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, 
I 	 ABSTRACT 


I Tests were conducted to determine the mortality associated with han· 
dling and trucking fish salvaged at the John E. Skinner Delta Fish Protective 
Facility during the period September 1984 through October 1985. Six species I of fish were used in the analysis: 

I Chinook salmon (Oncorhynchus tshawytscha) 

Striped bass (Morone saxatilis) 

American shad (Alosa sapidissima) 


I Steelhead trout (Oncorhynchus mykiss) 

Threadfin shad (Dorosoma petenense) 

White catfish actalurus catus) 


I 
Mortality varied widely depending on species, size of fish, and water 

temperature. The greatest mortalities were observed in the trucking testsI 	 during periods of higher water temperatures and holding tank flows. Striped 
bass, American shad, threadfin shad, and white catfish consistently exhibited 
high handling and trucking mortalities. Holding tank temperature and dis·I 	 solved oxygen were the most common parameters significantly correlated 
with handling mortality. Trucking water temperature and dissolved oxygen 
and holding tank flow and holding tank water temperature were the mostI 	 common parameters significantly correlated with trucking mortality. 
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The effects of handling and trucking on fish sal­
vaged at the John E. Skinner Delta Fish Protec­
tive Facility (Skinner facility) are an important 
factor in successful operation of the facility. 

I The Skinner facility is part of the State Water 
Project (SWP) and is located on the intake 
channel to the Harvey O. Banks Delta Pump­
ing Plant, in Contra Costa County. Annual 

I salvage at the facility between 1980 and 1985 
averaged 4.8 million fish, composed of some 
55 species.

I The sole purpose of the Skinner facility is to 
help preserve the fishery resources of the 

I S~cramento-San Joaquin Delta. To help maxi­
mIz~ t~e salvage efficien~ of the facility (Le., 
maxImIze the number of fIsh released alive 
back into the Delta), losses associated with the 

I handling and trucking operations at the facility 
were evaluated during 1984 and 1985. No 
evaluations of this type had been done at the 

I Skinner facility prior to this study. 

The California Department of Fish and Game 
conducted a study (1973 through 1979) at the

I F~deral Central Valley Project's (CVP) Tracy 
Fl~h Collecting Facility (Tracy facility) to deter­
mIne the effects of handling and trucking on

I juvenile chinook salmon (Menchen 1980). 

I 
They .reported that a substantial handling and 
truckIng mortality was occurring during those 
operations. No other studies have been con­
ducted with any other species at the Tracy 
facility. 

I Presently, fish at both facilities are being 
trucked as dictated by tables that specify the 
percent. of a loa~ for. a given size hauling truck 

I determIned by fIsh SIzes, number for each size 
group, and water temperature (Bates et a1. 
1960).

I The process of handling and/or trucking vari­
ous species of fish has been shown to cause 
stress that creates a blood electrolyte and/or 

I osmotic disturbances that may result in mortal­
ity (Lewis 1971, Wedemeyer 1972, Wydoski 
and Wedemeyer 1976). Barton et al. (1980) 

I reported that rainbow trout (Oncorhynchus 
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INTRODUCTION 

mykiss) subjected to handling, confinement, 
transport, a.nd ~tocking showed signs of being 
stressed as IndIcated by elevated plasma corti­
sol levels. 

Chinook salmon (Oncorhynchus tshawytscha) 
wer~ shown to be stressed, apparently in a cum~ 
uiative manner, by elements of the collection 
system at McNary Dam on the Columbia River 
(Schreck et al. 1985). Schreck et a1. (1985) also 
reported that loading fish into either a barge or 
truck was the most stressful event in the trans­
portation procedure. 

Largemouth bass (Micropterus salmon ides) 
were shown to be stressed during hauling 
(Carmichae11984). Specker and Schreck 
(1980) concluded that transportation caused 
stress in coho salmon (Oncorhynchus kisutch) 
regardless of hauling density (12 and 120 giL) 
and duration (4 and 12 h). 

The stres~~s associated with the salvage of fish 
at the faCIlIty are numerous and accumulative. 
These stresses may begin accumulating as soon 
as fis~ ~ncount~r the r~dial gates and the high 
velOCItIes assocIated With the intake to the 
SWP. As fish are drawn across the forebay 
toward .the fish fa~ility, they may be subjected 
to pOSSIble predatIOn. After crossing the 
for~bay, fish encount~r ~he trash rack and may 
hesIt~te before negotIatmg the 2-inch space 
opemng between bars. The hesitation expends 
extra energy and subjects fish to predation for a 
longer period. Mechanical damage or abrasion 
may occur as fish pass through the trash rack. 

Ne~t, th~ fish enc~)Un.ter the primary louvers, 
whIch dIvert the fIsh Into bypass pipes that lead 
to a smaller, secondary louver or perforated 
plate system. Again, fish may exert extra 
energy to avoid the screen and may hesitate 
~efore entering the primary bypass, which 
mcreases exposure to predation. Once inside 
the primary bypass pipe, fish are subjected to 
higher velocities and, at times, a partially 
closed butterfly valve. Either of these condi­
t~ons may cause mechanical damage or abra­
sions. 



Exiting the primary bypass, the fish encounter 
the secondary screens, which divert the fish 
into another set of bypass pipes that lead into 
four adjacent holding tanks. Again, fish may 
exert extra energy to avoid the screen and may 
hesitate before entering the secondary bypass, 
which increases exposure to predation and may 
cause mechanical abrasion. Once inside the 
primary bypass pipe, fish are subjected to 
higher velocities and, at times, two separate 
butterfly valves, which may be partially closed. 
Either of these conditions may cause mechani­
cal damage or abrasions. 

Finally, fish reach the collection tanks and are 
held there until enough fish have been col­
lected to warrant a fish haul run. Collection 
times vary from 1 to 24 hours. While in the 
collection tank, fish must swim continuously 
against holding tank velocities that may be as 
high as 2 feet per second. Also, fish are proba­
bly subjected to predation while in the holding 
tanks. 

In preparing the collected fish for transporting, 
the holding tank is drawn down and fish are 
washed into the 500 gallon collecting bucket by 
a surge of water from the influent line of the 
holding tank. During the drawdown and wash­
ing process, fish are subjected to some strong 
turbulence. 

Fish, at times numbering tens of thousands, are 
confined to the 500-gallon collecting bucket. 
During this time, fish may be over-crowded and 
may lower the dissolved oxygen level within the 
bucket to below an adequate level. The collect­
ing bucket may be transferred to the next hold­
ing tank, which has been draining, and fish may 

I 
go through the washing-down process again. 
Fish are loaded into the bucket and transferred Ito the next holding tank, which also has been 
draining. 

During months when fish are abundant and Iwater temperatures are higher and dissolved 
oxygen levels are low, this process of collecting 
and loading fish may be very stressful. Also, Iduring certain times of the year, heavy loads of 
debris and/or algae will hamper the collection 
and prolong the time fish spend in the collec­
tion bucket. Once the collection of fish has I 
been completed, fish are transferred and 
dumped into the appropriate size transport 
truck. When loading fish into the 600 gallon I 
truck, there is very little water in the truck to 
cushion the drop and force from the collection 
bucket. I 
Finally, the fish are transported to the release 
site, which takes about 60 minutes. During 
transport, sloshing may cause fish to exert extra I 
energy to maintain their position and equilib­
rium in the tank. The fish are released into the 
release pipe, which leads back to the Delta I 
beyond the influence of the SWP and CVP 
pumps. Fish that remain in the truck are 
washed down with a low pressure hose and/or Jpushed out with a brush. By this time, the sur­
viving fish are probably very stressed and very 
vulnerable to predation. I 
The purpose of this study was to determine if 
the procedures for collection, handling, and 
trucking are causing significant mortality to the I 
successfully screened fish and to develop proce­
dures and/or revise the hauling tables to mini­
mize losses. J 

I 
I 
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DWRjDFG AGREEMENT FOR 
MITIGATING DIRECT LOSSES AT THE SWPI 

I In 1986, the Department of Water Resources 

I 
(DWR) entered into an agreement with the 
Department of Fish and Game to offset direct 
losses of striped bass, chinook salmon, and 

I 
steelhead trout caused by the diversion of 
water by the Harvey O. Banks Delta Pumping 
Plant. DWR and DFG intend this agreement 

I 
to offset direct losses of all fish caused by the 
diversions ofwater by the pumping plant. At 
present, sufficient information exists to deal 
only with the three species mentioned above. 
However, impacts on other species of fish will 
be addressed if impacts are identified and mea­

I sures can be developed that would offset such 
impacts. 

I 
I The direct impact of the SWP on the fishery 

resources of the Delta begins when fish are 
drawn into Clifton Court Forebay along with 
the water the project diverts from the Delta. 

Direct losses of fish entrained into the SWP sys­
tem comprise several sources. These include: 

I • Pre-screening losses, primarily believed to re­
sult from predation before the fish encounter 
the screens. 

I 
I 
I 
I 
I 
I 
I 

• Screening losses, fish passing through the pri­
mary louver screens and lost to the Delta. 

• Handling losses, mortalities resulting from the 
handling required to transfer fish from the 
collecting tanks to a fish hauling truck. 

• Trucking losses, mortalities resulting from 
transporting and releasing fish back to the 
Delta beyond the influence of the SWP and 
CVPpumps. 

• Delayed losses, mortalities resulting from 
stress imposed upon fish from the time they 
are entrained until they are released alive 
back into the Delta. 

To comply with the 2-agency agreement men­
tioned above, DFG needs to assign system loss 
estimates each year. The handling and trucking 
losses dealt with in this paper are just a seg­
ment of the total system loss. 

Mortality rates were analyzed in bimonthly 
periods to conform to the methodology used to 
calculate system losses for the 2-agency agree­
ment. 

I 
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MATERIALS AND METHODS 

Handling and trucking evaluations were con­
ducted on a weekly basis from September 1984 
through October 1985, except during periods of 
facility shutdowns or when other facility evalua­
tions were being conducted. 

Fish used for the evaluations were collected 
under normal facility operating procedures; 
facility flows, bypass ratios, and velocities are 
set according to specifications outlined in 
Decision 1485. Prior to each test, the following 
operational parameters were recorded: pri­
mary and secondary flows, velocities, depths, 
bypass ratios, and collection tank flow. The 
number of collection tanks in use was recorded, 
and the depth, velocity, water temperature, and 
dissolved oxygen level in each tank were mea­
sured. The estimated total number of fish for 
all collection tanks and total time of collection 
were also recorded. 

Test fish (Le., fish removed from the holding 
tanks) were held for about 24 hours at the fish 
facility in circular fiberglass holding tanks 
(1577 liter capacity). Facility water was 
pumped directly into holding tanks during the 
holding period at about 19 liters per minute for 
once-through circulation. 

The duration of fish collection times in the 
holding tanks varied, depending on the salvage 
rate (estimated number of fish entering the 
holding tanks per minute) and the densities 
that could be safely transported according to 
the hauling tables. 

A test began by draining down a collection 
tank. Fish were removed from the tank with 
the large collecting bucket (1900 L). This 
procedure continued until all fish had been 
removed from each of the collection tanks (Le., 
fish from all tanks make up one bucketful). 
This collection procedure was used because it 
is the standard operating procedure at the 
Skinner facility. 

The collecting bucket (loaded with fish) was 
moved near the 24-hour holding area, at which 
time a control sample was taken by placing a 

I 
rectangular dipnet (0.61 m by 0.91 m, with 
3.18 mm square mesh) into the bottom of the 
bucket and then lifting it out. The control sam­ I 
ples were intended to determine if the dipnet 
sampling procedure increased mortality. The 
fish in the dipnet were placed into the 24-hour Iholding tanks. Water temperature and dis­
solved oxygen levels in the holding tanks were 
monitored. I 
For a trucking test, the remaining fish were 
transferred to the transport truck equipped 
with only agitation aerators. Once loaded, fish t
were transported (simulated fish run) for about 
the same amount of time (40 minutes) and 
distance (25 miles) that would occur during a Inormal fish transport run. At the end of the 
simulated fish run, the fish were released into a 
partially filled circular swimming pool (9500 L, I0.91 m deep and 3.66 m diameter). A trucking 
sample was removed from the pool with the 
same rectangular dipnet described earlier. The 
sample was placed in the 24-hour holding area. J 
Transport time, water temperature, and dis­
solved oxygen level in the transport truck were 
monitored before and at the end of the simu­ I 
lated fish run. 

For a handling test, fish were removed from 
the collection tanks as described for the truck­ J 
ing test. A control sample was removed from 
the collecting bucket, as previously described. 
The remaining fish were then released directly i 
into the partially filled swimming pooL A sam­
ple was removed with the same rectangular net 
and in the same manner as for the trucking J 
sample. The sample was placed in the 24-hour 
holding area. JAfter each sample was placed in the 24-hour 
holding area, immediate mortalities were 
removed, measured, and counted by species. 
At the end of the 24-hour holding period, live I 
fish and mortalities were separated, measured, 
and counted by species. Water temperature 
and dissolved oxygen levels were measured in J 
the holding tanks at the end of the 24-hour 
period. I 


I 
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I RESULTS 

I 
I 

Handling and trucking tests were conducted trout, threadfin shad, and white catfish) indicat­
during a wide variety of pumping conditions ed that mortality associated with the handling 
(375-6400 cfs), collection intervals (6-25 and trucking process varies with species and 
hours), fish collection (salvage) totals (500- size offish (Appendixes 3-13). 
100,000 fish), and water temperatures (41­

I Bimonthly survival rates (control and handling 77°F). Transport tank water temperatures combined or trucking) for chinook salmon ranged between 41 and 76°F, and dissolved oxy­
were never less than 98 percent (based on sam­gen levels ranged between 4.5 and 12.9 parts 

I ple sizes greater than 15 fish), and in most per million (see Appendixes 1a,b and 2a,b,c). 
cases was 100 percent (Table 1). Mortality 

I 
Analysis using six species of fish (chinook occurred when water temperatures were in the 
salmon, striped bass, American shad, steelhead low 70s and with smaller fish. 

I 
Table 1 

BIMONTHLY MEAN WATER TEMPERATURE, HANDLING, AND TRUCKING 
GRAND MEAN SURVIVAL RATES AND GRAND MEAN FORK LENGTHS FOR 

CHINOOK SALMON AND STRIPED BASS 

I 1984-1985 Handling and Trucking Evaluations 
John E. Skinner Delta Fish Protective Facility 

Byron, California 

I Chinook Salmon Striped Bass 
__H_andling Trucking Handling __Trucking 

I 
Grand Grand Grand Grand 

Mean Mean Grand Mean Grand Mean Grand Mean Grand 
Water Fork Mean Fork Mean Fork Mean Fork Mean 

Temperature Length Survival Length Survival Length Survival Length Survival 
Period C~ (mm) (%) (mm) . ~-(%) U!!.1ll) (%) . !Illlll) (%) 

I JAN 1·]5 43.6 204.00 100.00' 86.63 96.72 87.25 96.88 
JAN 16-31 425 103.78 100.00' 190.00 100.00' 86.75 99.48 86.42 97.SS 

I 
FEB 1·15 44.8 126.00 100.00' 83.39 96.08 81.71 96.87 
FEB 16·28 
MAR 1-15 
MAR 16-31 52.9 122.92 100.00 94.18 100.00' 94.94 100.00' 89.00 100.00' 

I 
APR 1·15 635 84.42 100.00 83.89 98.72 
APR 16-30 61.9 8951 99.64 90.46 100.00 98.00 100.00' 
MAY 1·}5 63.3 89.18 98.36 88.96 100.00 S053 40.43" 0.00 
MAY 16-31 65.6 87.47 99.41 87.44 100.00 16.67 79.43 1754 34.15 

I 
JUN 1·15 74.6 55.10 44.44' 86 . .38 100.00' 26.01 58.30 24.36 54.86 
JUN 16·30 74.1 79.00 0.00 37.90 50.96 41.32 22.94 
JUL 1-15 73.4 47.32 7959 46.26 62.11 
JUL 16-31 75.6 52.01 90.54 
AUG 1·15 71.0 44.51 77.SS 46.25 16.49 

I 
AUG 16·31 695 63.24 70.87 63.70 49.25 
SEP 1-15 705 76.09 63 . .38 102.73 7857' 
SEP 16-30 69.4 104.00 100.00' 75.40 61.10 78.76 57.32' 
ocr 1·15 66.3 78.32 7755 78.12 96.42 

I 
ocr 16-31 60.2 178.13 100.00 176.16 100.00' 82.83 84.27 88.50 98.31 
NOV 1-15 56.3 182.46 8750' 176.60 100.00' SS.15 96.39 88.28 95.60 
NOV 16-30 50.9 16950 100.00 SO.31 97.92 8156 95.19 
DEC 1·15 50.0 169.69 100.00' 17550 100.00' 86.99 98.74 8953 89.77 
DEC 16-31 44.6 160.00 100.00' 89.75 99.17 

. 
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Test with sample size of less than 15 fish and/or mean fork lengths with a wide range of variation. (See Appendixes 3-6 for standard deviations.) 


