and acknowledge
that conditions are not, and never will be, the same as they were years ago. However, if the
community works together and adequate funding becomes available to implement habitat
improvement measures and continue the necessary scientific studies, I believe we, as a community,
can not only improve habitat conditions, but demonstrate an increase in steelhead/rainbow trout
populations in the Corte Madera Creek Watershed. Thus, the objective presented here is not to
restore the watershed to "how it once was", but to improve or restore it to some extent. The degree
to which the watershed improves will be directly dependent both on community involvement and
scientific studies which will enable us to determine both the causes of, and solutions to, problems,
with regard to steelhead trout habitat and populations. Two examples illustrate the importance of
both science and the community involvement.

For a steelhead rehabilitation project to be successful, one must first identify the sources of
the problems and limiting factors to the fish, and tailor the solutions (restoration) to rectifying or
reducing the problems, if possible. Although there are a number of man-made dams in the creeks
and a few large woody debris jams, most are probably not passage barriers for the anadromous
steelhead. Some of the dams are low enough that we can be confident that they are not barriers;
others are so high that they definitely are barriers to salmonid migration. However, without
spawning studies to determine when and where the fish immigrate and spawn, we do not know
which, if any, of these dams, actually prevent or impair immigration. We do not want to repeat the
mistakes of the 1960's and '1970's, when resource agencies required that all potential barriers be
removed from our rivers and creeks. The results ofthis state-wide creek "clean up" were disastrous
for salmonids, as excellent physical habitat in the form of woody debris was removed from rivers
and creeks all over the state. Thus, before removing any dams or other potential barriers, no
inexpensive proposition, we need to know whether or not there is a need to remove them; are they
a problem for the trout? If they are, restoration measures can be designed to remove the problem
and help fish passage. And, ifany of the potential barriers are not a problem to salmonids, time and
money are not wasted on unnecessary activities.
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One way ofviewing steelhead trout restoration in the Corte Madera Creek Watershed which
integrates science and public involvement to achieve watershed improvement, is to divide the project
into the following phases (see Figure 21):

This Five-Phase Plan is modeled after CALFED's Comprehensive Monitoring, Assessment, and
Research Program (CMARP, 1998). The approach integrates hands-on restoration activities with
assessing the needs of the trout. CMARP (1998) states that "Appropriate and timely assessment of
monitoring and research data is critical to effective management,"

•••••••••••••••••••••••••••••••••••••."•••~~
A" ~•• -.

Monitoring Results of Restoration Measures

Undertake Preliminary Baseline Surveys

Adaptive Management

Implementation of Restoration Actions
Research and Surveys

Steelhead Restoration Plan

Phase I:

Phase IV:

Phase II:

Phase V:

Phase III:

•
•

•
•

•

Erosion and flood management are big issues for the people who live along or near the
creeks in the Corte Madera Creek Watershed. Historically, flood control projects measures resulted
in channelization ofcreeks and annual removal of woody debris and riparian vegetation before the
winter rains. It is very important that any measures undertaken to improve steelhead habitat
conditions not be sabotaged by measures undertaken to prevent flooding of human homes; the
woody debris that is removed is probably home to juvenile, or even adult, salmonids.

Phase I (Preliminary Baseline Surveys) was completed in 1999. The results of the
preliminary baseline surveys provided information necessary to design the Steelhead Restoration
Plan (Phase II), including the identification oflimiting factors in the watershed. Phase II (Steelhead
Restoration Plan) will be started with the submission ofthe Conceptual Steelhead Restoration Plan.
The Plan will be completed as more information is gathered. Phase III (Implementation of
Restoration Measures/Research and Surveys) will evolve over time. It will include both hands-on
restoration actions and site-specific research and surveys, both of which will be dependent upon
what the community wishes and ~udgetary constraints (Table 7). One possible type of research
endeavor would be a study to determine whether or not water temperature is limiting to steelhead
and/or rainbow trout (Figure 22). Phases IV (Monitoring Results of Restoration Measures) and V
(Adaptive Management) will be works- in-progress. They will consist offuture monitoring efforts
to assess the relative success of the restoration efforts, and continual re-evaluation, and adaptation
(Adaptive Management). If, after evaluating. the results of a monitoring effort, a limiting factor is
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Phase II
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LEARNING

Undertake targeted
RESEARCH to provide
necessary knowledge

BASELINE SURVEYS

Water Temperature
Flows
Fish Passage Barriers
Numbering and Quality of Rearing Pools
Water Quality

REASSESS LIMITING FACTORS

ASSESS,EVALUATE,ADAPT

MONITOR results of site-specific restoration actions

Identify
RESTORATION

ACTIONS
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Undertake site-specific 14••
RESTORATION

ACTIONS

Identify the FACTORS which LIMIT steelhead productivity in the
Corte Madera Creek Watershed

GOAL

To enhance self-sustaining steelhead population in the Corte Madera Creek Watershed
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FIGURE ,21. CONCEPTUAL PLAN TO RESTORE CONDITIONS IN THE CORTE MADERA CREEK
WATERSHED
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Potential Limiting Recommended Recommended Researchl
Factor Restoration Actions Surveys

• Encourage landowners to stop/reduce
• Identify streamflow requirements for

diverting of water (diversions/wells)
salmonids in each creek

Lack of Water • Encourage natural geomorphic processes • Identify which diversions are operating I

• Work with community to enhance • Identify locations where hydrologicl

groundwater (e.g., reduce impervious
geomorphic processes could be modified

surfaces, promoto infiltration of winter rains)

Water Temperatures
• Plant appropriate vegetation along • FoodlGrowthlTemperature Bioenergetics

riparian corridors Studies
• Increase water supply • Water temperature monitoring

• If warranted, remove barriers
Fish Passage Barriers • Replace denil fish ladders with more • Spawning Surveys

effective structures • Evaluate adequacy of denil fish ladders

Remove concrete slabs from creeks I

• Productivity (i.e., spring smolt, summer

• rearing) surveys

Rearing Habitat • Improve rearing habitat areas • FoodlGrowthlTemperature Bioenergetics

• Planting appropriate vegetation along eroded Studies
banks • Habitat Studies

• Stream clean-up projects by community

• Education of community with regard to
problem of pollutants in storm drains • Water quality sampling

Water Quality • Community should work with MCSTOPP

Table 7. SAMPLE OF RECOMMENDED RESTORATION ACTIONS AND RESEARCH ACTIVITIES I
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(4) Implementation of restoration actions;

(1) Identification of Objectives;

A steelhead Restoration Plan should have the following elements (Figure 21):

••••••••••••••••••••••••••••••••••••••.'•••
l~

UNDERTAKE BASELINE SURVEYS OF THE WATERSHEDPHASE I:B.

(5) A Monitor Program to assess the relative success of the restoration
actions; and,

(3) Identification of what restoration measures are possible, from both
an economic and practical standpoint;

(6) If warranted, re-evaluation of restoration actions, and adaptation.

To determine ifand what restoration actions are necessary, baseline surveys are necessary.
The results ofsuch information can be used to assess existing water temperature, physical habitat,
and water quality conditions within the watershed. By comparing the results of those types of data
with the requirements of the species in question, one is able to identify factors. which may be
limiting to the steelhead productivity. The 1999 surveys provided much-needed information on the
fishery resources conditions in the Corte Madera Creek Watershed. Habitat and water temperature
conditions were assessed, and potential factors which may limit salmonid productivity were
identified. As the restoration project continues, it is likely that additional baseline surveys and
research will be required.

(2) Determination of existing water quality and habitat conditions
and factors limiting steelheadlrainbow trout;

shown to be non-limiting, then no restoration activities will be needed. If, on the other hand, the
factor is shown to be limiting to salmonids, than restoration activities can be designed to improve
salmonid conditions (Figure 21).

,

C. PHASE II: STEELHEAD RESTORATION PLAN

A.A. RICH AND ASSOCIATES
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PROBLEM: POTENTIAL LIMITING FACTOR...- Water Temperature

~
HYPOTHESIS

Water temperatures are stressful to young steelhead
trout in the Corte Madera Creek Watershed

•

+
APPROACH TO TEST HYPOTHESIS

Detennine relationship between water temperature
and growth and productivity in young steelhead trout

in the Corte Madera Creek Watershed-
~

Assess, Evaluate, Adapt
METHODS

) ~ Conduct a field-oriented water temperature
bioenergetics study-

Monitor results of ~
restoration actions CONCLUSION

) ~ Water temperatures are stressful for young steelhead
trout in the Corte Madera Creek Watershed

Implement restoration ., r ~ ractions

I YES I I NO I) ~ "J,. -.I-
Identify site-specific No site-specific restoration
restoration actions actions needed

FIGURE 22. CONCEPTUAL PLAN TO DETERMINE WHETHER OR NOT WATER
TEMPERATURES ARE STRESSFUL TO STEELHEAD AND/OR
RAINBOW TROUT IN THE CORTE MADERA CREEK WATERSHED
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1. Identification ofObjectives

Identification ofobjectives is the most important aspect ofany restoration plan. At the May
8, 2000 meeting of the Watershed Planning Advisory Committee, the group concluded that the
overall goal of the restoration plan was, "To enhance a self-sustaining healthy steelhead population
in the Corte Madera Creek System". The community needs to build on the conceptual Steelhead
Restoration Plan by preparing a more detailed Plan. It should also be understood that the objectives
of the community may change with time, as the restoration project evolves.

2. Determination ofExisting Conditions andFactors which Limit SteelheadiRainbow
Trout Productivity

Before we can improve steelheadlrainbow trout conditions and, hence, population size, it is
imperative that we know what the watershed provides, with regard to water temperature, water
quality, and habitat conditions. From the results of the 1999 surveys (Phase I), we know enough
about watershed conditions to be able to identify potential limiting factors. In addition, based on
the results of the 1999 surveys, there are some site-specific restoration activities which could be
undertaken that would improve habitat conditions immediately. Provided that studies and surveys
continue to be functional (i.e., their objective is to identify cause-and-effect mechanisms which
affect the salmonids), there really is a wide variety of types of studies/surveys that can be
undertaken. The results of these and future studies will enable us to determine existing conditions
within the watershed. From that information, we can determine the effectiveness of restoration
measures.

3. Selection ofRestoration Actions

The community needs to determine what type ofrestoration measures it wishes to undertake.
To begin to restore the Corte Madera Creek Watershed, there is a wide assortment of activities
which could be undertaken (Table 7). It would be prudent to begin with the least expensive options

<:> and proceed to more extensive, '!.nd hence, expensive, restoration actions (such as buying property
to allow the removal of structures too near the creek).

4. Implementation ofRestoration Actions

After selecting restoration measures, they need to be implemented. As the project evolves,
so too will the restoration measures undertaken, as part of the adaptive management strategies
included in the Restoration Plan (Figure 21).
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5. Monitoring the Results o/the Restoration Actions.

To determine whether or not the restoration undertaking has been successful, with regard to
steelheadlrainbow trout productivity, the results of the restoration measures should be monitored.
This monitoring could be undertaken in several ways. For example, the results ofthe various fishery
resources-related studies which provide data on existing conditions would provide information upon
which to base the relative success ofthe restoration activities. Or, to determine whether or not water
quality conditions had improved in a certain area, the community could work with the State Water
Quality Control Board; water quality conditions could be monitored in selected areas.

Regardless ofwhat level ofmonitoring is undertaken, one ofthe most effective methods for
tracking success/failure and having a continual running dialogue between scientists, the community,
agency personnel, etc. is to design a Watershed-Based Database on a GISsystem. Developing such
a system should be a priority, not only for monitoring the effectiveness ofthe steelhead restoration
efforts, but for all other efforts implemented as part of the watershed plan.

D. PHASE III: RESTORATION ACTIONS/RESEARCH AND SURVEYS

The following potential limiting factors were identified, based on the results of the 1999
surveys and other relevant information:

(1) Lack of water (i.e., stream flows);

(2) High water temperatures;

(3) Fish passage barriers (i.e., man-made dams);

(4) Rearing habitat; and,

(5) Water quality conditions.
•

The following two general outcomes resulted from 1999 surveys:

(1) The identification of a number of restoration actions which could begin
as soon as funding becomes available; and,

(2) Some "data gaps" were identified, for which further research is necessary
before one can determine whether or not restoration actions are required.

Each of these is discussed below.
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1. Recommended Restoration Actions

Based on the results of the 1999 surveys, the following types of restoration actions are
recommended, as soon as funding becomes available (Table 7):

• Reduce number of diversions;
• Remove numerous concrete slabs from creeks;
• Work with community to reduce water quality problems;
• Plant appropriate vegetation along eroded banks;
• Stream clean-up projects by community; and,.
• Education of the community to enhance watershed, as a whole.

There are dozens of hoses in the creeks that appear to be used to divert water from the
creeks. Are these hoses used to pump water out of creek or do they drain swimming pools, or do
they drain off roads and/or property into the creeks? Do the owners have permits, and if they are
pumping water out of the creek, is this really necessary? Enquiring fish minds want to know! To
determine whether or not they would be willing to cease robbing the fish oftheir water, homeowners
need to be educated about the needs of the fish.

Other than the lack of water in the summer and the resultant high water temperatures, the
single most problematic issue, with regard to trout habitat, is the quantity of concrete, asphalt, and
other garbage in the creeks. The large concrete slabs in the various creeks range in size from one
meter to more than 10 meters in length. The creeks flowing through downtown San Anselmo,
downtown Fairfax, and Ross are the biggest problem areas. The concrete slabs block flows and
provide a haven for roaches and stickleback, but very poor habitat for salmonids.

There are hundreds of channels which ultimately contain runofffrom streets into the creeks.
This is probably a real problem, with regard to water quality, particularly during the winter months.
However, it is the washing of cars with non-biodegradable soap, and washing ofpaintbrushes, etc.
which are summer-related problems. Identification of problem areas and perhaps a community
outreach program could be undertaken to help reduce non-point source pollution.

There were a few sites where severe bank erosion was occurring. The community needs to
consult with a geologistlgeomorphologist and, perhaps, landscaper, and determine what, ifanything,
could be done to contain them in a "fish friendly" fashion (i.e., vegetative planting rather than rip
rap).

Stream clean-up projects need to be undertaken several times a year. Although most of the
towns already have some form of fall stream clean-up, a few hours by a handful of volunteers on
one day of a weekend is helpful, but insufficient. We now have a photographic database of the
major creeks. These photos can be used to id~ntify where the smaller garbage is and what needs to
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be removed. Water heaters, old pipes, and concrete blocks can all be manually removed with a lot
of human power and not much expense. The expensive part of creek clean-up will be the removal
of the really big concrete slabs.

It is essential to plan activities that will further educate the public, both about the
steelheadlrainbow trout an~l the factors which affect them. For example, there could be a series of
field trips for the public, led by a group of scientists, such as a fisheries biologist, a geologist, and
a hydrologist. The focus would be to understand what the trout require, the interaction ofthe factors
which affect trout needs, and how landowners can help the fish. So often I have found that the
public believes that all we scientists do are "studies", which have no basis in practical reality. Such
field trips would provide the opportunity for the interested public to observe functional fisheries
biology, where the surveys and studies focus on cause-and-effect mechanisms, rather than academic
science.

It would also be beneficial to involve school children in the importance of protecting and
helping the animals in the creeks. Field trips could be scheduled with local schools. The watershed
project could be described and students could observe first-hand, ways of improving creek
conditions. Perhaps they, too, would become interested in contributing to the restoration effort of
the steelhead trout in their creeks, both as children and, later, as adults.

Other restoration actions which may be implemented later include (Table 7):

• Plant appropriate vegetation along riparian corridors to
increase shade and cover for salmonids;

• Remove barriers, if warranted, to allow passage
by salmonids;

• Replace denil fish ladders with more effective structures,
if warranted; and,

• Improve salmonid rearing habitat conditions.

However, before these restoration actions are undertaken, further research is needed to assess the
utility and location of such actions.
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2. Data Gaps/Further Research Needs

Based on the results of the 1999 surveys, some "data gaps" were identified. Before one can
determine whether or not restoration actions are required, further research is necessary for the
following (Table 7):

• Food/growth/temperature bioenergetics studies;
• Spawning surveys/adequacy of denil fish ladders;
• Productivity studies (e.g., smolt trapping, summer rearing);
• Water quality monitoring; and,
• Salmonid streamflow requirement studies.

Steelhead are both state- and federally-listed and, hence, of great importance, with regard
to protection. Water temperature requirements are site-specific and data from laboratory studies
really should not be used to determine optimal thermal ranges. Having already collected the
beginnings ofa large thermal database in the watershed, the next obvious step would be to take those
data, together with future site-specific studies to determine whether or not the high water
temperatures during the spring and summer months were detrimental to trout productivity (i.e., is
temperature a major limiting factor in this watershed?). To determine whether or not water
temperature is a limiting factor to steelhead and/or rainbow trout, a food/temperature/growth (i.e.,
"bioenergetics") study (some of which could be done in conjunction with the smolt trapping
studies), is necessary.

Is there a passage problem for anadromous steelhead? Where and when do steelhead spawn
in the creeks of the Corte Madera Creek Watershed? Do any of the concrete dams in the creeks
present a physical barrier to these fish during their spawning immigration? Are the denil fish
ladders useful in terms of fish migration? To answer these questions, steelhead trout spawning
surveys need to be conducted. In addition, most, if not all, of the denil fish ladders should be
replaced with new, more effective passage structures.

What is the relationship between rearing habitat and productivity in the Corte Madera Creek
Watershed? How does it compare with other watersheds in Marin or in other areas of the state? To
answer these questions, spring smolt trapping studies are needed. In addition, the summer
habitat/electrofishing surveys should be continued, as there is so much variability from year to year,
with regard to both habitat and populations.

Are water quality conditions in the Corte Madera Creek Watershed suitable for salmonids?
Little is known about the water quality conditions in the watershed. To assess water quality
conditions, water quality monitoring is needed (Table 8).
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• Dates of meetings, field trips; and,

• . Example~ of good rearing areas for steelheadlrainbow;

• Restoration activities (past, ongoing, proposed future);

•••••••••••••,
••••••••••••••••••••••••••••
~

MONITORING THE RESULTS OF THE RELATIVE
SUCCESS OF THE RESTORATION ACTIONS

PHASE IV:E.

• Sites of potential anadromous salmonid migration barriers;

• Status of Corps of Engineers Corte Madera Creek Flood
Control Project

Monitoring the results ofrestoration measures will be a process, occurring over many years.
In the current funding environment, it is necessary to undertake restoration measures based on the
results of scientific studies, with monitoring that will document the effectiveness of the measures
we have implemented. Designing a Watershed-Based Database on a GIS system should be a
priority in developing, undertaking, and monitoring the effectiveness of the steelhead restoration
efforts. It would be the most effective method for tracking success/failure and having a continual
running dialogue between scientists, the community, agency personnel.

• Potential (and actual, once spawning surveys have been conducted)
steelheadlrainbow trout spawning areas;

The flow requirements for each of the life stages ofsteelhead and rainbow trout in the Corte
Madera Creek Watershed are unknown. To assess flow requirements, several types ofsite-specific
studies could be conducted. For spawning, the Thompson (1972) method would be useful. For
rearing, the instream flow incremental methodology (lFIM) has been used (Bovee, 1978). However,
unless suitable biological data (e.g., thennal requirements, water quality requirements, habitat
requirements) can be integrated into an IFIM, it is oflimited value.

• Results of past surveys (i.e., the raw data) such as the ones
we conducted in 1999, including photographs and whom
to contact to ask questions;

The Watershed-based GIS system could be on a Web site, so that anyone with a computer
and modem could access the infonnation at any time. The results of scientific studies, anecdotal
infonnation, restoration activities could be depicted in layers ofinfonnation which could be "pulled
up" on the Internet. Examples of types ofinfonnation which could be posted include:

A.A. RICH AND ASSOCIATES
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Parameter Reason for Monitoring

Biological Oxygen Demand (BOD) BOD is a measure of the quantity of oxygen used by
microorganisms in the aerobic oxidation of organic mailer.
When BOD is high, it is an indication that a creek, or area
within a creek is stagnant and there is either not much or no
free oxygen. Trout do not live well in stagnant water.

Fecal Colifonn Indication of human and/or animal waste products

HerbicideslPesticides or Specific Many of the herbicides/pesticides used on lawns and plants
Heavy Metals end up in creeks. Such herbicides and pesticides, which

contain heavy metals, can be extremely toxic to fishes,
particularly trout.

Oil and Grease Oil and grease flow into the creeks from the streets. If present
in sufficient quantities, they can result in asphyxiation of trout
and other species within the watershed

Oxygen, Dissolved Essential for life; low (e.g., less than 5 mg/I) concentrations
can stress trout

Nitrates Although nitrogen is an element needed by all living plants
and animals, high nitrate concentrations in creeks can lead to
algae blooms which, in tum, decrease the habitat value for
trout. Stormwater runoff can carry nitrate-containing
fertilizers from laws into the creeks. As a result, water can
cease flowing, habitat conditions decline for trout, and other
more hardy fishes will replace the trout..

pH Indication of acid, neutral, or alkaline conditions. Salmonids
generally prefer pH of 7-9

Phosphates Phosphates are part of living plants animals, their by-products,
and their remains. High phosphate concentrations are
indications of eutrophication. Phosphorus stimulates plant
growth and eventually, an entire reach may fill with aquatic
vegetation. Such habitat is unsuitable for trout and other more
hardy fishes will replace the trou\.

- Water temperature controls the life of trout and all otherTemperature, Water
fishes. Water temperatures which are stressful to trout can
lead to decreased survival of a species. Water temperatures
should always be measured over time, using continuously
operating thermographs in representative habitats within a
creek.

•••••••••••••••••••••••••••••••••••••••••••

TABLE 8. IMPORTANT WATER QUALITY PARAMETERS TO MONITOR IN
THE CORTE MADERA CREEK WATERSHED J
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When monitoring water quality with the purpose of determining existing conditions for trout,
there are a variety of parameters which can be used. Those listed in Table 8 are some of the more
important ones. However, regardless of what parameters are chosen, monitoring should only be
undertaken as part of a Watershed Plan and a detailed Water Quality Monitoring Plan should be
designed as part of that Watershed Plan.

Parameter Reason for Monitoring

Turbidity or some measure of Turbidity is a measure of the relative clarity of water: the
suspended solids greater the turbidity, the murkier the water, and the less

habitable for trout. Turbidity increases as a result of
suspended solids in the water. High turbidity may be caused
by soil erosion, urban runoff, abundant bottom feeders (e.g.,
carp) that stir up bottom sediments, or algal growth.

••••••••••••••4'••••••••••••••••••••••••.-••l~

IMPORTANT WATER QUALITY PARAMETERS TO MONITOR IN
THE CORTE MADERA CREEK WATERSHED I
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F. PHASE V: ADAPTIVE MANAGEMENT

Adaptive Management is a useful tool for watershed restoration. The process of Adaptive
Management uses the following incremental approach (Brown et aI., 1998):

(1) Defining the problem (s);
(2) Taking action;
(3) Evaluating the benefits of the action; and,
(4) Modifying subsequent actions, as necessary.

Thus, for example, instead of spending time and money on removing dams which may not be
passage barriers for anadromous steelhead, the dams are first assessed to determine whether or not
they present a problem to the migrating fish. As a result, one might discover that some of the dams
were passage barriers, but others were not. One can then remove only those which present a
problem to fish migration. Or, the community might spend considerable time and cost planting
riparian vegetation with the intent of reducing water temperatures by providing shade. Instead, to
determine whether or not such actions are warranted and where such restoration should occur, both
temperature monitoring and modeling studies should be undertaken beforehand, Then, if water
temperature appeared to be a problem and the results ofthe water temperature studies demonstrated
that the planted vegetation could improve water temperature conditions for salmonids, restoration
actions could be undertaken in the watershed. However, if the results of water temperature studies
demonstrated that the planted vegetation did not improve water temperature conditions for
salmonids, then such restoration actions would not be undertaken. The use of Adaptive
Management to enhance steelhead conditions in the Corte Madera Creek Watershed will allow one
to either proceed with restoration actions, or to modify the planned actions, if those actions do not
appear to be achieving the intended results (Figure 21).
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I. PROJECT MANAGEMENT

I.A. DISTRIBUTION LIST

• Sandra Guldman, Friends of Corte Madera Creek Watershed
Cheryl Lovato Niles, National Fish and Wildlife Foundation
Vance S. Fong, U.S. Environmental Protection Agency (EPA)
Sam Ziegler U.S. EPA Region 9 Quality Assurance Officer
Greg Andrew, Marin Municipal Water District, Quality Assurance Manager

• Elizabeth Lewis, Marin County Department of Public Works
Rick Wantuck, National Marine Fisheries Service
William Cox, California Department ofFish and Game

I.B. RESPONSIBILITY

Dr. Alice A. Rich will be responsible for this fishery resources project. She will oversee all aspects of the
project. Dr. Alice A. Rich, founder and manager of A. A. Rich and Associates (AAR), has over 25 years
experience in a wide range of fishery resources-related projects. Her professional experience encompasses
work as a fisheries consultant, fisheries biologist, fish physiologist, analytical chemist, and university
lecturer. She is a recognized expert in fishery resources habitat needs and fish physiology and has been
called upon as a an expert witness on the impacts of water temperature, water quality, water diversions,
migration barriers, timber harvest practices, and catch-and-release fishing on fishery resources (see Dr.
Rich's resume for additional information on her credentials).

The Quality Assurance Manager for the project is Gregory Andrew, Senior Aquatic Ecologist Marin
Municipal Water District (MMWD). Mr. Andrew is MMWD's representative on the Advisory Committee
and its Technical Subcommittee.

I.e. BACKGROUND

The Corte Madera Creek Watershed covers 28 square miles located in the eastern part of central Marin
County. It drains into San Francisco Bay just south of the San Quentin Peninsula, approximately 10 miles
north of the Golden Gate. The watershed ranges in elevation from sea level to 2,571 feet at the East Peak
of Mount Tamalpais. Corte Madera Creek and its tributaries are among the few streams flowing to San
Francisco Bay that retain a steelhead trout population.

Stream surveys conducted by Leidy (1984) and the California Department ofFish and Game (CDFG)
from 1960 through 1980 (Allen 1960; Jones 1969; Michaels and Thomas 1968; Scoppettone 1976;
Eimoto and Walkup 1980) demonstrated a wide assortment of fishes inhabiting Corte Madera Creek,
reflecting both the estuary and freshwater environments. However, the five dominant species present in
Corte Madera Creek and its tributaries included only sucker, roach, stickleback, sculpin, and
rainbow/steelhead trout, with occasional sightings of coho salmon. In 1992, the Regional Water Quality
Control Board (RWQCB) staff conducted field surveys, using both visual observation and beach seine
nets (RWQCB 1994, 1992). During their survey, the three most frequently observed species were the
California roach, Sacramento sucker, and three-spine stickleback. Given the number of successive
drought years and the timing of the sampling, few salmonids were anticipated; eleven rainbow/steelhead
trout were trapped and others observed.
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• Identify limiting factor (s) for the rainbow/steelhead trout;

• Design a Steelhead Monitoring Plan for the Corte Madera Creek Watershed.

