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1. EXECUTIVE SUMMARY

1.1  Project Overview and Major Findings

Hidden away in valleys beneath the benchlands of eastern Santa Cruz, and extending
two miles into the first range of hills, Arana Gulch flows to Monterey Bay. Its residents
and the broader community of central Santa Cruz County have the opportunity to
restore and enhance this waterway and its watershed:

To restore the run of steelhead, allowing it to stabilize and grow

To protect homes, parks, businesses, schools, a harbor and public works
along the stream

To sustain and expand the nearly-continuous streamside woodland valued
by wildlife and residents alike

To slow filling of Santa Cruz’s vital small-craft harbor

To allow flooding, debris flows, and logjams to form along the stream and to
serve their natural functions without unduly endangering residents, roads, or
other facilities, and

To help naturally renovate and clean flows from Arana Gulch into Monterey
Bay, and the marine habitat it supports

This project is an initial assessment of current stream and habitat conditions in the
Arana Gulch watershed, and our recommendations for restoring it (Figure ES-1). The
plan provides a basis for suggesting projects at specific problem sites (Figure ES-3), and
identifies what each might achieve. Balance Hydrologics, Inc. (Balance), D.W. ALLEY &
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Associates (Alley), the Coastal Watershed Council (CWC) and Toni Danzig worked
together to prepare the phase 1 assessment and enhancement plan for the Arana Gulch
Watershed Alliance (AGWA). Field work for this plan was conducted from late 1998
through mid-2001. Balance carried out the sediment source analysis, synthesis and
preparation of this document. Alley completed the steelhead assessment. CWC
completed the baseline water quality and low-flow program, and Toni Danzig assisted
with the development of point source repair concepts and illustrations.t The California
Coastal Conservancy (CC) and the California Department of Fish and Game (DFG)
funded this project.

Sand-sized sediment fills almost all pools, holes, and other resting places in Arana Gulch
from the headwaters to the mouth at the Santa Cruz Small Craft Harbor (Figure ES-2).
Further, riffles throughout the creek are mantled with sand. In part, the sand is intrinsic
to the stream, since Arana Gulch has evolved in a sandy geologic environment;
however, the extent to which sand overwhelms pools and riffles in this stream system is
probably much greater than usually prevailed under natural conditions. The underlying
sandstones and siltstones (Purisima Formation), as well as unconsolidated terrace
deposits tend to weather to sand and silt, with very little gravel- or cobble-sized debris.
Silts and clays tend to wash rapidly through this relatively short, steep watershed,
leaving significant volumes of sand for the stream either to (a) transport to Monterey
Bay or (b) store in its channel or floodplain2 Channel reaches situated below logjams
and culverts on the eastern, central and western branches of Arana Gulch do contain
gravel and cobbles, often buried beneath a foot or more of sandy sediments. For these
coarser materials to provide spawning or rearing habitat, the volume of sand in the
stream will need to be curtailed. The volumes of sand in the channel have been growing
since the watershed has been settled, grazed, farmed, and cleared, and as the networks
of roads, paths, and gullies expand. As long as the sandstone canyons are occupied,
well-planned stewardship of the streams can help offset the effects of these uses.

1 This plan is perhaps more action-oriented than many first-generation watershed assessments in
the region, as much of the original environmental analysis had been compiled in an earlier
assessment of sedimentation in the watershed (Hecht and others, 1982), which is included as
Appendix C to this report.

2 Most of the samples we collected of the banks of the stream, high-water marks left by recent
storms, or the material filling pools and glides throughout the watershed were primarily medium
or fine sand (0.125 to 0.5 millimeters) (c.f., Figure ES-2). Very small proportions of gravel or
pebbles, and no cobble-sized sediment, were observed in any of these samples.
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Most of the projects proposed in this report are intended to reduce delivery of sand and
other sediments to Arana Gulch, its tributaries, and to the harbor (Figure ES-3). The
majority of the remaining projects are directed at providing passage for upmigrating
adult steelhead to the eastern and central branches, where low flows in late summer are
greatest, and where the best steelhead habitat was identified. Even the best habitat in
Arana Gulch, at least at present, is rated as substandard relative to other streams in
Santa Cruz County canvassed by fisheries biologist Don Alley. With less sand in the
channel, the number of young fish rearing in Arana Gulch - the basis of Alley’s rating —
is expected to increase, but is likely to remain small relative to other streams in the Santa
Cruz Mountains. Nonetheless, the relatively large number of yearling fish he observed
in the east and central branches suggest that Arana Gulch can sustain a run worth
enhancing.

In earlier drafts of this plan, small-scale sedimentation basins were proposed for Arana
Gulch at four to five locations, when and where willing owners are prepared to
incorporate them in future plans. One such basin, originally constructed in the 1970s,
has been put back into operation through a cooperative effort of AGWA, the School
District, Department of Fish and Game, and the Public Works Departments of both the
County and City of Santa Cruz. The basin has already been cleaned out once of its
capacity of about 400 cubic yards of material that has been recycled to projects of these
two agencies where sand fill is needed. Up to three or four basins of approximately the
same size are recommended on the west branch, the Chaminade tributary, and the main
stem. Modification of an existing borrow pit to create an off-line basin just south of
Highway 1 is also under consideration. Use of sedimentation basins is both suitable
and necessary in Arana Gulch because of (a) the excessive volumes of sand presently in
the channel and which are beyond the capability of upslope measures to control with the
restoration efforts planned for the next 10 years, (b) the virtual absence of gravels in the
materials trapped in the existing basin, such that spawning-size material is not
selectively removed, and (c) steelhead do not appear to use most of these reaches for
spawning. The basins illustrate twin concepts which underlie much of this plan — use of
innovative measures appropriate to a wholly sand-bed channel and of working with
willing owners and cooperating agencies.
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Late summer baseflows in 1999 were quite low, sometimes as low as 5 gallons per
minute (0.01 cfs), approximately the flow of one garden hose. The lowest flows were
observed in the main stem from the mouth of the west branch to the Brookwood Drive
crossing (Figure ES-1). All surface flow from the upper watershed originated in the
eastern and central branches, with the eastern branch accounting for 89% of the total
flow. Flow was slightly higher at the high school fish ladder with measurements
slightly exceeding those for total flow originating in the upper watershed. At the mid-
greenbelt flow was observed to be less than that which was measured at the fish ladders.
However, these were visually estimates of flow and it is unclear if flow was actually lost
between the fish ladders and the mid-greenbelt. Given the possibility that flow may
become discontinuous or subsurface in the main stem from the western branch to
Highway 1, efforts to restore this are important, with particular attention warranted to
diminishing the volume of sand on the bed (now sufficient to allow all flow to go
subsurface in some years) and shading this reach to mitigate elevated temperatures
during extremely dry conditions.

Results for water quality measurements made in Arana Gulch from 1997 to 1999 indicate
that, for the constituents test, the water quality meets standards for domestic
consumption and fell within acceptable ranges for salmonid survival (Appendix D).
Water quality parameters measured include water temperature, dissolved oxygen, pH,
specific conductance and turbidity. It is important to note, however, that the potential
for excessive summer water temperatures does exist in Arana Gulch due to (a) the very
low baseflows that were measured and (b) the potential for the riparian corridor to be
compromised in this urban corridor within multiple jurisdictions.

Working meetings between the project consultants and the Arana Gulch Technical
Advisory Committee has resulted in a list of 21 major sediment sources and steelhead
migrational barriers currently located in the Arana Gulch watershed (Table ES-1).
Mapped sources of sediment in the watershed range in total volumes lost from 8 to 9000
cubic yards (Table ES-2) and steelhead migrational barriers were found on the main
stem, the central branch and the eastern branch. Conceptual repair plans and priority
ranking of these 21 sites has been developed by the project consultants and the TAC
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Table ES-1: Description of Major Sediment Point Sources and Migrational Barriers, Arana Gulch, Santa Cruz County

Sites

Benefits

East Branch Arana Gulch

Right Bank below the Blue Trail
Dam

Would avoid an extremely
large volume of sediment in the
event of dam failure

Problem

Right bank below the Blue Trai
Dam is experiencing
accelerated erosion and could
compromise dam structure

Repair Method Sought

! Treated sandbag spillway to

protect further bank erosion and
dam failure

$10,000-$20,000

Estimated Cost

Potential Funders /
Cooperators

Chaminade, Fines Funds
(county and State),
Community groups

Permits

NMFS,
CDFG,
County of
Santa Cruz,
RWCQB

Property Ownership

private property

Property Jurisdiction

County of Santa Cruz

Comments

Repairs must be done without vehicular access, large volunteer crew will be needed, wheelbarrels etc.

Right Bank Meanders below Blue
Trail Dam

Would avoid direct addition of
moderate volumes of sand to
the channel and protect the
existing Blue Trail

Numerous right bank failures in

conjunction with meander

bends: downstream of the Blue

Trail Dam and upstream of the
Blue Trail foot bridge

Protect eroding face with log
cribbing , suitably keyed into the
banks, plant alders or other
vegetation behind cribbing

$5,000-$10,000

Small grant: CAB /
NREP, CCC's (labor force)

NMFS,
CDFG,
County of
Santa Cruz

Property Ownership

private property

Property Jurisdiction

County of Santa Cruz

Comments

Repairs must be done without vehicular access, large volunteer crew will be needed, wheelbarrels etc.

Blue Trail Gullies

Would restabilize the hillslope,
part of the Blue Trail, the Citiy's
water line and dramatically
reduce sediment input through
the reach

Several very large gullies are
contributing large amounts of
sediment to the channel and
have compromised a City water
line

Drain the bottom of the gullies
with perforated piping, add
structured support, backfill the
gullies with appropriate material
and plant

$50,000 +

Large Grant: City and
Chaminade supervision,
RCD / NRCS tech assist,

Done by contractor

County of
Santa Cruz
Grading
Permit

Property Ownership

private property

Property Jurisdiction

County of Santa Cruz

Comments

We should seek Jen Hyman's involvement; could run a shoot down the trail to transport soil for filling

Steelhead Migrational Barrier (B5)
roughly 40 feet upstream of site 5

Allow for fish passage to the
upstream reaches on the
eastern branch and stabilize
downstream banks

Two four-foot diamter culverts
placed in the middle of the
channel are jammed with LWD
at the upstream end. Barrier is
impassable.

A) Manual clearing of debris and
culverts from stream
recommended. Use of large
volunteer team suitable (5-6

people)

500 + permit fees

County of Santa Cruz Fish
and Game Commission,
California Youth Authority
Crews

CDFG,
County of
Santa Cruz

Property Ownership

private property

Property Jurisdiction

County of Santa Cruz

Comments

Manual removal of jam could be conducted with a chain saw and supervision by a Fisheries Biologist
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Table ES-1: Description of Major Sediment Point Sources and Migrational Barriers, Arana Gulch, Santa Cruz County

. . . . Potential Funders / .
I.D. Sites Benefits Problem Repair Method Sought | Estimated Cost Permits
Cooperators
East Branch Arana Gulch
Allow for fish passage to the Redwood log jam roughly A) Remove log jams manuall County of Santa Cruz,
Steelhead Migrational Barrier (B4) upstream reaches on the seven feet in height at time of : 109 - vy California Fish and Game
5 . - — with supervision by a Fisheries $500 ] o CDFG
roughly 90 feet upstream of site 6 | eastern branch and stabilize stream survey. Barrier is . . Advisory Commission,
; Biologist
downstream banks probably impassable. FYA Crews
Property Ownership private property Property Jurisdiction County of Santa Cruz
Comments Manual removal of jam could be conducted with a chain saw and supervision by a Fisheries Biologist
Steelhead Migrational Barrier (B3) Allow for fish passage to the Log jam anchored by large A) Remove log jams manually Cpunty of_Santa Cruz,
. upstream reaches on the redwood rootwad and concrete : L - ) California Fish and Game
6 [roughly 0.37 miles upstream of Paul - - : with supervision by a Fisheries $500 ] o CDFG
Sweet Road eastern branch and stabilize | structure in left bank. Barrier Biologist Advisory Commission,
downstream banks might be passable at 20-30 cfs. 9 FYA Crews
Property Ownership private property Property Jurisdiction County of Santa Cruz
Comments Manual removal of jam and culverts is recommended with the help from a volunteer team of 5-6 people. Fisheries Biologist should be present
A) build channel elevation up to
Allow for fish passage to the Culvert has downcqt roughly 6 the current culvert mouth Prop 13, County Public
feet. Downcutting has ; : - NMFS,
upstream reaches on the accelerated erosion of banks elevation using step-pools Works, DFG (partial), CDEG
7 Culvert Beneath Paul Sweet Road | eastern branch, reduce local B) (optional) construct settling $100000 + Road Association '
) } . downstream of culvert and - County of
flooding potential and stabilize | . ) pond and trash rack roughly 50- supervision, Done by
impedes fish passage at all Santa Cruz
downstream banks flows yards upstream of redwood contractor
cathedrals

Property Ownership

private property

Property Jurisdiction

County of Santa Cruz

Comments

Local observers report repeated blockages of culvert by woody debris; Don Alley suggest new bridge; need some mechanism to slow water upstream of culvert
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Table ES-1: Description of Major Sediment Point Sources and Migrational Barriers, Arana Gulch, Santa Cruz County (continued)
Benefits Problem Repair Method Sought Estimated Cost Potential Funders / Permits
Cooperators
County of Santa Cruz,
CDFG

Sites

Central Branch Arana Gulch

Steelhead Migrational Barrier (B9) roughly
0.39 miles upstream of the confluence
with the eastern branch

Allow for fish passage to the
upstream reaches on the
central branch and stabilize
downstream banks

private property

A current series of 3 woody debris jams
that is likely impassable.

A) Remove log jams manually with
supervision by a Fisheries Biologist

Property Jurisdiction

$500

County of Santa Cruz

California Fish and Game
Advisory Commission, FYA
Crews

County of Santa Cruz,
Callifornia Fish and Game
Advisory Commission, FYA

CDFG

Property Ownership

A) Remove log jams manually with

$500

Crews

Comments

Allow for fish passage to the

A six-foot high log jam that is likely
impassable.

supervision by a Fisheries Biologist

9 0.37 miles upstream of the confluence
with the eastern branch

Steelhead Migrational Barrier (B8) roughly

upstream reaches on the
central branch and stabilize
downstream banks

private property

Property Jurisdiction

County of Santa Cruz

County of Santa Cruz,
California Fish and Game

CDFG, County
of Santa Cruz

Property Ownership

A) Remove rip-rap manually with

$500-$1,000

Advisory Commission, FYA
Crews

Comments

Allow for fish passage to the

Rip-rap piled instream has created a
partial dam and destabilized banks by

supervision by a Fisheries Biologist

10
with the eastern branch

Steelhead Migrational Barrier (B7) roughly
0.27 miles upstream of the confluence

upstream reaches on the
central branch and stabilize
downstream banks

private property

forcing flow around the rip-rap into the
banks.

Property Jurisdiction

County of Santa Cruz

NMFS, CDFG,
County of

Property Ownership

Large grant (useful as a
demonstration grant)

Santa Cruz
Grading Permit

Comments

Stretch of old road roughly one-quarter
mile long is showing signs of gullying and

Restore original cross slope along road,
repair gullies and restore vegetation

$20,000-$50,000

Rebedding of Maybee Lane from roughly
11 0.05 miles upstream of the confluence
with the eastern branch to mile 0.5

Would avoid massive bank
destabilization and increased
localized flooding potential
along the central branch of
Arana Gulch.

private property

concentrating runoff from the drainages
above. Concentrated runoff is leading to
bank destabilization along the central

branch upstream of the Bone property.