" Data were excluded from the handling regreSSion in Figure 1 because two different year classes were represented. 
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Bimonthly survival rates (control and handling 
combined or trucking) for striped bass ranged 
from 16 percent to 99 percent (Table 1 and 
Figure 1). Regression lines were fitted for han­
dling and trucking survival rates versus striped 
bass mean fork lengths, in 10 mm groupings. 
The coefficients of determination for handling 
and trucking tests were r2 = 0.51 and 
r2 = 0.68, respectively. 

The high survival rate (79.43 percent) for 
striped bass in the 10-19 mm group (which was 
omitted from the regression) may be attributed 
to the lower water temperatures (less than 
65°F) and the lower truckload densities (less 
than 25,000 fish) during the test period May 16­
31,1985, as compared to the testing periods 
between June 1 through August 15, when mean 
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water temperatures were above 71°F and mean 
truckload densities were greater than 30,000 
fish. 

The lowest survival rate occurred when water 
temperatures were above 70°F and with 
smaller fish. In both handling and trucking 
tests, a correlation between fish length and sur­
vival was observed for the periods May through 
December, in which an increase in survival was 
associated with size of fish (Table 1 and 
Figures 2 and 3). 

Survival rates for handling tests were consis­
tently higher than for trucking tests. Survival 
rates for both handling and trucking tests were 
highest after fish had attained a fork length of 
about 80 mm, which occurred during October. 
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Figure 1 
HANDLING AND TRUCKING SURVIVAL RATES FOR STRIPED BASS OF VARIOUS LENGTH GROUPS 
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I 
Immediate mortality associated with handling temperatures were more of a detrimental 
fof striped bas~ (based on sample sizes greater factor.I than 15 fish) ranged from zero to 58 percent Immediate mortality associated with trucking (Appendix 5). The highest immediate mortal­ (based on sample sizes greater than 15 fish),

I ity occurred during the spring months with the which includes the handling mortality, ranged smaller fish ( < 20 mm FL). Handling mortality from zero to 97.79 percent (Appendix 6). Theat the end of 24 hours ranged from 0.26 to highest immediate mortalities occurred during 38.6 percent. the spring months with the smaller fish 

I 
I The highest 24-hour mortalities occurred dur­ ( < 30 mm FL). Trucking mortality at the end 

ing the period mid-May through October. The of 24 hours ranged from 1.41 to 83.51 percent. 
high mortality during the first part of this The highest 24-hour mortalities occurred dur­period was probably due to the smaller size fish ing the period mid-May through September. ( < 30 mm FL), while later in the period when The high mortality during the first part of the 

I fish were larger (> 50 mm FL), higher water period was probably due to the smaller size fish 

I 
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MEAN HANDUNG SURVIVAL RATES AND MEAN FORK LENGTHS OF STRIPED BASS 


FOR BIMONTHLY PERIODS 

1984-1985 Handling and Trucking Evaluations 

John E. Skinner Delta Fish Protective Facility 


Byron, California 

I NOTE: Lines fitted for bimonthly periods 10 through 24 for survival (broken line) and fork length (solid line) data 
where Jan 1·15 = 1 and Dec 16-31 =24. I 
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( < 30 mm FL), while later in the period when 
fish were larger, higher water temperatures 
were more of a detrimental factor. 

Handling and trucking mortalities for Ameri­
can shad (based on sample sizes greater than 
15 fish) were consistently higher than for the 
other five species analyzed. Mortality was inde­
pendent of fish size and water temperature. 
Immediate handling mortality was low, ranging 
from 0.43 to 5.56 percent (Appendix 7). How­
ever, handling mortality at the end of 24 hours 
was considerably higher, ranging from 11.04 to 
40.65 percent. 

'00 

•v v 
90 

•• •80C> 
70 

• 
v60 

V 
50 

40 ,.1 

U 
w 

30 
0::: 

W ,,)r. 

Q ,- ,­ ~ 

10 

I 
Immediate mortality associated with trucking 
(based on sample sizes greater than 15 fish) 
ranged from zero to 100 percent, but was I 
frequently less than 5 percent (Appendix 8). 
However, trucking mortality at the end of 
24 hours was considerably higher, ranging from I
zero to 100 percent but frequently higher than 
25 percent. 

Very few steelhead trout (10 total fish) were I 
observed during the handling and trucking eval­
uations. There was no mortality observed in 
the few fish that were tested (Appendix 9). I 
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I 
Immediate mortality associated with handling Immediate mortality associated with handling 

I for threadfin shad (based on sample size for white catfish (based on sample size greater 
greater than 15 fish) ranged from zero to 37.36 than 15 fish, of which there were only seven) 
percent, but was frequently less than 5 percent ranged from 2.2 to 33.86 percent (Appen-

I (Appendix 10). Handling mortality at the end dix 12). Handling mortality at the end of 
of 24 hours ranged from zero to 54.35 percent, 24 hours ranged from 17.86 to 69.91 percent. 
hut was frequently higher than 10 percent. The 

Immediate mortality associated with trucking 

I highest handling mortalities occurred during 
(based on sample size greater than 15 fish, ofthe winter and summer months, when water 
which there were only six) ranged from zero totemperatures were the lowest and the highest. 
32.69 percent (Appendix 13). Trucking mortal­

I Immediate mortality associated with trucking ity at the end of 24 hours ranged from zero to 
(hased on sample sizes greater than 15 fish) 74.6 percent. 

ranged from zero to 60.11 percent, but was 


I Correlation coefficients between handling andfrequently less than 5 percent (Appendix 11). 
trucking mortalities and the operational andTrucking mortality at the end of 24 hours 
environmental parameters were computed.ranged from zero to 65.91 percent. The highest 
Results for significant correlation coefficients 

I trucking mortality occurred during the winter 
are presented in Tables 2 and 3 for striped and summer months, when water temperatures bass, American shad, threadfin shad, and white were the lowest and the highest. 
catfish. 

I 
Table 2 

SIGNIFICANT CORRELATION COEFFICIENT VALVES FOR 

I 
 IMMEDIATE (imm) AND 24-HOVR (24h) MORTALITIES FOR 


I 

HANDLING TEST, BY ENVIRONMENTAL PARAMETERS AND SPECIES 


1984-1985 Handling and Trucking Evaluations 

John E. Skinner Delta Fish Protective Facility 


Byron, California 


I 

Parameter Mortality 


l)aramJ!ler~~_.__ .~ ~~_~~.~ ______~.__~...__ ...._.______~_~ngc:____ ~.~~eB.Q<L____... __Range.{.'3hl___~__~__r..yll.!u.e __ _ 


I 

Striped Oass 


Old Primary Velocity (f/s) 2.37 - 4.1 Nov-Feb 0.26 - 3.45 -0.463* (24h) 

Old Secondary Velocity (f/s) 2.11-4.17 Oct-Feb <2 -0.549' (imm) 

New Secondary Velocity (f/s) 0.89 -1.07 Oct-Feb <2 -0.653- (imm) 

New Secondary llypass Ratio 1.65 - 1.94 Oct-Feb <2 -0.671' (imm) 
Iioiding Tank Temperature ("F) 69 -70 Jun-Sep 8.2 - 38.6 0.757' * (24h) 
l/oldingTank Dissolved Oxygen (ppl) 6.17 - 8.03 Jun-Sep 8.2 - 38.6 0.757- • (24h)

I American Shad 
Total Salvage 747 - 95,544 Jan-Dec <6 0.497* (imm) 
New I'rimary Velocity (f/s) \.48 - 2.37 Jul-OCI 11 - 40.7 0.666* (24h) 

I Threadfin Shad 


I 

I'eriod Jan - Feb Jan-Feb 13-45 -0582** (imm) 

Pr.riod Jan - Mar Jan-Mar 15 - 55 -0.472- (24h) 

Pumping Rate (cfs) 3484 -5270 Jan-Feb 13 -45 -0.432' (imm) 

Old Secondary Bypass Ratio \.65 - 1.94 Jan-Feb 13 - 45 0.543** (imm) 

I/olding Tank 1 Velocity (f/s) 1.95 - 2.03 Jan-Feb 13 -45 0.612" (imm) 


I 

Holding Tank 3 Velocity (f/s) 0.94 - 1.03 Jan-Feb 13 - 45 0.633' (imm) 

Iioiding Tank Temperature (On 42 - 53 Jan-Feb 13 -45 -0522* (imm) 

Itolding Tank Dissolved Oxygen (ppt) 9.6 - /0.7 Jan-Feb 13 -45 0.444' (imm) 

Collection Time 9.25 - 18.33 Jan-Feb 13 - 45 -0.439* (imm) 


1 

White Catfish 


Old Primary Velocity (f/s) 1.48 - 3.02 May-Oct 17.86 - 69.91 -0.576*' (24h) 

New Primary Velocity (f/s) 1.48 - 2.37 May-Oct 2.2 - 33.86 0.691** (imm) 

/Iolding Tank Row (cfs) 12.95 - 33.17 May-Oct 17.86 - 69.91 0.587' • (24h) 

Iioiding Tank Temperature (°F) 60.2 - 75.6 May-Oct 17.86 - 69.91 -0.67-' (24h) 
Itolding Tank Dissolved Oxygen (ppl) 6.2 -9.0 May-Oct 17.86 - 69.91 0.565' (24h) 

I • P <0.05 

•• P <0.01 

I 

http:2.11-4.17


I 
For handling tests, two parameters (holding Holding tank temperature was positively corre­
tank temperatures and holding tank dissolved lated with 24-hour mortality. The other four 
oxygen) were significantly correlated with parameters (primary channel velocity for the I 
mortality for three of the four species used louvered [old] secondary, both secondary veloc­
(Table 2). For trucking tests, one parameter ities, and holding tank dissolved oxygen) were 
(trucking temperature) was significantly corre­ negatively correlated with handling mortality J 
lated with mortality in all of the four species (immediate and 24-hour). 
used in the analysis (Table 3). Also, three para­ Striped bass trucking mortality was significantly meters (holding tank flow, holding tank temper­ correlated with seven parameters (three posi­ J
ature, and trucking dissolved oxygen) were tive and four negative). Holding tank flow, significantly correlated with mortality in three holding tank temperature, and trucking temper­of the four species used in the analysis. ature were positively correlated with 24-hour J 
Striped bass handling mortality was significant­ mortality. The other four parameters (primary 
ly correlated with six parameters (two positive channel velocity for louvered secondary, 
and four negative). Of these parameters, the secondary channel velocity for louvered second­ I 
new secondary bypass ratio was positively ary, holding tank dissolved oxygen, and truck­
correlated with immediate mortality. ing dissolved oxygen) were negatively 

I 
Table 3 

SIGNIFICANT CORRELATION COEFFICIENT VALUES FOR 
IMMEDIATE (imm) AND 24-HOUR (24h) MORTALITIES FOR 1TRUCKING TEST, BY ENVIRONMENTAL PARAMETERS AND SPECIES 


1984-1985 Handling and Trucking Evaluations 

John E. Skinner Delta Fish Protective Facility 


Byron, California 
 J 
Parameter Mortality 

Parameter _ Rang~____~_ ..... Period Range(%) rValue 
-~~~ ,.... -- -' _.,_. ..------.....-..~. J 

Striped Bass 

Old Primary Velocity (f/s) 2.75 ·4.13 Oct·Feb 0·6.9 -0.658-- (24h) 

Old Secondary Velocity (Us) 2.16·3.70 Oct·Feb O· 6.9 ·0.547- (imm) 

lIoldingTank How (cfs) 9.87·32.9 Jun·Oct 21·84 0.6n-· (24h) 
 I
Iioiding Tank Temperature (OF) 67.2·74.3 Jun·Ocl 21· 84 0.712* * (24h) 

1 JoldingTank Dissolved Oxygen (ppt) 7.5·10.8 Oct·Feb 0·6.9 -0.614" (24h) 

Trucking Temperature Cl'} 67.6·68.3 Jun·Oct 21-84 0.678-- (24h) 

Trucking Dissolved Oxygen (ppt) 7.3·12.6 Oct·Feb 0·6.9 ·0.678-- (24h) 
 I 

American Shad 

Pumping Rate (ds) 4818·6400 Jun·Sep 25 • 100 0.513-- (24h) 

Old Primary Bypass Ratio 1.10 - 1.69 Aug.Mar <4 -0.545- (imm) 

Old Secondary Bypass Ratio 1.55·3.70 Aug·Mar <4 -0.545* (imm) 
 IIlolding Tank How (crs) 16.1·32.9 Jun-Sep 25 - 100 0.485" (24h) 

Trucking Temperature CF) 43.7 -74.8 Jan-Dec 0-100 0.470' (imm) 


Threadfin Shad 

lIolding Tank I Velocity (fls) 1.37 - 1.96 Jan-Sep 13-66 0.617- (24h) 
 I 
Holding Tank Temperature CF) 42.8 - 43.7 Jan-feb 10·60 -0.497- (imm) 

Trucking Temperature (OF) 43.7 - 44.6 Jan-Feb 10 - 60 -0.568- (imm) 

Trucking Dissolved Oxygen (ppt) 9.5 • 12.6 Jan-Feb 10·60 0.564- (imm) 
 IWhite Catfish 
Old Primary Velocity (f/s) 1.45 ·4.13 May-Sep 0·82 -0.613- • (24h) 

IloldingTank How (ds) 13.12·32.9 May~'iep 0·82 0.638-- (24h) 

Ilolding Tank Temperature CF) 61.3·74.3 May·Sep 0·82 0.593- (24h) 

Iioiding Tank Dissolved Oxygen (ppt) 6.1-9.4 May·Sep 0·82 ·0.551- (24h) 
 I
Trucking Temperature CF) 61.3·74.8 May-Sep 0·82 0.587- (24h) 

Trucking Temperature Change (oF) ·1.8·3.9 May·Sep 0·82 -0.673-- (24h) 

Trucking Dissolved Oxygen (ppt) 5.7·9.05 May-Sep 0·82 -0.698-' (24h) 

Trucking Dissolved Oxygen Change (ppt) ·2.5·1.1 May·Sep 0·82 0.581" (24h) 


....~----- l. P <0.05 


•• P <0.01 


I 
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I 
correlated with trucking mortality (immediate 

I and 24-hour). 

American shad handling mortality was signifi­

cantly correlated with two parameters (both 


C positive). Of these parameters, total salvage 

was correlated with immediate mortality. 


