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Chapter 4
Head of Old River Barrier

Background
The spring HORB was first constructed in 1992. Since then, 

the barrier has been installed in 1994, 1996, 1997 (w/two 

culverts), and between 2000 and 2004. In 2000-2004 the 

barrier was installed with six culverts. The HORB was not 

installed in 1993, 1995, 1998, 2005, and 2006 due to 

high San Joaquin River flows. The HORB was not installed in 

1999 due to landowner access problems. The HORB, a key 

component of VAMP, is intended to increase San Joaquin 

River Chinook salmon smolt survival by preventing them 

from entering Old River.  

The spring temporary Head of Old River Barrier (HORB) was 

not installed in 2006 due to high flows in the San Joaquin 

River, nonetheless, monitoring near the  HOR is performed 

as required by the permitting agencies and is one element 

of the monitoring program of the south delta Temporary 

Barriers Project (TBP). The TBP mitigates for low water 

levels in the south delta and improves water circulation 

and quality for agricultural purposes. Fishery sampling was 

conducted during the 2006 VAMP study period to determine 

the proportion of juvenile Chinook salmon that migrated 

into Old River in the absence of the HORB.  Results of the 

2006 monitoring tested the hypothesis that juvenile salmon 

migrate in direct proportion to a flow split.  Results of the 

2006 monitoring are briefly discussed below.

Figure 4-1 
South Delta Temporary Barriers

 SEE USEFUL WEB PAGES
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Although the HORB was not installed in 2006, the three 

agricultural barriers (the Middle River barrier, the Old River 

near Tracy barrier, and the Grant Line Canal barrier) were 

installed by July 7, 2006, July 17, 2006, and July 20, 2006 

respectively. Removal of the Middle River, Old River near 

Tracy, and Grant Line barriers was completed by November 

18, December 13, and December 10, respectively. The 

agricultural barriers are installed to mitigate for low water 

surface elevations in south Delta region. Figure 4-1 shows 

the locations of the three agricultural barriers and the 

location of the HORB, if it were to be installed.

Flow Measurements at and Around 
the Head of Old River
DWR operates two Acoustic Doppler Current Meters (ADCM) 

in the vicinity of head of Old River, one in the San Joaquin 

River 1,500 feet downstream of Old River (San Joaquin 

River below Old River near Lathrop, SJL) and another in 

Old River 840 feet downstream of the head of Old River 

(Old River at Head, OH1). This year, a third acoustical 

Doppler was installed at the abutment of the Rail Road 

tracks near Mossdale (Figure 4-1). The ADCMs record 

velocity measurements at a 15 minute interval from which 

flow values can be determined. Table 4-1 lists the daily 

minimum, maximum and mean flows for the April 1, 2006 

through June 30, 2006 period for the three ADCMs as 

well as the flow split percentage of the total San Joaquin 

River flow between stations OH1 and SJL. Figures 4-2, 4-3, 

and 4-4 show the daily flow range and the mean for the 

Old River at head gage, the San Joaquin River below Old 

River gage, and the San Joaquin River at Mossdale gage 

respectively. The head of Old River gage reported missing 

data from April 1, 2006 till April 07, 2006 and from April 

28, 2006 till May 1, 2006. All missing data are attributed 

to instrument malfunctioning or the lack of calibration at the 

site during that period.

At the HOR, during the 2006 VAMP period, an average of 

54.3 percent of the flow entered the Old River compared to 

51.3 percent during the 2005 VAMP period. However, the 

flow range at Vernalis in 2006 was 30,600 cfs to 21,000 

cfs compared to a range of 7,700 cfs to 15,100 cfs in 

2005. As is described below a portion of the higher 2006 

flow entered Paradise Cut which was not the case in 2005. 

Until more data is collected no relationship between San 

Joaquin River flow and HOR flow can be made.

Table 4-2 shows the mean daily flow for the San Joaquin 

River gage at Mossdale and the San Joaquin River near 

Vernalis gage for the duration April 1, 2006 through June 

30, 2006. When the flow in the San Joaquin River exceeds 

18,000 cfs in the channel stretch between Vernalis and 

Mossdale; river water starts flowing over a flood-bypass 

weir (located approximately 12 miles downstream of 

Vernalis and about five miles upstream of the juncture 

with the Head of Old River) and into Paradise Cut which 

is a ditch with a dual purpose; irrigation and flood control-

bypass channel conveying water from the San Joaquin 

River to Old River thereby easing the pressure on the 

levees located downstream of the weir. Figure 4-5 shows 

the San Joaquin River flow near Vernalis and at Mossdale 

as well as an estimation of the flow that was diverted into 
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Table 4-1 
Flows in Old River at Head and San Joaquin River below Old River

                        Old River at Head (OH1) San Joaquin River below Old River (SJL) San Joaquin River at Mossdale (MSD) Flow Split (% of Total Flow)

Date Minimum 
Flow
(cfs)

Maximum 
Flow
(cfs)

Mean 
Flow
(cfs)

Minimum 
Flow
(cfs)

Maximum 
Flow
(cfs)

Mean
Flow
(cfs)

Minimum 
Flow
(cfs)

Maximum 
Flow
(cfs)

Mean 
Flow
(cfs)