Will require cooperation and interest of owners; county riparian permitting could prove difficult

where needed with appropriate material

Property Jurisdiction

County of Santa Cruz

Large grant

NMFS, CDFG,
County

Property Ownership

$20,000-$50,000

Comments

Perched driveway culvert which is likely

Construct new crossing

12
the eastern branch

Steelhead Migrational Barrier (B6) roughly
112 feet upstream of the confluence with

Allow for fish passage to the
upstream reaches on the
central branch and stabilize
downstream banks

private property

impassable under most flow conditions
and contributing to bank destabilization

downstream.

Property Jurisdiction

County of Santa Cruz

Property Ownership

At the time this report was prepared, it was understood that this project had been awarded funding and was slated to begin in the next year

Comments
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Table ES-1: Description of Major Sediment Point Sources and Migrational Barriers, Arana Gulch, Santa Cruz County (continued)
. ) . . Potential Funders / .
1.D. Sites Benefits Problem Repair Method Sought Estimated Cost Permits
Cooperators
- West Branch Arana Gulch
Reduce potential for massive
landsliding on the eastern Concentrated runoff from hillslope above
hillslope and direct input of Pilkington Road is causing increased
. S " . - - Santa Cruz
s . large volumes of sediment to gullying in slope adjacent to existing Stabilize banks near culvert outlet, Grant to Road Association
13 Pilkington Road Drainage . N N > $20,000 N County
the system. Protect property landslide at head of the west branch. general drainage repairs above road and Community groups ! .
3 . - Grading Permit|
owners near the site Could cause extensive landsliding and
(equestrian center) and massive input of sediment to the system.
downstream.
Property Ownership private property Property Jurisdiction County of Santa Cruz
Comments Need access and participation from homeowners
Restore natural capacity of
soils to absorb water thus Disc Golf Course holes 1-5, 25 and 27
reducing the volume of runoff have lost large amounts of soill and
during storm events. currently is by and large devoid of Moderate re-grading, major re-soiling Santa Cruz
14 Disc Golf Course Restoration of grasses and grasses. Increased runoff through the and planting of resilient golf course > $100,000 City of Santa Cruz County
‘top soil' on these holes will | area has resulted in accelerated growth of related turf Grading Permit|
help reduce the rate of growth| the gully which follows holes 20 and 21
in the gully draining to the and drains to the west
west branch.
Property Ownership City of Santa Cruz, DeLaveaga Park Property Jurisdiction City of Santa Cruz
c " Roughly 9 acres need 6 inches or more of soil for planting-to prevent further erosion and to slow bank erosion seen in the associated gully due to high runoff rates. 1: Steve Singer (June,
omments 1999) has estimated that most areas near these holes have lost at
Reduce volume of sediment | This site is directly linked to site 8 above. To_be closely mgmtoredAapd
input to the west branch and Gully contributes large volumes of considered for active repair if re-
15 Large Gully below Disc Golf Course P! X _y g . establishment of golf course ? City of Santa Cruz
protect the adjacent holes of sediment to the west branch and is .
" ¥ groundcover does not halt bank erosion
the disc golf course. growing. X
seen in the gully
Property Ownership City of Santa Cruz, DelLaveaga Park Property Jurisdiction City of Santa Cruz
Comments Roughly 300 yards long, completely overgrown with poison oak
Reduce volume of sediment
input to west branch, reduce | Increased rate of tirbutary growth due to
16 Tributary from West at Lower Service |flooding potential for residents [ concentrated runoff. Tnbutgry contributes Step-pool ladder similar to site 4 above $5,000-510,000 City of Santa Cruz
Road of the former Paul Sweet moderate volumes of sediment to west
House and protect service branch.
road.
Property Ownership City of Santa Cruz, DeLaveaga Park Property Jurisdiction City of Santa Cruz
Comments Roughly 40 yards long, material used to build step-pools needs to considered
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Table ES-1: Description of Major Sediment Point Sources and Migrational Barriers, Arana Gulch, Santa Cruz County (continued)

Potential Funders

Sites

17

Main Stem Arana Ck.

Capitola Road Crossing

Problem

Monitor site for future incision
and bank instability
downstream of the existing
culvert. Site has the potential
to become a fish passage

barrier.

Repair Method Sought

Estimated Cost

Benefits

Permits
/ Cooperators

Property Ownership

private property

Property Jurisdiction

City of Santa Cruz

Comments

Monitoring should be taken very seriously.

Upstream projects are limited in effectiveness if this project is not taken seriously

18

Greenbelt Gully

Increase removal of sand
and sediment from Tidal
reach and Harbor

Accelerated erosion of
hillslope below the corner of
Agnes Street and Park Way
South has resulted in a gully

which directly delivers
sediment to the Tidal reach.

Reconstruct stormwater outlet and
consider new drainage plans.
Backfill gully and plant.

$20,000-$50,000

City of Santa Cruz

City of Santa Cruz, Port

Property Ownership

City of Santa Cruz, DeLaveaga Park

Property Jurisdiction

Comments

Need access clearance

from homeowners and cooperation from the City of Santa Cruz

19

Tidal Reach

Stabilize Tidal reach,
dramatically decrease
sediment loading to the
Harbor. Maintain current
marsh habitat that is unlike
any other in Santa Cruz
County and perhaps the
central coast of California.

Accelerated channel
headcutting and channel bank
failure through the tidal reach
resulting in increased loading

of sandy sediment to the
harbor and the tidal reach

?7??

$100,000+

District and/or other 27?7
AGWA participants
City of Santa Cruz, Port
District and/or other |NMFS, CDFG

AGWA participants

Property Ownership

City of Santa Cruz, DeLaveaga Park

Property Jurisdiction

City of Santa Cruz

Comments

Could be a cooperative project between the Port District and the City of Santa Cruz.
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Table ES-2. Total Volume of Sediment Lost for Mapped Sediment Sources in Arana Guich,
September and October 2000

Site Site Dimensions® Volume Volume

# name (ft x ft x ft) (cucic ft) (cubic yard)

1 Blue Trail dam: right bank below dam 20x40x12 9600 350

2 Right Bank Meanders below blue trail dam 49x18x8 7056 261

2 Right Bank Meanders below blue trail dam 35x15x6 2520 93

2 Right Bank Meanders below blue trail dam 25x6x5 750 28

3 Blue Trail Gullies 200x135x9 243,000 9000

13 Pilkington Road drainage 48x12x75 40300 1492

14 Disc Golf Course (see Singer 1999) ~1 acre - ~ 1700 to 3300
15 Large Gully beneath Disc Golf Course 8x6x1000 48000 1778

16 Tributary from west at lower service road 11x11x75 9000 333

Notes: 1. Source dimensions, except for site 14, were measured by Balance Hydrologics staff in the fall of 2000
2. Sites 18 and 19 were excluded from this table because source dimensions were not measured
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Table ES-3: Recommended Implementation of Repair Projects in the Arana Gulch Watershed

Site # Site-Specific Projects Priority Project Iniation Phase Comments

Blue Trail Dam: right-side of dam structure bank

failure High Phase 1 Repair here avoids massive pulse of sediment
Blue Trail Gullies High Phase 1
Fish Barrier #5 - 4' drop, in-channel culverts High Phase 1 Eastern branch below the Blue Trail crossing
Fish Barrier #4 -7' drop, log jam High Phase 1 Eastern branch below the Blue Trail crossing
6 Fish Barrier #3 -log jam, root wad . . .
9 High Phase 1 Eastern branch below the Blue Trail crossing
7 Culvert Beneath Paul Sweet Rd, ID barrier #2 High Phase 1
12 Fish Barrier #6 - perched culvert . !_a_lr_lce Bone's driveway crossing: project has been
High Phase 1 initiated
14 Disc Golf Course: west of parking area High Phase 1
- Grade control at fish ladder High Phase 1 Project is roughly 80% complete
2 Right Bank Meanders below Blue Trail Dam Medium Phase 2
13 |Pilkington Road Drainage Medium Phase 2 Repair here avoids potential landsliding
15  |Large Gully below Disc G.C. Medium Phase 2 Try to stabilize gully profile with repair of site 8
16 Trib. From West at Lower Service Rd. Medium Phase 2
18  |Greenbelt Gully Medium-High Phase 2 Gully delivers sediment directly to the greenbelt
- 1-bank erosion sites at Harbor High Low Phase 2
8 Fish Barrier #9 - 3 log jams in succession Low Phase 3 Central branch above Lance Bone's property
Fish Barrier #8 - 3' drop log jam Low Phase 3 Central branch above Lance Bone's property
10  |Fish Barrier #7 - rip-rap dam Low Phase 3 Central branch above Lance Bone's property
11  |Rebedding of Maybee Lane Low Phase 4 Central branch above Lance Bone's property

Notes: Site # refers to notation in Figure ES-3 as well as Table ES-1

Priority Categories: High, Medium and Low

Initiation Phases: Phase 1: 1-3 years, Phase 2: 3-5 years, Phase 3: 5+ years
Implementation order is based on consensus among AGWA TAC memebers

Site 17 (Capitola Road) is to be monitored for rate of incision and right bank stability downstream of existing culvert

apwhE
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with suggested implementation phases of 1 to 3 years, 3 to 5 years and 5 to 10 years
(Table ES-3). Monitoring plans have also been suggested to observe the success and
failure of implemented repairs and to aid further tracking of changes in the watershed.

1.2 Enhancement Planning: Suggested Conceptual Repairs, Monitoring
Plan and Implementation Plan

Enhancement planning for Arana Gulch means, to a large extent, learning to live
compatibly with sandy soils and a sandy watershed. By limiting the amount of sand
entering the stream, many of the existing issues and constraints can be minimized. By
diminishing erosion in the hillsides, the streambanks will become more stable, the pools
deeper and the creek more diverse and productive. With less sand in the stream, the
streamside ecosystem will have the essential basis for self-restoration and will benefit
from enhancement efforts. In this respect, the Arana Gulch watershed serves as a
bellwether, offering a useful test of potential long-term stream enhancement in small,
sandy watersheds. As such, restoration efforts in Arana Gulch can also pioneer ways
that will have importance far beyond the narrow confines of its watershed.

Attempts to decrease the delivery of sandy sediment to Arana Gulch from hillslopes and
in-channel sources needs to be both comprehensive and visionary. We suggest repair
and monitoring plans to comprehensively span the next 10 years. We also discuss some
opportunities and challenges likely to arise during the next 10 to 50 years, including the
expected episodic events (such as fires or blights) and issues or management steps
which might constructively be pursued as opportunities arise during the next five
decades.

The suggested repair and monitoring programs include:

= Site specific repair and stabilization of point and non-point sources of sediment,

= Removal of steelhead migrational barriers with coordinated efforts to leave
important LWD in the channel,
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= Re-vegetation plans for areas where riparian communities have been lost,

» Enhanced removal of sandy sediment from the sedimented channels through
small-scale sediment basins and off-channel storage surfaces,

= Monitoring of identified areas prone to gullying, landscaping and other erosional
problems, and

= Monitoring of summer baseflows and their water quality to establish a stronger
understanding of long-term baseflow characteristics.

Suggested, conceptual repairs have estimated costs that range from $500 for removal of
logjams to $200,000+ for culvert replacement at bridge or driveway crossings (Table ES-
3). The conceptual repairs were designed to be site specific and, where appropriate, to
reflect commonly used erosion control practices. The implementation of conceptual
repair plans have been built around logical prioritization of repair sites in terms of
potential benefits gained from project implementation and consensus priority rating of
each project by the Arana Gulch Technical Advisory Committee (Table ES-3).

Suggested implementation of conceptual repairs include three implementation phases of
1 to 3 years (Phase 1), 3 to 5 years (Phase 2) and 5 to 10 years (Phase 3) coupled with
priority ranking of repairs in each phase. For example, repair sites 3, 7, and 14 were
given phase one initiation status and were all ranked as high priority repair projects
(Table ES-1 and ES-3, Figure ES-3). Once repair plans have been implemented, the
suggested monitoring program will provide a means to measure relative success or
failure and will provide valuable data about the changing conditions in the watershed.
This systematic and comprehensive plan for implementing and monitoring repairs will
provide a science-based rationale to use when applying for funds, will increase the
opportunity for funding of future repairs because of forwward momentum, and can build
support among residents of the watershed and among others interested in or charged
with its repair.
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1.3 Need for Future Work

Future investigations should focus on filling in data gaps. Arana Gulch lacks historic
streamflow and sediment-transport records. These data are important, basic pieces of
information, which help in characterizing basin hydrology and the sediment sizes and
volumes that are transported by the stream. For the purposes of the sediment
assessment presented in this report, simulated estimates of streamflow and sediment
transport were modeled from (a) streamflow records for Soquel Creek and (b) sediment
discharge records collected on Zayante Creek and three other Santa Cruz Mountains
streams. These estimates can be updated when relationships for Arana Gulch are
established by direct measurement2 Results of the direct measurements can not only be
used to evaluate our simulations, but can also serve as a baseline, against which future
reductions in sediment transport effected by the projects proposed above (among others)
can be evaluated.

A complete assessment of the vegetation riparian corridor was not conducted as a part
of this project, as it was not part of the scope proposed or funded. The riparian corridor
and the status of vegetative cover are integrally connected to the steelhead populations
through their amelioration of summer water temperatures and by the stability that the
vegetation adds to stream banks. Where applicable, our suggested repair plans for
channel-bank failures and hillslope gullies include the removal of non-native riparian
species with planting of native species. We understand the importance of re-introducing
native plant species to the riparian corridor and strongly suggest that a comprehensive
riparian assessment be included in future watershed efforts.

A plan for the tidal reach of Arana Gulch was prepared by ecologist Prof. Tom Harvey
in 1982, based largely on investigations presented in the 1982 geomorphic report. In
1999, CWC staff repeated many of the geomorphic measurements, including re-
occupying the cross sections established in 1982. These efforts have confirmed the
earlier understanding of the rates and mechanistic causes for bank collapse and channel
head cutting observed in the tidal reach. Tidal action was identified as the cause of bank
collapse, and restriction of tidal action (perhaps with flap gates) on the existing culverts

3 The Santa Cruz Port District has recently installed a gaging station near the fish ladder to begin
to address many of these data needs.
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would reduce bank instability. It is also possible that sustained and/or increasing high
rates of sand transport from the upper watershed are contributing to the widening.
However, recent discussion concerning the tidal reach has focused on the steelhead
passage suitability of the four culverts that connect the lower tidal reach to the Santa
Cruz Small Craft Harbor. Some agency staff wish the culverts either to be removed or
reconstructed due to potential passage difficulties for steelhead, while the restoration
team’s fishery biologist does not believe the culverts pose any passage difficulties.
Resolution of future management of the tidal reach requires discussion that will extend
beyond the time allotted for this effort into planning and implementation of the
Greenbelt plan, and is likely to call for further investigation; however, any future
decisions will benefit from the measures identified below.
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2. BACKGROUND AND INTRODUCTION

Chapter 2 will present background information and narrative setting the stage for this multi-
disciplinary project. The project purposes will be discussed as will the project scope which
basically describes the philosophy of long-term watershed planning. The chapter will end with a
description of previous work in and about the watershed, as well as other accounts which have
shaped this plan.