I 
 American shad trucking mortality was signifi­


I 
cantly correlated with five parameters (three 
positive and two negative). Of these parame­
ters, old primary bypass ratio and old secondary 
bypass ratio were negatively correlated with 
immediate trucking mortality. Trucking 
temperature was positively correlated with 

I immediate mortality ranging from zero to 

100 percent. Pumping rate and holding tank 

flow were positively correlated with 24-hour 


I mortality. 


I 

Threadfin shad handling mortality was signifi­

cantly correlated with nine parameters. All of 

these parameters were correlated with immedi­

ate mortality except one. The parameter 
"period" was negatively correlated with 24­

I hour mortality. 

Threadfin shad trucking mortality was signifi­

I cantly correlated with four parameters (two 
positive and two negative). Of these para­
meters, holding tank temperature and trucking 
temperature were negatively correlated with 

I immediate mortality. Trucking dissolved oxy­
gen was positively correlated with immediate 
mortality. 

I 
I Velocity in holding tank one was positively 

correlated with 24-hour mortality. Some of the 
threadfin shad trucking mortality observed 
during January and February could be a result 
of the winter die-off, which was occurring 
during the same period. 

I White catfish handling mortality was signifi­
cantly correlated with five parameters (three 

I positive and two negative). Primary channel 
velocity for the new secondary screen was posi­
tively correlated with immediate mortality. 

I Sample sizes were very small during the period 
when primary channel velocity for the new 
secondary screen were highest. 

Primary channel velocity for the old secondary 

I 
t screen was negatively correlated with 24-hour 

mortality. Again, sample sizes were very small 
during the period when primary channel veloc­

ity for the old secondary screen were lowest. 
Holding tank flow and holding tank tempera­
ture were positively correlated with 24-hour 
mortality, while holding tank dissolved oxygen 
was negatively correlated with 24-hour mortal­
ity. 

White catfish trucking mortality was significant­
ly correlated with eight parameters. All of 
these parameters were correlated with 24-hour 
mortality (four positive and four negative). 
Holding tank flow, holding tank temperature, 
trucking temperature, and trucking dissolved 
oxygen change were positively correlated with 
24-hour mortality. Primary channel velocity for 
the old secondary, holding tank dissolved oxy­
gen, trucking temperature change, and trucking 
dissolved oxygen were negatively correlated 
with 24-hour mortality. 

Some qualitative observations were noted 
during handling and trucking tests: 

• Some fish (particularly striped bass, Ameri­
can shad, and threadfin shad) showed signs of 
mechanical abrasions and/or some tail fin 
erosion. 

• At times, large quantities of fish scales 
(mostly from American shad and threadfin 
shad) were observed suspended in the collec­
tion bucket and laying on the bottom of the 
hauling truck. 

• Numerous white catfish had sores and/or fin 
rot. 

• During periods of warmer water temperature 
and higher fish densities, fish were observed 
gasping for air near the surface of the collec­
tion bucket and hauling truck. 

• During various times of the year, large 
amounts of debris and vegetative material 
accumulated in the collection bucket and 
clogged the release outlet on the hauling 
truck. 

• When more than one aerator in the hauling 
truck was in use, the turbulence created 
tended to disorient the fish. 

• During spring, when larval fish were present, 
fairly high numbers were observed impinged 
on the uptake of the aerators on the hauling 
truck. 

I 
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DISCUSSION 

The effects of handling and trucking fish that 
have been successfully screened from the SWP 
pumping at the Skinner Fish Facility were quite 
variable. Chinook salmon showed very little 
immediate detrimental effect to the handling 
and trucking process. However, a tagging study 
conducted during the mid-1970s by the Califor­
nia Department of Fish and Game at the Tracy 
facility showed a handling and trucking mortal­
ity of 57 percent for juvenile chinook salmon. 
Steelhead trout showed no immediate detri­
mental effect by the handling and trucking pro­
cess. Striped bass, American shad, threadfin 
shad, and white catfish did not handle the 
stresses associated with handling and trucking 
very well, which resulted in high mortality rates. 

The mortality associated with the present 
method of handling and trucking was probably 
biased low, because there is an uncertain 
amount of mortality occurring days later as a 
result of the stresses. Carmichael et a1. (1984) 
reported largemouth bass mortalities up to 
4 days after trucking. Barton et al. (1980) 
reported that rainbow trout showed signs of 
stress up to 8 days after stocking. This probably 
holds true for most other species. 

Handling and trucking mortality and related 
stresses on fish salvaged at the Skinner facility 
could probably be reduced by some simple 
modifications. 

• Avoid overloading and reduce the amount of 
time in the collecting bucket and/or increase 
the holding capacity of the collecting bucket 
and increase the diameter of the drain hole in 
the bucket to facilitate the release of fish, 
especially when debris loads are heavy. The 
present method of draining the collection 
tanks one at a time and putting an entire 
truckload of fish in the collection bucket, 
which has less than half the capacity of the 
truck, is probably very stressful. At times 
there appeared to be more fish than water in 
the truck. 

• Modifying the collecting bucket brace from 
horizontal to angular would reduce some of 
the mechanical damage caused by banging 

J 

I 

J
into the horizontal brace when fish are 


drained into the collecting bucket. 


• Reduce holding tank flows to below 10 cfs J 
per tank, and keep holding tank velocities 
below 1 fps in each tank. 

I• Adding common salt (0.5% NaCI concentra­
tion) and/or a mild anesthetic to the transport 
truck water might reduce mortalities. The 
use of salt solutions (NaCl) alone or with an I 
anesthetic (MS-222, diazepam, or etomidate) 

during handling and/or trucking have been 

tested widely, with positive results (Collins 
 J 
and Hulsey 1963, Wedemeyer 1972, Hattingh 

1975, Strange and Schreck 1978, Murai et al. 

1979, Tomasso et al. 1980, Carmichael et al. 
 l1984). The detrimental effects of scale, skin, 

and mucous losses were reduced by the addi­

tion of 2 ppt sodium chloride (Johnson 1979). 
 IStriped bass were generally hauled in 10 ppt 
sodium chloride (McCraren and Millard 
1978). From both osmotic and acid-base 
standpoint, a 10 ppt salinity (brackish) recov­ I 
ery environment appeared to be less stressful 

to exercised striped bass than were fresh 

water or salt water recovery environments 
 I 
(Cech et al. unpub MS). Carmichael et a1. 
(1984) also suggest using bacteriostats and 
reduced temperatures in conjunction with I
saline solutions and a mild anesthetic to 

reduce stress and mortality. 


• Use compressed oxygen to maintain proper J 
02 concentration levels, especially during 
higher water temperatures. Carmichael et al. 
(1984) found that largemouth bass subjected I 
to reduced 02 were stressed and that the 
super-saturation levels of 02 sometimes 
encountered during fish hauling did not have J 
a serious detrimental effect. 

• Eliminate or reduce the use of agitator aera­
tors. The force and turbulence created by the I 
aerators were observed to cause disorienta­
tion and physical damage to some of the fish, 
especially larvae and smaller fish. The aera­ 1 
tor should not be used during the presence of 
larval striped bass or American shad, and 
should be used only in a limited capacity to I 


1 
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I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 


create a directional flow for orientation 

purposes. 


• A min~mum level of light may be advanta­

geous m the transport tank for those species 

of fish (Le., American shad) that rely on 

visual cues to maintain their orientation 

(Fish~r 1976, 1981). However, this may lead 

to an mcrease in predation during the hauling 

process. 


In co~c1usion,. thi~ anal~sis of the handling and 
truckmg data mdlcates Immediate adverse 
effects on striped bass, American shad thread­
fin shad, and white catfish. Although ~hinook 
salmon and steelhead trout showed no immedi­
ate adverse effects, a delayed effect may occur 
as suggested by the literature. 

I 
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I 

I APPENDIX 1a. MEAN BIMONTHLY OPERATIONAL DATA DURING CONTROL AND 

HANDLING TESTS (1984-85) AT THE JOHN E. SKINNER DELTA FISH PROTECTIVE 

I FACILITY. 

I 
 PRIMARY CHANNEL 

VELOCITY (fps) BYPASS RATIOI TOTAL PUMPING ------------------- -----------------­
DATES SALVAGE RATE (efs) BAYS 1-3 BAYS 4-5 BAYS 1-3 BAYS 4-5 

I JAN 1-15 2081 4613 3.01 1.26 
JAN 16-31 747 3484 2.61 1. 32 
FEB 1-15 1158 5270 3.31 1.33

I MAR 16-31 1315 6400 2.51 2.27 1.28 1. 34 

I 
APR 1-15 1542 6400 2.52 2.70 1.25 1. 20 
APR 16-30 1597 5272 3.01 3.00 1. 26 1. 36 
MAY 1-15 6248 4520 2.37 2.37 1.42 1. 48 
MAY 16-31 25862 4520 1.48 1.48 1.49 1.60 
JUN 1-15 95544 6400 2.09 2.09 1.49 1. 45 
JUN 16-30 71834 6400 2.27 2.27 1. 30 1.40

I JUL 1-15 33729 6400 2.21 2.21 1. 11 1. 56 

I 
JUL 16-31 33000 6400 2.25 2.25 1. 50 1. 35 
AUG 1-15 7209 6400 2.23 2.23 1. 41 1.25 
AUG 16-31 9010 6400 2.15 2.15 1.54 1. 37 

I 
SEP 1-15 2528 5339 2.21 2.19 1.46 1. 33 
SEP 16-30 3121 4962 2.57 1. 72 1. 39 1.45 
OCT 1-15 877 4643 2.42 2.11 1. 37 1.39 
OCT 16-31 5290 5539 3.02 1.95 1.34 1. 41 
NOV 1-15 7031 5270 3.14 1.38 

NOV 16-30 8599 4705 2.37 1.27


I DEC 1-15 11334 6400 3.82 1. 32 

DEC 16-31 13093 6400 4.10 1. 24 

I 
I 
I 
I 
I 
I 
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l 
JAPPENDIX 1a. MEAN BIMONTHLY OPERATIONAL DATA DURING CONTROL AND 

HANDLING TESTS (1984-85) AT THE JOHN E. SKINNER DELTA FISH PROTECTIVE 
FACILITY. (Continued) 1 


1
SECONDARY CHANNEL 

VELOCITY (fps) BYPASS RATIO 
-------------- ------------- I 

DATES OLD NEW OLD NEW 

JAN 1-15 2.41 1.65 I
JAN 16-31 2.13 1. 94 

FEB 1-15 2.73 1. 75 

MAR 16-31 1.82 0.78 1.13 1. 20 

APR 1-15 1.62 0.82 1. 50 1. 22 
 J 

APR 16-30 1.19 0.64 1. 23 1. 36 

MAY 1-15 1.12 0.60 1. 35 1. 40 

MAY 16-31 1.19 0.76 2.13 1.14 
 J 
JUN 1-15 1.65 0.81 1. 41 1.28 

JUN 16-30 2.02 0.97 1. 50 1. 20 

JUL 1-15 1.83 1.11 1. 37 1.18 
 JJUL 16-31 2.83 1.04 1.07 1. 29 

AUG 1-15 1.92 1.28 1.48 1.22 

AUG 16-31 2.42 1.05 1. 32 1. 21 

SEP 1-15 2.11 1.10 1. 29 1. 21 
 J 

SEP 16-30 2.37 0.89 1. 30 1.23 

OCT 1-15 2.20 1.07 1.19 1. 25 

OCT 16-31 2.53 1.01 0.99 1. 25 
 1

NOV 1-15 2.82 1.23 

NOV 16-30 2.53 1. 22 

DEC 1-15 3.45 1.23 
 JDEC 16-31 4.17 1.26 

I 

J 
1 

J 

1 

J 
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I 

I APPENDIX lb. MEAN BIMONTHLY HOLDING TANK DATA DURING CONTROL AND 

HANDLING TESTS (1984-85) AT THE JOHN E. SKINNER DELTA FISH PROTECTIVE 

I FACILITY. 

I 

HOLDING TANKI -------------------------------------------­

VELOCITY 

I PUMPING FLOW TANK 1 TANK 2 TANK 3 TEMPER­
DATES RATE (cfs) (cfs) (fps) (fps) (fps) ATURE (0 F) 

I JAN 1-15 4613 13.45 2.03 43.60 

I 
JAN 16-31 3484 14.98 1. 95 42.35 
FEB 1-15 5270 15.23 2.03 44.78 
MAR 16-31 6400 28.70 1.67 1.18 0.95 52.93 

I 
APR 1-15 6400 29.45 1. 75 1.33 1.00 63.50 
APR 16-30 5272 17.80 61.88 
MAY 1-15 4520 14.32 63.34 
MAY 16-31 4520 23.68 1. 61 1. 48 65.62 

I 
JUN 1-15 6400 33.17 1. 41 1.06 0.98 74.63 
JUN 16-30 6400 24.58 74.05 
JUL 1-15 6400 30.35 73.35 

I 
JUL 16-31 6400 30.10 1. 67 1.19 1.03 75.60 
AUG 1-15 6400 29.94 1. 71 1.14 0.95 71.00 
AUG 16-31 6400 29.62 1. 71 1.24 0.99 69.52 
SEP 1-15 5339 20.59 1. 49 1.08 0.95 70.49 
SEP 16-30 4962 12.95 1. 43 1. 02 0.94 69.37 
OCT 1-15 4643 13.56 1.09 0.89 1.02 66.2.8

I OCT 16-31 5539 16.40 1. 27 1.04 0.94 60.17 

I 
NOV 1-15 5270 11.10 1.69 56.30 
NOV 16-30 4705 10.75 1. 51 50.90 
DEC 1-15 6400 12.97 0.99 1.02 50.00 
DEC 16-31 6400 13.10 0.99 1.12 44.63 

I 
I 
I 
I 
I 
I 
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APPENDIX lb. MEAN BIMONTHLY HOLDING TANK DATA DURING CONTROL AND 
HANDLING TESTS (1984-85) AT THE JOHN E. SKINNER DELTA FISH PROTECTIVE 
FACILITY. (Continued) 1 


1 

HOLDING TANK 

DISSOLVED COLLECTION l 
DATES OXYGEN (ppm) TIME (hrs) 

JAN 1-15 10.30 18.33 I
JAN 16-31 10.30 9.25 
FEB 1-15 10.70 11.67 
MAR 16-31 9.60 22.88 
APR 1-15 8.40 16.25 l 
APR 16-30 8.58 13.80 
MAY 1-15 8.86 13.15 
MAY 16-31 8.30 14.68 1 
JUN 1-15 6.17 12.03 
JUN 16-30 6.73 14.27 
JUL 1-15 7.52 14.58 IJUL 16-31 6.70 15.50 
AUG 1-15 7.57 12.64 
AUG 16-31 8.03 16.25 
SEP 1-15 7.46 17.02 I 
SEP 16-30 7.80 15.09 
OCT 1-15 8.00 12.17 
OCT 16-31 9.00 1'<050 J
NOV 1-15 9.45 16.25 
NOV 16-30 9.40 17.25 
DEC 1-15 10.17 20.00 1DEC 16-31 10.70 22.31 

I 
J 
J 
I 
1 
I 
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 APPENDIX 2a. MEAN BIMONTHLY OPERATIONAL DATA DURING TRUCKING TESTS 


(1984-85) AT THE JOHN E. SKINNER DELTA FISH PROTECTIVE FACILITY. 