OH1 SJL

4/1/2006 6,170 7,320 6,800 14,230 15,450 14,840
4/2/2006 6,690 7,600 7,170 14,970 16,650 15,830
4/3/2006 6,870 8,220 7,530 16,230 17,240 16,740
4/4/2006 6,980 8,440 7,710 16,270 17,420 16,800
4/5/2006 7,240 8,360 7,780 16,890 18,950 17,750
4/6/2006 7,830 9,850 8,620 18,610 20,280 19,260
4/7/2006 10,180 10,830 10,530 8,310 10,140 9,050 19,650 20,890 20,310 53.8% 46.2%
4/8/2006 10,290 11,330 10,710 8,610 10,440 9,650 20,370 22,390 21,230 52.6% 47.4%
4/9/2006 11,150 12,610 11,740 9,540 11,790 10,690 22,150 24,640 23,040 52.3% 47.7%
4/10/2006 12,210 13,430 12,750 11,360 13,150 12,130 24,190 26,090 25,210 51.2% 48.8%
4/11/2006 12,670 13,400 13,010 11,680 13,290 12,370 24,790 27,560 26,010 51.3% 48.7%
4/12/2006 13,120 14,440 13,770 12,500 15,100 13,710 26,630 28,730 27,700 50.1% 49.9%
4/13/2006 13,930 14,690 14,330 13,030 15,250 14,190 27,770 29,380 28,420 50.2% 49.8%
4/14/2006 13,940 14,790 14,400 12,460 15,190 13,850 27,140 28,900 28,000 51.0% 49.0%
4/15/2006 13,810 14,750 14,320 12,850 14,530 13,650 26,470 28,150 27,410 51.2% 48.8%
4/16/2006 13,460 14,330 13,880 12,220 14,390 13,360 25,770 28,050 26,820 51.0% 49.0%
4/17/2006 13,250 14,120 13,580 11,010 12,720 11,900 25,220 26,960 26,110 53.3% 46.7%
4/18/2006 12,940 13,770 13,320 10,480 12,540 11,460 24,280 25,870 25,200 53.8% 46.2%
4/19/2006 12,760 13,470 13,100 10,490 12,250 11,540 23,840 25,270 24,680 53.2% 46.8%
4/20/2006 12,890 13,750 13,260 11,100 12,070 11,560 23,760 25,670 24,670 53.4% 46.6%
4/21/2006 12,950 13,670 13,340 10,870 12,050 11,530 23,630 25,880 24,670 53.6% 46.4%
4/22/2006 12,830 13,590 13,200 10,930 12,130 11,530 23,520 25,210 24,370 53.4% 46.6%
4/23/2006 13,060 13,610 13,330 10,640 12,100 11,300 23,570 25,110 24,490 54.1% 45.9%
4/24/2006 12,940 13,440 13,220 11,070 12,160 11,640 23,450 25,030 24,260 53.2% 46.8%
4/25/2006 13,000 13,550 13,280 10,880 12,140 11,520 23,260 24,840 24,140 53.5% 46.5%
4/26/2006 12,780 13,630 13,290 10,830 12,240 11,500 23,060 24,840 24,040 53.6% 46.4%
4/27/2006 13,030 13,490 13,310 11,030 12,610 11,900 23,250 25,210 24,180 52.8% 47.2%
4/28/2006 11,310 12,640 11,950 23,660 25,620 24,590
4/29/2006 11,270 12,680 11,950 23,730 26,110 24,640
4/30/2006 11,480 12,900 12,050 23,680 25,370 24,520
5/1/2006 13,050 13,720 13,340 11,590 12,650 12,170 23,570 25,500 24,620 52.3% 47.7%
5/2/2006 13,040 13,800 13,400 11,310 12,610 12,010 23,840 25,700 24,740 52.7% 47.3%
5/3/2006 12,950 13,650 13,340 10,980 12,610 11,850 23,360 25,010 24,140 53.0% 47.0%
5/4/2006 12,820 13,530 13,200 11,080 12,270 11,760 22,720 24,750 23,680 52.9% 47.1%
5/5/2006 12,780 13,430 13,130 10,960 12,360 11,630 22,500 24,030 23,430 53.0% 47.0%
5/6/2006 12,700 13,350 13,040 10,800 12,110 11,250 22,220 23,580 22,900 53.7% 46.3%
5/7/2006 12,380 13,040 12,660 10,670 11,900 11,440 21,490 23,570 22,620 52.5% 47.5%
5/8/2006 12,370 12,890 12,640 10,480 11,800 11,210 21,690 23,120 22,340 53.0% 47.0%
5/9/2006 12,310 12,830 12,550 10,450 11,590 11,030 21,280 23,300 22,320 53.2% 46.8%
5/10/2006 11,980 12,820 12,420 10,530 11,370 10,920 20,910 22,250 21,630 53.2% 46.8%
5/11/2006 11,840 12,700 12,220 9,820 11,190 10,610 20,560 22,620 21,440 53.5% 46.5%
5/12/2006 11,980 12,790 12,290 9,900 10,870 10,510 21,250 22,620 21,960 53.9% 46.1%
5/13/2006 11,990 12,580 12,360 9,860 10,870 10,340 20,990 22,620 21,830 54.4% 45.6%
5/14/2006 11,790 12,610 12,200 9,840 10,820 10,360 20,850 22,250 21,510 54.1% 45.9%
5/15/2006 11,640 12,720 12,200 9,430 11,000 10,190 20,650 22,920 21,650 54.5% 45.5%
5/16/2006 12,040 12,700 12,360 9,590 10,620 10,150 20,670 22,600 21,650 54.9% 45.1%
5/17/2006 11,970 12,500 12,270 9,840 10,800 10,200 20,520 22,340 21,590 54.6% 45.4%
5/18/2006 11,940 12,520 12,220 9,540 10,490 10,060 21,170 22,660 21,920 54.8% 45.2%
