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ABSTRACT

Each fall, king salmon, Oncorhynchus tshawytscha, bound for the
Sacramento and San Joaquin River systems, pass through the Saera-
mento-San Joaquin Delta. Starting in 1961, salmon runs of the San
Joaquin, but not of the Sacramento, suffered a disastrous collapse,
probably due to water conditions in the San Joaquin part of the Delta.
A partial recovery started in 1964. An annually reeurring oxygen
block caused by pollution in the south-eastern part of the Delta, plus
reversal of direction of flow in all three major north-south channels of
the San Joaquin (southern) part of the Delta, were believed respon-
sible for the collapse. In the eastern channel, flow reversal which lasts
into the salmon migration period occurs only in exceptionally dry
falls such as 1961; in the other channels it occurs annually. Reversal
is caused by operation of a 4,600 efs capacity pumping plant which
pulls Sacramento River water south through channels that normally
carry San Joaquin water north. From 1964 through 1967, salmon
tagged with sonic tags were released in the central part of the Delta
to determine their reaction to low oxygen levels and reversed flows.
Electronic equipment enabled us to follow tags by boat and to record
their movement past fixed points. Salmon avoided water with less than
5 ppm dissolved oxygen by staying farther downstream until the
oxygen block cleared. Temperatures over 66° F. had a similar but
less sharply defined effect. In 1964, pumped water and partial closure
of one major west-flowing channel were used to forece extra water
through the polluted area and break up the oxygen block. At present
pumping rates, this method is practical in dry years, but is not needed
in normal or wet years. Relatively few fish used either of two western
channels which had reversed flows but would have led them to their
destination. The pattern of salmon movement is complicated by a large
flow of Saeramento River water which diverts through the Delta Cross
Channel and Georgiana Slough and flows successively through the
Mokelumne and San Joaquin Rivers and back into the Saeramento.
Some Sacramento salmon go upstream by this route. A second large
pumping plant (10,000 cfs capacity) has recently been completed,
and will greatly increase flow reversal problems until a closed canal
system (such as the proposed Peripheral Canal) is used to conduct
Sacramento River water to the two large pumping plants.

(8)
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LMON,
MIGRATIONS OF ADULT KING SA

ONCORHYNCHUS TSHAWYTSCHA, IN THE
SAN JOAQUIN RIVER DELTA AS DEMON-
STRATED BY THE USE OF SONIC TAGS

INTRODUCTION

(alifornia’s salmon have tpx;}ovi%ed ane I}gla%)loz‘zatrg] efsi's};?;}crefig 12%5 }11(;1:,%
i i : e. Comm sin v
o C'ahfg r;lx}sr }’;ag()(])O %%% ;oSust, with peaks over 13 million poun(lis (gll
?;i%dgl%w 1045, and 1946. More recently, ocean sportfishing ﬁ)r iﬁl in o
has Vbecorr;e im;)ortant, not only to those mdulgltng r11nt0 bt
commercial partyboat operators who take these lspoglsfcneand e
the fishing grounds and supply them with tack e}; ait, e g 000
structions. In several years, ocean sport catches have ex K
i to 1963, more than 90% of the salmon caught in Cahforl};a—
Prlg . (chin’ook) Oncorhynchus tshawytscha; most of tthé {?gf;ia
gerewelrl;gsilver (cohg)) salmon, Oncorhynchus_kwsu_tch. g{ostema é fornia
k(ibrll. s originate in the SQacramento-San Joaquin R\lver Sys;tem. S
thgr than kings are a rarity in the Sacramento River By o and
0b t from the San Joaquin and Mokelumne syste;nfl. e
3 seni Valley salmon are for practical purposes all fa Arél . ?n o
Joaqizli:: S ‘have been unable to survive bel_ow the storage ; ?;lnihe e
glelllrll Joagquin Valley and the last good spring-run died gzn e il
3940’5 after the construction of Friant Dan}. Sp’lgntg-ries i e
sist in the Sacramento River and some of its tribu ? H-, L
gi?erk system as a whole, they are outnumbered by both fall- a
run kings.

i § silvers started in 1963
ington. Larger than usual influxes of northern silv

i . In the latter year ocean catehes of ku}g
an1d peakeiemlolv?ngiimgﬂ:feﬁlxceeded slightly in pumbers, but rngvthg
w {m})ln 1‘: the silver salmon catch. This was t'he or‘ﬂy known 3:;‘? e
e llr’non (;utnumbered Kkings in the California catches. heit o ¥
Slflve’{ Si salmon decreased in 1968 and again in 19.69, t}louge L ¥
Ot'lila‘;)zve its pre-1963 level. If silver salmon off Callfmguasauc3 - 1
e sl st st 4 pes e So i |

i iver System will a soure .
?::l a{loae?)‘rﬁ?ngga'il anyd sport salmon fishermen operating in the oceal ¥ b SFveral became o problem after the tivation o e s

waters off California.