2.1 Background: AGWA and Long-range Management*

In 1994, Friends of the Arana Greenbelt began to meet. The group focused on promoting
open space and bio-diversity. In 1996, the Coastal Watershed Council initiated a
Volunteer Water Monitoring Program in Arana Gulch. The joint efforts of these two
groups led to the Coordinated Resources Management and Planning (CRMP) Program
for the Arana Gulch Watershed. The Santa Cruz Port District, USDA Natural Resources
Conservation Service, Santa Cruz County Resources Conservation District, and a
number of dedicated individuals were instrumental in starting the CRMP Program in
1996. One of the individuals, Roberta J. (“Bobbie”) Haver, wrote a UCSC senior thesis
identifying values of the creek and its corridor, presenting a strategy to protect and
augment these values. The Santa Cruz Port District provided seed funding. Bobbie
Haver served as the volunteer convener of the CRMP through late 1998, when she
became part-time watershed coordinator.

Through a series of public meetings from 1996 to 1998, a list of community issues and
resource concerns were generated and a watershed steering committee established. The
steering committee named the collection of peoples the Arana Gulch Watershed Alliance
(AGWA) and subsequently developed AGWA'’s Mission Statement: “To conserve,
protect, restore and enhance the natural resources throughout the Arana Guich
Watershed.” In order to realize this mission, AGWA has adopted a list of goals that
include:

= To improve water quality and riparian habitat along the Arana Creek

4 Text adapted from written description by Bobbie Haver, 1996, DFG SB-271 Grant Application
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for fish and wildlife,

= To enlist community support and involvement, both private and
public, for the conservation of Arana’s natural resources, and

= To provide for long-term management and viability of the project.

The collaborative efforts of technical professionals, landowners, residents, districts and
agencies under the direction of Bobbie Haver have been the key to the current successes
of the AGWA. The continued efforts of all parties, supported by both financial and in-
kind assistance, will be central to refining and implementing a successful, long-term
enhancement plan.

2.2 Project Purpose

Arana Gulch supports an important, highly-valued riparian community and creek
corridor at the eastern edge of the City of Santa Cruz. It is one of the smaller streams on
the Central Coast of California which has historically sustained, steelhead spawning and
rearing (personnel communications, Jerry Smith). Currently, available salmonid habitat
in the watershed is poor in quality due to a number of limiting factors (Alley 2000). If
steelhead numbers are to increase in Arana Gulch, the limiting factors will need to be
managed over the long term and assessed on a recurring basis.

As mentioned in the executive summary, the purposes of this project were to (a) conduct
an assessment of current sediment and salmonid fisheries conditions and (b) to
recommend restoration projects to repair individual sites or constraints in the Arana
Gulch Watershed. Specific objectives linked to the project purpose include:

» |dentifying problems in the watershed related to erosion and bed
sedimentation and related effects on salmonid habitat,
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= Developing an understanding of the causes of these and other current
problems,

* Preparing conceptual plans to manage and repair identified problems,
generally at specific sites,

» Providing strategies to implement conceptual repairs and
management programs, and

= Suggesting a monitoring plan for use in long-term adaptive
management.

The enhancement plan also aimed at anticipating and addressing conditions which
could develop in the watershed as a result of episodic events or from the expansion of
existing problems to new portions of the watershed. Finally, we hope to set a precedent
for future watershed enhancement plans by carefully assessing the health of the
watershed and by logically planning for a 30- to 50-year potential conditions.

2.3 Project Scope

Many watershed plans adopt a short- to mid-term perspective, typically with a 10- to 15-
year anticipated lifetime, including a monitoring period following implementation of the
action plan. We believe that a useful plan for Arana should be based on a longer vision,
recognizing that:

= Since the watershed is small, resources to revisit the whole plan may
not be as readily available as for larger watersheds undergoing rapid
change.

= A large number of jurisdictions with land- and water-use authoritys
regularly take actions affecting this watershed, actions which merit
both consistency and coordination. An expired or outdated plan may

5 Including, but not limited to, both the City and the County of Santa Cruz, Caltrans, Harbor
High School and the Santa Cruz Unified School District, Coastal Commission, Natural Marine
Fisheries Service, California Department of Fish and Game, US Fish and Wildlife Service,
Monterey Bay National Marine Sanctuary, the National Guard, several special districts and the
various agencies connected with ongoing dredging at the harbor, in addition to state, federal, and
local government entities responsible for all watersheds in the region.

99005 020502 Final Plan revised.doc 3



not effectively (or legally) guide these decisions or realize important
opportunities that may arise.

= Arana crosses the fringe of urban activity, with rapid change always a
possibility. A sustained plan addressing potential issues which may
well arise in the longer term has particular value in a small
watershed.

A plan directed toward a 30- to 50-year period of effect may well be more appropriate to
the needs and resources of this watershed. A plan with this longer view needs to
recognize not only present conditions, but also cycles and episodes which may
reasonably be expected during its lifetime. Going further, an effective long-range plan
should also identify issues that may arise even beyond the anticipated life of the plan.

Our approach in planning for Arana Gulch recognizes three distinct areas of effort:
implementation of repair and restoration plans, monitoring of implemented repairs and
adapting management style to those repairs if negative conditions arise and preparing
for issues which may arise in the next 50 years or beyond. Implementation of suggested
repair plans is laid out over 10 years through 3 phases of implementation. Monitoring
and adaptive management of repairs should continue indefinitely following
implementation. Adaptive management should keep pace with evolving strategies or
the discovery of new information. Although preparing for potential issues over the next
30 to 50 years or beyond may seem difficult or chancy, this duration is less than the
expected life of homes, facilities, and public improvements which will be designed with
the plan in mind. This span is also far shorter than the anticipated positive effects of
habitat-restoration or sediment-reduction actions identified in the plan. And, it may
take three to five decades for some measures to fully take effect, or to fill gaps in
knowledge or resources needed to set the stage for the next plan.

Accordingly, this plan has been developed with the longer view in mind. In Chapters 4
and 5, we identify information needs and data gaps that seem to limit meaningful
planning and allow interested individuals and entities the opportunity to understand
what is needed. Chapter 9 includes a major section exploring issues which may well not
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arise during the anticipated life of the plan, but for which caretakers in the watershed
should prepare with possible solutions arising due to foreshadowing. Potential
sponsors or guides for these long-range issues are also identified. Finally, we recognize
that looking well ahead often requires paying attention to the past. The history of the
watershed, its management, and views of its resources and issues are considered
wherever feasible in this document, just as the basin’s past has been repeatedly and
knowledgeably discussed by many participants who have helped shape this plan.

2.4 Previous Work and Sources of Information

Several investigations pertinent to the current cause have been previously conducted in
the Arana Gulch watershed. During the late 1960s and early 1970s, a veteran team of
soil scientists mapped the soils of Arana and adjoining watersheds as part of updating
the maps of Santa Cruz County soils (National Cooperative Soil Survey, 1980),
identifying that soils tend to be sandy. In 1982, Barry Hecht and two then-graduate
students (Matt Kondolf and Mark Reid) investigated the hydrology and geomorphology
of lower Arana Gulch, including tidal reach bank-retreat rates and the nature of
sediment deposited in the North Harbor of the Santa Cruz Small Craft Harbor. They
established that only about 10 percent of the sediment dredged from the upper harbor
originated in the expanding tidal wetlands immediately upstream of the harbor, and
that contributions from the San Lorenzo River and longshore drift (which then
periodically closed the harbor) were negligible. These findings clearly identified that the
remaining 90 percent of the dredged material was transported from the watershed
upstream of Capitola Road. Harbormaster Brian Foss persisted in spreading this
message, and integrating it into ongoing environmental analyses. The Port District
eventually partly sponsored a senior thesis by Roberta (“Bobbie””) Haver, which resulted
in a study and reference guide for the watershed, in which she laid out plans that — with
the ideas and efforts of several dedicated residents -- have grown into the Arana Gulch
Watershed Alliance. In May 2000, D.W. Alley & Associates released an assessment of
fishery habitat conditions as a part of this Arana Gulch enhancement planning effort.
The May 2000 report also included sampling of six different reaches of the stream for
steelhead and other fish.
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Steve Singer (1999) conducted soil erosion and vegetation management studies at De
Laveaga Park in June and July of 1999. In the earlier investigation, Mr. Singer identified
erosional problems in the De Laveaga Disc Golf Course and recommended management
strategies to deal with these problems. In 1999, Robert Bixby, Arana Gulch watershed
resident, presented a report to the Santa Cruz City Council and the California
Department of Fish and Game. In the report, Mr. Bixby discusses contributing factors
that he believes are directly related to increased sedimentation of Arana Gulch with
‘silt’. Mr. Bixby’s final conclusion is that the increase delivery of silt to Arana Guich is
directly related to recent growth and use of the De Laveaga Disc Golf Course. In 1981,
Dr. Jerry Smith, San Jose State faculty member, assessed Arana Gulch for the presence of
steelhead and the quality of habitat conditions. His visit to Arana Gulch was part of a
larger, county-wide effort directed at planning for water supplies to be taken from some
of the larger watersheds. His observations of Arana Gulch were not included in a report
as his visit was one based on curiosity. During his visit he observed that Arana Gulch
was a small, sand dominated stream with very little steelhead habitat or steelhead
present.

Many other sources of information were compiled in this report. Numerous interviews
with Arana residents by Roberta Haver and Jason Parke have provided general
historical guidance for land-use change and storm activity. Aerial photographs from the
Santa Cruz County archives, the Resource Conservation District and the University of
California at Santa Cruz map library were valuable in our interpretation of historical
changes within the watershed. Numerous GIS based layers from the County’s database
were used in representing basic information about the watershed, locations of
monitoring sites, point-source locations, key landmarks and repair recommendation
locations. A list of GIS layers used from the County’s database can be found in the
references chapter.

Other useful information is undoubtedly available, and should be included as soon as
possible in future updates of this plan. Because watershed science and planning draws
interested individuals from many fields and backgrounds, readers are encouraged to
consider Chapter 108, in which we further discuss the objectives and the context within

6 Limitations of this report
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which the work described in this report has been done, how the plan might best be used,
and what additional efforts are anticipated to fill out and implement the plan
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3. WATERSHED OVERVIEW

Chapter 3 is intended to give the reader a detailed introduction to the Arana Gulch watershed.
Topics covered include physiography, climate, hydrologic overview, geology, soils and results
from baseflow and water quality monitoring. These pieces form the foundation for the sediment
and fisheries assessments.

3.1 Physiography

The Arana Gulch watershed drains a 3.5 square-mile area at the outer edge of the City of
Santa Cruz (Figure 3.1). The basin is relatively long and narrow with elevations ranging
from sea level at the harbor to over 600 feet at the northern boundary in the upper
watershed.

Three steep-walled drainage systems, with sustained slopes of up to 70%, occupy the
northern portion of the watershed: the eastern branch, the central branch and the
western branch. These branches have carved valleys in the Purisima sandstone in the
headwaters and come together upstream of the Oak Meadow Cemetery to form the
main branch of Arana Gulch. The main stem flows along a flat-floored alluvial valley
between steep walls cut into the staircase of marine terraces on which most of Santa

Cruz has been built.

3.2 Climate

The climate of Arana Gulch Watershed is typical of coastal central California. Summers
are usually warm and dry while winters are mild and humid. Winter months
(December-March) may experience high temperatures of 60-65 degrees Fahrenheit and
low temperatures of 35-40 degrees Fahrenheit. Summer months (July-September) may
experience high temperatures of 75-80 degrees Fahrenheit or higher and low
temperatures of 45-50 degrees Fahrenheit. Mean annual precipitation can range from
approximately 26 inches per year along the coast to 34 inches per year near the
headwaters of Arana Gulch. Most of the rain in Arana Gulch and Santa Cruz County
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falls during the months of November to March.
3.3 Land Use’

Principal land uses in the Arana watershed are urban, primarily residential, commercial
and light industrial, plus institutional areas such as schools, hospitals and cemeteries.
Much of the upper basin remains in large holdings, with sparse rural residential
development; this part of the watershed is covered by forests and brushlands, with some
grasslands and orchards. Land use within the watershed has changed significantly in
recent years. Residential and institutional uses have increasingly displaced grasslands
and orchards, especially in the lower watershed.

For a more detailed account of land use, land use history and land use effects on
hydrology in Arana Gulch, please see Appendix C of this report, (Hecht and others,
1982).

3.4  Arana Gulch Watershed Vegetation Communities

The vegetation of the Arana Gulch watershed can be roughly arranged into four
categories according to “Flora of the Santa Cruz Mountains of California” (Thomas, John
Hunter; Stanford Univ. Press 1991): wetlands and freshwater marsh, streambank
vegetation, mixed evergreen/mixed broadleaf forest, and a few patchy areas of
chaparral habitat.

As in most of the coastal areas these are not distinct vegetative communities, but can be
generally characterized by the dominant plant communities. It should also be noted that
due to substantial human populations within the watershed, plant communities are
frequently interrupted by other land uses such as roads, schools, housing, and other
human development. Vegetative communities are also impacted by non-native
invasives, some of which are listed below each of the plant communities described.

7 Text taken from Hecht and others, 1982
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3.4.1 Freshwater marsh

The freshwater marsh begins at the upstream end of the north harbor and extends in a
broad plain through the City’s Greenbelt area to the Capitola Road crossing. There
appears to be some saltwater intrusion during winter high tides and the downstream
waters may be brackish for short intervals. The lower banks of the marsh are dominated
by sedges (Carex ssp), low club rush (Scirpus cernuus californicus), and bog rush (Juncus
effusus). Willow thickets comprised of arroyo willow (S. lasiolepis) and red willow (S
laevigata), with an understory of California blackberry (Rubus ursinus) and pacific poison
oak (Rhus diversiloba) characterize the mid-level banks. The upper banks are dominated
by coast live oak (Quercus agrifolia) in distinctive sparse oak woodland habitat, with
open grassy areas in the Greenbelt.

Non-native invasive blue gum eucalyptus trees (E. globulus) dominate the east bank of
the harbor area. Other non-natives include Himalaya berry (R. procerus) and ornamental
escapees.

3.4.2 Streambank

From the upstream end of the marsh area to approximately Highway 1, the streambanks
rise in elevation to drier, but still frequently inundated soils. Dominant are a mix of
coast live oak, red alder (Alnus oregona), California buckeye (Aesculus californica), and
willow. There is also a sparse occurrence of big-leaved maple (Acermacrophyllum) and
western creek dogwood (Cornus occidentalis). These trees afford abundant cover, insect
and bird habitat, and shade to the stream throughout most of the mainstem and its
tributaries. The understory is comprised of California blackberry and poison oak.

The mainstem streambank area from Harbor High School north into De Laveaga park is
heavily populated with non-native invasive acacia (Acacia longifolia), French broom
(Cytisus monspessulanus), and pampas grasses (Cortaderia jubata and C. selloana), with a
robust understory invasion of English ivy (Hedera helix), periwinkle (Vinca major), poison
hemlock (Conium maculatum), and Himalayan blackberry.
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3.4.3 Mixed Evergreen/Mixed Broad-leaf

The upslope areas of the watershed are characterized by less water dependent plants,
the dominant being coast live oak and tanbark oak (Lithocarpus densiflorus), Douglas fir
(Pseudotsuga mengziesii), with a shrub understory of evergreen huckleberry (Vaccinium
ovatum), coyotebrush (B. pilularis var. consanguinea), and bush monkeyflower (Mimulus
aurantiacus).