PRIMARY CHANNELI -------------------------------------­
VELOCITY (fps) BYPASS RATIO 

TOTAL PUMPING ------------------ -----------------­
DATES SALVAGE RATE (cfs) BAYS 1-3 BAYS 4-5 BAYS 1-3 BAYS 4-5I ----- ------- -------- -------- -------­

I 
JAN 1-15 2104 6400 3.88 1. 25 
JAN 16-31 947 3390 3.25 1.10 

I 
FEB 1-15 1749 5270 3.26 1. 32 
MAR 16-31 1229 6400 2.23 2.23 1. 53 1. 30 
APR 1-15 1772 6400 3.12 2.33 1.19 1.25 
APR 16-30 1819 4520 3.10 3.10 1. 22 1.19 
MAY 1-15 5718 4520 2.54 2.54 1. 45 1. 54 
MAY 16-31 26250 4330 1. 45 1.45 1. 48 1. 55

I JUN 1-15 85692 6400 2.16 2.16 1. 38 1. 44 
JUN 16-30' 48749 6400 2.20 2.20 1. 25 1. 50 
JUL 1-15 30261 6400 2.26 2.26 0.88 1.49 

I AUG 1-15 8016 6400 2.06 2.05 1. 46 1. 35 
AUG 16-31 8998 6400 2.02 2.02 1.69 1. 48 
SEP 1-15 3306 6400 2.17 2.17 1. 47 1. 40 
SEP 16-30 3442 4818 2.34 1. 73 1. 40 1. 52

I OCT 1-15 1535 4643 2.75 1.39 
OCT 16-31 10591 5648 4.13 1.19 
NOV 1-15 6240 5270 3.59 1. 23 

I NOV 16-30 9156 5270 3.31 1. 30 
DEC 1-15 12351 6400 3.35 1. 17 

SECONDARY CHANNELI ---------------------------------­
VELOCITY (fps) BYPASS RATIO 

DATES OLD NEW OLD NEWI ----­

I 
JAN 1-15 3.29 1. 25 

JAN 16-31 2.16 1.10 

FEB 1-15 2.69 1. 32 
MAR 16-31 1.98 0.82 1. 53 1. 30 

I APR 1-15 2.80 0.87 1.19 1. 25 
APR 16-30 1.17 0.59 1. 22 1.19 
MAY 1-15 1.00 0.55 1. 45 1. 54 
MAY 16-31 0.86 1.17 1. 48 1. 55 

I JUN 1-15 1.65 0.86 1. 38 1.44 

I 
JUN 16-30 1. 72 1. 00 1. 25 1. 50 
JUL 1-15 1.48 1.02 0.88 1. 49 
AUG 1-15 1.55 0.75 1. 46 1. 35 
AUG 16-31 2.79 1. 06 1. 69 1.48 
SEP 1-15 2.68 1.13 1. 47 1. 40 
SEP 16-30 2.15 1.01 1. 40 1. 52

I OCT 1-15 2.24 1. 39 
OCT 16-31 3.70 1.19 
NOV 1-15 2.55 1.23 

I NOV 16-30 2.39 1. 30 
DEC 1-15 2.76 1.17 

23 
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J 
APPENDIX 2b. MEAN BIMONTHLY HOLDING TANK DATA DURING TRUCKING TESTS 
(1984-85) AT THE JOHN E. SKINNER DELTA FISH PROTECTIVE FACILITY. J 

HOLDING TANK 

------------------------------------------- 1 
VELOCITY 

PUMPING FLOW TANK 1 TANK 2 TANK 3 TEMPER­ 1DATES RATE (cfs) (cfs) (fps) (fps) (fps) ATURE (0 F) 

JAN 1-15 6400 14.10 1.44 43.70 '. 

JAN 16-31 3390 15.40 1.96 42.80 1 
FEB 1-15 5270 14.60 1.87 43.70 
MAR 16-31 6400 29.35 1. 79 1.25 1.00 53.15 
APR 1-15 6400 20.00 1.82 1.37 1.02 64.40 I
APR 16-30 4520 12.50 60.35 
MAY 1-15 4520 13.10 61.25 
MAY 16-31 4330 20.70 1. 39 1. 36 66.10 
JUN 1-15" 6400 32.90 1. 41 1.06 0.98 74.30 1 
JUN 16-30 6400 26.25 74.30 
JUL 1-15 6400 30.95 74.15 
AUG 1-15 6400 30.60 1.63 1.01 0.75 72.00 I 
AUG 16-31 6400 29.95 1.80 1. 24 1.01 69.55 
SEP 1-15 6400 30.15 1.82 1.18 0.96 67.80 
SEP 16-30 4818 16.12 1. 37 1.01 0.83 68.74 "gIOCT 1-15 4643 9.87 1.07 0.65 67.23 
OCT 16-31 5648 10.65 0.93 59.45 
NOV 1-15 5270 10.50 1.35 56.30 
NOV 16-30 5270 9.60 1.35 52.70 J 
DEC 1-15 6400 14.25 1.11 1.02 49.55 

HOLDING TANK J 
DISSOLVED COLLECTION 


DATES OXYGEN (ppm) TIME (hrs) 

----- l 


JAN 1-15 10.20 16.00 
JAN 16-31 10.80 21.00 
FEB 1-15 9.75 21.88 J 
MAR 16-31 9.25 22.58 
APR 1-15 8.50 15.38 
APR 16-30 8.80 14.63 lMAY 1-15 9.40 16.38 
MAY 16-31 8.10 10.75 
JUN 1-15 6.10 17.75 
JUN 16-30 6.85 13.04 I 
JUL 1-15 7.55 12.25 
AUG 1-15 8.20 15.00 
AUG 16-31 7.70 12.25 J 
SEP 1-15 7.95 15.25 
SEP 16-30 7.84 16.83 
OCT 1-15 7.53 11.33 
OCT 16-31 9.20 8.50 ! 
NOV 1-15 9.00 5.00 
NOV 16-30 8.80 24.00 
DEC 1-15 9.90 22.50 I 
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I 
I APPENDIX 2e. MEAN BIMONTHLY HAULING TRUCK DATA DURING TRUCKING TESTS 

(1984~85) AT THE JOHN E. SKINNER DELTA FISH PROTECTIVE FACILITY. 

I 
I 

TRUCKING TRUCK CHANGE TRUCK CHANGE 
PUMPING TIME TEMP. TEMP. D.O. D.O. 

DATES RATE (efs) (hrs) (oF) (0 F) (ppm) (ppm) 

I JAN 1-15 6400 0.83 44.60 1.80 9.50 -2.50 
JAN 16-31 3390 0.75 43.70 0.90 12.60 -1.80 
FEB 1-15 5270 0.83 43.90 2.05 11. 20 -0.10 
MAR 16-31 6400 0.92 53.95 0.00 8.55 0.50

I APR 1-15 6400 1.08 63.95 1. 30 7.10 0.30 

I 
I 

APR 16-30 4520 0.92 59.05 0.40 7.85 0.50 
MAY 1-15 4520 0.83 61. 25 1. 25 8.75 -1.95 
MAY 16-31 4330 0.79 64.40 1. 70 9.05 -1.45 
JUN 1-15· 6400 0.75 71.30 3.90 7.10 -2.50 
JUN 16-30 6400 0.79 73.60 -1.55 6.00 -0.70 
JUL 1-15 6400 0.79 74.75 -0.70 6.05 0.00 
AUG 1-15 6400 0.75 69.80 -1. 80 5.70 1.10 

I 
AUG 16-31 6400 0.75 68.20 -0.20 7.15 0.85 
SEP 1-15 6400 0.75 67.55 -1. 70 7.25 0.60 
SEP 16-30 4818 0.93 68.98 0.02 7.50 0.50 

I 
OCT 1-15 4643 0.92 68.30 -1. 93 7.30 1.07 
OCT 16-31 5648 0.75 60.60 0.55 9.20 -1. 20 
NOV 1-15 5270 1.00 53.60 1. 80 8.60 1. 60 
NOV 16-30 5270 1. 33 56.70 0.00 9.00 -0.20 
DEC 1-15 6400 0.83 52.35 0.95 9.35 -0.80 

I 
I 
I 
I 
I 
I 
I 
I 25 
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1 
APPEKDIX 3. BH10NTHLY HANDLING GRAND MEAN SURVIVAL AND MORTALITY RATES 
(%) AND FORK LENGTHS (mm) FOR CHINOOK SALMON DURING THE 1984 AND 1985 1 
HANDLING AND TRUCKING EVALUATIONS AT THE JOHN E. SKINNER DELTA FISH 
PROTECTIVE FACILITY, BYRON, CALIFORNIA. 

l 
J 

LIVE FISH 

JGRAND STD OF THE 

NUMBER GRAND HEAN STD OF THE )1EAN FORK MEAN FORK 


DATES OF TEST SURVIVAL MEAN SURVIVAL LENGTHS LENGTHS 

(% ) (% ) (mm) (mm) 
 J 

JAN 1-15* 1 100.00 0.00 204.00 0.00 l 
JAN 16-31* 1 100.00 0.00 103.78 0.00 
FEB 1-15* 1 100.00 0.00 126.00 0.00 
FEB 16-28 0 JMAR 1-15 0 
MAR 16-31 4 100.00 0.00 122.92 20.77 
APR 1-15 2 100.00 0.00 84.42 3.01 
APR 16-30 4 99.64 0.64 89.51 2.01 J 
MAY 1-15 5 98.36 3.37 89.18 1.16 
MAY 16-31 5 99.41 1. 20 87.47 1.18 
JC.\' 1-15t 2 44. 44 42.78 55.10 3.75 I 
JU~, 16-30 1 0.00 0.00 
JUL 1-15 0 
JUL 16-31 0 JAUG 1-15 0 
AUG 16-31 0 
SEP 1-15 0 
SEP 16-30 0 1 
OCT 1-15 0 
OCT 16-31 7 100.00 0.00 178.13 11. 01 
NOV 1-15* 2 87.50 12.86 182.46 8.46 JNOV 16-30 2 100.00 0.00 169.50 8.32 
DEC 1-15* 4 100.00 0.00 169.69 30.68 
DEC 16-31* 4 100.00 0.00 160.00 27.77 l 
* = TOTAL SAMPLE SIZE < 15 1 


l 

J 

26 I 
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_\PPEXDIX 3. BI~O\THLY HANDLING GRAND ~EA\ SURVIVAL A~D ~ORTALITY RATES 
1%) A\D FORK LENGTHS (mm) FOR CHINOOK SALMON DeRING THE 1984 AND 1985 
HAKDLIXG AND TRUCKING EVALUATIONS AT THE JOHN E. SKIXNER DELTA FISH 
PROTECTIVE FACILITY, BYROK, CALIFORNIA. (continued) 

I 

I Hl:1EDIATE :lORT_';LITY 

I 
I GRAND ;'lEAX STD OF THE GRA\D STD OF THE 

NUlBER nl:1EDIAT[ t-1EAK ImlEDIATE !IolEAN FORK ;'lEA:·~ FORI~ 

DATES OF TEST :lORTALITY ~10RTALITY LE\GTHS LENGTHS 
(%) (% ) (mm) (mm) 

I JA\ 1-15* 1 0.00 0.00 
JA\ 16-31* 1 0.00 0.00 

FEB 1-15; 1 0.00 0.00 

FEB 16-:::8 0
I :IAR 1-15 a 
:lAR 16-31 4 o.ao 0.00 
..\ Pi{ 1-15 2 0.00 0.00

I .:\fJ] 16-30 -l 0.00 0.00 
r-:AY 1-15 5 0.00 0.00 
'\,;\ "f" 16-31 5 0.0(1 O.CO.o. ~ " 

I 
 1'" . r} 

~, , 1-1=:t '- a.oc 0.00 

I 
JL< 16-30 1 100.00 0.00 79.00 0.00 
Jl~L 1-15 0 
JCL 16-31 a 
ACG 1-15 0 

I 
Al-G 16-31 a 

SEP 1-15 0 

SEP 16-30 a 

O...... "r, 1-15 0'-­

I 
OCT 16-31 7 0.00 0.00 

KO\- I-Hi:t 2 0.00 0.00 

\0\- 16-30 2 0.00 0.00 

DEC 1-15t 4 0.00 0.00 

DEC 16-31* 4 0.00 0.00


I 
I 
I 
I 

21 

I 



S 

J 


APPEXD!X 3. BI~O~THLV HAKDLI~G GRAXD M~A~ S~RVIVAL AXD MORTALITY RATES 
(%) AXn FORK LEXGTHS (mm) FOR CHI~OOK SALMOX DVRIXG THE 198~ AND 1985 • 
HAXDLING A~D TRUCKIXG EVAL~ATIONS AT THE JOHX E. SKIKKER DELTA FISH • 
PROTECTIVE FACILITY, BYROX, CALIFORXIA. (continued) 

1 

J
2-1 HO~R ~10RTALITY 

GRAND MEAK STD OF THE GRA!\D STD OF THE J 
XL~lBER 24 HOVR NEAX 24 HOUR ~IEA:'; FORI; ~IEAK FORI: 

DATES OF TEST r-;ORT AL I TV MORTALITY LENGTHS LENGTHS 
(% ) (% ) (mm) (mm) ] 

Jl";S 1-15* 1 0.00 0.00 
JAX ~6-31* 1 0.00 0.00 l 
FEE 1-15* 1 0.00 0.00 
FEB 1£·-28 0 
:'lAR 1-15 0 J
:'-lAR 16-31 11 0.00 0.00 
AFR 1-1;-; ...'> 0.00 0.00 
",\P~ 16-30 4 0.36 0.00 93.00 0.00 I~IAY 1-15 5 1. 64 3.37 16.49 0.00 
,,'\ .,,'" 
., ~ ). 1 IG-31 5 0.59 0.00 71.00 0.00 
'!"", ... r, 

'-' l- ~ \ 1-1:* ... 53.56 42.78 58.97 6.2-4 
Jl":, H;-30 1 0.00 0.00 1 
JrL 1-15 0 
JCL 16-31 0 
Al1G 1-15 0 1ACG 16-31 0 
SEP 1-15 0 
SET> 16-30 0 
OCT 1-15 0 J 
OCT 16-31 I 0.00 0.00 
!<OV 1-15t 2 12.50 12.86 89.00 0.00 
XO\" 16-30 2 0.00 0.86 J 
DEC 1-15t 4 0.00 0.00 
DEC 16-31* 4 0.00 1. 31 

1 
l 

J 
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APPESDl\ 4. BI~O~THLY TRVCKl~G GRAKD MEA!\, SURVIVAL AXD MORTALITY RATES

I f%l ~~D FORI~ LENGTHS (mm) FOR CHI~OOK SALMOX D~RISG THE 1984 AXD 1985 
HA~DLING AND TRCCliING EVALUATIOXS AT THE JOHN E. SKINNER DELTA FISH 
PROTECTIVE FACILITY, BYRON, CALIFORNIA. 

I 

I 
 LIYE FISH 

I 
I GRAND STD OF '!'HE 

l\V~mER GRAND HEAN STD OF THE ~IEA!\ FORE :-lEAN FORI\: 
DATES OF TEST Sl'RYIVAL :lEAK SURVl\'AL LEXGTHS LENGTHS 

(% J ( '}~ ) (mm) (rom) 

I JA~: 1-15 0 

I 
JAN 16-3U 1 10O.OC 0.00 190.00 0.00 
rEB 1- 15 C 
rEB 16-28 0 
~'lAR 1-15 0 
:lAR 16-31* 1 100.00 0.00 94.18 19.31 

')

I 
,-,m

':- ... .. , 1-E; ... 98.72 1. 37 83.89 0.59 
AF:2 16-30 2 100.00 0.00 90.46 0.98 

<)~'1AY 1-16 ... 100.00 0.00 88.96 0.76 
'1.\ Y 16<11 <) 100.00 0.00 87.4,), 0.20 
-, , I-1St 1 100.00 0.00 86.38 O.OCI 

L 

J'''' 

I 
'- ,\ 16-30 0 


JL:L 1-1f; 0 

JCL 16-31 0 

ACG 1-15 0 

ACG 16-31 0 
SIP 1-15 0 
SEP 16-30* 1 100.00 O.CO 104.00 0.00 
or .... 1-15 0I 

~ " 

I 
;'r~ 

I 

16-3:* 1 100.00 O.CO 1i6.16 0.43 
No\' 1-15* 1 100.00 0.00 176.GO 0.00 
;,0\' 16-30 0 
DEC 1-15* 1 100.00 0.00 175.50 9.62 
DEC 16-31 0 

'J,,", ..L 

TOTAL SA~lPLE SIZE < 15

I * = 

I 
I 
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APPEKDIX~. BIMOXTHLY TRUCKIKG GRA~D MEAK SCRvrVAL AXD MORTALITY RATES ]. 