i and

In the Sacramento-San JanuitIﬁ River ?rz;toe;rtxé ntthealiﬁgfle;r}r:eir;t% -

i i ies have always been the more . "
l;zazﬂi);zzaéfi J?)unin has had exeellent runs of fish, The largest ru

to.
of the San Joaquin have exceeded the poorest of the Sacramento

i i £ the San
dented disaster hit all the rums o
Jo{xr(l}uilgﬁ711%7ivae1r1 ;;&z&;ﬁe Ien 1960, the total escapement had been over

t an oxygen block which lasts into the fall but

Silver salmon occur 1n many o California’s coa tal streams. but most u eVelltuaI]y breaks
. . S ’ ¥

ocean cau h hyerc ran off Californi originate m QOregon or Wash- . -f
aug: t s1 s, ken a a, g e 44 ;

. the frequency and duration of flow reversal.

0-much water that the major Delta channels reverse their direction
of flow and carry Sacramento River water south across the San Joaquin
River and on to the pumping plant. Under extreme conditions, this
fow reversal includes the main channel of the San Joaquin, on the
eastern side of the Delta. At these times all the San Joaquin water,
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53,000 fish; a good run. In 1961, it dropped to 2,550. The next two
years were far worse; 560 and 320 fish, respectively.

The Sacramento runs had suffered no corresponding disaster. The
escapement there had shown some drop, but it was well within normal
limits. In 1960, the Sacramento runs were well above the 1953-1967
average, were a little below average in 1961, and had returned to
slightly better than average by 1963.

This disaster in one river system, but not the other could not be
explained by anything which had happened to the parents of the 1961
spawners. Most Sacramento and San Joaquin salmon mature at either
three or four years. Presumably most males and almost all females
maturing in 1961 were from the 1957 or 1958 year class. In 1957,
Spawning escapement was poor in both river systems (15,000 in the
San Joaquin and 102,000 in the Sacramento). In 1958 it was well above
average in the San Joaquin (46,000) and a little below average in the
Sacramento (237,000). Survival conditions for the two groups of fish
were so different that the 1961 escapement in the San Joaquin was
2,500 (a then record low), and in the Sacramento it was 247,000 (above
that of the parent years). Presumably, the oceanic experience of the
two groups had been quite similar and the only obvious difference be-
tween the two was that fish from the San Joaquin tributaries traveled
through the southern part of the Delta and into the lower San Joaquin
River, immediately south of the Delta. Sacramento fish had done
neither.

In the lower San Joaquin River and southern Delta, there are con-
tinuous or frequently reoccurring conditions (i.e. pollution, low flows,
and flow reversals) which could have a serious depressing effect on
the salmon population.

For decades there has been a serious pollution problem originating
al Stockton, on the main channel at the San Joaquin River. Most of
this pollution is due to wastes from fruit and vegetable canneries. Tt

Up as the canning season nears its end and the river flow inereases.
Salmon eannot asecend the San Joaquin River past Stockton until this

Low flows have affeeted the fish even longer than pollution. We can
be sure that they were sometimes a problem even before men started
altering the flow regime with storage dams, irrigation and power diver-
sions, return irrigation water, and power releases. Upstream from the
Delta, low flows can inhibit movement and spawning of salmon. In the
Delta proper the most detrimental effect on the adults is undoubtedly
the worsening of the already bad pollution problem, and in inereasing

Flow reversal became a problem after the activation of the U.S.

arated capacity of 4,600 cfs, and during mueh of the year, takes in
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together with a larger amount of Sacramento water, is inhaled by the
Tracy pumps; without any of the San Joaquin water ever reaching the
central part of the Delta. San Joaquin salmon entering the Delta,
in these periods, and looking for water from their home stream, would
be unable to find anything except Sacramento River water and would
quite possibly never succeed in finding the San Joaquin River. The
migration of these salmon might be blocked also if the main San
Joaquin channel was the only one in the southern part of the Delta
flowing in a normal direction, and it was so badly polluted that the
salmon could not use it. This latter combination of circumstanees oc-
curs each summer, but usually clears up during the fall. It can be
expected to get progressively worse and to last longer as the demand
for water for export increases. Mueh of the increase in “‘off season’
demand has come about as the result of the construetion and operation
of San Luis Reservoir. This 2,100,000 acre-foot reservoir is filled by
pumping water from the Delta-Mendota Canal during parts of the
year when the Tracy Pumping Plant wounld otherwise be inoperative
or operating at a small fraction of its capacity. During some years
this can be expected to affect the salmon runs.

As of October 1969, the State’s Italian Slough Pumping Plant was in
operation, but at far below capacity. Its capacity, 10,000 efs, is more
than double that of the nearby Traey plant, but presumably it will not
operate at above 6,500 cfs until the Peripheral Canal is built. By the
time the State plant is operating at near 6,500 cfs, there will be a com-
plete flow reversal every year unless preventive steps are taken.