5/19/2006 11,600 12,530 12,160 9,460 10,630 10,030 21,240 22,560 21,780 54.8% 45.2%
5/20/2006 11,810 12,330 12,050 9,550 10,310 9,950 20,750 21,980 21,320 54.8% 45.2%
5/21/2006 11,570 12,130 11,870 9,440 10,290 9,900 20,110 21,610 20,840 54.5% 45.5%
5/22/2006 11,820 12,440 12,090 9,350 10,330 9,840 20,400 22,010 21,390 55.1% 44.9%
5/23/2006 11,660 12,420 12,030 9,410 10,360 9,950 20,230 22,260 21,240 54.7% 45.3%
5/24/2006 11,750 12,550 12,150 9,400 10,330 9,910 20,570 22,330 21,480 55.1% 44.9%
5/25/2006 11,980 12,500 12,260 9,140 10,030 9,550 20,750 22,240 21,390 56.2% 43.8%
5/26/2006 11,960 12,570 12,280 9,080 10,000 9,540 20,700 21,970 21,340 56.3% 43.7%
5/27/2006 11,990 12,610 12,270 9,140 10,550 9,750 20,450 22,470 21,610 55.7% 44.3%
5/28/2006 11,760 12,340 12,100 9,240 10,350 9,760 20,960 22,520 21,730 55.4% 44.6%
5/29/2006 11,490 12,230 11,910 8,930 10,130 9,600 20,110 21,980 21,270 55.4% 44.6%
5/30/2006 11,110 11,910 11,470 8,630 9,770 9,180 19,090 21,060 20,190 55.5% 44.5%
5/31/2006 10,790 11,370 11,090 8,010 9,210 8,750 18,250 20,300 19,160 55.9% 44.1%
6/1/2006 10,440 11,260 10,780 7,740 8,880 8,350 17,400 18,930 18,380 56.4% 43.6%
6/2/2006 10,160 10,830 10,530 7,530 8,190 7,860 16,930 18,210 17,510 57.3% 42.7%
6/3/2006 9,490 10,400 9,960 7,040 7,900 7,630 16,170 17,510 16,850 56.6% 43.4%
6/4/2006 9,210 9,950 9,550 6,850 7,440 7,140 15,230 16,530 16,000 57.2% 42.8%
6/5/2006 8,950 9,660 9,250 6,620 7,230 6,900 14,810 15,980 15,400 57.3% 42.7%
6/6/2006 8,640 9,180 8,930 6,160 6,890 6,540 14,070 15,410 14,770 57.7% 42.3%
6/7/2006 8,300 8,910 8,590 5,840 6,420 6,130 13,560 14,720 14,110 58.4% 41.6%
6/8/2006 8,150 8,710 8,390 5,410 6,160 5,850 13,220 13,990 13,590 58.9% 41.1%
6/9/2006 8,110 8,570 8,370 5,320 6,280 5,870 13,180 14,240 13,660 58.8% 41.2%
6/10/2006 8,380 8,880 8,660 5,350 6,420 6,010 13,870 15,300 14,540 59.0% 41.0%
6/11/2006 8,660 9,160 8,950 5,800 6,820 6,340 14,670 15,960 15,360 58.5% 41.5%
6/12/2006 8,930 9,460 9,190 6,010 6,910 6,560 15,100 16,420 15,900 58.3% 41.7%
6/13/2006 9,260 9,860 9,540 6,160 6,970 6,630 15,570 16,930 16,290 59.0% 41.0%
6/14/2006 9,550 10,000 9,790 6,350 7,190 6,730 16,050 17,100 16,440 59.3% 40.7%
6/15/2006 9,280 9,880 9,520 6,300 7,040 6,690 15,810 16,760 16,320 58.7% 41.3%
6/16/2006 9,040 9,530 9,260 6,260 6,990 6,700 15,550 16,740 16,200 58.0% 42.0%
6/17/2006 8,570 9,140 8,910 6,210 6,840 6,570 15,160 16,180 15,730 57.6% 42.4%
6/18/2006 8,230 8,770 8,510 5,870 6,530 6,260 14,890 15,840 15,340 57.6% 42.4%
6/19/2006 7,750 8,530 8,070 5,470 6,400 5,950 13,810 15,140 14,610 57.6% 42.4%
6/20/2006 7,390 7,910 7,600 5,130 5,900 5,540 13,010 14,180 13,610 57.8% 42.2%
6/21/2006 7,130 7,580 7,370 4,870 5,630 5,310 12,740 13,560 13,170 58.1% 41.9%
6/22/2006 7,340 7,910 7,680 4,760 5,690 5,350 12,920 14,310 13,610 58.9% 41.1%
6/23/2006 7,670 8,140 7,900 5,020 5,940 5,510 13,670 14,580 14,170 58.9% 41.1%
6/24/2006 7,740 8,300 7,990 5,170 6,050 5,660 13,940 14,980 14,550 58.5% 41.5%
6/25/2006 7,730 8,350 8,110 5,230 6,330 5,850 14,410 15,690 15,060 58.1% 41.9%
6/26/2006 7,950 8,480 8,290 5,560 6,490 6,060 15,100 16,060 15,560 57.8% 42.2%
6/27/2006 8,160 8,590 8,380 5,860 6,610 6,230 15,170 16,470 15,960 57.4% 42.6%
6/28/2006 7,980 8,550 8,270 5,880 6,600 6,200 15,280 16,250 15,830 57.2% 42.8%
6/29/2006 7,400 8,160 7,780 5,410 6,290 5,900 14,310 15,620 15,030 56.9% 43.1%
6/30/2006 7,220 7,580 7,430 4,930 5,850 5,470 13,510 14,770 14,060 57.6% 42.4%
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Figure 4-2
Daily Flow Range - Old River at Head Gage, 2006
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Figure 4-3
Daily Flow Range - San Joaquin River below Old River Gage, 2006
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Mean Daily Flow (cfs)