(%l AXD FORK LEKGTHS (mm) FOR CHI~OOK SALMOX DURING THE 1984 AND 1985 

HA~DLISG AKD TRUCKIKG EVALUATIONS AT THE JOHX E. SKIK~ER DELTA FISH 

PROTECTIVE FACILITY, BYROK, CALIFORKIA. (continued) 


3 
JI ~r'lED I .-\ TE :lORTALITY 

GRAKD ~JEA}: STD OF THE GRAKD STD OF THE J 
KUMBER n1~1EDIATE :-tEA~ I;'1:1EDIATE ~lEAK FORI\ NEAK FORE 


DATES OF TEST NORTALITY HORTALITY LEKGTHS LE~~GTHS 


(% ) (ex. ) (mm) (mm) 
 1 
JA:-~ 1-15 0 l.lAX 16-31* 1 0.00 0.00 
FEB 1-15 0 
FEB 16-28 0 
:lAR 1-15 0 l 
:lAR 16-31* 1 0.00 0.00 
.\PR 1-15 2 0.00 0.00 
AP:~ 16-30 2 O.OC 0.00 1!-lAY 1-15 2 0.00 0.00 
'\" " "1:'"
.·L·~ : 16-31 2 0.00 0.00 
\. ... .. 1- Lit 1 0.00 0.00 
JC\ 16-30 0 0.00 0.00 l 
JUL 1-15 0 
JUL 16-31 0 
ATG 1-15 0 J
AUG 16-31 0 
SEP 1-15 0 

J1SEP 16-30* 0.00 0.00.I. 

C'~T 
,~ . 1-15 0 

OCT 16-31t 1 0.00 0.00 
KO\' 1-15t 1 0.00 0.00 
~,OV 16-30 0 l 
DEC 1-15* 1 0.00 0.00 
DEC 16-31 0 l 

1 
J 
I 
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APPE~DIX 4. BI~O~THLY TRUCI:IKG GRAXD MEA~ SCRVIVAL AXD MORTALITY RATES

I (%! AKD FORK LE~GTHS (mm) FOR CHIKOOK SALMOK DURIKG THE 1984 A~D 1985 
HAKDLING A~D TRUCKING EVALUATIO~S AT THE JOHN E. SKIXXER DELTA FISH 
PROTECTIVE FACILITY, BYRO~, CALIFORNIA. (continued) 

I 

I 
 24 HOCR MORTALITY 

I 
I GRA}:D ~1EA}: STD OF THE GRA~D STD (IF THE 

NV~BER 24 HOCR ~iEAN 2 -l HOL'R NEAS FORI~ ~jEAX FORK 
DATES OF TEST MORTALITY ~10RTALITY LENGTHS LENGTHS 

(% ) (% ) (mm) (mm) 

I JAX 1 - 1 5 a 

I 
JA>; 16-31* 1 0.00 0.00 

FEB 1-15 0 

FEB 16-28 a 


I 
~lAR 1-15 0 
>1AR 16-31* 1 0.00 0.00 
APR 1-15 2 1. 28 1. 37 72.50 0.00 
..\PK 16-30 2 0.00 0.00 

I 
~~AY 1-15 2 0.00 0.00 

~lAY 16-31 2 0.00 0.00 

J1-· ; } - 1 5 0 


I 
~lr\ 16-30* 1 0.00 0.00 

JeL 1-15 0 

JCL 16-31 0 

ACG ]-1;:) a 

ACG 16-31 a 

SEP 1-15 a


I SEP 16-30* 1 0.00 0.00 

oc':~ }-15 0 
("\r-­

I 
'-''- 16-31* 1 0.00 0.00 

NO'; 1-15* 1 0.00 0.00 


I 
XOY 16-30 0 

DEC 1-1;:;* 1 0.00 0.00 

DEC 16-31 a 


I 
I 
I 
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~PPE~DIX 5. BI~OSTHLY HA~DLI~G GRAXD MEA~ SURVIVAL AKD MORTALITY RATES 
(%) A~D FORI: LE:~GTHS (mm) FOR STRIPED BASS Dt;RIKG THE 1984 AKD 1985 
HA~DLrKG AKD TRUCI~I~G EVALUATIOKS AT THE JOHK E. S~I~~ER DELTA FISH 
PROTECTIVE FACILITY, BYRO~, CALIFOR~IA. 

1 

J
LIVE FISH 

JGRASD STD OF THE 

Kl'~mER GRAXD NEAK STD OF THE !'tEAK FORK HEM, FORl~ 


DATES OF TEST Sl'RVI\'AL !'lEAx Sl:RVn-AL LEKGTHS LE\'GTHS 

(%) (%. ) (mm) (mm) l 

JA\ 1-15 4 96.72 2.83 86.63 3.56 
JA~ 16-:31 1 99.48 0.52 86.75 1. 84• 1 
FEB 1-1;3 C 96.02 3.60 83.39 3.07 
FEB 16-28 0 
HAR 1-15 0 l 
HAR 16-31* 1 100.00 0.00 94, 94 3.56 

1 1 ~:\PR 0-~:J 

J).P~ 16-30 0 
~IAY 1-15 3 40.43 37.69 80.53 40.34 
::.\ 'y 16-31 -1 79.43 7.91 16.67 1. 91 
11' ­.. '" , 1 15 2 58.30 10.62 26.01 1.3..1 
JC\ 16-30 4 50.9G 18.20 37.90 2.75 J 

1 , ­Jl'L --..1.;) 6 79.59 1-l.99 47.32 5. 11 
Jl'L 16-31 2 90.54 1. 45 52.01 3.39 
Al'G 1-15 -I 77.85 22. 11 -14.51 3.26 l
ACG 16-31 6 70.87 20.09 63.24 6.53 
SEP 1-15 10 63.38 15.57 76.09 21. 16 
SEP 16-30 10 61.10 32.22 75.40 B.20 

""',.. .,.­ 1OCT 1-15 9 I I • ;);) 23.01 7B.32 15.-13 
or""... l 16-31 C 8-1.27 14.59 B2.B3 10.61 
~\O\' 1-13 2 96.39 0.04 B5.15 5.B5 
XO'" 16-30 2 97.92 1.09 BO.31 5.B2 l 
DEC 1-15 5 98.74 0.74 B6.99 2.91 
DEC 16-31 1 99.17 0.00 89.75 0.00 1 

TOTAL SA~lPLE SIZE < 15* = 

l 
] 

J 
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APPENDIX 5. BIMOXTHLY HA~DLING GRAND MEAN S~RVIVAL A~D ~ORTALITY RATES 
(%) AND FORK LENGTHS (mm) FOR STRIPED BASS DeRING THE 1984 A~D 1985 
HAXDLING AND TRUCKING EVALUATIO~S AT THE JOHN E. SKINNER DELTA FISH 
PROTECTIVE FACILITY, BYRON, CALIFORNIA. (conti~ued) 

I 

I nl:lEDIATE NORTALITY 

I GRAND HEA~ STD OF THE GRAKD STD OF THE 
N'LHBER IM:-1EDIATE NEAK l:'l:'-lEDIATE MEAN FORK i-1EAK FORl~ 


DATES OF TEST !-JORTALITY MORTALITY LENGTHS LE~;GTHS


I (% ) (% ) (mm) (mm) 


I JA\" 1-15 4 0.2B 0.49 87. 00 0.00 

I 
JA:-; 16-31 1 0.26 0.45 103.00 0.00 
FEB 1-15 6 0.48 1. 08 87.00 0.00 
FEB 16-28 0 
NAR 1-15 0 
:-iAR 16-31* 1 0.00 0.00 
AP:'~ 1-15 0

I AF'h 16-30 0 

I 
~lAY 1-15 3 58.02 36.23 13.00 0.33 
~IAY 16-31 4 10.60 5.97 15.41 0.65 
'" L ,'\ 1-:5 2 15.~3 6.04 17.52 0.88 ,
Jr\ 16-30 18.48 12.20 17.59 1. 80".I: 

I 
JUL 1-15 6 4. 55 4.57 21 .13 5.61 
Jl"L 16-31 2 1. 26 0.53 23.86 1. 40 
Al"G 1-15 - 0.97 0.68 26.83 7.09I 

I 
AUG 16-31 6 0.23 0.47 67.50 0.00 
SEP 1-15 10 6.53 1·1. 75 77.87 9.22 
SEP 16-30 10 0.27 0.68 57.00 2.05 

I 
OCT 1-15 9 0.34 0.65 74.00 1. 02 
OCT 16-31 6 0.18 0.33 84.25 7.9G 
KOV 1-15 2 1.10 0.73 69.75 7.39 
KO\" 16-30 2 0.73 0.33 77.50 1. 03 
DEC l-lfJ 5 0.20 0.26 67.25 2.80 
DEC 16-31 1 0.00 0.00

I 

I 

I 
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APPE~DIX 5. BIMOKTHLY HANDLI~G GRAND MEAK SURVIVAL AND ~ORTALITY RATES 
(%) A~D FORK LENGTHS (mm) FOR STRIPED BASS DURING THE 1984 AND 1985 
HA!\DLING AND TRUCKING EVALUATIONS AT THE JOHN E. SKINNER DELTA FISH 1 
PROTECTIVE FACILITY, BYRON, CALIFORNIA. (continued) 

1 
24 HOUR !-tORTALITY J 

GRAND ~1EAN STD OF THE GRAND STD OF THE J 
NU~1BER 24 HOUR MEAN 24 HOUR MEAK FORK t-1EAN FORI~ 


DATES OF TEST MORTALITY MORTALITY LENGTHS LENGTHS 

(% ) (% ) (mm) (mm) 
 J 

JAX 1-15 4 3.00 2.50 75.13 4.50 
JAN 16-31 1 0.26 0.46 70.00 0.00 1 
FEB 1-15 6 3.45 2.61 67.20 7.00 
FEB 16-28 0 
!'-1AR 1-15 0 lMAR 16-31* 1 0.00 0.00 
APR 1-15 0 
APR 16-30 0 
:-1AY 1-15 3 1. 56 2.13 14.17 0.93 I 
~!AY 16-31 4 9.96 4.44 13.72 0.92 
Jl"X 1 15 ...? 26.27 4.58 22.27 2.48 
JUX 16-30 4 30.56 17.40 30.75 1. 48 l
JUL 1-15 6 15.85 10.54 35.84 6.01 
JUL 16-31 2 8.20 0.92 54.47 3.04 
AUG 1-15 7 21.18 21.77 47.81 9.09 lAUG 16-31 6 28.89 20.35 68.54 8.26 
SEP 1-15 10 30.09 18.31 69.77 11.26 
SEP 16-30 10 38.62 32.47 78.14 6.64 
OCT 1-15 9 22.10 23.24 78.48 11. 43 1 
OCT 16-31 6 15.54 14.76 86.09 7.56 
NOV 1-15 2 2.51 0.69 73.99 0.66 
NOV 16-30 2 1. 36 0.76 73.79 1. 56 l
DEC 1-15 5 1.06 0.60 72.60· 6.58 
DEC 16-31 1 0.83 0.00 76.00 0.00 

1 

l 

J 
J 
J 
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APPE~DIX 6. BIMO~THLY TRUCEING GRAND MEAN SURVIVAL AND MORTALITY RATES 
(%) AND FORK LENGTHS (mm) FOR STRIPED BASS DURING THE 1984 AND 1985 
HA~DLING A~D TRUCKING EVALUATIO~S AT THE JOH~ E. SKI~NER DELTA FISH 
PROTECTIVE FACILITY, BYRON, CALIFORNIA. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

DATES 

JAK 1-15 
JAX 16-31 
FEB 1-15 
FEB 16-28 
MAR 1-15 
~lAR 16-31* 
APR 1-15 
APR 16-30* 
MAY 1-15 
~lAY 16-31 
J'"L ,', . 1-15 
Jl:X 16-30 
JCL 1-15 
JCL 16-31 
Al~G 1-15 
At:G 16-31 
SEP 1-15* 
SEP 16-30 
OCT 1-15 
OCT 1C-31 
KO\' 1-15 
NOV 16-30 
DEC 1-15 
DEC 16-31 

* = TOTAL 

NCMBER 
OF TEST 

2 
1 
2 
0 
0 
1 
0 
2 
1 
2 
1 
2 
2 
0 
1 
2 
1 
5 
3 
2 
1 
1 
2 
0 

SAHPLE SIZE 

GRAND ~fEAN 

SCRVIVAL 
(% ) 

96.8P 
97.85 
96.87 

100.00 

100.00 
0.00 

34.15 
54. 86 
22.94 
62.11 

16.49 
49.2S 
78.57 
57.32 
96.4:2 
98.31 
95.60 
9!J.19 
89.77 

< 15 

LIVE 

STD OF THE 
!olEAN SCRVIVAL 

(% ) 

0.05 
0.00 
0.05 

0.00 

0.00 
0.00 
4.86 
0.00 

16.50 
0.25 

0.00 
25.76 

0.00 
17.97 

2.62 
1. 74 
0.00 
0.00 
7.38 

FISH 

GRAND STD OF THE 
MEAN FORE :-lEAN FORK 

LENGTHS LENGTHS 
(mm) (mm) 

87.25 0.72 
86.42 0.00 
81.71 1. 28 

89.00 0.00 

98.00 3.60 

17.54 2.10 
24.3C 0.00 
41. 32 3.';7 
46.26 1. 19 

46.25 0.00 
63.70 8.41 

102.73 0.00 
78.76 13.20 
78.12 7.54 
88.50 0.51 
88.28 0.00 
81. 56 0.00 
89.53 0.58 

I 
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APPE;~DIX 6. BI~lOXTHLY TRUCKIKG GRAXD MEAK StJRVIVAL AKD 1'10R7ALITY RATES 
(%) AKD FORK LENGTHS (mm) FOR STRIPED BASS DURING THE 1984 AND 1985 1 
HAKDLIXG AND TRCCKIXG EVALUATIOKS AT THE JOHK E. SKIXKER DELTA FISH . 
PROTECTIVE FACILITY, BYROK, CALIFORKIA. (continued) 