• Provide life stage and habitat infonnation on the rainbow/steelhead trout;
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Assess physical habitat conditions during the low-flow season;

• Provide a historical perspective, to the extent possible, on the fishery resources conditions;

• Design measures which will help restore rainbow/steelhead populations; and,

• Assess fishery resources population conditions during the low flow season;

Although population studies are not available, comparison of historical and anecdotal infonnation with
more recent infonnation strongly suggests that steelhead trout populations have declined in the last few
decades in the Corte Madera Creek Watershed. Given the urbanized nature of the lower watershed, it is
likely that the rainbow/steelhead trout is the only salmonid species persisting to the present time.
Stressors include high water temperatures, hydrograph changes, water quality degradation, streambed
changes, loss of riparian habitat, land use and human impacts. However, in spite of these problems, the
Corte Madera Creek Watershed has been identified by EPA (Leidy 1984), as one of the watersheds that
should be targeted for protection. The proposed study will identify how this trend can be reversed and
present an action plan for the restoration of the Corte Madera Creek Watershed as long-tenn steelhead
trout habitat.

To address the issues raised, regarding steelhead trout, AAR was contracted to undertake a fishery
resources investigation and prepare a Fishery Resources Technical Report. The Technical Report will
address the status of the existing fishery resources conditions within the Corte Madera Creek Watershed.
More specifically, the objectives of this study are to:

• Assess water temperature conditions from April to October;

Although this study targets steelhead trout, habitat improvements in the riparian corridors will also benefit
riverine aquatic habitat and the neotropical migratory bird guild that uses the riparian corridor. Similarly,
improvements in water quality and water flows likely will benefit saline emergent wetland habitats in the
lower reaches of the watershed that may support other species of fish, such as the Sacramento splittail and
striped bass. San Francisco Bay will also benefit from improvements in water quality, flow, and
temperature.

Corte Madera Creek Steelhead Plan

The steelhead trout plan is one component of a comprehensive w!ltershed plan to improve water quality,
fishery resources, and native vegetation and wildlife in the Corte Madera Creek Watershed. The steelhead
trout plan will identify the factors limiting the steelhead trout population, fonnulate corrective actions,
and describe how to monitor the success of those actions. Preparation of the plan will be an integral part
ofthe watershed planning process, which begins in Febl1J8ry 1999, with an erosion and sedimentation
study of the watershed. The fishery resources assessment, conducted as part of this program, will provide
essential infonnation (which is lacking at this time) about creek biota. Implementation of the plan will
improve steelhead trout habitat.and population size.

2

The steelhead trout plan will focus on identifying limiting factors and fonnulating a practical restoration
plan that will enjoy local support. To that end, an Advisory Committee, comprised of representatives from
local government, federal and state agencies, community groups, and other stakeholders, will review
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CHAPTER 3 IMPORTANCE OF IDENTIFYING HABITAT REQUIREMENTS AND LIMITING FACTORS

CHAPTER 2 SENSITIVE FISH SPECIES AS INDICATORS SPECIES OF A WATERSHED'S
ECOLOGICAL HE~LTH
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March 15, 1999
July 31, 2000

May-October 1999

August - October 1999

August- October 1999

April - October 1999

January 15,2000
July 31, 2000

March 15, 1999
July 31, 2000

Fish population surveys

Thennograph installation and operation

Fish habitat surveys

Review and analysis of existing infonnation

Analysis and report of results
Draft Fishery Resources Technical Report
Final Fishery Resources Technical Report

Restoration plan to address limiting factors
Draft Technical Report
Final Technical Report

Monitoring Plan
Draft Technical Report
Final Technical Report

Task 1:

Task 2:

Task 4:

Task 3:

Task 5:

Task 6:

Task 7:

I.D. TASKS /SCHEDULE

The final work product will be a Fishery Resources Technical report describing the full effort, with the
following table of contents:

EXECUTIVE SUMMARY
LIST OF FIGURES
LIST OF TABLES

documents and guide fonnulation of the restoration plan. The proposed effort will occur concurrently
with the erosion/sedimentation planning.

CHAPTER I INTRODUCTION AND SCOPE OF WORK
A. PROJECT AREA .
B. BACKGROUND
C. SCOPE OF WORK

CHAPTER 4 LIFE HISTORY STAGES AND REQUIREMENTS OF FISH SPECIES OF MANAGEMENT
CONCERN

A. LIFE HISTORY STAGES
I. STEELHEAD TROUT
2. RAINBOW TROUT

B. IMPORTANT ENVIRONMENTAL FACTORS
I. APPROPRIATE WATER TEMPERATURES
2. ACCEPTABLE DISSOLVED OXYGEN CONCENTRATIONS
3. ACCESSIBILITY TO SPAWNING AND REARING AREAS
4. ADEQUATE STREAM FLOWS
5. APPROPRIATE SUBSTRATE COMPOSITION
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Understanding the biological and physical factors which are necessary to sustain the steelhead trout
population in the Corte Madera Creek Watershed is critical to developing management strategies to
improve the habitat and enhance populations. Life history events for any organism must be discussed in
concert with key life requisites. Life requisites are those features of an organism's environment which are

CHAPTER 10 MONITORING PLAN

CHAPTER 11 LITERATURE CITED

CHAPTER 9 RESTORATION MEASURES

••••••••••••••••••••..••••I.
••••••••••••••Rev. 12/10/99

/
6. APPROPRIATE WATER DEPTHS
7. ADEQUATE SHELTER OR COVER
8. ABUNDANT FOOD RESOURCES
9. COMPETITION FROM NON·NATIVE FISH

II. METHODOLOGY

APPENDICES
A SAMPLE SURVEY SHEETS
B WATER TEMPERATURE DATA
C HABITAT DATA
D ELECTROFISHING DATA
E SCHEMATIC DEPICTIONS OF CURRENT KNOWLEDGE OF THE EFFECTS OF WATER

TEMPERATURE ON STEELHEAD AND RAINBOW TROUT

CHAPTER 8 FISHERY RESOURCES POPULATION CONDITIONS
A. OVERVIEW
B. POPULATION SIZE AND AGE ESTIMATES

I. CORTE MADERA CREEK
2. SAN ANSELMO CREEK
3. CASCADE CREEK
4. SLEEPY HOLLOW CREEK
5. ROSS CREEK

CHAPTER 7 FISHERY RESOURCES HABITAT CONDITIONS
A. HISTORICAL CONDITIONS
B. SUMMARY DESCRIPTION OF EXISTING HABITAT CONDITIONS
C. EXISTING FISHERY RESOURCES HABITAT CONDITIONS

I. CORTE MADERA CREEK
2. SAN ANSELMO CREEK
3. CASCADE CREEK
4. SLEEPY HOLLOW CREEK
5. ROSS CREEK

CHAPTER 5 LIFE HISTORY STAGES AND REQUIREMENTS OF OTHER FISHES

CHAPTER 6 METHODOLOGY
A. GENERAL APPROACH
B. EXISTING FISH HABITAT CONDITIONS
C. FISH POPULATION ESTIMATES
D. DATA ENTRY AND ANALYSIS

Corte Madera Creek Steelhead Plan

I1.A. GENERAL APPROACH
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essential to its continued survival and reproductive success. Critical life requisite variables for the
rainbow/steelhead trout include:

Acceptable water temperatures and water quality;

Accessibility to spawning sites;

Adequate streamflows;

• Appropriate substrate composition; and,

• Abundant food.

When life requisites are not met, or are limited in some way, the organism's survival and reproductive
success can be jeopardized. The factors that limit fish populations are called limiting factors. One
extremely important concept in enhancing fish populations is the following:

If there is no change in the limiting factors(s) for the popu/ation(s), no increase in
the target popu/ation(s) will occur.

Some limiting factors, such as not enough woody debris (habitat which trout prefer and need), can be
influenced by human intervention. Other limiting factors, such as the lack of water, often cannot be
altered. Thus, before one can assess whether or not a watershed can be restored, one must identify the
following:

• The requirements of the fishes; and,

• Any limiting factors which may exist.

As each life stage of the trout has specific life requirements, it is imperative to understand both the events
of each life stage and the factors that affect those events.

The anadromous steelhead and the resident rainbow trout require special conditions for successful
spawning, egg development and hatching, growth and survival ofjuveniles, and smoltification (during
which the anadromous fish change from a freshwater to a seawater animal, and emigrate to sea).
Although, many general requirements (e.g., good water quality, abundant food, etc.) are the same for the
steelhead and rainbow trout, specific factors may limit production (i.e., limit the number offish in the
stream). For example, barriers to adult fish immigration may limit the success of spawning for steelhead
trout. Thus, it is essential to understand what the Corte Madera Creek Watershed has to offer these fish,
before one can design measures that will help restore the trout to the watershed. This study is limited to
the freshwater portions of the creek and wilI not cover the condition of the estuary or its ability to support
smolts.

I1.B. REVIEW OF EXISTING INFORMATION

Thus, to understand what the Corte Madera Creek Watershed has to offer steelhead trout, one must first
collect information on habitat requirements, and historical and existing conditions. Existing information
will be reviewed, including previous fish surveys and data on water quality, water flow, and water
temperatures, and anecdotal information.

Rev. 12/10/99 5



II.C. FIELD SAMPLING METHODS

II.C.I. Summary Table

Corte Madera Creek Steelhead Plan

Sources of information will include, but not be limited, t6 the following: (1) Previous surveys; (2)
Previous reports; (3) Biologists familiar with the area; (4) Data from agency files; (5) oral histories of
long-time residents; (6) Old newspaper stories; (7) GIS maps from Marin County; (8) Aerial photographs;
and, (9) Old photographs and maps.
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See Attachment 1 for sample habitat survey data sheet
See Attachment 2 for volunteers' instructions, sample weekly monitoring log, and sample thermograph output
See Attachment 3 for sample electrofishing survey data sheet

Quantitative water flow information is available from one gauging station in the watershed, which for
many years was maintained by the USGS and is now maintained by Marin County. These data have been
eyaluated by the Army Corps ofEngineers and the Marin County Water Conservation and Flood Control
District and are considered an accurate record of flow within the main Corte Madera Creek channel just
upstream of the Lagunitas Road Bridge in Ross. There are no other gauging stations in the watershed. The
gauging station does not accurately reflect discharge from the watershed during flood conditions because
much of the flow is out of the channel during floods. Other observations about streamflow are anecdotal
and report observations about areas where there are pools that persist during the summer or, alternatively,
areas where the streambed is dry.

There are no records of quantitative fish population surveys having been conducted in the watershed, so
all of the historic information is qualitative. It will be used for the background information it provides
about the historic and current diversity of species in the watershed, but it will not (indeed it cannot) be
used to, provide numerical population estimates. For anecdotal information, an attempt will be made to
obtain the same information from more than one source.

Water quality sampling is not part of this project, due to the limited budget. However, there are some
historical water quality data (Regional Water Quality Control Board, USACE files), which will be
reviewed. If water quality appears to be a problem, the Restoration Measures and Monitoring Plan
(Chapters 10 and 11 in the report) will include recommendations for water quality measurements in the
future.

Parameter Sampling Equipment Sampling Method

Physical Habitat • Tape measure, meter stick, range Measurements in metric units
finder, visual. camera

Visual (type of habitat, type ofsubstrate, cover, etc.)

Water Temperature •• Thermographs (Tidbits and Hobo Continuously (every 10 minutes' a recording is
Temps) made) recording thermograph

Fish Population Sizes ... Backpack electrofisher Electrofishing

Fish Measurements Measuring board. scales Lengths (fork for salmonids) and weights in metric
units

6
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II.C.2. Physical Habitat

To accurately describe the existing fishery resources conditions in the creeks, identification of the
components offish habitat is essential. To describe the stream habitat conditions, Habitat Typing
(quantitative measurements of length, width, depth of each habitat type) and general descriptive
measurements will be used (see Attachment I for sample physical habitat data sheet). Habitat Typing
consists of measuring the individual habitat units, or types, within a selected stream. This information is
then compared with the habitat needs of the fishes collected from the stream.

Summer fish habitat surveys, using Habitat Typing (see Attachment 4 for Bisson et al. (1982) which
describes the methodology and defines terms used in hab1tat typing), will be conducted in all portions of
the Corte Madera Creek system accessible to steelhead where water is present at the time the surveys are
conducted. This includes Corte Madera Creek (Ross, San Anselmo), San Anselmo Creek (San Anselmo
and Fairfax), Cascade Creek (Fairfax), Sleepy Hollow Creek (adjacent to Butterfield Road in San
Anselmo), and Ross Creek (Ross). Because of budgetary constraints, Fairfax Creek will not be surveyed.
Habitat typing will be conducted beginning at the mouth of Corte Madera Creek and its tributaries and
extend to the headwaters of the Corte Madera Creek watershed.

Dr. Rich has modified the methodology to include artificial habitats created in urban and some coastal
areas, but not specifically identified in the methodology developed by Bisson et al. (1982). For example,
stream banks composed of riprap, gabions, concrete, or wood walls would not be considered natural
habitats, whereas a stream bank composed of an undercut bank would be considered a natural habitat
according to Bisson et al. (1982). However, both natural and artificial pool habitat is often inhabited by
fish. Thus if one were to encounter a lateral scour pool associated with an undercut bank, one would call
it a "lateral scour pool associated with an undercut bank," according to Bisson et al. (1982). By the same
reasoning, if one or both banks are composed of riprap and this riprap is the physical attribute creating the
lateral scour pool, this habitat would be called a "lateral scour pool associated with riprap." Or if a lateral
scour pool had been created by a concrete wall, the habitat would be called a "lateral scour pool
associated with cement wall."

Dr. Rich will conduct all habitat typing surveys. She has conducted over 50 habitat surveys during the
past 16 years. /

II.C.3. Water Temperatures

Thermographs ("tidbits" or "hobo temps", Onset Computer, Mass.) will be placed in representative areas
of each reach (at least duplicates of each habitat type for each creek) of the Corte Madera, Ross, and
Cascade, and Sleepy Hollow creeks. These thermographs are extremely reliable and we have used them
for years on numerous creeks and rivers throughout the western states. They are adjusted to record
temperature every 10 minutes, 24 hours a day, prior to installation.

As these creeks have a lot of summer traffic, in the form of children, primarily, there is a good chance that
some of the thermographs could be removed. Therefore, we need to make certain that we have
"downloaded" as much of the data as possible, up to the date when the thermograph was taken. To
maximize the amount of data collected, we will: (I) Replace each thermograph on a monthly basis (i.e.,
download existing thermograph and install a new one at the site); (2) Monitor each thermograph site
weekly.

The number and location of each thermograph will be determined by Dr. Rich, first during a
reconnaissance visit to the creeks, prior to thermograph installation and during subsequent visits to the
creeks, as they dry up. Many of the thermographs will be removed by mid-July, as many of the stream
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II.C.4. FISH POPULATION ESTIMATES, Fish Size and Fish Age

Corte Madera Creek Steelhead Plan

To preclude the possibility of losing data sheets, two sets of data sheets and two sets of photographs will
be stored at all times in the following locations: (1) One set in AAR's office; and, (2) One set at each
volunteer's andlor AAR's biologist's house. "

reaches will have dried up. Figure 1 shows the locations ofthennographs when they were placed in the
streams during April and May 1999. When the thennographs need to be removed, Dr. Rich will assess
whether or not there are other sites where water temperature data would provide useful infonnation. Dr.
Rich will install and remove all thennographs.

••••••••••••e••••••••~••••••••••••..
•e•••••Rev. 12/1 0/99

At the time of initial installation, each location of each thennograph will be photographed and the latitude
and longitude recorded using a Gannin GPS 48 Personal Navigator. To monitor the water and habitat
condition of each site, photographs will be taken of each site (one of site, one facing upstream, and one
facing downstream), on a weekly basis. Monitors will also check weekly to detennine whether or not the
thennograph is: (a) working (from the blinking light on each thennograph); (b) immersed in water; and
(c) residing in the original habitat in which it was placed. If any of the conditions do not apply, Dr. Rich
will be contacted and s~e will asses the situation and either move or replace the thennograph.

Electrofishing is commonly used by fisheries biologists for collecting fish. However, to minimize the
capture stress on the fishes, this method must be used with caution and only by trained personnel. When
used quickly, efficiently, and knowledgeably, this method is less stressful than that of beach seining
andlor other collection techniques (Rich 1983, 1979). Dr. Rich is an expert on the stress physiology of
fishes, particularly salmonids. Her methods minimize stress on fishes, as demonstrated by previous
studies (Rich 1983, 1979). .

AAR's biologists and trained volunteers will maintain the thennographs throughout their installation,
under Dr. Rich's supervision. Dr. Rich will train each of the volunteers (see Attachments I and 2 for
instructions to volunteers). AAR's biologists are already familiar with thennograph monitoring, having
monitored thennographs on numerous projects.

To accurately sample the number and species of fishes in the creeks, it will be necessary to electrofish
representative samples of each habitat type observed in the creek. Ideally, to provide a statistically
sound study, one needs, first, to identify the number of habitat types, and then sample (randomly) about
30% ofeach habitat type. As there are budgetary constraints on this project, such a methodology may not
be practical. However, at least one representative of each habitat type will be chosen for fish sampling for
each creek. In addition, for the more common types of habitat, numerous habitats will be chosen for the
fish sampling. Based on the results of nearly 60 habitat and electrofishing surveys she has conducted, Dr.
Rich has detennined that, provided from 10 - 30% of each habitat type is electrofished for a given creek,
statistically meaningful results can be obtained. The budget for this project will probably allow 10% of
each habitat type to be electrofished. We will sample at least two of each habitat type for each creek.

The electrofishing will proceed as follows. To prevent the fish from escaping during the sampling
procedure, block nets will be placed at the lower and upper ends of each sampling site. To sample the site,
an electrofisher (Smith-Root Type 12 backpack) will be used. The fish sampling crew will consist of one
"electrofisher", who operates the electrofishing unit, and one or two netters, depending upon the size of
the habitat. Starting at the downstream block net, the electrofisher will wade upstream through the
sampling station, operating the electrofisher. Stunned fish will be netted and placed in water-filled
buckets. In order to estimate fish population sizes by the maximum-likelihood method, three or more
passes will be completed at each station (Van Deventer and Platts 1983, 1986) (see Attachment 3 for
sample electrofishing survey sheet).

8
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After each pass, fish will be identified to species and enumerated. For each fish, the following items will
be recorded: species name, fork length, and weight. In addition, for detennination of age, scales will be
removed from the upper left lateral area of each of the salmonids. After the electrofishing is completed,
the fishes will be returned to the sampling station from which they were collected. After the electrofishing
is completed at each station, the physical dimensions of the habitat (e.g., length, depth, width) will be
recorded. The dimensions will be used to calculate the number offish (by species) per square meter of
stream. The fish are weighed using an Ohaus scale accurate to 0.1 gm. The scale is calibrated before each
field session using standard weights certifiable to the Na~~onal Institute of Standards and Testing.

To reduce the stress of capture on the fishes, particularly as trout are sensitive, the fish will be placed in a
buffered (sodium bicarbonate to pH 7.0, 75 parts per million) anaesthetic (methane trisulphonate, 50 parts
per million); previous studies (Rich 1979, 1983) demonstrated that salmonids exhibited little stress
response when such a mixture is used. In addition, a battery-operated pump will aerate the water in the
bucket in which the fish are residing, prior to release back into the creek. We also use a special
underwater measuring board, designed by Dr. Rich over 10 years ago, which minimizes stress on fish.
Finally, rocks will be placed in buckets which have fish residing in them; this reduces the stress on the
fish, as well (Rich 1979).

Dr. Rich will select all the electrofishing sites and supervise the electrofishing surveys. The fisheries
biologists who work for AAR and who will be working on this project are well-trained and experienced in
electrofishing surveys. All of them have at least five years of electrofishing survey experience.

I1.D. DATA ENTRY AND ANALYSIS

The data will be entered into RBASE for Windows 98), a computer data management program.
Population (maximum-likelihood method) size, lengths, weights and total biomass (i.e., total weight of
the fish) estimates, together with standard deviations, will be calculated on the computer, using Microfish
(Van Deventer and Platts 1983). Statistical analyses will be conducted, using the computer statistical
program, SPSS.

Relevant infonnation (e.g., thennograph sites, spawning areas, rearing areas, electrofishing sites, etc.) will
be depicted on either the Geographic Infonnation System (GIS) being developed by the Marin County
Department of Public Works or the Riparian Station GIS at the San Francisco Bay Model, if either of
those systems have been completed in time. If not, detailed maps will be prepared by AAR, which will
depict relevant infonnation.

Infonnation collected, including previous studies and anecdotal information, will be analyzed and
compared with life stage periodicities (i.e., when each life stage occurs during the year) and requirements
for steelhead and rainbow trout (See Attachments 5 and 6 for preliminary data on life stage requirements).
As many of the life stage requirements are site specific (e.g., water temperature), the results of the field
studies may alter the results of the life state requirements. For example, steelhead trout are temperate (i.e.,
cool water) fish and, hence, normally require cool « 60 %F) water temperatures. However, if there is
abundant food available, they may thrive at higher water temperatures (Rich 1990; Smith, 1990).
Therefore, in the absence of site specific data, it is best to err on the side of caution and identify
conservative thermal optimal ranges. However, if the rainbow/steelhead trout in one or more of the creeks
were growing well at summer temperatures which exceeded 60 %F, then one could conclude that there
was abundant food and the upper optimal thermal range was higher than 60 %F. Obviously, the opposite
would be true, as well. Thus, if the trout were very small and did not appear to be growing quickly at
temperatures above 60 %F, than the use of 60 %F as an upper optimal temperature would be appropriate.
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Dr. Rich will train the volunteers to monitor the thermographs;

Use at least two similar (in some cases, we will have more than two) sites for each habitat type in
each creek;

The thermographs are hidden well; Dr.. Rich secures the thermographs to large landscape bricks
and the bricks are then cabled to trees; one would need a pair of wire cutters to cut the cable; as
there (unfortunately) are already a number of large bricks in the creeks, it has been our experience

AAR's biologists are well-trained and experienced with th"ermograph monitoring;

•

•

•

Corte Madera Creek Steelhead Plan

Prior to the submittal of the Draft Fishery Resources Technical Report, we will submit drafts of each of
the sections (See 10. Tasks/Schedule) for review. A Draft Fishery Resources Report will be prepared
which discusses the project (see Table ofContents provided previously). Included in the report will be a
Steelhead Trout Restoration Plan and Fishery Resources Monitoring Plan to measure the effectiveness of
the Restoration Plan. Once the public has had an opportunity to review the Draft Fishery Resources
Technical, Dr. Rich will meet with the Advisory Committee to discuss any further research needs for the
project and to review ways in which the Restoration and Monitoring Plans can be implemented. Dr. Rich
will incorporate both the public's responses to the Draft Report and the results of the discussions with the
Advisory Committee into the Final Fishery Resources Technical Report. This report is a work product
and will be submitted by the NFWF contract manager to the EPA for review.

• All data sheets will be checked in the field by Dr. Rich at the end ofeach field day.

• Dr. Rich will conduct all physical habitat surveys; and,

III. QUALITY CONTROL

Dr. Rich will be in charge ofall information and data collection. When anecdotal information is used, she
will attempt to find at least one additional corroborative source. A thorough search for all relevant
information will be undertaken. As Dr. Rich has worked extensively in Marin County creeks for years, as
well as having grown up here, she has a thorough knowledge of the types of reports, data, and studies that
are available.

To ensure the collection ofcomplete and useful data, the following activities will be used in connection
with the physical habitat data:

To ensure the collection ofcomplete and useful data, the following activities will be used in connection
with the water temperature monitoring activities: i

12
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that people have a tendency to ignore such structures; hence, this minimizes the chance that the
thermographs will be discovered and tampered with;

• Dr. Rich will install many more thermographs than she usually does for an area this size; thus, if
thermographs are lost, we will still have enough data to cover the watershed;

• Weekly monitoring of all sites;

• Dr. Rich's name and phone number are on each of the thermographs; thus, if someone finds one
or more of them and is responsible, they can call us; on other projects, people have often called
AAR to report missing thermographs,

• To preclude the possibility of losing data sheets, two sets of data sheets and two sets of
photographs will be stored at all times in the following locations: (1) One set in AAR's office;
and, (2) One set at each volunteer's and/or AAR's biologist's house;

Dr. Rich reviews all data sheets, including photos on a weekly basis, and, thus, can determine
whether or not the area appears to be drying up; if the area is drying up, Dr. Rich will remove
thermograph; by reviewing the data sheets each week, Dr. Rich can also check for accuracy on
data sheets (e.g., correct film roll number = photograph taken); and,

• Dr. Rich will replace thermographs once per month and download the ones removed, so that if
any of the thermographs are taken, we will maximize the amount of data collected.

III.D. FISH POPULAnON SURVEYS

To ensure the collection ofcomplete and useful data, the following activities will be used in connection
with the electrofishing data, AAR has: /

• Two electrofishers and they have been checked out and are ready to use; and

• Six electrofisher batteries and chargers, more than enough for a project this size;

Dr. Rich will:

• Select all electrofishing sites;

• Use well-trained (at least five years' experience) crew, used to conduct electrofishing (including
identifying fish, taking scales, and recording lengths and weights) surveys;

• Check all data at the end of each sampling day to ensure that the forms were correctly completed;
and,

• Minimize possibility of mortalities (we rarely have any fish kills), using Dr. Rich's methods (see
Section II.C.4).
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• Dr. Rich will be in charge ofall analyses of data.

We will try to electrofish at least 10% of each habitat type for each creek to ensure that
statistically valid results are derived.

• The program that we use to age the trout is a digitally-based program, developed by National
Institutes of Health; this program, modified for use on fish scales and other bony parts of fish by
Dr. Rich, enables one to more accurately assess age than either looking under a microscope or
using a Microfiche reader; either Dr. Rich or one of her trained biologists will read the scales and;

Dr. Rich wiIJ be responsible for writing all reports for this project. These reports are work products under
the grant and will be submitted by the NFWF contract manager to the EPA for review.

Corte Madera Creek Steelhead Plan

To ensure the quality and usefulness of the data entered into the computer, the following activities wiIJ be
used:

• An experienced fisheries technician will enter all data into the computer;

• To ensure that all of the required information has been recorded on the data sheets, all data sheets
will be checked a second time by the field crew;

Any departure from standard operating procedures is recorded in the comments field of the data
sheets. As Dr. Rich supervises all activities and has been conducting these types of surveys for
over 16 years, there is rarely a departure from the "norm" in the field. As the types ofdata
collection differ, there is no numerical percentage of data that must be valid and reliable in order
to use the data for their intended purposes. Thus, for example, if a thermograph ceases to function
(e.g., someone removes the thermograph from the water or the thermograph malfunctions) the
data collected prior to that time will be used; data collected after the event wiIJ be used only when
the thermograph is placed in the water and is functioning properly. If there is a faulty
thermograph (this is determined when the data are to be downloaded and there is an error
message stating that the data cannot be downloaded), the data are not used at all.

• All data entered into the computer will be double-checked by field crew;

Allen, J. T. 1960. Corte Madera Creek, Marin County, Stream Survey. August 1-15 and 18, 1960. Calif.
Dept. Fish and Game, Region 3. 3 pp.

Bisson, P.B., 1. L. Nielsen, and R. A. Palmison, and L. E. Grove. 1982. A system of naming habitat types
in small streams, with examples of habitat utilization by salmonids during low streamflow. Proc. Sympos.
Acquisition and Utilization ofAquatic Habitat Inventory information. Portland, OR, October 28-30.
Pages 62-73.

