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Dear D et;

Here is our final report on the work MWD requested
us to do on Lagunitas O eek during the summer and fall of 1979.
You set us to three tasks.

The first, was to update the rel ati onship we devel oped
in 1978 between the vol une of streanflow and the anmount of rearing
habitat for juvenile sal nonids. The newrelationshipis illustrated
in Figure 2 on page 4 of this report.

Qur second task was to check the validity of our rearing
habi tat assessnents in terns of actual fish populations. Inlate
summer and fall we neasured the juvenile steel head popul ations in 11
riffles and 10 glides, and found themto be highly correlated wth
our "rearing indexes" for those sections of stream Those
rel ati onships are illustrated in Fgures 4 and 5 on pages 10 and 11
of this report. There were fewsalnonin 1979, so we could not
assess the validity of our rearing indices for sal non.

Qur third task, which the Board requested on Novenber
20, was to nmeasure the effect of sand deposition on fish in
Lagunitas Creek. V¢ assessed this by neasuring the degree to which
cobbl e was enbedded in sand in each of the reaches where we al so
neasured the steel head popul ation Figure 6 on page 18 illustrates
what we found - a strong inverse rel ationship between the degree to
whi ch cobbl e is enbedded in sand and the nunbers of steel head per
square neter of stream

The report is also a good description of the quality of
rearing habitat existing in 1978-79 and the maxi mum pot enti al
production of steelhead in that habitat. It is a baseline wth which
you can conpare habitat and steel head production after the Kent Dam
I's raised.

LABORATORY: 1530 MOUNTAINVIEW LANE NEWCASTLE, CALIFORNIA 95658 -TELEPHONE (916) 663-2535



V¢ have not investigated the flows needed for upstream
m gration, spawni ng, egg incubation, or downstream m gration of
sal non and steel head. Because sal non and steel head popul ati ons
continue to reflect the recent drought and because construction
activities nmay interfere with the nornmal behavi or of sal non and
steel head, | believe such studies cannot be efficiently nade for the
next coupl e of years.

S ncerel vy,

Lo

Don W Kel | ey
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I NTRODUCTI ON AND SUMVARY

During the spring, sunmer, and fall of 1979, we assessed the

sal non and steel head rearing habitat and fish populations in
Lagunitas Creek, Marin County (Figure 1). Qur purpose was to
hel p eval uate the streanfl ow rel eases bei ng proposed to enhance
rearing habitat in connection with the raising of Kent Dam The
i nformati on gai ned augnents data gathered during 1978 in
connection with the Environnmental |npact Report on the project.

As in 1978, we neasured changes in the quantity and quality of
the rearing habitat as streanfl ow declined during the spring, and
on the basis of these neasurenents devel oped a series of "rearing
i ndexes" for different flows. |In md-June when streanflows in
much of Lagunitas Creek had declined to about 2 cfs, the Marin
Muni ci pal Water District began to release 2.5 cfs from Kent
Reservoir. This rel ease sinulated post-project conditions as
they are presently pl anned.

In the late sumer and fall, we estimated the juvenile steel head
popul ations by el ectrofishing and found that our rearing indexes
were valid neasures of habitat, and that both the "rearing

i ndexes" and steel head popul ati ons were extrenely sensitive to
the degree to which streanbed cobbl e was enbedded i n sand.

Using the mat hematical relationships we devel oped between the
vol umre of streanflow, rearing indexes, and juvenile steel head
popul ations, we estimated that, if substrate conditions in
Lagunitas Creek renmi ned the same as they are now, and if the

ot her factors which affect steel head production do not change,
releasing 3 cfs fromthe Kent Reservoir will about triple

st eel head production in Lagunitas Creek from San Geronino to its
junction with Nicasio Creek. The poor 1978 sal non run nade it

i npossible to obtain quantitative information on sal non, but we
bel i eve the changes are likely to affect themsimlarly.

THE RELATI ONSH P BETWEEN STREAMFLOW AND REARI NG HABI TAT

Bi ol ogi sts of the California Departnment of Fish and Gane believe
that the present al nobst annual decline of summer flow to bel ow
0.5 cfs is the principal factor affecting the size of both sal non
and steel head runs in Lagunitas Creek. As the flows decline, the
young fish that have been produced by spawning in the previous
fall and winter nmust live in a smaller stream where their habitat
quality is greatly
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di m ni shed because of reduced depth and current velocities. They
are subject to crowdi ng and unusual amounts of predation. Under
such conditions, even if |arge nunbers of eggs have been
deposited and fry produced, there is roomand habitat for only a
fewto survive during the 5 to 6 nonths until fall or wnter
rains increase streanfl ows.

Al t hough we have not neasured spawni ng habitat or the conditions
affecting egg incubation in Lagunitas Creek, we believe the
Departnent of Fish and Gane (DFG assessnent is correct. Full
seeding of all the available rearing habitat would require only a
few hundred spawni ng sal non and steel head. There appears to be
nore than adequate spawni ng gravel for that nunber and its

condi tion appears to be such that we woul d not expect egg
survival rates to be unusually | ow.

In 1978, we began neasuring the quantity and quality of the
juvenile rearing habitat in two reaches of Lagunitas Creek chosen
to represent that portion of the streamthat would be affected by
t he proposed rel eases of water from Kent Reservoir. Fromdata
gat hered as streanflows declined in the spring of 1978, we

devel oped two curves illustrating the relationship between
streanfl ow and the quality and quantity of rearing habitat as
expressed in a series of "rearing indexes." These curves were
presented to Marin Minicipal Water District in October 1978
(Kell ey and Rei neck) From April 13 through June 27, 1979, we nade
a simlar set of nmeasurenents in the sanme reaches.

The two reaches, "State Park" and "Tocal oma,” are different in
gradi ent, channel shape, and substrate conposition, and these
differences result in differences in the anobunt and quality of
juvenil e rearing habitat produced by any given volunme of flow.
The quantity and quality of the rearing habitat in the flatter
and sandi er Tocal oma reach are significantly less, and the rate
of increase in that habitat as flows increase is also | ess
(Figure 2).

The 1978 neasurenents made at 4.6 cfs in the State Park reach
have been di scarded as being aberrant, either because the drought
had caused an unusual condition in the reach neasured, or because
there were errors in the field assessnents which we have been
unabl e to discover. Those neasurenents caused the curve

devel oped in 1978 to suggest that rearing habitat in the State
Park reach did not increase nuch as fl ows increased above 3 cfs.
Qur 1979 neasurenent convinced us that this is not true, and on
Cctober 5, 1979, we notified both the Marin Minicipal Water
District and the Departnent of Fish and Gane of the new

rel ati onshi ps.
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In the Tocal oma reach, the rel ati onshi ps between streanfl ow and
rearing habitat did not change between 1978 and 1979.

Two years of neasurenents provided evidence that, if substrate
and channel conditions remain as they were in 1978 and 1979,
increasing the streanflows in the al nost 6-kiloneter reach of
Lagunitas Creek from San Geroni nb Creek downstreamto Jewel |
from0.5 cfs to 3 cfs will increase the rearing index there by a
factor of about 5--from3.9 to 19.6. |In the flatter reach from
Jewel|l to the Tocal oma Bridge, and in a part of the renaining
3.2 kmdownstreamto the junction of N casio Creek, an increase
in flowfromO0.5 to 3 cfs will about double the rearing index,
changing it from3.3 to 7.0.