In disturbed areas and drainages from disturbed areas non-native invasives such as
pampas grasses, brooms, vinca, English ivy and forget-me-not (Myosotis latifolia) are
becoming abundant.

3.4.4 Chaparral

There are a few south-facing steep areas of the watershed that exhibit disjunct patches of
chaparral. These areas are dominated by scrub oak (Quercus berberidifolia), bush monkey
flower, California lilac (Ceanothus integterrimus), and buck brush (C. cuneatus).

Due to the relatively inhospitable terrain, few other plants thrive on these steep dry
slopes other than the occasional pampas grass clumps.

3.5 Existing Habitats not Included in this Assessment

A freshwater wetland several acres in size occupies the wooded area immediately to the
east of the existing Harbor High School sediment basin (Figure 3.1). The drainage basin
contributing surface and ground water to the wetland has not been mapped nor has the
wetland been delineated. However, from aerial photograph interpretation some
hydrologic characteristics of the wetland can be observed. A northeasterly trending
cluster of trees located where the wetland exists suggests that the wetland receives water
from a surficial area which extends from the east side of the sediment basin to the
northern side of Highway 1 (just west of the Soquel Avenue exit in Santa Cruz). We
considered it likely that this wetland originated as a borrow pit for material used to
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build Highway 1.

3.6 Geology and Soils
3.6.1 Geology

The three types of sedimentary rocks and deposits (Figure 3.2), which outcrop in the
Arana watershed, all weather to soils that tend to be sandy or silty sands:

= The weakly consolidated siltstones, sandstones, and (locally)
mudstones of the Purisima formation underlie the entire Arana
watershed.

= Marine terraces, with nearly flat-lying deposits of well-sorted sands
with thin, discontinuous gravel-rich layers cover most of the flat
upland benches in the southern half of the watershed, as well as the
flat ridgetops near Santa Cruz Gardens and Pilkington Road in the
northern half of the watershed.

= Sandy alluvium and stream terrace deposits along Arana Gulch and
its headwater forks, widening from partly discontinuous valley floors
in the headwaters to a single continuous valley flat up to 800 feet
wide downstream from Highway 1.

Generally-available geologic maps generally do not recognize distinctions within the
Purisima formation (c.f., Dibblee, 1978; Clark, 1981; Clark and others, 1989). Our
experience has been that the Purisima is coarsest at mid-elevations within the
watershed, overlain by bedded sandy mudstones, diatomaceous or porcellanitic
siltstones that form the highest ridges. Beneath the middle sands is a clayier siltstone
best exposed near Harbor High and at the lower levels of De Laveaga Park. The soils
developed from these units are texturally different, with the sandiest and most prone to
deep gullying derived from the middle sandstone. One of the older geologic maps
(Hickey, 1968) also distinguishes three members (sub-unit A, B and C) of the Purisima
formation in the Arana watershed, noting that middle member (sub-unit B) is a
regionally significant aquifer with a recharge area primarily within the Arana watershed
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(Figure 3.2). The three sub-units as defined by Hickey (1968) in ascending order are:

= sub-unit A is defined as a ‘siltstone with a few sandstone interbeds
near its top’,

= sub-unit B is defined as a ‘silty to fine to medium-grained sandstone
with siltstone interbeds’, and

= sub-unit C is defined as a ‘very silty to silty, very fine to fine-grained
sandstone with siltstone interbeds.’

The ‘bedrock’ Purisima sediments are composed of a series of almost flat-lying beds,
seemingly continuous across the watershed. Both geologic and water-well evidence
indicate that the bed slope, or ‘dip’, very gently to the southeast at a barely-discernible
slope of 2 to 4 degrees.

The marine terraces form nearly flat and well-drained surfaces upon which deep, stable
soils have developed. Erosion rates in relatively undisturbed small watersheds formed
mainly in marine terraces can be very low - typically on the order of 5 percent of the
rates observed in other Santa Cruz Mountains basins (Hecht, 1980). Most of urban uses
within the Arana watershed are constructed on marine terraces, which although
disturbed, are usually not major sources of sediment except during periods of
construction activity.

The alluvium and stream terraces are formed of the material transported by Arana
Creek and its tributaries. This material is typically moderately to extremely sandy. The
alluvium is deepest in the lower portion of the watershed (Figure 3.2). Its composition,
distribution, history, and properties are described in detail in the earlier 1982 report
(Appendix C).
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Table 3.1: Properties of Selected Soil Series, Arana Gulch, Santa Cruz County
Soil # Soil Series! Parent Rock Type Slopes USCS? |Depth Zone| Erosion Factor K* | Erosion Hazard Rating*| Permeability® Runoff®
Upper Watershed
110-112 Ben Lomond Sandy Loam Sandstone or Granitic 5-126_1755'50’ SM 0-19 inches 0.17 Slight to very high Moderately rapid Medium to Very Rapid
SM, ML 19-46 0.17
- 46 -
113 Ben Lomond Sandstone or Quartz-Diorite 30-75 SM 0-19 0.17 High to very high Moderately rapid Rapid to Very Rapid
SM, ML 19-46 0.17
- 46 -
Catelli Sandstone or Granitic 30-75 SM 0-7 0.20 High to very high Moderately rapid Rapid to Very Rapid
SM 7-37 0.20
- 37 -
Sur Sandstone, Schist or Granitic 30-75 GP-GM 0-18 0.10 High to very high Moderately rapid Rapid to Very Rapid
GP-GM 18-35 0.10
- 35 0.10
114-115 Ben Lomond Sandstone or Granitic 30-50, 50-75 SM 0-19 0.17 High to very high Moderately rapid Rapid to Very Rapid
SM, ML 19-46 0.17
- 46 -
Felton Complex Sandswn:'isT:LZ Schist or 30-50, 50-75 SM 0-11 0.17 High to very high Moderately slow Rapid to Very Rapid
CL, SC 11-43 0.28
SM, ML 43-63 0.37
- 63 -
116-117 Bonny doon Loam Sandstone, Mudstone or Shale | 5-30, 30-50 CL, CL-ML 0-11 0.32 Moderate to high Moderate Medium to Rapid
- 11 -
Sandstone: thinly bedded and . 5 .
118 Bonny Doon Rock Outcrops horizontally oriented 50-85 CL, CL-ML 0-11 0.32 Very high Moderate Rapid to Very Rapid
- 11 -
. 5-30, 30-50, . . .
142-144 Lompico Sandstone, Shale or Mudstone 5075 CL-ML 0-5 0.28 Moderate to high Moderate Medium to Very Rapid
CL, SC 5-37 0.17
37 -
Felton Sandstone, Sha!e, Siltstone or | 5-30, 30-50, SM 0-11 0.17 Moderate to very high Moderately slow Medium to Very Rapid
Schist 50-75
CL, SC 11-43 0.28
SM, SM-SC,
ML, CLML 43-63 0.37
- 63 -
146-148 | Los Osos Loam Sandstone, Siltstone Mudstone | 5-15, 15-30, ML, CL-M 0-19 0.37 Moderate to high Slow Medium to Rapid
or Shale 30-50
CL,CH 19-36 0.28
- 36 -
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Table 3.1: Properties of Selected Soil Series, Arana Gulch, Santa Cruz County
Soil # Soil Series! Parent Rock Type Slopes USCS? |Depth Zone| Erosion Factor K* | Erosion Hazard Rating*| Permeability® Runoff®
153 Maymem Rock Outcrop Sandstone, Shale or Granitic 50-75 SM, ML 0-6 0.20 Very high Moderate Very Rapid
SC, CL 6-14 0.24
- 14
- T5-30, 3U-50; - - "
156-158 Nisene Sandstone or Shale [ SM 0-10 0.20 Moderate to very high Moderate Rapid to Very Rapid
SC, CL 10-58 0.20
- 58 -
Aptos m-“;k:" ‘ﬂ:-bu’ CL-ML, CL 0-23 0.28 Moderate to very high Moderate Rapid to Very Rapid
SC, CL 23-29 0.20
29 -
159 Pfeiffer Gravelly Sandy Loam or ’ Matarial 15-30, 30-50 SM 0-38 0.17 High Moderately rapid Rapid
SM, GM 38-66 0.17
- 66 -
176-177 Watsonville Loam Alluvium 0-2, 2-15 ML 0-18 0.28 Slight to moderate Very slow Rapid to Very Rapid
Lower Watershed
116-117 Bonny Doon Loam Sandstone, Mudstone or Shale | 5-30, 30-50 CL, CL-ML 0-11 0.32 Moderate to high Moderate Medium to Rapid
- 11 -
176-177 Watsonville Loam Alluvium 0-2, 2-15 ML 0-18 0.28 Slight to moderate Very slow Slow to Medium
CL,CH 18-39 0.24
SC, CL 39-63 0.24
178-180 | Watsonville Loam: Thick Alluvium i ML 0-26 0.28 Slight to High Very slow Slow to Rapid
CL,CH 26-47 0.24
SC, CL 47-63 0.24
. - U-Z, Z-9, 9-15, " - -
132-135 Elkhorn Sandy Loam Aluuvial Fan and Marine Terrace 1520 SM 0-21 0.32 Slight to high Moderately slow Slow to Rapid
SC, CL 21-61 0.28
161-163 Pinto Loam Alluvium and Marine Terrace 0-2, 2-9, 9-15 ML, CL-ML 0-21 0.28 Slight to moderate Slow Slow to Rapid
CL, sC 21-65 0.17
1: Information taken from the August 1980, USDA soil survey for Santa Cruz County (Bowman and Estrada)
2: UCSC = United Soils Classification System, commonly used in geotechnical or soil-foundation investigations, and in routine engineering geologic logging
3: Factor K used in Universal Soil Loss Equation (USLE), indicates susceptibilty of soil to erosion by water, values range from 0.05-0.69, higher values indicate a higher susceptibility to erosion
Balance 4: The relative rates of erosion are dependent on soil surface slope, as slope increases the erosion hazard rating increases
. 5: The relative rates of permeability are dependent on the soil series / complex and are defined as:
HYdrOlOglCS, InC. Very slow: 0.06 in/hr, Slow: 0.06-0.20 in/hr, Moderately slow: 0.2-0.6 in/hr, Moderate: 0.6-2.0 in/hr,
Moderately rapid: 2.0-6.0 in/hr,Rapid: 6.0-20 in/hr, and Very rapid: > 20 in/hr
6: The relative rates of runoff are dependent on soil surface slope and apply to thoroughly wet soils, as slope increases the relative rate of runoff increases
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3.6.2 Soils

There are numerous soil groups present in Arana Gulch (Figure 3.3). The characteristics
of these soils are given in Table 3.1 and the spatial distribution of soils in the watershed
is shown in Figure 3.3. Information presented in Table 3.1was culled from the 1980
issue of the Santa Cruz County Soil Survey published by the National Cooperative Soil
Survey.

General soil characteristics differ from the upper watershed to the lower watershed. For
the purpose of briefly discussing soils here, the upper watershed will be defined as that
area upstream of the confluence between the main branch and the western branch, the
lower watershed is respectively located downstream of this confluence. These two areas
have markedly different physical characteristics and thus have had soils develop that
are a product of these differences.

Soilst present in the upper watershed are deep to shallow with depth zones ranging
from 0 to 4.5 feet, depending on hill slope where the soils are found. These soils range
from well drained to somewhat excessively drained and consist of gravelly sandy loams,
stony sandy loams, sandy loams, loams and shaly clay loams. The gravelly sandy
loams, loams and the shaly clay loams are found on the steepest slopes in the upper
watershed. The soils present in the upper watershed have formed in residuum derived
from sandstone, shale, siltstone, mudstone, marine deposits and granitic rock. Erosion
hazard rating for these soils range from slight to very high with most soils rated as
moderate to very high (Table 3.1). Under saturated conditions, relative rates of runoff
for these soils range from medium to very rapid (Table 3.1). In general, as slope
increases, runoff rates for saturated soils increases.

Soils present in the lower watershed are deep to very deep with depth zones between 0
and 4 and a half feet and are well drained to somewhat poorly drained. These soils
consist of stony loams, sandy loams, loams and shaly clay loams. Other than the Bonny
Doon Loam, the soils in the lower watershed developed in residuum from different
parent materials than those found in the upper watershed. Parent materials for most of

8 For this report, the term ‘soils’ refers to the soil map units which represent the kind of soils
present in the watershed. Table 3.1 lists the characteristics of these soils.
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the soils in the lower watershed (at least 95 percent) consist of marine deposits, old
alluvium and weathered shale. Erosion hazard rating for these soils ranges from slight
to high and rates of runoff under saturated conditions ranges from slow to rapid (Table
3.1).

3.7 Hydrologic Overview®

3.7.1 Storm hydrology

Stream runoff varies greatly from year to year and is highly dependent on the amount
and distribution of rainfall, watershed size and land-use practices. Due to the nature of
soils in the Arana Gulch Watershed, a very intense 3-4 hour storm can result in a higher-
recurrence interval flow than will a storm of record:0 24-hour rainfall amounts. This
became evident following the January 1982 storm. Arana’s peak-flow recurrence
interval for this storm was less than that reported for other Santa Cruz County streams
(adjusted for drainage area) and considerably less than the rainfall event, commonly
reported to be in excess of 100 years. Hecht and others (1982) suggest a peak flow for
the January 1982 storm event in the vicinity of 870 cfs and possible as high as 1000 cfs,
which roughly correspond to recurrence intervals of 25 and 33 years respectively.

A stronger understanding of basin hydrology has been impaired by the lack of long-
term records for streamflow in Arana Gulch. These records are a crucial component of
all hydrologic assessments and investigations. They describe the basic and intrinsic
watershed responses to storm events, land-use activities and changes and natural or
human-induced episodic disturbances. As part of future, long-term projects, we have
strongly recommended that stream gaging equipment be secured and installed. This
will greatly aid future investigations and the long-term monitoring program described
in Chapter 8 of this document. The Port District has recently (November 2001)
purchased and installed a gage near the fish ladder, data from which will help frame
AGWA'’s decisions.

9 Text adapted in part from Hecht and others (1982). See appendix C.
10 Record here refers to the storm that produced the greatest amount of precipitation, over a 24-
hour period for the period of record at the site.
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3.7.2 Flood history

Historical accounts and records indicate that some flooding did occur in the eastern and
central Santa Cruz Mountains during the years 1852, 1862, 1890, 1909, 1911, 1914, 1917,
1922, 1932, 1937, 1938, 1940, 1941, 1942, 1943, 1945, 1952, 1955, 1958, 1963, 1967, 1973,
1978, 1980, 1982, 1995 and 1998. The floods of 1938, 1955, 1982, and 1998 have been the
largest in recent memory.

3.7.3 Ground water

Ground water is often a forgotten element of watershed management, especially when
aquatic and riparian habitat are the focus of planning. In the Arana watershed, ground
water is the source of water sustaining summer and autumn low flows, as well as the
keeping the riparian woodland adjacent to the stream well watered. As discussed
below, upper Arana Gulch is also a primary recharge area of the main aquifer providing
high-quality ground water to the Soquel-Aptos area (Appendix F) and portions of Live
Oak.

