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In developing the alternative scenarios we requested a flushing flow of 500 cfs not_l'ess
than once in every three years. Santa Ynez River Model runs indicated that such flows.

would occur with this frequency.

253 HABITAT-FLOW RELATIONSHIPS

2531 TFIM

Introduction -

" The basic framework of o_ur'habitat ‘analysis was adapted from the Instream Flow
Incremental Method (TFIM)/Bhysical HABitat SMulation (PHABSIM) method (Bovee
1982, Milhous et al. 1984). The TFIM was developed by the United States Fish and
Wildlife Service (USFWS) during the late 1970s to evaluate impacts of water
development projects on riverine fish habitat and to improve communication between
fishery biologists and water managers. The JFIM links several elements of fisheries
science and hydraulic engineering to forecast the availability ‘of fish habitat under
alternative streamflow, stream temperature and/or channel conditions. This instream flow
asséssm_ent. _method is based on the concept that changes in riverine fish habitat can be-
described by evaluating the relative importance of chaﬁ'ges in streamflow and associated
fluvial processes using species-specific habitat suitability criteria.

The qualitjf of the physical habitat in a river is a function of flow and channel geometry
and therefore, varies in quality and quantity over the range of the flow regime. Simulation
of physical habitat is accompiished using the channel geometry of the: stream . and
streamflow. The purpose of the PHABSIM models is to simulate a relationship between
strbamﬂow and physical habitat for various ]ifestages of a species of fish. -




Santa Ynez River Model

DWR Model

In 1988, as part of the evaluatlon of the proposed Cachuma En]argement Project, the
California Department of Water Resources (DWR) employed the IFIM to model steelhead
hab:tat on the Santa Ynez River below Bradbury Dam (DWR, 1989). This report includes
a complete descnptlon of their methodology. A total of 40 transects were placed in six
locations from the area of San Lucas Ranch downstream to Buellton (see Flgure 2.5-5).

. At each transect, one set of velocity and depth data was collected at the highest flow

' _'measured, and water surface elevations were collected at this flow. and .at two or three
' addltIona.l ﬂows These data were used to create smgle ﬂow models on a representatwe
reach bas:s ' ' '

The representative reach modeling'appro'ach' taken by DWR involved the selection of an
area of the 'r_iver' which is "representative” of the study reach as a whole. This
representative measurement area should have. épproximately the same prob_ortion_ of
habitat types as the overall study reach, and each of the habitat units in the measurement
area should be similar to most of the habitat units of that same type throughout the study
- reach. This study reach is modeled as a whole and the results of this modeling are-
~ assumed to apply to the river as a whole. This was the modehng approach recommended

| by the Instream Flow Group when the IFIM was first introduced. The major weakness of

this approach is the difficulty of finding a study area. whlch is truly "representative”. - A

second difficulty is that only a small number of transects are generally placed across any |
particular habitat type so that the extent that the model transects fail to ‘represent the - |
habitat of the entire reach i is manmfied through the extrapolation of results to the entire
) study reach '

Model _Récalibr_'ation _ _

Since 1984, the Instream Flow Group. has been recommending an alternate approach to

modeling with the IFIM based on the proportion of each habitat type within the study
reach (Milhous 1984). Using this method, several transects are placed across each habitat

| type and each transect is viewed and modeled mdependemly These transects are then

weighted to reflect the actual proportion of each habitat type as assessed through habitat



mapping. _Thie weighting may be done: either-within-the -modeling -progra-m. or after the -

fact. The CDFG currently endorses this approach to IFIM modeling.

For this ev'a-luation,. we updated the DWR models and recorifigured them as_habitat-'based

‘models. The DWR reach models were broken apart into individual transects. The data

entered in each model were rechecked against the original field notes and corrected as
necessary. “Each transect was recal:brated and p]aced into - habltat-based models by
segment. In these models the transects were weighted by the propornon of each habitat
type present within each segment accordmg to the proportions defined by the habltat

.mappmg recults (Sectlon 2.5. 1)

- Our reviewof the DWR lI*'IM models indicated that at 10 transects s1gruﬁcant pomons of
“the channel had been omitted from the models. These areas were backwaters or ‘side
.channels, and may provide substanitial rearing habitat for young steelhead!raxnbow trout.

_ For this analysis these areas were enter_ed back into the models.. On two “additional -

' transeete, the stage-diseharge relationship was poor .due to missing stege of zero flow
‘measurements.  The stage of 2ero flow was estimated based on the e)nstmg stage-

discharge pomts When these correctlons were made, the stage-dlscharge relatxonshxps -

. were brought xnto an acceptable range of error (<10 percent, Appendix B).

In the rewsed models the transects from the San Lucas site and the Highway 154 site

'-_were used to model the habitat above Refugio Road while the transects from the

remaining s;tes were used to model the habitat of the segment below Refiigio ._]:'{_oad The

" winter steelhead habitat suitability criteria of Bovee (1978) were used to interpret the

results of the hydraulic simulations and calculate weighted usable area versus flow

relationships. These criteria were selected in consultation with the USFWS and CDFG. -
‘Weighted usable area (WUA), an index of habitat, is given in square-feet per 1000 feet of '
‘stream channel and provides an index of‘_ habitat availability for the different lifestages of

fish. It must be emphasized that this number is an index and not an absolute area. WUA
does allow different flow regimes within a single river to be compared in a relative sense,

and thus provides a valuable tool for comparing alternative water use recommendations.

| Habitat Relatwnslupv

The WUA versus flow functions for the Santa Ynez River above Refugio Road are
,presented in Figure 2.5-6. This figure indicates that the index of habitat (WUA) for adult o
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steelhead and for spawning increases very slowly with increases'in_ flow and that it is of
limited availability across the entire range of flows modeled. Spawning WUA was run

both including and excluding the contribution of deep pool habitats. Figure 2.5-7 reveals =

that no differences in total spawning area exists with and withbut-_deep pools until flow
exceeds 80 cfs. The difference between the two is stight up to flows of 150 cfs.

To evaluate the eff'ec_t of substrate on the spawning WUA above Refugio Road, the

hydraulic models for this section were run with "ideal" substrate for spawning (gravel) in

all locations. This represents the maximum potential en]'a_rgement of spawning substrate in

existing channels, regardless of feasibility. This results in velocity and depth suitability
functions controlling the WUA. WUA with "ideal" substrate increases more rapidly than.