It is inportant to recognize that, even though the rearing index
in the lower, flatter Tocal oma reach is |less than one-third as
great as that in the State Park reach, there are patches of
excellent habitat there. They will respond to increases in flow
as rapidly as the good habitat in the upstream area.

THE RELATI ONSHI P BETWEEN REARI NG | NDEXES AND STEELHEAD
POPULATI ONS

The rearing indexes described in this report are averages that
i ncl ude thousands of neasurenments on many riffles, pools, and
glides. WAding up the stream we neasured the area of each
glide, riffle, and pool that we believed woul d be used by
juvenil e salnmon or steelhead, and rated its quality as poor,
fair, good, or excellent. Those ratings were graded 1, 2, 4, or
8, multiplied by the area so graded, the products total ed, and
the total divided by the length of the streamreach being
assessed. The neasurenents in 1979 were done in neters and the
1978 data was converted fromfeet for conparison in this report.
Notes on factors Iimting the quality of the rearing habitat
were made as each pool, riffle, and glide was assessed.

El ectrofishing at both the Tocal oma and State Park stations on
June 11, 1979, had resulted in our estimting the steel head
popul ations in those reaches at about 1.3 and 1.8 juvenile
steel head per neter of stream About one-third of these were
yearling steel head produced by spawning in early 1978. W were
able to find only two juvenile silver salnon. On the basis of
| ow nunbers and the higher than usual proportion of yearling

st eel head, we concl uded that Lagunitas Creek had not been fully
seeded by spawni ng steel head and hardly seeded at all by sal non



during their fall and winter 1978-79 spawni ng season. Most
coastal streans had poor sal non and steel head runs that fal
and wi nter, probably reflecting poor survival during the first
year of the drought.

Since the chances of relating the rearing indexes to the
popul ati ons of juvenile salnonids in Lagunitas Ceek depended upon
reasonably conpl ete seeding of the stream by spawning fish, and
since that apparently had not happened, we requested suppl enental
stocking fromthe Departnent of Fish and Gane. On July 3, they
di stributed approxi mately 30,000 young-of-the-year, 5-7-cmlong
steel head fromtheir Mad R ver Hatchery in Lagunitas Creek from
the Kent spillway to the Tocal oma Bridge. These fish, conbined
with the naturally produced juvenile steel head, were enough to
saturate the spring rearing habitat so that as flows dropped,
survival in different parts of the streamwould be related to the
guantity and quality of the rearing habitat there. Follow ng the
normal spring decline in streanflow to about 1.5 cfs in the State
Park, and a week before the fish were planted, Marin Minici pal
Water District began releasing 2.5 cfs from Kent Daminto
Lagunitas Creek. This release created better than norma
conditions for survival--conditions simlar to those being
proposed with the Kent Project.

The Departnent of Fish and Game generously offered to stock
juvenile salnmon as well as steel head. W declined that offer
because the avail abl e sal ron were significantly larger than wld
fish woul d have been and we thought themunlikely to behave |ike
sal nmon naturally produced in Lagunitas Creek.

It was with these conditions —full seeding of the streamwth
st eel head and no seeding with sal non--that we began a series
of measurenents to assess the value of a 2.5 cfs rel ease.

From August 29 through October 12, we neasured the fish

popul ations and rearing indexes in 11 riffles, 10 glides, and 4
pools selected to represent a wi de range of habitat quality in
Lagunitas Creek. These small reaches averaged 19 neters | ong.
Each was isol ated by stretching one-quarter-inch nesh seines
across the streamto prevent any fish fromnoving in or out of the
section during our work there. W then nade a series of passes
fromthe |ower to the upper end of the section with a Mark VI
Sm th- Root el ectro-fisher, emtting 300 volts of pulsed direct
current. On each pass we attenpted to capture as many fish as
possi bl e. The catch of each pass was neasured and the fish were
kept out of the section until a pass resulted in very few or no
fish being caught. The di m nishing nunbers of fish caught



in the series of passes was used to estinate the popul ati on by
the nmethod of Ricker (1975) (Table 1). Alnost all of the

st eel head caught were young-of-the year. Their nean |ength was
6.6 cm (Figure 3).

From San Geroni no Creek downstream we found a high positive
correl ati on between the popul ation density of juvenile steel head
in both glides and riffles of Lagunitas Creek and our rearing

i ndexes (Figures 4 and 5). Doubling the rearing i ndex appears to
about double the fish population. W used |inear and exponenti al
regression analysis to test for the significance of rel ationships
and we devel oped fornulas to conmpute fish population fromthe
rearing indexes.

In pools we found very few young steel head—+too few to expect a
rel ationship between their popul ation density and our rearing
i ndex.

Six of the 25 reaches assessed were in the 1-kiloneter section of
Lagunitas Creek fromits junction with San Geroni no Creek
upstreamto Kent Dam Steel head popul ati ons there were nuch
lower than in habitat of simlar quality downstream The

st eel head popul ation declined from6.5 per neter stocked in that
reach on June 28 to 1.6 per neter when we el ectrofished on
Septenber 24. Rearing habitat was physically very good but we
concl uded that sone environnmental factor not considered in our
rearing indexes had reduced the population. Very low flow here
before the 2.5 cfs rel ease was started in md-June may have
prevent ed adequate food devel opnment (aquatic insects) and/or the
col der water tenperatures of the rel ease may have caused sone of
the fish to | eave or not survive. W concluded that the data
fromthis reach were not conparable with that from Lagunitas
Creek bel ow San Geroninbo Creek and we did not use it in the
correl ati on anal ysis.

ESTI MATI ON OF TOTAL STEELHEAD POPULATI ONS

We have in the above section described the nunerical
rel ati onshi ps devel oped from 1978 and 1979 field data
bet ween:

a. the volume of streanflow and the quantity and quality of
juvenile salnonid rearing habitat--a termwe call the
"rearing index"--for two representative reaches of Lagunitas
Creek (Figure 2); and

b. the rearing indexes and |late sunmer and fall juvenile
st eel head populations in 11 riffles and 10 glides of the sane
stream (Figures 4 and 5).



Tabl e 1.