3 
JI r-l~lED I ATE :-lORTALITY 

GRAND ~lEA); STD OF THE GRAND STD OF THE J 
K'C~1BER I Hl'IEDIATE NEAl' I:I~lED lATE MEAN FORI~ ~lEAN FORI~ 


DATES OF TEST r-IORTALITY ~ORTALITY LENGTHS LENGTHS 

(% ) (% ) (mm) (mm) 
 l 

JAK 1-15 2 0.62 0.01 63.50 0.52 
JAK 16-31 1 0.00 0.00 l 
FEB 1-15 2 0.00 0.00 
FEB 16-28 0 
:lAR 1-15 0 ]
:IAR 16-31* 1 0.00 0.00 
AT'R 1-15 0 
A.PR 16-30* 2 0.00 0.00 J~L-\Y 1-15 1 97.79 0.07 12.75 0.68 
~L-\Y 16-31 2 36.38 0.07 16.26 0.10 
JL~ 1-15 1 11.73 0.00 20.11 0.00 
J'C:\ 16-30 2 25.60 18.62 27.67 S.75 J 
JL'L 1-15 2 9.22 7.04 23.63 2.37 
JUL 16-31 0 
AUG 1-15 1 0.00 0.00 lAUG 16-31 2 1. 07 1. 10 57.33 0.00 
SEP 1-15* 1 0.00 0.00 
SEP 16-30 5 3.78 5.03 76.86 14.84 l\...J.0""'" 1-15 3 0.19 0.27 88.00 0.00 
OCT 16-31 2 0.28 0.29 8G.00 0.00 
KOV 1-15 1 0.29 0.00 68.00 0.00 
NO\' 16-30 1 0.96 0.00 66.00 0.00 l
DEC 1-15 2 6.90 6.33 75.78 0.23 
DEC 16-31 0 

I 
l 
I 
1 
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APPEXDIX 6. Bnl0~THLY TRUCKlt\G GRAKD ~EA~ S'C"RVIVAL A;~D f-l0RTALITY RATES 

I (X) AND FOR~ LENGTHS (mm) FOR STRIPED BASS D'C"RING THE 1984 AND 1985 
HANDLING AND TRUCKING EVALUATIONS AT THE JOHN E. SKINKER DELTA FISH 
PROTECTIVE FACILITY, BYROX, CALIFORNIA. (continued) 

I 

I 24 HOl'R :10RTALITY 

I GRAND }lEAN STD OF THE GRA~D STD OF THE 
NU!-lBER 24 HOt:'R ~lEAK 24 HOCR MEA!\" FORK NEAK FORK 

DATES OF TEST HORTALITY !-10RTALITY LENGTHS LEKGTHS

I (% ) (% ) (mm) (mm) 

I JAN 1-15 2 2.49 0.04 75.92 3.70 

I 
JAX 16-31 1 2.15 0.00 68.50 0.00 
FEB 1-15 2 3.13 0.05 78.75 6.45 
FEB 16-28 0 
MAR 1-15 0 
MAR 16-31* 1 0.00 0.00 

APR 1-15 0


I AP;"t 16-30* 2 0.00 0.00 

~1AY 1-15 1 2.22 0.07 16.90 0.10 
~lAY 16-31 2 29. ,17 :1.93 16.78 1. 76 

I 

l' ": ~ ,_ .. 

v L." 1-15 1 33.40 0.00 20.50 0.00 

I 
JC~, 16-30 2 51. 46 35.13 39.40 6.53 
JCL 1-15 2 28.67 7.28 41.69 1. 64 
JVL 16-31 0 
AUG 1-15 1 83.51 0.00 45.44 0.00 

I 
Al'G 16-31 2 49.68 26.87 59.20 2.07 
SEP 1-15* 1 21.43 0.00 73.00 0.00 
SEP 16-30 5 38.90 17.19 79.25 5.23 

I 
OCT 1-15 3 3.39 2.47 72.72 0.29 
OCT 16-31 2 1. 41 1. 45 90.20 0.00 
XOV 1-15 1 4. 11 0.00 77.21 0.00 
NOV 16-30 1 3.85 0.00 70.25 0.00 
DEC 1-15 2 3.32 1.06 71. 75 1. 12 
DEC 16-31 0

I 
I 
I 
I 
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APPE~DIX 7. BIMO~THLY HANDLING GRAND MEAN SURVIVAL AND ~ORTALITY RATES 

(%) A~D FORK LENGTHS (mru) FOR AMERICAX SHAD DURI~G THE 1984 AND 1985 ]

HAXDLING AND TRCCKING EVALUATIONS AT THE JOHN E. SKINNER DELTA FISH 

PROTECTIVE FACILITY, BYRON, CALIFORNIA. 


K1::'tBER GRAND ~IEA!\ 

DATES OF TEST SlJRYIVAL 
(% } 

* = TOTAL 


4 59.80 
3 50.5f 
4 55.20 
0 
0 
1 25.00 
0 
0 
1 33.33 
1 100.00 
3 71 .12 
r) 18.06... 
,1 ,6.11 
2 66.07 
7 55.47 
6 82.33 
9 77.44 

11 	 74.84- 83.54I 

7 88.20 
2 81.10 
2 71.00 
6 74.30 
4 69.46 

SA~IPLE SIZE < 15 

J 
lLIVE FISH 

]
GRAND STD OF THE 

STD OF THE !-lEAN FORK BEAN FORK 
i'IEAN SL'RVI\'AL LEXGTHS LENGTHS 

(% ) (mm) (mm) 1 
12.02 111.31 7.72 l32.79 102.21 4.55 
30.53 103.75 5.35 

l 
25.30 106.00 0.00 

I
0.00 162.00 0.00 
0.00 81.00 0.00 

17. 13 35.71 1. 36 ]
20.80 45.88 3.93 
21.79 58.18 12.61 
9.03 64.46 4.26 

33.93 63.49 13.45 1 
19.39 74.20 5.17 
29.73 82.13 6.11 
21. 76 90.82 3.99 l8.41 98.66 5.36 
5.89 106.24 2.83 

10.23 104.25 0.39 l7.61 96.07 1. 36 
8.16 101.00 6.12 

16.65 102.75 6.61 1 

1 

] 


] 

1 

JAN 
JAN 
FEB 
FEB 
HAR 
:-1AR 
APR 
APR 
~AY 

NAY 
JC;\ 
JC~ 

JeL 
JeL 
AUG 
ACG 
SEP 
SEP 
OCT 
OCT 
~';OV 

XOV 
DEC 
DEC 

1-15 
16-31 

1-15 
16-28 

1-15 
16-31* 

1-15 
16-30 

1-15* 
16-31* 

1-15 
16-30* 

1-15 
16-31* 

1-15 
16-31 

1-15 
16-30 

1-15 
16-31 

1-15 
16-30 

1-15 
16-31 
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APPE~DIX 7. BINO~THLY HA~DLI~G GRA~D MEA~ SURVIVAL A~D MORTALITY RAT~S 
(%) A~D FORK LEXGTHS (mml FOR AMERICA~ SHAD DURI~G THE 1984 A~D 1985 
HAXDLI~G A~D TRUCKI~G EVALCATIO~S AT THE JOHK E. SKIKKER DELTA FISH 
PROTECTIVE FACILITY, BYROX, CALIFORKIA. (continued) 

I 

I I ~l~lED I ATE ~lORTALITY 

I GRA~D ~lEAN STD OF THE GRAKD STD OF THE 

I 

~U~1BER nl~1EDIATE t-1EA~ nI~lEDIATE ~lEA!\ FORK HEM\ FORI~ 


DATES OF TEST MORTALITY MORTALITY LE!\GTHS LE}\GTHS 

(% ) (% ) (mm) (mm) 


I JA~ I-If 4 0.68 1. 18 106.00 0.00 
JAN 16-31 3 5.56 9.74 10J.50 0.00 
FEB 1-15 4 5.00 10.10 102.00 0.00 
FEB 16-28 0

I NAR 1-15 0 

I 
MAR 16-31* 1 0.00 0.00 

APR 1-15 0 

AP:a 16-30 0 

:lAY 1-15* 1 0.00 0.00 
~lAY 16-31* 1 0.00 0.00 
JV, I-Ie 3 2.08 2.98 41. 00 0.00I Jt.-:, 16-30t 2 43.0G 4-1.68 41.09 2. J 3 
JeL 1-15 4 2.27 3.98 22.00 0.00 
JeL 16-31t 2 0.00 0.00

I AUG 1-15 7 3.88 6.17 23.37 1. 56 

I 
ACG 16-31 (, 0.19 0.42 84. 00 0.00 
SEP 1-15 9 1.98 3.78 72.50 34.26 
SEP 16-30 11 1. 30 4.16 87.00 0.00 

...OCT 1-15 I 1. 10 2.72 105.00 0.00 

I 
OCT 16-31 i 0.76 1. 22 101.25 4.48 
KOV 1-15 2 0.54 0.5.+ 155.00 0.00 

')XOV 16-30 .. 1.60 O. 14 97.60 1.69 
DEC 1-15 6 0.43 0.66 97.50 1. 54 
DEC 16-31 4 0.69 1. 22 102.00 0.00 

I 
I 
I 
I 
I 
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APPEXDIX 7. BIMOXTHLY HAXDLI~G GRAXD MEAN SCRVIVAL AKD ~ORTALITY RATES 
(%) AXD FORK LEXGTHS (mm) FOR A~ERICAN SHAD DURING THE 1984 AND 1985 
HAXDLING AND TRUCKING EVALUATIONS AT THE JOHN E. SKINXER DELTA FISH l 
PROTECTIVE FACILITY, BYRON, CALIFORKIA. (continued) 

J 
24 HOllR :10RTALITY l 

GRAXD ~JEAN STD OF THE GRAND STD OF THE JKlJNBER 24 HOUR MEAN 24 HOUR MEAr-; FORK ~tEAN FORK 

DATES OF TEST MORTALITY MORTALITY LEXGTHS LENGTHS 


(% ) (% ) (mm) (mm) 
 l 
JAK 1-15 4 39.53 10.8~ 112.78 14.18 
JAX 16-31 3 18.89 12.16 111.44 8.79 lFEB 1-15 4 39.80 31.33 99.33 6.53 
FEB 16-28 0 
NAR 1-15 0 
NAR 16-31* 1 75.00 25.30 208.75 92.47 l 
APR 1-15 0 
AP~ 16-30 0 
~IAY 1-15* 1 66.67 0.00 144.00 0.00 I 
:!:\Y 16-31* 1.. 0.00 0.00 
Jl",: 1-1j 3 26.80 19.96 ·H.85 1. 54 
Jex 16-30* 2 38.89 40.73 39.89 9.91 ]
JCL 1-15 4 21. 62 18.67 44.03 8.61 
J'CL 16-31* 2 33.93 9.03 46.00 8.11 
ACG 1-15 ..., 

I 40.65 32.14 48.45 22.83 
AlTG 16-31 6 17.48 19.51 73.16 7.29 ] 
SEP 1-15 9 20.58 29.55 75.50 17.60 
SEP 16-30 11 23.86 19.17 89.14 15.29 
OCT 1-15 

.., 
I 15.36 7.95 95.78 12.28 lOCT 16-31 I 11. 04 6. 11 103.23 9.46 

xov 1-15 2 18.36 9.69 111.37 6.10 
NOV 16-30 2 27.39 7.48 103.78 3.99 
DEC 1-15 6 25.27 8.48 95.94 4. 17 1 
DEC 16-31 4 29.85 IE), 03 87.85 10.87 

J 

l 

J 
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APPE~DIX 8. BI~O~THLY TRUCKIKG GRAND ~EAK SURVIVAL AXD ~ORTAL!TY RATES 
(%) AND FORI~ LE~GTHS (mm) FOR AMERICA~ SHAD DURING THE 1984 AND 1985 
HA~DLIKG AND TRUCliING EVALUATIONS AT THE JOHK E. SKIKKER DELTA FISH 
PROTECTIVE 

I 

I 

I 


DATES

I 
I JAN 1-15 

I 
JAN 16-31* 
FEB 1-15 
FEB 16-28 
r-lAR 1-15 

I 
MAR 16-31 
APR 1-15 
APi( 16-30* 
NAY 1-15 
::.\y 16-31* 

I 
"'t T • .,.­
v\.. ." 1-13 
JUX lEi - 30 
JUL 1-15 
Jt:L 16-31

I AUG 1-15 

I 
AUG 16-31 
SEP 1-15* 
SEP 16-30 

I 
OCT 1-15 
OCT 16-31 
1\0\' 1-15 
NOV 16-30 
DEC 1-15 
DEC 16-31

I 
* = TOTAL 

I 

I 

I 


FACILITY, BYRON, CALIFORNIA. 

LIVE FISH 

GRAND STD OF THE 
KC'1BER GRAND t-lEAK STD OF THE l'1EAN FORE MEA:\, FORE 
OF TEST SURVIVAL 

(% ) 

2 57.80 
1 64.29 
2 43.87 
0 
0 
1 0.00 
0 
1 100.00 
0 
2 100.00 
1 0.00 
1 0.00 
1 0.00 
0 
1 6.87 
2 56.70 
1 4.55 
5 61.36 
3 7L66 
2 65.94 
1 55.33 
1 73.53 
2 40.29 
0 

SA:-'IPLE SIZE < 15 

~fEAK SURVIVAL 
(% ) 

LEKGTHS 
(mm) 

LE1\GTHS 
(mm) 

5.35 
0.00 

10.91 

111.-11 
103.33 
109.47 

5.52 
0.00 
6.82 

0.00 

0.00 110.00 0.00 

0.00 
0.00 
0.00 
0.00 

139.67 10.03 

0.00 
35.20 

4.70 
29.15 

9.62 
4. 18 
0.00 
0.00 
8.58 

53.59 
74.00 
94.00 
91. 54 

100.33 
108.36 
102.25 
100.83 
102.82 

0.00 
0.92 
0.00 
3.47 
7.23 
4.67 
0.00 
0.00 
1. 41 

I 
41 



J 
J 

APPEXDIX 8. BIMONTHLY TR~CKIXG GRAND MEAK SURVIVAL AND ~ORTALITY RATES 
(%1 A~D FORK LENGTHS (mm) FOR A~ERICAS SHAD DURING THE 1984 AND 1985 l 
HAXDLIKG AND TRUCKING EVALUATIONS AT THE JOHN E. SKI~KER DELTA FISH 
PROTECTIVE FACILITY, BYROK, CALIFORNIA. (continued) 

J 
Ii:'H·IEDIATE ~IORTALITY J 

GRAND :-IEAK STD OF THE GRAND STD OF THE J
~CNBER Il'lHEDIATE ~lEAN I:-!:-IEDIATE i'IEAS FORK !'lEAK FORK 


DATES OF TEST HORTALITY ~IORTALITY LEt\GTHS LENGTHS 

(% ) (% ) (mm) (mm) 
 l 

JAX 1-15 2 2.63 2.72 102.00 0.00 
JA~ 16-31* 1 0.00 0.00 l
FEB 1-15 2 0.00 0.00 
FEB 16-28 0 
~lAR 1-15 0 l!'lAR 16-31 1 0.00 0.00 
APR 1-15 0 
APR 16-30* 1 0.00 0.00 
MAY 1-15 0 J 
:-lAY 16-31* ')... 0.00 0.00 
JL\ 1-15 1 0.00 0.00 
JV: 16-38 1 75.00 25.12 46.50 20.50 lJeL 1-15 1 100.00 0.00 26.00 0.00 
JL"L 16-31 0 
AUG 1-15 1 0.00 0.00 
AUG 16-31 2 0.00 0.00 I 
SEP 1-15* 1 4.55 4.70 78.33 0.00 
SEP 16-30 5 3.33 6.86 62.00 0.00 
OCT 1-15 3 0.00 0.00 J
OCT IG-31 2 1. 08 1. 11 103.67 0.00 
NOV 1-15 1 0.00 0.00 
KOV 16-30 1 2.94 0.00 90.25 0.00 lDEC 1-15 2 0.56 0.58 98.00 0.00 
DEC 16-31 0 

J 

l 

J 
J 

l 




I 

I 

I 

APPE~n!X 8. BIMoSTHLY TRUC~ING GRAXD MEA~ SURVIVAL AND MORTALITY RATES 
0:·) AND FORK LE~GTHS (mm) FOR ANER I CAN SHAD DURI KG THE 198.J A~D 1985 
HAXDLING AND TRUCKING EVALUATIO~S AT THE JOHN E. SKI~NER DELTA FISH 
PROTECTIVE FACILITY, BYRON, CALIFORNIA. (continued) 

I 
I 24 HOUR :lORTALITY 

I 
I GRAND :-lEAK STD OF THE GRAKD STD OF THE 

NDlBER 24 HOUR NEAN 24 HOUR HEAK FORK MEAN FORE 
DATES OF TEST NORTALITY HORTALITY LE>1GTHS LENGTHS 

(% ) ( '7~ ) (mm) (mm) 

I 
JA:~ 1-15 2 39.57 2.62 103.30 1. 76 
JAN 16-31* 1 35.71 0.00 95.20 0.00 

I 
FEB 1-15 2 56.13 10.91 102.85 2.44 
FEB 16-28 a 
!-lAR 1-15 0 
:lAR 16-31 1 100.00 0.00 119.67 2.42 

I 
APR 1-15 0 

AP~ 16-30* 1 0.00 0.00 

MAY 1-15 0 

:lAY 16-31* 2 0.00 0.00 

- 'I' ~1 .. 