Water occurs with nearly all geologic formations within the Arana watershed. The
Purisima formation is the largest unit bearing and transmitting ground water. Yields
and permeabilities within the Purisima formation vary considerably amongst its three
recognized subunits. The oldest subunit, (the Purisima “A”), which can be seen exposed
in the Capitola Road roadcut just east of the creek, is composed primarily of clays and
silts; it contains little or no water nearly everywhere it is known to occur (R. Stuart, pers.
comm.), and the limited water present tends to be moderately salty. Hecht (1982; fig. 4)
mapped the location of several springs emanating from the valley walls cut into this unit
approximately 200 yards northwest of the culverts at the north end of the harbor at
elevations well above sea level and with an ionic composition very different from sea
water (Appendix A of the 1982 report, which is Appendix C of this report).

The Purisima “B” unit is sandy to varying degrees, ranging from sandy silt to coarse-
grained partly-consolidated sandstones with an appearance similar to the Santa
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Margarita formation of the Scotts Valley area. This unit yields substantial amounts of
water of excellent quality where encountered in wells within the Arana, Rodeo, and
adjacent watersheds, and is an aquifer of regional significance (Hickey, 1968; Luhdorff
and Scalmanini, 1981). Ground water flows eastward to Soquel and Aptos,
southeastward toward municipal wells at several locations in Live Oak, as well as
sustaining baseflows in the streams of the Arana watershed. The Purisima “B” outcrop
area is shown in maps by Hickey (1968), which are reprinted as Appendix F of this
report. The unit is most clearly exposed in roadcuts on the eastside of Paul Sweet Road
north of the East Branch crossing, and particularly in the half mile north of Arana Court.
Gullies, trenches, and channels cut through the soils overlying the “B” unit transform
into rapid runoff water which would otherwise percolate into the regional aquifer
system, resulting in less volume of high-quality ground water flowing to wells east and
southeast of the recharge areas in the upper Arana watershed.

Future addition of low-permeability or compacted surfaces such as roads and roofs will
also reduce recharge, both directly and indirectly through their downstream effects.
Similarly, if nearby or large wells are pumped at rates which steepen the hydrogeologic
gradient away from the watershed, baseflow in Arana Gulch might be reduced.
Protecting the aquifer recharge functions in and ground-water flows from the outcrop
area in and around the Arana watershed can be a shared goal in land and water
management, potentially linking practices in several mid-County watersheds.

The Purisima “C” is composed primarily of siltstones, but contains mudstone, shale, and
sandstone beds. It is thicker and nearer the surface than the “B” unit, which dips
eastward at about 200 to 400 feet per mile. East of the Soquel Creek valley, the “C” unit
clearly is the predominant source of water drawn from wells. While not as high is found
in the “B” unit, the quality of water drawn from most of the “C” unit is fully suitable for
domestic or municipal supply.

Terrace deposits throughout the watershed contain and transmit water in amounts that
can be ecologically significant. The water originates in part as rainfall, and in part as
return flows from urban irrigation and other uses. Often, a row of vigorous vegetation
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is visible at the base of the terrace deposits, where water seeps out of these more
permeable zones across the less permeable Purisima bedrock beneath the terraces.

Water also occurs within the alluvium beneath Arana Gulch, its floodplain, and low-
lying terraces and benches along the stream. Shallow ground water within the alluvium
sustains the riparian vegetation at times when flow in the creek is the very low or the
stream has run dry. Alluvium is present along the main stem and all three branches, but
most significantly along the lower West Branch. The extent and hydrogeological
properties of the alluvial aquifer are analyzed in greater detail in the 1982 report.

3.8 Late Season Baseflows!?

The focus of the baseflow investigation by the Coastal Watershed Council was to
establish baseline, spatial low flow conditions in Arana Gulch. Questions to be
addressed by the study included:

= Which branches in the upper and lower watershed contribute to
summer baseflows?

= Do any reaches in the upper and lower watershed run dry during
baseflow months?

= |f reaches do run dry, do they overlap with key salmonid habitat
reaches?

In 1999, during the months of October and November, and prior to the first runoff-
generating rains, CWC staff measured baseflows at 10 locations throughout the
watershed. Baseflows were measured by damming flow and subsequently timing the
rate of outflow into a 10-gallon bucket. Locations where measurements were taken
include (Figure 3.1):

= the main stem in the mid-greenbelt area,

» LaFonda tributary below the fish ladder,

11 Portions of text in this section was adapted from the Coastal Watershed Council draft report
prepared by Jason Parke.
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Table 3.2 Baseflow measurements, Arana Gulch, October and November 1999.

T oare of Measurement [N Date of Measurement [

Baseflow Measurement Location

October 27, 1999

Gain (+) or Loss (-)

November 5, 1999

Gain (+) or Loss (-)

cfs

cfs

East Branch at end of trail north of Santa Cruz Gardens 0.018 nmt

East Branch at Paul Sweet Road Crossing 0.144 + 0.145

Central Branch at Antonelli Property nmt trickle

Central Branch at Lance Bone's nmt 0.022

West Branch at Confluence nmt dry

Chaminade Tributary at Paul Sweet Road dry nmt

Main Stem at Brookwood Drive 0.039 - trickle -
Main Stem at the High School Sediment Basin nmt nmt

Main Stem at the Fish Ladder 0.178 + 0.189 +
La Fonda Tributary at Confluence trickle nmt

Main Stem at Mid-greenbelt

less than at fish ladder

less than at fish ladder

Notes: 1. Nmt stands for no measurement taken

2. Sites are listed from uppermost reach in the watershed to lowermost
3. Gains and losses are relative to the site immediately upstream on the same date

99005 Baseflow Table.xls, Table 3.2

Data from Coastal Watershed Council, 1999, Table formatted by Balance Hydrologics, Inc.




= the fish ladder,

= the Harbor High School sediment basin,

= the Brookwood Drive crossing,

» Chaminade tributary at Paul Sweet Road,

= the main stem-western branch confluence,

= the central branch at Lance Bone’s home,

= the eastern branch at the Paul Sweet Road crossing, and

= the eastern branch above the Santa Cruz Gardens residential area.

Measurements taken at these locations indicate that the eastern and central branches
accounted for all runoff that originated in the upper watershed during the two days
when measurements were made in 1999 (Table 3.2). Furthermore, if flow in these two
branches is summed, the eastern branch accounted for roughly ~89 percent of the total
flow which originated in the upper watershed (Table 3.2). During this same period, the
west branch was dry at the confluence with the main stem. In October 2000 during field
mapping of sediment sources by Balance staff, the western branch was also observed to
be dry from the confluence to Pilkington Road. Flow was observed in the central and
eastern branches in October of 2000, however flow estimates were not made for either of
the two branches.

During both days of measurements, baseflow diminished substantially in the reach on
the main stem from the western branch confluence to the Brookwood Drive crossing
(Table 3.2). Based on measurements made in the eastern and central branch, this reach
was a losing reach with flow likely infiltrating into the bed and moving down stream as
interflow just below the surface of the channel bed.

At the fish ladder near Harbor High School, baseflows had recovered to levels that were
measured in the upper watershed, and during both days were measured as slightly
higher than those measured in the upper watershed. Based on the methods used to
measure flow, it is unclear if increases in baseflow measured at the fish ladder (with
respect to flow measured in the eastern branch at upstream sources) truly represented a
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gain from the reach between Brookwood Drive and the fish ladder. Downstream of the
fish ladders in the mid-greenbelt area, flow was observed to be slightly less than that
which was measured at fish ladders. However, actual flow measurements were not
taken at the mid-greenbelt site so it is unclear if loss of flow had occurred between the
fish ladders and the mid-greenbelt.

It is important to note that these statements are based on two days of data collected in
the fall following an average year in terms of precipitation. More baseflow studies need
to be conducted at other sites and during other years to confirm the findings presented
above.

3.9  Water Quality*

Water quality measurements made from November 26, 1996 to December 31, 1999 were
the basis for the technical analysis. These measurements were the first significant water
guality analyses performed on Arana Gulch beyond the harbor area. They addressed
two major gaps in information originally outlined in the 1982 report — (1) establishing a
baseline so that future changes in water quality can be evaluated, (2) providing a
guantitative basis for identifying which constituents pose (and do not pose) problems
for maintaining a successful steelhead run and a viable riparian corridor which can
safely sustain recreation and other aquatic biota. The water quality measurements were
made by CWC staff and community volunteers, serving to successfully draw many
watershed residents into the issues which AGWA is now addressing, often with their
help. The watershed-wide water quality monitoring program directed by CWC was the
first of its kind in Santa Cruz County. Its successful completion and community
involvement helped initiate similar programs elsewhere in the Monterey Bay region,
and served to refine the methods used during such studies.

Measurements were made of water temperature, dissolved oxygen, turbidity, specific
conductance and pH, some of which are constituents that had been identified in
previous reports as potentially limiting to steelhead populations statewide. Stations
where water quality was monitored included:

12 Text developed by Balance staff from the February 7, 2000 Monitoring Program report
prepared by Jason Parke and Donna Meyers, and revised and annotated by Tamara Clinard in
December 2001, all of the Coastal Watershed Council.
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» The eastern, or main, branch at Paul Sweet Road (upper watershed)

» The Brookwood Drive crossing (middle watershed, and the furthest
upstream on the main stem)

= The Fish Ladder site, adjacent to Harbor High, and just upstream
from La Fonda Ave. (middle watershed)

= (Capitola Road, in the upper Greenbelt area (lower watershed)

»= The culverts at the entrance to the upper harbor (lower watershed and
tidally influenced)

= Hagemann Gulch at its mouth (lower watershed and tidally
influenced)

= The upper harbor at “L”” Dock (lower watershed and tidally
influenced).

Generally, water quality measurements were made quarterly, and on the same day. All
measurements were made in the field, using meters and field test kits provided by
CWC. Methods used are described in Appendix D. CWC staff were often present when
measurements were made, and reviewed results prior to entering the data into
spreadsheets.

3.9.1 Turbidity

Turbidity is a measure of how much particulates and other matter in water interfere
with the water’s ability to pass light. For all practical purposes, turbidity is an index of
the concentration of sediment or algal matter in the water. During the period of
monitoring, the highest turbidity™® levels were consistently measured in the winter
months, when turbidity is due primarily to sediment eroded from the watershed and
moving to Monterey Bay; the lowest levels were consistently measured during summer,

13 Turbidity was measured in Jackson Turbidity Units (JTUs)
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when the minimal turbidity that can be discerned is generally associated with algae and
organic debris. Similar turbidity levels were measured in the upper as well as the lower
watershed on most dates. The highest levels were measured at all stations during the
wet and stormy ‘El Nino’ winter of 1997/1998.

Turbidity levels were suitable for growth of fish and all other aquatic or riparian biota
during non-storm periods. Levels were elevated in winter during periods of storm
runoff, indicating that sediment may directly affect spawning, egg incubation or
emergence of steelhead from the gravels. This is consistent with observations that there
is abundant mobile sand and silt on the streambed, and that sediment likely constrains
steelhead populations (Chapter 7; Appendices A and G). In the absence of concurrent
streamflow measurements at higher flows (perhaps not an appropriate or safe use of
volunteers’ time), the winter turbidity data can best be seen as pointing toward sand and
silt as a major water quality issue for the watershed.

3.9.2 Dissolved oxygen

Dissolved oxygen, or “D.0O.”, is a measure of oxygen available in the water for fish and
other aquatic biota to breathe. Healthful decomposition of organic matter and of waste
products of fish and other animals (including humans) are also promoted by the
presence of dissolved oxygen. D.O. is, in part, dependent upon the temperature of the
water, with saturation concentrations decreasing with higher temperaturet4.
Commonly, dissolved oxygen levels approaching or reaching saturation are considered
beneficial for growth of salmonids at every life stage.

Dissolved oxygen levels of at least 80 percent saturation, with temporary levels no lower
than 5 mg/L, usually meet the needs of migrating fish (Reiser, 1979). In the context of
Arana Gulch, streams are typically fully saturated with oxygen in winter and spring at
much higher than 5 mg/L. Oxygen might become a constraint to migration in short
reaches of stream if high levels of biologically-active contamination, such as a sewage
spill occurs. Once spawning has been completed, the eggs need to breathe, and their

14 The concentration of dissolved oxygen varies substantially over the course of a day, reaching a
minimum at daybreak, and increasing to a maximum in the afternoon or evening; temperature
and plant respiration (plants ‘exhale’ oxygen into the water) are usually responsible for this
pattern.
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metabolic wastes must be degraded, both of which require oxygen. Water flowing
through the gravels at spawning sites must accomplish both functions. Therefore,
incubating eggs need sufficiently sand- and silt-free gravels to allow for free flow, and
water containing sufficient D.O. to meet the respiration needs of the eggs. The less
permeable the gravels, the higher the oxygen levels needed, and vice versa. D.O. levels
in excess of 8 mg/L are usually sufficient to meet egg needs where circulation is not
appreciably impaired by fine sediment; survival of eggs and emergence of fry appear to
diminish as oxygen concentrations decrease from 7 to 3 mg/L. The concentration of
dissolved oxygen in streams is important to salmonids during rearing, primarily when
temperatures are warm. Values in excess of 5 mg/L are commonly cited for streams
with field temperatures typical of small coastal streams. At the local level, fishery
biologist Don Alley (Alley, 1995) reports that steelhead have been observed in lagoons
and streams with oxygen levels below 4 mg/L in many locations along the Central
Coast. He notes that steelhead and rainbow trout in Arana Gulch can likely survive
oxygen levels in the early morning as low as 2 mg/L provided that higher levels prevail
in the warmer daylight hoursts. Nonetheless, he recommends that the water quality
goal for Arana Gulch should be to maintain D.O. levels above 5 mg/L because activity is
likely restricted at lower oxygen levels.

Values observed in Arana Gulch confirmed a pattern of adequate dissolved oxygen in
headwater and mid-basin reaches, coupled with moderately to chronically depressed
D.O. within the tidal reach near the mouth. D.O. concentrations were almost always
above 5 mg/L upstream of the culverts at the upper end of the harbor. Notable
exceptions were observed shortly after major storm events, when significant amounts of
freshly eroded sediment, soil and organic debris had entered the channel, likely exerting
sediment oxygen demand on the winter and spring baseflows. Other measurements
when the dissolved oxygen levels were depressed were probably made early in the day,
or on overcast mornings, when D.O. levels are near their daily minima. Fish are able to
reduce activity at such times, returning to active feeding when oxygen levels increase
during the late morning and afternoon hours. Within the tidal reach, lower D.O.
measurements are typical of seawater and tidal systems. Shallow, marsh-like
measurements, such as those at the Hagemann sampling site, often have low D.O. levels,

15 Don Alley also cites Moyle 1976, who notes that rainbow trout withstand oxygen
concentrations of 1.5 to 2 mg/L at low temperatures.
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especially early in the morning. In this particular setting, urban runoff or human
activities within the riparian corridor may also contribute to depressed D.O. values.

Barring accidental, large sewage spills into the creek, we do not anticipate any oxygen
problems upstream of the tidal reach in Arana Gulch. If monitoring of D.O. is to
continue, one of the more important objectives would be monitoring dissolved oxygen
in unshaded areas during summer months of dry years, when flows are critically low.
Monitoring should ensue in the event of reported fish Kills, as well. Although steelhead
do not use the tidal reach for spawning or rearing, low oxygen levels may affect other
aquatic organisms. Fish kills of herring have been reported in the Upper Harbor in the
past (Hecht and others, 1982). Monitoring for D.O. should resume if significant
reductions in water circulation are made at the culverts just upstream of the harbor.

