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REPORT SUMMARY  
 

Scope of Work  

In fall 2008, 4 Santa Cruz County watersheds were sampled for juvenile steelhead with the 

purpose of comparing habitat quality and juvenile densities with past results. Refer to maps in 

Appendix A that delineate reaches and sampling sites. The mainstem San Lorenzo River and 6 

tributaries were sampled with a total of 17 sites. Seventeen half-mile segments were habitat typed 

to assess habitat conditions and select habitats of average quality to sample. Tributaries included 

Branciforte, Zayante, Lompico, Bean, Fall and Boulder and Bear creeks. Fall Creek was added at 

the request of the San Lorenzo Valley Water District. Seven steelhead sites were sampled below 

anadromy barriers in Soquel Creek and its branches. Eight half-mile segments were habitat typed, 

including between Girl Scout Falls I and II. NOAA Fisheries discontinued fall sampling between 

these falls. In the Aptos Creek watershed, 2 sites in Aptos Creek and 2 sites in Valencia Creek 

were sampled, and the 4 associated half-mile segments were habitat typed. In the Corralitos sub-

watershed of the Pajaro River drainage, 4 sites were sampled in Corralitos Creek, 2 sites were 

sampled in Shingle Mill Gulch and 2 sites were sampled in Browns Valley Creek, along with 8 

associated half-mile segments habitat typed.  

 

Steelhead Life History  

Most juvenile steelhead spend 1-2 years in freshwater before smolting and migrating to the ocean 

to reach sexual maturity. In the ocean they spend 1-2 years of rapid growth before returning as 

adults to their natal streams to spawn. When juveniles reach 75 mm Standard Length (SL) (Size 

Class II) by fall sampling time (~ 3 ½ inches total length) they are considered large enough to 

smolt the following late winter and spring. Unpublished, independent research has shown that 

many returning adult steelhead in some local streams reached smolt size their first growing season 

(J. Smith, pers. comm.; E. Freund, pers. comm.). Smith also found evidence of one-year smolts 

in 1978 in Uvas Creek after the drought of 1976-77 that had prevented adult access (Smith and Li 

1983). Therefore, habitat conditions are very important in portions of watersheds that have the 

highest capacity to grow a percentage of YOY to Size Class II in their first growing season.  These 

portions include the San Lorenzo River Lagoon, Aptos Lagoon, Soquel Lagoon, lower and middle 

(wet years only) mainstem of the San Lorenzo River and mainstem Soquel Creek. High baseflow in 

MayīSeptember increases the percentage of YOY reaching Size Class II.  Enhanced production of 

Size Class II and III juveniles is necessary to increase adult returns because ocean survival increases 

exponentially with smolt size. 

 

YOY emerge from the spawning gravels and spread (primarily downstream) throughout the 

watershed in spring and early summer. Since more adult steelhead spawning tends to occur in the 

upstream and tributary reaches of the watershed (barring passage difficulties), the highest initial 

YOY densities tend to be there. Therefore, it is likely that juveniles distribute mostly in a 

downstream direction where competition is reduced. High streamflows probably increase 

downstream dispersal, and it may be reduced in drier years. Once habitats have been selected, 
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juveniles remain in the same habitats or in close proximity throughout the summer and fall. They 

distribute according to the quality of feeding habitat (fastwater with adequate depth) and/ or 

maintenance habitat (water depth and degree of escape cover as overhanging vegetation, undercut 

banks, surface turbulence, cracks under boulders and submerged wood). Habitat quality improves 

when less sand enters the stream (called sedimentation) from soil and streambank erosion 

because less sand input increases aquatic insect habitat. With less sand, embeddedness of larger 

cobbles and boulders is reduced to provide more cracks and crevices for insects to use. Less sand 

and embeddedness also provide better fish habitat with more escape cover for fish to hide under 

and by increasing water depth around scour objects (more escape cover). 

 

Most Significant Findings in 2008 Compared to 2007 
 

In All Watersheds:  

¶ Larger stormflows came prior to March 1, with a late January peak flow of more than twice 

the bankfull flow. Large stormflows challenge overwintering  juvenile survival but provide 

access for adult spawning. 

 

¶ Virtually no stormflows occurred after March 1, allowing redd (nest) retention, good egg 

survival and good, young YOY survival after emergence from the gravel. 

 

¶ There was a reduction in fastwater habitat and depth due to low summer stream flows. Loss 

of fastwater habitat and depth reduce habitat quality by causing less riffle habitat shallower 

riffles, and slower insect drift rate, resulting in reduced juvenile steelhead growth rate. 

 

¶ YOY densities increased following a winter with larger stormflows early on and little rain 

after March 1, leading to low baseflows in MayīSeptember and slow YOY growth rate. 

 

¶ Yearling densities decreased after a winter with stormflow that was more than twice 

bankfull on the mainstem San Lorenzo at Big Trees and similarly high in other watersheds. 

 

¶ There was a continuing small proportion of young-of-the-year (YOY) steelhead growing 

into Size Class II after a spring of relatively low streamflow that slowed growth rate. 
 

In the San Lorenzo River Watershed: 

¶ In the lower and middle mainstem (Reaches 1, 2, 4, 6 and 8), there was a reduction in 

fastwater habitat and depth; this resulted in a significant loss of habitat quality where most 

juvenile steelhead utilize fastwater habitat to feed on drifting insects.  

 

¶ In the lower and middle mainstem (Reaches 1, 2, 4, 6 and 8), overall habitat quality 

declined primarily due to shallower (and presumably slower) fastwater habitat caused by 

channel widening, continued low baseflow and less escape cover in fastwater (Table 41). 
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¶ In the lower mainstem (Reaches 1, 2 and 4) a potential passage impediment became reduced 

in Reach 2 at the beginning of the Rincon riffle (natural re-arrangement of boulders and 

reduced gradient). 

 

¶ In San Lorenzo tributaries, of the 12 reaches monitored and compared between 2007 and 

2008, 6 reaches were similar in habitat quality (3 in Zayante, 2 in Branciforte and 1 in 

Bear), 3 reaches had slight decline in habitat quality (2 in Boulder and 1 in Fall 

(compared to 2000)), 2 reaches had significant decline (2 in Bean) and one reach had 

slight improvement in habitat quality (Lompico) (Table 41). Slight declines were 

attributed to shallowing of habitat due to reduced streamflow. Scour was evident in pools 

in some reaches to offset the reduced streamflow. Substrate conditions remained similar 

in most reaches between years. Significant declines were due to reduced pool escape 

cover in middle Bean and dewatering in upper Bean Creek. 

 

¶ YOY densities increased, with them being near or above average at 13 of 17 sites. 

 

¶ The highest YOY site densities were found in Reaches 13c and 13d of Zayante Creek 

(highest in the watershed), Reach 17b in Creek middle Boulder and the lower mainstem in 

Reach 4 near the Henry Cowell Bridge entrance.  

 

¶ Yearling densities decreased at 8 of 10 tributary sites, indicating poor overwinter survival. 

This decrease was statistically significant for sites in the San Lorenzo drainage.  

   

¶ Site densities of important larger juveniles (smolt-sized, Size Class II/III and yearlings) were 

below average at all sites except one where YOY densities were high in 2007 and over-

winter survival was high (upper Zayante #13d) and one where resident rainbow trout may 

be established (Fall #15). 

 

¶ In Bean Creek, in the normally productive middle Reach 14b, overall habitat conditions 

declined with 27% less pool escape cover after human cutting of instream wood. 

 

¶ Upper Bean Creek Reach 14c was dry by early September, likely causing mortality of 

hundreds of juvenile steelhead based on previous yearsô densities. A stranded adult female 

was observed in this reach prior to dewatering. 

 

¶ An adult steelhead passage impediment was discovered on Fall Creek (large, downed 

redwood spanning the creek). 

 

¶ In Lompico Creek a log cluster was discovered at a narrow slot created by a flashboard dam 

remnant with a concrete apron, likely created a partial adult migrational impediment.  
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Wide and Steep Rincon Riffle in the Lower Mainstem San Lorenzo River, Reach 2,  

Low-Flow Passage Impediment in 2002                                                 11 June 2002 

 

 
Wide and Steep Rincon Riffle in the Lower Mainstem San Lorenzo River, Reach 2,  

Low-Flow Passage Impediment in 2002                                               11 June 2002 
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Reduced Gradient Rincon Riffle in the Lower Mainstem San Lorenzo Riverī Reach 2  

Reduced Passage Impediment in 2008                                               16 September 2008 

 
Close-up of Rincon Riffle in the Lower Mainstem San Lorenzo River               16 September 2008 
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Large YOY Steelhead from the San Lorenzo River, Rincon Site 2                           16 September 2008 

 

In the Soquel Creek Watershed: 

¶ Juvenile coho salmon were captured at the lower East Branch Site 13a, downstream of Mill 

Pond. 

 

¶ The dry streambed in the SDSF reach on the upper East Branch expanded from 165 ft in 

2007 to 301 ft in 2008, with streamflow at a trickle (estimated 0.01 cfs). 

 

¶ Dry streambed was reported in the lower East Branch, downstream of the study segment, 

and baseflow in the West Branch was visually observed in August to be more than twice the 

baseflow in the East Branch at their confluences. 

 

¶ In the 4 mainstem reaches analyzed, non-streamflow related habitat quality was similar in 

Reaches 1 and 7, with slightly deeper pools and similar escape cover, while Reaches 3 and 8 

had lower habitat quality, with shallower pools, less escape cover, increased fines and 

increased embeddedness. 
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¶ In the lower East Branch below Mill Pond, habitat quality improved with deeper pools, 

similar streambed conditions and more pool escape cover. 

 

¶ In the upper East Branch above Amaya Creek, habitat quality declined with step-run habitat 

converting to shallow pool habitat, with reduced pool depth and reduced pool escape cover. 

 

¶ In West Branch Soquel below Hester Creek, habitat quality was similar to 2007 (slightly 

deeper pools but slightly less pool escape cover, shallower runs and similar substrate 

conditions). 

 

¶ In West Branch Soquel between Girl Scout Falls I and II, habitat quality was similar to 2007 

(slightly shallower average pool depth and run depth but similar pool escape cover and 

substrate conditions). 

 

¶ Total and YOY densities increased at 6 of 7 sites, and YOY densities were above average at 

all sites except at the upper East Branch #16 in the SDSF (although YOY density at that site 

was much improved over 2007, a year with a very mild winter that may have been hindered 

adult access). 

 

¶ Yearling densities declined at 6 of 7 sites, except in the lower East Branch where they 

remained low, indicating poor overwinter survival of yearlings and/or limited recruitment 

from YOY in 2007. 

 

¶ Size Class II and III juvenile densities declined at 5 of 7 sites and were similar to 2007 at the 

other two. 

 

¶ Size Class II and III densities were below average at 5 of 7 sites and near average at 

Mainstem Site # 1 and East Branch Site #16, with few YOY reaching Size Class II in the 

mainstem and lower East Branch due to low baseflow and reduced YOY growth rate. 

 

¶ Retrieval of NOAA PIT-tagged juveniles included one YOY (age based on size) on 23 

September at Site #10 in the mainstem above Moores Gulch and 4 juveniles captured on 24 

September at Site #16 in the SDSF above Long Ridge Road crossing (likely 1 YOY and 3 

small yearlings based on size). 

 

In the Aptos Creek Watershed: 

¶ Habitat conditions continued to improve in 3 of 4 studied reaches, with the exception of 

lower Reach 2 in Valencia Creek. The observed reduction in baseflow had shallowed pools, 

runs and riffles. But this was offset by increased pool escape cover in 3 of 4 reaches. 
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¶ YOY densities increased at upper sites in Aptos and Valencia creeks and were lower or 

similar at lower sites, indicating more spawning effort and success higher in the watershed, 

with YOY densities above average at all 4 sites. 

 

¶ Size Class II and III juvenile densities and yearling densities declined at 3 of 4 sites and 

below average at 3 of 4 sites, the exception being upper Valencia Site #3.  

 

¶ In Aptos Creek the fewer large juveniles may have occurred due to fewer YOY reaching 

Size Class II at the lower site and reduced overwinter survival of yearlings. At the upper 

Aptos site there were few YOY in 2007 to be recruited into the yearling age class.  

 

¶ In lower Valencia Creek, major sedimentation was observed in 400 feet of channel below 

the confluence of the East Branch, downstream of Valencia Road Bridge. 

 

¶ In lower Valencia Creek, poorer overwinter survival of yearlings and low densities of YOY 

the previous year could help explain fewer larger juveniles.  

 

¶ In upper Valencia Creek, that had once been upstream of two man-made passage barriers, 

may have maintained a 2008 density of larger juveniles greater than in 2007 and above 

average because overwinter survival may have been better with the high frequency of 

instream wood and a resident rainbow component of larger fish that remained in the stream. 
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In the Corralitos Creek Sub-Watershed: 

¶ Total juvenile densities were close to average at all sites except above average at the lower 

most Corralitos site and below average at the uppermost Browns Valley site. 

 

¶ YOY densities increased at 5 sites, were similar at two middle Corralitos sites and were less 

at the upper Browns Valley site. 

 

¶ YOY densities were near average at 4 sites, above average at the lowermost Corralitos site 

and below average at both Browns Valley sites. 

 

¶ Size Class II and III densities declined at 5 of 8 sites, were similar at 2 sites in lower and 

middle Corralitos Creek, and increased only at the upper uppermost Corralitos site. 

 

¶ Size Class II and III densities were below average at all sites, but very close to average at the 

lowermost Corralitos site and the uppermost Browns Valley site. 

 

¶ Size Class II and III densities declined because of poorer overwinter survival of yearlings 

and no YOY reaching Size Class II the first summer, as had occurred in lower Corralitos 

sites in 2006. Four of the 5 monitoring years have been after mild winters.    

 

¶ Reach 1 below the diversion dam on Corralitos Creek had higher than usual bypass flows in 

summer and fall, while the fish ladder was being replaced. This improved rearing habitat 

conditions by deepening habitat and creating faster water velocities, greater surface 

turbulence and more insect drift. In addition to flow augmentation, pool escape cover had 

improved, though fines increased in pools and riffle embeddedness increased. 

 

¶ Rearing habitat quality declined in the remaining 3 Corralitos reaches with reduced pool 

depth (step-run converting to shallow pool in the uppermost Reach 7), likely reduced insect 

drift in all reaches from reduced baseflow, pool escape cover declining with more fines and 

higher embeddedness in the reach below Rider Creek and non-flow related parameters 

remaining similar to 2007 in the two upstream reaches.  

 

¶ Rearing habitat quality in Shingle Mill Gulch was similar between years. Pool depths 

declined somewhat but pool escape cover increased slightly.  

 

¶ Rearing habitat quality improved in lower Browns Valley Creek, downstream of Redwood 

Canyon Creek, due to increased habitat depth despite presumably reduced baseflow, along 

with increased pool escape cover. 

 

Habitat at sampling sites in the four watersheds was rated, based on smolt-sized (=>75 mm SL) 

juvenile steelhead density and average smolt size according to the rating scheme developed by 



 
 

 

D.W. ALLEY & Associates                                                                    Santa Cruz County Fishery Report 2008 

P.O. Box 200 Å Brookdale, California 95007                 24 

 

 

Smith (1982). This rating scheme assumed that rearing habitat was usually near saturation with 

smolt-sized juveniles, at least in tributaries where 2 years are usually required to reach smolt size, 

and also assumed that spawning rarely limited juvenile steelhead abundance, except at sites with 

very poor spawning habitat and/or that are dependent upon fry movement from upstream tributaries. 

These assumptions may not have been met in 2008 in the lower two mainstem reaches of the San 

Lorenzo River (Reaches 1 and 2), where YOY densities were about average for these reaches but 

much lower than in Reach 4 below the Zayante Creek confluence. In particular, low stream flows 

may have reduced YOY movement from tributaries to the mainstem, though YOY densities were 

much above average below the mouth of Zayante Creek.  Streamflows were too low to grow many 

YOY in the lower and middle mainstem San Lorenzo to smolt size in 2008. Lower Aptos and all 

Corralitos sites were probably below carrying capacity for larger juveniles for the same reasons of 

fewer yearling holdovers and slow YOY growth that prevented most of them from reaching Size 

Class II.   

 

Refer to the next summary table for smolt-sized juvenile densities and ratings. Figures 3, 6, 9 and 

12 have been excerpted from the main report to compare 2008 smolt densities to averages 

calculated from all monitoring years of data. 
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2008 Sampling Sites Rated by Smolt-Sized Juvenile Density (=>75 mm SL) and Average Smolt 

Size, with Physical Habitat Change since 2007. (Red denotes rating of poor, very poor or dry .) 

Site Multi -Year 

Avg. Density 

(Size Class II 

and III /100 ft) 

2008 Smolt 

Density 

(per 100 ft)/ 

Avg Smolt 

Size (mm) 

2008 Smolt 

Rating 

Numerical  

Rating (1 to 7) 

Physical Habitat 

Change by 

Reach Since 

2007 

Low. San Lorenzo #1 11.4 (n=8) 4.9/ 91 mm  Below Average ***  Negative 

Low. San Lorenzo #2 18.5 (n=7) 12.2/ 88 mm Below Average ***  Negative 

Low. San Lorenzo #4 18.2 (n=8) 13.2/ 82 mm  Below Average ***  Negative 

Mid. San Lorenzo #6 4.7 (n=11) 2.2/ 82 mm Very Poor *  Negative 

Mid. San Lorenzo #8 7.2 (n=11) 3.6/ 87 mm Very Poor *  Negative 

Up. San Lorenzo #11 7.2 (n=11) 2.8/ 98 mm Poor **  Slight Neg. 

Zayante #13a 10.4 (n=10) 6.3/ 92 mm Below Average ***  Similar 

Zayante #13c 11.9 (n=10) 4.4/ 98 mm Below Average ***  Similar 

Zayante #13d 18.2 (n=10) 22.5/ 89 mm Good *****  Similar 

Lompico #13e 7.8 (n=3) 6.4/ 89 mm Below Average ***  Positive 

Bean #14b 13.9 (n=11) 4.7/ 117 mm Fair ****  Negative 

Bean #14c 13.0 (n=9) Dry  -  Negative 

Fall #15 13.8 (n=6) 15.8/ 107 mm Good *****  Slight Negative 

(Since 2000)  

Boulder #17a 12.0 (n=11) 7.2/ 112 mm Fair ****  Slight Negative 

Boulder #17b 10.3 (n=11) 3.8/ 102 mm Poor * *  Slight Neg. 

Bear #18a 12.1 (n=11) 5.1/ 105 mm Fair ****  Similar 

Brancifort e #21a-1 2.2 (n=2) 0.5/ 133 mm Very Poor *  Similar  

Branciforte #21a-2 6.0 (n=8) 5.7/ 105 mm Fair ****  Similar 

Soquel #1 3.8 (n=11) 3.8/ 96 mm Poor **  Slight Neg. 

Soquel #4 10.3 (n=12) 4.9/ 98 mm Below Average ***  Negative 

Soquel #10 8.9 (n=12) 3.1/ 92 mm Poor **  Similar  

Soquel #12 8.0 (n=11) 1.5/ 82 mm Very Poor *  Similar  

E. Branch Soquel #13a 9.0 (n=12) 4.0/ 99 mm Poor **  Positive 

East Branch Soquel #16 9.8 (n=12) 10.0/ 100 mm Fair ****  Negative 

West Branch Soquel #19  4.0 (n=8) 5.7/ 82 mm Poor **  Negative 

West Branch Soquel #21 10.5 (n=7) - -  Similar 

Aptos #3 11.7 (n=4) 6.0/ 93 mm Below Average ***  Positive 

Aptos #4 9.9 (n=4) 5.5/ 112 mm Fair ****  Positive 

Valencia #2 11.9 (n=4) 11.0/ 92 mm Fair ****  Similar 

Valencia #3 12.7 (n=4) 14.0/ 93 mm Fair ****  Positive 

Corralitos #0 8.9 (n=2) 8.7/ 105 mm Good *****  Positive 

Corralitos #3 10.5 (n=5) 8.3/ 104 mm Good *****  Slight Negative 

Corralitos #8 13.8 (n=5) 9.4/ 95 mm Fair ****  Similar 

Corralitos #9 21.9 (n=5) 17.1/ 100 mm Good *****  Slight Positive 

Shingle Mill #1 13.9 (n=5) 5.6/ 98 mm Below Average ***  Similar 

Shingle Mill #3 3.7 (n=5) 0.7/ 83 mm Very Poor *  Slight Positive 

Browns Valley #1 17.7 (n=5) 11.5/ 102 mm Fair ****  Positive 

Browns Valley #2 14.2 (n=5) 12.6/ 103 mm Good *****  Similar 
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Figure 2. Juvenile Steelhead Site Densities for Young-of-the-Year in the San Lorenzo River in 2008

                 Compared to the 10-Year Average. (8the year for Mainstem (1), 7th year for Mainstem (2a),

                  3rd year for Lompico (13e) and 2nd Year for Branciforte (21a-1).
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Figure 3. Juvenile Steelhead Site Densities for Size Classes II and III in the San Lorenzo River in 2008

                 Compared to the 10-Year Average. (8th year for Mainstem (1), 7th year for Mainstem (2a), 3rd Year  

                  for Lompico (13e) and 2nd Year for Branciforte (21a-1).
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Figure 5. Juvenile Steelhead Site Densities for Young-of-the-Year in Soquel Creek in 2008 

                  Compared to the 12-Year Average (8th Year West Branch (19)).
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Figure 6. Juvenile Steelhead Site Densities for Size Classes II and III in Soquel Creek in 2008 

                Compared to the 12-Year Average Density (8th Year West Branch (19)).
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Figure 8. Juvenile Steelhead Site Densities for Young-of-the-Year in Aptos and Valencia Creeks

                 in 2007, 2008 and the Average, Including 1981 and 2006.
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Figure 9. Juvenile Steelhead Densities for Size Classes II and III in Aptos and Valencia Creeks

                 in 2007, 2008 and the Average, Including 1981 and 2006. 
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Figure 11. Juvenile Steelhead Densities for Young-of-the-Year  in Corralitos, Shingle Mill and 

                 Browns Valley Creeks in 2007, 2008 and the Average, Including 1981, 1994 and 2006.
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Figure 12. Juvenile Steelhead Densities for Size Classes II and III in Corralitos, Shingle Mill and 

                 Browns Valley Creeks in 2007, 2008 and the Average, Including 1981, 1994 and 2006.
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Trends of Juvenile Densities and Habitat in the Lower and Middle Mainstem San Lorenzo River  
 

The lower and middle mainstem have become less important in producing juvenile steelhead in 

both the YOY age class and the Size Class II and III categories from 2000 onward but showed 

substantial YOY density improvement in 2008 at Site 4 below the Zayante Creek confluence. Total 

juveniles (most of which were YOY juveniles) increased in 2002 after a winter that had larger 

storms early in the winter and smaller ones afterwards. 2008 was a similar year with even fewer 

storms after March 1. The years 1998 and 2006 had similarly wet winters prior to fall sampling. 

However, 1998 juvenile densities were substantially higher than in 2006. Conditions in 1998 that 

were better than in 2006 in both the lower and middle mainstem (depicted for Reaches 4 and 8, 

respectively) included greater depth in fastwater habitat (riffles), higher water velocity (and likely 

greater insect drift) due to higher streamflow and more escape cover in fastwater habitat in the 

middle mainstem Reach 8. However, 2006 had better riffle habitat in the lower mainstem Reach 4, 

such as greater escape cover (more overhanging willows) and less percent fines. In Reach 8 the 

estimated percent fines in 1998 and 2006 were the same.  

 

Densities of Size Class II and III juvenile in the lower and middle mainstem were higher in the 

years 1997ī1999 than later years, with relatively low densities from 2000 until 2008, with 2007 

having the lowest densities measured in the last 12 years (Figure 17).  

 

Lower Mainstem Reach 4. Rearing habitat conditions in fastwater riffle habitat in Reach 4 in 2008 

have improved since 1999 regarding more escape cover (declined since 2007) (Figure 28) and 

reduced percent fines (embeddedness similar (Alley 2000)) (Figure 29). However, 1999 riffle 

conditions were better with regard to greater habitat depth compared to 2008, as were all other years 

deeper than 2008, partially because of the low baseflows in late summer 2008 (Figure 27). If 

baseflows had been the same in 1997 and 2008, habitat conditions in Reach 4 riffles may have been 

similar between years for percent fines and escape cover, but riffles would have been considerably 

deeper in valuable pockets of maximum depth in 1997. It appeared that the arrangement and 

composition of boulders and sediment in riffles shifted during the high stormflow of February 1998 

(19,400 cfs at Big Trees gage), resulting in fewer deep pockets. 

 

Middle Mainstem Reach 8. Rearing habitat conditions in fastwater habitat in Reach 8 in 2008 

have improved since 1999 regarding less percent fines and reduced embeddedness (43% in 1999 

(Alley 2000) and 30% in 2008) (declined since 2007) (Table 8 and Figure 32). However, 1999 

riffle conditions were better with regard to more escape cover (Figure 31) and greater habitat depth 

compared to 2008, as were all other years deeper than 2008, primarily because of the low baseflows 

in late summer 2008 (Figure 30). If baseflows had been the same in 1997 and 2008, habitat 

conditions in Reach 8 riffles may have been similar between years with regard to percent fines and 

embeddedness, but in 1997 the riffles would have been deeper with important deeper maximum 

depth pockets, as was the case in Reach 4 riffles. 1997 riffles also had much more escape cover. 
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Figure 13. Plot of Annual Total Juvenile Densities at San Lorenzo Mainstem Sites,

                 1997-2008.

2002 Data Collected by H.T. Harvey & Associates
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Figure 15. Plot of Annual YOY Juvenile Densities at San Lorenzo Mainstem Sites,

                 1997-2008.
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Figure 17. Scatter Plot of Annual Size Class II/ III Juvenile Densities at San Lorenzo Mainstem Sites, 

                 1997-2008.
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Recommendations. In order for adult returns to increase substantially, the mainstem will need to 

again support at least the densities of Size Class II and III juveniles that were present in 1997ī99, 

though 1998 and 1999 were wet years when a higher proportion of YOY reached larger size 

classes. Habitat quality will need to improve substantially in the lower and middle mainstem to 

increase adult returns. Retention of more large, instream wood in the lower and middle mainstem 

will promote scour to deepen pools, create patches of coarser spawning gravel and provide escape 

cover for juvenile steelhead rearing and overwinter survival. Better retention of winter storm runoff 

in Scotts Valley and Felton will reduce stormflow flashiness that increases streambank erosion and 

sedimentation leading to poor spawning and rearing conditions in the mainstem. Better retention of 

storm runoff will also increase winter recharge of aquifers to increase spring and summer baseflow, 

which will increase YOY steelhead growth into Size Classes II and III in the lower mainstem. 

 

Trend Analysis of Juvenile Densities and Habitat for San Lorenzo Tributaries  

 

For tributary sites and the upper mainstem (above the Boulder Creek confluence as represented 

by Reach 11), there was a general decline in total densities from 1997 to 2000, with a general 

increase from 2000 to 2003, followed by a general decline from 2003 to 2007 and a rebound in 

2008 (Figures 13 and 14). The extremely high juvenile density measured in 2002 at Site 11 by 

HTH (2003) seemed highly unusual, considering our 14 other years of sampling experience with 

Reach 11 in the upper mainstem. In 2007 and 2008, total densities bounced back up in Zayante 

Creek. In 2008, total densities at wetted sites in Bean and Bear creeks also rebounded. Reach 14c 

went dry in Bean Creek. Since most juveniles were YOY, their densities followed the same trend 

(Figures 15 and 16). 

 

Tributary densities of Size Class II and III (smolt size) showed no general trend, though as a 

group they were relatively low in 2007ī2008 (Figures 17 and 18). Years that had overall low 

tributary site densities of larger juveniles were 2001, 2004, 2007 and 2008, all of which had 

relatively low averaged mean monthly streamflow for MayīSeptember over the last 12 years and 

below the median daily flow for the years of record (Figures 25, 58, 62, 65 and 66). After wetter 

winters, densities of larger juveniles generally increased, as occurred in 1998, 1999, 2003, 2005 

and 2006. Densities were similar between 1997 and 1998 but generally increased in 1999 to a 12-

year high, particularly in Zayante, upper Boulder and Bear creeks. In 1999, the winter had only 1 

peak flow that was near bankfull in early February and continued to rain through April for a 

relatively wet winter but without creating bankfull flow intensity (Figure 56). Spring and 

summer baseflow in 1999 was above the median (Figure 25). Then in 2000 there was a general 

decline in tributary densities except in Bear Creek, despite the above median baseflow.  The year 

2001 showed mixed changes in densities of larger juveniles, with some sites increasing in density 

and others declining. Comparable data for the San Lorenzo system for 2002 are unavailable. 

However, if trends were similar to Soquel Creek in that year (Figures 23 and 24), densities of 

larger juveniles were likely similar to 2001 in San Lorenzo tributaries. Densities of these larger 

juveniles declined at all sites under consideration in the drier years of 2007 and 2008 except for 



 
 

 

D.W. ALLEY & Associates                                                                    Santa Cruz County Fishery Report 2008 

P.O. Box 200 Å Brookdale, California 95007                 36 

 

 

upper Zayante Creek #13d, which increased in 2008 to the highest in the watershed.  

 

In analyzing habitat change in an important eastern tributary reach, it was noted that rearing 

habitat conditions had declined in Zayante Reach 13d from 1997 to 2007 and 2008, judging by 

the shallowest pool depths in the 12-year period in 2007 (Figure 33) (where annual differences 

in fall baseflow have limited effect on pool depth) and the relatively low pool escape cover in 

2007 and 2008 for the reach (Figure 34a). The percent fines went back up in step-runs to 30% in 

2008 after being at a 12-year low in 2007 of 13% (Figure 35).  

 

In analyzing habitat change in an important western tributary reach, it was noted that overall 

rearing habitat quality in Boulder Reach 17a has declined from 1997 to 2008 due to reach-wide 

pool filling (Figure 36) and reduced pool escape cover (Figure 37a), although a positive change 

was reduced fines in step-runs/ runs (Figure 38).   
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Figure 14. Plot of Annual Total Juvenile Densities at San Lorenzo Tributary Sites, 1997-2008. 

2002 Data Collected by H.T. Harvey & Associates
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Figure 16. Plot of Annual YOY Juvenile Densities at San Lorenzo Tributary Sites, 1997-2008.
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Figure 18. Plot of Annual Size Class II/ III Juvenile Densities at San Lorenzo Tributary Sites,

                   1997-2008.
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 Trend Analysis of Juvenile Densities and Habitat for Mainstem Soquel Creek  
 

At the 4 mainstem sites tracked for the past 12 years, annual trends in total and YOY juvenile 

densities paralleled each other, for the most part (Figures 19 and 21). Relatively higher YOY 

and total densities occurred in 1997, 2002, 2004, 2007 and 2008. Because the juvenile population 

in the mainstem is largely YOY, spawning effort, spawning success and survival of recently 

emerged YOY largely dictate total juvenile densities in these reaches. In drier years with milder 

winter stormflows (or mostly early stormflows and few late stormflows) and reduced baseflow, 

total and YOY juvenile steelhead densities were relatively higher in the Soquel Creek mainstem 

than in wetter years (Tables 19, 21 and 26). The years of highest YOY and total juvenile density 

corresponded to years with the lowest averaged mean monthly streamflow (MayïSeptember), 

indicating that drier years or at least years with few late winter and spring storms (Figure 26). 

These are also typically the years when the lagoon population of juveniles is the greatest (Alley 

2009). This inverse relationship may be explained by reasoning that during milder winters, adult 

spawners probably have poorer access to the upper watershedôs East and West Branches, having 

more shallow riffles and other impediments to pass. Thus, they expend more spawning effort in 

the mainstem. Also, in drier years, survival of eggs and emerging YOY may be increased without 

substantial late stormflows to scour or smother redds and wash away YOY. Our spawning gravel 

study (Alley 2003c), which involved streambed coring and particle size analysis, indicated that 

spawning gravel conditions in the mainstem were reasonably good in 2002, a year that was likely 

without large bankfull stormflows that would move considerable sediment. The exception to this 

inverse relationship was 2001, when YOY and total juvenile densities were relatively low despite 

the mild winter (except for the uppermost mainstem site with densities all increasing from 2000 

to 2001).  

 

The density pattern of larger Size Class II and III juveniles in relation to baseflow is more 

complex than for YOY in the Soquel mainstem. In wetter years, there may be less spawning 

effort and spawning success in the mainstem until late in the spawning season. However, the 

above median daily baseflow results in faster water velocity, increased insect drift and deeper 

feeding stations in fastwater habitat, at least in the spring. All of these factors promoted faster 

growth rate, leading to a higher proportion of YOY reaching Size Class II their first year and 

higher densities of larger juveniles. 

 

There can be wet years with associated high baseflow, relatively low YOY densities, yet 

relatively high Size Class II densities. The wet years of 1998 and 2005 are in this category 

(Figures 23 and 26). However, 2006 was very wet but did not generate high Size Class II and III 

densities. This was likely because YOY densities were so low in the mainstem (many large 

storms occurred in April and May to destroy mainstem steelhead redds, and spawning access to 

the upper watershed was good even in late spring), that faster growth rate could not make up for 

the fewer YOY juveniles in the mainstem (Figure 78). 
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The other year having especially high densities of larger juveniles in the mainstem was 1997, 

which had large storms before 1 February to boost the baseflow and virtually nothing after that. 

Very stable conditions for spawning and YOY emergence were created. That year had high YOY 

densities, and a high proportion reached Size Class II, presumably because spawning effort and 

success were likely high in early February. This would allow early emergence and early spring 

growth despite the lower baseflow later on. 

 

Since 1997, rearing habitat quality in the lower mainstem (as indicated by Reach 1) has improved 

with regard to increased average maximum pool depth and has declined with regard to reduced 

escape cover (Figures 39 and 40a). During the instream wood survey in 2002, this reach was 

noted for its lack of large wood (Alley 2003c). However, riffle conditions for aquatic insects and 

steelhead food supply have improved regarding less embeddedness (Figure 41). In the lower 

mainstem, densities of larger juveniles were not well associated with rearing habitat conditions. 

Spring and summer baseflow and associated growth rate of YOY appeared to overshadow non-

flow related habitat conditions to determine densities of larger juveniles. This was partly a result 

of extremely low yearling densities in the mainstem. After the two winters with the lowest peak 

flows since sampling began, 1994 (900 cfs) and 2007 (614 cfs), slightly higher densities of 

yearlings were detected at some mainstem sites compared to other years. This may indicate that if 

more overwintering shelter was present (in the form of large instream wood), survival of 

yearlings might increase in the mainstem of Soquel Creek (Alley 1995a; 2008).  

 

In the upper mainstem (upstream of the Moores Gulch confluence in Reach 7), densities of larger 

juveniles (Size Class II and III) (Figure 23) were not associated with reach-wide changes in pool 

depth or escape cover, except for escape cover in 1997. However, fluctuations in larger juveniles 

were consistent with fluctuations in pool escape cover at sampling sites (except 2004), but the 

amplitude of fluctuations was not consistent (Figure 43b). Spring and summer baseflow and 

associated growth rate of YOY appeared to overshadow non-flow related habitat conditions to 

determine densities of larger juveniles. This was partly a result of low yearling densities in the 

mainstem.  

 

Habitat conditions in Reach 7 (between the Moores Gulch confluence and the Purling Brook 

ford) were analyzed since 1997. Overall rearing habitat quality declined since 1997 in the upper 

mainstem (as indicated by Reach 7) regarding pools filling with sediment and less escape cover 

(Figures 42 and 43a), though maximum pool depth increased slightly in 2008, and escape cover 

has steadily improved from the low point of 1999. During the instream wood survey in 2002, this 

reach was noted for its lack of large wood (Alley 2003c).  
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Figure 19. Plot of Annual Total Juvenile Densities at Mainstem Soquel Creek Sites, 1997-2008.
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Figure 23. Plot of Annual Size Class II/ III Juvenile Densities at Soquel Mainstem Sites,

                  1997-2008.
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 Trend Analysis of Juvenile Densities and Habitat for East Branch Soquel   

 

In East Branch Soquel Creek, total and YOY densities annually fluctuated in a dissimilar fashion 

in lower East Branch (Site 13a in Reach 9a) and upper East Branch (Site 16 in Reach 12a), 

except they increased at both locations from 2001 to 2002 and decreased at both locations in 

2006 (Figures 20 and 22). After reaching a 12-year high in 2004, total and YOY densities in the 

lower East Branch declined in 2005 and then again in 2006 to almost zero but rebounded in 2007 

and 2008. Higher YOY densities in drier years in the lower East Branch may have resulted from 

1) greater spawning effort there than in the upper East Branch in wetter years, 2) more spawning 

success and 3) higher survival of YOY after emergence. In wetter years, more adult steelhead 

likely continued further up the East Branch into the Soquel Demonstration State Forest (SDSF). 

Though 2008 was a very dry year in the SDSF, it had larger storms early on than 2007 to provide 

better spawning access than 2007, with corresponding higher YOY density. With the streambed 

instability of the lower East Branch, redd (nest) scour or burial in sediment may have been more 

common in winters with higher stormflows. During the instream wood inventory in 2002 (Alley 

2003c), this reach was identified as one with small quantities of large instream wood. If the 

incidence of large instream wood were to increase substantially, rearing habitat quality and 

improved over-wintering steelhead survival in intermediate to wetter years may play more 

important roles in increasing Size Class II and III densities. 

 

Overall rearing habitat quality declined in the lower East Branch Reach 9a from 1997 to 2008, 

primarily with regard to fastwater habitat important to YOY juveniles and aquatic insects. Other 

factors related to the turbidity and thin silt layer on the substrate observed at the sampling site in 

2006 and 2007 (downstream of the Mill Pond outfall) may also indicate reduced habitat quality. 

Turbidity and the fine silt layer seemed more localized in 2008.  

 

In Reach 9a, since the same pools were sampled for steelhead in 1997ï1999 and for 2000ï2004, 

and sampled pools in 2000 were chosen to represent average habitat conditions for depth and 

escape cover for the habitat typed reach in 2000, then graphing of pool escape cover at sampled 

pools since 1997 may reflect general trends in escape cover.  

 

At sampling Site 13a, annual densities of Size Class II and III juveniles (Figure 24) were not 

associated with changes in pool escape cover at sampling sites except in 2008 (Figure 46b). 

Insufficient years of data were available for reach-wide changes in pool depth, escape cover or 

percent fines in run and step-run habitat to make comparisons with trends in juvenile densities 

(Figures 45, 46a and 47). In 2005ï2007, juvenile densities did not change as these habitat 

parameters changed. In 2008, increased densities of larger juveniles were positively associated 

with increased maximum pool depth and higher escape cover at the interrupted, incomplete 

sample site. (Capture of coho salmon at the first pool in 2008 prevented sampling of a second 

pool with less escape cover.) Average embeddedness in riffles and runs at sampling sites 

generally increased through the years as densities declined in 1997ï2000 (Figure 48). But 
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densities were not associated with changes in embeddedness in 2001ï2005. The relatively high 

density of larger juveniles in 1997 was consistent with the highest escape cover in sampled pool 

habitat (provided by instream wood) and the lowest embeddedness in sampled riffle and run 

habitat in 12 years.  

 

The typical disconnect between Size Class II and III densities in the lower East Branch and non-

streamflow related rearing habitat conditions indicated that rearing habitat quality within the 

observed range in the last 12 years may have been overshadowed by poor over-winter survival of 

yearlings in years that were not wet enough to grow many YOY to Size Class II the following 

spring and summer. Over-winter survival did not appear good in any year. Existing escape cover 

for rearing habitat was apparently insufficient to provide overwintering habitat. During the 

instream wood inventory in 2002, this reach was identified as one with small quantities of large 

instream wood (Alley 2003c). Retention of more instream wood would enhance overwintering 

survival of yearlings and rearing habitat. The effect of non-streamflow related rearing habitat 

conditions was also overshadowed by the added potential for growth of some YOY to Size Class 

II in intermediate to wet years. The years with highest densities of Size Class II and III juveniles 

in the lower East Branch occurred in 1998 and 2005 (Figure 24), two relatively wet years 

(Figures 70 and 77) with moderate YOY densities (Figure 22). Higher growth rate during these 

high spring-baseflow years allowed a higher proportion of YOY to reach Size Class II, leading to 

higher densities of larger juveniles.  

 

In the upper East Branch at Site 16 in the SDSF, densities of Size Class II and III increased 

during 1997ï1999, with a steady decline to less than one-fifth the 1999 density by 2004. Then 

the density increased to its highest in 12 years in the dry year of 2007 (Figure 24). The relatively 

high density of Size Class II and III juveniles (20/ 100 ft) was likely due to at least moderate 

numbers of YOY in 2006 and good over-winter survival of yearlings during a mild winter. 

However, the yearling density declined substantially in 2008 to reduce the density of larger 

juveniles. This was partially due to low recruitment of YOY from 2007 (Figure 22) and likely a 

bankfull event during the 2007/2008 winter that may have flushed some yearlings downstream.  

 

The three highest Size Class II and III densities in the upper East Branch did not correspond to 

any hydrologic category. They were 1998 (very wet year), 1999 (intermediate rainfall year with 

relatively mild peak flow) and 2007 (very dry year). Both 1998 and 1999 had sufficient spring 

baseflows to grow some YOY into Size Class II. The dry year likely had very good over-winter 

survival of yearlings, although rearing conditions worsened. In addition, adult access may have 

been hampered in the very mild 2006/2007 winter, resulting in lower YOY production and 

reduced competition for food to benefit yearlings. Retrieval of PIT-tagged juveniles has indicated 

very limited movement of tagged individuals from their original locations.  

 

In the Upper East Branch habitat conditions in Reach 12a (between Amaya Creek confluence to 

the gradient increase and the beginning of bedrock pools) were analyzed primarily since 2000. 
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Data indicated that habitat quality in 2008 was similar to conditions in 2000, after flow-related 

conversion of step-run habitat to shallow pool habitat was taken into account in the dry years of 

2007 and 2008 (Figure 49). However, pool rearing habitat quality increased in years between 

(greater pool depth in 2006; much greater pool escape cover in 2004 and higher amounts of pool 

escape cover in all years between 2000 and 2008 (Figures 50a and 50b)).  

 

Since sampled pools in 2000 were chosen to represent average habitat conditions for depth and 

escape cover for the reach in 2000 and were sampled repeatedly for fish for 5 years, graphing of 

pool escape cover at the same sampled pools for 2000ï2004 may reflect general trends in escape 

cover for the reach. These results indicated that pool escape cover increased from 2000 to 2002, 

declined in 2003 and increased to an 8-year high in 2004 (Figure 50b). Then it declined reach-

wide during the last three years down to slightly less than the 2000 level. Reach-wide percent 

fines in important step-run habitat declined less than 10% since 2000, not indicating a real 

change (Figure 51). Percent fines at sampled step-runs were similar between 2000 and 2008, as 

well (Figure 52).  

 

At Site 16, annual densities of Size Class II and III juveniles were not associated with changes in 

pool escape cover at sampling sites (Figure 50b). In fact, densities were the lowest in 2004 when 

pool escape cover at sampling sites was the highest. Densities increased from 2004 to 2007 

despite a decline in pool escape cover at sampling sites. Insufficient years of data were available 

for reach-wide changes in pool depth and escape cover or in percent fines in run and step-run 

habitat for comparison to trends in juvenile densities (Figures 49, 50a and 51). Densities of Size 

Class II and III juveniles were not positively associated with changes in these habitat parameters 

but, in fact, increased despite reach-wide decline in pool escape cover for 2005ï2007. However, 

the decline in these smolt-sized fish in 2008 coincided with decreased pool depth and escape 

cover (Figures 49, 50a and 50b). But it also coincided with low YOY densities in 2007 for low 

recruitment as yearlings. The density decline in 2000ï2004 was associated with relatively high 

percent embeddedness in riffles and step-runs at sampling sites except for the less embeddedness 

in 2003 (Figure 52). Densities increased in 2005 with less embeddedness.  

 

The apparent disconnect between rearing habitat conditions and Size Class II and III densities at 

Site 16 indicated that rearing habitat quality within the observed range of the last 12 years was 

overshadowed by 1) poor overwinter survival of yearlings in years that were not wet enough to 

grow many YOY to Size Class II, 2) the potential for growth of some YOY to Size Class II in 

only intermediate to wet years and 3) high overwinter survival of yearlings in dry years. If the 

incidence of large instream wood were to increase substantially, rearing habitat quality and 

improved over-winter survival in intermediate to wetter years may play more important roles in 

increasing Size Class II and III densities. More large instream wood would create more pool 

habitat, which is the primary habitat for larger juveniles in a reach with a shortage of pools and 

dominated by step-runs. 
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Figure 20. Plot of Annual Total Juvenile Densities at East Branch Soquel Creek Sites,
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Figure 22. Plot of Annual YOY Densities at East Branch Soquel Creek Sites, 1997-2008. 
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Figure 24. Plot of Annual Size Class II/ III Juvenile Densities at East Branch Soquel Creek Sites,

                  1997-2008.
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SCOPE OF WORK 

 

In fall 2008, 4 Santa Cruz County watersheds were evaluated for habitat quality and sampled for 

juvenile steelhead to compare with past results. Refer to maps in Appendix A that delineate 

reaches and sampling sites. The mainstem San Lorenzo River and 6 tributaries were sampled 

with a total of 17 sites. Seventeen half-mile segments were habitat typed to assess habitat 

conditions and select habitats of average quality to sample. Tributaries included Branciforte, 

Zayante, Lompico, Bean, Fall and Boulder and Bear creeks. Fall Creek was added at the request 

of the San Lorenzo Valley Water District. Seven steelhead sites were sampled below anadromy 

barriers in Soquel Creek and its branches. Eight half-mile segments were habitat typed, including 

between Girl Scout Falls I and II. NOAA Fisheries discontinued fall sampling between the falls. 

In the Aptos Creek watershed, 2 sites in Aptos Creek and 2 sites in Valencia Creek were 

sampled, and the 4 associated half-mile segments were habitat typed. In the Corralitos sub-

watershed of the Pajaro River drainage, 4 sites were sampled in Corralitos Creek, 2 sites were 

sampled in Shingle Mill Gulch and 2 sites were sampled in Browns Valley Creek, along with 8 

associated half-mile segments habitat typed.  

 

Annual monitoring of juvenile steelhead began in 1994 in the San Lorenzo and 1997 in Soquel 

Creek. The Corralitos sub-watershed was previously sampled in 1981, 1994, 2006 and 2007. 

Aptos Creek was previously sampled in 1981, 2006 and 2007. 

 

For annual comparisons, fish were divided into two age classes and three size classes. Age 

classes were young-of-the-year (YOY) and yearlings and older. The size classes were Size Class 

I (<75 mm Standard Length (SL)), Size Class II (between 75 and 150 mm SL) and Size Class III 

(>=150 mm SL). Juveniles in Size Classes II and III were considered to be ñsmolt-sized,ò based 

on scale analysis of out-migrating smolts by Smith (2005), because most fish of that size would 

grow sufficiently in the following spring to smolt. Fish below that size very rarely smolt the 

following spring.  
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INTRODUCTION  

 

I -1. Steelhead and Coho Salmon Ecology 

 

Migration.  Adult steelhead in small coastal streams tend to migrate upstream from the ocean 

through an open sandbar after several prolonged storms; the migration seldom begins earlier than 

December and may extend into May if late spring storms develop.  Many of the earliest migrants 

tend to be smaller than those entering the stream later in the season.  Adult fish may be blocked in 

their upstream migration by barriers such as bedrock falls, wide and shallow riffles and occasionally 

log-jams.  Man-made objects, such as culverts, bridge abutments and dams are often significant 

barriers.  Some barriers may completely block upstream migration, but many barriers in coastal 

streams are passable at higher streamflows.  If the barrier is not absolute, some adult steelhead are 

usually able to pass in most years, since they can time their upstream movements to match optimal 

stormflow conditions.  We located partial migrational barriers in the San Lorenzo River Gorge 

caused by a wide riffle that developed below a bend in 1998 (Rincon riffle) and a large boulder 

field discovered in 1992 that created a falls (above Four Rock). Both of these impediments were 

probably passable at flows above approximately 50-70 cubic feet per second (cfs) as they were 

observed in 2002.  A split channel had developed at the Rincon riffle by 2002 and in 2007 there 

existed a steep cascade where the channels rejoined, making adult steelhead passage up the main 

channel difficult. In 2008, the steep cascade was gone, offering much easier fish passage up the 

main channel. The boulder field at Four Rock was partially modified in 2008, though we have not 

examined the results. In most years these are not passage problems.  However, in drought years and 

years when storms are delayed, they can be serious barriers to steelhead and especially coho salmon 

spawning migration. In the West Branch of Soquel Creek, there are Girl Scout Falls I and II that 

impede adult passage. Based on juvenile sampling, it appears that adult steelhead pass Girl Scout 

Falls I in most years but seldom pass Girl Scout Falls II.  

 

Coho salmon often have more severe migrational problems because their migration period, 

November through early February, is often prior to the stormflows needed to pass shallow riffles, 

boulder falls and partial logjam barriers.  Access is also a greater problem for coho salmon because 

they die at maturity and cannot wait in the ocean an extra year if access is poor due to failure of 

sandbar breaching during drought or delayed stormflow. In recent years until 2008, the rainfall 

pattern has generally brought early winter storms to allow for good coho access to the San Lorenzo 

system, though only a small number of apparent strays have been detected at the Felton fish ladder 

and trap. 

 

Smolts (young steelhead and coho salmon which have physiologically transformed in preparation 

for ocean life) in local coastal streams tend to migrate downstream to the lagoon and ocean in 

March through early June.  In streams with lagoons, young-of-the-year and yearling fish may spend 

several months in this highly productive lagoon habitat and grow rapidly.  In some small coastal 

streams, downstream migration can occasionally be blocked or restricted by low flows due 
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primarily to heavy streambed percolation or early season stream diversions. Flashboard dams or 

sandbar closure of the stream mouth or lagoon are additional factors that adversely affect 

downstream migration. However, for most local streams, downstream migration is not a major 

problem except under drought conditions. 

 

Spawning.  Steelhead and coho salmon require spawning sites with gravels (from 1/4" to 3 1/2" 

diameter) having a minimum of fine material (sand and silt) and with good flows of clean water 

moving over and through them.  Flow of oxygenated water through the redd (nest) to the fertilized 

eggs is restricted by increased fine materials from sedimentation and cementing of the gravels with 

fine materials. Flushing of metabolic wastes is also hindered. These restrictions reduce hatching 

success.  In many local streams, steelhead appear to successfully utilize spawning substrates with 

high percentages of coarse sand, which probably reduces hatching success.  Steelhead spawning 

success may be limited by scour from winter storms in some Santa Cruz County streams.  Steelhead 

that spawn earlier in the winter are more likely to have their redds washed out or buried by the 

greater number of winter and spring storms that will follow.  However, unless hatching success has 

been severely reduced, survival of eggs and alevins is usually sufficient to saturate the limited 

available rearing habitat in most small coastal streams and San Lorenzo tributaries. However, in the 

mainstem San Lorenzo River downstream of the Boulder Creek confluence, spawning success in 

the river may be an important limiting factor. The production of young-of-the-year (YOY) fish is 

related to spawning success, which is a function of the quality of spawning conditions, the pattern 

of storm events and ease of spawning access to upper reaches of tributaries, where spawning 

conditions are generally better.  

 

Rearing Habitat. In the mainstem San Lorenzo River, downstream of the Boulder Creek 

confluence, many steelhead require only one summer of residence before reaching smolt size. This 

is also the case in the Soquel Creek mainstem and lagoon. Except in streams with high summer 

flow volumes (greater than about 0.2 to 0.4 cubic feet per second (cfs) per foot of stream width), 

steelhead require two summers of residence before reaching smolt size. This is the case for most 

juveniles inhabiting tributaries of the San Lorenzo River and the mainstem upstream of the Boulder 

Creek confluence. This is also the case for most juveniles in the East and West Branches of Soquel 

Creek, as well as in the Aptos watershed (except its lagoon) and the Corralitos sub-watershed 

except in wetter years such as 2006. Juvenile steelhead are generally identified as YOY (first year) 

and yearlings (second year).  The slow growth and often two-year residence time of most local 

juvenile steelhead indicate that the year class can be adversely affected by low streamflows or other 

problems (including over-wintering survival) during either of the two years of residence.  Nearly all 

coho salmon, however, smolt after one year under most conditions, despite their smaller size.   

 

Growth of YOY steelhead and coho salmon appears to be regulated by available insect food 

(determined by substrate conditions in fastwater habitat and insect drift rate), although escape cover 

(hiding areas, provided by undercut banks, large rocks which are not buried or "embedded" in finer 

substrate, surface turbulence, etc.) and water depth in pools, runs and riffles are also important in 

regulating juvenile numbers, especially for larger fish. Densities of yearling and smolt-sized 
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steelhead in small streams, the upper San Lorenzo (upstream of the Boulder Creek confluence) and 

San Lorenzo tributaries, are usually regulated by water depth and the amount of escape cover during 

low-flow periods of the year (JulyīOctober) and by over-winter survival in deep and or complex 

pools.  In most small coastal streams, availability of this "maintenance habitat" provided by depth 

and cover appears to determine the number of smolts produced (Alley 2006a; 2006b; 2007; Smith 

1982).  Abundance of food (aquatic insects and terrestrial insects that fall into the stream) and 

fast-water feeding positions for capture of drifting insects in "growth habitat" (provided mostly in 

spring and early summer) determine the size of these smolts. It was determined that in portions of a 

watershed that are capable of growing YOY juvenile steelhead to smolt size their first growing 

season (Size Class II =>75 mm Standard Length in fall), the density of YOY that obtain this size 

was positively associated with the mean monthly streamflow for MayïSeptember (Alley et al. 

2004). Furthermore, it has been shown that the density of slower growing YOY in tributaries was 

positively associated with the annual minimum annual streamflow (Alley et al. 2004). Aquatic 

insect production is maximized in unshaded, high gradient riffles dominated by relatively 

unembedded substrate larger than about 4 inches in diameter.  

 

Yearling steelhead growth usually shows a large increase during the period of March through June. 

Larger steelhead then may smolt as yearlings. For steelhead that stay a second summer, mid to late 

summer growth is very slight in many tributaries (or even negative in terms of weight) as flow 

reductions eliminate fast-water feeding areas and reduce insect production.  A short growth period 

may occur in fall and early winter after leaf-drop of riparian trees, after increased streamflow from 

early storms, and before water temperatures decline below about 48ºF or water clarity becomes too 

turbid for feeding.  The "growth habitat" provided by higher flows in spring and fall (or in summer 

for the mainstem San Lorenzo River) is very important, since ocean survival to adulthood increases 

exponentially with smolt size.  

 

During summer in the mainstem San Lorenzo River downstream of the Boulder Creek confluence, 

steelhead use primarily fast-water habitat where insect drift is the greatest. This habitat is found in 

deeper riffles, heads of pools and faster runs. YOY and small yearling steelhead that have moved 

down from tributaries can grow very fast in this habitat if streamflows are high and sustained 

throughout the summer. The shallow riffle habitat in the upper mainstem is used almost exclusively 

by small YOY, although most YOY are in pools. In the warm mainstem Soquel Creek, downstream 

of Moores Gulch, juvenile steelhead utilize primarily heads of pools in all but the highest flow 

years, with some YOY using shallower runs and riffles. Upstream of Moores Gulch in summer on 

the mainstem and in the two Branches (East and West), juvenile steelhead use primarily pool 

habitat where cover is available and deeper step-runs. Riffles are used by primarily YOY and more 

so in the upper mainstem than the branches where they become more shallow.  

 

Pools and step-runs are the primary habitat for steelhead in summer in San Lorenzo tributaries, the 

upper San Lorenzo River above the Boulder Creek confluence, the Aptos watershed and the 

Corralitos sub-watershed because riffles and runs are very shallow, offering limited escape cover. 
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Primary feeding habitat is at the heads of pools and in deeper pocket water of step-runs. The deeper 

the pools, the more value they have.  Higher streamflow enhances food availability, surface 

turbulence (as overhead cover) and habitat depth, all factors that increase steelhead densities and 

growth rates.  Where found together, young steelhead use pools and faster water in riffles and 

runs/step-runs, while coho salmon use primarily pools, being poorer swimmers.  

 

Juvenile steelhead captured during fall sampling included a smaller size class of juveniles less than 

(<) 75 mm (3 inches) Standard Length (SL); these fish would almost always require another 

growing season before smolting.  The larger size class included juveniles 75 mm SL or greater (=>) 

and constituted fish that are called "smolt size" because a majority will likely out-migrate the 

following spring and because fish smaller than this very rarely smolt the following spring. Smolt 

size was based on scale analysis of out-migrant smolts captured in 1987-89 in the lower San 

Lorenzo River. This size class in fall may include fast growing YOY steelhead inhabiting the 

mainstems of the San Lorenzo River and Soquel Creek, lower reaches of larger San Lorenzo 

tributaries, and lower reaches of Corralitos and Aptos creeks. It also includes slower growing 

yearlings and older fish inhabiting all watershed reaches. 

 

A basic assumption in relating juvenile densities to habitat conditions where they are captured is 

that juveniles do not move substantially from where they are captured during the growing season. 

This assumption is reasonable because at sites in close proximity, such as adjacent larger 

mainstem and smaller tributary sites, there are consistent differences in fish size, such as 

juveniles that are consistently larger in the mainstem sites where streamflow is greater and there 

is more food (D. Alley pers. observation). In other cases, there are differences in fish size 

between sunny productive habitats and shady habitats where food is scarce. This indicates a lack 

of movement between sites. In addition, Davis (1995), during a study of growth rates in various 

habitat types, marked juvenile steelhead in June in Waddell Creek and recaptured the same fish 

in September in the same (or immediately adjacent) habitats where they had been marked. 

Evidence is lacking that would indicate ecologically significant juvenile movement upstream 

during the dry season, and the concern that summer flashboard dams without ladders may impede 

upstream movements of juvenile salmonids appears unfounded. Shapovalov and Taft (1954), 

after 9 consecutive years of fish trapping on Waddell Creek, detected very limited upstream 

juvenile steelhead movements; most of the relatively limited movement was in the winter.  

 

Overwintering Habitat.  Shelter for fish against high winter flows is provided by deeper pools, 

undercut banks, side channels, large unembedded rocks and large wood clusters. Over-wintering 

survival is usually a major limiting factor, since yearling fish are usually less than 10-20% as 

abundant as YOY. Extreme floods (i.e. 1982 and 1998) may make overwintering habitat the most 

critical for steelhead production. In the majority of years when bankfull or greater stormflows 

occur, these refuges are critical, and it is unknown how much refuge is needed. The remaining coho 

streams, such as Gazos, Waddell and Scott creeks, have considerably more instream wood than 

others (Leicester 2005).  
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I -2. Project Purpose and General Study Approach 

 

The 2008 fall fish sampling and habitat evaluation included comparison of 2008 juvenile steelhead 

densities at sampling sites and rearing habitat conditions with those in 1997ï2001 and 2003ï2007 

for the San Lorenzo River and 7 tributaries and in 1997ī2007 for the Soquel Creek mainstem and 

branches. Fall steelhead densities and habitat conditions in 2008 in the Corralitos Creek watershed 

were compared to those in 1981, 1994 and 2006ī2007. Fall 2008 steelhead densities and habitat 

conditions in the Aptos Creek watershed were compared to those in 1981 and 2006ī2007.  Habitat 

conditions were assessed primarily from measured streamflow, escape cover, water depth and 

visual estimates of streambed composition and embeddedness.   



 
 

 

D.W. ALLEY & Associates                                                                    Santa Cruz County Fishery Report 2008 

P.O. Box 200 Å Brookdale, California 95007                 52 

 

 

 

METHODS 
 

M-1. Choice of Reaches and Vicinity of Sites to be Sampled 

 

In 2008, fish densities at average habitat quality sampling sites in previously determined reaches 

were compared to past fish densities. The scope since 2006 has not included estimation of fish 

population sizes for reaches or extrapolation to adult indices.  

 

The mainstem San Lorenzo was divided into 13 reaches, based on past survey work (Table 1a; 

Appendix A map, Figure 2).  Much of the San Lorenzo River was surveyed during a past water 

development feasibility study in which general geomorphic differences were observed (All ey 

1993). This work involved survey and determination of reach boundaries in the mainstem and 

certain tributaries, including Kings and Newell creeks (Tables 1a-b; Appendix A map, Figure 2). 

In past work for the San Lorenzo Valley Water District, Zayante and Bean creeks were surveyed 

and divided into reaches. Previous work for the Scotts Valley Water District required survey of 

Carbonera Creek and reach determination, although it has not been sampled since 2001. 

Considerations for reach boundaries in Lompico Creek were similar to those for other tributaries, 

including summer baseflows, past road impacts and bridge crossings, water diversion impacts and 

extent of perennial channel.  The half-mile segment surveyed and sampled in Lompico Creek was 

mostly in the lowermost Reach 13e and included some of Reach 13f with two bridge crossings.  

 

In each tributary and the upper mainstem of the San Lorenzo, the uppermost extent of 

steelhead use was approximated in past years to make watershed population estimates. For the 

upper San Lorenzo River, topographic maps were used with attention to change in gradient and 

tributary confluences to designate reach boundaries (Table 1b; Appendix A map, Figure 2). The 

uppermost reach boundaries for Bean and Bear creeks were based on a steep gradient change seen 

on the topographic map, indicative of passage problems. The Deer Creek confluence was used on 

Bear Creek, although steelhead access continues somewhat further. Known barriers were upper 

reach boundaries in Carbonera, Fall, Newell, Boulder and Kings creeks. The extent of perennial 

stream channel in most years was used for setting boundaries on Branciforte, Zayante and Lompico 

creeks. Steelhead estimates in Zayante Creek stopped at the Mt. Charlie Gulch confluence in past 

years, although steelhead habitat exists above in Zayante Creek and Mt. Charlie Gulch in many 

years. Steelhead habitat in the Zayante tributary, Lompico Creek, was first sampled in 2006.  

 

In 2008, sampled tributaries of the San Lorenzo included Zayante, Lompico, Bean, Fall, Boulder, 

lower Bear and lower Branciforte creeks. Newell Creek was dropped in 2007 because the City of 

Santa Cruz collected habitat and fish density data on Newell Creek independent of our effort. The 

City of Santa Cruz did not fund sampling in Newell Creek in 2008. The San Lorenzo Valley Water 

District funded the resumption of sampling and habitat typing in Fall Creek, which had not been 

monitored since 2001. The historic reach in Fall Creek was studied. Refer to Table 1c, Appendix 
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A, Figure 2 and page 2 for a list of sampling sites and locations in 2008. Half-mile segments in the 

vicinity of sampling sites were habitat typed to select sampling sites with average habitat 

conditions. Steelhead inhabit other tributaries, and in the past, 9 major tributaries were sampled. 

Other tributaries known to contain steelhead from past sampling and observation include (from 

lower to upper watershed) Eagle Creek in Henry Cowell State Park, Lockhart Gulch, Mountain 

Charlie Gulch in the upper Zayante Creek drainage, Love Creek, Clear Creek, Two Bar Creek, 

Logan Creek tributary to Kings Creek and Jamison Creek (a Boulder Creek tributary). Other creeks 

likely to provide limited steelhead access and perennial habitat in some years for relatively low 

densities of steelhead include Glen Canyon and Granite creeks in the Branciforte system; Powder 

Mill Creek, Gold Gulch  (lower mainstem San Lorenzo tributaries); and Ruins and Mackenzie 

creeks (2 small Bean Creek tributaries). This list is not exhaustive for steelhead. Resident rainbow 

trout undoubtedly exist upstream of steelhead migrational barriers in some creeks and especially 

upper Boulder Creek above the bedrock chute near the Boulder Creek Country Club. 

 

In Soquel Creek, reach boundaries downstream of the East and West Branch confluence were 

determined from our habitat typing and stream survey work in September 1997. For reaches on the 

East and West branches, boundaries were based on observations made while hiking to sampling 

sites, observations made during previous survey work, and reach designations made by Dettman 

during earlier work (Dettman and Kelley 1984). Changes in habitat characteristics that 

necessitated reach boundary designation often occurred when stream gradient changed. Stream 

gradient is often associated with changes in habitat type proportions, pool depth, substrate size 

distribution and channel type. Other important factors separating reaches are a change in tree 

canopy closure or significant tributary confluences that increase summer baseflow and/or may be 

locations of sediment input from tributaries in the winter. 

 

The 7.1 miles of Soquel Creek (excluding the lagoon) downstream of the East and West Branches 

were divided into 8 reaches (Table 2a; Appendix A of watershed maps). The lagoon was 

designated Reach 0. The 7 miles of the East Branch channel between the West Branch confluence 

and Ashbury Gulch were divided into 4 reaches. The upstream limit of steelhead in this analysis 

was considered Ashbury Gulch due to the presence of a bedrock falls and several boulder drops 

constituting Ashbury Falls immediately downstream. These impediments likely prevent adult 

access to areas above the falls in most years. Furthermore, the salmonid size distribution of 

previous years at Site 18 above Ashbury Falls (delineated in Table 2b) indicated that a higher 

proportion of larger resident rainbow trout was present in the population upstream of Reach 12b. 

The West Branch had 2 reliable steelhead reaches (13 and 14a). The upper West Branch reach was 

shortened in 2000 when a bedrock chute (Girl Scout Falls I) was observed upstream of Olson Road 

(formerly Olsen Road) near the Girl Scout camp. This chute is likely impassable during many 

stormflows. Therefore, juvenile steelhead population estimates for previous years were reduced to 

exclude potential juvenile production above this passage impediment. Sampling in 2003 and 2005 

indicated that steelhead likely passed Girl Scout Falls I but not Girl Scout Falls II. Sampling in 

2004 indicated that some steelhead might have passed Girl Scout Falls II, although young-of-the-
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year production above Girl Scout Falls II was approximately half what it was downstream. 

Sampling in 2005 and 2006 indicated that adult steelhead did not pass Girl Scout Falls II. After 

2006, the sampling site upstream of Girl Scout Falls II was dropped from the scope.  

 

In 2002, the upper West Branch was surveyed. Significant impediments to salmonid migration were 

found and used as reach boundaries. Reach 14b was designated between Girl Scout Falls I and Girl 

Scout Falls II. Reach 14c was designated between Girl Scout Falls II and Tucker Road (formerly 

Tillyôs Ford). Reach 14d was designated between Tucker Road and Laurel Mills Dam. 
 

In 2008, all captured fish in Soquel Creek were scanned for PIT tags to detect any previously 

tagged individuals at NOAA Fisheries sites. Soquel Creek sites included 4 mainstem sites with 

one in Reach 1 (Site 1) upstream of the lagoon (downstream of Bates Creek), one in the lower 

mainstem below Moores Gulch in Reach 3 (Site 4), one in the upper mainstem in Reach 7 (Site 

10) and one in the upper mainstem in Reach 8 (Site 12) (Table 2b). Half-mile segments 

encompassing these sites were habitat typed to determine sampling sites with average habitat 

quality, except 0.8 miles were habitat typed in Reach 1. Sampling sites were chosen to represent 

the lower East Branch Reach 9 (Site 13a) and the upper East Branch Reach 12a (Site 16) (Table 

2b) in the upper Soquel Creek watershed where most of the spawning usually occurs. On the 

West Branch, one sampling site was chosen downstream of Girl Scout Falls I and Hester Creek 

in Reach 13 (Site 19). The reach between Girl Scout Falls I and II was habitat typed (Reach 14b) 

to compare habitat conditions with 2007. Landowner objection in 2006 prevented surveying and 

sampling of Reach 14a in the future.   

 

In the Aptos Creek watershed, 2 sites were sampled in Aptos Creek, representing the low-

gradient Reach 2 above the Valencia Creek confluence and the higher gradient Reach 3 in Nisene 

Marks State Park (Appendix A map). Two sites on Valencia Creek were sampled in the vicinity 

of historical sites previously sampled in 1981 (Table 3). Reach 2 was above passage 

impediments near Highway 1 where a new fish ladder was constructed. Reach 3 was above the 

passage impediment that has been retrofitted at the Valencia Road culvert crossing. Half-mile 

segments in the vicinity of historical sampling sites were habitat typed so that pools with average 

habitat quality could be chosen for sampling, along with adjacent fastwater habitat. Site numbers 

were consistent with 1981 numbering.  

 

In the Corralitos Creek sub-watershed of the Pajaro River Watershed, sampling sites were 

chosen based on historical sampling locations (Smith 1982; Alley 1995a) and historical reach 

designations determined in 1994 (Alley 1995a). Reach delineations were based on previous 

stream survey work of streambed conditions, streamflow and habitat proportions by Alley of the 

extent of steelhead distribution in sub-watershed in 1981 and past knowledge of streamflow and 

sediment inputs from tributaries by Smith and Alley during drought and flood (Table 4a; 

Appendix A). Half-mile segments were habitat typed in the vicinity of the historical sampling 

sites to identify pools with average habitat quality and their adjacent fastwater habitat to sample. 

Site numbers were kept consistent with the original 1981 designations to prevent confusion. 



 
 

 

D.W. ALLEY & Associates                                                                    Santa Cruz County Fishery Report 2008 

P.O. Box 200 Å Brookdale, California 95007                 55 

 

 

 

In Corralitos Creek , 4 reaches were chosen: Reach 1 downstream of the water diversion dam 

(Site 0), Reach 3 downstream of Rider Creek as streamflow steadily increased toward the 

diversion dam (Site 3), Reach 6 upstream of Rider Creek (a historical sediment source) and the 

Eureka Canyon Road crossing at RM 2.95 (box culvert baffled in 2008) that is a partial passage 

impediment (Site 8) and Reach 7 upstream of Eureka Gulch, a historical sediment source (Site 9) 

(Tables 4a and 4b; Appendix A map).  

 

In Shingle Mill Gulch , Reach 1 was chosen below the partial passage impediment at the second 

road crossing (Site 1) and Reach 3 above the second and third road crossings and the steep Reach 

2. Reach 3 is a lower gradient, low flow reach downstream of Grizzly Flat (Site 3)  (Tables 4a 

and 4b; Appendix A map).  

 

In Browns Valley Creek, Sites 1 and 2 were chosen to represent the 2 reaches previously 

delineated there (Tables 4a and 4b; Appendix A map). The diversion dam demarcated the 

reach boundaries because of its potential effect on surface flow and a change in channel type. 

Other valuable steelhead habitat exists in Ramsey Gulch and Gamecock Canyon Creek (Smith 

1982). 

 

M-2. Classification of Habitat Types and Measurement of Habitat Conditions 

 

In each watershed, ½-mile stream segments were habitat-typed using a modified CDFG Level IV 

habitat inventory method; with fish sampling sites chosen within each segment based on average 

habitat conditions. See sampling methods for more details. Habitat types were classified according 

to the categories outlined in the California Salmonid Stream Habitat Restoration Manual (Flosi et 

al. 1998). Some habitat characteristics were estimated according to the manual's guidelines, 

including length, width, mean depth, maximum depth, shelter rating and tree canopy (tributaries 

only in 1998). More data were collected for escape cover than required by the manual to obtain 

more detailed, biologically relevant information.  

 

M-3. Measurement of Habitat Conditions  

 

During habitat typing in 2008, as in past years, visual estimates of substrate composition and 

embeddedness were made. The observer looked at the habitat and made mental estimates based on 

what he saw with his trained eye. Therefore, these estimates are somewhat subjective, with 

consistency between data collectors requiring calibration from one to the other. An assumption is 

that the same data collector will be consistent in visual estimates. If more than one data collector 

contributed to the same study, the original observer trained the others to be consistent (ñcalibratedò) 

on visual estimates. Changes in visual estimates of substrate abundance or embeddedness of about 

10% or more between sites and years probably represent real changes in habitat quality. The 

previous years' data was not reviewed prior to data collection so as not to bias current data.   
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Fine Sediment. Fine sediment was visually estimated as particles smaller than approximately 0.08 

inches. In the Santa Cruz Mountains, there is little gradual gradation in particle size between sand 

and larger substrate, making visual estimates of fines relatively easy. There is generally a shortage 

of gravel-sized substrate. The comparability of these visual estimates to data collection via pebble 

counts would depend on the skill of the visual estimator and the skill of the pebble count collectors. 

Untrained volunteers tend to select larger substrate to pick up and measure during pebble counts, 

resulting in an overestimate of particle size composition of the streambed. The accuracy of pebble 

counts is also dependent on sample size. Neither the pebble count nor the visual estimate will 

provide data for substrate below the streambed surface. The McNeil Sampler may be used for core 

samples, and results from this method may not comparable to the other methods. The substrate that 

may be sampled with core sampling is restricted by the diameter of the sampler. Both the pebble 

count method and the core sampling method are too labor intensive for habitat typing. We do not 

believe more in-depth estimates than those taken for percent fines during habitat typing are 

necessary for purposes of this fishery study. It is best to have annual consistency in data collecting 

personnel during habitat typing, however. 

 

Embeddedness. Embeddedness was visually estimated as the percent that cobbles and boulders 

larger than 150 mm (6 inches) in diameter were buried in finer substrate. Previous to 1999, the 

cobble range included substrate larger than 100 mm (4 inches). The change in cobble size likely had 

little effect on embeddedness estimates. The reason the cobble size was increased to 150 mm was 

because substrate smaller than that probably offered little benefit for fish escape cover, and 

embeddedness of smaller substrate was not a good indicator of habitat quality for fish.  

 

Cobbles and boulders larger than approximately 150 mm in diameter provided good, heterogeneous 

habitat for aquatic insects in riffles and runs and some fish cover if embedded less than 25%.  

Cobbles and boulders larger than 225 mm provided the best potential fish cover if embedded less 

than 25%.   

 

Tree Canopy Closure. Tree canopy closure was measured with a densiometer.  Included in the tree 

canopy closure measurement were trees growing on slopes considerable distance from the stream.  

The percent deciduous value was based on visual estimates of the relative proportion of deciduous 

canopy closure provided to the stream channel.  Tree canopy closure directly determines the amount 

of solar radiation that reaches the stream on any date of the year, but the relationship changes as the 

sun angle changes through the seasons and with stream orientation. Our measure of canopy closure 

estimated the percent of blue sky blocked by the vegetative canopy and was not affected by the sun 

angle. 

 

Greater tree canopy inhibits warming of the water and is critically important in small tributaries.  

Increased water temperature increases the metabolic rate and food requirements of steelhead.  Tree 

canopy in the range of 75-90% is optimal in the upper mainstem San Lorenzo River (Reaches 

10-12) and tributaries because water temperatures are well within the tolerance range of juvenile 
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steelhead and coho salmon. If reaches with low summer baseflow become unshaded, water 

temperature rapidly increases. Limited openings (10-15%) in the canopy provide some sunlight 

during the day for algal growth and visual feeding by fish. In the San Lorenzo River system, it is 

important that the tributaries remain well shaded so that tributary inflows to the mainstem are 

sufficiently cool to prevent excessively high water temperatures in the lower mainstem river 

(Reaches 1-5), where tree canopy is often in the 30-75% range. There is an inverse relationship 

between tree canopy and insect production in riffles, which allows faster steelhead growth in larger, 

mainstem reaches, especially downstream of the Zayante Creek confluence, having deeper, 

fast-water feeding areas, despite the elevated temperatures and steelhead metabolic rate (and 

associated food requirements.)  In addition, very dense shading reduces visibility of drifting insect 

prey and reduces fish feeding efficiency. However, as fast-water feeding areas diminish in smaller 

stream channels with less streamflow further up the watershed, high water temperatures may 

increase steelhead food demands beyond the benefits of greater food production in habitat lacking 

in fast-water feeding areas. Here is where shade canopy must increase to maintain cooler water 

temperature and lowered metabolic rate and food requirements of juvenile steelhead.   

 

Escape Coverī Sampling Sites. The escape cover index for each habitat type within sampled sites 

was quantitatively determined in the same manner in 1994-2001 and in 2003-2008. The importance 

of escape cover is that the more there is in a habitat, the higher the production of steelhead, 

particularly for steelhead => 75 mm SL.  Water depth itself provides some escape cover when 2 

feet deep and good escape cover when it is 3 feet deep (1 meter) or greater. Escape cover was 

measured as the ratio of the linear distance under submerged objects and undercut banks within the 

habitat type that fish at least 75 mm (3 inches) Standard Length (SL) could hide under, divided by 

the length of the habitat type. The summer escape cover (as unembedded cobbles, undercut banks 

and instream wood) also provides overwintering habitat in the tributaries. This allowed annual 

comparisons for the habitats at historical sites.  

 

Escape Coverī Habitat Typing Method by Reach. Reach averages in 1997ī2000, 2003, 

2005ī2008 for escape cover by habitat type were determined from habitat typed segments. Reach 

cover indices were determined for habitat types in reach segments for purposes of annual 

comparisons. The escape cover index for each habitat type in a half-mile segment was measured as 

the ratio of linear feet of cover under submerged objects that Size Class II and III juveniles could 

hide under for all of that habitat type in the segment divided by total feet of stream channel as that 

habitat type in the reach segment. Objects of cover included unembedded boulders, submerged 

woody debris, undercut banks, bubble curtains and overhanging tree branches and vines that 

entered the water.  Man-made objects, such as boulder rip-rap, concrete debris and plywood also 

provided cover. Escape cover constituted areas where fish could be completely hidden from view. 

This was not a measure of the less effective overhead cover that may be caused by surface 

turbulence or vegetation hanging over the water but not touching. Steelhead habitat is illustrated in 

the following drawings. 
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Illustration of pool habitat (stream flowing from left to right) showing escape cover under 

boulders and undercut bank with tree roots. Juvenile steelhead are feeding at the head of the 

pool. (Female steelhead covering her redd of eggs after spawning at the tail of the pool.) 