Date
San Joaquin River 

at Mossdale
[A]

San Joaquin River 
near Vernalis

[B]

Estimate of Flow 
Diverted to Paradise 

Cut
[B] - [C]

4/1/06 14,840 15,000
4/2/06 15,830 16,200
4/3/06 16,740 16,700
4/4/06 16,800 16,900
4/5/06 17,750 18,700 950
4/6/06 19,260 20,700 1,440
4/7/06 20,310 21,800 1,490
4/8/06 21,230 23,100 1,870
4/9/06 23,040 27,400 4,360
4/10/06 25,210 31,000 5,790
4/11/06 26,010 32,100 6,090
4/12/06 27,700 34,200 6,500
4/13/06 28,420 34,700 6,280
4/14/06 28,000 34,400 6,400
4/15/06 27,410 33,600 6,190
4/16/06 26,820 32,700 5,880
4/17/06 26,110 31,400 5,290
4/18/06 25,200 30,500 5,300
4/19/06 24,680 30,600 5,920
4/20/06 24,670 30,700 6,030
4/21/06 24,670 30,700 6,030
4/22/06 24,370 30,600 6,230
4/23/06 24,490 30,400 5,910
4/24/06 24,260 30,400 6,140
4/25/06 24,140 30,400 6,260
4/26/06 24,040 30,600 6,560
4/27/06 24,180 30,900 6,720
4/28/06 24,590 31,000 6,410
4/29/06 24,640 31,000 6,360
4/30/06 24,520 30,800 6,280
5/1/06 24,620 30,600 5,980
5/2/06 24,740 30,400 5,660
5/3/06 24,140 30,000 5,860
5/4/06 23,680 29,600 5,920
5/5/06 23,430 29,100 5,670
5/6/06 22,900 28,500 5,600
5/7/06 22,620 28,000 5,380
5/8/06 22,340 27,600 5,260
5/9/06 22,320 27,200 4,880
5/10/06 21,630 26,800 5,170
5/11/06 21,440 26,500 5,060
5/12/06 21,960 26,300 4,340
5/13/06 21,830 26,100 4,270
5/14/06 21,510 26,000 4,490
5/15/06 21,650 25,800 4,150
5/16/06 21,650 25,500 3,850
5/17/06 21,590 25,200 3,610
5/18/06 21,920 25,000 3,080
5/19/06 21,780 24,800 3,020
5/20/06 21,320 24,500 3,180
5/21/06 20,840 24,300 3,460
5/22/06 21,390 24,400 3,010
5/23/06 21,240 24,500 3,260
5/24/06 21,480 24,600 3,120
5/25/06 21,390 24,600 3,210
5/26/06 21,340 24,600 3,260
5/27/06 21,610 24,800 3,190
5/28/06 21,730 24,500 2,770
5/29/06 21,270 23,600 2,330
5/30/06 20,190 22,300 2,110
5/31/06 19,160 21,000 1,840
6/1/06 18,380 20,000 1,620
6/2/06 17,510 18,900 1,390
6/3/06 16,850 17,900 1,050
6/4/06 16,000 17,000 1,000
6/5/06 15,400 16,300
6/6/06 14,770 15,600
6/7/06 14,110 14,800
6/8/06 13,590 14,400
6/9/06 13,660 14,600
6/10/06 14,540 15,200
6/11/06 15,360 16,000
6/12/06 15,900 16,400
6/13/06 16,290 16,600
6/14/06 16,440 16,600
6/15/06 16,320 16,600
6/16/06 16,200 16,500
6/17/06 15,730 16,000
6/18/06 15,340 15,400
6/19/06 14,610 14,700
6/20/06 13,610 13,800
6/21/06 13,170 13,400
6/22/06 13,610 13,900
6/23/06 14,170 14,300
6/24/06 14,550 14,600
6/25/06 15,060 15,000
6/26/06 15,560 15,400
6/27/06 15,960 15,800
6/28/06 15,830 15,500
6/29/06 15,030 14,400
6/30/06 14,060 13,600

Table 4-2 
San Joaquin River and Old River Mean Daily Flows

Paradise Cut. Since the test fish were released downstream 

of this location the flow diverted into Paradise Cut did not 

confound the analyses of the 2006 survival data.

DWR at the end of each year conducts a Delta Simulation 

Model 2 (DSM2) modeling run to be included in the yearly 

published South Delta Temporary Barriers Monitoring Report.  

As in 2005 data collected from the two ADCMs will be used 

to verify the flow split of the San Joaquin River and Old River 

at the confluence against the output generated using the 

model. In 2005, the flow split observed in the field during 

the period of April through June was 48.9 percent of the total 

flow for the San Joaquin River and 51.1 percent for the Old 

River at head. The output of the DSM2 model revealed a flow 

split of 47 percent and 53 percent respectively.

Seepage Monitoring

A seepage-monitoring program was initiated in April 2000, 

to evaluate the effects of HORB operations on seepage and 

groundwater on Upper Roberts Island. Although the HORB 

was not installed this year, DWR continued monitoring for 

seepage. Seepage was observed and recorded in April 

and May at Upper Roberts Island near and around the 

monitoring wells. A link to the continuous time series data 

in the water data library is available on the Internet.  