3.9.3 Specific conductance

Specific conductance is a measure of water’s capacity to transmit an electrical current.
Specific conductance (or, informally, ‘conductivity’) is highly correlated with the
concentration of total dissolved solids, or “salts™, in the water, and is used worldwide as
a convenient field index for total dissolved solids. It is measured in millimhos or
micromhos (the obverse of resistance, which is measured in milliohms or microohms)
per centimeter, standardized to 25°C. For convenience, these units are commonly called
millisiemens or microsiemens (mS or uS). Conductivity is rarely a limiting factor for
fishes in freshwater streams except during accidental chemical spills, and was not
limiting to steelhead in Arana Guich above the tidal reach.

Above the influence of tidewater, specific conductance changes with streamflow in a
relationship unique to each watershed. During winter storms, specific conductance can
be a small fraction of the values observed during summer months. For example, the
lowest value observed by CWC (0.1 mS) during a small rainstorm in 1999, was only 20
to 25 percent of typical summer values. Hence, there is no one standard for specific
conductance as it applies to aquatic or riparian habitat. Generally, the lower the specific
conductance at a given flow, the wider number of species that can be supported. The
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values observed in Arana Gulch were low relative to those measured in the full range of
salmonid streams south of the Golden Gate, and, indeed were somewhat lower than in
most municipal water supplies in Santa Cruz County.'® These values were lower than
others because (a) the geologic units north of the Zayante fault which typically yield
high-salinity baseflows do not outcrop in the Arana watershed, and (b) measurements
by CWC were made during a series of wet years beginning in 1993, during a period in
the drought/wet-year cycle when lower-than-normal specific conductance values might
be expected (Hecht and others, 2002). Values measured at the culverts above the harbor
and other tidally-influenced stations can be much higher because they include a
component of sea water, which has a specific conductance of about 51 mS.

Specific conductance can sometimes be used to detect where and when potential
contaminants may be entering the stream. Examples of detectable contaminants, if
present in sufficient volume, are sewer mains, many medical wastes, and others
discussed in the 1982 report. In fact, one CWC reading of 0.9 mS at the Brookwood
Drive station is an example of the response that might be expected in Arana Gulch while
affected waters are flushed from the system, although there are other potential
interpretations of this one measurement that would not involve introduction of
constituents. In such cases, it is generally not the specific conductance that adversely
affects the fish17; rather, the changes in specific conductance are a marker or surrogate
for changes in other constituents that may prove harmful or toxic. Specific conductance
can be monitored continuously with off-the-shelf instrumentation developed over the
past decade, and would be appropriate for use in detecting periodic spikes or other
possible indications of certain contaminants affecting habitat value, since it is virtually
impossible to detect such spikes with periodic grab samples.18 We suggest that a

16 On a given day, specific conductance in Arana Gulch may be 0.1 to 0.2 mS lower than in Soquel
Creek for which a relationship of specific conductance to streamflow has been developed for a 24-
year period of record (see Chartrand and others, 2002).

17 Steelhead use and thrive in streams with specific conductances two or three times greater than
those in Arana Gulch, among which are tributaries to San Gregorio Creek, Bear Creek (Santa
Cruz County), and the Pajaro and Santa Ynez Rivers.

18 Mike Rugg, water-quality biologist for the Department of Fish and Game in this region, notes
that over 90 percent of fish distress or mortality cases in coastal California are due to very brief
acute exposures, rather than chronic levels. Following up on his recommendation, we have
found recurrent spikes in continuous specific conductance records from Santa Cruz Mountains
streams that subsequent investigation concluded to be discharges of chlorine associated with
regularly ‘freshening’ of a large community swimming pool or routine washing down of
paddocks in a stable, both of which are serious water-quality issues during summer.
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continuous record be developed over a period of several years to assess whether such
materials are entering Arana Gulch. Monitoring would most effectively be conducted at
either the fish ladder or upper Greenbelt sites, below most potential sources of
contamination and upstream of tidal influences.

3.9.4 pH

For the period of monitoring, the range of pH values varied only slightly from a low of
7.00 to a high of 8.00. These are typical values for central coast streams in California,
where pH is not limiting to fishes. The pH levels recorded in Arana Gulch were within
the acceptable range for salmonids survival at all life stages and thus were not a
constraining factor in habitat suitability, either directly or indirectly. Further monitoring
of pH is deemed unnecessary except after accidental chemical spills.

3.9.5 Water Temperature

Water temperature of Arana Guich is of interest principally for its effect on aquatic
organisms. Stream temperature varies daily and seasonally, and over the course of a
cycle of hot-sunny and cool-foggy days during the dry season. Similarly, steelhead and
other aquatic biota have temperature tolerances that vary with their life stages and
geographic location. Water temperatures throughout the streams of the Santa Cruz
Mountains are typically suitable for all life stages of steelhead, though warm water
conditions restrict juvenile steelhead to primarily fastwater feeding areas in lower,
sunny reaches of the larger streams such as San Lorenzo and Soquel Creeks during
warm summers (Alley, pers. comm.). Hence, this section is focused on stream
temperatures in summer.

Central coast steelhead populations and those further south , including those of Arana
Gulch, are adapted to warmer temperatures than those found further north9 As a

19 Temperature tolerances of southern steelhead have been most recently been studied in

connection with developing a recovery plan for the endangered steelhead of the Santa Ynez River

(Santa Ynez River Technical Advisory Committee, 2000 , see Appendix G), which concluded that:

= Given suitable dissolved oxygen and forage, steelhead will not select water warmer than
22°C when given the choice of habitat with lower temperatures

= Theincipient lethal temperature (the temperature at which half of rearing fish will die after
relatively brief exposure) is approximately 26.2°C, and that mortality will begin to increase
above water temperatures of 24 to 25°C.
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result, knowledge of local behavioral or feeding response to warmer temperatures and
associated increased metabolic demand becomes essential. Fishery biologist, Don Alley,
has observed that when daily water temperatures reach approximately 21°C (70°F) or
greater in summer, juvenile steelhead restrict their microhabitat distribution to fastwater
habitat (riffles, runs and heads of pools) due to increased metabolic demand. He
recommends a water quality goal of maintaining water temperatures at less than 21°C or
lower for steelhead in Arana Gulch, noting that temperatures above 26°C (79°F) for more
than an hour or so may be lethal.

Measurements of water temperature in Arana Gulch were made at all sites, most
commonly from December 1996 through April 1999. Data are presented in Appendix D.
Summer temperatures recorded by CWC observers were generally below 18°C (64.4°F).
It is likely that slightly higher temperatures occurred during this period when observers
were not present. These cool temperatures were due to shading by riparian vegetation
throughout most of the Arana watershed; sites with discontinuous riparian canopy
(such as fish ladder and upper Greenbelt) were warmer than those with full shading.
Sites with higher observations of water temperature, such as the culverts above the
harbor or Hagemann Gulch, were not suitable for summer rearing due to flow and/or
salinity limitations.

Although the CWC data suggest that stream temperatures are presently suitable for
steelhead and rainbow trout, measures to maintain summer water temperatures at or
below the measured values are warranted. The measured data probably understate the
highest temperatures and related risks likely to affect Arana fish because:

= The measurements were limited to when observers were present, and warmer
temperatures likely occurred at other times,

= Salmonids require more food as temperatures increase; there is no evidence that southern
steelhead can maintain their size at daily average temperatures greater than 22°C.

= Under field conditions, steelhead concentrate in riffles (where foraging is more efficient) as
temperatures increase, and the area of riffle habitat can be limiting.

= Temperatures above 21 to 22°C can lead to smaller fish unless food is abundant, which likely
reduces their return rate as adults.

= Increased delayed mortality may also occur above 21 to 22°C as a result of disorientation or
fatal delays in avoiding predators.
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=  Summer flows can be very low, prolonging periods when the sun can warm even
relatively short unshaded reaches to levels well above the desired thresholds, and

=  Measurements were made during a sequence of wet years, when summer flows
were likely higher than typical.

Salmonids in Arana Gulch may be especially at risk of excessively warm water
temperatures if the riparian corridor is compromised due to urban, recreational or
agricultural encroachment, particularly in drier years.

Finally, stream temperature and flow are often inextricably intertwined for management
purposes. Changes in the watershed that may reduce flows will aggravate the effects of
warm periods during the summer-rearing period when high temperatures may
constrain fish activity. Further diversion from the stream or land uses which may
reduce summer flows pose a significant temperature hazard. A continuous record of
stream temperature — and flow -- should be collected and analyzed, with emphasis on
summer conditions. CWC data indicate that temperature monitoring might most
usefully be conducted at the fish ladder site or in the upper Greenbelt area. The fish
ladder site would be preferable, since the ladder provides a hydraulic control which will
simplify measuring flows. This record will help identify when key thresholds are
approached or exceeded, allowing AGWA to better choose riparian reaches meriting the
group’s attention.2o

20 Based on recommendations developed earlier during this study, the Port District installed in
November 2001 a stream gage equipped with temperature and specific conductance sensors at
the fish ladder

99005 020502 Final Plan revised.doc 28



4. STEELHEAD ASSESSMENT

Text used in this chapter is excerpted or adapted from D.W. ALLEY and Associates May, 2000
report: Salmonid Densities and Habitat Conditions in 1999 for Arana Gulch, Santa Cruz
County, California: Identifying Migrational Barriers, Streambank Erosion and Opportunities for
Steelhead Enhancement. The full report is attached to this document as Appendix A. This
chapter will present background information pertaining to steelhead life cycles and habitat needs
as well as a synopsis of results from the steelhead assessment conducted by D.W. ALLEY &
Associates. Assessment methods used by D.W. ALLEY & Associates are given in full in their
report. For each section included in this chapter, the page numbers where the original discussion
can be found in the D.W. Alley 2000 report is given.

4.1  Steelhead Assessment Project Purpose
(Alley, May 2000, page 5)

The intent of habitat typing, fish sampling and habitat evaluation was to establish
baseline data on salmonid production in Arana Gulch and to provide recommendations
for enhancing conditions in the watershed related to steelhead fishery success. This
project was conducted in conjunction with the Arana Gulch assessment and
enhancement planning efforts.

4.2  Steelhead Life History and Habitat Needs
(Alley, May 2000, pages 2-5)

4.2.1 Migration

Adult steelhead in small coastal streams tend to migrate upstream from the ocean after
several prolonged storms. The migration seldom begins earlier than December and may
extend into May if late spring storms develop. Many of the earliest migrants tend to be
smaller than those entering later in the season. Barriers such as major logjams, bedrock
falls and shallow riffles may block adult migrants. Man-made objects, such as culverts,
bridge abutments and dams are often significant barriers. The box culvert at the Paul
Sweet Road crossing with associated concrete debris below its entrance is such a barrier.
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Some barriers may completely block upstream migration, but many partial barriers in
coastal streams are passable at higher streamflows. If the barrier is not absolute, some
adult steelhead are usually able to pass in most years, since they can time their upstream
movements to match peak flow conditions. However, in drought years when storms are
delayed, these partial barriers may become serious impediments to migrating spawners
and may make adults more vulnerable to predation or to angling mortality.

Smolts (young steelhead that have physiologically transformed in preparation for salty
ocean life) in local coastal streams tend to migrate downstream to the lagoon and ocean
in March through June. In streams with lagoons, smolts may spend several months in
this highly productive aquatic habitat and grow rapidly. In some small coastal streams,
downstream migration can occasionally be blocked or restricted when streams run dry
(or at extremely low flows) where affected by percolation diversions or pumping from
wells hydraulically connected to the channel. Flashboard dams or closure of the stream
mouth or lagoon by sandbars are additional factors that adversely affect downstream
migration. However, for most local Santa Cruz Mountain streams, downstream
migration is not a problem except under extreme drought conditions when surface flow
continuity to the ocean is lost. Sometimes, lower reaches of streams will lose surface
flows for many months during droughts. Additionally, if sand sized material
accumulates on the channel bed, additional water will be needed during baseflow
months to maintain flow to the lagoon or ocean due to streamflow infiltrating into the
sandy bed.

4.2.2 Spawning

Steelhead require spawning sites with gravels and small cobbles (from %4 to 3 %2”
diameter) having a minimum of fine material (sand and silt) mixed with them and with
good flows of clean water moving over and through them. Females usually excavate
their nests near the center of the channel at the tails of pools, where water infusion of the
substrate is maximized, and streambed scour is minimized. They may be forced to
spawn in deeper riffles and runs if stream depth is too shallow at pool tails. Increases in
fine materials from sedimentation, or cementing of the gravels with fine sediment,
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restrict flow of oxygenated water through the redd (nest) to the fertilized eggs. These
restrictions reduce hatching success. In many Santa Cruz Mountain streams, steelhead
appear to successfully utilize substrates for spawning with high percentages of coarse
sand, although the additional sand probably reduces hatching success.

Steelhead spawning success may be limited by scour during winter storms in many
Santa Cruz Mountain streams. Steelhead that spawn earlier in winter months than other
spawners, are much more likely to have their redds washed out or buried by sediment
during winter storms. Eggs require 4 to 6 weeks to incubate, and sac-fry spend another
1 to 2 weeks in the gravel before emerging. Unless hatching success has been severely
reduced, however, survival of eggs and larvae is usually sufficient to saturate the
limited available rearing habitat in most small coastal streams. The production of
young-of-the-year fish is related to spawning success, which is a function of the quality
of spawning conditions and ease of spawning access to the upper reaches of tributaries,
where spawning incubation and rearing conditions are generally better.

Because spawning habitat may limit populations in some years, there may be a
temptation to try to add spawning gravels as a restoration measure. This temptation
should be strongly resisted for three reasons. First, spawning gravels appear to be
available beneath the sand mantling the bed in almost all spawning reaches, and would
become available for spawning with a decrease in bed-impairing sand. Second, added
gravels will likely also become buried in sand after a few storms. Finally, and most
significantly, banks within or downstream from most existing spawning areas are
composed of weak, unconsolidated floodplain sands that are often already eroding; the
addition of coarse sediment will induce significant bank erosion at these locations,
resulting in the filling of the few deep pools and undercut banks needed for rearing and
for winter refuge habitat. Ongoing widening is already threatening the redwoods
growing along the east branch immediately downstream from the Paul Sweet Road
crossing, as one example; addition of sufficient gravels to stabilize riffles will
substantially increase the risk to these trees.
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4.2.3 Rearing habitat

Except in streams with high mean summer flow (greater than .2 to .4 cfs per foot of
stream width), steelhead generally require two summers of stream residence before
reaching smolt size. This is likely the case in Arana Guich. Juvenile steelhead are
generally identified as young-of-the-year (first year) and yearlings (second year). Slow
growth and the common two-year residency of local juvenile steelhead indicate that low
summer streamflows and related problems such as warm water temperatures, may
adversely affect two separate year classes.

In most coastal watersheds, young-of-the-year steelhead appear to be regulated by
available insect food, although cover (hiding areas, provided by undercut banks, woody
debris, large rocks which are not buried or “embedded” in finer substrate, surface
turbulence, etc.) and pool and riffle depth are also important, especially for larger fish.
Pool habitat was the primary habitat for salmonids in summer in Arana Gulch, where
escape cover was primarily under woody debris and undercut streambanks. The deeper
the pool, the more habitat value it has. Therefore, the presence of large, stable scour
objects are important for creating valuable pool habitat. Higher streamflow enhances
food availability, surface turbulence and habitat depth, which are all factors in

increasing salmonid densities and growth rates.