Eimoto, D. and P. Walkup. 1980. Corte Madera Creek, Marin County, Stream Survey. September 9-10,
1980. Calif. Dept. Fish and Game, Region 3. 3 pp.
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Attachment 1:

Sample habitat survey data sheet



COVER TYPE (O=NONE 1= LITTLE 2 = MODERATE 3 = ABUNDANT)

GRADIENT (%) __ SPAWNING GRAVEL

Corte Madera Creek Habitat Survey

DESCRIPTIONFRAME
PHOTOS

ROLL

ROCK _ ROOTWAD _ BEDROCK _ WOODY DEBRIS _ DEPTH (> 0.5 M)_

CANOPY _ AQUATIC VEGETATION _ TURBULENCE _ OVERHANG. VEG.__ .

DEPTH (> 0.5 M) _UNDERCUT BANKS _ OTHER _

COMMENTS _

LATITUDE LONGITUDE WEATHER. _

Page __ of__

DEPTH (m) DEPTH (mean) _

LENGTH (m) LENGTH (Total) __

WIDTH (m) WIDTH (mean) _

SUBSTRATE, TYPE (DOMINANT TO LESS DOMINANT) _

TEMP, AIR CC) TEMP,WATER,BOTTOM °c TEMP,WATER, SURFACE __ °c

SRU HABITAT TYPE TIME _

STREAM: DATE CREW _

A.A. RICH AND ASSOCIATES
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Attachment 2:

Volunteers' instructions,
sample weekly monitoring log, and

sample thermograph output



As I realize that it is almost summer and often people leave for vacations, it is important that you
contact me ahead of time (phone: 485-2937) if you plan to be gone or cannot do your monitoring,
so that I can either line up another volunteer or have one ofmy assistant take over the monitoring
of your creek reach. I also realize that this is not the most exciting thing you have ever done or
will do! Hence, if you really do not want to continue with the thermograph monitoring, please
let me know immediately and one of my assistants will take over your creek reach.

I am providing each of you with film (ASA 200 seems to work best in the afternoon; ASA 400 in
the early morning for some of the darker sites), a camera for any who need one, the waterproof
data sheets, clip board and pencils (do not use ink on data sheets-ink does not work), a AAA map
of the area with the thermograph sites marked on it, and these Instructions. Each week, I need
each of you to check your assigned thermographs. You will determine whether or not the
thermograph exists (!), the light is on, and the thermograph is still immersed in water. The first
entry line on your data sheet will be on the day I meet with you to show you what to do. In
approximately one week, you will repeat this process and continue, weekly, until October 31.
Although, it is not imperative that the weekly monitoring be exactly 7 days apart, please do not
let it slide more than one day on either side. One of the main reasons for this is that I want to
know as soon as possible if any of the thermographs have been taken, so that I can replace it.

Instructions

From: Alice A. Rich, Ph.D.

150 Woodside Drive
san Anselmo, CA 94960
Tel: (415) 485·2937
Fax: (415) 485-9221
Email: aarfish@nbn.com

Alice A. Rich, Ph.D.
Prindpal

Monitor status of thermographs weeklyObjectives: (1)

(2) Detennine whether or not thermographs need to be moved (i.e.,
Thermographs are about to be or are no longer immersed in the creek)

Re: Instructions

To: Thermograph Monitoring Volunteers

June 5, 1999

A.A. RICH AND ASSOCIATES

••••••••••••••••••••••••••••••••••••••••••••



A.A. RICH AND ASSOCIATES

•••Alice A. Rich. Ph.D. •
Principal •

If a thermograph appears as if it is going to be "stranded" (i.e.• out ofwater). call me immediately
and I will come down and determine whether or not to move it. If! decide to move it, the
thermographs will be removed, a new spot selected which is comParable to the one it was in, and
a new thermograph installed at the new location.

150 Woodside Drive •
San Anselmo. CA 94960
Tel: (415) 485-2937 •
Fax: (415) 485-9221
Email: aartish@nbn.com •

••••••••••••••••••••••••e••••••••••

Replacement of Thermographs

Moving Thermographs

We installed the thermographs in April and May. In case any ofthermographs are taken by
someone during the summer, I want to make certain that we have "downloaded" as much of the
data as possible, up to the data when the thermograph is missing. Hence, we will be replacing
each thennograph monthly during the monitoring period. One ofmy assistants will be replacing
all of the thermographs this week. Similarly, it will be near the beginning ofthe month when we
replace the thermographs again in July, August, September, and October.

Finally, each week drop off at my house (if,I am not home, you can drop them in the garage mail
slot at 150 Woodside Drive, San Anselmo) your firm and a copy ofthe data sheets you have
filled out. Or, call me and we can arrange to meet somewhere mutually convenient. This will
allow me to see the status of the creek (via the photos) throughout the summer. In addition,
when you have completed one set (Le., two pages or 4-8 monitoring days, depending on the
amount of information you include on each line) of data for a thermograph site, please drop it off
at my house. After your last day ofmonitoring (end ofOctober), please drop offyour last roll of
film and the remainder of the data sheets.

Instructions (Cont.)

Thermograph Monitoring-Instructions for Volunteers
June 5, 1999
Page 2
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Weekly Monitoring Log

Corte Madera Creek Thermograph Monitoring

Page __ of__

THERMOGRAPH NO. __(l.£pr~ov~id~ed:!L) LATITUDE._---.L(po:.:.r=ov=ide~d)L...-___LONGITUDE _....u(p~ro~vi~de~d)"-- _
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Page __ of __

Corte Madera Creek Thermograph Monitoring

Weekly Monitoring Log
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Attachment 3:

Sample electrofishing survey data sheet



==--====--=========--=============---================--==--==

Corte Madera Creek Electrojishing Survey

LENGTH (m) L.ENGTH (Total) __

DESCRIPTION

SPECIES LENGTH BIOMASS
FORK (mm) (g)

PASS
NO.

FRAME

___ SHOCK TIME__ SHOCKING EFFICIENCY: _

PASS SPECIES LENGTH BIOMASS
NO. FORK (mm) (g)

PHOTOS
ROLL

Page __ of__

FREQ_VOLTS

WIDTH (m) WIDTH (mean) _

COMMENTS _

DEPTH (m) DEPTH (mean) _

LATITUDE LONGITUDE WEATHERc-- _

TEMP, AIR (DC)__TEMP,WATER,BOTTOM DC TEMP,WATER, SURFACE __ DC

SRU HABITATTYPE TiME _

STREAM: DATE CREW _

A.A. RICH AND ASSOCIATES
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Attachment 4:

Bisson, P.B., J. L. Nielsen, and R. A. Palmison, and L. E. Grove. 1982. A
system of naming habitat types in small streams, with examples of

habitat utilization by salmonids during low streamflow. Proc. Sympos.
Acquisition and Utilization of Aquatic Habitat Inventory information.

Portland, OR, October 28-30. Pages 62-73.



Fishery biologists have traditionally class
ified streams into a variety of zones based
on channel characteristics (e.g. Platts 1974;
Moreau and Legendre 1979), associated biota
(e.g., Ruet 1959), or a combination of physical,
chemical. and biological features (e.g. Binns
and Eiserman 1979). Habitat requirements have
often been presented as-tolerance ranges or
preferenda for certain water quality conditions.
While tolerance limits for such parameters as

such density dependent interactions result in hab
itat partitioning that facilitates the coexistence
of several species as well as multiple age classes
(Rosenzweig 1981). Habitat shifts can occur when
conditions unsuitable to feeding develop (Hunt 1969.
Bustard and Narver 1975a; Mason 1976; Peterson 1980)
leading to the breakdown of territories and the ag
gregation of individuals into protected spaces. Ut
ilization of particular locations within the stream
varies greatly in time and space, and although small
streams tend to be structurally complex, few if any
areas of the channel are not occupied at one time
or another.

62

er

Peter A. Bisson, Jennifer L. Nielsen
i

Ray A. Palmason
and Larry E. Grove

A SYSTEM OF NAMING HABITAT TYPES IN SMALL STREAMS. WITH EXAMPLES

OF HABITAT trrlLIZATION BY SAU«>NIDS DURING LOW STREAKf'LOWl

Abstract.--Fish habitat in small streams is classified into a
number of types according to location within the channel, pattern
of water flov, and nature of flow controlling structures. Riffles
are divided into three habitat types: low gradient riffles, rapids,
and cascades. Pools are divided into six types: secondary channel
pools, backwater pools, trench pools, plunge pools, lateral scour
pools, and dammed pools. Glides, the last habitat type, are inter
mediate in many characteristics between riffles and pools. Habitat
utilization by salmonids was studied during summer low streamflow
conditions in four western Washington streams. Host age 0+ coho
salmon (Oncorhynchus kisutch) reared in pools, particularly back
waters, and preferred cover provided by rootwads. A few large coho
occupied riffles and sought the cover of overhanging terrestrial
vegetation and undercut banks. Age 0+ steelhead trout (Salmo
gairdneri) selected riffles with large wood debris; while age 1+
steelhead preferred plunge, trench, and lateral scour pools with
wood debris and undercut banks. The largest individuals of both
steelhead age claases were found in swiftly flo~ins riffle habitats.
Age 0+ cutthroat trout (~ clarki) preferred low gradient riffles
but switched to glides and plunge pools when steelhead and coho were
present, thus suggesting that they had been competitively displaced
from a preferred habitat. Age 1+ and 2+ cutthroat preferred back
water pools ~~en coho were absent but avoided them when coho were
present. Cutthroat of all age classes generally favored cover proy
ided by wood debris in both pool and riffle habitats.

Il>'TRODUCTIOl\

Identification of the important components of
stream habitat is essential if we are to accurat
ely assess environmental change, understand ecol-

•
ogical aegregation within multispecies communities,
or determine the need for stream enhancement proj

~ ects. HOst fishes in small streams are habitat
specialists (Gorman and KarT 1978) and utilize

~ specific locations within stream channels through-
out their freshwater life cycles in response totI' different spawning, feeding, and overwintering

•
requirements (Northcote 1978). Within the Salmon
idae competition plays a key role in habitat

•
utilization when food is limited (Kalleberg 195Bi
Xeenleyside 2nd Yamamoto 1962; Hartman 1965.

",Chapman 1966a; Mason 1969; and many others) and

.., Ipaper presented at the symposium on Acquis-
ition and Utilization of Aquatic Habitat Inventory

~Information (Portland, Ore., October 28-30, 1981).
2present address: Weyerhaeuser Company,

.Western Forestry Research Center, Centralia,

." C1h'l.ngton 98531.
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•••
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Altbou&h riffles and pooh are tbe b.. ic units
of channel .0rpbololY aDd will alwlY. develop in
nlturll Itrel.. a. I _cblnia. of lelf
IdJu.~ent to tbe law of lellt ti~ rate of
elleray eapendi ture (Yanl 1971) , tbe actual /
confi,uration and bydraulic propertiel of tbe.e ;"
unite are b1,bly variable. The continuous
aradltioll in dept.b and ve10cit.y bet.ween pooh'
and riffles bl, spawned teml lucb a. 'run',
which appelr frequently iD fisheriel literlture,
often without detaUed explanation. In
attelllpting t.o construct a precise and ('on.isteDt
lilt of descriptive terms we have utilized
defini tions trOll tbe Gloasl" of Geology (Gary
et a1. 1974) wberever pOI.ible.

Flgur. e. 8.ckwaf.r pool a..oclat.d with rootw.d.

.'.'.. ,

Riffles

Flgur. 5. ..ckwat.r pool a..ocl.t.d with boukl.r•.

Figure.. S.condary ctlallMl pool.

Three type. of riffle habitats were
identified. Low Indient riffles (Fil' 1) were
Iballow « 20 cm deep) .tream reaches witb
moderate current velocity (20-50 em/lee) and
moderate t.urbuleDce. Substrate WlS usually
composed of aravel, pebble, and cobble-sized
particles (2-256 ...), An upper gradient Umit
for thie, hlbitat. type WII arbitarily let at 4\.
R.pids (Fia. 2) pOlsel.ed a Iradient Ireater
tha" 4\ with .wittly flowina water (>50 em/.ee)
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Figur. 1. Low grad,ant rlftl•.

diuolved oxy,en and t.ellperat.ure blve been
defiDed with relative preC'i.ion for _ny U.h
species, lack of a preci.e bn,ua,e de.cribin.
tbe cOlllponent.6 of the pbysical IIlIviro_lInt uy
limit our ability to predict a .tre..••
productivity for a species of interest. The
often-used na.es 'riffle' and 'pool' cODvey a
notion of relative .wat-er dept.b and current.
velocity, but beyond tbi. they live little
indication of livin. conditions relltive to
substrlte, flow patterns, .nd cover. Hot
surprisin,ly, cODliderable variation ea1stl in
fish utilization of the.e leneral cate.ories
witbin the .tream (Allen 1969). The terminolo,y
di.cussed in this paper represents an attellPt to
classify habitat in areat.er detail. Relults of
limited field evaluations indicate that tbe
Iy.tem can be a uBeful tool in a••e••ina Itrea.
conditions Ind io describina Ipatial leare.atioo
amona coexisting fiah population••

KE11tODS

There appelr& to be no widely accepted let
of habi tat defini tions for .lDall Urea••.

Terminology

Figure 2. Aapldl.

Fioure 3. Ca.cadll.



Figure 12. lateral sco"r 11001 allsoclated willi bedrock.

Figure 1 1. lateral Icour poOl aaaociated .itll root.ed.

Figure 10. Lateral ICOur pool alloclated wltll IIIrge aebrill.

""igure e. Plunge pOOl auocialeCl witll targl! debris.

Figure 7. Bllckwater pool a..oclaled "Itll IIIrge debris.

Figure 8. Trencll pool aaaOCl8led wltll DedroCk.

•••••.~~~~iJ
••••••••••••••••
e'-:aVing consid~rahle turbulence. Th~ substrate
• of rapids ...as generally coarser than the

substrate of 10... gradient riffles, and durin~

• low streamflolO condi ti ons hrgp bouldE'rs

•
typically protruded through the surface.
Cascades (Fig. 3>, thl!' lhird lype of riffle

•
habitat, were the steepest. UnlikE' rapids.
which had an even gradient, cascades consistE'd

•
of a series of small steps of alternating small
waterfalls lind shallow pools. The usual

• substrate of cascadps was bedrock or an
accumulation of boulders; hO"'ever, this habitat

• ~ype was occasionally found on thp downstream
• face of wood> dl!'bris dams.

• Pools

•. During 10'" strE'amno..· condi tions therp ..'erE'

•

SlX pool types, which were associatl!'d with thE'
presence of bedrock outcroppings, large rocks.

e ar large tree stems and rootwads in the channel.
Secondary channel pools (Fig. 4) were those that

e remained within the baokful margins of thE' stream
after freshets. During the survey period (Junp

«eptember) Dost of these pools had disappeared,
a~~ those remaining had little flo... through them.

• ndary channel pools were usually· associated

•••••
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Io:it.h gravel bars, but many C'ontaint'd sand and
si I t substrates. BaC'lclOatE'r pooh (figs. 5-7.1
",ere found along channel margins and I.:erp cau5pd
by eddies behind large obstructions suC'h as
root\olads or boulders. Thi s pool type \oIas often
quitt' shallo," (>30 em) and tended to bt' dominat.ed
by !inp-grained substrates. Likt' secondary
channel pools, back\olater pools possessed current
veJocities that were' very low. ~ pools
(Fig. 8) were long, generally deep slots in a
slabh substrate. Channel cross sections were
typically V-shaped with a coarsp-grained bottom
flankt'd by bedrock Io:alls. Current velOCities in
trench pools were the swiftest of any pool typt'
and the direction of flol.: was most uniform.
Plunge pools (Fig. 9) oC'Curred When' \.hp stream
passed over a complete or nearly complete channel
obstruction and droppt'd vertically into tht'
streambed below, scouring out a depression .
This pool type _as often largt' , quitp dE'ep (>l
m), and possessed a complex flo..' pat.tern
radiating frolll the point of ,.ater entry.
Substrate particle sizE' was also highly variable.
Lateral ~ pools (Figs. lO-12) differed frolD
plunge pools in that -the flow was directed to
one side of the stream by a partial channel
obstruction. Often an undercut bank was
associated with this pool type. ~ pools
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Figure 13. D.mm.~ poOl ••.•oel...d with I.rga dabri•.

..
• '::'~' .f

Figure 1... Glide.

(Fig. 13) consisted of water impounded up.trea.
from a complete or Dearly complete chanDel
blockaae; TyPical caUBea of dUDed pooh were
debris jams, rock landslides, or beaver dams.
DependiDg upon tbe Bize of t.be blockage, da..ed
pools could be very large. Wat.er velocity in
this pool tyPe was charact.eristically low and
subltrates t_nded t.oward .maller gf.vels and
sand.

Glides

A third general babitat catelory existed
that po&Seu~d attributes of both riffles and
pooh. ~ (Fia. 14) were cbaracterized by
.oderately shallow water (10-30 em deep) with aD
even flow t.hat lacked pronounced turbulence.
Altbough t.bey were IIOlt frequeDtly located at
tbe tran.ition bet.ween a pool aDd the bead of a
riffle, llides were occasionally found in 10Dg,
low gndieDt streall reaches wit.h stable bankl
and DO ..jor flow obltruction.. Tbe typical
.ubstrate was Iravel and cobbles. The t.e~ 'ruD'
has been applied to t.his habitat type, but we
feel that t.be desilnation 'Ilide' il a aore
precile descriptor of the habitat conditionl.
Sillilar ullle of tbe term bas preViously been
adopted by euinlt et a1. (1975) and Cbaplllan and
Knudsen (1980).

Cover

Eilbt distinct. kind. of cover for fhbel
were identified. These included three kinds of
wood debris rootwlds, larle debril (t.ree
Items), and sllill debris (brancbes, twils, etc.)
- that differed in tbe ImouDt of overhead cover
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and flow ItOdificaUon. t.bey provided witbiD tbe
claaDlld. OverbaD,iDI terre.trial veletation and
undercut bank. were two kind. of cover that wlr
larlely lovemed by tbe conditioD of t.be riparil."
zone. Water t.urbulence act.ed a. cover wben t.be
pre.ence of bubble. prevented a clear view of
the wat.er beneatb (Levis 1969). Rocks functioDed
a. cover iD two ways, by providing overbanliD.
led.e. aDd by providiD. crevicel for bidiD8·
Tinally, .aximum deptb wal itlelf a fora of cover
from nOD-divin. terre.trial predator. (Stewlrt
1970). We a..umed tbat the prilllry fWlction of
cover durin8 tbe lummer was protectioD from
predaUon.

Sample Locat.ion. and InveDtory Techniques

Sample IOCltioDI were cbolen t.o eDcompa.s a
wide variet.y· of atrea. conditioos in western
WI.biD.tOD. Nineteen .ite, cOD.i.tiDa of cbannel
reaches 0.2 - 1.3 kID 10D. were located iD four
Itrealli. Three of tbe streams (NewaukWl River,
SallioD Creek, Tbra.b Creek) were Chehalis River
t.ributarie.. t.be fourt.h Itrealll (TaU River) wa.
part of the Willapl Bay drainale .yllell. Tbe
lites iDcluded 700 iDdividual babi tatl tot.aliDg
approximat.ely 7,800 II axial lenltb, 33,600 III,
wet.ted lurface area, aDd 8,900 a l volume.
Cbannels raDled iD size froll tbird t.o fiftb order
witb 1-8\ gradient. PareDt rock type wal eitber
.Ind.tone or ba.alt. Streallside veaet.atioD
varied accordiD, t.o forelt. ..na.e_Dt biltory,
recently clearcut litel were dOlliaated by Ibrubs.
lecoDd .rowtb forelt.ed .itea were dOlllinated I
red aler (~ rubra) , and old ,rowtb foreste,
lite, were dOllinated by mixed conifers. AI.
sillple locations posles.ed nlturll populations
of lalmGnid., althou.b loae .itea were above
upst.re.. lIilration blocksle. and contained only
resident Don-ailratory cuttbroat trout. There
WII 00 evidence tbat any of the site. bad been
filbed by aDllers.

Eacb .t.rea. reach w.s lurveyed OD foot. and
tbe 10catioD of differeDt. babit.at. typel, a, well
II .i.DificaDt flow cont.rolliD. .tructure., WII
drawn t.o Icale on a IIIP (Ti•• 15). Cont.our lines
baled on deptb _a.ureMnt.. were drawn wi thin
paoli to enable volue estilllltion. Wetted
,urf.ce area. were deterained by countinl squares
OD lridded paper tbat was luperillPo.ed on tbe
"pl. Axial lengt.b was filured as tbe dilunce
dODI tbe tbdwes or .reate.t line.r dimension
of a babitat WItt parallel to tobe direction of
flow. Reacb ......riel were constructed by
sUDDina tbe !eaatbl, area., aDd volUllles of each
babitat type .nd expre.ainl e.ch aroup as a
perceDta.e of tbe total. The ..ount of cover in
eacb babitat. WII rated 00 • relative abundance
sClle of 0-3, wbere a score of zero iDdicated
tbat. tobe particular kiod of cover wa. el,eatillly
abient and a Icore of tbree iDdicated • very
abuDdaDt cODdition. Substrlte W.I Dot.ed a.
predominant type, i.e., tbe pbysic.l and/or
bioloaica1 type lIolt prevalent witbin • blbitr
unit.

•••••.-e
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Values of this habitat utilization
coefficient theoretically range from minus one,
indicat.ing t.otal non-use of a habitat type, to
positive infinity as a greater proportion of the
population resides in the habitat type of
interest. A value of zero indicates that the
population occurs in the babi tat type in
proportion to that type's abundance in tbe
stream.

F"l tLD 1R]ALS

average total density =average densit.y
over the entire
stream reach, all
habitats combined

Habitat Characteristics

Large woody debris, including rootwads, .as
the most abundant cover in poola. "'hile rocks
wert' the primary cover in riffles. Depth "'as
important cover in pools having large water
volumes (lateral seOUL, plunge, and trench).
Turbulence created cover where falling water
formed bubbles in plunge pools, rapids, and
cascades. ]n general, cover quantity and
diversi ty ,,'as greater in pools than in riffles
or glides.

Although variation in size and frequen~y of
habitat types ~as related to stream order, basin
geology, and land management history, average
dimensions of the different habitats are given
in Table 1 for comparison. Overall, glides had
the greatest individual length and surface area
but pools had the greatest volume. Despite their
reldtively large size. glides were infrequent
and accounted for a small fraction of total
stream space. Pools "'ere the dominant habitat
category. accounting for about 50~ of stream
length and almost 80~ of stream volume. Lateral
scour pools were the most common type and also
possessed the greatest surface area. Secondary
channel pools, backwater pools, and dammed pools
were smallest and least frequent. None of the
sample sites contained beaver dams, log jams, or
major landslides, thus accounting for the absence
of large da_d pools in the reaches that were
surveyed. Lo,,' gradient ri ffles were both the
largest and most abundant riffles type, while
rapids and cascades tended to bE' small and less
frequent. Riffles averaged ~O~ of stream length
but accounted for only 16% of stream volume

wbere
habitat specific density =average density in

the habitat type
of interest

(1) Utilization =
habit.at specific density - ave rase total density

average tot.al density
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]n order to quantify habitat utilization by
species and individual age classes it was
necessary to relate the fraction of the
population found within a particular habitat
t~'Pe to the relative abundance of that habi tat
ype in the stream. The formula used _as based

In t.he electivity index of ]vlev (1961):

Fisb populations were sampled by isolating
individual habitat types with blockin, nets and
electrofishing the habitat three times, retaining
separately the fish captured on each pass.
Individual biomasses were determined from length~

weight relat.ionships (Bisson and Sedell 1982 in
press) and age class abundance was figured from
size frequency distributions and scale samples.
Population density and biomass estimates were
based on a removal summation method of
calculation (Carle and Strub 1918). Scu1pins
(~ spp.) were also captured but their
bioDasses are not reported in this paper.
Approximately 28~ of the total number of habitats
invent.oried were sampled for fish populations,
resulting in the capture of 11,385 salmon and
trout.

:figure 15. An example of a st.ream channel map
sho_ing locations of various habitat types .

•••••· --'
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7 (2)

3 (3)

6 (<})

15 (6)

51 (25)

25 (9)

30 «1)

92 (11)

11 (26)

7 (13)

8 «1)

15 (9)

aDd .teelbeld were ab.ent. all cutthroat ale
clanes esbibi ted I lDild avoidaDce of this pool
type. Underyear1iDI cutthroat collected fror.
trench pooll were s..ller tbln averase . PIUDI&.
pools were .elected by cobo, yearlins steelhea~

aDd all cuttbroat ale cla••es except ase 0+ fis.
in arel. upltream frOID an anadromoull zoDe. Cobo
in pluole pooh were the lar,nt of tho.e taken
in any pool type.

Lateral .cour pool. were preferred by older
ase cla.ses of both steelbead and cuttbrolt.
lndividulls collected frOID tbis pool type were
averaae size, except for _,e 0+ cuttbroat which
t.ended to be .li,bUy .IIIUer thaD averale in
non-anadromou. ar.a.. OviD, to tbe relative
abundance of tbi. blbitat type. over 25\ of all
sal.onids occurred iD lateral .cour pools. '

An insufficient number of dammed pools were
Ia.pled to yield uti.factory evideoce of
relative blbitlt utilizltion or averaae fisb
weigbt. Flow pattern in tbia pool type would
seem to be favorable to cobo and tbere 11 allple
evidence from other .tudies (Bu.tard aod Harvel'
1975b; Nickelaoo and Hafele 1979; Everest and
"eehan 1981) tbat cabo utilize illpolIDded wlter
in strealDs. Provided tbere 11 .ufficient depth
and cover, dammed pool. sbould allo prOVide
favorable babitlt for a.e 1+ steelbead and ale
1+ and older cutthroat.
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Averaae Habitat
Size I \ of Total

Lenath Area Volume
n (m) (m2 ) (m 3 )

26 9 (<1) 34 (<1) 8 «1)
74 8 (10) 29 (7) 8 (7)

34 15 (8) 70 (8) 26 (10)

38 14 (5) 77 (5) 45 (10)

146 16 (28) 102 (35) 43 (SO)

5 7 (<1 ) 30 «1) 18 (1)

197

114

21

Low aradient riffles were .electively
occuDied by IIDderyear~inl stee1bead and

Table 1. Average habitat size and percent o~ total stream
(in parenthesis).

Riffles

Low Gradient Riffles

Rapids

Ca,cldes

Habitat Utilization

~

Secondary Chanoel

Backwater

Trench

Plunae

Latenl Scour

Dammed

Habitat
TYpe

Trench pools were selectively utilized by
cobo and yearlinl stedhead, and by lie 1+ and
2+ cutthrollt in anadromous zOlles. Where coho

Durinl the s~r very few individulls of
aoy fiab speciel occupied secondary cbanael pooll
(Table 2). "lay of tbese habitu.s had becOile
i.olated from tbe INio cbanael Ind they often
possessed biSb temperatures and deDse al181
growtbs. Al tboulh jt is likely tbat secondlry
channel pools are utilized at otber times of tbe
year, particulsrly in lar,e rivers (Sedell et
al. 1980), lack of use of tbese habitats durins
low IItresmflow periods by uillonid. is lillilar
to tbe findiogs of studies of otber stream fishes
(Tramel' 1977; Williams and Coad 1979).