Old and San Joaquin River  
Kodiak Trawling
As in 2005, the spring Head of Old River Barrier was not 

constructed in 2006 due to flows in excess of 5,000 

cfs on the San Joaquin River. Consequently, there was 

no fish entrainment monitoring. As an alternative to the 

entrainment monitoring, the Department of Fish and Game 

towed a Kodiak trawl in Old River during the VAMP test 

period. The Old River Kodiak Trawl (ORKT) was conducted in 

a manner similar to the Mossdale Kodiak Trawl (MKT) which 

is conducted year-round on the San Joaquin River. Both 

trawls sampled for juvenile salmon during the first three 

weeks of May. Comparison of salmon catch between the 

two trawls may provide insights into salmon migration from 

the San Joaquin River into Old River.

Methods and Results
The ORKT and MKT used similar sampling gear and 

protocols. Fish were collected using a Kodiak trawl towed 

between two boats. Trawling took place in Old River, 

starting approximately two miles downstream of the head; 

and in the San Joaquin River, upstream of the head of 

Old River (Figure 4-6). The beginning of the 2006 ORKT 

sample site was about 0.8 miles downstream of the end 

of the 2005 sample site. The Kodiak trawl is 65 feet long, 

made of variable mesh (ranging from 0.5 inches stretch 

Chapter 4
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Figure 4-4
Daily Flow Range - San Joaquin River at Mossdale, 2006
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Figure 4-5
San Joaquin River Flow near Vernalis and at Mossdale, 2006
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mesh at the cod-end to 2.0 inches mesh at the mouth), 

and has a mouth opening of 6.0 feet by 25 feet. The 

effective sampling area of the net was estimated at 134.5 

ft2 (USFWS 2003). All trawling was done during daylight 

hours, starting around 0800 hrs. Typically, the MKT and 

ORKT started and ended within a half hour of each other. 

The Kodiak trawl was towed against the current for 20 

minutes. Although the boats and net faced upstream, the 

high flows carried the boats and net downstream. Due to 

the extremely high flows, only two tows were completed 

before the ORKT net was retrieved and reset upstream. For 

the ORKT, a total of 14 tows per day, five days a week, were 

conducted from May 3 through May 19. During this same 

time period, the MKT conducted 15 tows per day, seven 

days a week. 

For the ORKT, all fish were counted and measured (fork 

length) to the nearest millimeter. All salmon were checked 

for a clipped adipose fin or spray dyed color-mark. Salmon 

with a clipped adipose fin were sacrificed for CWT reading. 

Although all the CWTs from the ORKT were read, not all the 

CWTs from the MKT were read and available at the writing 

of this section. Thus, for this comparison of the MKT and 

ORKT salmon catch, CWT salmon refers to all salmon with 

a clipped adipose fin. Because the number of salmon with 

a clipped adipose fin and no CWT is small, this should not 

significantly change the results. The unmarked salmon 

catch represents both hatchery and naturally spawned 

salmon. A flow meter was used to estimate the volume 

of water sampled. All sample statistics are reported as 

the mean ± standard deviation unless otherwise noted. 

The average volume of water sampled per tow by the 

MKT (395,969 ± 43,820 ft3) was greater than the ORKT 

(257,021 ± 32,203 ft3).  

The ORKT caught 243 fish, representing 10 species, in 186 

tows during 13 days of sampling in Old River. The most 

abundant species was Chinook salmon (87 %) followed by 

threadfin shad (Table 4-3). Of the 211 salmon caught, 130 

were unmarked, 54 were classified as CWT, and 27 had 

a color-mark. The MKT caught 959 fish, representing 13 

species, in 196 tows during the same 13 days of sampling 

in the San Joaquin River. The most abundant species caught 

was Chinook salmon (89 %) followed by threadfin shad (Table 

4-3). Of the 855 salmon caught, 547 were unmarked, 238 

were classified as CWT, and 70 had a color-mark. A two 

sample t-test (degrees of freedom (df) = 964, Probability (P) 

= 0.03, t statistic = 2.17) indicated fork lengths for salmon 

(unmarked and CWT pooled) were significantly different 

between the MKT caught salmon (100.8 ± 8.2 mm) and the 

ORKT caught salmon (102.3 ± 8.0 mm). 

As part of the VAMP salmon survival studies, roughly 

50,000 CWT salmon were released at Mossdale on May 

4 and 75,000 on May 19. On May 5, the ORKT caught 

four CWT salmon from the May 4 VAMP release. No CWT 

salmon were caught by the ORKT from the May 19 release. 

CWT salmon catch was the highest on May 17 in the San 

Joaquin River (Figure 4-7) and on May 18 in Old River 

(Figure 4-8). The highest unmarked catch occurred on May 

18 in both rivers. To estimate salmon vulnerability to the 

Kodiak trawl, groups of color-marked salmon were released 

upstream of the MKT and ORKT on May 4, 11 and 18. 

On each of these dates, approximately 5,000 fish were 

released at the Mossdale boat ramp and approximately 

2,000 fish were released at the head of Old River. The MKT 

caught marked fish from all three Mossdale releases while 

the ORKT only caught marked fish from the first and last Old 

River releases (Table 4-4). 