~' \. 

I 
... 1-15 1 100.00 0.00 44.00 0.00 

Jl:~~ 16-30 1 25.00 25.72 50.83 0.00 

I 
Jl-L 1-15 1 0.00 0.00 
Jl:L 16-31 0 
Al'G 1-15 1 93.13 0.00 27.97 0.00 

?AUG 16-31 "- 43.30 35.20 70.33 7.39 
~SEP 1-15* 1 90.91 9.·n 86.35 2.13 

SEP 16-30 5 35.31 24.12 85.44 5.66

I OCT 1-15 3 25.34 9.62 93.42 15.82 

I 
OCT 16-31 2 32.99 3.07 107.73 1. 06 
KO\' 1-15 1 44.67 0.00 99.58 0.00 
KOY 16-30 1 23.53 0.00 102.78 0.00 

nDEC 1-15 i.. 59.14 9.17 97.45 1. 27 
DEC 16-31 0 

I 
I 
I 
I 43 
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J
APPEXDIX 9. BIMO~THLY MEAX FORK LEXGTH (mm) A~D MORTALITY RATES (%) FOR 

STEELHEAD DCRIXG THE 1984 AND 1985 HANDLIKG AND TRUCKIKG EVALUATIONS 
AT THE JOHN E. SI~INXER DELTA FISH PROTECTIVE FACILITY, BYROX,CALIFORXIA. l 

HANDLING TEST 
------------- J 

GRA:"'m STD of the GRAXD STD of the 
Xl'NBEH HEM~ FORE NEAK FORK ~1EM; !-lEAX 

DATES OF TEST LENGTHS LENGTHS ~fORTALITIES :10RTALITIES ]
(WI) ( M~i ) (% ) (% ) 

:"1AR 16-31~ 1 249.00 0.00 0.00 0.00 l 
APR 1-15* 1 428.00 0.00 0.00 0.00 
APR 16-30~ 2 260.25 91.3 0.00 0.00 
~lAY 1-15* 2 273.00 2.83 0.00 0.00 l 

lTRUCIUNG TEST 

GRAXD STD of the GRAND STD of the 
l\C:"lBER !'lEAN FORE MEA!\ FORK MEAX MEA~ l 

DATES OF TEST LENGTHS LENGTHS 1'10RTALITIES MORTALITIES 
(!'1M ) (HM) (% ) (% ) 

I:lAR 16-31* 1 343.00 0.00 0.00 0.00 
APR 1-15* 1 225.00 0.00 0.00 0.00 

l 
~ = TOTAL SA~PLE SIZE <15 

] 

] 

l 

J 

l 

1 

J 
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APPEKDIX 10. BI~ONTHLY HA~DLING GRA~D MEAN SURVIVAL AND MORTALITY RATES 
C%) AND FORK LENGTHS (mm) FOR THREADFIK SHAD DURING THE 1984 AND 1985 
HA~DLING AND TRUCKING EVALUATIO~S AT THE JOHN E. SKINNER DELTA FISH 
PROTECTIVE FACILITY, BYRON, CALIFORNIA. 

I 
I LIVE FISH 

I GRAND STD OF THE 

I 
KmlBER GRA~D i'1EAN STD OF THE NEAN FORI~ MEAK FORK 

DATES OF TEST SURVIVAL NEAN SURVIVAL LENGTHS LENGTHS 
(% ) (% ) (m01) (mrn) 

I JAN 1-15 4 68.24 22.71 98.48 2.66 
JAN 16-31* -1 13.39 8.97 89.22 6.03 
FEB 1-15 6 8.29 7.57 86.90 8.83 
FEB 16-28 0

I ~lAR 1-15 0 

I 
I 

~lAR 16-31 -1 83.45 5.09 93.33 2.91 
APR 1-15 2 90.21 3.57 98.46 0.47 
APR 16-30 4 99.82 0.31 93.05 2.26 
MAY 1-15 5 98.38 2.38 92.1-1 1. 77 
:"IAY 16-31 ;) 100.00 0.00 92.13 10.19 
JC\ 1-15* 3 58.33 42.87 98.33 0.67 
JUN 16-30* 3 100.00 0.00 96.17 3.83 
JUL 1-15 5 84.44 26.15 81.03 16.73 
JUL 16-31* 2 80.00 20.20 51.37 1. 99 

I AUG 1-15 7 88.10 11. 45 59.46 7.86 

I 
ACG 16-31 6 80.57 17.41 62.92 12.76 
SEP 1-15 10 79.77 34.52 70.28 13.23 
SEP 16-30 1 1 96.19 4.77 70.27 9.76 
O""'T~ 1-15 

,.. 
/ 88.09 20.79 73.03 9.57I.. 

OCT 16-31 7 96.04 7.36 86.96 2.08 
NO\' 1-15 2 100.00 0.00 93.43 4.47

I NOV 16-30 2 96.21 0.98 88.89 2.08 
DIC 1-15 6 88.19 14.65 90.62 3.30 
DEC 16-31 4 87.29 4.44 87.43 1. 79 

I 
t :. TOTAL SANPLE SIZE < 15 

I 

I 
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APPEXDIX 10. BI~OKTHLY HAXDLING GRAND MEAN SURVIVAL AXD MORTALITY RATES 
(%) AXD FORE LENGTHS (mm) FOR THREADFIK SHAD DURING THE 198~ AND 1985 l 
HAXDLIXG AKD TR~CKING EVALCATIONS AT THE JOHN E. SKI~NER DELTA FISH 
PROTECTIVE FACILITY, BYROX, CALIFORNIA. (continued) 

1 
rmlEDIATE :-10RTALITY ] 

GRAKD !'lEAN STD OF THE GRAND STD OF THE JKU:-lBER Hl!'fEDIATE NEAX I}I:fEDL\TE NEAN FORK MEAN FORI~ 


DATES OF TEST :-10RTALITY HORTALITY LENGTHS LE!\GTHS 

(% ) (% ) (mm) (mm) 
 l 

JAX 1-15 4 13.57 18.15 103.38 3.42 
JAX 16-31* 4 44.64 30.76 98.94 4.06 l
FEB 1-15 6 37.36 18.04 101.66 4.25 
FEB 16-28 0 
~lAR 1-15 0 l:"lAR 16-31 4 1. 27 0.80 98.89 3.93 
APR 1-15 2 3.33 3.36 82.00 0.00 
AP7l 16-30 4: 0.00 0.00 
:lAY 1-15 5 0.00 0.00 l 
:IAY 16-31 5 0.00 0.00 
,JT'\. .-, 1-IS:t 3 0.00 0.00 
JL\' 16-30* 3 0.00 0.00 ]
JUL 1-15 5 0.00 0.00 
JUL 16-31* 2 10.00 10.10 52.00 0.00 
AUG 1-15 ,., 

I 4.31 9.72 43.91 22.27 
Al:G 16-31 6 3.75 7.49 38.40 9.05 1 
SEP 1-15 10 1. 28 2.35 51. 94 25.48 
SEP 16-30 1 1 0.06 0.18 63.00 0.00 
0,... ...... 

'- 1 1-15 7 1. 79 4.41 24. 00 0.00 l 
\,,-10"""" 16-31 7 0.56 1. 39 104.50 0.00 

XOV 1-15 2 0.00 0.00 
NOV 16-30 2 0.00 0.00 lDEC 1-15 6 0.00 0.00 
DEC 16-31 4 1. 39 2.43 86.50 0.00 

J 
l 
I 
J 

46 

l 



I 

I 

I 

APPE~DIX 10. BIMO~THLY HA~DLING GRAND MEAN SURVIVAL AND MORTALITY RATES 
(%) AND FORI~ LENGTHS (mm) FOR THREADFIN SHAD DURIXG THE 1984 AND 1985 
HA~DLIKG AND TRUCKI~G EVALUATIONS AT THE JOHN E. SKINNER DELTA FISH 
PROTECTIVE FACILITY, BYROX, CALIFORXIA. (continued) 

I 

I 24 HOUR }10RTALITY 

I GRAKD HEAN STD OF THE GRAND STD OF THE 

I 
XCi-fBER 24 HOCR NEAX 24 HOl;R ~1EA~ FORK ;IEA~ FORE 

DATES OF TEST }10RTALITY HORTALITY LEKGTHS LENGTHS 
(% ) (% ) (mm) (mill) 

I JA~ 1-15 4 18.20 8.04 105.0-1 4.38 
JA~~ 16-31* 4 41. 96 37.16 101.78 5.35 
FEB 1-15 6 54.35 1"*.11 100.21 2.22 
FEB 16-28 0

I ~lAR 1-15 0 

I 
~lAR 16-31 4 15.28 4.75 93.11 1. 95 
APR 1-15 2 6.46 0.21 91.50 1. 52 
APR 16-30 4 O. 18 0.31 90.00 C.OO 
}lAY 1-15 5 1. 62 2.38 72.75 17.98 
~!_\y 16-31 5 0.00 0.00 

I 

.,..~ . \. 


\,oJ \... ~" 1-:5* 3 41. 67 42.87 70.00 "*3.56 
JUX 16-30* 3 0.00 0.00 

I 
Jl"L 1-15 5 15.56 26.15 74.50 29.89 
JUL 16-31* 2 10.00 10.10 120.00 0.00 
AUG 1-15 7 7.59 8.18 46.59 18.93 

I 
AUG 16-31 6 15.68 12.17 50.91 18.03 
SEP 1-1[; 10 14.45 29.70 58.09 30.97 
SEP 16-30 11 3.75 4.78 57.29 19.48 
OCT 1-15 ,., 

I 10.12 20.65 56.08 29.79 

I 
OCT 16-31 i 3.40 5.99 81.50 18.61 
NOV 1-15 2 0.00 0.00 
NOV 16-30 2 3.79 0.98 77.50 0.51 
DEC 1-15 6 11. 81 14.65 81.78 11. 05 
DEC 16-31 4 11. 32 2.56 92.99 8.95 

I 
I 
I 
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APPEKDIX 11. BIMO~THLY TRUCKIKG GRAKD ~EAX SURVIVAL AND ~ORTALITY RATES 
(%) A~D FORI~ LEKGTHS (mm) FOR THREADFIK SHAD Dt;RI~G THE 1984 AND 1985 l 
HANDLIKG A~D TRCCKIKG EVALUATIONS AT THE JOH~ E. SKINNER DELTA FISH ' 
PROTECTIVE FACILITY, BYRON, CALIFORNIA. 

l 
LIVE FISH J 

GRAND STD OF THE lNmmER GRAND l'1EAN STD OF THE HEAN FORK MEAN FORK 

D,'; TES OF TEST SURVIVAL HEAN SURVIVAL LEKGTHS LE~GTHS 


(% ) (% ) (mm) (mm) 
 l 
JA); 1-15* 2 49.40 6.75 102.85 2.46 
JA~ 16-31 1 0.00 0.00 l
FEB 1-15 2 1. 22 1. 26 72.00 0.00 
FEB 16-28 0 
:-lAR 1-15 0 l!-lAR 16-31 2 67.06 7.43 96.79 2.62 
APR 1-15 2 90.77 5.22 97.03 1. 50 
APR 16-30 2 98.08 1. 96 94.99 3.64 
:-lAY 1-15 2 100.00 0.00 93.08 0.78 l 
'lAY 16-31* 1 100.00 0.00 90.70 0.00 

1 ,. ~ -~ .. 
\.' \. , 1-15 0 

I...JL.'~ 16-30* ry 87.30 1. 62 94.58 4.16 lJl:L 1-15 2 100.00 0.00 70.25 14. 23 
JCL 16-31 0 
ALG 1-15 1 32.63 0.00 42.03 0.00 
ACG 16-31 2 56.21 29.40 64.47 4.81 l 
SEP 1-15 2 29.55 30.45 81. 23 0.00 
SEP lC-30 3 97.08 2.61 74.96 4.09 
OCT 1-15 1 100.00 0.00 78.59 0.00 l
OC-;:- 1C-31 1 98.51 0.00 85.64 0.00 
XOV 1-15* 1 50.00 0.00 92.00 0.00 
~O\' 16-30 1 97.37 0.00 84.58 0.00 lDEC 1-15 1 81. 75 4.09 92.25 1. 59 
DEC 16-31 0 

J 
TOTAL SA.:--1PLE SIZE < 15* = 

] 

I 
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APPE~DIX 11. BIMO~THLY TRUCKING GRA~D MEA~ SURVIVAL AXD MORTALITY RATES 

I (%1 AND FORli LE~GTHS (mm) FOR THREADFIX SHAD DURING THE 1984 AND 1985 
HA~DLI~G AND TRUChIKG EVALUATIONS AT THE JOHN E. SKIKNER DELTA FISH 
PROTECTIVE FACILITY, BYRON, CALIFORNIA. (continued) 

I 

I 	 I~1NEDIATE ~IORTALITY 

I 	 GRA~D !'IEAN STD OF THE GRA~D STD OF THE 

I 

Nl"~1BER I ;'i:IED I ATE ~IEAt\ IM~'IEDIATE !'tEAN FORK MEAN FORI; 


DATES OF TEST !'lORTALITY HORTALITY LENGTHS LENGTHS 

(% ) (% ) (mm) (mm) 


I JAX 1-15* 2 10.71 3.68 87.83 4 .37 
JA~ 16-31 1 57.14 0.00 106.25 0.00 

I)FEB 1-15 	 60.11 1. 62 101.99 1. 80I.. 