Backwater pools were heavily utilized by
ale 0+ coho salllon, al tboullh cobo in backwlters
were smaller than averale (Tsble 3).
Preferential use of tbiS habitat type by coho
.ayhave been related to a dependency on
terrestrial food during summer that bas been
found by other investigators (Chapman 1966b;
"undie 1969). No other species diopllyed IS
IItrong aD association wi th backwater pools as
did coho; however, where anadromous forms were
absent,. yearling and older cuttbroat also
preferred this habi tat type. In leneral, fish
lIize in backwaters tended to be s..aller tban
average.
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Table 2. Habi~t specific'utilizatioD coefficieDts.

ADadro.oulI ZODe Above ADadr~ou. Zone
Coho Steelbead Cutthroat. Cutt.hroat

Habitat Type o:t 0+ 1+ 0+ 1+ 2+ 0+ 1+ 2+

~

Secondary Cbaonel -1.00 -0.99 -1.00 -) .00 -1.00 -1.00 -1.00 -1.00 -1.00

Backwat.er 6.74 -0.46 0.21 -) .00 -0.52 -0.75 -0.36 0.42 0.80

Trench 1.07 0.14 1.16 -1.00 0.54 0.99 -0.21 -0.16 -0.23

Plunge 0.93 0.10 2.23 1.4) 0.79 0.92 -0.54 1.09 1.61

Lateral Scour -0.46 0.07 0.89 -0.08 1.14 1.83 0.18 1.04 0.88

Da1llllled IDsufficient Samples

Riffles

Low Gradient -0.75 0.50 -0.70 0.26 -0.23 -0.71 0.45 -0.73 -0.78

Rapids -0.99 0.50 0.98 -0.45 -0.67 -0.20 -0.10 -0.83 -0.90

Cascades -0.97 0.79 0.58 -1.00 0.70 -1.00 -0.24 -0.80 -0.89

Glides -0.91 0.34 0.86 1.42 -0.77 -0.92 0.00 -0.79 -0.33
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-------------------Riffles---------------------
Rootwad ":0.03 -0.21 -0.29 +0.02 -0.16 +0.24
Larae Wood Debris -0.03 +0.31 +0.42 -0.30 +0.46 +0.43
Small Wood Debris 0.00 +0.03 +0.11 +0.40 +0.07 +0.27
Terrestrial Vegetation +0.80 +0.11 -0.13 -0.04 +0.07 +0.11
Undercut Bank +0,37 -0.50 -0.42 0.00 +0.35 +0.43
TurbuleDce -0.42 -0.27 +0.19 -0.31 +0.40 +0.20
Underwater Boulders -0.46 -0.08 -0.19 -0.25 '+0.43 -0.07
"a. ilium Depth -0.51 -0.20 +0.46 -0.45 +0.43 +0.57 -

Table 4. Averaae correlatioDs (r2) between aae class deDlity aDd cover
types witbin habitats.

~ Steelhead Cuttbroat
Cover Type 0+ 0+ J+ 0+ J+ 2+

-----·---------------Pools---------------------
Rootwad +0.19 -0.05 +0.34 +0.05 +0.04 +0.13
Large Wood Debris -0.27 -0.11 +0.23 +0.05 +0.40 +0.25
Small Wood Debris -0.16 -0.07 +0.18 +0.20 +0.15 +0.17
Terrestrial Veaetltion 0.00 +0.12 +0.09 -0.24 +0.04 +0.12
Undercut Bank 0.00 +0.12 +0.26 -0.13 +0.22 +0.37
Turbulence -0.01 -0.26 -0.04 -0.34 +0.05 +0.21
Underwater Boulders -0.78 -0.25 -0.54 -0.49 -0.23 -0.09
Haximum Depth -0. J4 -0.29 -0.02 -0.42 +0.03 +0.44

cutthroat, aDd were DOt prefereDUally uaed by
otber a,e classes. Cutthroat iD aoadra.ous ZODes
were s.aller thaD avenae wbile those 1D DOD
,nadrolDous areas were larser tban avera,e, thus
,uaSesUDg that cOllpeUUoD with sUelbead bad

.reduced cutthroat arowtb rates 10 low ,radieDt
riffles. Evidence for competitive "_iDance of
underyearliol cuttbroat by underyearlio.
.teelhead wa. alao provided by tbe reduced
utilizatioD of low aradieDt riffles by cutthroat
wbere Iteelbead were preseDt compared to aites
wbere Iteelbead were ableDt. Plattl (1977) found
that cuttbroat were displaced to secondary
babitats in tbe presence of juvenile chiDook
.alaoD aDd Iteelbead, but Har~D and Gill (1968)
•peculated tbat differences in the diatdbutioD
of underyearliDI cuttbroat aDd steelbead were
related to microhabitat variatioD in IpavoiDa
preferences of adults.

Utilization of rapids aDd cascades was
limited mostly to Iteelhead. Both habitats were
Itronaly avoided by most cobo, yet the few
individuals that occurred in rapids were lIuch
laraer than averase. Uoderyearliol and yearlinl
steelhead favored both habitats and leemed to
,row well there. Chapman aod Bjornn (1969) bave
also observed that steelhead occupy SWifter water
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a. t.hey beCOIle larler and t.beae aut.hon felt
that prefereDce for faster water wa. asaociated
witb iDcreased ezposure to food oraaDigs
However, wbile steelbead preferred fait wate
riffles, cuttbroat, for tbe most part, did DOt.

Glides were selectively utilized ooly by
ateelbead aDd by underyearliDI cutthroat.
InsufficieDt oUlibera of ale 0+ cuttbroat were
collected from sites poslessioa cobo and
steelbead to penlH detenlioatioo of ailte
variatioD; however, _aes 0+ and 1+ ateelbead
occ'lrrioa iD llides were tbe .m.llest of tbole
found iD any babitn type .

Cover AssociatioDS

10 botb pool aod riffle babitats tbe
densities of ase 1+ and older trout tended to
increale iD aSloc1atioD with increased cover
(Table 4) but ale 0+ salmoD aod trout were
relatively unaffected by cover conditionl,
altbouah some positive. associatiool did exilt
betweeD underyearliDI densities aDd certaiD cover
types. Ollr {iodina tbat older trout were IIOre
respoDsive to iDcrealed cover asrees witb tbe

•••••.-e
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APPLICATION OF THE SYSTEM

The system of naming habi tat types· t.hat is
described in thill paper proved to be workable
durinl low streamflow condit.ions. The habit.at
types became easy to recognize aft.er some
practice, and disagreements between independent
classifiers were usually few. Approxilllately 100
m of stream channel could be lIIapped by one person
in a day depending upon cbannel complexity.
However. rapi d inventory of t.he habi tat types
present in a Itream, without dimensional
measurements, could proceed much faster.

We .were generally less satisfied with t.he
cover evaluations. The majority of disagreement.s
arose over wbat numerical score was to be
assigned to t.he cover conditions within a
particular habitat. In addition. tbe t.echnique
that was elllployed treated all kinds of cover
equally, and it "'as obvious that a score of 3
(very abundant) for one cover t.ype was Dot
necessarily equivalent, in terms of overhead
shadinl or protection from predation, to • bigb
score for anot.her cover type. For example, the
kind of cover provided by wood debris, bank
characteristics, or channel morphology was
different from ODe aDother in nature and did not
fit well into an equally weighted scale t.hat was
based on relative abundance. Wesche (I980) bas
discussed t.he subjectiVity involved in measuring
cover and has proposed a cover rating that
intregrates bank, cbannel, and substrat.e
characteristics for botb small and large streams.
Ot.her workers bave devised comprehensive
numerical indices of babitat conditions that
have been used to predict Itream carrying
capacity, (Bovee and Cochnauer 1977; Binns and
Eisermann 1979) but t.hese models do not easily
separate fish preference for babi tat. type froll
preference for cover type.

turbulence and boulder density ..y have hiDdered
feeding activity by making visual sightiDB of
food organis.s more difficult. Wit.bin habit.ats,
deeper water was preferentially utilized only by
age 1+ and older trout.. UDderyearliogs of all
species avoided deep water, preferriog instead
to reside in shallower areas alool habit.at
margins. Positive associatioos between iocreased
depth and fish size have been observed in bot.h
rainbow trout (Lewis 1969) and cutthroat
(Griffith 1972).

We found that witbin individual habitats
certain kinds of cover were preferred to ot.hers;
bowever, a more rigorous approach would be to
fa110'" population cbanges after experimentally
addinl different kinds of cover t.o streams. For
exalllple, Boussu (1954) added small debris
(interwoven willow brancbes) to a "oDtaoa st.ream
and recorded large increased in underyearliDB
aDd yearling rainbow trout aDd brook char
biomasses. More recently, Ward and Slaney (1979)
found t.hat 1015 and boulders placed together in
riffle areas of a Vancouver Island stream
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SlDi th
cover
older

stream enhancement results of Saunders aDd
(1962) and Hunt (1978). who noted that
additions improved the productivity of

out more than it did underyearlings.

Wood debris proved to be a preferred cover
type for age 1+ steelbead aDd age 1+ and 2+
cutthroat. The strongest associations were
observed with large debris pieces, especially in
riffle habitats. Preference of yearling
steelhead for large debris has been documented
by Bustard and Narver 0975a) and both Osborn
(1981) and June (1981) have shown that older
cuttbroat rely heavily on large wood debris for
cover. Underyearling steelbead did not respond
positively to Jncreased wood debris in pools but
utilized large debris in riffles. Underyearling
cutthroat showed a slilht positive response to
increased debris in pools and a defini te
preference for saall debris in riffles. The
utilization of small debris by underyearling
cutthroat may be silDilar to tbe cover preferences
of age 0+ brown trout (~. ~), which have
been shown to decline following small debris
relloval (Piortensen 1977). Age 0+ cabo exhibited
a mild positive response to increased rootwad
abundance in pools, but were unaffected by other
kinds of debris. Association of coho witb wood
debris has been previously demonstrated by Lister
and Genae (970) and Bustard and Narver (1975a.
1975b).

Turbulence and underwater boulders were not
selected by most species, except yearling
cutthroat in riffles. The absence of significant
r~sponse by steelhead to increased boulder cover
..as surprising in view of the strong attachment
to t.his cover type shown for steelhead by Hartman
(] 965) and raccbin and Slaney (] 977), and
increases in age 1+ ateelhead carrying capacity
follOWing experimental boulder placement Win a
Vancouver Island stream (Ward and Slaney 1979).
. ''! have no explanation for t.his disparity in

Jservations except to speculate that increased

Overhanging terrestrial vegetation and
undercut banks along riffles were strongly
~referred by coho, altbough riffles were

lhabited by re.l8tively fe'" individuals of this
species (Table 2). Overhead banks and vegetation
..y have been selected because they prOVided
more t.errestrial food. resultinl in bigler fish

......... (Table 3). It seems unlikely that cobo used
~ t.hese kinds of cover for shadr because no
• obvious preferences for bank cover were observed

in pools, and Ruglles (1966) has shown that4It addition of shade structures to experimental
cbannels actually reduced coho bolding capacity.

• Weak positive responses to increased bank

•
undercuts and overhanging vegetation along
rUfles were displayed by age 1+ and 2+

•
cpttbroat, vbi ch. like coho, were r.re t.here.
HQWever, steelhead in riffles did not select

•
overhanging veget.ation and actually appeared to
a'lJoid riffles wit.h undercut banks. Ages ()+ and

•
1+ steelhead and ages ]+ and 2+ cutthroat showed
mild preferences for bank cover in pools.•••••••••••••

•••••.~
••••••••••••••••
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Attachment 5:

Habitat Requirements for Steelhead Trout



•••••••••••••••••••••••••••••••••••••••••••

LIFE STAGE OPTIMAL WATER DISSOLVED pH WATER DEPTH WATER TURBIDITY SUBSTRATE
TEMPERATURE OXYGEN (mg/l) VELOCITY (mg/l) SIZE

IMMIGRAnONI 7.8-11.2 ·C >7at< 15·C 7-8 > 18 em > 25 cfs < 25 N/A
PASSAGE 46.0-52.0 ·F > 9 at > 15 ·C > 0.6 ft

SPAWNING 7.8-11.2 ·C > 7 at < 15 ·C 7-8 > 18cm > 15 cfs < 25 0.6-13 cm
46.0-52.0 ·F > 9 at> 15·C > 0.6 ft 0.2-5.0 in

INCUBATION 7.8-11.2 ·C > 7 at < 15 ·C 7-8 > 18 cm > 7 cfs < 25 0.6-13 em
46.0-52.0 ·F > 9at> 15·C > 0.6 ft 0.2-5.0 in

FRY EMERGENCE 8.9-11.2 ·C > 7 at < 15 ·C 7-8 fry: 8-36 cm > 7 cfs <25 0.6-13 em
48.0-52.0 ·F > 9 at > 15 ·C 3-14 in 0.2-5.0 in

juvenile: 25-50 cm
10-20 in

REARING 12.8-15.6 ·C > 7 at < 15 ·C 7-8 18.3~7.0 cm > 2 cfs < 25 6.4-24.9 cm
55.~.1 ·F > 9 at > 15 ·C 0.6-2.2 ft 2.5-9.8 in

SMOLTfFlCAnON! 6.98-11.3 ·C > 7 at < 15 ·C 7-8 18.3~7.0cm > 7 cfs < 25 6.4-24.9 em
EMIGRAnON 44.4-52.3 ·F > 9 at > 15 ·C 0.6-2.2 ft 2.5-9.8 in

TABLE l. HABITAT REQUIREMENTS FOR STEELHEAD TROUT •
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greater than or equaIto

Sources: Rich, 1987; Bre" &: Blackburn, 1981; Hopkirk and Northen, 1980; Baracco, 1977; Hooper, 1973; Zaugg et aI., 1972; Smith, 1973; Hunter, 1973;
Zaugg and Wagner, 1972; Thompson, 1973; Dickson and Kramer, 1971; Doudoroffand Shumway, 1970 Orcull et at., 1968; Hartman and Gill, 1968;
Wagner, 1974; Hermann et at., 1962; Philips and Campbell, 1961; Whitmore et at., 1960; Cloem, 1976; Thompson, 1972; Smith, 1973; Bovee, 1978;
Phillips et at., 1975; Adams et aI., 1975; Hall and Lentz, 1969; Koski, 1966

• Note: Thes eare general conservatively-based requirements for steelhead. As requirements are site specific, once the analysis of infonnation has been completed, there may be some changes in the ranges
for each of the requirements provided in Table I



LIFE STAGE REDO (mean area ofredd per COVER FOOD POOURIFFLE RATIO
snawnimr nair)

IMMIGRATION AND PASSAGE

SPAWNING 4.4-5.4 squate met=
47-58 sauare feet

INCUBATION

FRY EMERGENCE

REARING Need abundant cover to protect them from Primarily insects, captured as I :I p001-ttHiffle ratio, with
predators. reduce SlIDIDler water drifting organisms areas ofslow, deep water
IemperatUIeS adn provide food resoun:cs

Often use tmbulence cover as they feed on
drifting insects

SMOLTIFlCATION AND . . . . . .
EMIGRATION

TABLE 1 (CONT.). HABITAT REQUIREMENTS FOR STEELHEAD TROUT *
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Sources: Rich. 1987; Hooper, 1973; Diclcson and Kramer, 1971; Doudoroffand Shumway, 1970; Orcutt et 81.,1%8; Thompson, 1972; Smith, 1973; Bovee, 1978;
Phillips and Campbell, 1%1; Htmter, 1973; Davisetal., 1%3; Hartman and Gill. 1968; Hartman, 1%5.

• Note: These are gener.d conservatively-based requirements for rainbow trout. As requirements are site specific, once the analysis of information has been completed, there may be some changes in the ranges
for each of the requirements provided in Table 2
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Attachment 6:

Habitat Requirements for Rainbow Trout
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LIFE STAGE WATER DISSOLVED pH WATER WATER VELOCITY TURBIDITY SUBSTRATE S[ZE
TEMPERATURE OXYGEN DEPTII (mgll)

(mlUl)

SPAWNING [2-18°C ~ 7 at s 15 ·C 6.5-8 >18em s 122 em/s s 25 fish < 50 em long: 1.5-6.0 em
54-64 of ~ 9 at > 15 ·C > 7 in s 4 ftls 0.6-2.4 in

fish ~ 50 em long: 1.5-10.0 em
0.6-4.0 in

INCUBATION 12-18 ·C ~ 7 at sl5 ·C 6.5-8 > [8em s 4S-91 em/s s 25 0.3-10 em
54-64 ·F > 9 at > 15 ·C > 7in s 1.6-3 ftls 0.1-4 in

FRY 12-IS °C ~ 7 at s 15 ·C 6.5-S > IS em s 8-30 em/s s 25 0.3-10 em
EMERGENCE 54-64 ·F ~ 9 at > 15 ·C > 7 in 5 .26-1 ftls 0.1- 4 in

REARING 15-18°C ~ 7 at 5 15 ·C 6.5-8 > [Scm fry: s 8-30 em/s s 25 1.5-10 em
59-64 OF > 9at> 15·C > 7 in 5 .26-1 ftls 0.6- 4 in

juvenile: 10-22 em/s
.3-.72 ftls

ADULT 15-IS ·C ~ 7 at s 15 ·C 6.5-S > ISem 12-73 em/s 525 1.5-10 em
59-64 ·F > 9at> 15·C > 7 in 0.4-2.4 ftls 0.6- 4 in

TABLE 2. HABITAT REQUIREMENTS FOR RAINBOW TROUT

»
»
::0
("")

:::I:
»
z:
o
»
(f)
(f)

o
("")

~
m
(f)

~'}

em centimeters em/s centimeters per second
ft feet ftls feet per second
C centigrade > greater than
F fahrenheit < less than
in inches greater than or equal to
s less than or equal to



,

LIFE STAGE REDDSIZE COVER FOOD POOURIFFLE RATIO
(mean area of redd per
spawning pair)

SPAWNING 0.2 square meters
2.2 square feel

INCUBATION

FRY EMERGENCE

REARING Need abundant cover 10 protect them from predators. Primarily insects, captured as 1:1 pool-to-rime ratio, with
reduce summer water lemperatures and provide food drifting mganisms areas ofslow, deep water
resources

Often use lurlndence cover as they feed on drifting
inseclS

ADULT . . Fishes, invertebrates . .

TABLE 2 (CONT.).

AITACHMENT #5 (CONT.)

HABITAT REQUIREMENTS FOR RAINBOW TROUT

»
»
:0
o
::c
»z
o
::x:=
C/)
C/)
o
o
::t> .
~
m
C/)

an
ft
C
F
in
~

centimeten an/s
feel
centigrade
fahrenheit
inches
less than or equaJ 10

ftls
>
<
2

centimeters per second
feel per second
greater than
less than
greater than or equal to

Sources: Rich, 1981; Hooper, 1913; Doudoroffand Sbwnway, 1910; Orcutt et aI .• 1968; Duff, 1980; Delisle and Eliason. 1961; Thompson, 1912; Smith, 1913;
Homer and Bjomn, 1916; Hunter, 1913

l ~.....•............· .
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A.A. RICH AND ASSOCIATES

APPENDIX B

VOLUNTEERS'INSTRUCTIONS
AND

SAMPLE WEEKLY MONITORING LOG
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A.A. RICH AND ASSOCIATES

APPENDIX C

SUMMARY RESULTS OF WATER TEMPERATURE MONITORING
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I Please see Figure 5

2 At junction of cement channel and Corte Madera Creek estuary

A.A. RICH AND ASSOCIATES

C-I

Downstream
Low Gradient «4%) Riffle
Pool, Lateral Scour, associated with cut banks
Pool, Lateral Scour, associated with cut banks and rip rap
Upstream
United States Army Corps of Engineers

Dates of Thermograph Installation in Corte Madera Creek

Dis
LGR
P-LS-BC
P-LS-BC/RR
U/s
USACE

Key:

Thermograph
Dates of Dates of

Habitat Type Thermograph Thermograph Thermograph Location
Number'

Insta lIation Removal

Concrete
4/19/99 6/9/99

T-CM-Ia channel
6/9/99 7/28/99 Beginning of USACE concrete

(USACE)2
7/28/99 9/13/99 channel, right bank
9/13/99 ]0/1199

Concrete
5/4/99 6/9/99

T-CM-Ib channel
6/9/99 7/28/99 Beginning of USACE concrete

(VSACE)2
7/28/99 9/13199 channel, left bank
9/13/99 10/1/99

6/12/99 7/27/99
T-CM-2a P-LS-BC/RR 7/27/99 9/13/99 Dis of Ross Post Office

9/13/99 ]0/1/99

61\2/99 7/27/99
T-CM-2b P-LS-BC/RR 7/27/99 9/13/99 Dis of Ross Post Office

9/13/99 ]0/1/99

T-CM-3a P-LS-BC/RR 4/20/99 6/8199 Behind Ross Post Office

T-CM-3b P-LS-BC/RR 5/4/99 6/8/99 Behind Ross Post Office

4/20/99 6/9199

T-CM-4 P-LS-BC
6/9/99 7/27/99

Vis of Lagunitas Bridge
7/27/99 9/13/99
9/13199 10/1/99

5/4/99 6/9/99

T-CM-5 LGR
6/9/99 7/27/99

Vis of Lagunitas Bridge
7/27/99 9/13/99
9/13/99 10/1/99

Table C-l.

•••••••••••••••••••••••••6)
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C-2

I Please see Figure 5

----------------------------~-----

A.A. RICH AND ASSOCIATES

••••••••••••••••••••••••••••••••••..•:.
•••••lb.

't~. • '=""

Dates of Thermograph Installation in San Anselmo Creek

Thermograph
Dates of Dates of

Habitat Type Thermograph Thermograph Thermograph Location
Number l

Installation Removal

4/20/99 6/18/99
T-SA-1

P-LS-BC
6/18/99 7/27/99 Behind Ross Valley Vet
7/27/99 9/13/99 Hospital
9/13/99 10/1/99

5/4/99 6/18/99
D/s of Sir Francis Drake Blvd

T-SA-2 P-LS-BC
6/18/99 7/27/99

bridge, behind Ross Valley Vet
7/27/99 9/13/99
9/13/99 10/1/99

Hospital

T-SA-3 P-MC-Dam
5/4/99 6118/99

D/I' of Saunders Avenue bridge
6/18/99 7/6/99

5/4/99 6118/99

T-SA-4
PolS-Wall 6/18/99 7/27/99

VIs of Saunders Avenue bridge(cement) 7/27/99 9/13/99
9/13/99 10/1/99

5/4/99 6/18/99

T-SA-5 P-LS-RT
6/18/99 7/27/99

Behind Fair Anselm Plaza7/27/99 9/13/99
9/13/99 10/1/99

5/4/99 6/18/99

T-SA-6 LOR
6/18/99 7/27/99

Behind Fairfax Post Office7/27/99 9/13/99
9/13/99 1011/99

5/24/99 6/18/99
T-SA-7

P-LS-BC
6/18/99 7/27/99

D/s of Creek Road bridge7/27/99 9/14/99
9/14/99 10/1/99

5/24/99 6/18/99

T-SA-8 P-LS-BED
6/18/99 7/27/99

D/s of Creek Road bridge7/27/99 9/14/99
9/14/99 1011/99

Table C-2.



A.A. RICH AND ASSOCIATES

Thermograph
Dates of Dates of

Habitat Type Thermograph Thermograph Thermograph Location
Number l

Installation Removal

T-SA-9 P-LS-RR 5/18/99 7/6/99 U/s of Meadow Way bridge

T-SA-IO P-LS-RR 5/18/99 7/5199 U/s of Meadow Way bridge

T-SA-II P-LS-BC
7/23/99 9/14199 In Cascade Canyon Open Space
9/14/99 1015/99 Preserve, dis of trail bridge

T-SA-12 P-LS-BED
7/23/99 9/14/99 In Cascade Canyon Open Space
9/14199 1015/99 Preserve, dis of trail bridge

••••••••••••••••••••••••••••••••••••••••••••

Table C-2 (cont.)

Key:
Dis
LGR
P-LS-BED
P-LS-BC
P-LS-RR
P-LS-RT
PolS-Wall
P-MC-Dam
U/s

Dates of Thermograph Installation in San Anselmo Creek

Downstream
Low Gradient «4%) Riffle
Pool, Lateral Scour, associated with bedrock
Pool, Lateral Scour, associated with cut banks
Pool, Lateral Scour, associated with rip rap
Pool, Lateral Scour, associated with root wads
Pool, Lateral Scour, associated with a wall
Pool, Mid Channel, associated with a dam
Upstream

C-3



J Please see Figure 5

A.A. RICH AND ASSOCIATES

Thermograph
Dates of Dates of

Habitat Type Thermograph Thermograph Thermograph Location
Number l

Installation Removal

T-SH-I P-LS-RR
6/9/99 7/26/99

7/26/99 9/14/99 D/s of Carlson Avenue·
(concrete)

9/14/99 9/30/99

5/6/99 6/9/99

T-SH-2 P-LS-RT
6/9/99 7/26/99

D/s of Carlson Avenue
7/26/99 9/14/99
9/14/99 9/30/99

5/18/99 6/9/99

T-SH-3
P-LS-BED 6/9/99 7/23/99

D/s of Deer Hollow Road bridge
(concrete dam) 7/23/99 9/14/99

9/14/99 9/30/99

5/14/99 6/9/99

T-SH-4 P-MC-BED
6/9/99 7/19/99

D/s of Deer Hollow Road bridge
7/19/99 9/14/99
9/14/99 9/30/99

'.
5/14/99 6/18/99

T-SH-5 P-LS-BC
'6/18/99 7/26/99

VIs of #970 Butterfield Road7/26/99 9/14/99
9/14/99 9/30/99

5/18/99 6/18/99

T-SH-6 P-LS-BC
6/18/99 7/26/99

VIs of #970 Butterfield Road7/26/99 9/14/99
9/14/99 9/30/99

Dates of Thermograph Installation in Sleepy Hollow Creek

•••••••••••••••••••••••••••••••••••••••••
~~.-A-f....... - .

C-4

Downstream
Pool, Lateral Scour, associated with cut banks
Pool, Lateral Scour, associated with bedrock
Pool, Lateral Scour, associated with rip rap
Pool, Lateral Scour, associated with root wads
Pool, Mid Channel, associated with bedrock
Upstream

D/s
P-LS-BC
P-LS-BED
P-LS-RR
P-LS-RT
P-MC-BED
VIs

Key:

Table C-3.



I Please see Figure 5

A.A. RICH AND ASSOCIATES

Thermograph
Dates of Dates of

Number l Habitat Type Thermograph Thermograph Thermograph Location
Installation Removal

T-R-l PoLS-Stump 5/4/99 7/1/99 Dis of Locust bridge

T-R-2·
P-LS-Concrete

5/4/99 7/1/99 Dis of Locust bridge
block

T-R-3
PoLS-Wall

5/4/99 7/6/99 Uls of Locust bridge
(wood)

T-R-4
P-MC-Bedrock

5/4/99 7/1/99 End of Southwood Drive
dam

T-R-5 P-PL 5/4/99 7/1/99 End of Southwood Drive

T-C-I P-LS-BED
7/23/99 9/14/99 In Cascade Canyon Open Space
9/14/99 10/5199 Preserve, U/S of trail bridge

Dates of Thermograph Installation in Ross and Cascade Creeks

~,r:-.... - ...