Densities of yearling and older salmonids are usually regulated by water depth and the
amount of escape cover that exists during low-flow periods of the year (July-October).
In most small coastal streams, availability of this “maintenance habitat” provided by
depth and cover appears to limit the number of smolts produced by the smaller streams.
The abundance of food (aquatic and terrestrial insects falling into the stream) and fast-
water feeding positions for capture of drifting insects in “growth habitat” can also
constrain the size of these smolts. Aquatic insect production is maximized in unshaded,
high gradient riffles dominated by relatively unembedded substrate larger than about 4
inches in diameter. Substrate larger than 4 inches is extremely scarce in Arana Gulch
(see Figure 5.1). This shortage of substrate suitable for aquatic insect production in
riffles, may severely limit aquatic insect production for fish consumption. Salmonids in
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Arana Gulch may rely almost totally on insects falling into the stream from streamside
vegetation for food.

Yearling steelhead growth usually shows a large incremental increase from March
through June. Some of the larger steelhead then smolt (physiologically change to adjust
to saltwater and out-migrate to the sea). But for most steelhead, which stay a second
summer, summer growth is very slight (or even negative in terms of weight) as flow
reductions eliminate fast-water feeding areas and reduce insect production. Increased
summer water temperature raises steelhead metabolic rate and food requirements to
maintain growth and survival. A growth period may occur in fall and early winter after
leaf-drop of riparian trees, after increased streamflow from early storms, and before
water temperatures decline to less than about 8.8 degrees Celsius or water clarity
becomes too turbid for feeding. The “growth habitat” provided by higher flows in
spring and fall is very important, since ocean survival and rate of return as spawning
adults increase exponentially with the size of the smolts that are produced.

In Arana Gulch, two primary size-class categories of juvenile steelhead were captured
during fall sampling. Of these two size classes, the smaller consisted of those juveniles
less than 75 millimeters (3 inches) Standard Length (SL). The size class boundary was
drawn at 75 millimeters because it is thought that the juveniles less than this measure
will require another growing season before smolting. The larger size class included
juveniles that measured 75 millimeters or greater SL and are referred to as “smolt size”
because they will out-migrate the following spring. This size class may include fast
growing young-of-the-year steelhead and yearlings and older juveniles inhabiting
mainstem creeks in Santa Cruz Mountain watersheds or lower reaches of larger
tributaries in larger watersheds, such as the San Lorenzo River drainage.

When evaluating rearing habitat quality, water temperature and oxygen concentrations
are water quality considerations. The relationship between water temperature and
metabolic rate (measured as oxygen consumption) is basic to fish physiology and
important in understanding fish distribution and ecology. Fish being poikilotherms
(cold-blooded), their body temperatures increase along with metabolic rate as water

99005 020502 Final Plan revised.doc 33



temperature increases. At higher temperatures, steelhead oxygen requirements and
metabolic rate increase, and steelhead are forced to fastwater habitat to obtain sufficient
food. References which indicate that oxygen consumption by fishes increases with
water temperature include Fry (1947), Beamish (1964) and Beamish (1970). Many
fisheries textbooks refer to this relationship. An example is The Chemical Biology of

Fishes by Malcolm Love (1970). The positive relationship between water temperature
and metabolic rate leads to a positive correlation between lethal oxygen concentration
and water temperature in fishes (Nikolsky 1963). As water temperature increases, the
lowest oxygen concentration at which fish can survive also increases.

There are many central coast examples of steelhead surviving and growing well at water
temperatures above 21°C. Many of these come from coastal lagoons and lower reaches of
unshaded drainages, where food is abundant and growth rate is rapid.

4.2.4 OQverwintering habitat

Deeper pools, undercut banks, crenellations within rootwads or other large organic
debris side channels, and especially large, unembedded rocks provide shelter for fish
against the high flows of winter. In some years, such as 1982, extreme floods may make
overwintering habitat the critical factor in limiting steelhead production. In most years,
however, if the pools have sufficient large boulders or undercut banks to provide
summer rearing habitat for yearling steelhead, then these elements are sufficient to
protect overwintering steelhead against winter flows.

4.3 Designation of channel reaches
(Alley, May 2000, pages 6-7)

Reach boundaries for purposes of describing existing steelhead habitat were determined
from habitat-typing and stream survey work in November 1999. Changes in habitat that
necessitated reach boundaries often occurred when stream gradient changed. Gradient
controls, the degree of stream meander and migrational impediments were important
factors on Arana Gulch. Stream gradient is often associated with changes in habitat
proportions (most importantly-- the proportion of pools), pool depth, substrate size and
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channel type. Other important factors separating reaches are a change in tree canopy
closure or significant tributary confluences that increase summer baseflow.

Roughly two linear channel miles (CM) of Arana Gulch that is upstream of tidal
influence and likely accessible to steelhead was divided into 4 reaches (Figure 4.1, R1
through R4). A description of these reaches as derived for the fisheries assessment can
be found below. A fifth reach (Figure 4.1, R5) on the eastern branch extended from the
Paul Sweet Road culvert to a 7-foot high woody debris jam created by an old-growth
redwood in the stream channel, followed by two impassable culverts creating another
jam 50 feet upstream. This was just downstream of the crossing of the Chaminade
Nature Trail designated as the “Blue Trail.” Another 1,200 feet of stream channel similar
to lower Reach 5 was observed upstream of the Blue Trail crossing. This habitat could
be used by steelhead if it became accessible. A sixth reach (Figure 4.1, R6) on the central
branch was also identified and is likely inhabited by resident rainbow trout and
steelhead. This reach extends upstream for roughly 0.4 miles from a perched, 4-foot
diameter driveway culvert (that is located 112 feet from the confluence with the eastern
branch) to a series of 3 logjams which together result in a 5-foot change in streambed
elevation. Reach boundary descriptions for reaches 5 and 6 of the fisheries assessment
are also described below:

» Reach 1: 2,168 feet in length: Upper extent of tidal influence near
beginning of riparian forest to the fish ladder at Harbor High School
(CM1.23-CML1.64)

= Reach 2: 1,198 feet in length: Fish ladder to the sediment basin at
Harbor High immediately down-stream from Highway 1 (CM1.64 -
CM2.00)

» Reach 3: 2,182 feet in length: Upstream side of Highway 1 to former
root-mass drop in eucalyptus grove adjacent to cemetery (CM2.04 -
CM2.45)

= Reach 4: 4,805 feet in length: Former root mass-drop to Paul Sweet
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Road box culvert (CM2.45 - CM3.36)

» Reach 5: 3,220 feet in length: Paul Sweet Road culvert to a point 1,200
feet past the redwood jam and culverts (Non-steelhead reach)
(CM3.36 - CM3.97)

» Reach 6: 2,050 feet in length: Mouth of central branch to change in
gradient and logjam (CMO0.0 - CM0.41)

4.4 Channel Habitat Characteristics

4.4.1 Habitat characteristics and methods
(Alley, May 2000, pages 8-9)

Habitat characteristics were estimated during the stream survey and habitat typing of
reaches. Some habitat characteristics were estimated according to the methods outlined
in section 111 of the California Salmonid Stream Habitat Restoration Manual (Flosi and
Reynolds, 1998). The habitat characteristics estimated according to this manual include:
habitat unit mean length, habitat unit mean width, habitat unit mean depth, habitat unit
maximum depth, substrate composition, and tree canopy closure. Other habitat
characteristics estimated or measured in this study included escape cover, substrate
embeddedness, water temperature, and the location of bank instabilities, large woody
debris jams and fish passage barriers. Survey sheets included in the Flosi and Reynolds
(1998) manual were used during stream surveys.

Mean water depth and maximum depth were determined with a dip net handle,
graduated in half-foot increments. Soundings were made throughout the habitat to
estimate maximum and mean depth. Habitat length was measured with a hip chain
while channel width was measured with the graduated dip net.

Quantitative estimates of tree canopy closure were made with a densiometer. Included
in this measurement were trees growing on slopes which were located a considerable
distance from the stream and trees which provided no immediate shade to the stream
except at dusk and dawn due to their location. Measurements taken in late-October
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were under-estimates of summer conditions because leaf drop had already begun.

Escape cover for steelhead was measured as the total linear habitat length under which
fish == 75 mm (3 inches) Standard Length (SL) could find hiding places. The escape
cover index for each habitat type was the ratio of the linear distance under submerged
objects within the habitat type divided by the length of the habitat type. Sources of
escape cover included undercut banks beneath trees’ rootwads, submerged tree roots
extending out from streambanks, submerged woody debris and overhanging tree
branches and vines. Unnatural objects provided fish cover, including concrete
fragments, plywood, tires, shopping carts, a 55-gallon drum and even a sofa. Numerous
shopping carts were observed in the channel downstream of Soquel Avenue.

Substrate embeddedness was estimated as the percent that cobbles and boulders larger
than 100 mm (4 inches) in diameter were buried in finer substrate. Substrate this large
was rare in Arana Gulch, and in most habitat units, estimates of substrate
embeddedness could not be made.

Water temperature was measured throughout all channel reaches with time of day of
the measurement . Since field work did not begin until late October, temperature data
had limited significance. Summer daily maxima would provide more meaningful data
for assessing warm water effects upon salmonids.

At each encountered streambank erosion site a rate of erosion was estimated. If erosion
sites had lost an estimated 2 cubic yards of sediment per year, sites were located on the
watershed map and GPS coordinates were noted. Erosion sites were categorized as
landslides (1), meander cuts in which the channel was cutting into the streambank (2),
log-jam diversions into the streambank (3), gullies from road runoff (4), and bank
failures (5). Erosion rate was estimated. Woody debris jams were also mapped,
photographed and located with GPS coordinates (where possible). The locations of
streambank erosion sites and large woody debris jams are shown in Figure 4.1.
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Table 4.1. Proportion of Habitat Types Delineated in Reaches 1-6 in Arana Gulch, 1999.

Reach Number Habitat Type Units Measured Total Length Average Length % of Surveyed Reach
# feet feet

1 Pool 17 1044 61 48.2

1 Riffle 7 95 14 4.4

1 Run 12 852 71 39.3

1 Glide 2 177 177 8.2
- ;¢ /]

2 Pool 13 447 34 23.3

2 Riffle 4 78 20 4.1

2 Run 10 451 45 23.5

2 Glide 11 942 86 491
- ;¢ ;]

3 Pool 25 946 38 43.4

3 Riffle 0 0 0 0

3 Run 13 699 54 32

3 Glide 11 537 49 24.6
- ;¢ ;]

4 Pool 22 433 20 9

4 Riffle 15 180 12 3.7

4 Run 30 1567 52 32.6

4 Glide 23 2625 114 54.6
-~ ;¢ ;]

5 Pool 6 102 17 5

5 Riffle 16 259 16 12.8

5 Run 11 544 49 26.9

5 Glide 20 1054 53 52.2
- ;" ;¢ /]

6 Pool 19 259 14 37.1

6 Riffle 1 22 22 3.1

6 Run 10 151 15 21.6

6 Glide 8 267 33 38.2

99005 DA formatted fisheries tables.xls, Table 4.1

Data from D.W.Alley and Associates, 2000, Table formatted by Balance Hydrologics, Inc.




Table 4.2 Summary of Average Habitat Characteristics for Surveyed Pools
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* Cover Index = linear distance under which steelhead 75 mm (3 inches) Standard Length or larger can hide, divided by the length

of the pool habitat.
*N.A. = Not Applicable because no substrate was large enough to hide salmonids => 75 mm SL.
***Reach 6 was partially surveyed for a total of 699 ft, which included 19 pools from which averages were calculated. Length of
pools in the reach were an estimate, based on the proportion of pools in the surveyed portion.
Embeddedness estimated by D.W. Alley & Associates
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Steelhead passage barriers were mapped in all reaches of the channel surveyed. Abrupt
changes in streambed elevation posed passage difficulties for migrating adult steelhead
intent on spawning. Elevation drops were measured in height above the water surface
and water depth was measured in each approach pool. Photographs and GPS
coordinates (if possible) were taken for each passage barrier mapped. The locations of
steelhead passage barriers in the Arana Gulch watershed are shown in Figure 4.1.

4.4.2 Channel habitat types and characteristics: summarized results
(Alley, May 2000, pages 14-15, detailed by reach, pages 15-28)

The proportion of general habitat types observed in 1999 for Reaches 1 through 6 is
summarized in Table 4.1. General habitat typing consisted of four categories: pools,
riffles, runs and glides. In reach 1, pool and run habitat accounted for roughly 88
percent of measured units. In reach 2, glide habitat accounted for roughly 50 percent of
measured units while pool and run habitat accounted for roughly 23 percent, each. In
reach 3, pool (43%), run (32%) and glide (25%) habitat accounted for all measured units.
In reach 4, run (33%) and glide (54%) habitat accounted for roughly 87 percent of
measured units while in reach 5 they accounted for roughly 80 percent of the total
measured units. In reach 6, pool and glide habitats were each measured as roughly 38
percent with run habitat measured at 22 percent. With the exception of reach 5, riffle
habitat accounted for the least distance of linear habitat measured in the channel
reaches. Riffle habitat ranged, in percentage of total linear habitat per reach, from 0
percent to 12.8 percent measured in reach 5. A detailed discussion of habitat types and
characteristics per reach can be found in D.W. Alley, May 2000, pages 15-28.

Nearly all salmonids were captured in pool habitat, with just a few Y-O-Y’s found in run
habitat and even fewer in glides. Average habitat characteristics of measured pools in
Arana Gulch can be found in Table 4.2. Averaged, mean pool depths by reach ranged
from a very shallow 0.4 feet in Reach 5 on the mainstem to 1.1 feet in Reach 2, adjacent to
Harbor High School. Averaged maximum pool depth by reach ranged from 0.6 feet to
1.8 feet in those same reaches. These averages, by comparison, were well below those
for San Lorenzo River tributary reaches in 1999. For example, 11 of 21 tributary reaches
had average pool depths of at least 1.4 feet, and 13 of 21 had average maximum pool
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depth of at least 2.2 feet (D.W. ALLEY & Associates, 2000). Average pool width by reach
decreased from 8 feet in Reaches 1 and 2, to 6 feet in Reach 3, to 5 feet in Reach 4, to 4
feet in Reaches 5 and 6.

Escape cover for salmonids occurred primarily in pools under woody debris,
overhanging vegetation and undercut streambanks. The Escape Cover Index (linear feet
of escape cover for yearling- sized fish per linear feet of stream channel) for pools by
reach ranged from 0.036 in Reach 3 to 0.139 in Reach 2, averaging 0.095 for the six
surveyed reaches (Table 4.2). Cover was less available in other habitat types. For
comparison with higher quality salmonid streams, the pool cover index at sampling sites
in Santa Rosa Creek, San Luis Obispo County, averaged 0.159 (Standard deviation (S.D.=
0.053). In 20 tributary reaches of the San Lorenzo River in 1998, the average pool cover
index was 0.237 (Standard deviation (S.D.= 0.22), (Alley 1999).