Nunmber of steel head caught,

popul ati on esti mates,

%ngdensity i n Lagunitas eek |ate sumer and fal
Dat e Habit. Type Location STEELHEAD CATCH Popul . Station Station Li near Area
SHAFTER TO TOCALOVA 15t 2nd 3rd 4t h 5th 6th Estimate Length Area Density Density
28 Aug (1) dide Tayl or Pk. 3 4 2 1 0 12 12.9 63.9 . 93 .19
28 Aug (2) dide Tayl or Pk. 9 9 7 7 5 - 77 38.2 328.1 2.02 . 23
29 Aug (3) G R f. Cheda Ranch 82 33 16 - - - 141 21.2 160.0 6. 65 . 88
30 Aug (4) dide 26 16 11 - - - 72 23.9 156.0 3.01 . 46
30 Aug (5) dide 17 3 2 3 5 4 34 24. 4 234. 2 1.39 .15
30 Aug (6) G Pool Tocal oma 19 8 8 3 - - 42 16.6 92.6 2.53 .45
9 Cct (7) Gide Bat. Taylor Pk.
& Shafter Br. 16 12 3 - - - 38 24. 4 372.1 1.57 .10
11 Cct (8) dide Taylor Pk. 27 19 16 10 - - 103 36.6 393.0 2.82 . 26
Means: 2.62 .34
29 Aug (9) Rffle Taylor Pk. 12 15 4 4 5 1 47 17.0 126. 1 2.76 .37
8 Cct (10) Rffle " " 23 7 1 - - - 32 15.2 115.5 1.97 . 28
8 Cct (11) Rffle 24 9 3 - - - 38 16.5 112.5 2.30 .34
8 Cct (12) Riffle 5 0 0 - - - 5 10.1 46. 1 .49 11
9 Cct (13) R ffle Bwt. Tayl or Pk.
& Shafter Br. 11 2 0 - - - 13 12. 4 51.1 1.05 . 26
10 Cct (14) Riffle Tayl or Pk. 46 20 5 - - - 76 11.9 67.5 6. 40 1.13
10 Cct (15) Riffle Jewell 31 11 9 2 - - 55 13.4 89.4 4.10 .62
11 Cct (16) R ffle Tayl or Pk. 31 16 9 5 - - 66 14.9 100. 8 4. 40 . 66
11 Gt (17) Riffle ° " 35 13 6 - - - 57 24.7 221.8 2.30 . 26
Means: 2. 86 .45
28 Aug (18) Pool Tayl or Park 10 3 0 - - - 15 40 355 . 38 .04
8 Cct (19) Pool " 14 4 2 - - - 20 21.7 118. 4 .92 .17
Means: .65 11
KENT RESERVA R TO SHAFTER BRI DGE
8 Cct (20) dide 3 4 2 2 0 - 15 7.9 44,1 1.90 .34
8 Cct (21) dide 7 1 2 3 1 0 14 14. 3 99.7 0.98 .14
Means: 1. 44 .24
26 Sept (22) Ri ffle Shafter Br.
to Dam 9 8 3 2 1 - 26 14. 6 80.1 1.78 .32
26 Sept (23) Riffle 11 11 4 - - - 40 16.8 127. 4 2.38 .31
Means: 2.08 .32
26 Sept (24) Pool Popul ati on Estimated w Snorklng Survey 15 18.6 140. 2 0.81 11
26 Sept (25) Pool 10 6 1 - - - 19 11.2 98. 2 1.70 .19
Means: 1.26 .15

Numbers in parentheses refer to |ocations described in Appendix B
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Figure 4. Relationship between i ndexes of rearing habitat and
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Figure 5. Relationship between indexes of rearing habitat and
juvenil e steel head popul ati on density in riffles
of Lagunitas Creek.
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In this section we will use those relationships to estimte the
potential steel head production of Lagunitas Creek at various
flows.

On the basis of the data presented, it is possible to express
the density of juvenile steelhead as a function of streanflow
For exanple, with the equation relating rearing indexes (RI) to
streanflow (Q in the State Park (Figure 2):

Rl =6.3 (Q + 0.75, and

the equation relating linear density (LD) of steelhead in
riffles to rearing indexes (Figure 5):

LD= 0.37¢ 0-14(R!)

we can yield by substitution:
LD = 0 37¢ 0-14(6.3(Q + 0.75)

LD = 0.37e¢ 0-88(Q +0.11

Using simlar nethods for riffles and glides in various
reaches of the stream we devel oped Tabl e 2.

Table 2. Linear density (LD) of juvenile steel head trout
expressed as a function of streanflow (Q in riffles
and glides of two reaches of Lagunitas Creek 1/

Riffles dides

State Park Reach LD = 0.37e(0-88 x Q+0.11) | p -1 11 9+ 0.73

Tocal oma and
Brushy Reaches LD = 0.37e(®% XQ * 0% LD =0.24 Q+ 1.01

1/ These relationships are valid only at flows between 0.5 and
5 cfs, and at channel and substrate conditions found during
the summer and fall of 1979.



These functions relating volune of streanflow to juvenile

st eel head popul ati ons can be then applied to different reaches of
Lagunitas Creek to estimate popul ations at any streanflow up to 5
cfs through the Taylor Park, and 12 cfs through Tocal oma. We
have cal cul ated the popul ation estimates for 0.5, which is about
the present |ow sumer and fall flow, and for flows of 1, 2, and
3 cfs that will be the post-project rel eases according to the
Cctober 1, 1979 DFG MWD agreenent (Table 3).

For previously explained reasons we do not have data to estinate
the production in the kil onmeter of Lagunitas Creek between San
Geroninmo Creek and the Kent Dam Part of that section will be
destroyed by enlargenent of the damitself. The 1.4-Kkiloneter
reach of Lagunitas Creek just below the Tocal oma Bridge is

| argel y unshaded, subjected to severe bank erosion, sedinent
deposition, and channelization. Water tenperatures are now
sonetinmes too warmthere for good steel head production. The
reach will inprove sonewhat with the rel eased fl ow but we doubt
if it will provide significant nunmbers of steel head without
rehabilitation of riparian vegetation.

W estimate that an increase of summer flows fromabout 0.5 cfs
to 3 cfs would increase the juvenile steel head popul ati on of the
11. 7-kil ometer San Geroni nb-Ni casi o reach from present |evels of
about 7,000 to 21,000 juvenile steelhead. Flows of 1 cfs would
produce about 9,000 and flows of 2 cfs would produce an esti nated
14,000 juvenil e steel head.

W can make no estimate of sal non production but the magnitude of
change with changing streanflows is |ikely to be somewhat |ike
t hat of steel head.

The | ower reach of Lagunitas Creek below Nicasio Creek is
probably inportant rearing habitat for both steel head and sal non.
Because Marin Minicipal Water District nust release water from
Ni casi 0 Reservoir to satisfy a downstream di version at the head
of tidewater, the reach of |ower Lagunitas Creek bel ow N casio
Creek now has a m ni mrum sunmer flow usually between 2 and 4 cfs.
The project will release that water from Kent instead of N casio
Reservoir, and neither flows nor production of salnonids in this
| ower reach will be significantly changed during the sunmer.

According to the Cctober 1, 1979 Agreenment between the Departnent
of Fish and Gane and Marin Municipal Water District, whether a 1

2, or 3 cfs release will be nmade will depend on the total volune
of water in MWD reservoirs on the previous My 1.



D W KELLEY & Associ at es aquatic bi ol ogy
March 23, 1982

M. Richard Rogers

Assi stant General Manager
Marin Munici pal Water District
220 Nell en Avenue

Corte Madera, CA 94925

SUBJECT: Table 3 in our February 1980 report, "Relationships
Bet ween Streanfl ow, Rearing Habitat, Substrate Conditions,
and Juvenil e Steel head Popul ations in Lagunitas Creek, Marin
County, 1979".

Dear Di ck;

Recently Bruce Agee, a staff nenber of the
Instream Fl ow G oup of the State Water Resources Control
Board, pointed out some errors in Table 3 of the report we
prepared for you in February 1980 on Lagunitas Creek. |
encl ose 25 copies of a corrected table, and woul d be grateful
if you would distribute it to those who received copi es of
the report.