Downstream
Pool, Lateral Scour, associated with bedrock
Pool, Lateral Scour, associated with a concrete block
Pool, Lateral Scour, associated with a stump
Pool, Lateral Scour, associated with a wall
Pool, Mid Channel, associated with a bedrock dam
Pool, Plunge
Upstream

C-5

Dis
P-LS-BED
PoLS-Concrete block
PoLS-Stump
PoLS-Wall
P-MC-Bedrock dam
P-PL
DIs

Key:

Table C-4.

•••••••••••••••••••••••••••••••••••••••••••



A.A. RICH AND ASSOCIATES

Site T-CM-1a (Cement channel/USACE)

FIGURE C-1. STEELHEAD TROUT-IMMIGRATION THROUGH FRY EMERGENCE.
Daily mean, minimum and maximum water temperatures at Thermograph Site T-CM-1a.
Horizontal bold lines represent lower (bottom) and upper (top) optimal water temperatures.

C-6
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A.A. RICH AND ASSOCIATES-----------------

APPENDIXD

SUMMARY OF HABITAT RESULTS

.,. ---_. "'.
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A.A. RICH AND ASSOCIATES

KEY

Substrate:
BED Bedrock
BO Boulder
CC Concrete
CO Cobble
GR Gravel
ORG Organic
P.GR Pea Gravel
RR Rip Rap
SA Sand
SI Silt

Cover:
AB Asphalt blocks
AL Algae
AV Aquatic Vegetation
BE Bedrock
BO Boulder
BR Bridge
BU Building
CA Canopy
CB . . . . . . . . . . . . . .. Concrete Block
CC . . . . . . . . . . . . . .. Concrete
CS . . . . . . . . . . . . . .. Concrete Slab
DE Depth
LE Leaves
MA Material (fabric)
OR Organic Material
OV Overhanging Vegetation
RO Rocks
RR Rip Rap
RT Rootwad
SC . . . . . . . . . . . . . .. Scum Layer
TU . . . . . . . . . . . . . .. Turbulence
UB Undercut Bank
WD . . . . . . . . . . . . .. Woody Debris

D-l



A.A. RICH AND ASSOCIATES

KEY (CONT)

Habitat Types:
BC Bank Cut
BW . . . . . . . . . . . . .. Backwater
BED Bedrock
BO Boulder
BRDG Bridge
CAS Cascade
CB Concrete Blocks
GABION Gabion Retaining Wall
HGR . . . . . . . . . . . .. High Gradient Riffle
LB Left Bank
LGR . . . . . . . . . . . .. Low Gradient Riffle
LS . . . . . . . . . . . . . .. Lateral Scour
LWD Large Woody Debris
MC . . . . . . . . . . . . .. Mid-Channel
P Pool
PW . . . . . . . . .. Pocketwater
RB RightBank
RR RipRap
RT Rootwad

D-2
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TABLE 0-1. RESULTS OF HABITAT TYPING OATA FOR CORTE MADERA CREEK ):>.
SRU DATE HABITAT TYPE LENGTH AVG_W AVG_D SPWN_GRAVL SUBSTRATE COVER :0-

("")

::I:
USACE - Concrete Channel :l>
CM-Ol 08/06/99 P-CONCRETE CHANNEL NO CONCRETE

Z
0

CM-02 08/06/99 P-LS-BC/RR 61 5.9 0.35 NO SNSI RO=l WD=l DE=l CA=2 AV=l OV=l UB=2 RR=2 ):>
CM-03 08/06/99 LGR 3 1.5 0.04 NO GR RO=2 CA=l TU=2 LE=l CC=l en
CM-04 08/06/99 P-LS-BC/CONCRETE WALL 30 5 0.17 NO SNGR DE=l CA=2 AV=2 CC=l en
CM-05 08/06/99 LGR 17 1.2 0.05 NO GR

0
CA=2 TU=l AV=l LE=l ("")

CM-06 08/06/99 P-LS-BC 15 2 0.06 NO SNGR CA=2 OV=2 UB=2 LE=2 OR=2

~CM-07 08/06/99 LGR 13 1.2 0.06 NO GR CA=l TU=2 OV=2 UB=2 LE=2 m
CM-08 08/06/99 P-LS-BC 27 4.6 0.18 NO LARGE GRiORGANIC WD=l DE=l CA=2 OV=2 UB=2 LE=l OR=2 en
Lagynltas Raad

CM-09 08/06/99 P·LS-BRIDGE (BRAIDED) 8 7 0.19 NO SNGR LE=2 BR=3

CM-l0 08/06/99 P-LS-BC 19 3.3 0.14 NO SNSI CA=2 OV=2 UB=2 LE=2

CM-ll 08/06/99 LGR 4 1.7 0.09 NO GR WD=l CA=2 TU=2 OV=3 LE=2

CM-l2A,B,C 08/06/99 P-LS-BCIWALULWD 134 6.3 0.25 NO SNP.GRlORG/LARGE GR RT=l WD=2 DE=2 CA=2 OV=2 RR=l

0
I CM-13 08/06/99 LGR 9 1.5 0.05 NO GR TU=2 LE=2w

CM·14 08/06/99 P-LS-RRlBC/RT 42 6.5 0.31 NO SNGR RT=2 WD=l DE=2 UB=l AL=2

CM·15 08/06/99 LGR 7 2 0.06 YES GRiORGANIC CA=3 TU=l LE=l

CM-16 08/06/99 P-LS-BC 40 5 0.1 NO GR RO=l RT=l WD=l CA=2 OV=l UB=2 LE=l OR=2

CM-16 08/06/99 P-LS-BC 23 8 0.52 NO GR

CM-17 08/06/99 P·LS·RT/LWD 10 7 0.5 NO GR WD=2 DE=2 CA=3 OV=l

CM-18 08/06/99 P·LS-BC 21 5.8 0.25 NO GRlSNCO WD=l CA=2 OV=l UB=2 CB=l

CM-19 08/06/99 LGR 5 7 0.07 NO GRiCOCNRETE BLOCKS RO=3 CA=l TU=l LE=2

CM-20 08/06/99 P-LS-RR 37 5.5 0.29 NO GRiSNORGANIC RO=l WD=l DE=2 OV=2 RR=l AL=l

CM-21 08/06/99 LGR 3 6.5 0.04 YES GR CA=2 TU=l LE=3

CM-22 08/06/99 P-LS-RT 25 5 0.13 NO GRiSNORGANIC CA=2 UB=2 LE=l

CM-23 08/06/99 LGR (BRAIDED-3 CHANNELS) 20 2.3 0.04 NO GRiCO CA=l TU=l LE=3

CM-24 08/06/99 P-LS-BC 80 9.7 0.32 NO GRiORGANIC RT=l WD=l DE=2 CA=2 OV=l UB=2

CM-25 08/06/99 P-LS-RR 38 5.8 0.21 NO SNGR WD=l DE=l CA=l OV=l

J
Ross Creek ltdbylary)



»
TABLE 0-2. RESULTS OF HABITAT TYPING OATA FOR SAN ANSELMO CREEK ».
SRU DATE HABITAT TYPE LENGTH AVG W AVG D SPWN GRAVl SUBSTRATE COVER :0-(")
Ross Creek (tributary) :::r::
SA-{)01 08106199 LGR 6 4 0.05 YES 'GRICO RO=1 CA=2 TU=1 LE=1 »
SA-{)o2 08/06199 P-L8-BC/CONCRETE 20 4 0.14 NO GRiCO RO=2 CA=2 OV=2 UB=2 LE=1 z:
SA-{)03 08106/99 LGR 6 5 0.04 YES GRiCO R0=2 WD=1 CA=2 TU=2 OV=1 LE=2

0

SA-{)04 08106199 P-LS-RRIWOODIBC 58 6.3 0.18 NO GRiORGANIC RT=1 WD=2 DE=2 CA=2 UB=2 LE=2 AL=1 »
(J)

SA-{)05 08/06199 LGR 7 4 0.05 YES GR CA=2 TU=1 LE=1 C/)

SA-{)06 08106199 P-L8-CONCRETEIRT 67 7 021 NO GRiORGANIC RT=1 DE=1 CA=20V=1 LE=2 0

SIr Francis prake Blvd
(")

SA-{)07 08111199 P-L8-CONCRETEIBED 30 6 NO SA/GR RO=2 DE=3 CA=2 OV=1 LE=2 :::t
SA-{)08 08/11199 P-L8-BED 15 4 0.48 NO SA/GR DE=1 CA=2 LE=1

m
C/)

SA-{)09 08/11199 LGR 15 3 0.17 YES GRiCO RO=2 CA=2 TU=1 OV=1 UB=1 LE=2

SA-{)10 08111/99 P-l8-BC 45 5 0.21 NO GRiCO RO=1 WD=1 DE=2 CA=2 OV=1 LE=1

SA-{)11 08111199 LGR(FAUX) 15 6 0.09 NO CEMENT/CO CA=2 TU=1 LE=2 CB=3

SA-{)12 08/11199 P-L8-BC 42 9.5 0.22 NO GRiORGANIC/SA RT=1 WD=1 CA=2 OV=1 UB=2 LE=3

SA-{)13 08111199 P-L8-CONCRETEIWALL 90 7 0.36 NO GRiSA RT=1 WD=1 DE=2 CA=2 OV=1 CB=2

0
I SA-{)14 08/11199 LGR-SINGLE CHANNEL 8 NO ARTIFiCiAL ROCK/CONCI TU=2 BR=3
~

~

SA-{)15 08/06/99 P-L8-BEDIBC 60 4.5 0.26 NO CO/GR RO=2 RT=1 WD=1 CA=2 OV=2 UB=1 LE=1

SA-{)16 08106199 LGR(a)/p-L8-WALL(b)/lGR(c) 30 4.5 0.07 NO CO/CONCRETE BLOCKS R0=2 CA=2 TU=1 OV=1 LE=2 AS=1

SA-{)16 08/06/99 LGR(a)/p-LS-WALL(bYLGR(c) 20 6 0.11 NO CO/CONCRETE BLOCKS RO=2 CA=2 TU=1 OV=1 LE=2 AS=1

(Sunnyside Nursery)

SA-{)17 08106199 P-L8-BC 63 6.8 0.34 NO GRiORGANIC RT=2 WD=1 DE=2 CA=2 OV=1 UB=2 LE=1

SA-{)18A 08126199 P-L8-RR NO

SA-{)18B 09128/99 P-L8-RR 8 6 0.27 NO SIIRR RO=2DE=1CA=10V=10R=3

Sir Francis Prake Blvd

SA-{)19,020 09128199 LGRIP-CONCRETE 27 8 0.25 NO GR DE=2 BR=3

SA-021 09128199 P-L8-BClCONCRETElRRlPILlAR 300 6 0.22 NO SA/GRISI BRIDGE, STREET, BUILDINGS

Bridge Avenue

SA-{)22 09129199 P-L8-CONCRETE DAM! WALl 37 5.3 0.3 NO GRiCONCRETE BLOCKS DE=1 CA=2 OV=1 UB=2 CB=2

SA-{)23 09129199 P-L8-CONCRETE WALl 8 6 NO GRISA WD=1 BR=3

l ..•...........'...........................~
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RESULTS OF HABITAT TYPING DATA FOR SAN ANSELMO CREEKTABLE 0-2 (CONT'O).

lENGTH AVG W AVG D SPWN GRAVl SUBSTRATESRU

SA.(J24

SA-025

SA-026

SA-027

SA-028

SA.(J29

SA-030

SA.(J31

SA.(J32

SA-033

SA-034

SA-035

SA-036

SA-037

DATE HABITAT TYPE

09129199 P-lS-WAlUlOG

09129199 P-LS-BC

09129199 lGRlP-lS-BC

09129199 P-lS-BCIRT

09129199 P-lS-RT

09129199 P-lS-BCIRTllGR(2)

09129199 P-lS-BC

09129199 lGR

09129199 P-lS-RR

09129199 P-LS-GABIONIRR

09129199 lGR

09129199 P-lS-BC

09129199 P-lS-BCllWD

09129199 P-lS-RT

35

18

10

35

8

12

30

5

33

10

32

25

5.4

3.5

1.3

3.7

3.5

4

4

5.3

5

6

5

3.3

0.34

0.18

0.07

0.15

0.18

0.14

0.21

0.03

0.29

0.34

0.03

0.26

0.42

0.21

NO

NO

YES

NO

NO

YES

NO

NO

NO

NO

YES

NO

NO

NO

GRISA

GRISA

GRILEAVES

GR

GRISA

GR

GRIORGANIC

GR

GRIORGANICISI

SIIGR

GR

GRlSAlAlGAE

GR

COVER

RT=2 WD=2 DE=2 CA=2 OV=l lE=l

WD=2 LE=2

CA=2 OV=l LE=2

RT=2 CA=2 OV=2 UB=2 lE=2

WD=2 CA=2 OV=2

RT=l WD=1 CA=2 TU=l LE=2

WD=2 CA=2 LE=2 OR=3

TU=1 lE=3 CB=2

RT=2 DE=2 CA=2 LE=2 RR=2 OR=3

CA=2 OV=1 LE=l MA=2

CA=l AV=3 TU=l

DE=2 CA=2 OV=2 Al=2

WD=2 DE=2 OV=l

RT=2 DE=2 CA=2 OV=2 lE=l

):>

):>

::0
o
::c
»z
o
):>
C/)
C/)
o
o
~
rn
C/)

o
cJ, Madrone Avenye

SA-038

SA-039

SA-039

SA-040

SA-041

SA-042

SA-043

SA-044

SA-045

SA-046

SA-047

09129199 lGR UNDER BRIDGE

10108199 P-lS-BC

10108199

10108199 lGR

10108199 P-LS-RR

10108199 P-LS-RRIRT

10108199 LGR

10108199 P-LS-RR

10108199 lGR

10108199 P-LS-RR

10108199 LGR

10

25

35

7

11

12

7

22

12

15

4

0.9

3

3.4

1.6

4.5

4.6

1.2

2.3

3

5

4.5

0.06

0.13

0.26

0.08

0.43

0.37

0.12

0.09

0.06

0.31

0.03

YES

NO

NO

YES

NO

NO

YES

NO

YES

NO

YES

GR

GR

GR

GRISA

GRISA

GR

GRIORGANIC

GR

GRISA

GRIRR

TU=1 LE=l BR=3

RO=2 RT=2 CA=2 AV=2 lE=2 OR=2

RO=2 CA=l TU=l OV=l lE=2 CB=2

WD=l DE=2 CA=2 RR=2

DE=2 CA=2

RO=1 CA=2 TU=2 RR=l

RT=1 CA=2 OV=2 UB=2

WD=l CA=l AV=2 TU=l CB=2

DE=2 CA=1 AV=2 OV=2

CA=2 TU=2 OV=1 LE=2 RR=2

Nokomis Ayenye

-}..
i

I,

SA-048

SA-049

SA-050

SA-051

19'08'99 P-lS-BRIDGE

10108199 LGR

10108199 polS-CONCRETE WALL

10108199 P-LS-CB

7

15

95

17

3.3

1.6

7.3

5.5

0.15

0.06

0.39

0.17

NO

YES

NO

NO

GR

GRIORGANIC

GR

CA=2 TU=2 LE=1 OR=2

RO=2 RT=2 DE=3 CA=2 OV=2 Al=2

RO=2 CA=2 CS=2



TABLE 0-2 (CONrO). RESULTS OF HABITAT TYPING DATA FOR SAN ANSELMO CREEK
»
»

SRU DATE HABITAT TYPE lENGTH AVG W AVG D SPWN GRAVl SUBSTRATE COVER .
:0

SA-G52 10/08199 lGR 2 7 0.03 GR -NO RO=2 CA=2 TU=2 CJ
SA-G53 10/08/99 P-lS-BCIRT 20 5.7 0.28 NO GRIORGANIC RO=2 RT=2 CA=2 OV=2 I
SA-054 10/08199 P-l8-CONCRETE WAll 60 4.7 0.36 NO GRIORGANIC DE=1 CE=2 »
SA-G55 10/08199 P-lS-RR 10 3.2 0.23 NO GRIORGANIC CA=2 AV=1LE=2 RR=2

z:
0

SA-G56 10/08199 lGR 20 0.6 0.05 NO GR R0=2 CA=2 TU=2 »
SA-G57 10/08199 P-lS-BClCB 44 8.3 0.26 NO GRlSA RO=2 DE=2 CA=2 OR=3 (f)

SA-058 10/08199 P-lS-RR 42 7.8 0.2 NO GRlSAlRR CA=2 OV=2 RR=2 OR=3 (f)

SA-G59 10/08199 lGR 0.03 CA=2 TU=2 lE=2 RR=1 OR=3
0

6 4.2 YES GR CJ
SA-Q60 10/08199 P-lS-BC/CONCRETE WAll 40 6.7 0.38 NO GRISA DE=2 CA=1 UB=20R=3

~SA-G61 10/08199 lGR 6 7 0.04 YES GR CA=2 lE=2 RR=1 rn
SA-Q62 10108199 P-l8-CONCRETE WAll 48 5.2 0.13 NO GRISA CA=20V=1 (f)

SA-G63 10/08199 lGR 6 7 0.03 YES GRICO CA=2TU=1

SA-G54 10/08199 P-lS-BC 30 4.8 0.18 NO GRICO/SA RO=2 RT=1 CA=2 OV=2 UB=2 OR=3

SA-Q65 10108199 P-l8-CONCRETEIRR 54 5.2 0.22 NO SAIRR DE=2 CA=2 OV=1 RR=2 CS=2

0
I SA-Q66 10/08199 lGR 15 2.5 0.08 YES GR RO=2 CA=2 TU=1 OV=2 lE=2en

SA-Q67 10/08/99 P-l8-CB WAll RB 15 6.4 0.42 NO GRISA RO=1 DE=2 CA=2 AV=1

SA-Q68 10/08/99 P-lS-BC 30 5.3 0.58 NO GRISA RT=1 CA=2 OV=2 UB=1

SA-Q69 10/08199 polS-BED 15 5.3 0.42 NO GRISA RT=2 BE=2 DE=2 CA=2

SA-G70 10/08199 P-lS-RRlCONCRETE BANK 27 5.8 0.3 NO GRISA CA=2 OV=2 RR=2

SI!!!!py Hollow Creek (tributary) @ 7 Agatha Court

SA-G71 10108199 P-L8-CONCRETE WAll (lB) 62 3.3 0.4 NO GRICO DE=3 CA=2 OV=2 UB=2

SA-G72 10/08/99 P-l8-CONCRETE SlAB 2.5 0.13 NO GRICO CA=2 RR=2 CS=3

SA-G73 10/08199 lGRIP-lS-CB 15 3.6 0.07 NO GRIORGANIC CA=2 TU=2 lE=2 RR=1 CS=1

SA-G74 10/08199 P-lS-CONCRETE WAll 30 4.8 0.29 NO GRICOIORGANIC RO=2 RT=1 DE=2 CA=2 OV=1 UB=2

SA-G75 10108199 CASCADE (3 POOLS) 15 5.5 0.12 NO RRISA CA=20V=2

Saunders AvenuelSlr Francis Drake High School

SA-G76 10/08199 DENll FISH lADDER" 24 0.5 NO CONCRETE

SA-Gn 10/18/99 polS-CONCRETE WAll 105 6.5 0.45 NO GRISA RT=2 DE=2 CA=2 OV=1 lE=2 RR=1

SA-G78 10118199 P-lS-BC 20 5 0.18 NO GRISA RT=1 CA=2 UB=2lE=1

SA-G79 10/18199 P-lS-RT(BAY) 12 3 0.05 NO GRIORGANIC RO=2 RT=2 WD=1 CA=2 lE=1

l ...~......................................
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RESULTS OF HABITAT TYPING OATA FOR SAN ANSELMO CREEKTABLE 0-2 (CONrO).
LENGTH AVG W AVG D SPWN GRAVL SUBSTRATE

GRICONCRETE BLOCKS RT=1 CA=2 OV=2 LE=1 CB=3

»
J>

::0
("")

I
:::t>
z:
o
»
en
en
o
("")

~
rn
en

CA=2 TU=1 LE=1

DE=2 CA=2 UB=1 LE=2 RR=2 CS=2

CA=1 AV=1 TU=1 OV=1 LE=1 RR=1

CA=1 OV=1 LE=2 OR=2

RT=2 DE=2 CA=2 AV=1 OV=2 LE=1 OR=2

DE=2 CA=2 OV=2 LE=2 CS=2

CA=2 TU=2 LE=1

RT=2 DE=2 CA=1 OV=2 LE=2 RR=2 OR=2

COVER

RO=1 CA=2 TU=1

RT=2 CA=2 OR=3

RT=1 DE=2 CA=2 AV=1 OV=1 LE=3 RR=2 AL=1 OR=2

CA=1 AV=1 OV=2 LE=1 AL=1 OR=2

RT=1 DE=2 CA=2 OV=1 LE=2 RR=2

CA=2 AV=1 TU=1 LE=1 RR=2

RT=2 DE=1 CA=2 OV=2 UB=1 LE=2

CA=2 OV=2 RR=2 OR=3

DE=2 CA=1 OV=3 CS=2

RO=2 CA=2 TU=1 OV=2 LE=2

CA=2 OV=1 LE=2 RR=1 OR=3

CA=2 TU=1 LE=2 RR=1

CA=2 TU=1 LE=2 RR=1

CA=20R=3

GRiSA

GRiORGANIC

GRiORGANIC

GRiORGANIC

GRISA

GRIRR

GRIORGANIC

GRlRRlORGANIC

SA

GR

GRIORGANIC

GR

GR

GRIORGANIC

GR

GRISA

GRIRR

GRIORGANIC

GRISA

SA

GR

GRIORGANIC

YES

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

YES

NO

NO

0.03

0.24

0.04

0.23

0.33

0.34

0.04

0.26

0.19

0.05

0.06

0.2

0.09

0.28

0.04

0.22

0.09

0.36

0.03

0.07

0.07

0.05

0.08

2

5

1.5

3.5

4.3

5.3

2.3

6.5

5.5

4.2

2.1

5.5

1.8

5.7

5.3

5.8

3.3

5.8

5

3.2

0.5

1.2

2.3

28

20

5

18

5

5

9

13

10.5

82

15

10

11

44

3

48

10

15

22

30

18.5

65

38

DATE HABITAT TYPE

10/18/99 LGR

10/18/99 P-LS-CONCRETE WALL

10/18199 LGR

10/18/99 polS-WOOD WALL

10/18/99 P-LS-RT

10/18/99 P-LS-CONCRETE WALL

10118199 LGR

10/18/99 P-LS-RTIBC/CB

10/18/99 P-LS-CB

10/18/99 LGR

10/18/99 P-LS-RT

10/18/99 P-LS-BC/RR

10/18/99 P-LS-BC

10/18/99 P-LS-RR

10/18199 LGR

10/18/99 P-LS-BC

10/18/99 P-LS-RRICONCRETE WALL

10/18/99 P-LS-CONCRETE WALL

10/18/99 LGR

10/18/99 P-LS-RRICONCRETE WALL

10/18/99 LGR

10118/99 LGR

10/18/99 P-LS-CONCRETE WALL

SA-093

SA-094

SA-095

SA-Q96

SA-Q97

SA-Q98

SA-099

SA-100

SA-101

SRU

SA-080

SA-081

SA-082

SA-083

SA-Q84

SA-085

SA-086

SA-087

SA-Q88

SA-Q89

SA-090

SA-091

SA-091

SA-Q92

o
I......

San Anselmo Avenue/Lansdale Station

SA-102A

SA-102B

SA-103

SA-104

SA-105

SA-106

10/18199 BRIDGE

10/18/99 P-LS-CONCRETE WALL

10/18/99 P-LS-BC

10/18/99 P-LS-CONCRETE WALL

10/18/99 LGR

10/18/99 P-LS-BC

16

36

80

13

28

8

7.8

6.1

5.3

6.2

0.53

0.32

0.21

0.04

0.15

NO

NO

NO

NO

NO

NO

CONCRETE

SA

SNGR

SNGR

GRICO

GRICO

WD=1 CA=1 OV=2 LE=2

RT=2 CA=2 OV=2 LE=2 AL=2

RT=2 WD=1 DE=2 CA=2 OV=1 LE=2 RR=2

CA=20V=1

RT=1 WD=1 CA=2 OV=2 LE=2



TABLE 0·2 (CONTO). RESULTS OF HABITAT TYPING DATA FOR SAN ANSELMO CREEK
».
):>

SRU DATE HABITAT TYPE LENGTH AVG W AVG D SPWN GRAVL SUBSTRATE COVER .
::D

SA-107 10/18199 LGR 4 4.5 0.04 YES CO/GR CA=2 TU=1 LE=1 RR=1 -CJ
SA-108 10/18199 P-LS-CONCRETEIGABiAN WALL 58 4.8 0.07 NO COIRR CA=2 OV=2LE=2 RR=2 ::c
SA-109 10118/99 P-LS-BClRT 34 7.1 0.24 NO SAlGR RT=1 WD=1 CA=2 OV=2 LE=2 ::t>
SA-110 10/18/99 P-L5-PllINGS/RR 20 5.5 0.29 NO SAlGR DE=1 CA=2 OV=2 LE=2 RR=2

:z:
0

SA-111 10/18/99 CASCADE 7 2.5 0.1 NO BO/COIRR DE=1 CA=2 TU=2 OV=3
):>

SA-111 10/18199 CASCADE 18 4.5 0.33 NO BO/COIRR DE=1 CA=2 TU=2 OV=3 en
SA-111 10/18199 CASCADE 6 3 0.13 NO BO/COIRR DE=1 CA=2 TU=2 OV=3 en
SA-111 10/18199 CASCADE 8 3.5 0.21 NO BO/COIRR DE=1 CA=2 TU=2 OV=3

0
CJ

SA-111 10/18199 CASCADE 5 1.7 0.15 NO BO/COIRR DE=1 CA=2 TU=2 OV=3

~SA-112 10118199 P-L5-BC 45 4.4 0.26 NO GRiORGANIC RT=2 WD=2 DE=2 CA=2 OV=2 rn
SA-113 10/18199 LGRSERIES 19 1.8 0.05 YES GR CA=2 TU=1 OV=1 LE=2 en
SA-114 10118199 P-LS-RTIBC 16 .5.2 0.21 NO GRiSA RT=2 WD=2 DE=2 CA=2 OV=1 LE=1

SA-115 10/18199 P-L5-RT 31 6 0.22 NO GRiORGANIC RT=2 WD=2 CA=2 OV=1 LE=2

SA-116 10118199 P-LS-RR 23 3.5 0.14 NO GR CA=2 OV=2 RR=2

SA-117 10/18199 P-L5-RT 14 5 0.31 NO GRiSA RT=2CA=2

0
I , 1QAdler CoyrtCO

SA-118 10/18199 P-l5-RR 16 3.5 0.06 NO GRIRR CA=2 OV=2 LE=1 RR=2

SA-119 10/18199 P-L5-RT 16 3.9 0.19 NO GRiSA RT=2 CA=2 OV=1 LE=2

SA-120 10/18/99 LGR 10 6 0.05 NO RRlGR CA=2 OV=2 RR=3

SA·121 10/18199 PLUNGE-P- CONCRETE WAlL 11 0.4 NO SAIP.GR RT=1 WD=1 DE=2 CA=2 OV=2 LE=2 CS=1

pastor! Avenue

SA-122 10/18199 FISHLAODER NO CONCRETE

SA-123 10/18199 DRY 14 NO GR

SA-124 10118199 P-lS-CONCRETE WAlL 27 7.3 0.15 NO SAiSI RT=1 CA=2 OV=2 LE=1 CS=1

SA-125 10/18199 P-LS-RT 21 4.3 0.22 NO GRiSA RT=2 DE=2 CA=2 OV=1 LE=2

SA-126 10/18199 P·L5-RRIPlllNGS· 30 2.3 0.11 NO GRlRRlSA BU=3

SA-127 10120199 P-L5-RR 21 5 0.32 NO SIISAlGR DE=2 CA=2 OV=1 RR=2

SA-128 10120199 LGR 2 5 0.03 YES GR CA=2 TU=1 LE=3

SA-129 10120199 P-l5-RT 21 3.7 0.13 NO GRlSI/SA RT=1 CA=2 LE=1

Fairfax Creek ItributaJYI

SA-130 10120199 LGR 10 2.4 0.05 NO GRiCO RO=1 CA=2 TU=1 OV=1

l ..........................................
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RESULTS OF HABITAT TYPING OATA FOR SAN ANSELMO CREEKTABLE 0-2 (CONT'O).