FEB 16-28 0


I MAR l-E; 0 

:IAR 16-31 2 0.00 0.00 
APR 1-15 2 4.09 3.14 93.00 4.20 
APR 16-30 2 0.00 0.00I 	 HAY 1-15 ...') 0.00 0.00 
~'lAY 16-31* 1 0.00 0.00l 

I ,H .'; 1 15 0 

Jl"~~ 16-30* 2 0.00 0.00 


I 
Jl"L 1-15 2 0.00 0.00 
JeL 16-31 0 
ACG 1-15 1 15.92 0.00 28.67 0.00 

I 
AUG 16-31 2 30.14 27.78 31. 53 8.63 
SEP 1-15 2 -L 55 L69 43.50 0.00 
SEP 16-30 3 0.56 0.81 96.00 0.00 
OCT 1-15 1 0.00 0.00 
OCT 16-31 1 0.00 0.00 
NOV 1-15* 1 50.00 0.00 47.00 0.00

I NO\' 16-30 1 2.63 0.00 101.00 0.00 
DEC 1-15 1 2.28 0.51 83.50 0.52 
DEC 16-31 0 

I 
I 
I 
I 
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APPE~DIX 11. BIMOXTHLY TR~C~ISG GRAND ~EAN SURVIVAL A~D MORTALITY RATES 
(%) ASD FORIT LEXGTHS (mm) FOR THREADFIN SHAD DURI~G THE 1984 AND 1985 l 
HA~DLI~G AKD TRCCKING EVALCATIOXS AT THE JOHX E. SKIXNER DELTA FISH 
PROTECTIVE FACILITY, BYROX, CALIFORNIA. (continued) 

l 
2-1 HOCR :-lORTALIIY l 

GRAKD MEAX SID OF THE GRA~D STD OF THE lKCi'lBER 24 HOCR ~lEA~ 24 HOL'R HEA!\ FORK MEAN FORE 

DATES OF TEST ~lORTALITY MORTALITY LENGTHS LENGTHS 


(% ) (% ) (mm) (mm) 
 1 
JA~~ I-Hit 2 39.88 3.07 94, 36 1. 19 
JA,\ 16-31 1 42.86 0.00 86.00 0.00 lFEB 1-15 2 38.67 0.36 97.24 4.09 
FEB 16-28 0 
!'1AR 1-15 0 
MAR 16-31 2 32.94 7. 43 92.61 0.92 J 
APR 1-15 2 5.13 2.07 86.33 0.70 
APR 16-30 2 1. 92 1. 96 101. 50 0.00 
HAY 1-15 ~ 0.00 0.00 I 
:lAY 16-31* 1 0.00 0.00 
-: f • '. ~ 

'l..' L." 1-15 0 
JU'\ I6-30t 2 12.70 1. 62 98.50 3.61 ]
JL'L 1-15 2 0.00 0.00 
JUL 16-31 0 
ACG I-IS 1 51. 45 0.00 30.08 0.00 lAUG 16-31 2 13.37 1. 34 42.33 17.58 
SEP 1-15 2 65.91 35.14 87.93 28.39 
SEP 16 30 3 2.36 2.82 69.75 28.66 
Of"',",", , 

\.. .. 1-13 .1. 0.00 0.00 lor"""'- 16-31 1 1. 49 0.00 87.00 0.00 
XOV 1-15* 1 0.00 0.00 
KO\T 16-30 1 0.00 0.00 
DEC 1-15 1 15.97 3.58 80.79 3.22 

1 

l 
DEC 16-31 0 

] 

J 

J 
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APPEKDIX 12. BI~O~THLY HAXDLI~G GRAND MEAN S~RVIVAL A~D ~ORTALITY RATES 
(%) AXD FORK LENGTHS (mm) FOR WHITE CATFISH DURIKG THE 1984 AND 1985 
HAKDLING AND TRUCKIKG EVALUATIOXS AT THE JOHX E. SKI~NER DELTA FISH 
PROTECTIVE FACILITY, BYROK, CALIFORKIA. 

I 

I LIVE FISH 

I GRAND STD OF THE 
KUtBER GRAXD HEAK STD OF THE r-1EAK FORI: MEAN FORE 

DATES OF TEST S:":R\"I\'AL :-:EAN S~RYIVAL LEXGTHS LENGTHS

I (% ) (% ) (mm) (mm) 

I JA~: 1-15* 2 50.00 50.52 170.00 0.00 

I 
,JAX 16-31 0 
FEB 1-15* 2 100.00 0.00 197.00 58.80 
FEB 16-28 0 
~lAR 1-15 0 
t'lAR 16-31* 4 51. 96 30.70 163.33 33.52 
APR 1-15:t 2 25.76 7.65 150.25 51.96

I AF~ 16-30* 3 41.67 11.94 137.33 30.09 

I 
I 

~lAY 1-15* 5 62.00 37.48 78.19 18.86 
::AY 16-31 5 72.62 16.36 124.63 40.29 
JL·~~ 1-1~:t 3 26.72 11 . 19 1';1.33 44.90 
Jl":'~ 16-30* 4 5.28 3.54 86.94 25.49 
JL'L 1-15 6 21. 60 21. 90 60.38 34.58 
JCL 16-31* 2 12.88 3.84 29.25 0.25 
AL'G 1-15 8 46.33 27.06 68.70 36.16 

I 
ACG 16-31 6 39.30 27.65 102.39 36.72 
SEP 1-15 10 22.33 28.75 97.04 68.30 
SEP 16-30 11 46.12 24.18 136.55 30.09 
OCT 1-1;:; 8 38.54 39.70 176.14 30.99 . 
oc~ 1":-31* 91. 67 14.62 167.25 84.32<f 

I NO': 1-15* 1 0.00 0.00 

XOY 16-30 0 

DEC 1-15* 2 100.00 0.00 189.00 53.73 
DEC 16-31 0

I 
* = TOTAL SA~lPLE SIZE < 15 

I 

I 
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AFPEXDIX 12. BIMO~THLY HA~DLING GRAND MEAN SCRVIVAL AXD MORTALITY RATES 
(%) AND FORI~ LE~GTHS (mm) FOR WHITE CATFISH DCRING THE 1984 AND 1985 
HANDLING AND TRUC~ING EVALCATIO~S AT THE JOHN E. SKINNER DELTA FISH J 
FROTECTIVE FACILITY, BYRON, CALIFORNIA. (continued) 

] 

I:l:lEDIATE ~lORTALITY J 
GRAND NEAN STD OF THE GRAND STD OF THE lNeMBER IMt-1EDIATE :1EAN H1:1EDIATE NEAK FORE. !olEAN FORK 


DATES OF TEST l-10RTALITY MORTALITY LENGTHS LENGTHS 

(% ) (% ) (mm) (mm) l 

<)JAN 1-15* <- 0.00 0.00 
JAN 16-31 0 l 
FEB 1-1£,* 2 0.00 0.00 
FEB 16-28 0 
:-1AR 1-15 0 ]
:-lAR 16-31* 4 15.44 20.79 134.08 33.26 
APR 1-15t 2 34.85 1. 53 133.63 21.53 
:\PR 16-30* 3 50.00 0.00 129.33 69.96 
:1AY 1-15t 5 2C.50 37.93 138.33 33.84 I 
:1.-\Y 16-31 f 9.52 13.30 70.50 1. 5~ 

T 't ~" ­
v\.. ." 1-15:t 3 20.37 18.52 108.88 17.20 
JC:\ 16-30* 4 41.23 16.29 112.15 10. 19 ]
JCL 1-15 6 33.86 34.13 103.84 6';'30 
JUL 16-31* 2 18.18 18.42 116.00 O.OC 
ACG 1-15 8 14.93 18.16 137.85 70.60 1Al'G 16-31 6 2.22 5.03 45.50 0.00 
SEP 1-15 10 7.76 16.49 135.30 52.06 
SEP 16-30 l1 11.20 13.86 149.14 46.20 
O:'T 1-15 8 30.63 41.11 183.70 71.16 l 
OCT 16-31* -l 0.00 0.00 
~O\. 

1
1-15t 1 100.00 0.00 172.00 0.00 

NO\- 16-30 0 
DEC 1-15* 2 0.00 0.00 
DEC 16-31 0 

J 

] 


I 

I 
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APPE~DIX 12. BIMO~THLY HAXDLIXG GRA~D MEAK SURVIVAL AXD ~ORTALITY RATES 
:%1 AXD FORE LEXGTHS (m~) FOR KHITE CATFISH DURING THE 1984 AND 1985 
IP.:\DLIXG M~D TRL'CI~IXG EVALCATIOXS AT THE JOHX E. SKIKNER DELTA FISH 
PROTECTIVE FACILITY, BYRON, CALIFORNIA. (continued) 

I 
I 24 HOCR :-lORTALITY 

I GRAND NEAX STD OF THE GRAND STD OF THE 

I 

~C:-1BER 2~ HOCR MEA\" 24 HOUR ~lEAK FORK MEAX FORI~ 


DATES OF TEST ~10RTALITY MORTALITY LEXGTHS LEKGTHS 

(% ) (% ) (mm) (mm) 


I 
,.,JA\ 1-15t ... 50.00 50.52 157.00 0.00 

Jt.X 16-31 0 
FEB 1-15t 2 0.00 0.00 
FEB 16-28 0 
NAR 1-15 0I . 

I 
:lAR 16-31* 'i 32.60 20.10 145.40 19.66 
APR 1-15t 2 39.39 6.12 141.50 2.54 
.·\Prt 16-30t 3 8.33 11.94 143.00 0.00 
:iAY I-1St 5 11 .50 15.29 140.50 4.57 
:lAY 16-31 £) 17.86 18.87 148.00 102.21 
l' . ~... 1-1:,t 2 52.91 8.44 116.S2 8.45 
~l-~~ lS-30i' 4 53.39 17. 23 128.78 13.63I 

1..' '- " 


I 
JCL 1-15 6 44.54 29.08 101.46 42.49 
JCL 16-31* 2 68.94 14.58 137.78 11. 07 
ACG 1-15 8 2C.24 24.67 181.27 17.09 
ACG 16-31 6 58.48 29.22 157.37 28.94 
SEP 1-15 10 69.91 30.87 152.60 34.86 
SEP 16-30 11 42.68 23.03 174.83 43.26 
OCT 1-15 8 30.83 33.23 166.62 13.16I .,OCT 16-31* ... 8.33 14.62 222.00 0.00 
NO\' 1-15t 1 0.00 0.00

I KOV 16-30 0 
DEC 1-15* 2 0.00 0.00 

DEC 16-31 0 


I 
I 
I 
I 
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APPEXDIX 13. BI~ONTHLY TRVCKING GRA~D ~EA~ SVRVIVAL AND MORTALITY RATES 
(X) A~D FORK LEXGTHS (mm) FOR WHITE CATFISH DURING THE 1984 AND 1985 J 
HAXDLING AKD TRVCKIKG EVALVATIONS AT THE JOHK E. SKINNER DELTA FISH .. 
PROTECTIVE FACILITY, BYROK, CALIFORKIA. 

] 

LI\'E FISH 1 
GRAND STD OF THE ]KnmER GRAND l'1EM~ STD OF THE HEAK FORI\ MEAN FORK 


DATES OF TEST SCR\-IVAL ~lEAK SVRVI\-AL LEKGTHS LE~GTHS 


(% ) (%) (mm) (mID) 
 1 
JA~; 1-15:1' 1 100.00 0.00 155.33 0.00 
JAX 16-31 0 lFEB 1-15 1 100.00 0.00 161.53 0.00i 

FEB 16-28 a 
:-lAR 1-15 a 
~lAR 16-31* 2 47.01 8.81 136.30 23.08 1 
APR 1-1;; 2 22.60 15.36 145.33 4.83 
Al'R If,-30* 2 100.00 0.00 147.00 76.60 ,. ~ ,,­
. ,d 1 1-15:1' 2 70.83 4.29 72.58 1?'.51 1
'lAY 16-31* 2 75.00 25.77 76.94 12.36 

, T' • 

.) , 

]
1-15* 1 55.56 0.00 81.60 0.00 

JL\ 10-30 2 5.00 5.15 259.00 0.00 
Jl'L 1-15 3 41.67 24.55 99.40 92.22 
JLL IG-31 a 
AVG 1-15* 1 20.00 0.00 113.00 0.00 
ACG 16-31* 2 42.31 35.68 132.20 59.83 l 
SEP 1-15 2 18. 18 18.74 132.88 0.00 
SEP 16-30 5 27.35 25.29 182.70 101.79 
OCT 1-15* 3 38.33 31.58 173.83 31.23 lOC'T 16-31* 1 100.00 0.00 139.50 0.00 
1';0\' 1-15 a 
NO\' 16-30 0 
DEC 1-15* 1 100.00 0.00 74.00 0.00 l 
DEC 16-31 0 

J
TOTAL SA~lPLE SIZE < 15* = 

] 

J 
J 
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 APPE~DIX 13. BI~OXTHLY TR~CKISG GRAKD MEAK SCRVIVAL AKD ~ORTALITY RATES 

I 
(X) AXD FORE LEXGTHS (mm) FOR ~HITE CATFISH DURIKG THE 1984 AKD 1985 
HAXDLIKG AND TRUCKIXG EVAL~ATIONS AT THE JOHK E. SKINNER DELTA FISH 
PROTECTIVE FACILITY, BYRON, CALIFORNIA. (continued) 

I 
I I:l:'-lEDIATE ;-10RTALITY 

I 
I GRAND NEAN STD OF THE GRAXD STD OF THE 

NL';-lBER Im1EDIATE !-lEAN nmEDIATE MEAN FORK MEAX FORI~ 

DATES or TEST ~lORTALITY :lORTALITY LE~,GTHS LEXGTHS 
(%) (% ) (mm) (mm) 

I 
J'n.'': 1-15r 1 0.00 0.00 

JA~: 16-31 a 


I 
FEn 1-15 1 0.00 0.00 

FEB 16-28 a 

~IAR 1-15 a 

:-lAR 16-3It 2 0.00 0.00 

APR 1-15 2 32.69 17.84 133.63 7.62 
:\PR 16-30* 2 0.00 0.00

I ~lAY 1-15t 2 29.17 4.29 80.50 13.36 

I 
:'-IAY 16-31* 2 0.00 0.00 
.]T:: 1-15* 1 22.22 0.00 130.00 0.00 
Jl':: 16-30 2 20.~l 5.S7 95.67 18.72 

I 
JUL 1-15 3 5.56 8.10 33.50 0.00 
Jl'L 16-31 0 
.\l'G 1-15* 1 0.00 0.00 
ACG 16-31* 2 0.00 0.00 

I 
SEP 1-15 2 0.00 0.00 
SEP 16-30 5 30.72 30.85 115.65 17.26 
OCT 1-15* 3 15.00 1 1 .13 112.00 43.83 

I 
OCT 16-31* 1 0.00 0.00 

NOV 1-15 a 

KO\' 16-30 0 

DEC 1-15t 1 0.00 0.00 

DEC 16-31 0 

I 
I 
I 
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lAPPENDIX 13. BIMONTHLY TRUCKING GRAND MEAN SURVIVAL AND MORTALITY RATES 

(%) AND FORK LENGTHS (mm) FOR WHITE CATFISH DURING THE 1984 AND 1985 
HANDLING AND TRUCKING EVALUATIONS AT THE JOHN E. SKINNER DELTA FISH 
PROTECTIVE FACILITY, BYRON, CALIFORNIA. (continued) I 


l 

24 HOUR MORTALITY 1 

GRAND MEAN STD OF THE GRAND STD OF THE 
NUMBER 24 HOUR MEAN 24 HOUR MEAN FORK MEAN FORK ]

DATES OF TEST MORTALITY MORTALITY LENGTHS LENGTHS 
(% ) (% ) (mm) (mm) 

J 
JAN 1-15* 1 0.00 0.00 
JAN 16-31" 0 
FEB 1-15 1 0.00 0.00 ] 
FEB 16-28 0 
MAR 1-15 0 
MAR 16-31* 2 52.99 8.81 102.00 ]
APR 1-15 2 44.71 33.20 139.35 4.59 
APR 16-30* 2 0.00 0.00 
MAY 1-15* 2 0.00 0.00 
MAY 16-31* 2 25.00 25.77 70.00 1 
JUN 1-15* 1 22.22 0.00 127.00 0.00 
JUN 16-30 2 74.60 0.42 101.69 
JCL 1-15 3 19.44 17.65 109.91 31.93 ]
JCL 16-31 0 
AUG 1-15* 1 80.00 0.00 178.75 0.00 
AUG 16-31* 2 57.69 35.68 164.29 lSEP 1-15 2 81.82 18.74 160.91 1. 30 
SEP 16-30 5 41.93 26.97 224.54 
OCT 1-15* 3 46.67 42.36 139.25 23.45 
OCT 16-31* 1 0.00 0.00 ] 
NOV 1-15 0 
NOV 16-30 0 
DEC 1-15* 1 0.00 0.00 ]
DEC 16-31 0 

] 

i 

J 

J 
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