Daily catch ratios of CWT to unmarked salmon were 

compared between trawls to determine if CWT salmon 

were migrating similarly to unmarked salmon into the Old 

Table 4-3. 
The raw abundance and composition of fishes caught 
in the Kodiak trawl in Old River (ORKT) and in the San 
Joaquin River (MKT) for trawls conducted weekdays, 

May 3-19, 2006. Chinook salmon catch is divided into 
CWT salmon, unmarked salmon, and color-marked 

salmon. Note: ORKT conducted 182 tows and the MKT 
conducted 196 tows.

Species ORKT MKT

Black Crappie 1  

Bluegill 5  

Brown Bullhead 1  

Common Carp 2 14

Goldfish  1

Golden Shiner  1

Inland Silverside  2

Redear Sunfish 1 2

Red Shiner  4

Sacramento Pikeminnow  2

Sacramento Sucker  1

Splittail 1 11

Steelhead 4 2

Threadfin shad 13 61

White Catfish 4 3

Chinook Salmon 211 855

     CWT Salmon 54 238

     Unmarked Salmon 130 547

     Color-Marked Salmon 27 70

Total 243 959
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Figure 4-6
Map of the 2006 Kodiak trawl sample locations on Old and San Joaquin Rivers.  
The Old River Kodiak trawl sampled between letters A and B, and the Mossdale 

Kodiak trawl sampled between letters C and D. 

A B

C

D

Old River

San Joaquin River

I-5

Mossdale

Middle River

N 1 km

0

20

40

60

80

100

120

140

160

180

200

5/3 5/4 5/5 5/6 5/7 5/8 5/9 5/10 5/11 5/12 5/13 5/14 5/15 5/16 5/17 5/18 5/19

Color-marked

CWT

Unmarked

Figure 4-7
The total number of salmon by category (color-marked, coded wire tagged, and unmarked)

caught in daily five hour Kodiak trawling sessions (150,000 m3 ) in the San Joaquin River, 2006.   
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Figure 4-8
The total number of salmon by category (color-marked, coded wire tagged, and unmarked)
caught in daily five hour Kodiak trawling sessions (150,000 m3 ) in the Old River, 2006.

An "X" indicates no samples were collected. 
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Figure 4-9
The ratio of CWT salmon to unmarked salmon caught in the Old River Kodiak trawl (ORKT) on

Old River and the Mossdale Kodiak trawl (MKT) on the San Joaquin River, 2006.  
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River. The daily ratio of CWT salmon to unmarked salmon 

was similar between the ORKT and MKT (Figure 4-9). The 

daily ratios of CWT to unmarked salmon were converted to 

percentages (percent of the combined CWT and unmarked 

catch) and arcsine transformed before testing whether 

there was a significant difference between the ORKT and 

MKT. A paired two-tailed t-test (df = 12, P = 0.45, t statistic 

= 0.78) indicates no significant difference between the daily 

percent of CWT salmon caught in the ORKT and in the MKT. 

Two different methods were used to calculate five-hour 

daily salmon abundance estimates in the San Joaquin River 

and Old River. These abundance estimates were used to 

estimate the percent of salmon migrating down Old River 

from the San Joaquin River. The abundance method based 

on flow (Af) is calculated by multiplying salmon density, 

calculated from the Kodiak trawl, by river flow and trawling 

duration (equation 1). The abundance estimate based on 

vulnerability (Av) is calculated by dividing the daily catch by 

the vulnerability estimate and standardizing the tow duration 

to 20 minutes (equation 2). For both methods, the 5 hour 

abundance estimates were standardized to 15 tows (5 hours 

of sampling) before they were compared to one another.

Equation 1:

  n  
 A

f
 =  Di

 * F
i
 * T

i
 

  i=1  

 A
f
 = Abundance estimate based on flow and density

 D = fish density (fish/m3)

 F = river flow (m3/s) during sampling

 T = trawling duration (s)

 i = ith tow

 n = last tow with fish

Equation 2:

  n

   A
v
 = (C

i
/V)/(T

i
/20)

  i=1  

 A
v
 = Abundance estimate based on vulnerability 

 C = catch of Chinook salmon 

 V = vulnerability

 T = tow duration (min)

 i = ith tow

 n = number of tows

 where:

   N

  V = (Y
i
/X

i
)/N

  i=1 

 V = vulnerability

 Y = number of color-marked fish recaptured

 X = number of color-marked fish released

 N = number of releases

 i = ith release
 

The color-mark releases suggest the MKT flow abundance 

estimates were underestimating salmon abundance by 

one third and the ORKT flow abundance estimates were 

underestimating salmon abundance by one sixth (Table 

4-4). Overall, the vulnerability abundance estimates were 

much higher than the flow abundance estimates, especially 

for Old River. Based on the flow method, on a daily average, 

31 ± 29 % of the unmarked salmon, 32 ± 37 % of the CWT 

salmon, and 21 ± 11 % of the Mossdale released color-

marked salmon estimated to be in the San Joaquin River 

migrated down Old River. Based on the vulnerability method, 
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85 ± 87 % of the unmarked salmon, 78 ± 94 % of the CWT 

salmon, and 43 ± 17 % of the Mossdale released color-

marked salmon estimated to be in the San Joaquin River 

migrated down Old River. 

Flow data for the head of Old River (OH1) and San Joaquin 

River below Old River near Lathrop (SJL) was obtained from 

the California Department of Water Resources. Like last 

year, estimated flow on the San Joaquin River above Old 

River was calculated by summing flows from OH1 and SJL. 

From May 3 through May 19, river flow was slightly higher 

down Old River than down the San Joaquin River (Figure 

4-10). During trawling, the percentage of water flowing down 

Old River ranged from 51 % (11,596 cfs) to 57 % (13,651 

cfs), and averaged 54 % (12,113 cfs) ± 1 % (193 cfs). 