The corrections slightly increase the nunber of
steel head that we estimated could be reared at 3 cfs in
Lagunitas Oreek, but nake no significant difference in any of
t he concl usi ons based on those esti nmates.

Si ncerely,

L) -"

Don W Kell ey

cc: Ray Dunham
Bruce Agee
JimMrtin

encl osures

8955 LANGS HI LL ROAD « P.O. BOX 634 « NEWCASTLE, CA 95658 =« (916)663-4271



(Corrected)

Table 3. Estimated fall juvenile steel head popul ations at various flows in Lagunitas
Creek from San CGeronino Creek to Nicasio Creek. These estinmates assune
that substrate conditions and factors other than streanflow will not
change fromwhat they were during the sumer of 1979 and that flows
required during the fall, winter, and spring for fish mgration, spawning,
and egg incubation are adequate.
San Ceroni no Creek Jewel | to Tocal oma to Nicasio Creek
to Jewel 1 Tocal oma Meadow Reach Brushi ng Reach  TOTAL
Length in neters 5, 907 2,624 1,371 1,776 11,678
Percent riffles 23 14 " 11
Meters of riffles 1, 359 367 § 195
Percent glides 42 67 ; 23
Meters of glides 2,481 1, 758 % 408
Per cent pool s 35 19 8 65
Meters of pools 2,067 499 :C,’_- 1,154
©
ESTI MATED NUMBER OF STEELHEAD AT 0.5 CFS FLOW o .
wn
Riffles dides Riffles Gides g“ Rffles dides Tot al
— O
Nurber s/ m 0.64 1.29 0. 58 1.13 N 0. 58 1.13
Tot al 870 3,200 213 1, 987 2w 113 461 6, 844
ESTI MATED NUMBER OF STEELHEAD AT 1 CFS FLOW 5 03)
Nurber s/ m 1.00 1.84 0.65  1.25 8" 0.65 1.25
Tot al 1, 359 4,565 239 2,198 Le 127 510 8, 998
ESTI MATED NUMBER OF STEELHEAD AT 2 CFS FLOW E;
Nurrber/ m 2.40 2.95 0. 80 1.49 5 o 0. 80 1.49
Tot al 3,262 7,319 294 2,619 S 156 608 14, 258
ESTI MATED NUMBER OF STEELHEAD AT 3 CFS FLOW —
—_
Nurmber s/ m 5.79 4. 06 0. 99 1.73 E 2 0.99 1.73

Tot al 7, 869 10, 073 363 3, 041 193 706 22, 245



(Original,

slightly flawed) Table 3. Estimated fall juvenile

st eel head popul ations at various flows in Lagunitas Creek from
San Geroninmb Creek to Nicasio Creek. Those estimtes assune
that substrate conditions and factors other than streanfl ow

wi |l not change from what they were during the spring of 1979
and that flows required during the fall, winter, and spring for
fish mgration, spawning, and egg incubation are adequate.

Tocal oma to N casio

Creek
. Meadow Br ushi ng Tot al
San Geronimo Creek Jewel | to Reach Reach
to Jewel | Tocal ona
Length in neters 5, 907 2,624 1,371 1,776 11, 678
Percent riffles 23 14 11
Meters of riffles 1, 359 367 195
Percent glides 42 67 23
>
Meters of glides 2,481 1, 758 = 408
Per cent pool s 35 19 S 65
(@]
Meters of pool s 2,067 499 s 1,154
)
E ©
ESTI MATED NUMBER OF STEELHEAD AT 0.5 CFS FLOW 2o
Riffles dides Riffles dide g: Riffles dides Total
- @
7]
Nurtber s/ m 0.64 1. 24 0.58 1.13 _ 2 0.56 1.09
Tot al 870 3,076 213 1, 987 2 : 109 445 6, 700
ESTI MATED NUMBER OF STEELHEAD AT 1 CFS FLOW g°
[eRTe)
Nunber s/ m 1.00 1.84 0. 65 1.25 n o 0. 65 1.25
Tot al 1, 359 4,565 239 2,198 = © 127 510 8, 998
ESTI MATED NUMBER OF STEELHEAD AT 2 CFS FLOW E %
Nunber / m 2.40 0. 80 &= 0. 80
Tot al 3. 262 7,319 294 2.619 » %’ 156 608 14, 258
c o
ESTI MATED NUMBER OF STEELHEAD AT 3 CFS FLOW -
Nunber s/ m 5.79 3.75 0.99 1.73 0. 80 1.49
Tot al 7. 869 9,304 363 3,041 156 609 21, 342
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District Reservoir Storage on Expect ed

Previous May 1 Rel ease Frequency
More than 45, 600 acre-feet 3 cfs 83%

21, 500- 45, 600 2 cfs 13%
Less than 21, 000 acre-feet 1 cfs 4%

The annual May 1 reservoir storage and the frequency of the 3,
2, and 1 cfs releases were part of the MMAD conputer sinmulation
of how the project would operate. These estimates assuned an
annual MWD wat er use of 16,000 acre-feet from Kent and 8, 500
fromNicasio Reservoir. Using those estimtes we can cal cul ate
that, if the channel size, shape, and substrate renmins the sane
as it was in the late summer and fall of 1979, post-project fall
popul ati on of juvenile steel head will average about 20,000 fish.

This estimate is, of course, not the total production in the
Lagunitas Creek drainage. Both San CGeronino Creek and Devil's
@ul ch are spawning and, to a | esser extent, rearing habitats.
Since they will not be affected by the proposed project, we nade
only sone reconnai ssance-|evel observations there (Appendix A).

THE | MPORTANCE OF SUBSTRATE CONDI Tl ONS

An inportant question is whether the channel and substrate wll
change as a result of the project. Wether a streambottomis
sandy or covered with boul der or cobble has a very |l arge effect
on that streams ability to support sal nonids of any kind. Mny
hundreds of investigations on this subject have been published
in scientific literature, and it is beyond the scope of this
report to reviewthem W nention only the review paper of
Cordone and Kelley (1961) describing the | arge anount of

evi dence avail abl e 19 years ago that sedi nent was harnful, and
the recent excellent work of the University of |Idaho (Bjornn, et
al., 1977) which provided sone of the nost useful recent data.

Bj ornn and his coll eagues tested how the accunul ati on of coarse
sand around the cobble in streanbeds affected the ability of the
streans to support juvenile salnmon and steel head. During our
extensi ve nmeasurenents of rearing habitat in various parts of
Lagunitas Creek, we identified the | arge degree to which cobble
and boul der were enbedded in sand and the degree to which sand
had filled the pools as inmportant nmajor factors Iimting rearing
habi t at .
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In 70 out of 130 assessnents, we recorded "enbeddedness" as the
principal constraint to better juvenile rearing habitat. In late
summer and fall we al so nmeasured the degree to which cobble was
enbedded in the reaches where we neasured steel head popul ati ons
(Table 4) . The nmeasurenents of enbeddedness were nade by
casting a 60-cmdi aneter barrel hoop seven tinmes into the stream
pi cki ng up each cobbl e | arger than 45-mmdi aneter, and measuring
the percentage to which it had been enbedded in the sand. Cobble
bel ow 45-mm si ze have been shown to be significantly | ess useful
in providing cover so we did no neasurenments of their
enbeddedness.