# 40 Inyo Avenue

DATE HABITAT TYPE

»
»
:lJ
("")
:c
»z
o
»
en
en
o
("")

~
rn
en

RT=2 DE=3 CA=2 OV=2 lE=1 CS=1

RO=1 CA=2 TU=1 OV=1 lE=1

CA=2lE=2

RT=2 CA=2 OV=2 lE=1

DE=2 CA=1 OV=2 UB=2 lE=l

AV=2 TU=l

RT=2 DE=2 CA=2 OV=2

CA=1 TU=1 OV=1

COVER

DE=1 CA=2 OV=1 lE=1 RR=1

RT=3 CA=2 lE=1

WD=2 DE=2 UB=2 lE=2

TU=1lE=1

RO=1

GRiORGANIC

GR

GRiORGANICISA

COIGR

COIGRISI

SA

GRiCO

GR

GRiORGANIC

GRiSI

GRiSA

GRiSA

COIGR

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

YES

NO

YES

0.17

0,08

0,38

0.02

0.06

0.39

0.03

0.07

0.22

0.22

0.02

0.25

0.04

6

4.9

4.8

4.5

3.3

3

3

2.5

4.2

1.4

5.3

1.5

5

47

4

19

8

10

24

12

10

14

26

20

8

15

lENGTH AVG W AVG D SPWN GRAVl SUBSTRATE

P-lS-RT (BAY)

lGR

polS-CONCRETE WAll

P-lS-BCIRT

polS-CONCRETE WAll

P-lS-BCIRRICB WAll

P-lS-RT"

P-lS-BC

lGR

P-lS-CINDER BLOCK WAll

10120199 lGR

10/20199 P-lS-RTIP-BW

10120199 lGR

10/20199

10120199

10/20/99

10/20199

10/20199

12120/99

10/20/99

10/20199

10/20/99

10120/99

SA-136

SA-137

SA-138

SA-139

SA-140

SA-141

SA-142

SA-143

SRU

SA-131

SA-132

SA-133

SA-134

SA-135

10120/99 P-lS-BC 18

10/20199 P-lS-BC 39

10/20/99 polS-BED 19

1W2W99 lGR 3

10/20/99 P-lS-RT 6

10120199 lGR 2

10/20199 P-lS-RT 18

10/20/99 P-lS-BC 19

10120/99 lGR 3

10/20/99 P-lS-RT 11

10/20/99 polS-CONCRETE WAlURT 11

10120199 lGR 18

10120199 P-l5-CONCRETE WAlURT; P-L: 17

Pacheco Ayenue

o
I

(0 SA-144

SA-145

SA-146

SA-147

SA-148

SA-149

SA-150

SA-151

SA-152

SA-153

SA-154

SA-155

SA-156

SA-157

SA-158A,B

SA-159

10120199 P-MC-DAM (SPLIT BY lOG)

10120/99 lGR

10/20/99 lGR

19

22

40.5

8.8

2.2

4.3

2.9

1.2

2.9

2.5

3.7

2.5

3

2.8

13

0.9

3.1

1.7

0.35

0.03

0.18

0.18

0.15

0.03

0.1

0.02

0.27

0.13

0.03

0.07

0.46

0.04

0.18

0.05

NO

YES

NO

NO

NO

NO

NO

YES

NO

NO

NO

NO

NO

NO

NO

YES

RRiSA

GR

SAlGR

GRiSI

GRiSA

GR

GRiSI

GR

GRiSI

CO/GRISAISI

GR

GRiCO/SI

GRiSA

GRiCO

GRiSIiSA

COIRR

RT=1 DE=2 CA=2 OV=2

CA=l TU=2 OV=2

OV=3

RT=20V=3

CA=20V=1

CA=2 TU=1

RT=1 CA=2 OV=3

CA=1 TU=1 lE=2

RT=2 DE=2 CA=l OV=1 lE=2

CS=1

CA=1 TU=l

RT=1 CA=2 lE=1

RT=1 DE=3 CA=3 CS=2

CA=2 TU=1 lE=1 BR=l

DE=1 CA=2 lE=2

CA=2 TU=1 RR=1



RESULTS OF HABITAT TYPING DATA FOR SAN ANSELMO CREEKTABLE 0-2 (CONTO).
lENGTH AVG W AVG D SPWN GRAVl SUBSTRATE

o
I......
o

SRU

SA-160

SA-161A,B

SA-162

SA-163

SA-164

SA-165

SA-166

SA-167

SA-168

SA-169

Creek Road

SA·170

SA-171

SA-172

SA-173

SA-174A.B

SA-175

SA-176

SA-1n

SA-178

SA-178

SA-179

SA-180

SA-181

SA-182

SA-183

SA-184

SA-185

SA-186

SA·187

DATE HABITAT TYPE

10120199 P-l5-BClRR

10/20199 P-l5-RT. P-lS-RT

10120199 lGR

10/20199 P-lS-BC

10120199 lGR

10120199 polS-BED

10120199 lGRIPW

10120199 P-lS-BC

10120199 TRICKLE-lGR

10/14/99 P-lS-BRIDGE ABUTIMENT

10/14199 lGR-RR

10/14199 P-l5-BCIRR

10/14199 lGR

10/14199 P-BW

10/14/99 P-l5-RT. P-lS-CONCRETE WAl

10/14199 P-l5-BCIRR

10/14199 P-lS-eONCRETE WAll

10114/99 P-lS-eONCRETEIWOOD WAll

. 10/14199 P-l5-CB/lGR

10/14/99 P-lS-eB/lGR

10/14199 P-lS-eONCRETE DAM

10/14199 P-MC-BED/CONCRETE

10114199 P-lS-CONCRETE

10/14199 P-l5-RR

10/14199 lGR-TRICKlE

10114/99 P-lS-RT

10/14199 P-l5-RRICONCRETE WAll

10/14/99 LGR

10/14199 P-L5-BED/CONCRETE WAll"

23

27

10

27

10

17

16

27

19

8

1.5

3

16

5

16

13

25

7

5

10

9.5

12

21

32

7

9

19

7

43

4

6.6

4.5

4.9

1.2

4.5

2

4.7

1.7

1.5

1.5

1.5

0.8

3.5

3.3

4.2

1.5

2

0.7

6

2.5

2.9

1.7

3.3

2.3

1.8

3.7

0.33

0.48

0.05

0.13

0.03

0.29

0.04

0.12

0.03

0.09

0.04

0.05

0.1

0.41

0.09

0.2

0.15

0.11

0.04

0.51

0.02

0.16

0.08

0.03

0.25

0.22

0.03

0.24

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

YES

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

GRiSA

GRiSA

CO/GR

CO/GRISA

COIRR

P.GRISA

COIRRlGR

GRlSAICO

COIRR

GRiCO

RRiCO

COIRR

COIRR

GR

GRiSA

GR

GRiSA

GR

GRiCO

GRiCO

GRiSA

CONCRETE SlAB

GR

GRiCO

GRiCO

GRiCO

GRIRR

CO

GRISA

COVER

RT=1 DE=2 CA=2 OV=1 lE=1 RR=2

RT=2 DE=2 CA=2 OV=1lE=1

RO=2 CA=2 TU=1 OV=1

CA=1 OV=2 lE=1

CA=2TU=1

RT=2 BE=1 DE=2 CA=2 OV=2 LE=2

CA=1 TU=1 OV=1 LE=2

CA=1 OV=2 lE=1 RR=1

CA=1 TU=1 OV=1

RO=1 RR=1 BR=3

TU=1 RR=3 BR=3

WD=1 RR=2 BR=2

WD=1 CA=2 TU=1 OV=2 UB=2 LE=1 RR=2 CS=1

WD=2 CA=2 UB=2

RT=2 DE=2 CA=2 OV=1 UB=2 lE=2

CA=2 OV=2 UB=2lE=1 RR=1

RT=2 WD=2 CA=2 OV=1 UB=1 LE=2

CA=2 OV=2 LE=2

CA=2 OV=1 CS=2

CA=20V=1 CS=2

RT=2 DE=2 lE=1

CA=2lE=2

CA=20V=2 UB=1

CA=20V=1 lE=1 RR=2

CA=2TU=2

RO=1 RT=2 DE=2 CA=2 lE=1

CA=2 OV=1 RR=2

RO=2 WD=1 CA=2 TU=1 OV=1

RT=2 DE=2 CA=2 OV=2 LE=1

».»
::D
CJ
I
):>
Z
o
»
(f)
en
a
CJ

~
rn
en

l , .
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TABLE 0-2 (CONrO). RESULTS OF HABITAT TYPING DATA FOR SAN ANSELMO CREEK

»
»

SRU DATE HABITAT TYPE LENGTH AVG W AVG D SPWN GRAVL SUBSTRATE COVER

::0
SA-188 10/14/99 P-LS-BC 13 2.5 0.1 YES GR RT=l CA=l UB=2 LE=l -

("")

SA-189 10/14/99 BRIDGE-CONCRETE CULvERT 15 NO CONCRETE :::r::
B.ollnu.Boad »
SA-190 10/14/99 P-LS-RR 23 4 0.28 NO GRISA WD=l CA=2 OV=l LE=l RR=2

Z
0

SA-191 10/14/99 P-LS-BC 6 1.5 0.06 NO SIIRR CA=20V=2 »
SA-192 10114/99 P-LS-CONCRETE BAG 20 3.9 0.29 NO GRISA RT=2 DE=2 CA=2 OV=2 UB=2 LE=l C/)

SA-193 10/14/99 P-LS-RR 9 2.6 0.16 NO GRISA CA=2 LE=l RR=2 C/)

SA-194 10/14/99 P-LS-RT 19 1.8 0.12 NO GRICO RT=l CA=2 UB=l LE=2
0
(")

SA-195 10/14/99 MAJOR P-LS-RT 9 5 0.45 NO SA RT=2 DE=3 CA=2 OV=l LE=l

~SA-196 10/14/99 P-LS-BED 16 3.6 0.27 NO GRISA RT=l BE=l DE=l CA=2 OV=l LE=l rn
SA-197 10/14/99 DRY 145 YES GRICO W/SOME RR C/)

SA-197 10/14/99 DRY 240 YES GRICO W/SOME RR

SA-197 10/14/99 DRY 137 YES GRICO W/SOME RR

Meadow Way

SA-198A 11103/99 P-LS-CONCRETE WALL 10 1.3 0.15 YES GR WD=l DE=l OV=2 LE=2

0
I.....

Canyon Road.....
SA-198B 11/03/99 DRY@MEADOW AVE BRDG 331 YES GRICO

SA-198B 11/03/99 DRY (CONrD) 107 YES GRICO

SA-198B 11104/99 DRY@CANYON RD BRDG 362 YES GRICO

SA-198B 11104/99 DRY (CONrD) 350 YES GRICO

SA-198B 11/04199 DRY (CONrD) 327 YES GRICO

SA-199 09/08/99 P-LS-BED 3.4 1.7 0.21 NO GRICO RO=2 BE=2 WD=l CA=2 LE=2

SA-200 09/08/99 P-LS-BO 7 1.5 0.75 NO GRICO RO=2 CA=2 AV=2 AL=3

SA-201 09/08/99 P-LS-BED 6 4.5 0.1 NO CO/GR RO=2 CA=2 AL=2

SA-202 09/08/99 P-LS-BED 7 0.8 0.06 NO GRICO RO=2 BE=l CA=2

SA-203 09/08/99 CAS (TRICKLE) 0.3 0.03 NO CO/BED RO=2 BE=l

SA-204 09/08199 P-LS-BED 4 1.3 0.75' NO CO/GR RO=2 BE=l CA=2

SA-205 09/08199 CAS-TRICKLE 5 0.3 0.06 NO CO RO=2CA=2

SA-206 09/08/99 P-LS-BED 8 1.3 0.1 NO CO/GR RO=2 CA=2 AV=l OV=l AL=2

SA-207 09/08199 CASIDRY 3 0.3 0.03 NO CO RO=2CA=2

}



o
I......
I\)

TABLE D-2 (CONT"D). RESULTS OF HABITAT TYPING DATA FOR SAN ANSELMO CREEK
»
»SRU DATE HABITAT TYPE LENGTH AVG W AVG D SPWN GRAVl SUBSTRATE COVER

::0
SA·208 09108199 P-lS-BC 6 2.2 0.13 NO COIBED RO=l WD=l CA=2 Al=3 -

CJ
SA-209 09/08199 P-lS-BED 5 2.5 0.16 NO COIBED RO=2 BE=l WD=l CA=2 OV=l ::I:
SA-21 0 09/10199 POOL, STRANDEDlTRlCKlE 10 0.2 0.02 NO CO RO=2 CA=2 AV=2lE=2 »
SA-211 09/10199 P-l5-BED 8 2.9 0.15 NO CO/GR RO=2 CA=2 AV=2 Al=3

Z
0

SA-212 09/10199 PW 13 1.4 0.08 NO COIBO RO=2 CA=2 AV=2 OV=l lE=2 »
SA-213 09110/99 DRY (TRICKlE) 11 NO en
SA-214 09/10199 P-l5-BED 14 2.3 0.16 NO GRICOIBO RO=2 WD=l CA=3lE=2 C/)

SA-215 09/10199 PSEUDO CASCADE 17 0.11 COIBO RO=3 WD=l CA=3lE=2
0

NO CJ
SA-216 09/10199 P-l5-BED 13 2.2 0.14 NO BOIBED/GR RO=2 WD=l CA=3 OV=2 lE=2

~Cascade Creek (tributary) m
C/)

~••••••••••••••••••••••••••••••••••••••••••
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TABLE 0-3. RESULTS OF HABITAT TYPING DATA FOR CASCADE CREEK

):>.
):>.

SRU DATE HABITAT TYPE LENGTH AVG W AVG D SPWN GRAVL SUBSTRATE COVER :::0-
('")

CC-O-Ol 09/10/99 PSEUDO CASCADE 26 0.15 NO BO/CO/BED RO=3 RT=l CA=3 OV=l LE=2 BR=l I
CC-0-02 09/10/99 P-LS-TRAIL 7.5 3 0.13 YES GRiCO/BED RO=2 CA=2 LE=l »
CC-0-03 09/10/99 P-LS-BED 10.4 2.4 0.14 NO BED RO=2 Z

0
CC-0-04 09/10/99 PW 5 0.9 0.06 NO CO/BED RO=2

CC-0-05 09/10/99 PW 3.4 0.5 0.05 NO CO/BED RO=2
):>
C/)

CC-0-Q6 09/10/99 P-LS-RT NO CO/GR RO=2 RT=l C/)

CC-0-Q7 11/03/99 LGR 5 1.3 0.04 NO COIBO RO=2 CA=2 TU=l LE=l 0
('")

CC-0-08 11/03/99 P-LS-BC/BED 4 1.2 0.11 YES GRiCO/BED RO=l CA=2 OV=l LE=2

~CC-0-09 11103/99 CASCADE POOLS (BED) 3 1.3 0.06 NO BED/BO CA=2 LE=l
rn

CC-0-09 11/03/99 CASCADE POOLS (BED) 1.5 0.16 NO BED/BO CA=2 LE=l C/)

CC-0-l0 11/03/99 HGR 11 NO CO/GRIBOIBED RO=2 CA=2 TU=l LE=2

CC-O-ll, 11/03/99 P-LS-BC 11 1.1 0.03 NO GRiCO RO=l CA=2 LE=2

CC-0-12 11/03/99 CASCADE POOLS (BED) 9 1.8 0.24 NO GRiCO RO=2 CA=2 TU=l LE=2

CC-0-13 11/03199 P-LS-BED 8 2.1 0.21 NO GRiBED RO=l BE=l DE=l CA=2 LE=2

0
I

->.
CC-0-14 11/03199 HGR 12 NO BED/GRICO RO=2 CA=2 TU=l OV=l LE=2UJ

CC-0-15 11/03/99 CASCADE POOLS (BED) 1.5 2.1 0.1 YES GRiBO RO=l BE=l CA=2 OV=l LE=2

CC-0-15 11/03/99 CASCADE POOLS (BED) 5.5 1.3 0.13 YES GRiBO RO=l BE=l CA=20V=1 LE=2

CC-0-15 11103/99 CASCADE POOLS (BED) 4.5 1.9 0.22 YES GRIBO RO=l BE=l CA=20V=1 LE=2

CC-0-16 11103/99 HGR 10 NO CO/BO AV=2 TU=l LE=l

CC-O-17 11/03/99 P-LS-BED 4 1.2 0.12 NO GRiBED RO=l CA=l LE=l

CC-0-18 11103199 HGR 7 NO CO/BO CA=2 AV=l TU=l LE=2

CC-Q-19 11103/99 P-lS-BClBED 6.2 3.5 0.3 NO GRiBED RO=l BE=2 DE=l CA=2 OV=l lE=2

CC-0-20 11/03/99 SMALL CASCADE P.lHGR 5 NO CO RO=l CA=2 AV=2 TU=l

CC-0-21 11/03/99 P-LS-BC 5 2.2 0.18 YES GRiCO RO=l WD=l CA=l AV=l BO=l

CC-0-22 11/03199 P-lS-BC/(SERIES) BED 4.2 1.3 0.11 NO GRiCO/BO CA=2 AV=l lE=2

CC-0-22 11103/99 P-lS-BC/(SERIES) BED 6.5 0.9 0.19 NO GRiCO/BO CA=2 AV=l LE=2

CC-0-23 11/03/99 HGR 23 NO GRiBO CA=l AV=2 TU=l OV=l lE=2

CC-Q-24 11103199 P-lS-BC 5.3 2.4 0.15 NO GRiCO/BO CA=2lE=2

CC-0-25 11/03/99 HGR 14 NO CO/GR CA=l TU=l LE=2

}



TABLE 0-3 (CaNTO). RESULT5 OF HABITAT TYPING DATA FOR CASCADE CREEK ».
»

SRU DATE HABITAT TYPE LENGTH AVG W AVG D SPWN GRAVL SUBSTRATE COVER
::0-
0
:r:

CG-O-26 11/03/99 P-LS·BED 6.5 1.2 0.15 NO GRIBED BE=1 WD=1 CA=1 »
CG-O-27 11103199 P-LS-BED (PLUNGE POOL) 5.3 2.2 0.32 NO GRIBED BE=3 CA=2 :z
CC-D-28 11103/99 HGR 14.3 NO BEDIBO RO=2 CA=2 TU=2 LE=2 0

CG-O-29 11/03199 P-LS-BC 7.6 2.8 0.2 NO CO/GRIORGANIC RO=1 WD=1 CA=2 LE=2 »
CG-O-30 11/03/99 CASCADE P. (BED. BC) SER. 5 NO BO/CO RO=2CA=2

en
en

CG-O-30 11103/99 CASCADE P. (BED. BC) SER. 3.1 2.1 0.14 NO BED/GR CA=2 OV=1 LE=2 0
CC-D-30 11/03/99 CASCADE P. (BED. BC) SER. 4.1 1.5 0.1 NO COIBED CA=2 LE=2

('")

CG-O-31 11103199 CASCADE P. SER. 4 1.8 0.25 NO BEDIBO/GR RO=2 CA=2 OV=1 LE=1 ~
CC-Q-31 11/03/99 CASCADE P. SER. 2.3 2.2 0.2 NO BEDIBO/GR RO=2 CA=2 OV=1 LE=1 n1

en
Ce-Q-31 11103/99 CASCADE P. SER. 2.3 1.9 0.26 NO BEDIBO/GR RO=2 CA=2 OV=1 LE=1

CC-D-31 11103199 CASCADE P. SER. 3.4 1.8 0.14 NO BEDIBO/GR R0=2 CA=2 OV=1 LE=1

CC-D-32 11/03/99 CASCADEP. SER. 4.2 3 0.36 NO BED/GRIBO RO=2 BE=1 CA=2 LE=2

CG-O-32 11103199 CASCADE P. SER. 3 2.5 0.26 NO BED/GRIBO RO=2 BE=1 CA=2 LE=2

0
I....
~

1 , .
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TABLE 0-4. RESULTS OF HABITAT TYPING DATA FOR SLEEPY HOLLOW CREEK ):>.
SRU DATE HABITAT TYPE LENGTH AVG W AVG 0 SPWN GRAVl SUBSTRA"TE COVER ::0-

("')

Confluence with San Anselmo Creek @ 7 Agatha Court I

SH-001 11/16/99 158 NO CO/CONCRETE CO=2 RO;2 OV=2
):>
Z

SH-002 11/16/99 174 NO CONCRETElGR CC=2 OV;2 RO;2 0
Sir Francis Drake Blvd @ Sir Francis Drake High School ):>
SH-D03 10/22199 RR-TRICKLE 5 1.3 0.07 NO RR OV=2 RR=3 en
SH-D04 . 10/22199 P-LS-RR 18.5 2 0.12 NO SA/RR CA=2 OV=1 LE=1 RR=l en

0
SH-D05 10122199 HGR (TRICKLE) 9 0.8 0.06 NO RRiORGANIC OV=2 RR=3 ("')

SH-D06 10/22199 P-LS-RRlBC 6 2.5 0.12 NO GRiSA CA=2 OV=1 RR;1
~

SH-D07 10/22199 P-LS-RRlBC 10 3 0.35 NO SA/SI DE=2 CA=2 OV=1 UB=2 LE=1 RR=1 m
SH-008 10/22199 P-LS-RRlBC 40 2.5 0.2 NO SA/SI DE=2 CA=1 OV=2LE=2 RR=2 en
SH-009 10/22199 HGR (TRICKLE) 11 0.8 0.02 NO RRiSI CA=2 OV=1 RR=3

SH-OlO 10/22199 P-LS-BC 32 2.2 0.2 NO SA/SI WD;1 DE=1 CA;2 AV=l OV=2 UB=l LE;2

SH-Oll 10/22199 P-LS-BC 20 3.1 0.13 NO SIISA/RR RT=l CA=2 OV=2LE;1 RR=2

0
I......

SH-012 10/22199 P-LS-BC 46 2.4 0.14 NO SA/SIIALGAE CA=2 OV=l UB=2 AL=2CJ1

SH-013A,8 10/22199 P-LS-BC, P-LS-BRIDGE 21 2.8 0.07 NO ORGANIC/SA AV=2LE=1

SH-014 10/22199 BRIDGE 10 NO CONCRETE BR=3

Mountain View Avenue

SH-D15 10122199 P-LS-BC 27 4.7 0.3 NO SA/SIIRR RT=l CA=2 OV=2 UB=2LE=1

SH-D16 10/22199 POCKET WATER (RR) 12 2.9 0.14 NO SA/SIIRR CA=2 OV=2 LE=2 RR;2

SH-D17 10/22199 P-LS-BC/RRIP-BW 22 3 0.08 NO CA=2 OV=2LE=2 RR=l

SH-Q18 10/22199 P-lS-BC 10 4 0.09 NO SIISA CA=1 OV=l LE=l RR=1

SH-D19 10/22199 BRIDGE 11 NO CONCRETE BR=3

Morningside Drive

SH-D20 10/22199 P-LS-CONCRETE WALUCB 10 3.3 0.14 NO CONCRETE BOnOM 10M CA=1 OV=2 LE=1

SH-D21 10/22199 P-LS-CONCRETE WALL 26 3.2 0.27 NO SIiSAIRR CA=1 OV=1 RR=2 AL=2

SH-022 10122199 P-LS-RR 27 3.2 0.14 NO SIISA/RR-CONCRETE BLOX CA=2 OV=2 RR=2 AL=1

SH-023 10/22199 TRICKLE 11 NO GRiCO CA=2 RO=2

SH-024 10/22199 P-LS-BC 17 3 0.1 NO SIISA WD=1 CA=2 OV=1 LE=2 AL=1

SH-D25 10/22/99 P-LS-CONCRETE WALL 84 3.4 0.18 NO SA/SIIRRISLAB CA=2 AV=1 OV=2 UB=1 AL=2 CS=1

}



TABLE 0-4 (CONT'D). RESULTS OF HABITAT TYPING DATA FOR SLEEPY HOLLOW CREEK
»
».