WUA with éxisting substrate (Figure 2.5-8). At SO cfs "ideal" substrate WUA is 33
percent'-greater than 'e:-iisting substrate WUA, at 70 cfs it is 41 percent g‘featé‘r and at 100
cfs it.is approximately 59 percent greater (Tﬁble 2.5-2). While "ideal" substrate does
increase WUA values, this substrate may be infeasible to place and difficult or impossible

* to maintain throughout this éntia_'e reach based on the current composition of the river

substrate, | L

The fry habitat index increases rapidly as flow increases from 5 to 30 cfs _(seé Figure -
2-5.6). Above this flow, fry. WUA remains fairly stable. Juvenile steelhead WUA
increases rapidly with flow to _ébqut 80 cfs. The rate of WUA. increase then declines -
substantially. Fry WUA was run with “ideal” _substrate'(cobble') throughout the reach in a
. similar manner as was done for spawning. The "ideal” WUA was substantially greater _
than that under existing substrate conditions, even under conditions of relatively low flow
(Figure 2.5-9), R ' L

Based on the Bovee (1978) winter steelhead criteria, the "ideal" substrate for fry is
composed of bed elements ranging from 2.75 to 10 inches in median diameter. These
substrate elements provide fry with cover from predators and refugia from high water
velocities. To maintain this function, the interstitial spaces between the substrate elements
must not be filled with sand, silt or other fine materials so that small fish and'invertebrates'
can utilize these areas. Under current flow regimes on the Santa Ynez River, these
 interstitial spaces are largely filled, and thus unsuitable for these purposes. Therefore it is
inappropriate to use the "ideal" substrate fry WUA functions for habitat analysis.
Although these functions do indicate a possible avenue for enhancement, we did not use
the "ideal' substrate condition WUA values for spaﬁming or fry in cpnducting_
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the analyses of the altematwes n Sectxon 2.5.3.3. The "ideal" substrate should be wewed

" as the maximum potentxal enhancement of fry habltat As stated above, it would be

infeasible to ‘actually: achleve thls level of enhancement.

Because the area of habitat requrred to support one fish varies thh hfestage, it is
:mpossrble to determine limiting lifestage from WUA plots alone. Using an analysis of
habitat area in conjunction with a rewew of the literature for ‘specific habitat area

7 reqmrements and survival rates, it appears that the amount of fry habitat is most limiting to
. the steelhead populatlon of the Santa Ynez River. This means that fry habitat is more
 limiting to the population than the low avallabtluty of either adult or spawmng habrtat The -

results of the Im'utmg factor analysis are presented in Sectlon 3.3.

 The WUA ﬁmct:ons for the Santa Ynez River below Refugio Road a are’ presented in Flgure :

2. .5-10." In this segment spawning WUA is zero below 15 cfs and then increases with flow ~
up to about 75 cfs. Spawning WUA then declines as ﬂow increases further. Adult habitat
is falr]y constant increasing only slightly with flow up to a.bout 80 cfs. Juvenile habitat
increases with. ﬂow to 40 cfs and remains constant as flows increase further. Fry habltat _

~ increases w1th flow up to about 20 cfs and then declmes as flows increase further.

. Once again the WUA ﬁmc’aons do not tell the entlre story Other factors which are
'thought to potentially affect steelhead populat:ons ‘in the Santa Ynez River are

temperature predation and water quality, none of whlch were mcorporated by the WUA
functions Water temperature may be too warm to support steelhead fry and juveniles in -
this segment (Sect:on 2.54.1) without selective releases of cool hypohmnet:c waters,
Predatmn by bass-and sunfish in this segment may also reduce the quality of habitat for |

.young steelhead!rambow trout. Low dissolved oxygen levels have been measured in the .

Santa Ynez River durmg summer, which also may aﬁ‘ect the potential habitat quality of

tlns area.

Split Channel's

Much of the length of the Santa Ynez River between' Buellton and Bradbury Dam is
composed of areas where the flow of the nver is split between two or more channels over
some range of ﬂow 'DWR placed four transects in these spht channel areas. Three of
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these splits were located above Refugio Road and the remaining transect was dovmstream
‘of Refugio Road. These transects were placed in riffle and run habitat types. Information
was lacking in these models as to at what discharge the side channels began to flow, what
the proportion of different habitat types was in split. channels and what the proportion of
the total river length was composed of spht channel areas, To answer these questxons
o ENTR]X conducted addmonal studxes on several spht channel areas along the river, -

To take advantage of ﬂow releases bemg made in the summer of 1994 transects were
plaoed at four split channe] areas’ aiong the Santa. Ynez River prior to the commencement -
'_ of the flow release. In each area, one. transect was placed upstream of the split, and o
separate transects were established for each potentlal side channel. In all, a total of 12'_-

transects were placed Of these four split channel areas, the river flow was divided among

two channels at three sites, Flows durmg 1994 were not high enough to water the fourth-
splxt channel area. : - '

‘These channels were surveyed to determine the proportion of each habitat type in the side
.channels Flow and water surface elevations were measured on 12 occaswns over the
- course of approxlmateiy two months. ‘During this period, flows were ramped. down from
130 cfs (the initial discharge rate from the dam) to 30 cfs (the dxscharge from the dam on -
October 1st when studtes were concluded) '

' The length of the nver Wh.lCh had s1gmﬁcant side channels was detennmed based on aenal |
o photography taken on May 15, 1994. Because there was not contmuous flow in the river -
during this time, this determination ‘was made from pattems of riparian growth and’
_geomorphxc md:catzons of past side channel activity. This evaluation indicated that

approximately twenty and twenty- even percent of the segment lengths (above and below
' Reﬁ.lglo Road, respect]vely) were side channel areas.

_ The habitat cornposmon in the side channels which became wetted during the snde channel _
studxes was determined when mainstem flows ranged from approximately 122 cfs at the
upper site (about L5 miles upstream of Refugio Road) to about 106 cfs at the lower site
(near the go]f course in Solvang) Flows in the side channels’ themseives ranged from 10
to 44 cfs. Thzs survey found that runs composed approxnnately 64 percent of the side -
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channél habitat, while riffles made up- an additional 34 percent Pools composed a
relatively msrgmﬂcant proportlon of the side channel habitat comprising on]y 2 percent

Based on the data developed for spht channel areas in 1994 and a review of DWR's split
' channel models, two of three side channels begin to flow when the total discharge in the
© river adjacent to them is approxrrnately 25 to 30 cfs.. In the final {ransect, side channel

flow begms at approxrmately 15 cfs, but does not represent 2 significant proport:on ofthe

N | tor.a}.ﬂow until ﬂows_rmh about 20 to 25 cf_s

'The propomon of flow in the side channels was determined for all of the 1994 side
- channe!s studied and for the four DWR split channel transects. One of the DWR splits did |
'not hold a srgmﬁcant proportrou of the flow (<5 percent) even when flows i in the mainstem
- were over 75 cfs. Flows in the remaining side channels appeared to be relatively constant,
once a certain threshold was reached. Three of the six remaining side channels generally -
held appronmately 20 percent of the total ﬂow over a wide range of flows studied, one
side channel contained just less than half of the total flow (48 percent), while another
camed about 15 percent. The final side channel had a somewhat diffesent pattern with the
proportion of flow in the side channel being inversely proportional to the total ﬂow from -
114to 36 ofs. This proportlon ranged from 22 to 39 percent

DWRs spht channel models were used to complete a WUA function for srde channel areas “
(DWR's split channel transect below Refugio Road was not used in this analysns because it
lacked enough data to obtain a stage discharge relatronshrp) DWR did not place a split
channel transect across a pool area, but as pools represented only 2 percent of the side
channel areas, this lack is probably not significant. This analysis began with the ._
~ determination of which of DWR's paired split channel models represented the main
~ channef and which represented the side channel. The WUA function for the main channel
and side channel transects were computed individually and then were added together to
form a cornbmed WUA function. The combined WUA functions were based on the
empmcal apportionment of flow between the two models of 75:25 percent as was
indicated -by the side channel studies. |

A sens1t|v1ty analysis of flow proportions between side channels and the mainstem was
conducted by assurrung different proportions of flow in the side channels to detérmine the
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effect on the final WUA function. For riffles, this analysis indicated that the WUA
function was relatively insensitive to the amount of flow in the side channels for'ﬁy and:
Juveniles (Figures 2.5-11 and 2.5-12).. Spawning in riffles showed a somewhat grea:.er
sensitivity to the amount of flow apportioned to the side channels but this response was
| fairly small in the. range of ﬂows considered under the alternatives for spawning (less. than -

70 cfs) (Figure 2.5-13). As the proportion of flow most commonly found in side channels

(during side channel studies and in the DWR data) was near the mid-point of the range of
flow apportioned in the sensitivity analysis, thls is not likely to affect the outcome of the
analysis. L

Runs were somewhat more sensitive to the amount of flow. apportioned to the. side

channel (F:gures 2.5-14, 2.5-15 and 2.5-16), particularly for fry (see Figure.2, 5‘14) and

spawmng (Figure 2.5- 16) Fry showed a declining WUA with increasing flow, mdlcatmg
that velocny in side channel runs rapidly exceeded the su1table velocities for this lifestage

_ as indicated by the preference criteria. This is supported by the mcrease in spawning |

‘'WUA with i increasing flow, although this is likely to be a result of rapidly increasing depth,
as well. With fry, the differences in WUA at different flow apportionment levels is small
 at the flows being considered under the various alternatives (less'than 20 cfs), and thus the -
effects of the amount of flow appomoned to the side channels is unlikely to s:gmﬁcantly _
affect the results of the alternative analysis. Juvenile WUA in spllt-channe] runs has a
relatwely flat relationship with flow, and exhibits only moderate sensitivity to flow
apportionment between channels. Therefore, spht-channels appear unlikely to affect the
results of the alternative analysis. Spawmng WUA in runs is more sensitive to changes in

flow apportionment than any of the other WUA functlons with different levels of flow =
" apportionment _resu]tmg in more than a two-fold difference in WUA at the lower range of

flows. This has the greatest 'proba_bility of altering the WUA functions in the comparison
- of alternatives. It is interesting to note that the side chamiels provide higher WUA values 7
-than do the mainstem areas under most of the flows simulated.' This is likely to be the
 result of a faster increase in depth and velocity with increase in flow than in mainstem
areas, Thi&may indicate that if an increase in spawning habitat is desirable, the creation of .
spawning channels may be more feaszble than attemptmg mmganon m the existing
mainstem channels.

A comparison was made between the preliminary. WUA functions without side-channels
and the new WUA functions which include the side-channels. To.combine mainstem and




side-channel WUA functions into one WUA function for the entire segment, the segment
was broken up into 2 reaches, based on the propomon of side-channel habltat Aerial

'photographs indicated that side-channel areas made up approxlmately 20 percent of the .
segment length. Therefore, 80 percent of the segment length was undivided channel. The -
average division of flow in split channel areas was 75 percent of the flow remained in the :

main channel while 25 percent of the flow went into the side channel. Therefore, to"
combine the WUA functions we estimated the mainstem WUA using 100 percent of the
flow and weighted it by 0. 3. To this we added the Spht channel areas WUA. - This was

calculated by computing the mainstem WUA at 75 percent. of the flow and the side

channel WUA at 25 pereent of the flow. These WUA values were each weighted by 0.2 =
(the proportion of the segment Which was split channel). The sum of these three WUA's =
“ would be the WUA for the segment in square feet per 1,000 feet of stream, “This quantlty
was then extrapolated to obtain the total WUA for the segrnent

This comparison revealed only very minor differences in the total amount of WUA as
indicated in Figure 2:5-17. Juvenile and fry WUA increased only very slightly, while
increases in spawning WUA were nearly undetectable. The addition of side channels to
the modeling process did not mddify the shape of the WUA function. The addition of side -
channel habitat to the WUA functions based on mamstem habitats did not result in any-
modification of the scores for the various alternatives.

2532 Current Habitat Condition's_

Based on the W’UA versus dlscharge functions and flow exceedance data co]]ected at. the
~ USGS gage near Solvang - from January 1954 through September 1991, WUA va]ues |
above Refugio Road indicate that habitat availability has been low for steelhead spawmng |
except in wet years (20 percent exceedance, Table 2.5- 3) Fry habitat is available from

- April through June in wet years, and in Apnl in normal years. Fry habitat appears to be’
unavailable during dry years. The lack of Juvemle habitat from July through November in
even wet years, as indicated by WUA values, may restrict steelhead habitat to refuge areas . _-
that are accessible during periods when the river dries up. Such refuge areas may'lie.
available in scattered pools such as the Long Pond, however, introduced predators such ae
‘bass and sunfish reduce the value of these refuge areas for fry and juvenile steelhead.
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Belotv Refugio Road spawning habitat as indicated by the WUA versus discharge function
is available during'wet years, but is low during normal years (Table 2.5-4). During dry
years no spawmng WUA is present Pry WUA is highest from Apnl through June in wet

years, In normal years there is little WUA for fry except in Apnl In dry years, there is
htt]e or no fry habitat (as mdrcated by the WUA ﬁ.mctlons)

In wet years, the WUA function mdrcates that the amount of juvenile habltat avmlable is
-+ highest from January through May. The WUA values for December and June are less than .
- half of the January through May va]ues From July through November, WUA values are _
| very low. In normal years WUA is hlghest in March and about half the March value in
February and Apnl During the rest of the year, WUA values are low. Durmg dry years,
 'WUA values for Jjuveniles are low throughout the year. Tl'us section of river goes dry
' durmg August and September even in wet years, and from May through December in dry
years. During these penods fish may move into refuge pool areas. - o

Tables 25.5 and 2.5-6 present the exceedance ﬂows and WUA for the two segments
based on the flows at the USGS gage at the Highway 154 bridge for its period of record
after the construction and operation of Cachuma Dam (January 1954 through September
- 1976). We have presented these tables because the flows at the Highway 154 bridge are
actual flows rneasured in the segment above Reﬁ:gxo Road, whereas the Solvang gage
represents ﬂows n the segment below Refi.lglo Road. These flow records were not used
in our primary. analysis because the gage was removed from service in 1976 and therefore.
does not reflect current flow conditions within the river, nor does it reflect the drought
- years of 1977-78, and 1987-91. We also ran exceedance values for the Solvang gage over
- the same period as the Highway 154 gage to provide a comparison of flow at these two
points in the river over the same period of reeord (Tables 2.5-7 and 2.5-8). '

_Compansons of these tables with Tables 2.5-5 and 2. 5-6 reveals that . the December
through June flows for. the same exceedance level at Highway 154 were substantlally‘
' lower than they were at Solvang during the same period of record. However, flow was
higher at Highway 154 in June through November. The WUA va]ues for the segment
above Refugio Road based on flows at the Solvang gage presented in our primary analysis
- overestimates the amount of habitat available in February through June, particularly for
Jjuvenile fish. The H]ghwa}r 154 records provide one less month of little or no habitat
{based on WUA) for fry and juvenile fish.. The river still goes dry, however,

2-96




from September through January in normal years. Dtﬁ'erences in WUA below Refuglo
' Road for the dtﬁ‘erent penods of record at the Solvang gage are insi gmﬁcant _

Upstream Migration Criteria

Upstrearn migration is a critical event in the steelhead lifecycle. Steethead, like the other
anadromous salmonids, return from the sea to their natal streams to spawn. This
migration may be 1mpeded by 2 number of factors such as turbidity (Bell 1986) and low
dissolved oxygen, or physical passage barners such as falls, }ugh velocities, or shaliow
depths. Dissolved oxygen concentrations are discussed in Section 2.5.4. 3, and turbidities
must be very high to impede migration (4,000 NTU) and therefore are not thought to bea
problem on the Santa ‘Ynez River. During the habitat survey, the river between Buellton
and Bradbury Dam was exammed for passage bamers Similar surveys were conducted by
DWR and Thomas R. Payne in 1991 for the nver reach between Lompoc and Buellton.
No falls or velocity barriers were observed, but areas with insufficient depth for upstream
migration were observed. This section examines the amount of flow required to prowde
sufficient depth to allow steelhead to mlgrate past such areas '

The passage surveys indic‘ated' that all of the potentia.l passage barriers would | be of
concern only at low flows. These barriers were always related to shallow riffles or gravel
bars, and not to permanent hydrologrcal features (i.e., bedrock sills, weirs, etc.). As such,
it is unhkely that these potential passage problem areas are oonsastent from year to year or -
(in the same locations from year to year. As a result, the approach taken assumes that the
* passage problems can be assessed through the assumptlon that similar passage problems

are present each year, and that these passage problems are always represented by riffles. |

While the actual location of the problem riffles may change from year to year the
hydraulic charactenstlcs of the nfﬂes remain similar. This concept is termed a state of
"dynarmc equilibrium”, In a river, such as the Santa Ynez, which has a mobile bed, this
approach is as valid as is setting up spectﬁc transects on observed passage problems
(Morhart ef al., 1983). It is likely any given passage problem will change after the next
large flow event. But it is also likely that a similar prob]em will develop elsewhere on the
river. To assess the amount of flow required for steelhead to successfully navigate such
ﬁpassag,e bamers we have used the riffle transects in the reach below Refugio Road and a
set of passage criteria for steelhead developed by Thompson (1972). A second potentlal
‘passage problem was the numerous beaver dams observed in the Lompoc area, but
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steelhead can generally get around over or through beaver ‘dams and. steelhead are

'common In rivers and streams where beaver are numerous.

- Thompson (1972) deﬁned passage criteria for steelhead asa depth of greater than 0. 6 feet
~over 25 percent of the wetted channel width, with at least 10 percent being contiguous,

and velocities of less than eight feet per second. Because Thompson's work was done in
the Pacific Northwest and the steelhead of that region are somewhat larger than the
southern steelhead of the Santa Ynez River (Withler, 1966; Shapovalov, 1944a), the
minimurm passage depth was reduced to 0.5 feet, To eva]uate the amount of ﬂow needed
for passage, the depth-flow relationships for riffles below Reﬁtgto Road were reviewed.
Rtfﬂes were selected for evaluation because they represent the shallowest habitat type and -
thus would most ltkely represent the low flow passage barriers that were 1denttﬁed during
habitat mapping. Those in the segment below Refugio Road were evaluated because the
river was wider i in this area than above Refugio Road and hence would be shallower and
would represent the most critical  passage areas.

Four nﬂle transects were evaluated, one in the Lower Alisal IF]M site and. three n the
Buellton IFIM site.  These cross sections and their water surface elevations at 10 and 25
ofs are presented in Figures 2. 5-18 through 2.5-21. - Moving from downstream to -

- _upstream, examination of Figures 2.5-18 and 2.5-19 shows that passage is not a problern
at these two Buellton transects even at flows as low as 10 cfs. The third Buellton riffle -
o transect does indicate that passage 1s-a problem at 10 cfs, and i is marginal at 25 cfs (Figure

2.5-20). The smtat:on is similar at the Lower Alisal site riffle which was modeled (Figure

" ,_2 5-21). The passage criteria were not met at 10 cf, but were adequately met at 25 cfs,

Based on the foregomg analysis, a minimum ﬂow criterion of 25 cfs was adopted for the
passage of adult steelhead in the Santa Ynez River. This criterion was used to establish

-~ the binary passage scores dlscussed In the alternatives ana]ysus section.

2.5.3.3  Limiting Factors for Steelhead
Ecological theory tells us that all populations are hmlted at a gwen Tevel by some factor |

Llrmtlng factors are physrcai or btoloycai factors that constrain biological populations by -
preventmg an increase above a certain level or by causing mortahty The identification of
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limiting factors is important in determining the types of fishery and habitat management
activities that will help us to achieve a particular goal, Usually:in fisheries management,
the goal is to produce more fish. To achieve that goal, we need to know what. is
preventing the populatxon from 1 mcreasmg Once we have identified the limiting factor(s) .
we can decide if there is some action that we can take to alleviate the constraint. Thxs is
_the approach currently recommended by the. U.S. Fish and Wildlife Service Natlonal .
Biological Survey (former[y known as the Instream Flow Group or IFG) ' o

The low populations of steelhwdlrambow trout in the Santa Ynez RJver l1kely denve from
a number of factors. Among these are lack of access to sufficient suitable spawmng and

- rearing habitats (espectally those blocked by the construction of Bradbury Dam), m'egular'

flows affecting passage to areas containing suitable habitat downstream of Bradbury Dam,

insufficient flows to prov:de suitable . habltat in the mainstem downstream of Bradbury

Dam, irregular passage ﬂows from spawning areas to the lagoon for emigrant adults and

| juveniles, degradation of mamstem habltats due to alterations in sedlment transport and

flow regimes, and the presence of numerous warmwater predators downstream of .
Bradbury Dam. In addition, ‘when populations are very small, they may be unable to
exploit episodic good co_nditions when they occeur, _Theref_'ore, in an irregular flow and
habitat environment, a populati_o_n mﬁ_y become too small to recover to greater abundance
on its own. | ' s

One of the consequences of the construction and 0peration of Bradbury Dam was the
~reduction in seasonal habitat available to steelhead/rainbow- trout in the mainstem
_ downstream of Bradbury Dam. This included a reduction in the area of suitable hab:tat
avallable and a decrease in the frequency with whlch the ﬁsh could gain access to it.

A 'limiting_factdr anaiysis integrates infonnaﬁon 'on life history features, sources of
mortality, and habitat requirements with the environinental conditions encountered by the
- species of interest, steelhead. The']imit‘ing_factor analysis has several parts. It usually
_'begins with the evaluation of life history; The timing of events is important because
different life history stages have different habitat re_quii‘ements. For example, habitat
requirements for ycﬁmg fish differ from those needed for spawning, Data are needed from -_

both the scientific literature (habitat reqmrements) and from site-specific studles (habitat .

availability as 1nd1cated by IFIM).




- The next step is to evaluate the habitat requirements for each species and life history. stage.
This information then permits an evaluation of the adequ_acy of habitat conditions in the
Santa Ynez River downstream of Bradbury Dam to support a particular lifestage.

'Once the factors affecting important lifestages have been identified, then we can find the '_
lifestage that is limiting the population. If we can take some action to remove this

restriction, then we can increase the_populationQ The amount of increase_ that can be
'.achieved will depend on at what point the next limiting factor takes effect. One way of
evaluating limiting habitat factors is to examine whether the habitat ava:lable as indicated _
by IFIM results, for a specnﬁc lifestage can potentially suppon fewer fish than an earlier or. |
later lifestage can, The habitat that supports a lower number of fish may limit the uitimate '_
number of fish that can be produced and is known as the "habitat bottleneck”." By .
1dent1fymg the "habitat bottleneck" we can identify what habltat and "~ hfestage is
constraining populatlon growth :

The IFIM habitat analyseS'discussed above provides an index of the ainouht" of habitat | .
potennally available for steelhead hfestages as a function of flow. By examining the _

availability of habitat, we can gain insight into potential of the habitat to support steelhead. -

By examining the habitat area available for spawning, we can roughly estimate the nurnber
of steclhead redds that can be accommodated. As discussed above, the ma}onty of
- mainstem Spawmng habitat downstream of Bradbury Dam appeared to occur upstream of

Refugio Road. Table 2.5-2 shows spawning WUA for existing substrate in the reach -

above Refugio Road. Considering the length of the reach and an average redd size of 48
fi?, a rough estimate of the number of potentlal steelhead redds may be obtazned That
estimate is about 651 redds based on the habitat present at a flow of about 48 cfs. Usmg
an estimated fecundity of 4,600 eggs per redd, approximately three million eggs would be
obtained. Based on an embryo survival to emergence of 40 percent, about 1, 200 000 ﬁ-y
potentially could potentially be produced in'this portion of the mamstem

The number of fry that can be accommodated in that area is somewhat flow dependent
Based on an USFWS (pers. com.) estimate of one fry per three square feet of W'UA, Table
2.5-9 presents the number of fry that potentially could be accommodated in rearing habitat
upstream of Refugio Road. Values are presented for existing substrate or the number that
could be accommodated under existing conditions.




- Table 2.5-9. Fry Rearing Potential and Ratio of Potential Fry Habltat to F ry-
Production from Potential Spawmng Habltat. '
o _ Ratio of Potential Fry Habitat to
Discharge (cfs) Fry Habitat Rearing Potential ~ Habitat needed by Potential Fry
— : —_— : . ' Production -
5 . 37,895 . o 3%
10 60,345 - . 5%
.15 R 76,013 o 6%
20 : 96,559 ' . 8%
25 | - 117,321 o ; 10%
30 . 133,100 T 11%
35 : 142,392 - e ' 12%
40 148772 R - 12%
45 o 154,339 c 13%
50 _- 158,446 _ T 13%
55 © 162,508 o . 14%
60 g es,10 - - 14%
65 S 167,462 14%
70 169,931 . 14% -
L 22700 14%
- 80 - 173,999 15%
85 ' 174,396 - 15%
90 174,117 | j 15%
95 - 172,587 . - 1%
100 - 170,376 - g 14%
110 165,866 e 14%
120 L 163,105 L 14%
130 ' 160,521 . T 13%
140 _ - 158,528 o 13%
150 - ' 157,440 T 13%
160 ' _ 156,892 S 13%
170 . S 156,662 - a ' 13%
. 180 ; © 156,081 - : 13%
190 155766 = . - . 13%
200 T 155305 . . 13%
210 ' 153,664 13%
1220 o : 152,414 o - 13%
230 : : 152,990 - ' 13%
240 . S 154004 - o 13%
- 250. S 154,765 S 13%
260 155733 o - 13%
270 R . 157,937 ' L 13%
280 _ 159,106 - 13%
290 160,116 > 13%
300 : 160,407 e 13% _
Note: - Estimated Fry Production at 48 cfs .
- (Assuming 40 Percent Embryo Survival to Fry Stage)
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. We can then compare. the habitat needed by the potential number of fry that can be |

produced at the spawning flows being evaluated with the fry rearing habitat available to
support them. The second column of Table 2.5-9 clearly shows that existing fry reanng _

~habitat available is insufficient to support the number of fry that could potentlally be

produced from spawning. The third column of that table presents the fraction of the
potentlal fry productlon that can be accommodated by fry rearing habitat through a range
of flows. No more than 15 percent of the ﬂ'y that could be potenuallyproduced could be

' "-accommodated at any flow

: Tius means that fry reanng habitat will generally be more hrmtmg than spawmng under the
 project alternatives being considered (See Section 3.1). It should be kept in tmnd that

even before the construcnon of Bradbury Dam, the availability of fry rearing habitat may

~_ often have been a problem Hydro]og:c modeling suggests that the mainstem of the river

frequently went dry. Fish rescue operations were described by Shapovalov (1944a). He

indicated that young-of-the-year steethead became stranded in the mainstem during dry

years before the construction of Bradbury Dam. Perennial tnbutanes must have played an
important role for both fry and juvenile freshwater rearing. .

“The conclusion that can be dfaWn from the above is that mainstem fry habitet wll need to |
-be increased substantially or that fry will need to rear somewhere else. Lagoon rearing is

important to steelhead in other river systems (Smlth 1990) and can provide rearing habitat
when msuﬂic:ent area is availabie in the mainstem of the river. One of the places that
Shapovalov (1944a) placed rescued young—of the-year fish was in the Santa Ynez Rwer_

E 'lagoon

Improvement of mamstem fry rearing habltat 1S poss1ble PHABSHVI sxrnulatlons of fry

habitat with lmproved cover (substrate) (described in Section 2. S 3. 1) suggest that fiy
habitat could be increased substantially. Although, IFIM analyses suggest that substantial -

- improvements in fry habitat could be obtained with substrate improvements (providing

cobble) it is llkely infeasible to achieve more. than a fraction of what is theoret:ca]ly
possible.- This is due to the size of the reach that must be "improved” and the need to
maintain the large substrates without embedding by sand or other fine sedlme_nts '

Juvenile steelhead may rear forupto a year of more in freshwater. Historically, mainstem
rearing habitat has not been available on a dependable basis. This is because flows have
not been present each year in the mainstem, nor have they persisted throughout the year,
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Hydrologic modeling and historical accounts suggest that this was. true before the
construction of Bradbury Dam, as well. In order for there to be adequate juvenile re;uing
h-abitat, both sufficient physica] habitat and adequate water quality need to be _maintain'ed.

The relanonshlp of juvenile reanng habitat to flow was analyzed using IFIM (Seotlon
25 3 1). Table 2.5-10 shows the potential number of juvenile steelhead that could be
accommodated by rearing habitat based on IFIM results in column three. The sécond -
~ ¢olumn indicates the maximum potential nurnber of fry, that could be available to become
juveniles. That number would be attained if the full rearing potentla] of the existing fry
habitat was realized, all of those fry stayed in the river mainstem and 25 percent of the
resultant fry survived to become Juvemles This 1s hke!y an overestimate of resultant ﬁ'y
productzon The fourth column presents the ratio of juvenile habitat needed to
accommodate the resultant ﬂ-y and juvenile habitat available with flow. Ata ﬂow of 10 cfs
81 percent of the resultant fry could potentially be accommodated as juveniles. At 15 cfs,.
there would be sufficient habitat to accommodate more than the potential resultant fry. At

a higher flow, such as 40_cfs, there would be twice as much habitat available as potohtially -
would be needed.

Juvenile habitat downstream of Bradoury Dam (at fiows over 10-15 cfs) has the oot:ent'ial
to accommodate more juveniles than can be produced by the existing fry habitat,
| Theref'ore it is less hmmng to the steelhead. population than fry habitat. Spawning habltat
downstream of Bradbury Dam (at 2 flow of 48 cfs and assuming passage is provided) has
the potennal to produce more fry than fry rearing habitat ‘has the potential to

‘accommodate. Therefore, spawning habitat is potentially less likely to be limiting than fry -

 habitat given flows in the Santa Ynez mainstem in the range discussed. This suggests that

mainstem fry habitat is likely io be more limiting than either of the other two habitat types | -

1t is likely to be a "habitat bottleneck”, if all fry rearing is to occur in the mainstem.

The limiting factors analysis discussed 'above, suggosts that if 'adeqoate passage and
spawning flows are provided, only a portion of the resultant fry can be accommodated in
mainstem rearing habitat. This suggests that mainstem fry reaﬁng'habitat should be
.impro'ved to increase the potentially 'aVailable suitable habitat. 1t also suggests that
emigration passage flows should be provided to allow fiy to move to the lagoon to rear.
Access to other habitat areas should also be considered to expand potential rcanng areas.
In addition, rearing area that may be used by ﬁ'y or Juverules dunng the warmer months
will need to have suitable DO and water temperatures '
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Water Temperature Monitoring - Below Gibraltar Dam _

Water temperatures also are being monitored in the reach upstream of Lake Cachuma
These recorders are located 2s shown in Frgure 2.5-28, Water temperatures recorded
upstream of Lake Cachuma during 1994 are presented in Figure 2. 5-29. Dunng May, -
there was an approximately 1.8°F (1°C) increase in water temperature between the dam |
and Los Prietos Ca_mpground. Duﬁng the remainder of the summer, daily_mean -wa__ter '
temperature continued to increase reaching 24°C below-iGibral_tar Dam and near 26°C at
Los Prietos Campground. This resulted in water temperatures over 68°F (20°C) in late
.- May. It does not appear that water temperatures in this reach will likely be suitable for
- adequate growth of trout during the summer months.

2.54.2  Stream Temperat_ure Model

Introduction

A water temperature model was ca.llbrated for the mainstem of the Santa Ynez River .

_ downstream of Bradbury Dam. The purpose of the model was to estimate daily mean

water temperatures that could be obtained downstream of Bradbury Dam by reIeasmg o
* flows associated with the various alternatives. Another key reason for using the ‘model
~was to determine the benefits that could be obtained from the release of cool water from
Lake Cachuma's hypolimnion (bottom water) in conjunctlon with the minimum ﬂows
assocrated with the alternatives. : ' -

One of the reasons for using a stream temperature model was to analyze condxtions other
than those that were present during the time of data collection. For example, during 1993,
air temperature conditions in the Santa Ynez River area were extremely warm. Dunng the.-
spring and - summer, air temperatures were among the hottest recorded in the area.




' MOdE] DCSCTiDﬁOﬂ N ’ P

 Water temperatures were estimated using the USFWS’ SS'I'_EMP_model. This model is a
PC-based model prepared by the USFWS" Instream Flow Group (Bartholow, 1991). The
‘model is-bas_e_d__- on physi_cal relationships. - There are two additiona! models that are used

with SSTEMP. = These include the SSSOLAR and SSHADE models. The SSSOLAR -

~ model pred:cts solar radiation and day length based on the latitude of the stream basin,
time of year, basin topographic charactenstlcs and prevmhng meteorologre conditions. -

. _. Stre_a'm shading is ce‘mpu’ted_'ﬁfom me_asurements of -the-stream azimuth, stream width, .
topographic altitude, vegetation crown diameter, vegetation height, vegetation offset (the

-average distance of the vegetation from the water's edge), and the vegetation density. The -

~ stream shading sub-model allows accountmg of the effects of topographxc and vegetanve:: _
- shading. -

‘ Data’R_Q uirements an d Calibration'

Three sets of data are requnred as mput to-the model (1) meteorologic, '(2) hydrologic
and 3) stream geometry. Meteorologrc data consist of solar radiation coefficients :
k (atmospheric dust. and ground reflectivity), air temperature relatwe hurmdrty possrble'--'
~ sunshine, and wind speed. -

'Hydr'o]ogic data ) cohsist of discharge data throughout the stream system, initial
temperatures of the mainstream and significant tnbutanes and estimates of the
‘temperatures of distributed inflows (groundwater or over]and)

_Stream. geometry consists of a deﬁnition of the stream system network (latitudes,
elevations, and distances), stream widths, stream shading, and hydraulic retardance.
Stream sha'd'ing.is computed from measurements of the stream azimuth, stream -mﬁdth,_
topographic altitude, vegetation crown diameter, vegetation 'heigh.t, vegetation offset (the
'average distance of the vegetation front the water's edge), and the vegetation density. The
degree of detail provided with IFG's stream shading sub-model is unique and allows
precise accounting of the effects of topographic and vegetative shading. |
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The model was calibrated based on.struc'tural and shade field data c_dllecte_d_ during 1994
and meteorological, hydrological, and water temperature data collected during 1993. The
data set was divided into two subsets. One subset only was used to calibrate the model,

'the second subset only was used to check the calibration and calculate "f t statrstlcs The -
~ validation data set was used mdependently of the calibration.

Stream Structure Data Collection

" Stream structure data are necessary for calibration of the stream tamperature model A

field trip was conducted during July 1994 to estimate the topographic and vegetatlve
shading. Data were converted to the model input format using our program
SHADECALC.

Areas for collection of structure data were determmed initially from maps and aenal
photographs Each area was then charactenzed from on-site measurements. '

System geometry and stream 'gra.dient were determined__ﬁ'om aerial photography and
USGS maps. Stream width measurements were taken during the stream shading field trip
and during the course of the IFIM studies. Width functions were derived for each

- structural reach for the range of flows studied. Manmngs (rouglmess coefﬁc:lents) was

determined from data col]ected during the IFIM studies.

Hydrology data were obtained from the USGS for the Alisal Bridge location in Solvang.

This was the only active gaging station operated in the study reach. Release ﬂow data_ :
were obtained from the U.S. Bureau of Reclamatlon '

Meteoro]dgical data were obtained from local stations. - Air tempéramre data were
collected near Lake Cachuma (NCDC reporting station), Santa Ynez (CIMIS reporting

~ station), Lompoc (NCDC reporting station), -Santa Maria AlrpOft (NCDC reporting.

station), and Santa Barbara Airport (NCDC reporting station).

~ The air temperature data obtained from the meteorological station for the duratxon of the
: meteorologlca! monitoring penod was compared with the historical means (normals) and |

the average daily extremes in order to assess whether the meteorology was different from
the means or the extremes.
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- The meteorolog,ical data from these stations also was used to derive the relative humidity,
-~ wind speeds, and cloud cover. These values were used as input for the stream temperature -
model

Water temperature data were COlIected by CDFG and SY’R.TAC 'duri:ng 1993 as described -
above. Data for July through August were used for model calibration and- validation,

‘Complete data sets including meteorology, water temperature, and hydrology data were

- available for the penod ‘Complete data sets are needed for either calibration or validation,
: Addmonal data were collected during 1994 by CDFG and SYRTAC, the SYRTAC data
set was not avarlable in tzme to be used in rnodel cahbratzon '

' 'The cahbratxon used nodes at Bradbury Dam (0 mi. downstream) the "long pool" (0.3 mi.
| downstream) San Lucas Raneh (1.0 mi. downstrmm) and Al:sal Bridge in Solvang .8
.' mi, downstream) These Iocatrons correspond to srtes where water ternperatures were
" recorded, ' '

The 1993 data sets for all parameters were assembled and all days for whlch there was

“incomplete data were removed. The remalmng data set was divided into two mdependent
subsets. - A random selection was made to designate one subset for calibration and the
~ other set for model validation. The model was c'allbrated using the calibration data subset. -
Upon completron of cahbratron, the model _was used with the validation data set to
calculate fit and mode! performance. Frgure 2.5-30 shows examples of measured and
‘.estlrnated water temperatures used - in model vahdatron The validation s_taustrcs are
presented below for each of the callbratlon nodes. | '

[ Average Bias °F (°C) 0. 12(0 07) -0.41(-0.23) | -0.46(-0.26)

1.81(1.01)

‘Standard Deviation of the Bias ,o_.4s(o.27) ’1;60(0._89)'

The statistics ‘indicate that the model, on average, predicts water temperatures about
0.07°C warm at the Long Pool, about 0.23°C cool at San Lucas Ranch, and about 0.26°C
~cool at Alisal Bridge. The standard deviations indicate decreased precision of estimates
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Water Temperature (°C)
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- Water Temperature (°C)

July 8, 1993 - Recorded vs Modeled
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Distance Downstream of Bradbury Dam (Miles)
iJModeled -Recorded
Figure 2.5-30.  Santa Ynez Water Temperatures.
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at stations further downstream. ‘As described by Theurer ef_ al. (1984), the 50 peréent' :
confidence interval at each of the nodes is described below.

Uﬁper C.L °F(°C) 0 27(0 15) 0 .83(0.46) : 0 64(0 36)

-1.65(—0.9-1) -1.56(-0.87)

{ Lower C.L °F(°C) -0.03(-0.02__).

'Although the model prowded a reasonable fit for the data sets used to. calibrate and
‘validate it, it should be kept in mind that the 1993 data set represented extreme

._me_teorologlcal conditions. Based on air temperaturgs, the summer of 1993 was extremely
warm, one of warmest on record. The use of an extreme data set for calibration may
result in some predictive bias for other conditions compared to the same model ca]ibrated
to more vaned or more normal conditions.

Simulation '

The model was used to estimate daily mean water temperatures in the Santa Ynez River
downstream of Bradbury Dam during the warnier months, May through September -An
additional node' was added at Refugio Road to add additional detail to the results.
~ Simulations were performed for normal meteorological conditions (median  air
temperatures) for each month. Water temperatures were esnmated for each of the 3A
altematives that were under con51derat10n for the enwronmentaﬂy preferred alternative”.
The principal target of esnmatmg water temperatures was predicting habitat conditions for
steethead/rainbow trout

- Estimates of release' water temperatures potentially available from the release of _
hypolimnetic (bottoxa) lake water were provided by CH2MHill (Everett, pers. cbmin.).-
Release water temperatures were related to storage levels in Lake Cachuma. Release
water temperatures associated with each alternative's storage levels were used with the
calibrated model to estimate downstream water temperatures for each alternative. The
water temperatures available from hypolimnetic lake water are presented in Table 2.5-13.

Median flows were calculated '.from simulations of altemnatives resulting from the
hydrological model. Flows used in water temperature simulations were median flows for




Table 2.5-13. Hypohmnet:c Release Water Teraperatures Used for Water

Temperature Slmulatwns.

Water Temperature (°F)

Alternative “May June - July August - September
Alt 1 583 601 61.9 1 66.0 67.8

Alt 3A1 58.9 607 65 662 680
Alt3A2 575 593 . 611 64.3 66,1
Alt3A3 59.0 60.8 62.6 66.3 68.1
Alt3A4 575 593 L1 64.5 663
Alt 3A5 59.2 61.0 62.8 66.6 .68.4

Alt 3A6 592 . 610 628 " 66.5 68.3 -
Alt 3A7 59.2 6.0 628 66.5 68.3

Water Temperature *C)

Alternative kMa'y June  July Just ~September
ARl 14.60 15.60 1660 1838 1988
Al 3A1 1497 1597 1697 ' 18.98 19.98
Al 3A2 14.17 15.17 1617 1797 1897
Alt3A3  14.99 1599 . 16.99 119.07 2007

Al 3A4 1416 - 15.16 - 16.16 18.05 19.05

- Alt 3A5 1513 16.13 17.13 . 19.22 12022

© Alt3A6 15.10 1610 17.10 19.19 20,19
Alt 3A7 15.12 20.17

16.12 17.12 1917

2-138




each month simulated for each altematlve Median flows used in simulations are
- presented in Tab1e25 14 L

"'Meteorologtcal data are also needed for predxctmg water temperatures Median air
 temperatures must be based on 2 sufﬁcnently long period of record. Although several of
the reporting stations had long-term data available, the Santa Ynez station did not.
Correlations between long-term NCDC climatic data and the local air temperatures
_enabled us to produce historical climatic data which was then transposed to the study area.

An r‘L value of 0.75 "Was obtained ‘between' air temperatures recorded the Santa Ynez

_ meteorological stauon and Cachuma. These transposed data were ranked to obtain the

50th percentile air temperature. Correspondmg wind speed, humidity, and cloud cover .

. were: obtained, as well. The meteorology corresponding to the 50th percentile (median)

was used for stream temperature simulations  of alternate flow regimes (normal

_ | eondluons) Medlan air temperatures used in srmu]atmg the alternatives are presented in
~ "Table 2.5-15.

" The long-term historical median air temperatures were used with average values for other
meteorological values for which only shorter periods of record were available. Values for

~other meteoro]oglcal values are presented in Table 2.5-16. Solar radiation and day length

. were calculated using the USFWS SSOLAR submodel. - Average monthly shade values

- (T able 2.5- 17) were calcu]ated from the USFWS SSHADE submodel.

. The daily mean water temperatures estlmated usmg the model were tabulated for

" comparisons between alternatives. These results are presented in Table 2.5-18. This table =
presents the estimated daily mean water temperature at each node location. It also

presents the distances downstream of Bradbury Dam that are below 20°C and 22°C,
o respectively. The 20°C temperature was presented since this- represents a temperature that
~ has been identified as providing for acceptable growth of rainbow trout stocks in Central
and Southern California. . The 22°C temperature was selected smce it represents a
temperature - slightly above that identified for no net growth (21 5°C) of northern .
O. mykiss stocks (Hokanson ef al 1977). This temperature may represent a temperature
" where little or no net growth may occur for southern rambow trout stocks, but may not

result in stress or mortality.




The water temperature estirnate's should be interpreted in light of the vaIidation statistics.

That is where the bias estimate indicates the esumates were too warm or t0o cool, the

predicted temperature should be mterpreted as likely to have the same bias, on average.
These water temperatures also are presented as part of enhancemerit discussion for each
altematwe in Sectlon 3.0.

2543 ) nissdly'ed Oxygen.
Dissolved oxygen levels in the mainstem: of the Santa Ynez River were measured at

 streamflow releases of apprommately 10 cfs on 8 and 9 .Tuly, 5 cfs on 13 and 14 October
" and 1cfson 9 and 10 November 1993 between the stﬂhng basin and Highway 154 bndge_

'(SYRTAC 1994). There were substantial daily fluctuations in the DO levels between pre- |

dawn and late afternoon readings (T able 2.5- 19). The early moming readlngs showed DO

in the Santa Ynez River could decrease to levels that are ‘stressful to several species of fish - b

1nhab1tmg the river, including steethead/rainbow trout. The daily fluctuation in DO levels

is the result of a natural process of respiration and ph_otosynthesns mvolvmg algae. Large

mats of algae were obeerved covering the surface of several large pools ﬁpstream of the

Highway 154 bridge. Through the processes of photosynthesis and reSpiration, algae

alternatively produces and l,ises oxygen. During daylight hours (photosynthesis) DO

would be released, resultmg in hlgh DO levels. However, at night, resplratlon may result
- in very low DO levels during the early morning hours. '

- Daytime measurements recorded in March 1994, suggest that dissolved oxygen levels in
the Santa Ynez River were sufficient (=8.0 ppm) to allow steelhead and rainbow trout to
nugrate and spawn m the river. However, during the critical summer/fal] reanng seasonin -
. 1993, dm]y minimum levels of 3.0 ppm or lower (minimum of 1.8 ppm) were recorded in

SYRTAC Sampling Sites 1, 4 and 15 dunng spot checks in July, October and November.

'Although these data are limited in scope, they indicate that dtssolved oxygen, under

existing conditions, can drop to levels which are stressﬁ.ll and: possibly lethal to rearing
steelhead/rainbow trout.
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