Discussion 

Despite high flows on Old River, which delayed the initial 

start date by two weeks, trawling went reasonably well. The 

delayed start limited our sampling to 13 days. Overall, the 

ORKT caught fewer fish and fewer fish species than the 

MKT. For both trawls, salmon were caught throughout the 

monitoring period and consisted of least 85 % of the total 

catch. Statistically, salmon caught in the ORKT were on 

average larger than salmon caught in the MKT; however, 

the couple of millimeter difference in length is probably 

not biologically significant and should not affect the catch 

comparison between trawls. Very few of the VAMP CWT 

salmon released at Mossdale were caught by either Kodiak 

trawls. The Mossdale VAMP releases were intentionally 

delayed to mid afternoon to avoid their capture by the 

Kodiak trawls. Interestingly, half of the CWT salmon caught 

by the ORKT were fish released for the Lower Merced River 

Survival Studies on April 26. These CWT salmon were 

caught throughout the two and half weeks of sampling in 

Old River.    

Direct comparisons between ORKT and MKT are difficult for 

a variety of reasons. Biases that can affect catch include 

the habitat (channel width, depth, and flow are not the 

same between and within the sample sites); the sporadic 

and uneven distribution of migrating salmon; boat and crew 

differences affecting how the Kodiak net is towed; and MKT 

and ORKT flow meters might have different calibrations 

which would effect water volume calculations. Using the 

ratio of CWT to unmarked salmon in each trawl minimizes 

some of these biases and other sampling differences. 

Although abundance estimates are calculated for both the 

Old and San Joaquin River, they will only be used to provide 

general insights to salmon migration into Old River.   

The daily ratio of CWT to unmarked salmon was similar 

between the San Joaquin River and Old River. Like last year, 

CWT and unmarked salmon were migrating proportionally 

down Old River at the same rate. It appears the marking 

and subsequent release of CWT salmon in the tributaries 

does not affect their outmigration relative to the unmarked 

fish when they reach the Delta. However, there might be 

a difference for in-Delta releases of color-marked salmon. 

It appears color-marked salmon migrate down Old River at 

a lower rate overall than the unmarked and CWT salmon. 

However, when comparing salmon caught only on the three 

color-marked release days (May 4,11 and 18), color-marked 

salmon migrate down Old River at a slightly higher rate 

than the unmarked and CWT salmon. If color-marked fish 

Table 4-4 
Color-marked salmon vulnerability results for the Mossdale and Old River Kodiak trawls. The catch in 

parenthesis for the Mossdale releases indicates the number of salmon caught by the ORKT.  Abundance is 
the color-marked salmon abundance estimate based on flow method.  Percent is how close the abundance 

estimate is to the actual number of marked salmon released.

Mossdale Kodiak Trawl

Date Released Tows Minutes Catch Vulnerability Abundance Percent

5/4/06 4,998 11 220 17  (3) 0.0034 1,261 25%

5/11/06 4,999 13 260 25  (4) 0.0050 1,529 31%

5/18/06 4,990 4 80 25  (8) 0.0050 1,774 36%

Average 4,996 22  (5) 0.0045 1,521 30%

Old River Kodiak Trawl

Date Released Tows Minutes Catch Vulnerability Abundance Percent

5/4/06 1,997 7 140 4 0.0020 296 15%

5/11/06 1,978 0 0

5/18/06 1,989 5 100 5 0.0025 315 16%

Average 1,988 4.5 0.0023 203 15%
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Table 4-5 
Salmon abundance estimates in the San Joaquin River and Old River, for a 5 hour period, and the percent 

migrating down Old River. Abundancde estimates are based on two different methods of calculation: Abundance 
based on flow (A

f
) and abundance based on vulnerability (A

v
). Flow is the percent of the San Joaquin River 

flowing down Old River.

Unmarked Salmon

                      San Joaquin River     Old River       Percent down Old River

   Date       A
f

     A
v

       A
f

      A
v

        Flow         A
f

      A
v

5/3/06 2,713 8,052 273 1,898 54% 10% 24%

5/4/06 1,163 3,355 189 1,423 53% 16% 42%

5/5/06 1,026 2,684 983 8,601 53% 96% 320%

5/8/06 3,170 9,171 795 6,167 53% 25% 67%

5/9/06 4,124 13,644 931 7,116 53% 23% 52%

5/10/06 4,721 15,433 924 7,591 53% 20% 49%

5/11/06 4,958 15,727 362 2,847 53% 7% 18%

5/12/06 1,385 4,250 480 3,795 54% 35% 89%

5/15/06 737 2,460 312 2,372 54% 42% 96%

5/16/06 2,925 8,947 804 6,167 55% 27% 69%

5/17/06 2,660 9,394 400 2,847 55% 15% 30%

5/18/06 8,450 26,841 1,227 8,065 55% 15% 30%

5/19/06 418 1,342 393 2,847 55% 94% 212%

Average 54% 31% 85%

Std dev 1% 29% 87%

CWT Salmon

                      San Joaquin River     Old River       Percent down Old River

   Date       A
f

     A
v

       A
f

      A
v

        Flow         A
f

      A
v

5/3/06 724 2,237 56 474 54% 7% 21%

5/4/06 614 1,566 0 0 53% 0% 0%

5/5/06 631 1,789 432 3,345 53% 66% 187%

5/8/06 308 895 0 0 53% 0% 0%

5/9/06 1,001 3,579 652 5,219 53% 63% 146%

5/10/06 1,189 3,802 234 1,898 53% 19% 50%

5/11/06 1,827 5,871 290 2,372 53% 15% 40%

5/12/06 894 2,908 424 3,321 54% 46% 114%

5/15/06 131 447 174 1,423 54% 128% 318%

5/16/06 787 2,460 0 0 55% 0% 0%

5/17/06 4,162 14,539 61 474 55% 1% 3%

5/18/06 3,780 11,631 967 6,167 55% 25% 53%

5/19/06 332 1,118 139 949 55% 40% 85%

Average 54% 32% 78%

Std dev 1% 37% 94%

Color-marked

San Joaquin River     Old River       Percent down Old River

   Date       A
f

     A
v

       A
f

      A
v

        Flow         A
f

      A
v

5/4/06 1,261 3,802 226 1,328 53% 18% 35%

5/11/06 1,529 5,592 173 1,771 53% 11% 32%

5/18/06 1,774 5,592 591 3,542 55% 33% 63%

Average 54% 21% 43%

Std dev 1% 11% 17%
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Figure 4-10
Flow at the head of Old River (OH1) and near Lathrop on the San Joaquin River (SJL)

during the 2006 Kodiak trawl survey. Flow recorded at 15 minute intervals. 
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releases were conducted everyday, they would probably 

show the same range in variability as the unmarked salmon 

migrating down Old River.    

Salmon abundance in the San Joaquin River and Old 

River was calculated using two different methods. As in 

2005, salmon abundance was calculated by multiplying 

salmon density by river flow and trawling duration. In 

2006, abundance estimates were also calculated using 

the vulnerability results. Salmon abundance estimates for 

the two different methods gave vastly different results. 

Therefore, the average daily percentage of salmon 

calculated to be heading down Old River varied dramatically 

between the two methods. The color-marked vulnerability 

studies suggest the ORKT was underestimating salmon 

abundance to a larger degree than the MKT. The color-

marked flow abundance estimates indicate the ORKT 

was only half as efficient as the MKT in catching juvenile 

salmon. The flow abundance estimates also tend to 

underestimate abundance when salmon are not evenly 

distributed in the water column. The vulnerability estimates 

likely give a better abundance estimate because they are 

based on net efficiency and the assumption that color-

marked salmon distribute themselves similarly to the 

unmarked salmon.     

The daily percentage of CWT and unmarked salmon 

heading down Old River is similar on most days. However, 

there is variability in the percentages among sampling 

days. Although flow in the San Joaquin River and Old River 

was relatively constant during the monitoring period, the 

variability around the mean for salmon migrating down 

Old River is large. If salmon always migrated in proportion 

to the flow split, and if we sampled consistently among 

days, we would expect low variability among the daily 

percentages of salmon migrating down Old River. The large 

observed variability could be due to the natural variability in 

salmon migration compounded by trawling biases and the 

extrapolated abundance estimate calculations.  

As a general insight into salmon migration into Old River, 

average salmon abundance estimates were compared at 

different flows for three different years of Kodiak trawling. 

Based on the 1995, 2005 (San Joaquin River Group 

Authority 2006) and 2006 salmon abundance estimates 

for the San Joaquin and Old Rivers, it appears a higher 

percentage of salmon migrate down Old River at higher 

flows. When flow on the San Joaquin River upstream of the 

split was around 8,000 cfs (in 2005), 59 ± 51 % of the 

salmon went down Old River. At flows around 18,000 cfs (in 

1995), 67 ± 13 % of the salmon headed down Old River. At 

flows around 23,000 cfs (2006), 78 ± 71 % of the salmon 

went down Old River. It must be noted that there is a lot of 

variability around the means and the overall relationship 

is probably not statistically significant. Also, differences 

in sampling location, sampling procedures and salmon 

abundance calculations among years contribute additional 

variability which further confounds the results.

If salmon truly head down Old River at a higher rate at 

higher flows, then the hydrology in front of the split with 

Old River might be a contributing factor. At higher flows, 

it appears the main current in the San Joaquin River is 

pushed towards the western bank and down Old River. As 

observational evidence, on May 4, 2006, while trawling 

in Old River, we noticed a steady ribbon of water hyacinth 

floating with the current. At the end of the day, on our 

trip back to the Mossdale boat ramp, we noticed that 

all the water hyacinth was heading down Old River and 

nothing was continuing down the San Joaquin River. The 

continuous ribbon of hyacinth revealed that the bend in the 

San Joaquin River, just upstream of the head of Old River, 

pushed the main current to the western side of the river 

and straight down Old River. Anything floating with the main 

current or west of the main current went down Old River. 

Summary
Salmon were the most abundant species caught during 

the 13 days of Kodiak trawling in the San Joaquin River 

and Old River. Five-hour salmon abundance estimates were 

calculated for each river using two different methods. It 

appears abundance estimates based on vulnerability gives 

a better estimate than those based on density and flow. 

On an average daily basis, it appears about three-quarters 

of the salmon in the San Joaquin River migrated down Old 

River. During this time period, a little more than half of 

the San Joaquin River flow was heading down Old River. 

Although the daily variability in the data is large, it appears 

that in May 2006, salmon were going down Old River at 

a higher rate than water flow. The hydrology at the San 

Joaquin River and Old River split might be a contributing 

factor for increased salmon migration down Old River at 

higher flows. Any salmon following the main current will 

probably head down Old River. More research into the 

hydrology of this area will provide better insights into 

salmon migration down Old River.
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