These sections were chosen to represent a wi de range of habitat
types so that we could test the effect of enbedded-ness on fish
popul ations. Their exact |ocations were marked with survey
monunents and are described in Appendix B of this report so that
future enbeddedness in them can be conpared to 1979 conditions.

In both riffles and pools, we found a highly significant inverse
rel ati onship between the degree of enbeddedness and the juvenile
st eel head popul ations. The evidence is strong that relatively
smal | increases in enbeddedness are associated with | arge
decreases in steel head density (Figure 6) . This is especially
true at the lower |evels of enbeddedness where an increase of 10
to 15 percent in nean enbeddedness correlates with a steel head
reducti on of over 50 percent. This sensitivity of habitat to
sand deposition enphasizes the inportance of maintaining adequate
flushing flows and controlling | and use practices that cause
erosion in the watershed. A slight increase in sand deposition
can easily negate the benefits of increased sunmer fl ows.

QUALI FI CATI ONS

As with all experinmental work in natural systens, there are
i mportant qualifications to keep in m nd when interpreting our
results. The four nost inportant follow

1. A large portion of the steelhead in Lagunitas Creek this
year were planted fish--small young-of-the-year fromMd R ver
Hat chery. Survival of these, conbined with the wild fish, may
have been different than we woul d expect froma conpletely
wi | d steel head popul ation from natural spawning of the

Laguni tas Creek run.

W thought that we could detect the difference between the
planted fish and the wild stock, both by the way they |ooked and
the way they behaved. The fish we thought were planted were | ess
wary and may have been subject to higher predation by kingfishers
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Table 4. Cobble enbeddedness in Lagunitas Creek during sumer and fall 1979.
Enbeddedness is defined as the percent to which the height of cobble is enbedded
in sand. Synbols: *, predom nantly bedrock; s, predom nantly sand.

Mean Enbeddedness of |ndividual Sanples Overal |l of Section
Date Habitat Type 1 2 3 4 5 6 7 8 9 10 11 12 Man SD n Conf’-ﬁfence
SHAFTER BR TO TOCALQOVA limts
28 Aug (1) dide .44 .60 .43 .41 .43 .63 .67 .58 .58 .40 .50 .23 134 +. 04
28 Aug (2) dide .67 .54 .68 .47 .74 .58 .48 .53 .57 .62 .40 .55 >.57 .23 117 +. 04
29 Aug (3) Gide/riffle .13 .08 .10 .19 .14 .18 .19 .19 .28 .14 .17 .20 258 +. 02
30 Aug (4) dide .38 .23 .29 .23 .18 .24 .03 .24 .18 .41 .27 .25 219 +. 04
" " (5) dide .49 .45 52 .65 1.00 .54 .65 1.0 1.0 . 69 .32 93 +. 06
(6) didel/ Pool .20 .32 .26 .26 .24 .26 .09 .37 .26 .25 174 +. 04
9 Ot (7) dide S .65 .53 0 . 8 s . 60 .54 .30 9 +. 25
11 Cct (8) dide .06 .48 .24 .23 .47 .50 .52 .35 .31 110 +. 06
00 42
29 Aug (9) Riffle .34 .27 .26 .26 .17 .05 .27 .17 .22 .17 .14 .21 .22 112 +. 04
8 Cct (10) Rffle .24 .21 .27 .27 .22 .29 .28 .26 .22 221 +. 02
8 Oct (11) Riffle .17 .18 .21 .19 .20 .23 .27 .21 .22 185 +. 04
9 Cct (12) Rffle .90 .52 0 .45 .40 .57 .57 .48 .39 36 +. 14
9 Cct (13) Rffle .24 .17 .27 .20 .14 .21 .36 .22 .23 187 +. 04
10 Cct (14) Riffle .45 .26 .32 .30 .56 .32 .38 .39 .31 129 +. 06
10 Cct (15) Rffle .10 .16 .15 .14 .17 .16 .14 .14 .18 222 +. 02
11 Cct (16) Rffle .01 .11 .08 .11 .13 .17 .10 .10 .15 196 +. 02
11 Cct (17) Rffle .09 .12 .18 .15 .28 .28 .13 .16 .24 186 +. 04
00 24
8 Cct (18) Pool S S .33 .82 .49 .73* .56* .58 .28 50 +. 08
KENT RESERVO R TO SHAFTER BR
26 Sept (20) dide .39 .39 .40 .45 .32 .56 .42 .31 146 +. 05
26 Sept (21) dide .42 .31 .31 .20 .37 .28 .37 .33 . 26 128 +. 04
0 .38
26 Sept (22) Riffle .35 .29 .35 .18 .33 .28 * .28 .30 167 +. 04
26 Sept (23) Riffle .18 .12 .09 .11 .15 .01* * .22 .14 .17 178 +.03
0.21
26 Sept (24) Pool .21 .22 .32 .33 .35 .37 .38 .39 .39 .39 .39 .22 168 +. 03
26 Sept (25) Pool * .71 * .54 .60 .56 .48 .53 .28 74 +. 06
0 .46

Nunber s in parent heses refer to | ocation in Appendix B.



STEELHEAD DENSITY (NO./m%)

Fi gure 6.

Rel ati onshi ps between average degree to

whi ch cobble |arger than 45-mm di anmeter is
enbedded in sand and steel head density of
Laguni tas Creek
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and herons that are conmon al ong Lagunitas Creek. Survival can
be roughly estimated by adding the 1.59 steel head-per-1ineal -
meter density that we found on June 11, 1979, before the Mud

Ri ver fish were stocked, to the 3.15 fish per nmeter that were
stocked on July 3. The reduction fromthe total of 4.74 fish per
nmeter to an average 2.53 that we neasured froml ate August
through early Cctober is evidence that about half of the spring
popul ation survived the summer. This survival is high, but it

m ght have been higher if all of the fish were wild stocks whose
behavi or had evol ved to neet the various environnmental conditions
i n Lagunitas Creek.

2. A second qualification to renenber is that very few sal non
were being reared in Lagunitas Creek this year. Wile the young
silver salnmon tend to spend nore time in pools and less in
riffles than do young steel head, there are nmmjor overlaps in
their habitat requirenents and they do conpete for the sane food
supply. The absence of sal nmon may have increased the survival
rates of the young steelhead this sumer. |If they had been
present, however, the conbined steel head and sal non popul ati ons
woul d probably have been significantly greater than those of the
st eel head al one.

3. W assune that the limted natural reproduction, conbi ned
with the stocking, fully seeded Lagunitas Creek this year, but we
are not certain. Qur data is evidence that it was seeded well
enough to cause the young steel head to occupy glides and riffles
according to their quality, but starting out the sunmer with nore
fish mght have resulted in a larger fall population of juveniles
than we found this year -- and greater differences attributable
to differences in the rearing indexes.

4. The nost urgent qualification is that our predictions are
valid only if substrate conditions and all other factors that
affect sal nonid production in Lagunitas creek remain the sane.