SRU DATE HABITAT lYPE LENGTH AVG W AVG 0 SPWN GRAVL SUBSTRATE COVER ::0-
CJ

SH.{)26 10122199 BRIDGE 12 NO CONCRETE BR=3 ::r:
Broadmoor Avenue :l>
SH.{)27 10122199 DRY 8 YES GR

Z
0

SH.{)28 10122199 P-L5-CB WALL 21 1.8 0.09 NO SNSI CA=20R=3 »SH-029 10122199 polS-WOOD WALL 22 1.5 0.03 NO GRISA CA=2 OV=l LE=l (f)
SH.{)30 10/22/99 pOolS-WOOD WALL 12 1.4 0.18 NO P.GRlSAlRR LE=l RR=2 en
SH.{)31 10/22199 P-L5-CONCRETE WALL 44 3.5 0.23 NO SAIP.GR DE=2 CA=2 OV=2 UB=l LE=2 RR=2 CS=l

0
CJ

SH.{)32 10/22199 P-L5-CONCRETE WALL 9 1.5 0.1 NO SNSIIRR CA=2 OV=l LE=l

~SH.{)33 10122199 P-LS-WALL 9 1.5 0.31 NO SNSIIRR CA=2 LE=l rn
SH.{)34 10122199 polS-WOOD WALL 10 3.5 029 NO SIISA DE=20V=2 en
SH.{)35 10/22199 HGR (DRY) 10 NO

SH.{)36 10/22199 P-LS-eONCRETE WALL 30 2.1 0.14 NO SAlSIIP.GR DE=2 CA=2 OV=2 AL=3

SH.{)37 10122199 P-LS-CONCRETE WALL 12 3 0.09 NO P.GRlSAlSI OV=2

0
I
~

SH.{)38 10122199 P-LS-RR 11 1.7 0.06 NO SIISNLEAVES CA=2 OV=2 LE=2 RR=2m
SH.{)39 10122199 P-LS-RR 21 1.2 0.18 NO SIISAILEAVES CA=2 UB=l LE=2

SH-040 10122199 P-LS-BC 15 2.2 0.09 NO SIISAILEAVES CA=l OV=l LE=2

SH-041 10122199 P-LS-RR 10 2.5 0.11 NO GRISA CA=2 LE=2 RR=2

SH-042 10/22199 P-LS-CONCRETE WALL 6 1.5 NO GRISA CA=2 RR=l

SH-043 10122199 P-L5-CONCRETE WALUCB 33 3.7 0.27 NO SNSIIP.GR CA=2 UB=l LE=2 RR=2 AL=l BR=2

SH.{)44 10/22199 P-LS-RT 26 3.7 0.28 NO P.GRlSAlSI RO=2 DE=2 CA=2 OB=l LE=l RR=2

SH.{)45 10/22199 BRIDGE 6 NO CC BR=3

SH-046 10122199 P-LS-RR 9 NO RR CA=2RR=2

SH.{)47 10122199 P-L5-BC 12 3.4 0.13 NO P.GRlSI CA=l OV=2 RR=l

SH.{)48 10122199 TRICKLE 10 NO GRIRR CA=l RO=2

SH-049 10122199 P-LS-RR 12 4 0.2 NO CO/SIIALGAE OV=2AL=2

SH.{)50 10122199 BRIDGE 12 NO GR BR=3

AnaYo Avenue

SH-051 10122199 TRICKLEIPOCKET WATER 19 NO CO/GR CA=2RO=2

SH-052 10122199 P-LS-BCIRR 13 5 0.32 NO SIISA DE=2 CA=2 U8=2 RR=l

1....•.........•......................•....
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TABLE 0-4 (CONT'D). RESULTS OF HABITAT TYPING DATA FOR SLEEPY HOLLOW CREEK »

».
SRU DATE HABITAT TYPE lENGTH AVG W AVG 0 SPWN GRAVl SUBSTRATE COVER ::D-("")
SH-053 10/22199 P-lS-CONCRETE WAll 15 1.6 0.24 NO SIIRR AV=2 ::r:
SH-054 10/22199 P-lS-BC 6 1.5 0.07 NO SI UB=2 »
SH-D55 09/26/99 P-lS-CONCRETElRR 16.7 2.5 0.26 NO CC CA=2 Z

0
SH-056 09/26199 P-lS-BC/RR 12 0.7 0.09 NO SNP.GR RO=l CA=2 OV=l lE=2

SH-D57· 09/26/99 P-lS-lWD=RT" 16 2.5 0.19 NO GR RO=l RT=2 WD=2 CA=2 OV=l lE=l »
en

SH-D56 09/26/99 P-lS-BC/P-lS-RT 22 1.7 0.07 YES GR;GRlCO WD=2 CA=2 OV=2 UB=2 lE=l en
SH-D59 09126199 MINI lGR-TRICKlE 9 YES GR CA=2 0

I ("")
SH-060 09/26/99 P-lS-RRlWOODEN WAll 27 2.3 0.24 NO GR DE=l CA=2 OV=2 CB=2

~SH-061 09/26199 PSEUDO lGR=TRICKlE 6 YES GRlASPHAlT BlOX
rn

SH-062 09/26/99 P-lS-WALURR 42 3 0.07 NO CO/GRlASPHAlT BLOX RO=l CA=l OV=l lE=l Al=l en
SH-063 09/26199 P-lS-RR(lB) 15 1.5 0.12 NO GRiCOJASPHAlT BlOX RO=1 WD=1 CA=1 OV=1 UB=2

SH-064 09/26/99 P-lS-RR 15 1.6 0.05 NO GRiRR RO=l CA=l OV=l lE=2 Al=3

SH-065 09/26/99 TRICKlE=lGR 15 0.22 NO GRiORGANIC CA=2 lE=2 BR=3

0
I
~

SH-D66 09126/99 P-lS-WAll(lB) 19 3.6 0.26 NO GR RO=l CA=2 OV=l lE=l-.J

SH-067 09/26/99 polS-CONCRETE ABUTIMENT 6 3 0.22 NO GRiSA DE=2 CA=2 OV=l UB=2

SH-D66 09/26/99 P-lS-RRlBRDG ABUTI. 41 4.2 0.4 NO GRiRR CHUNKS RO=2 DE=2 CA=2 AV=1 OV=l lE=l

SH-069 09/26199 STAGANT POOL-RIFFLE 10 NO CO RO=3 AV=3 Al=3

@ 222 Butterfield Road

SH-D70 09126/99 P-lS-RR(RB)/CONCRETE WAll 20 1.6 NO SIIRRCHUNKS AV=2 Al=2

SH-D71 09/26/99 P-lS-RRlWAlUBED 35 2.6 0.16 NO RRiSI WD=l DE=l CA=2 lE=3 RR=3

SH-D72 10/01/99 polS-CONCRETE WAlURR 16 2.6 0.24 NO SNCONCRETE BlOX DE=l CA=2 OV=l lE=2 CB=2

SH-D73 10/01199 P-lS-BC 5 3 0.32 NO SNSI CA=2 OV=l lE=l

SH-074 10/01199 P-lS-CONCRETE WAll (BRDG) 16 2.5 0.16 NO SNSI RO=l CA=2 OV=l lE=2 BR=2

SH-D75 10/01199 DRY-TRICKLE 12 2 0.11 NO SIICOCNRETE BlOX RO=3 OV=2 lE=2 BR=2

SH-D76 10/01199 polS CONCRETE WAlUBRDGIBC 15 0.03 NO SNSIICOCNRETE BlOx/AU CA=2 OV=l lE=2 BR=2

SH-077 10/01199 polS-CONCRETE PILING 12 2.2 0.23, NO GRISA RO=l WD=l CA=2 OV=l lE=2 BR=2

SH-D76 10/01/99 polS-WOOD RETAINING WAll 16 2 0.06 NO SNSIIORGANIC RT=2 WD=l CA=2 OV=l lE=2

SH-076 10/01199 PolS-WOOD RETAINING WAll 16 2 0.06 NO SNSIIORGANIC RT=2 WD=l CA=2 OV=l lE=2

SH-D79 10/01199 polS-WOOD RETAINING WAll 15 4 0.33 NO SNCOCNRETE BLOX WD=l CA=2 OV=2 UB=2

}, .



TABLED-4 (CONrD). RESULTS OF HABITAT TYPING DATA FOR SLEEPY HOLLOW CREEK »
::t>.

SRU DATE HABITAT TYPE lENGTH AVG W AVG D SPWN GRAVl SUBSTRATE COVER :JJ-(")
SH-Q80 10/01/99 P-l5-CONCRETE WAll 15 2.5 0.09 NO SNSIIORGANIC RO=l CA=2 OV=l UB=2lE=2 ::r:
SH-Q81 10101199 P-l5-CONCRETE WAlUBRDG Pil 20 2.1 0.16 NO BED/SAISI RO=l CA=2 lE=2 BR=2 »
SH-Q82 10101199 TRICKLE 13 NO CO/GR RO=2CA=2 z:

0
SH-Q83 10/01199 P-lS-BC 30 4.4 0.15 NO SNSIIGR RO=l CA=2 AV=l OV=2 UB=2lE=2 »SH-084 10101199 P-lS-BC 13 1.1 0.22 NO SNSI RO=l WO=2 CA=l OV=3 (f)
SH-Q85 10101199 PolS-BC 18 2 0.11 NO SNSIIAlGAElGR CA=2 OV=l lE=2 C/)

SH-Q86 10101199 P-lS-BClRT(BAY TREE) 7 1.5 0.15 NO SNSI RT=2lE=2 0
(")

SH-087 10/01199 P-lS-BC 20 3.3 0.29 NO SNSIICONCRETE BLOCKS CA=2 OV=l UB=l lE=2 CB=2

~SH-Q88 10101/99 P-lS-BC (STRANDED POOL) 35 2.8 0.22 NO GRlSNCONCRETE BlOCK~WO=l DE=2 CA=2lE=2 rn
SH-Q89 10/01199 P-ls-GABIAN WAll 20 2 0.09 NO SNGRISI CA=2 BR=2 CB=2 C/)

SH-Q90 10101199 P-lS-RT (BAY TREE) 20 2.5 0.17 NO SNGRIORGANIC RT=2LE=2

SH-091 10/01199 P-l5-CONCRETE WAll 20 4 0.06 NO SNSI RT=2 CA=2 UB=2 lE=2

SH-092 10/01199 P-lS-RR 24 3.5 0.26 NO SNSIIGR RT=2 DE=2 CA=2 AV=l OV=l lE=2 RR=2
'0

I
->.

SH-Q93 10/01199 P-ls-RR 13 1.8 0.2 NO SNSI OV=2lE=2 RR=2CO

SH-094 10101199 PolS-BCIRT (STRANDEO) 12 2.3 0.29 NO SNSI RT=2 WO=l CA=2 OV=l UB=2

SH-Q95 10101199 P-l5-CONCRETE WAll 6 NO GR CA=2

SH-Q96 10101199 P-ls-RT (BAYYCONCRETE WAll 14 4.8 024 NO SNGR RT=2 DE=2 CA=2 lE=l

SH-Q97 10101199 P-l5-CONCRETE WAll-eAlETA E 15 2.9 0.11 NO SNSIIRR OV=2 RR=2 BR=2

Caleta Avenue

SH-098 10101199 DRY (STRANDED) 13 YES GR

SH-Q99 10101199 P-ls-RT (BAY) (STRANDED) 8 2 0.13 NO GRISA RT=2 CA=2 lE=2

SH-l00 10/01199 DRY 28 YES GR

SH-101 10/01199 P-lS-BC 18 3.5 0.26 NO GRISA RT=l DE=2 CA=l AV=30V=1 UB=2

SH-102 10101/99 P-lS-GB WAll 12 22 0.16 NO GR AV=3

SH-l03 10/01199 DRY 10 YES GR

SH-l04 10101199 polS-lOG (STRANDED) 10 1.9 0.16 NO GR WO=3 CA=2 OV=l

SH-l05 10101199 PolS-RT (STRANDED) 21 3.3 0.32 NO SNSIIGR RT=2 DE=3 CA=2 OV=l

SH-l06 10101199 DRY 13 YES GR

SH-l07 10101199 PolS-RT 10 2.2 0.22 NO SNGR RT=2 AV=2 LE=l Al=2

.~•••••••••••••••-•••••••••••••••••••••••••••
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TABLE 0-4 (CONT'D). RESULTS OF HABITAT TYPING DATA FOR SLEEPY HOLLOW CREEK »

»
SRU DATE HABITAT TYPE LENGTH AVG W AVG D SPWN GRAVL SUBSTRATE COVER ::D-

CJ
SH-l08 10/01199 DRY 25 YES GR :r:
SH-l09 10/01/99 P-LS-BC (STRANDED) 16 4.3 0.12 NO GRISA CA=l AV=30V=1 »
SH-ll0 10/01/99 DRY 16 YES GR z:

0
SH-lll 10/01/99 P-LS-BC (STRANDED) 10 1.8 0.11 NO GRISA WD=2 CA=l OV=2 »SH-lll 10/01199 P-LS-BC 1.6 0.12 NO GRISA RT=l CA=20V=2 (/)
SH-l11 10/01199 P-LS-BC/CB 15 1.8 0.13 NO GRISA CA=20V=1 LE=l CB=2 (f)

SH-lll 10/01/99 P-LS-BC/CONCRETE RO. OVERHANG 0.9 0.07 NO GRISA BE=2 CA=2 LE=2 CB=2
0
CJ

SH-lll 10/01199 P-LS-CONCRETE WALL 7 1.6 0.13 NO SA/CONCRETE BLOCKS CA=2 LE=2 CC=2

~SH-lll 10/01/99 5 1.2 0.2 NO GRISA WD=l CA=2 LE=l m
SH-112 10/01/99 P-LS-BED/CONCRETE DAM 5 2.5 0.23 NO GRICONCRETE BLOCKS BE=3 WD=3 LE=2 CB=2 (f)

SH-113 10/01/99 P-MC-BED 5.5 5.3 0.32 NO GRISA DE=2 CA=2 LE=l CS=2

SH-114 10/13/99 DRY (BRIDGE) 12 NO BR=3

Deer Hollow Road

CJ
I......

SH-115 10/13/99 DRY 160 YES GR<0

SH-116 10/13/99 P-LS-BED 7 0.8 0.04 NO GR CA=2 LE=2

SH-117 10/13/99 P-LS-BED 13 2 0.13 NO GRICO/LEAVES CA=2 LE=3

SH-118 10/13/99 DRY 22 YES GR

SH-119 10/13/99 P-LS-BED 7 2 0.14 NO GR CA=2 LE=2

SH-120 10/13/99 P-LS-BED 8 2.9 0.09 NO GR CA=2 AV=3 LE=2

SH-121 10/13/99 P-LS-CONCRETE WALL (BRDG) 27 2.8 0.21 NO GR RT=2 WD=2 CA=2 OV=l LE=3

66 Fawn Drive

SH-122 10/13/99 TRICKLE 11 NO SA/SI CA=20V=2

SH-123 10/13/99 P-LS-CONCRETE BRIDGE 12 4 0.1 NO RR CA=2 AL=3

SH-124 10/13/99 BRIDGE (CONCRETE CULVERT) 18 NO CC BR=3

Fawn Drive

SH-125 10/13/99 P-LS-DAM (CONCRETE CULVERT) 4 0.28 NO CC CA=3AL=2

SH-126 10/13199 DRY 11 YES GR

SH-127 10/13/99 P-LS-RRlBC 21 1.8 0.19 NO SA CA=2 AV=2 OV=2 LE=2 RR=2

SH-128 10/13/99 TRICKLE 35 NO GRICO CA=2 RO=2

}



TABLE 0-4 (CONT'o). RESULTS OF HABITAT TYPING DATA FOR SLEEPY HOLLOW CREEK-
»-.».

SRU DATE HABITAT TYPE LENGTH AVG W AVG.D SPWN GRAVL SUBSTRATE COVER ::0-
CJ

SH-129 10/13199 P-LS-RRlBC 20 2 0.08 NO GRISA WD=1 CA=2 AV=1 OV=2lE=2 Al=2 :r:
SH-130 10/13199 P-LS-BED 10 2 NO GRISA BE=2 CA=2 AV=3 »
SH-131 10/13/99 P-LS-BED 10 4 0.36 NO GR RT=1 BE=2 DE=1 CA=2 AV=1 LE=2

:z
0

SH-132 10/13/99 P-LS-BED 10 4 NO GRISA CA=10V=2 »
SH-133 10/13/99 P-LS-RR 13 1.3 0.09 NO GRISA RT=2 WD=1 CA=1 AV=3 OV=2 RR=2

~.
SH-l34 10/13199 P-lS-BRIDGE COCNRETE WALL 20 2.3 0.22 NO GRISA DE=2 CA=1 AV=3 OV=2 AL=1 BR=2

Between # 854 & # 870 Butterfield Lane
0
CJ

SH-135 10/19/99 DRY 6 YES GR

~SH-136 10/19/99 P-lS-RR 4 1.5 0.05 NO SAIP.GR AV=20V=2 m
SH-137 10119199 P-lS-BRDG CONCRETE WALUBEI 10 1.8 0.14 NO P.GRlSA AV=3BR=3 C/)

SH-138 10119199 CASCADE POOLS 1.2 0.8 0.12 NO BED BED=2CA=1

SH-138 10/19199 CASCADE POOLS 3 0.07 NO BED BED=2CA=1

SH-139 10/19199 P-LS-CONCRETE WALL 12 2.5 0.1 NO P.GRlSA AV=30V=2

0•
'" SH-140 10/19/99 P-LS-BRIDGE CONCRETE WALL 4 0.7 0.15 NO GRISA AV=2BR=30

SH-141 10119199 P-lS-CONCRETE WALL 15 3.8 0.24 NO P.GRlSA DE=2 CA=1 AV=1 OV=2 LE=2 SC=3

SH-142 10/19199 DRY 22 YES GR

SH-143 10119199 P-LS-BC 4 NO GR CA=20V=2

SH-l44 10/19199 DRY 158 YES GR

SH-l44 10/19199 DRY 54 YES GR

Green Valley Court

SH-145 10119/99 P-LS-BC 12.6 1.6 0.1 NO GRISA CA=2 OV=2 UB=1

SH-146 10/12199 P-LS-BC 15.7 1.8 0.28 NO GRISA DE=2 CA=2 OV=l UB=3 lE=2

# 970 Butterfield Road

SH-147 10112199 DRY 26 YES GR

SH-148 10112199 P-MG-DAM NO GRISA RT=2 WD=1 DE=2 CA=2 OV=1 UB=1 lE=l

SH-149 10112199 DRY 20 NO GRISA

SH-149 10112199 DRY 39 NO GRISA

SH-l50 10/12199 P-LS-BClCONCRETE PILINGS 13 1.1 0.12 NO GRlSAILEAVES CA=2 OV=2 LE=2 AL=2 BR=2

SH-151 10/12199 DRY 17 NO GR

l.~...........~..,~...............~.........
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TABLE 0-4 (CONT'D). RESULTS OF HABITAT TYPING DATA FOR SLEEPY HOLLOW CREEK »

».
SRU DATE HABITAT TYPE LENGTH AVG W AVG D SPWN GRAVL SUBSTRATE COVER ::0

("")
SH-152 10/12199 P-LS-BRDG CONCRETE WALUBC 15 1.3 0.07 NO GRiSA RO=1 CA=2 OV=2 BR=2 :::r:
SH-153 10/12199 P-LS-BC/BRIDGE ABUTI. 19 1.5 0.12 NO GR RO=2 CA=2 AV=2 OV=2 BR=2 »
SH-154 10/12199 P-LS-RT 12 NO GRiSA RT=2 CA=2 OV=l LE=3 Z

0
SH-155 10/12199 TRICKLE CONNECTOR 10 NO SA/SI CA=2 »SH-156 10112199 P-LS-BC/RR 14 2.7 0.23 NO SA RT=2 DE=2 CA=2 OV=1 LE=2 RR=1 en
SH-157 10/12199 TRICKLE HABITAT 10 NO SA/GR CA=2 en
SH-158 10112199 P-LS-BC 20 2 0.19 NO GRiSA CA=2 OV=2 LE=2

0
("")

SH-159 10/12199 DRY 14 YES GR

~SH-160 10/12199 P·LS-RRlBC 7 0.9 0.05 YES GR CA=2 LE=2 RR=2 m
SH·161 10112199 P-LS-BC 17 2.7 0.22 YES GRiSA RO=l CA=2 UB=2 LE=2 en
SH-162 10/12199 P-LS-RR 22 2.4 0.2 NO GRiSA CA=2 LE=l RR=l

SH-163 10/12199 CULVERT UNDER BUTIERFIELD 28 NO CC BR=3

Butterfield Road

0
I

'" SH-164A,8 10/12199 P-LS-BC, P-LS-RRIWOOD WALL 35 2.8 0.12 NO GRiSA CA=2 UB=2......
SH-165 10/12199 P-LS-RR 10 2 0.1 NO GRiSA/ORGANIC CA=2 OV=l LE=l RR=20R=2

SH-166 10/12199 TRICKLE 9 YES GR CA=2 RO=2

SH-167 10/12199 P-LS-RR 15 1.8 0.1 NO GR AV=2 OV=2 RR=l

SH-168 10/12199 P-LS-RT (BERRY BUSHES) 8 2.3 0.08 NO GRiSA CA=2 OV=2 UB=2

SH-169 10/12199 P-LS-RR 21 1.8 0.11 NO GRiCO CA=2 AV=1 OV=2 RR=2

SH-169 10/12199 P-LS-RR 20 NO GR CA=2 RO=2

SH-169 10/12199 DRY 10 NO GR

SH-170 10/12199 P-LS-RTlBC 20 4 0.35 NO SA/UTILEGR OV=2 LE=1

SH-171 10/20/99 TRICKLE 16 0.6 0.03 NO CO/GR CA=2 TU=1 OV=l

Across from # 17 Rayen Road

SH-172 10/20/99 P-LS-BClRT 23 3.8 0.19 NO GRiSI RT=2 DE=2 CA=2 OV=2

SH-173 10/20/99 TRICKLE (LGR) 9 0.9 0.03 NO CO/RRISI CA=2 TU=l OV=1

SH-174 10/20/99 P-LS-BC 14 2.1 0.07 NO P.GRlRRlSI RT=2 CA=2 OV=2 LE=1

SH-175 10/20/99 P-LS-RR 10 1.6 0.1 NO SIIP.GR CA=2 OV=2 LE=1 RR=2 AL=2

SH-176 10120/99 PSUEDODRY 11 NO CO CA=2AV=2

}



o
I
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TABLE 0-4 (CONrD). RESULTS OF HABITAT TYPING DATA FOR SLEEPY HOLLOW CREEK

SRU DATE HABITAT TYPE LENGTH AVG W AVG D SPWN GRAVL SUBSTRATE

SH-177 10/20199 P-LS-BED 10 5.B 0.16 NO P.GRlSA

SH-17B 10/20199 P-L8-BEOIRR 4 2 0.23 NO Sl/P.GR

SH-179 10120199 P-MG-DAM 13 5.5 0.3B NO P.GRlALGAElSI

Malar dam across from # 33 Raven Road

SH-1BO 10/20/99 DRY/P-L8-BC (TRICKLE) NO

SH-1BO 10120/99 TRICKLE (CONro) NO

KatrIna Lane

SH-1B1 10120/99 TRICKLEIP-LS,STRANDED NO

SH-1B2 10122/99 P-L8-BC=STRANDED NO

Van Winkle Avenue

SH-1B3 10122199 DRY NO

Upstream of Van Winkle Avenue

COVER

CA=2 OV=1 OR=3

CA=2RR=2

LE=1 AL=3

CA=2RO=2

CA=2RO=2

CA=3

CA=3

».»
:0
("")

:::r:
:t>
Z
o
»
C/)
C/)

o
o
~
rn
C/)
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;;~••••••••••••••••••••••••••••••••••••••••••.



•••--.••••••••••••••••••••••••••••'.•••••••••••

A.A. RICH AND ASSOCIATES--------------

APPENDIXE

SUMMARY OF ELECTROFISHING RESULTS
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A.A. RICH AND ASSOCIATES

KEY

Habitat:
BC Bank Cut
BED Bedrock
BW Back Water
CAS Cascade
HGR High Gradient Riffle
LGR Low Gradient Riffle
LS Lateral Scour
LWD Large Woody Debris
MC Mid-Channel
P Pool
PW Pocket Water
RR Rip Rap
RT Root wad

Site Location:
dis downstream
SFD Sir Francis Drake Boulevard
U/S upstream

Fish Species Collected:
rbt Rainbow/Steelhead
rch California Roach
sck Sacramento Sucker
scu Prickly Sculpin
stb Threespine Stickleback

Other:
C.F Condition Factor
s.d. . Standard Deviation

E-l



A.A. RICH AND ASSOCIATES

Map
Site Number Site Location . Habitat Type

Number

E-CM-I
CMC-2 Behind Ross Post Office

P-LS-BC/RR

E-CM-2 CMC-5
Behind Ross Post Office

LGR

E-CM-3
CMC-6 Behind Ross Post Office

P-LS-BC-RT

E-CM-4 CMC-9 Ross, under Lagunitas Avenue bridge PolS-Bridge (braided)

E-CM-5 CMC-lO
Ross behind police/fire station

P-LS-BC

E-CM-6 CMC-II
Ross behind police/fire station

LGR

E-CM-7 CMC-12a
Ross, near USGS gauge station

P-LS-BC

E-CM-8 CMC-12b
Ross, near USGS gauge station

P-LS-BC/LWD

E-CM-9 CMC-12c
Ross, near USGS gauge station

P-LS-LWD

E-CM-IO CMC-13
Ross, u/s of USGS gauge station

P-LS-LWD

E-CM-II CMC-17
Ross, about 350 ft. u/s of USGS gauge

P-LS-LWDstation

J

Table E-l. Electrofishlng Sites In Corte Madera Creek

- E-2
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A.A. RICH AND ASSOCIATES

Map Site Number Site Location Habitat Type
Number

E-SA-I SA-16c
San Anselmo, dis of SFD bridge,

LGRbehind Sunnyside Nursery

E-SA-2 SA-17
San Anselmo, dis of SFD bridge

P-LS-BC
behind Ross Valley Vet Hospital

E-SA-3 SA-18
San Anselmo, dis of SFD bridge

P-LS-RR
behind Ross Valley Vet Hospital

E-SA-4 SA-19
San Anselmo, under SFD bridge, u/s of

LGRRoss Valley Vet Hospital

E-SA-5 SA-124
Fairfax, dis ofFair-Anselm Plaza

PolS-Concrete wall overhang

E-SA-6 SA-125
Fairfax, behind Fair-Anselm Plaza

P-LS-RT

E-SA-7 SA-126
Fairfax, under Fair-Anselm Plaza

P-LS-RR (Pilings)

E-SA-8 SA-129
Fairfax, behind Post Office

P-LS-RT

E-SA-9 SA-130
Fairfax, behind Post Office

LGR

E-SA-IO SA-131
Fairfax, behind Post Office

P-LS-BC

E-SA-ll SA-132
Fairfax, u/s of Post Office

P-LS-RT

E-SA-12 SA-161b
Fairfax, dis of Creek Road bridge

P-LS-RT

E-SA-13 SA-163 Fairfax, dis of Creek Road bridge P-LS-BC

E-SA-14 SA-165
Fairfax, dis of Creek Road bridge

P-LS-BED

E-SA-15 SA-166 Fairfax, dis of Creek Road bridge PW

•••••••••••••••••••••••••••••••••••••••••••

Table E-2. Electrofishing Sites in San Anselmo Creek
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A.A. RICH AND ASSOCIATES

Map Site Number Site Location Habitat Type
Number

E-SA-16 SA-167 Fairfax, dis of Creek Road bridge P-LS-BC (concrete slabs)

E-SA-17 SA-168 Fairfax, dis side of Creek Road bridge LGR

E-SA-18 SA-169 Fairfax, under Creek Road bridge PoLS-Bridge (pilings)

E-SA-I9 SA-17I Fairfax, u/s side of Creek Road bridge P-LS-BCIRR

E-SA-20 SA-I72 Fairfax, u/s side of Creek Road bridge LGR

E-SA-2I SA-173 Fairfax, u/s side of Creek Road bridge P-LS-BW

E-SA-22 SA-197 Cascade Canyon, Open Space Preserve P-LS-BED

E-SA-23 SA-203 Cascade Canyon, Open Space Preserve CAS (trickle)

E-SA-24 SA-208 Cascade Canyon, Open Space Preserve P-LS-BC

E-SA-25 SA-209 Cascade Canyon, Open Space Preserve P-LS-RT/BC

Table E-2 (Cont.). Electrofishlng Sites In San Anselmo Creek

E-4
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A.A. RICH AND ASSOCIATES

Map
Site Number Site Location Habitat Type

Number

E-C-I C-I
Cascade Canyon, Open Space Preserve

P-LS-BED

E-C-2 C-2
Cascade Canyon, Open Space Preserve

PW

E-C-3 C-3
Cascade Canyon, Open Space Preserve

PW

E-R-I RC-I
Ross,Within Natalie Coffin Greene Park

P-LS-BED

E-R-2 RC-2
Ross, Within Natalie Coffin Greene Park

HGR

•••••••••••••••••••••••••••••••••••••••••••

Table E-3. Electrofishing Sites in Cascade and Ross Creeks
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Map
Site Number Site Location Habitat Type