Average reach embeddedness was high and ranged from 42 percent to 54 percent in
reaches 1 through 6 (Table 4.2). The percent of habitats in each reach containing cobbles
was generally low and ranged between 2 percent in reach 3 and 32 percent in the middle
branch (Reach 6). Percent sand and silt on the streambed was generally high (Table 4.2).
Glides were the worst in having the finest material in Reaches 1-4. Pools were next in
their percentage of fine material in Reaches 1, 2 and 4, and had more fine material than
any other habitat type in Reach 6. As expected, riffles had the lowest percentage of fine
material, but were still consisted of mostly sand and finer materials, ranging from 60 to
76 percent by reach. For a detailed discussion of the habitat physical characteristics see
D.W. ALLEY & Associates report, May 2000.

4.4.3 Steelhead migrational barriers
(Alley, May 2000, pages 27-28)

Nine steelhead migrational barriers were mapped in Arana Gulch with the subsequent
elimination of the furthest downstream migrational barrier during the winter months of
2000 (Figure 4.1). Each migrational barrier is briefly discussed below with site numbers
given to each barrier as well as the original site designation given in D.W. Alley, May
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2000. Site numbers refer to potential enhancement projects discussed later in this report.

443.1 Culverts at the mouth of Arana Gulch (near Brommer Street)

The culvert system at the upper end of the estuary poses no difficulty for steelhead
passage. The 4 culverts are 72 inches in diameter and 300 feet long. They were
constructed at 2 feet below the grade of the stream prior to construction of the upper
harbor (Hecht 1982). They are at an elevation such that even at low tide they are
inundated sufficiently to provide adequate passage depth. The culverts are unlighted.
However, since they are not an obstruction and steelhead typically migrate at night
(both adults and smolts), we anticipate no difficulty in passage. In our smolt trapping
on the San Lorenzo River in 1987-88, down-migrants did not appear in the trap until
after dark. They were no longer trapped after dawn (Smith and Alley, unpublished
data). There is concern that smolts may be inhibited from migrating down through the
culverts if artificial lights were operating within the culverts at night. When Smith
(1992) operated an adult trap on Waddell Creek in 1991-92, he captured adults only at
night (personal communication). We have observed adults migrating over obstructions
and up fish ladders during the day. However, this may be unique to obstructions,
where more light is required to negotiate the obstruction. Dr. Smith has observed the
culverts in question and agrees that they pose no passage impediment for steelhead.

Lauman (1976) stated that research has not indicated that lighting of long culverts is
necessary to achieve adequate fish passage. Orsborn and Powers (1986) stated that light
intensity appears to function as both a stimulus and an inhibitor. They stated that light
is necessary for salmonids to ascend obstacles, but in unobstructed waters, a preference
for darkness is seen (Banks, 1969). In Orsborn’s and Powers’ treatise, they stated that
Stuart (1962) suggested that fish may be able to perceive the contrast between light and
shade to locate obstructions and to indicate the height of barriers. In his observations,
all leaping stopped at the onset of darkness. Orsborn and Powers expressed the need for
incident light in fish ladders so that fish could orient towards surfaces of lighter colors
and move through and out of the ladder. However, the culverts in the upper estuary of
Arana Gulch are not obstructions (unless debris collects at the upper end from
stormflows) and do not require a jump. Consideration should be given to constructing a
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trash-rack at the upstream end of the culverts to prevent the culverts from plugging
with debris.

Flap gates or other structure that would close off the culverts in response to the tides
should not be constructed because they may obstruct the downstream end of the
culverts.

4.4.3.2 Site 4. Culverts on eastern branch (SMB 5)

Site 4 consisted of two 4-foot diameter culverts in the creek, which were jammed with
woody debris at the upstream end. This old stream-crossing site was 50 feet upstream
of site 5. Its GPS coordinates were N37 00.491’, W121 58.787’. The barrier created a 4-
foot drop without a jump pool and is probably impassable to adult steelhead (Figure
4.1).

4433 Site 5: Logjam on eastern branch (SMB 4)

Site 5 was a 7-foot high redwood log-jam, 90 feet upstream of site 4 and just downstream
of the Chaminade’s Blue Trail (channel mile 3.74) (Figure 4.1). Stormflows would pass
under and through this jam. No jump pool was present below. This barrier was
probably impassable.

4434 Site 6: Logjam on eastern branch (SMB-3)

Site 6 was a log jam located approximately 0.38 miles upstream of Paul Sweet Road
crossing near the end of Reach 5 (channel mile 3.74) (Figure 4.1). There was a large
concrete structure on the left streambank (looking downstream), with a stable redwood
rootwad and woody debris stacked upstream. A 2-foot drop was present, followed by a
3-foot drop, 5 feet upstream. No jump pool existed below. The jam was probably
passable at 20-30 cfs.
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4.4.3.5 Site 7: Culvert at Paul Sweet Road crossing (SMB 2)

Site 7 (Figure 6.1) was located at the Paul Sweet Road culvert crossing (channel mile
3.36) at the boundary between reaches 4 and 5 (Figure 4.1). The concrete box culvert
was 23 feet long, 4 feet wide and 3 feet high. The drop below the culvert was 4 vertical
feet to the water surface, with water passing over concrete fragments that extended
approximately 4 feet beyond the culvert outlet. This created an approximate 6-foot long
cascade over the fragments into a plunge pool with a mean depth of 0.6 feet and a
maximum depth of 0.9 feet. The pool was 9 feet wide and 13 feet long. The concrete
fragments, combined with the shallow plunge pool made this barrier formidable, if not
completely impassable except under rare circumstances. The box culvert (inside) also
created passage problems.

4.4.3.6 Site 8: Series of 3 logjams on the central branch (SMB 9)

At the upstream end of reach 6 on the central branch, site 8 consisted of 3 woody debris
jams within 110 feet of channel. It is located roughly 2,050 feet from the mouth (channel
mile 0.39) (Figure 4.1). No helpful jJump pools existed here. The lower logjam partially
blocked the channel, with it extending 10 feet upstream and having a gap at the base at
the lower end. This gap could become jammed after more debris collected there. The
middle logjam is 60 feet upstream with a 2-foot drop in streambed elevation. The
uppermost logjam was fifty feet upstream of the middle jam and is characterized by a 5-
foot high jam in a narrow, incised channel that is likely impassable. The stream gradient
had increased in this reach to make such drops common.

4.4.3.7 Site 9: Logjam on the central branch (SMB 8)

Further upstream on the central branch, site 9 was located 1,951 feet from the mouth
(channel mile 0.37) (Figure 4.1). It was a 6-foot high logjam, creating a 3-foot drop in

bed elevation into a plunge pool with a mean depth of 0.9 feet and a maximum depth of
1.9 feet. The 2- to 3-foot diameter redwood log at the center of the jam appeared very
stable. The jam was 8 feet long and had GPS coordinates of N37 00.253’, W121 59.271’. A
“NO DUMPING” sign and road pull-out were adjacent to the stream at this point.

99005 020502 Final Plan revised.doc 42



4.4.3.8 Site 10: In-channel rip-rap on the central branch (SMB 7)

Located on the central branch, site 10 was 1,357 feet from the mouth (channel mile 0.26)
(Figure 4.1). Here, a 2-foot high wall of rip-rap formed a partial dam 5 feet wide across
the channel. The wall forced the streamflow around alders to create a 5-foot wide, 2-foot
high chute across the root system. Its GPS coordinates were N37 00.152’, W121 59.178".
This barrier was likely passable at 10-15 cfs.

4.4.3.9 Site 12: Perched driveway culvert (SMB 6)

Located roughly 112 feet upstream of the confluence with the eastern branch, site 12
consists of a perched driveway culvert which is estimated to be impassable under most
flow conditions. The channel downstream of the culvert has downcut about four feet.
The GPS coordinates for this site were N36 59.988’, W121 59.196’.

45  Fish Sampling and Population Estimates
(Alley, May 2000, pages 10-13)

45.1 Fish sampling sites and methods

Sampling sites were chosen to represent typical habitat types within each reach in 1999.
Sampling sites are shown in Figure 4.1. Reach averages for pool habitat characteristics
such as depth, length and escape cover were used to choose sampling pools that
represented the reach averages. Because steelhead tend to congregate in a few of the
best pools in a stream like Arana Gulch, with its overall poor habitat, at least one deeper
pool was sampled in each reach so as to adequately sample some better habitat along
with the bad. All non-pool habitat was extremely poor and similar from reach to reach.
Therefore, run, riffle and glide habitat was sampled adjacent to the pools chosen for
sampling. At least three pool habitats were sampled at each site.

Five sites were sampled in five reaches likely to be accessible to steelhead. There were
four mainstem sites in the lower four reaches and one site in the perennial middle
branch tributary. In addition, 326 feet of habitat was sampled in the fifth mainstem
reach above the Paul Sweet Road culvert despite the likeliness of being inaccessible to
steelhead. It was sampled with one electrofishing pass to confirm the presence of
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salmonids. The primary focus of the sampling was to obtain the best estimate of
steelhead/rainbow trout production in Arana Gulch where steelhead likely had access.
The average stream length sampled at four mainstem sites was 357 feet in 1999. In the
perennial middle branch tributary, 70 feet was electrofished.

45.2 Methods for calculation of juvenile steelhead densities at sampling sites

4521 Juvenile steelhead densities at sampling sites

Steelhead densities were determined by electrofishing at sampling sites by the multiple-
pass depletion method. Sampling occurred on 4-5 November 1999, after Arana Guich
had been habitat-typed. Three passes were made in each habitat with its upper and
lower boundary blocked off with nets. A total of 34 habitats were sampled at 5 sites, 16
of which were pools.

Depletion estimates of steelhead density were applied separately to two age-classes in
each habitat type at each site. The densities of Y-O-Y fish were estimated separately
from yearling (1+) and older juveniles (2+). The number of fish in each age class was
recorded for each pass. The age-class boundary was determined for each sampling site,
based on the length frequency histogram of captured fish at that site. At each sampling
site, the dividing point between age classes was a break in the length- frequency
distribution of fish lengths. Age class information was used to determine annual
salmonid production. Length-frequency histograms and field measurements of
salmonid Standard Length can be found in Appendix A, D.W. ALLEY & Associates,
May 2000. For a detailed discussion of age-class boundary characteristics for salmonids
sampled in Arana Gulch and other Santa Cruz Mountain streams see D.W. Alley, May
2000, page 11.

The depletion model is typically used with multiple-pass electrofishing data to estimate
the number of fish in each sampled habitat type. The model is typically applied
separately to two size categories; those less than (<) 75 mm SL (3 inches) (Size Class 1),
those equal to or greater than (=>) 75 mm SL (Size Classes 2 and 3) or to age classes
(young-of-the-year and older fish). However, in Arana Gulch the salmonid densities
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were so low and electrofishing was judged so effective in capturing all fish in each
habitat, that the total count of salmonids in each size class captured after three passes
was considered the density estimate for the habitat. Using the depletion model would
have unrealistically inflated the actual fish density when dealing with such small
numbers.

45.2.2 Juvenile steelhead densities by Reach

For Reaches 1-4 and 6, the number of juvenile steelhead estimated by age class per foot
of stream in each sampled habitat type was multiplied by the number of feet of that
habitat type in each reach. Then the number of fish estimated in each habitat type of the
reach was added to the number of fish in the other habitat types to obtain reach totals.

45.3 Method for calculating an index of returning adult steelhead

Population estimates of each of the three size classes of juvenile steelhead were entered
separately into the Dettman population model (Kelley and Dettman 1987) to obtain an
index of returning adults. The predicted number of returning adults was based on
survival rate of different size classes of juveniles returning as adults to Waddell Creek
during the period, 1933-42 (Shapovalov and Taft 1954). It was found that steelhead
survival rate to spawning adults increased exponentially with increasing size of
steelhead smolts (J. Smith, personal communication). Kelley and Dettman (1987)
developed a model based on the Waddell Creek relationship of average size of each age
class as smolts and survival to returning adult. They estimated survival of juveniles
from a reasonable estimate of densities in Waddell Creek in the fall to the down-migrant
smolt stage for the different age classes. The relationship derived from Waddell Creek
data was:

Fraction of Survival = (0.067) e ~(0.025) (Fork Length of Smolt)

Input data required for the Dettman model is an estimate of juvenile steelhead numbers
by age class in the fall of the year sampled. The size classes were divided according to
year class sizes typically found in Waddell Creek, based on Dr. Jerry Smith’s experience.
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Young-of-the-year fish were up to 75 mm Standard Length. Yearlings were from 75 mm
to 150 mm Standard Length. Steelhead were included in the 2+ age class if larger than
150 mm Standard Length.

To predict the number of returning adults with the Dettman Model, the Waddell Creek
rate of return during the period 1933-42 was used with the number of juvenile steelhead
by age/size class per foot of each habitat type in each reach of Arana Gulch. Returning
adults consisted of two categories. The first category consisted of first time spawner; the
second category consisted of the total number of returning adults expected with a 20
percent repeat spawning rate. The model emphasized the increased survival rate
expected for larger size classes of juvenile steelhead.

To make a more realistic estimate of returning adults from juveniles present, estimates
derived from the Dettman model were reduced by 50 percent, based on an estimate of
returning adult steelhead to Waddell Creek in 1991-92 (Smith 1992). An underlying
assumption in the 50 percent reduction of survival rate was that rearing habitat in
Waddell Creek is currently capable of producing 1930’s levels of juvenile smolts over the
long term-this was judged likely by Dr. Smith (personnel communication). A
complicating factor in applying the model to Arana Gulch was that some of the larger
“steelhead” might have been resident rainbow trout, which had opted to remain in
freshwater instead of out-migrating to sea. If so, the reduction factor of 50 percent may
be too low.

Whether the reduction factor should be 50 percent or something else, the model
provides an annual adult index for comparison to other years of production and to other
streams. It is important to note that our annually applied model uses the same constant
survival rates from juveniles to adults, and our correction factor is also constant.
However, there are annual fluctuations in ocean survival that are impossible to account
for. Despite this, the conservative nature of our estimate of adult returns will not likely
over-estimate the actual adult returns from juvenile production.
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45.4 Densities and steelhead/rainbow trout production: results
(Alley, May 2000, pages 29-33)

The density of fish sampled at the site and reach scale differed because the proportion of
habitat types at sites was different than the proportion for the entire reach. If more pool
habitat were sampled at a site than existed in a reach, the site density would be higher
because pools contained most of the fish.

Atypical of most reaches in Santa Cruz Mountain steelhead streams, Reaches 1 to 3 on
the mainstem of Arana Gulch had higher site and reach densities of yearling and older
steelhead/ rainbow trout than Y-O-Y juveniles (Tables 4.3 and 4.4). Based on fish scale
analysis, some salmonids were 2 and 3 years old in Reach 1, indicating a freshwater,
rainbow trout life history for some fish. Reach 4 on the mainstem and Reach 6 on the
central branch had higher densities of Y-O-Y steelhead than older ones. A large
salmonid in Reach 6 was aged at 2 years from scale analysis. Young of year steelhead
population were very low in Reaches 1-4 and 6, with none detected in reach 2. Young of
year steelhead reach densities were less than 1 fish per 100 feet in reach 1, about 2 fish
per 100 feet in Reach 3, about 6 fish per 100 feet in Reach 4 and nearly 13 fish per 100 feet
in Reach 6 (Table 4.4). Overall stream density of Y-O-Y steelhead was 3.0 fish/100 feet.

Reach 1 produced an estimated 1.6 fish per 100 feet in the yearling and older age classes.
Reach 2 had an e