If the enlarged Kent Reservoir is operated to save power costs,
as proposed under alternates A and B in the Environmental | npact
Report, the frequency, magnitude, and duration of large flows in
Lagunitas Creek above its junction with N casio Creek woul d be
reduced by nore than 50 percent in many years (Kelley, 1978).
The effect of those reductions on substrate conditions and how to
prevent them fromworsening is the subject of current

i nvestigations agreed to by the Departnent of Fish and Gane and
the Marin Minicipal Water District.
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OTHER FACTORS AFFECTI NG SALMONI D PRODUCTI ON

Qur investigations on the sal non/steel head of Lagunitas Creek
have been limted to assessnents of one phase of their life
cycle, that of the juveniles rearing in the stream They have
been restricted to studying the effects of streanflow and
substrate changes on the physical aspects of juvenile rearing
habitat and of how physical conditions, expressed as "rearing
i ndexes" and "enbeddedness" are related to juvenile survival.

Al'l stages in the life history, except that of the adults in
the ocean, will be affected by the proposed fl ow changes
(Figure 7).

One inportant factor that may change is water tenperature. On
Septenber 5, 1979, the release of 2.4 cfs from Kent Reservoir
reduced water tenperatures in Lagunitas Creek down to Devil's
@Qulch (Figure 8. On COctober 11, the tenperature of the

rel ease was nuch hi gher and caused water tenperatures at | east
down to Devil's @il ch to be higher than they woul d ot herw se
have been. On Novenber 5, the releases of larger flows of

Ni casi 0 Reservoir water were nmade just above Devil's Gulch and
those rel eases raised the water tenperature slightly.

We do not have enough information to define how the project
will affect future water tenperatures in Lagunitas Creek, but
present the above as evidence that changes are likely to occur
and they should be predicted and assessed in order to determ ne
if anmultilevel outlet structure is needed in the new dam

The ultimate agreenent between the Departnent of Fish and Gane
and the Marin Minicipal Water District on operation of the

rai sed Kent Reservoir will need to describe the flows,

i ncl udi ng whatever flushing flows are required, to maintain
rearing habitat and al so whatever flows and ot her conditions
are necessary for upstream m gration and spawni ng of adults,
for egg incubation, and for the downstream m gration of young
into Tormal es Bay.
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STREAM TEMPERATURE

Figure 3. The effect of streanflow rel eases from Kent Reservoir
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APPENDI X A

I NI TI AL RECONNAI SSANCE SURVEY:  SAN GERONI MO CREEK
DEVIL'S GULCH, AND LAGUNI TAS CREEK

June 27-29, 1979

by David Dettman

The rel ati onshi ps between sal nonid rearing habitat and
streanfl ow are bei ng studi ed on Lagunitas Creek, Marin County,
California. Thirty thousand young-of-the year steel head were
stocked in Lagunitas Creek on July 3, 1979, in order to fully
seed several sections of Lagunitas Creek with varying habitat
gualities. In conjunction with this stocking the Marin
Muni ci pal Water District is releasing 3 cfs from Kent Reservoir.
We propose to follow the survival and growth of juvenile

steel head in these fully seeded sections of Lagunitas Creek in
order to assess the effect of enhanced summer fl ows upon snolt
production and to establish a relationship between our rearing

i ndex (rmeasure of quality and quantity of rearing habitat) and
fish nunmbers and bi onmass. Thus far our investigations have been
concentrated on the sections of Lagunitas Creek between Tocal oma
Bri dge and the confluence of San Geroni nb Creek. However, in
order to know the effectiveness of enhanced sumrer flows, we
nmust estimate the nunbers of young steel head produced in other
parts of the Lagunitas watershed that may be i ndependent from
the mai nstream of Lagunitas Creek. In order to identify other

i mportant nursery areas we initiated a reconnai ssance survey of
two tributary streans (San Geroninmo Creek and Devil's @l ch) and
the I ower part of Lagunitas Creek bel ow Tocal ona Bridge. These
areas are outlined in Figure 1. Qur objectives were to
characterize the total area of each streamin ternms of pools,
glides, and riffles; to estinate the rearing qualities of each
pool, glide, and riffle; to note inportant barriers to upstream
and downstream m gration; and qualitatively note the relative

i nportance of each streamas a nursery area for the 1979 year

cl ass of sal noni ds.

Devil's Gl ch

Devil's @ilch flows for 2.4 mles before entering Lagunitas
Creek in Samuel P. Taylor State Park. | surveyed a 3, 847-f oot
reach fromthe road bridge on Sir Francis Drake H ghway to
Stairstep Falls (Figure 2).
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Devil's @ilch is a major spawing tributary of Lagunitas Creek.
Young- of -t he-year are very nunerous throughout the stream and the
density of fish in many pools approached one fish per |inear
foot. However, the nmjor constraint here will be |late sunmrer
flows and the capacity of the streamin npbst sunmers is very | ow.
It is probable, as flows recede in |ate July and August, that
nost young-of-the year will nove down into the mainstream of
Lagunitas Creek. This is substantiated by the fact that
yearlings were very sparse in conparison to young-of-the-year.
In contrast, yearlings nade up 35 percent of the steel head

popul ation in our Tocal ona station on June 8, 1979.

The steep gradi ent, narrow canyon, relative clean substrate (Il ow
enbeddedness), and wel|l shaded water nmake for excellent potentia
rearing habitat. However, the rearing habitat quality averaged
only poor to fair, with the nmajor constraint being streanfl ow
Riffles accounted for a relatively large portion of the total
area (Table 1). The substrate in riffles was exceptional, wth
gravel and cobbl e making up 27 and 39 percent of the substrate
area. Wiile habitat quality averaged only poor to fair, many
individual riffles, pools, and glides were of good to excellent
gquality. The inportance of Devil's Gulch should not be slighted
by its low summer flows. It is an inmportant nursery area through
m d- Summrer, as nunerous fish grow to 50 nm before noving into
Laguni tas Creek

San Geroni nb Creek

On June 28, 1979, Barry Kecht and | wal ked a 3-m | e section of
San Geronino Creek fromits confluence with Lagunitas Creek to

the staircase fish ladder in the town of San Geroninmp. | noted
gualitative rearing conditions, najor rearing constraints, mgajor
barriers, and |landmarks in this section. In addition, | did a

"detail ed" survey of rearing habitat in two reaches: a 1, 636-
foot reach just upstreamfrom Shafter, and a 2,679-foot reach
upstream fromthe Lagunitas Road bridge in Lagunitas (Figure 3).
The results of these two surveys are presented in Tables 2 and 3,
and will be discussed separately.

San Ceroninp Creek is an inportant spawning and nursery area.
Reari ng capacity throughout nost of the streamis |imted by
waterflow during |ate sutmer. Substrate is generally in good
condi tion, except for portions in the town of San Geroni no, from
the old concrete dam (Forest Knolls) upstreamto the |efthand
channelized tributary, and fromthe Lagunitas School bridge to
the fish | adder.



Table 1. Devil's Gulch, Lower Reach, Lagunitas Creek
Wat ershed, Estinmated Flow 0.2 cfs, June 27, 1979
Nunber of : dides Pool s Riffles Bedrock  Tot al
35 21 37 4
Total length 1,574 566 1,612 95 3,847
(feet)
O width 8.6 8.5 6.9 3.9
Area (square feet) 15, 083 5,173 11, 393 417 32, 066
%l ength of total 41 15 42 2
% area of total 47 16 36 1
0 %sand and silt 40.6 43.1 16. 8 8.4
0 % gravel 31.3 10. 3 27. 4 -
0 % cobbl e 18. 4 12.9 39.2 -
0 % boul ders 3.4 3.2 8.3 -
0 % bedrock 6.1 30.5 8.6 91.6
O rearing quality 1.4 1.7 1.6 -
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Table 2. San CGeroni no Creek, Shafter Reach, Estimted Flow
0.7 cfs, June 28, 1979

Nunber of : dides Pool s Riffles Bedrock  Total
9 6 5 -

Total length 605 734 297 - 1,636

(feet)

O width (feet) 14.1 17.1 7.8 -

Area (square feet) 8,735 14,136 2,466 25, 337

O length of total 37 45 18 -

% area of total 34 56 10

0 % sand and silt 41.9 31.7 17.3

0 % gravel 33.2 48. 8 30.8

O % cobbl e 0.8 1.4 1.2

0 % boul ders 4.7 55 14.0

0 % bedr ock 19. 4 12.5 36.7

O rearing quality 1.1 1.5 1.7



Table 3. San Geronino Creek, Lagunitas Reach, Estimated Fl ow
0.5 cfs, June 28, 1979

dides Pool s R ffles Bedr ock Tot al

Number of: 17 11 10 2

Total length (feet) 1,072 999 530 78 2,679
O width (feet) 14. 8 16. 7 12.2 6.1

Area (square feet) 16,457 16, 396 6, 685 472 40, 010
% | ength of total 40 37 20 3

% area of total 41 41 17 1

0 %sand and silt 39.7 44. 2 12.2 -

0 % gravel 36. 4 16. 7 34.1 -

0 % cobbl e 10. 3 7.3 43. 8 tr

0 % boul der 5.1 6.9 1.1 tr

0 % bedr ock 8.6 24.9 8.8 98

O rearing quality 1.2 3.1 1.5



Inriffles where cobble is abundant, it is well exposed with m nor
enbeddedness. However, during |late sunmer when streanflows are
m ni mal even m nor enbeddedness may significantly reduce rearing
habitat as only the upper two-thirds of the cobble is above water.
Pool s are deep with many receiving a habitat quality rating of
good to excellent. Sone pools appear reduced in size hy

sedi mentation. Pools are the najor habitat of salnon during late
suner .

Bot h steel head and silver sal non were found in San Geroni no Creek,
at least up to Forest Knolls. One group of 30 sal nbn was

di stingui shed by its schooling behavior in a one-half-foot-deep
pool, 200 feet above Little Lagunitas Creek.

Shafter Reach: This reach extends froma major bedrock
outcrop just above the confluence with Lagunitas Creek to the
Lagunitas Road bridge in Lagunitas. Streanflow was approxi mately
0.7 cfs at the time of the survey. The substrate in this reachis
controll ed by numerous bedrock out-croppings. The percentage of
cobble is very limted throughout glides, pools, and riffles
(Table 2), and this is a major constraint to rearing quality.
Riffles are typically narrow and short and are interspersed
bet ween | ong pools and glides. The pools are generally well
shaded and deep, and probably account for nost of the |ate sunmer
rearing habitat. The effect of renoving shade was noted in a 700-
foot section where several honmeowners renoved nost of the riparian
vegetation along the creek and created three small rock
i mpoundrments. Before nodifications, this was a gravel - bottoned
glide and riffle section; now the substrate is covered with a
dense mat of algae and the water velocity is nil except over the
very short sections of each rock dam

Laguni tas Reach: This reach extends fromthe Lagunitas Road
bridge to an ol d concrete inmpoundnment adjacent to a major
righthand tributary. Streanflow was estimated to be 0.5 cfs.
Lagunitas Reach is distinctly different from Shafter Reach in that
bedrock is not as instrunental in controlling the substrate
conmposition. Alluvial deposits are nore pronounced, wi th cobble
maki ng up 43 percent of the substrate area in riffles. Rearing
quality inriffles was slightly |ower than Shafter Reach due to
greater streamw dths, shall ower depths, and decreased streanfl ow.
Pools in this reach were rated at fair to good and were distinctly
better than pools in Shafter Reach, due to greater depths and nore
cover along the streanbanks.

The remai nder of San Geroninb Creek up to the fish |ladder in San
Geroninbp can be characterized into four discrete reaches as
foll ows:



1. Fromthe old concrete damupstreamto the channelized
lefthand tributary. This sectionis of lowrearing quality
except in pools. Mst glides and riffles are exposed to sunlight
and have high concentrations of algae. The cobble is about 0.7
enbedded.

2. Fromthe channelized tributary to Paper MII Creek Sal oon.
Thi s section has good shading, the cobble is well exposed, and
all pools are 4 to 6 feet deep.

3. FromPaper MII| Creek Saloon to Lagunitas School bridge. The
rearing quality in this reach is simlar to Lagunitas Reach. The
nost notable feature is the 8-9-foot deep pool at the upstream
end that was fornmed bel ow a 3-foot high concrete dam The dam
becones passable at high flows as adults are able to use the
exceptionally deep pool for sounding.

4. Lagunitas School bridge to fish |ladder in San Geronino. This

section is highly enbedded. Long, deep pools and glides have

sand filled substrates. R ffles are inconsequential and very

shal |l ow. The banks are usually undercut in pools and glides and

fish retreat to these areas when frightened. As streanflow
Legedes, t hese refuges will be retained and formthe only good
abitat.

M ddl e Lagunitas Creek

On June 29, 1979, | surveyed a 2-mile section of Lagunitas Creek
fromjust above the N casio Creek confluence to the old bridge at
Tocal oma junction (Figure 4). This section is divided into two
di screte reaches: Brushy Reach and Meadow Reach. Streanfl ow was
nmeasured at 4.3 cfs during the survey.

Brushy Reach. This 5,862-foot-|long reach extends fromthe
.50 mle road marker on county road 221 to the beginning of a
meadow envi ronnent adjacent to a |large white barn on road 221
Much of the riparian vegetation is conposed of blackberry vines,
stinging nettle, and thistle. This nade for hazardous wal ki ng,
and at one point | was unable to survey a 700-foot section due to
deep pools, steep banks, and briar patches. The canyon in this
reach is very narrow and drops | ess than 40 feet per nile.
Seventy-five percent of the habitat area is pools with excellent
cover along the streanbanks. A large portion of npbst pools is
covered with sand and silt (Table 4). Riffle habitat was limted
to only 6 percent of the habitat area and the substrate of nost
riffles was covered with gravel. Velocity over nost riffles was
too high and flow too | am nar for young-of-the-year sal nonids.
However, the transition area fromriffles to the next pool was

A-10
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Table 4. Lagunitas Creek, Brushy Reach, Measured Flow 4.3
cfs, June 29, 1979

Nunmber of :

Total length (feet)
0O width (feet)
Area (square feet)
% | ength of total
% area of total

0 % sand and silt
0 % gravel

0 % cobbl e

0 % boul der

0 % bedr ock

O rearing quality

Nunber of spawni ng
redds

Gides Pool s Riffles Bedr ock Tot al
32 25 19 -
1, 205 3,381 590 0 5, 862
16. 4 21.8 10.4
20, 743 82, 457 6, 245 0 109, 445
23 65 11
19 75 6
54.7 93.0 12. 4
40.9 6.8 83.4
3.5 0.2 3.8
0.9 tr 0.4
1.9 1.9 1.8
17 1 0 18
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usual |y of exceptional quality. These areas are responsible for
the fair rating given to riffle environnents (Table 4). dide
environnments were rated fair due to a few exceptional glides with
good-to-excel l ent rearing conditions. Although | have not seen
this reach with nonaugnented flows, it seens |logical that flow
through riffles would be reduced to a trickle and the najority of
rearing habitat would be confined to the edges of pools.

dide environments were preferred for spawning activity, with 17
steel head redds found in glides with predom nantly gravel
bottons. The inportance of this |ower area for spawning activity
shoul d not be ignored, and the effects of decreased fl ushing
magni t ude and frequency should be mtigated with increased
erosion control in the watershed.

Meadow Reach: This 4,573-foot reach extends fromthe
downstream edge of the nmeadow al ong road 221 to the old bridge at
Tocal oma junction (Figure 4). Lagunitas Creek flows through a
relatively broad valley in this reach. The conposition of the
habitat is simlar to Brushy Reach, with pools, glides, and
riffles making up 73, 24, and 3 percent of the total area. The
meadow envi ronnent is probably a nodification of the native
riparian vegetation created to provide grazing pasture. Dairy
cows have grazed extensively along the streanbanks and the
erosi on and crunbling of streanbanks has filled pools and glides
with excessive anmpbunts of sand and limted the undercutting of
banks. This process is reflected in the | ow average rearing
habitat qualities of pools, glides, and riffles (Table 5). The
streamis exposed to solar radiation for a great portion of the
day and this has resulted in algal choked glides and riffles. In
its present condition this section of Lagunitas Creek is
providing very little rearing habitat for juvenile sal nonids.
However, 16 redds were deposited in this reach. Survival of eggs
in these redds was probably limted by excessive sand and high
tenperatures. The situation in this reach is simlar to the
conditions on Wl ker Creek where bank erosion seriously limts
rearing habitat. These conditions could be corrected with
adequate fencing along the creek to limt access of dairy cows.

A-13



Tabl e 5.

Laguni tas Creek, Meadow Reach.

Laguni tas Creek

(%] X (3]
Channel i zed Reach § o é §.2 = ?
Estimated Flow =4.5 cfs 08_ b §§ S :%
June 29, 1979
Number of : 29 34 15 - -
Total Length (ft) 1500 2748 325 -- 4573
O width (ft) 13.1 20.9 9.0 --
Area (sq.ft) 20,971 64,783 2,801 -- 88, 555
% | ength of total 33 60 7 - -
% area of total 24 73 3 - -
0 % sand and silt 66. 3 95.0 22.5
0 % gravel 30.4 4.6 68. 3
0 % cobbl e 3.1 0.3 9.2
0 % boul der tr. tr. tr
0 % bedr ock -- -- - -
O Rearing Quality 0.76 0.74 1.12
# Spawni ng redds 10 3 3
G

adi ent ;
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APPENDI X B

The Location of Reaches Were Juvenil e Steel head
Popul ati ons and Cobbl e Enbeddedness Were Measured in the
Late Summer and Fall of 1979.

Al 19 of the sections of Lagunitas Creek where steel head

popul ations (Table 1) and cobbl e enbeddedness (Table 4) were
nmeasured during the late sumer and early fall of 1979 (Figure B-
) were nmarked by driving a two-foot section of one-half inch

di aneter steel conduit into the ground at the stream edge, but
above high water mark, at either the upper or |ower end of the
section. The top six inches of each marker was sprayed with
International Orange paint, and the letters MWD and a nunber
listed in Colunmm 2 Table B-1 of this appendi x was stanped al ong
the top edge of each marker. Those sections can be examined in the
future to determ ne how they have changed. The reaches were
selected to represent a wide range in habitat quality and their
aver age enbeddedness, steel head popul ati ons, or other
characteristics would not necessarily represent the average of al
Laguni tas Creek

Future investigators wishing to find each section are advised to
| ocate the closest highway marker on Sir Francis Drake Boul evard
(Table B-1, Colum 5), and then wal k al ong the hi ghway either up
or downstreamto position thenselves at the actual highway m | eage
described in Colum 6. The steel pipe, with the orange top,
mar ki ng each section will be found near the streanbank opposite
that point. Colum 7 describes whether the pipe marks the
upstream or downstreamend of the section, and whether it is found
on the left or right bank | ooking downstream Columm 8 provides
additional information to help |locate the marker.
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Tabl e B-1.

Locati on of sections where steel head popul ati ons and enbeddedness of

cobbl e were neasured in late sumer and fall of 1979, Lagunitas Creek,
Marin County, California.
; C osest Monurrent / St at i on*
tation . Actual Hny.
Number €9 No- Char act er Approx. Location Hay . M | eage Ref erence Not es on Monunent Location
Mar ke End Bank

1 10 dide Tayl or Park 16. 21 16. 20 U L In base of 6' rdwd tree, 8 above channel

2 11 dide Tayl or Park 16. 21 16. 19 D L 3' above channel

3 2 G/R Near Cheda Ranch Cr . 19. 20 19. 20 D R 2' above channel

4 3 Aide Near Cheda Ranch Cr 19.17 19.17 D R 7' above channel adjacent to forked alder tree

5 4 dide 19. 17 19. 15 D R At base of 3' alder downstream side of tree. next

Near Cheda Ranch Cr tree upstreamwi th PGRE tree archer and steel cable
6 Adj acent to al der downstream fromsmall right hand
1 G / Pool Tocal oma 20.13 20. 14 D R tributary through Mlsaac's property 15 above

channel, at base of 3' rdwd stunp

7 16 dide Tayl or Park 15.61 15. 57 U

8 8 dide Tayl or Pk. Canpgrd 17. 24 17. 25 D Bel ow bridge i n canpground

9 12 Riffle Tayl or Park 16. 09 16. 14 U L 30" above channel

10 15 Riffle Tayl or Park 15.61 15. 63 U L 10 above channel, 45" bel ow hywy road shoul der

11 14 Riffle Tayl or Park 15. 86 15. 90 U R 20' above channel, at base of 8 clunped rdwd

12 18 Rffle Betwn Tayl or Park 15. 32 15. 35 D L 15' above channel, at base of 5 rdwd tree

sign & Shafter
Bri dae

13 17 Rffle Tayl or Park 15. 38 15. 39 U L 12' above channel, base of 1.5 crooked rdwd

14 19 Rffle Jewvel | 18. 90 18. 91 U R 12' above channel, base of 2' alder just downstream
of road cul vert

15 5 Riffle Jewel | 18.76 18. 77 D R 12' above channel in riprap

16 6 Rffle Tayl or Park 17.64 17.57 D L 25' above channel, 15 from base of al der direct
across stream from knob of bedrock & apple orch.

17 7 Riffle Tayl or Park 17. 32 17.35 U L 8' abv channel, below canp #2 in State Park

18 9 Pool Tayl or Park 16. 21 16. 21 U L 15" abv channel, just upstream from bedrock knob

19 13 Pool Tayl or Park 15. 86 15. 88 D R 20" abv channel

* End: U = upstream D = downstream Bank: L = left bank | ooking downstream R = right bank | ooki ng downstream