Number

E-SH-I SH-I2
San Anselmo, dIs of Mountain

P-LS-BC
View Avenue bridge

E-SH-2 SH-I2b
San Anselmo, dis of Mountain

P-LS-BC
View Avenue bridge

E-SH-3 SH-I3a
San Anselmo, dis of Mountain

P-LS-BC/RR
View Avenue bridge

E-SH-4 SH-I3b
San Anselmo, dis of Mountain

PolS-Bridge
View Avenue bridge

E-SH-5 SH-I4
San Anselmo, Mountain View

PolS-Bridge (trickle)
Avenue bridge

E-SH-6 SJ-16
San Anselmo, u/s of Mountain

PW
View Avenue bridge

E-SH-7 SH-I7
San Anselmo, u/s of Mountain

P-LS-BC /RRView Avenue bridge

E-SH-8 SH-I7a
San Anselmo, u/s of Mountain

P-BW
View Avenue bridge -

E-SH-9 SH-55
San Anselmo, dis of Carlson

P-LS-Concrete/RR
Avenue

E-SH-IO SH-56a
San Anselmo, dis ofCarlson

P-LS-RRAvenue

E-SH-II SH-56b
San Anselmo, dis of Carlson

P-LS-Concrete/RRAvenue

E-SH-I2 SH-57
San Anselmo, at Carlson

P-LS-RTILWDAvenue-
E-SH-I3

SH-58a
San Anselmo, at Carlson P-LS-RTIBC
Avenue

E-SH-I4
SH-S8b

San Anselmo, at Carlson P-LS-RTILWD
Avenue

E-SH-IS
SH-58c

San Anselmo, at Carlson P-LS-RTIBC
Avenue

Table E-4. Electrofishing Sites in Sleepy Hollow Creek

E-6
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Map
Site Number Site Location Habitat Type

Number

E-SH-16
SH-illa

San Anselmo, dis of Deer P-LS-BC
Hollow Road bridge

E-SH-17 San Anselmo, dis of Deer
,

P-LS-ConcretelRR
SH-Illb

Hollow Road bridge

E-SH-18
SH-Illc

San Anselmo, dis of Deer P-LS-Concnite Blocks/BED
Hollow Road bridge

E-SH-19 SH-Illd
San Anselmo, dis of Deer PolS-Concrete Blocks
Hollow Road bridge

E-SH-20 SH-112
San Anselmo, dis of Deer P-LS-BED
Hollow Road bridge

E-SH-21
SH-113

San Anselmo, dis of Deer P-MC-BED
Hollow Road bridge

E-SH-22 SH-145
San Anselmo, dis of 970 P-LS-BC
Butterfield Road

•
E-SH-23

SH-146
San Anselmo, dis of 970 P-LS-BC
Butterfield Road

E-SH-24 SH-148 San Anselmo, U/S of 970 P-MC-Dam
Butterfield Road

E-SH-25 SH-150
San Anselmo, U/S of 970

P-LS-BC (concrete pilings)
Butterfield Road

E-SH-26 SH-152
San Anselmo, U/S of 970

P-LS-BC (concrete pilings)
Butterfield Road

E-SH-27 SH-158
San Anselmo, dis of Legend

P-LS-BC
Road bridge

E-SH-28 SH-160 San Anselmo, dis of Legend
P-LS-BCIRR

Road bridge

E-SH-29 SH-161
San Anselmo, dis of Legend

P-LS-BC
Road bridge

E-SH-30 SH-162
San Anselmo, dis of Legend

P-LS-RR (bridge)
Road bridge

•••••••••••••••••••••••••••••••••••••••••••

Table E-4 (Cont). Electrofishing Sites in Sleepy Hollow Creek
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Map Site Number Site Location Habitat Type
Number

E-SH-31 SH-163
San Anselmo, Legend Road

PolS-Concrete (bridge)
culvert

E-SH-32 SH-I64a
San Anselmo, 110 I Butterfield

P-LS-BC
Road, U/S of Legend Road

E-SH-33 SH-164b
San Anselmo, 110 I Butterfield

P-LS-RR
Road, U/S of Legend Road

E-SH-34 SH-168
San Anselmo, u/s of Legend

P-LS-RT
Road

E-SH-35 SH-180a
San Anselmo, u/s of concrete

P-LS-RR
dam, dis of Katrina Lane

E-SH-36 SH-180b
San Anselmo, u/s of concrete

P-LS-RT
dam, dis of Katrina Lane

E-SH-3?
SH-180c

San Anselmo, u/s of concrete P-LS-Wall (concrete)
dam, dis of Katrina Lane

E-SH-38
SH-180d

San Anselmo, u/s of concrete P-LS-RR (trickle)
dam, dis of Katrina Lane

E-SH-39
SH-180e

San Anselmo, u/s of concrete P-LS-BC
dam, dis of Katrina Lane

E-SH-40
SH-180f

San Anselmo, u/s of concrete P-LS-RR (trickle)
dam, dis of Katrina Lane

E-SH-41
SH-180g

San Anselmo, u/s of concrete P-LS-BC
dam, dis of Katrina Lane

Table E-4 (Cont). Electrofishlng Sites In Sleepy Hollow Creek

E-8
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A.A. RICH AND ASSOCIATES

APPENDIXF

PHOTOGRAPHS OF THE
CORTE MADERA CREEK WATERSHED



•••• A.A. RICH AND ASSOCIATES••• Photo Key•• Photo

• Number Creek Subject SRU

• CMCI Corte Madera Creek USACE concrete channel CM-Ol• CMC2 Corte Madera Creek Thennograph site CMC-l b at beginning CM-OI,• of concrete channel

• CMC3 Corte Madera Creek Large California roach CM-02

• CMC4 Corte Madera Creek Electrofishing field crew CM-02
CMC5 Corte Madera Creek P-LS-BC/RR CM-02• CMC6 Corte Madera Creek LGR CM-05•• SA I San Anselmo Creek Rainbow/Stee!head trout SA-199

• SA2 San Anselmo Creek Electrofishing field crew SA-209

• SA3 San Anselmo Creek Thennograph site SA-130
SA4 San Anselmo Creek Thennograph site SA-198B• SA5 San Anselmo Creek Diversion SA-OI2

• SA6 San Anselmo Creek P-LS-BC SA-Ol2

• SA 7 San Anselmo Creek Concrete Slab SA-OI5
SA8 San Anselmo Creek P-LS-BEDIBC SA-015• SA9 San Anselmo Creek P-LS-Concrete pillars in downtown SA-02l• San Anselmo

• SA 10 San Anselmo Creek LGR SA-016

• SA 11 San Anselmo Creek Water Heater SA-063
Sl\. 12 San Anselmo Creek P-LS-Concrete Wall SA-054• SA 13 San Anselmo Creek Denil Fish Ladder at Saunders Ave. SA-076

• SA 14 San Anselmo Creek P-LS-Concrete overhang SA-072

• SA 15 San Anselmo Creek P-LS-RR SA-084
SA 16 San Anselmo Creek LGR SA-080• SA 17 San Anselmo Creek Diversion SA-094

• SA 18 San Anselmo Creek Radiator SA-090

• SA 19 San Anselmo Creek P-LS-BC SA-l03
SA 20 San Anselmo Creek Crayfish SA-102• SA 21 San Anselmo Creek P-LS-Concrete pilings at Fair-Anselm Plaza SA-l26• SA 22 San Anselmo Creek Denil Fish Ladder at Pastori Ave. SA-I22

• SA 23 San Anselmo Creek P-LS-BC SA-Il2

• SA 24 San Anselmo Creek Cascade pools SA-Ill
SA 25 San Anselmo Creek P-LS-BC with eroded right bank SA-133• SA 26 San Anselmo Creek P-LS-RT (stranded pool) SA-132

• SA 27 San Anselmo Creek P-MC-Dam SA-144

•••• ....~~._\';.
, - .



•~
A.A. RICH AND ASSOCIATES ••••Photo Key (Continued) •-Photo •Number Creek Subject SRU •'.SA28 San Anselmo Creek P-LS-RT SA-136 •SA 29 San Anselmo Creek Electrofishing site (P-LS-RT) SA-161B •SA30 San Anselmo Creek P-LS-Concrete Wall SA-158A
SA 31 San Anselmo Creek P-LS-BED SA-165 •SA32 San Anselmo Creek LGRlPW SA-196 •SA33 San Anselmo Creek P-LS-RT with tributary SA-195 •SA 34 San Anselmo Creek P-LS-BED SA-196
SA35 San Anselmo Creek Dry habitat; spawning gravel SA-197 •SA36 San Anselmo Creek Spawning gravel SA-197 •SA37 San Anselmo Creek Wood/Concrete dam SA-197 •SA38 San Anselmo Creek Deni! Fish Ladder at Canyon Rd. SA-198B •SA 39 San Anselmo Creek Cascade Open Space dry habitat SA-198B
SA40 .San Anselmo Creek Cascade Open Space dry habitat SA-198B •SA41 San Anselmo Creek Pseudo Cascade

,
SA-215 •SA 42 San Anselmo Creek P-LS-BED SA-216 ..

CC 1 Cascade Creek HGR CC-O-IO •CC2 Cascade Creek Gravel CC-O-12 •CC3 Cascade Creek P-LS-BED CC-O-13 •CC4 Cascade Creek HGR CC-O-16 •CC5 Cascade Creek P-LS-BCIBED CC-O-19
CC6 Cascade Creek HGR CC-0-23 •CC7 Cascade Creek P-LS-BED (plunge pool) CC-O-27 •CC8 Cascade Creek Cascade waterfall (fish migration barrier) CC-O-32 ••SH 1 Sleepy Hollow Creek P-LS-Concrete Wall SH-OOI •SH2 Sleepy Hollow Creek HGR (trickle) SH-005 •SH3 Sleepy Hollow Creek P-LS-BC SH-024
SH4 Sleepy Hollow Creek Bridge SH-014 e
SH5 Sleepy Hollow Creek Dry habitat; spawning gravel SH-028 •SH6 Sleepy Hollow Creek Spawning gravel SH-028 •SH7 Sleepy Hollow Creek P-LS-ConcretelRR SH-055
SH8 Sleepy Hollow Creek P-LS-RT SH-057 •SH9 Sleepy Hollow Creek Rainbow/Steelhead trout SH-055 •SH 10 Sleepy Hollow Creek Rainbow/Steelhead trout SH-l13 ••••~~t· '., - .
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Photo Key (Continued)

Photo
Number Creek Subject SRU

SH 11 Sleepy Hollow Creek California roach SH-057
SH 12 Sleepy Hollow Creek Algae SH-085
SH 13 Sleepy Hollow Creek Drainage pipe SH-060
SH 14 Sleepy Hollow Creek P-LS-Concrete abutment SH-067
SH 15 Sleepy Hollow Creek P-LS-RR with Maggie (dog) SH-092
SH 16 Sleepy Hollow Creek P-LS-RT with Maggie (dog) SH-094
SH 17 Sleepy Hollow Creek P-LS-Concrete wall under Caleta Rd. SH-097
SH 18 Sleepy Hollow Creek Duckweed-covered pool SH-IOl
SH 19 Sleepy Hollow Creek P-LS-RT with debris and pipe SH-107
SH20 Sleepy Hollow Creek . Dry habitat; spawning gravel SH-108
SH 21 Sleepy Hollow Creek Spawning gravel SH-098
SH22 Sleepy Hollow Creek P-MC-BED SH-l13
SH23 Sleepy Hollow Creek P-LS-Concrete Wall SH-121
SH24 Sleepy Hollow Creek Diversion SH-121
SH25 Sleepy Hollow Creek P-LS-Concrete bridge with surface scum SH-123
SH26 Sleepy Hollow Creek P-LS-BC (trickle) SH-128
SH27 Sleepy Hollow Creek P-LS-BED SH-131
SH28 Sleepy Hollow Creek P-LS-BED with surface scum SH-132
SH29 Sleepy Hollow Creek P-LS-BED (trickle) SH-132
SH30 Sleepy Holle"" Creek Dry habitat SH-144
SH 31 Sleepy Hollow Creek P-LS-RT SH-154
SH32 Sleepy Hollow Creek P-LS-BC SH-161
SH33 Sleepy Hollow Creek Drainage pipe SH-164A
SH34 Sleepy Hollow Creek P-LS-BCIRT SH-172
SH 35 Sleepy Hollow Creek P-LS-RR SH-169
SH36 Sleepy Hollow Creek Trickle SH-176
SH 37 Sleepy Hollow Creek P-LS-BEDIRR (stagnant) SH-178
SH38 Sleepy Hollow Creek P-MC-Dam SH-179
SH39 Sleepy Hollow Creek Trickle SH-166
SH40 Sleepy Hollow Creek Dry habitat off VanWinkle Ave. SH-183
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Photo
Number Creek

RC I Ross Creek
.. "

RC2 Ross Creek

RC3 Ross Creek
RC4 Ross Creek
RC5 Ross Creek

RC6 Ross Creek
RC7 Ross Creek
RC8 Ross Creek
RC9 Ross Creek
RC 10 Ross Creek

FC I
FC2
FC3
FC4

Fairfax Creek
Fairfax Creek
Fairfax Creek
Fairfax Creek

Photo Key (Continued)

.Subject

Rainbow/Steelhead trout
(Electrofishing site RCEI)
Rainbow/Steelhead trout
(Electrofishing site RCE1)
Thennograph site (RC-1 )
Thennograph site (RC-3)
Dry habitat (spawning gravel)near
Katherine Branson School
Dry habitat; spawning gravel
LOR
Natalie Coffin Greene Park
P-LS-BED (Electrofishing site RCEI)
HGR (Electrofishing site RCE2)

Just off Bolinas.Rd. in Fairfax
Behind Fairfax Town Hall
Behind Youth Center
Behind Youth Center

SRU

RC-6

RC-6

RC-I

RC-I
RC-5
RC-6
RC-6
RC-6

•..
•..••••••••~
•••••••I.
•••••••••••••••e••••••~~



•••••••••••••••••••••••••••••••••••••••••••

A.A. RICH AND ASSOCIATES

CMCI

CMC2
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• DRAFT•••• Cascade Creek
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• DRAFT•••• Sleepy Hollow Creek
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• DRAFT•••• Fairfax Creek
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APPENDIXG

SUMMARY DEPICTION ON THE RESULTS OF STUDIES ON
WATER TEMPERATURES EFFECTS ON STEELHEAD AND RAINBOW TROUT
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FIGURE G-2. SUMMARY OF THE RESULTS OF THE PHYSIOLOGICAL AND BEHAVIORAL RESPONSES OF RAINBOW TROUT TO WATER
TEMPERATURE.
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POTENTIAL RESTORATION AREAS
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SRU HABITAT TYPE LENGTH AVERAGE WIDTH AVERAGE DEPTH

(m) (m) (em)

TABLE H-1. SRU'S WITH CONCRETE SLABS IN CORTE MADERA CREEK

A.A. RICH AND ASSOCIATES

0.215.8

- H-1

38CM-25 P-LS-RR
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TABLE H-2. SRU'S WITH DIVERSION HOSES IN CORTE MADERA CREEK

SRU HABITAT TYPE LENGTH AVERAGE WIDTH AVERAGE DEPTH

(m) (m) (em)

CM-OB P-LS-BC 27 4.6 0.1B

CM-14 P-LS-RR/BC/RT 42 6.5 0.31

CM-20 P-LS-RR 37 5.5 0.29

CM-22 P-LS-RT 25 5 0.13

H-2
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TABLE H-3. SRU'S WITH MISCELLANEOUS DEBRIS IN CORTE MADERA CREEK

SRU HABITAT TYPE TYPE OF DEBRIS

CM-12 P-LS-BC suitcase

CM-14 P-LS-RT large metal sheet

CM-17 P-LS-LWD large woody debris needs to be "thinned out"

CM-18 P-LS-BC wheel barrow

CM-20 P-LS-RR declayed plastic sheets

CM-20 P-LS-RR metal pipe

H-3



•••A.A. RICH AND ASSOCIATES •••TABLE H-4. SRU'S WITH CONCRETE SLABS IN SAN ANSELMO CREEK ••SRU HABITAT TYPE LENGTH AVERAGE WIDTH AVERAGE DEPTH •(m) (m) (em) •SA-006 P-LS-CEMENT/RT 67 7 0.21 ••SA-012 P-LS-BC 42 9.5 0.22 •
SA-015 P-LS-BC 60 4.5 0.26 ••SA-021 P-LS"BC/CEMENT/RRIPILLARS 6 0.22 •
SA-024 P-LS-WALL/LOG 35 5.4 0.34 ••SA-025 P-LS-CEMENT BLOCKS 18 3.5 0.18 •
SA-051 P-LS-CEMENT BAGS 17 5.5 0.17 ••SA-054 P-LS-CEMENT WALL 60 4.7 0.36 •
SA-070 P-LS-RR/CEMENT BANK •27 5.8 0.3 •
SA-072 P-LS-CEMENT OVERHANG 2.5 0.13 ••SA-088 P-LS-CEMENT WALL 20 5.8 0.36 •
SA-094 P-LS-CEMENT WALL 48 5 0.24 ••SA-098 P-LS-CEMENT WALL 30 5.3 0.34 •
SA-099 LGR 18.5 2.3 0.04 ••SA-101 P-LS-CEMENT BLOCK 38 5.5 0.19 •
SA-110 P-LS-PILINGS/RR 20 •5.5 0.29 •SA-118 P-LS-RR 16 3.5 0.06 ••SA-124 P-LS-CEMENT WALL ·27 7.3 0.15 ••H-4 •••'.:t~



•••• A.A. RICH AND ASSOCIATES••• TABLE H-4 CONT'D. SRU'S WITH CONCRETE SLABS IN SAN ANSELMO CREEK•• SRU HABITAT TYPE LENGTH AVERAGE WIDTH AVERAGE DEPTH• (m) (m) (em)

•• SA-127 P-LS-RR 21 5 0.32

• SA-136 P-LS-RT 24 6 0.36•• SA-144 P-MC-DAM (SPLIT BY LOG) 19 8.8 0.35

• SA-153 P-LS-BC 19 2.5 0.13•• SA-156 P-LS-CEMENT WALL/RT 11 13 0.46

• SA-157 LGR 18 0.9 0.04•• SA-160 P-LS-BC/RR 23 4 0.33

•• SA-167 P-LS-BC 27 4.7 0.12

• SA-172 LGR 16 1 0.05•• SA-173 P-BW 5 0.8 0.1

• SA-174B P-LS-CEMENT WALL 16 3.5 0.41•• SA-178 P-LS-CEMENT BLOCK 5 2 0.11

• SA-179 P-LS-CEMENT DAM 9.5 6 0.51•• SA-1BO P-MC-BED/CEMENT 12 2.5 0.02

•• SA-181 P-LS-CEMENT 21 2.9 0.16

• SA-197 DRY 145••• H-5••••• ~1'- ' •. _.



•••
A.A. RICH AND ASSOCIATES ••TABLE H-5 SRU'S WITH DIVERSION HOSES IN SAN ANSELMO CREEK ••

SRU HABITAT TYPE LENGTH AVERAGE WIDTH AVERAGE DEPTH •
(m) (m) (em) ••SA·002 P-LS-BC/CEMENT 20 4 0.14 •

SA·006 P-LS-CEMENT/RT 67 7 0.21 ••SA·012 P-LS-BC 42 9.5 0.22 •
LGR(a)/P-LS-WALL(b)/LGR(e) •SA·016 50 5.3 •

SA-028 P-LS-RT 8 3.5 0.18 ••SA-030 P-LS-CEMENT BAGS 30 4 0.21 •
SA-057 P-LS-BC/CEMENT BAGS 44 8.3 0.26 ••SA-062 P-LS-CEMENT WALL 48 5.2 0.13 •
SA-065 P-LS-CEMENT/RR 64 5.2 0.22 ••SA-067 P-LS-CEMENT BAG WALL RB 15 6.4 0.42 •
SA-081 P-LS-RT 10.5 2.1 •0.06 •SA-094 P-LS-CEMENT WALL 48 5 0.24 ••SA-100 P-LS-RT/BC/CEMENT CHUNKS 65 6.5 0.26 •
SA-176 P-LS-CEMENT WALL 25 4.2 0.2 ••SA-177 P-LS-CEMENTIWOOD WALL 7 1.5 0.15 •
SA-184 P-LS-RT 9 3.3 0.25 ••SA-197 DRY 240 •••••H-6 ••,,~.
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SRU HABITAT TYPE DESCRIPTION OF ERODED AREA

TABLE H-6. SRU'S WITH BARE/ERODED STREAM BANKS IN SAN ANSELMO CREEK

A.A. RICH AND ASSOCIATES

H-7

steep right bank; needs plants

bare left bank

eroded left (as face upstream) bank, downstream of Madrone bridge

bare left bank in sharp curve in creek; near 40 Inyo

right bank has good large woody debris pool, but is silted in
probably due to non-vegetated right bank

bare right bank just upstream of concrete dam

left bank is bare and steep

several bare and eroded banks on both sides of creek and
extending up into the Open Space Preserve

SA-37 P-LS-RT

SA-63 LGR

SA-111 CASCADE

SA-133 P-LS-BC

SA-162 LGR

SA-184 P-LS-RT

SA-197 DRY

SA·198 DRY

•••••••••••••••••••••••••••••••••••••••••••



A.A. RICH AND ASSOCIATES

TABLE H-7. SRU'S WITH MISCELLANEOUS DEBRIS IN SAN ANSELMO CREEK

SRU HABITAT TYPE TYPE OF DEBRIS,

SA-24 polS-LOG WALL cement pipe

SA-26 polS-Be log (needs to be cut so that water can pass through)

SA-33 P-LS-GABION WALL roof covering (large sheets)

SA-90 P-LS-WALL, RIP RAP radiator

SA-98 P-LS-CONCRETE WALlarge cinder blocks

SA-100 P-LS-RT/BC blue tank

SA-110 P-LS-WALL, WOOD wooden wall (left bank) collapsing

SA-127 P-LS-RR wooden wall (left bank) collapsing

SA-197 DRY water heater just upstream of dam

H-8

•••••••••••••••••••••••••••••••••••••••••••}~
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A.A. RICH AND ASSOCIATES

TABLE H-8. SRU'S WITH CONCRETE SLABS IN SLEEPY HOLLOW CREEK

SRU HABITAT TYPE LENGTH AVERAGE WIDTH AVERAGE DEPTH
(m) (m) (em)

SH-020 P-LS-CEMENT WALUBAGS 10 3.3 0.14

SH-021 P-LS-CEMENT WALL 26 3.2 0.27

SH-036 P-LS-CEMENT WALL 30 2.1 0.14

SH-045 BRIDGE 6

SH-046 P-LS-RR 9

SH-68 P-LS-RR/BRIDGE ABUTTMENl 41 4.2 0.4

SH-111 P-LS-CEMENT WALL 7 1.6 0.13

SH-112 P-LS-BED/CEMENT DAM 5 2.5 0.23

SH-113 P-MC-BED 5.5 5.3 0.32

SH-120 P-LS-BED 8 2.9 0.09

SH·128 TRICKLE 35

SH-141 P-LS-CEMENT WALL 15 3.8 0.24

SH-149 DRY 20

SH-179 P-MC-DAM 13 5.5 0.38

H-9

~~,;'" _..



TABLE H-9. SRU'S WITH DIVERSION HOSES IN SLEEPY HOLLOW CREEK

A.A. RICH AND ASSOCIATES

SH-025 P-LS-CEMENT WALL

SH-100 DRY

SH-107 P-LS-RT

SH-121 P-LS-CEMENT WALL (FOOTBRIDGE)

SH-158 P-LS-BC

LENGTH AVERAGE WIDTH AVERAGE DEPTH

(m) (m) (em)

••••••••••••••••••••••••••••••••••••••••••
}~

0.18

0.22

0.21

0.19

3.4

2.2

2.8

2

84

28

10

27

20

H-10

HABITAT TYPESRU



TABLE H-10. SRU'S WITH MISCELLANEAOUS DEBRIS IN SLEEPY HOLLOW CREEK

A.A. RICH AND ASSOCIATES

•••••••••••••••••••••••••••••••••••••••••••

SRU

SH-89

SH-107

SH-158

HABITAT TYPE

P-LS-GABION WALL

P-LS-RT

P-LS-BC

H-11

DESCRIPTION

water heater

metal pipes

eroded pipe in stream bed

~It'· -. _ .
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A.A. RICH AND ASSOCIATES

APPENDIX I

GLOSSARY OF TERMS
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A.A. RICH AND ASSOCIATES

GLOSSARY OF SOME TERMS USED IN THE REPORT J

acclimate: Adaptation to slowly changing new conditions

alevin: A young salmonid that still has it's yolk sac attached (pre "fry" stage)

anadromous: Fishes which migrate from fresh to salt water and vice versa

carrying capacity: The maximum number of individuals of a particular species that can be
supported indefinitely by a given part of the environment

crustacean: Primarily aquatic, gill-breathing animals, such as shrimp, crabs, and lobsters

euryhaline: Ability to withstand high salinity concentrations

eutrophication: The enrichment of bodies of fresh water by inorganic plant nutrients (e.g.,
nitrate, phosphate). It may occur naturally, but can also be the result of
human activity (e.g., fertilizer runoff, sewage discharge). The biomass of
phytoplankton and herbivorous zooplankton increases, and species diversity
decreases. The water becomes turbid in the summer, the growth of the large
aquatic plants may eventually become suppressed and algal blooms are
frequent. The water may be low in dissolved oxygen through the decay of
large amounts of organic matter.

fry: Tenn assigned to the young salmonid that has recently emerged from the
gravel (pre "juvenile" stage)

grisle: Male anadromous salmonid that has spent only one year at sea before
returning to fresh water.

jack: See "grisle"

juvenile: Tenn assigned to young salmonid that has reached a given length, the length
differs from study to study (after the "fry" stage)

limiting factor: Factor which has the potential to restrict an individual or population

metabolic rate: A measure of the rate of metabolic activity in a living organism. The rate at
which an organism uses ~nergy to sustain essential life processes such as
respiration, growth, reproduction, blood circulation, muscle tone, and
activity.

I-I



A.A'. RICH AND ASSOCIATES

GLOSSARY OF SOME TERMS USED IN THE REPORT (CONT.)

1-2

Bond, C. E. 1979. Biology of Fishes. W B. Saunders Company. 514 pp.

••••••••••••••••••••••••••••••••••••••••••
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Testis or spenn of fishes

Fish which does not migrate to sea (e.g., rainbow trout)

Adult steelhead that returns to the ocean and then to the stream to spawn
again

Stream where fish hatch

See "parr-smolt transfonnation"

A "cold-blooded" animal. An animal which has very limited capability in
tenns of regulating body temperature.

Trout and salmon.

Nest

A critical level or value which must reached before an event occurs

See "parr-smolt transfonnation"

Behavioral, morphological, and biochemical changes which transfonn a
darkly pigmented, bottom dwelling freshwater salmonid (the parr) into a
pelagic silvery fish (the smolt)

The hannful effect ofa small change in environment which exceeds the limit
of tolerance of an organism or population, and which becomes evident

The membranous sac rich in blood vessels which develops around the yolk
in the eggs ofvertebrates, such as fishes and mammals, and which is attached
to the embryo and through which nutrients pass from the yolk.

Lawrence, E. 1995. Henderson's dictionary ofbiological tenns. Eleventh Edition.
John Wiley & Sons. 693 pp

milt:

redd:

poikilotherm:

natal stream:

repeat spawners:

parr:

resident:

salmonid:

threshold effect:

threshold value:

smoIt:

I Sources:

parr-smolt
tranformation
(smoItification):

yolk sac:


