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Introduction

Nevada Irrigation District's (NID) gaging station, located 1,250 feet downstream of State

Route 65 in the City of Lincoln, CA, was considered a low-flow migration barrier to adult

salmonids in Auburn Ravine and identified as limiting the population. The structure was

constructed in 1981 and had been an impediment to upstream anadromous fish

migration at all but extremely high flows. Through time, the channel bed downstream of

the gaging station had incised approximately 6 feet. A field of boulder riprap was then

placed immediately below the downstream lip to prevent further erosion and

undermining of the structure. However, this caused further delay in upstream migration

under most streamflow conditions. In December 2011, fish passage improvements

were implemented to the gaging station to facilitate upstream migration of anadromous

fish.

During fall 2012, adult Chinook salmon were observed ascending and spawning in

Auburn Ravine upstream of the NID gaging station. In response to this upstream

passage and spawning activity, a five-foot rotary screw trap (RST) was deployed in

Auburn Ravine at the Aitken Ranch site, approximately 6 miles downstream of the NID

gaging station, on 22 January, 2013 (Figure 1). This pilot monitoring was initiated to

determine if improved access for Chinook salmon spawning in Auburn Ravine upstream

of NID gaging station was successful based on, at the minimum, presence of juvenile

Chinook salmon collected from the RST.

Materials and Methods

With access to the site granted from the landowner, Wildlands, Inc., a five-foot RST was

assembled and placed in Auburn Ravine from 22 January to 6 June 2013. Heavy duty

chain and cable were fastened around a tree on the south bank and to an 18.1 kg (40

pound) Danforth anchor buried 4 feet into the ground on the north side of the creek.

Each line was attached to the starboard and port pontoons, respectively. The trap was

positioned in the deepest area available toward the north bank, immediately

downstream of the Aitken Ranch Bridge and South Sutter Water Irrigation's flashboard

dam site. On 26 March 2013, the trap was repositioned along a root scour hole on the

south bank, 6 meters downstream of its original location, to allow South Sutter Water

District space to begin assembling their flashboard dam for the upcoming irrigation

season.

On 9 April 2013, juvenile Chinook salmon were collected in Auburn Ravine with a large

dip net at Hemphill Dam approximately 12.9 kilometers (8 miles) upstream of the RST to

compare mean fork lengths of those collected at the RST on the same day. Several

scoops were made by jabbing the dip net in the middle of a school of juvenile Chinook
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salmon and raising the net out of the water. Juveniles were placed in a 5 gallon bucket

with creek water until the sample size was comparable to those collected in the RST for

that day. A t-test was used to determine if mean fork lengths were similar between both

sites. Tricaine Methanesulfonate (MS 222) was used to anesthetize and temporarily

immobilize fish captured in the RST for proper handling and measuring. A 5 gallon

bucket filled with fresh creek water was used to ensure recovery of anesthetized fish

prior to their release. All salmonids and most other fish species were measured to the

nearest mm fork length (FL) and released approximately 45 meters downstream of the

RST. Chinook salmon run assignments were based on size-at-time criteria developed

by Fisher (1992). Life stages were recorded using the following criteria:

Yolk-sac fry are newly-emerged fish with a visible yolk sac ("unzipped").

Fry are recently-emerged fish whose yolk is absorbed ("zipped-up"), and whose

pigmentation is largely undeveloped.

Parr are darkly pigmented fish with characteristic dark, oval-to-round shaped parr

marks on their sides, no silvery coloration, and whose scales are firmly set.

Silvery parr have visible but faded parr marks, and a sufficient accumulation of

purines to produce an intermediate degree of silvering.

Smolts have highly faded parr marks, or lack them altogether, a bright silver or

nearly white coloration, a more slender body shape (i.e., lower condition), a black

trailing edge on the caudal fin, and easily shed (deciduous) scales.

Although there was no sampling strategy for DNA analysis as part of the monitoring

protocol, there was an opportunity to perform the analysis ad hoc as there were several

mortalities found in the trap, along with one clipped fish. Eight juvenile Chinook salmon,

all of spring-run size, were placed in individual plastic bags at the time of collection and

transported to a 0 °C freezer before delivering them to the Department of Fish and

Wildlife's tissue archive laboratory. The samples were then transported to the National

Marine Fisheries Service laboratory in Santa Cruz, CA for race analysis based on

microsatellite DNA. Details of the analytical methods used for DNA analysis are

described in Garza (2008).

Instantaneous water temperature was recorded during each site visit with a handheld

thermometer and flow data were recorded from the NID Highway 65 and Placer County

Water Agency Brewer Road gages.

Revolutions per minute (RPM) were recorded after resetting the trap prior to leaving the

site for the day (start RPM) and again at the beginning of each site visit (end RPM).
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Average RPM was calculated by averaging the start and end RPM between site visits.

An average RPM of zero signifies that the RST cone was left at 0 RPM and upon

returning for the next site visit was still at 0 RPM and essentially was not fishing. Catch

per unit of effort could not be performed for this monitoring due to unforeseen

circumstances with operating a RST in this shallow and low flow environment. Also, no

trap efficiency tests were performed due to minimal numbers of salmon collected in the

trap.

Hatchery release information for 2012 and 2013 was retrieved from Coleman National

and Feather River Fish hatcheries. When fish were recorded as fish/pound, Piper et al.

(1982) was used to convert mass to FL.

Results

Of the 135 days that the RST was present in Auburn Ravine, it was checked nearly

every day during weekdays and some weekend days for a total of 78 site visits.

Decreases in stream flow and water elevation, along with mobilization of decomposed

granite underneath the RST, precluded the cone from spinning periodically throughout

the monitoring period and average RPM varied from 0 to 5.125 RPM (Figure 2). On 15

of the 78 site visits, or nearly 20% of the time, average RPM was zero (Figure 3).

Instantaneous water temperature ranged from 7 to 21° C. Water temperatures were

lowest during the beginning of the monitoring in January and increased throughout the

sampling period (Figure 4).

There were 16 species of fish collected during the monitoring period (Table 1), the

majority of which were Chinook salmon. Of the 221 Chinook salmon collected, three

runs (winter-, spring-, and fall-run) were identified based on size classes (Figure 5).

Eight winter-run sized Chinook salmon were collected ranging in size from 108 to 129

mm FL. Twenty-two fall-run sized Chinook salmon were collected during the monitoring

period ranging in size from 35 to 88 mm FL, and 191 spring-run sized Chinook salmon

were collected ranging in size from 71 to 105 mm FL.

Developmental stages for fish in the winter-run size class included silvery parr and

smolts. For fall-run and spring-run size classes, developmental stages included fry and

smolts and silvery parr and smolts, respectively.

A total of 11 rainbow trout were collected during the monitoring period. Two were

classified as parr, four as silvery parr, and five as smolts (Figure 6). Parr were 160 and

164 mm FL and were collected on 1 February 2013. Silvery parr ranged in size from

143 to 194 mm FL and were collected from 1 February to 4 April 2013. Smolts ranged

from 182 to -207 mm FL and were collected from 24 March to 19 April 2013.
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On 9 April 2013, a total of 25 juvenile Chinook salmon in Auburn Ravine at Hemphill

Dam were collected utilizing a dip net. These fish ranged in size from 33 to 64 mm FL,

averaged 51 mm FL, and fell within the fall-run Chinook salmon size class for that day.

However, the 29 juvenile Chinook salmon collected on the same day at the RST were

significantly larger (t-test, p< 0.001) ranging in size from 77 to 104 mm FL, averaging 90

mm FL, and falling within the spring-run size class (Figure 7).

On 8 April 2013, seven Chinook salmon ranging in size from 82 to 96 mm FL were

found dead in the RST due to an abundance of leaf litter that collected in the trap

following a heavy wind storm. Each Chinook salmon was in the spring-run size class

and all were sent to a lab for DNA analysis. An additional Chinook salmon falling in the

spring-run size class (91 mm FL) with a missing adipose fin was collected on 19 April

2013 (Figure 8). The fish was sacrificed to read the information on the coded wire tag;

however, no tag was detected, but also was sent to a lab for DNA analysis. The DNA

analysis on all eight Chinook salmon assigned them with high confidence (0.90) to the

Central Valley fall-/late-fall-run reporting group.

On 18 April 2013, one Chinook salmon (75 mm FL) was found dead in the RST. Since

the fish was in the fall-run size class, and emphasis was placed on spring-run size class

determination, it was not sent in for DNA analysis. In retrospect, the fish should not

have been excluded from the analysis as the results from the previous samples showed

no certainty as to their origin.

Conclusion/Discussion

During the winter and spring of 2013, the Auburn Ravine RST was deployed for nearly

four and a half months (23 January to 6 June 2013). Since 1959, several other

methods were used to sample juvenile Chinook salmon in Auburn Ravine, including

electrofishing, seining, and fyke netting. The 2013 sampling is the first attempt to utilize

a RST to monitor juvenile emigration in Auburn Ravine, and by far, the longest

continuous period of sampling during which several size classes of juvenile Chinook

salmon were collected in the trap. Because of unsuitable water temperatures for

juvenile Chinook salmon from June through August, except in the uppermost reach of

Auburn Ravine, lack of deep holding pools, and explicitly, numerous flashboard dams in

place from mid-April through mid-October, Auburn Ravine is unlikely to support adult

winter- and spring-run Chinook salmon upstream migration and spawning. However,

examination of Chinook salmon collected in the RST revealed that winter- and spring-

run juvenile Chinook salmon size classes were present in the catch.

The most likely reason for observing these size classes is that non-natal rearing is

conceivably occurring in Auburn Ravine. Valley reaches of many small and intermittent
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tributaries of the Sacramento River have been shown to be used by juvenile Chinook

salmon as non-natal rearing sites (Maslin 1998). Based on RST data at Knights

Landing on the Sacramento River, juvenile Chinook salmon winter-run size classes

occur in the traps from October through mid-April and that increases in catch can occur

as early as the beginning of December (Figure 9). Prior to its discontinued use for the

season, the Knights Landing RST collected all four run designations of juvenile Chinook

salmon during 2012 from 28 November to 15 December 2012, with spring- and winter-

run making up the majority of the catch (Table 2). Catch per unit effort for spring and

winter run was highest during the first week of December 2012 (Figure 10). This timing,

along with increased flow in Auburn Ravine during early and late December 2012,

potentially allowed for juvenile Chinook salmon to migrate upstream from the

Sacramento River into Auburn Ravine, approximately 26.5 kilometers (16.5 miles)

downstream from the RST site (Figure 11).

Some evidence that supports non-natal rearing is that one spring-run sized juvenile

Chinook salmon (91 mm FL) with a missing adipose fin was collected in the trap on 19

April 2013. Though a coded wire tag could not be detected in the fish, and that DNA

analysis found it to be within the fall-run reporting group, a clipped fish is indication of

hatchery origin and not from adults that spawned in Auburn Ravine. Furthermore, the

fall-run reporting group also includes Feather River spring-run because of the historical

or present introgression between the two races (Garza et al. 2008). Regardless of the

lack of genetic distinction between Feather River spring- and fall-run Chinook salmon, it

is possible that the fish came from Feather River Hatchery releases made prior to its

capture. The first Feather River Hatchery spring-run release of approximately 524,400

fish, averaging 98 mm FL, was made on 9 April 2013 at Boyds Pump on the Feather

River. Subsequent releases prior to flashboard placement were made on 11 and 12

April 2013 offish similar in size. Given the period of time between release and

flashboard placement on 15 April 2013, it is highly feasible that the fish came from

either of these releases. Purdy and Coulon (2013) found that the minimum time

between releases of hatchery-origin Chinook salmon from Coleman National Fish

Hatchery collected at the Tisdale screw trap was three days; a distance of 244 km

(151.6 miles). Other possibilities of origin could be from Coleman National Fish

Hatchery releases either during their late-fall releases at the end of November 2012, or

during their fall-run releases on 10 and 11 April 2013. However, given the large size at

time of release (late-fall) being greater than the clipped fish collected in Auburn Ravine

and distance to travel for fall run (>351 km; 218 miles) to reach the Auburn Ravine trap

site, there is even greater doubt that its origin was from Coleman releases. Since

Boyds Pump is approximately 36 km (22.5 miles) from the Crosscut Canal, and thence

Auburn Ravine, and another 26.5 km (16.5 miles) up to the RST site, and that releases

were of similar sized fish to the one collected in the trap, it is highly conceivable that
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Feather River released fish could make it up to the Auburn Ravine trap site prior to

flashboard dam placement.

Another indication as to non-natal rearing occurring in Auburn Ravine is size at the time

of collection. Winter-run sized juveniles (108 and 111 mm FL) were first collected in the

RST on 7 and 11 February 2013, respectively, and the first fall-run size (35 and 36 mm

FL) on 20 February 2013. Winter-run Chinook salmon size classes are the most easily

separated among Central Valley Chinook salmon runs since their spawning period is

the most isolated from the other Chinook salmon runs (Maslin 1998). According to the

daily length chart (Fisher 1992), during the month of February, fall-run sized juvenile

Chinook salmon range from 0 to 59 mm FL while winter-run juveniles range from 67 to

167 mm FL. Since the majority of spawning activity in Auburn Ravine occurred during

November 2012 with the first and last salmon redds being observed on 26 October and

14 December 2012, respectively, it is unlikely that fall-run juveniles could grow to such

lengths (>100mm) and be in the silvery parr developmental stage by early February

2013. The difference in size between the two groups is some indication that juvenile

Chinook salmon upstream movement may be occurring to utilize Auburn Ravine as a

non-natal rearing area before emigrating back down to the Sacramento River and to the

Sacramento-San Joaquin Delta. Further evidence of non-natal rearing in Auburn

Ravine is supported by the fact that no adult Chinook salmon were observed ascending

Auburn Ravine during the fall 2011 spawning season, thus ruling out any juvenile over-

summering in 2012. Still, had any spawning occurred in Auburn Ravine during fall

2011, juveniles would have been even much larger in size than the largest individual

collected during the 2013 sampling season.

Spring-run sized juveniles were first collected on 24 March 2013 and ranged in size

from 71 to 79 mm FL. According to the daily length chart for 24 March 2013, juvenile

fall- and spring-run lengths range from 0 to 69 mm FL and from 70 to 93 mm FL,

respectively. Since the smallest spring-run size juvenile (71 mm FL) was just outside of

the fall-run size range for that day, it is conceivable that the spring-run size juveniles

collected in the RST were, in fact, fall run. However, some of the largest spring-run size

individuals collected in the trap on 9 April 2013 also bordered on the winter-run size

range (104 mm FL). These fish averaged 90 mm FL and were significantly larger (p<

0.001) than juveniles collected upstream at Hemphill Dam on the same day. Although

this analysis represents a single sampling event, it was visually noted that juvenile fish

lengths at Hemphill Dam were of similar sizes prior to dip netting them in an effort to

discern that the site represented the population variability in juvenile Chinook salmon

sizes for the upstream area and eliminate any likely gear selection bias between a dip

net and the RST. It was also noted that juvenile Chinook salmon at Hemphill Dam were

in greater numbers than what were collected in the RST during the entire monitoring
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season. Since the majority of spawning in Auburn Ravine took place in November

2012, it would be expected that juveniles at Hemphill Dam and in the trap would be from

the same population and consequently similar in size. A 40 mm average size difference

between these two groups represents a considerable difference in growth and much

greater than expected for the majority of fish that were spawned in Auburn Ravine

during November. However, juvenile Chinook salmon can grow faster in intermittent

tributaries due to warmer water temperatures and abundant sources of prey items than

those that rear in mainstem rivers (Limm and Marchetti 2009). A faster growth rate for

juveniles in intermittent tributaries misidentifies fish to an earlier-spawning race and

invalidates the accuracy of the Fisher Tables. From 1998 to 2001, juvenile spring-run

Chinook salmon collected in the Feather River RST were nearly identical in size to fall

run emigrating at the same time, clearly illustrating further uncertainties in using the

daily length table alone as an indication of run (DWR 2002). Despite uncertainty in size

classification, a much higher number of spring-run size juveniles collected in the RST

than fall-run size juveniles suggest that spring-run juvenile Chinook salmon may also

use Auburn Ravine as a non-natal rearing area. Although efforts for improving adult

passage to upstream spawning habitat in Auburn Ravine are beginning to occur, of

particular concern is that very few (22) fall-run sized juveniles, or Auburn Ravine origin

fish, were collected during the monitoring period. This result may suggest poor survival

of juvenile Chinook salmon that were spawned in the tributary. On 9 April 2013, six

days prior to when South Sutter Irrigation District assembled Aitken Dam, numerous

juveniles were observed upstream at Hemphill Dam. However, only a fraction of

juveniles within the size class observed at Hemphill Dam on 9 April 2013 were observed

in the trap through the end of the monitoring period. Immediately after Aitken Dam was

assembled on 15 April 2013, water ceased spilling over the dam, flow decreased at the

trap site, and the trap essentially stopped fishing (Figures 12 and 13). Collections

increased for only a few days after the Aitken Dam was assembled, and were due to

increased flow over the top of the dam for water deliveries. However, spring-run sized

Chinook salmon were more abundant in the catch than the size class observed

upstream at Hemphill Dam (Figure 5). Shortly thereafter, water ceased spilling over the

dam for approximately 13 days. Instead, water seeped through the boards of the dam,

but the resultant flow was not great enough to keep the RST fishing. Even after the

water began spilling over the dam in May 2013 and the RST began to fish, only two fall-

run sized Chinook salmon were collected through the end of sampling. It is therefore

conceivable that a majority of fall-run juveniles from adult Chinook salmon that spawned

in Auburn Ravine could not fully complete their emigration to the Sacramento River

because of the current water management and associated flashboard dam operations

hindering or preventing downstream movement.
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Of greater importance is the collection of different life stages of rainbow trout/steelhead

in Auburn Ravine during the monitoring period. Life stage developmental stages were

classified as parr, silvery parr, and smolt. Auburn Ravine is designated critical habitat

for Central Valley steelhead; however, opportunities for anadromy have been

compromised for several decades. The collection of smolt life stages is an important

finding to further understand the extreme life history variation in steelhead life histories

within different watersheds.

The original intent of this monitoring was to provide information as to the success of

Chinook salmon spawning in Auburn Ravine by monitoring emigration of juvenile

Chinook salmon, and to further support habitat restoration that could provide better

opportunities for anadromy in Auburn Ravine. Inadvertently, the monitoring revealed

useful information with respect to juvenile Chinook salmon use of low-elevation Central

Valley tributaries as non-natal production areas, life history strategies of

steelhead/rainbow trout, and limitations associated with emigration. It is therefore

recommended that a follow-up sampling program continue utilizing the same

methodologies employed in this sampling program as to further verify and understand

seasonal trends in juvenile salmonid emigration timing, provide an index of relative

abundance between two survey years, and understand the relative importance of

intermittent streams as rearing habitat.
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Figure 1. Map of sampling site
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Figure 2. Average RPM at the Auburn Ravine RST from 23 January

to 6 June 2013.
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Figure 3. Frequency of average revolutions per minute during the

sampling period 22 January to 6 June 2013.
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Figure 4. Instantaneous water temperature (°C) measurements in

Auburn Ravine during sampling period (22 January through 6 June

2013).

Table 1. List of species collected in Auburn Ravine

RST from 22 January through 6 June 2013.

Species

Chinook salmon

Sacramento sucker

Sacramento pikeminnow

Unidentified Cyprinids

Sculpin (spp.)

Mosquitofish

Hitch

Bluegill

Green sunfish

Rainbow trout

Golden shiner

Brown bullhead

Pumpkinseed

Black bullhead

Lamprey (ammocete)

Total

Total

221

33

30

25

20

18

18

12

11

11

4

3

2

1

1

410
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Figure 5. Number of juvenile Chinook salmon collected in Auburn

Ravine RST by run (1 = Fall-run sized, 2 = Spring-run sized, 3 =

Winter-run sized).
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Figure 6. Number of rainbow trout collected in Auburn Ravine

RST by stage from 23 January to 6 June 2013.
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Figure 8. Adipose fin-clipped Chinook salmon collected on 19 April 2013 in the Auburn

Ravine RST.
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Figure 9. Cumulative percent of winter-run Chinook salmon catch at Knights Landing

RST by week from 2008-2012.
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Table 2. Knights Landing rotary screw trap daily count for fall-, spring-, winter-, and late

fall-run juvenile Chinook salmon from 28 November to 15 December 2012. Source

citation?

Date

11/28/12

11/29/12

11/30/12

12/01/12

12/02/12

1 2/03/1 2

12/04/12

12/05/12

12/06/12

12/07/12

12/08/12

12/09/12

12/10/12

12/11/12

12/12/12

12/13/12

12/14/12

12/15/12

Total

No. fall-run

0

0

0

0

1

4

1

61

5

0

n

14

8

3

3

3

1

0

104

No. spring-run

0

0

0

0

0

13

15

106

41

21

41

15

18

3

3

0

2

0

282

No. winter-run

1

4

0

15

66

190

117

84

52

75

40

40

44

7

1

3

2

0

1,016

No. late fall-run

0

0

0

0

3

11

3

1

0

3

0

3

2

2

1

0

0

0

30

8

■5 3
a 2

u

,*T^ KfC^ ,\i" l1^ ,«j' h^k i"^v t\V .xf

/VVVVVVVV

a,

■

■

hi J
IlliJj

CPUE Spring

CPUE Winter

Date

Figure 10. Knights Landing catch per unit effort for spring- and

winter-run juvenile Chinook salmon from 28 November to 15

December 2012.
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2013

Figure 11. Flow (cfs) at Highway 65 and Brewer Road in Auburn Ravine from

September 2012 through June 2013.
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Figure 12. Upstream of Auburn Ravine RST site looking at

fiashboard dam with no water spilling over top.
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Figure 13. Condition of RST when Aitkin Ranch flashboard dam was fully assembled.