The proposed Peripheral Canal would bring Sacramento water
around the Delta to the pumping plants and prevent all reversal, but
at best this facility is many years away and some of the problems it
will ereate have not yet been solved. Prior to the completion of this
canal it will be possible to prevent flow reversal in the San Joaquin
past Stockton by partially blocking 01d River at its upstream end (thus
keeping San Joaquin water from being drawn to the pumps), and by
releasing pumped water into the San Joaquin. The procedure was
largely successful in 1964 and the agencies involved have formally
agreed to repeat it when necessary.

Salmon pass through the Delta twice, once as fingerlings on their
seaward migration and again as adults returning to spawn. If these
salmon are suffering serious losses in the Delta, it could be as young,
as adults, or both. The experiments described in this paper were con-
fined to adults. The work was done in an effort to determine just what
does happen when adult salmon encounter various unnatural but not
uncommon conditions, such as those outlined above. With these studies
we hoped to answer, at least in part, the following questions:

1. What do San Joaquin salmon do if :

a. All flows are in the normal direction and no oxygen or tempera-
ture block exists?

b. All flows are in the normal direction and there is an oxygen of
temperature block in the San Joaquin River? .

c. The San Joaquin River is flowing in the normal direction but
has an oxygen or temperature block and the flows in Old and
Middle rivers are reversed ?

d. All flows are reversed ?

MIGRATIONS OF ADULT KING SALMON 11

. What oxygen concentrations and what temperatures constitute a

block in the Delta?

. Are any number of Sacramento salmon entering the lower part

of the San Joaquin River and then returning to the Sacramento?

. 'What will be the effect on salmon from the vastly increased pump-

ing in the southwest corner of the Delta as the new Italian Slough
Pumping Plant approaches its full operating schedule?

. Will installation of a barrier at the head of Old River plus sup-

plemental releases into the San Joaquin River make conditi
] ion
below Stockton suitable for salmon migration? )




' THAT GOVERN
SOME OF THE BASIC REACTIONS
THE UPSTREAM MIGRATION OF SALMON
IN THE DELTA'

Some of the movements of salmon are well undters;;):dl :Sl;d u(;fg:f:t(z:;g
he reactions that govern these movements v
1‘:}(1’::'11 rIt‘hee élovements themselves. The following have 2 tl))eal?;;‘g on the
upstream migration of king salmon in the San Joaquin Delta:

1. Salmon which hatch in a stream and migrate from it t(i); \glft ocean
" will return to that stream to s?aggn_ lfhgginsg:affpgithou gyh he
Imon recognize the water of their 1o ream. Alth
% Sgi(lir:acr)lce on g[his basic point is now very conv1n01ngl, tt (;s 1;(()11: séc,ie]‘i
known how much this home stream water can be diluted a
be recommizee: in stream B, or if
from stream A are forced to spawn , Or ]
5 gleﬁihengogz are hatched in stream B, the resulting descendents will
B. . . .
4 fl‘eﬁlelis i?asgl;gz{tll amount of ‘‘straying’’ to different river systems;
’ i i ibutaries.
derably more to different tributari . .
5 %gn:lal;}non };re prevented from entering their home ’Eclgelﬁtzzr{é
’ sooner or later many will move away and spawn, or a p
lsewhere (see page 62). . .
6 %fgggﬁl:bly salmon use a series of qhies to tﬁ?l%tzgfli\/[ \évrac};a I% g’:i
3 Merced River salmon might no e
ia“;?eiynathe e:)eeam, but might first detect Sacramento-San J ov%r:}cl;:
water, move upstream, recognize and enter San J(i‘(/llquueld Rive;
move ,further upstream, recognize and finally enter Merc
water.

.
7. Salmon from a certain tributary often go past the mouth of tha

i and then drop back to it. ,
8 géggéi)?s of salmon to reversing tidal currents are I{)(it irédzzztogg
9. Reactions of salmon to oxygen and temperature bloc
cussed in this paper.

i in detail and
1 Hasler (1966) and Harden-Jones (1968) discuss salmon migrations in d
aeach book contains a lengthy reference list.

PET SN

WATERS OF THE SACRAMENTO-SAN JOAQUIN
RIVER SYSTEM AND ITS DELTA

All salmon streams of the Sacramento-San Joaquin Valley converge
into three major rivers which in turn enter a large and complex Delta.
The two main Delta channels join at the extreme western part of this
complex and continue towards the ocean through Suisun, San Pablo,
and San Franecisco bays. All salmon of the valley have to pass through
the Delta on their way to the spawning grounds (Figure 1).

" The Delta includes over 700,000 acres of land, 39,000 acres of water,
700 miles of navigable channels from 1,500 yards to less than 100 feet
wide, 30 large below-sea-level islands surrounded by levees, and hun-
dreds of small unleveed islands in the tortuous chanmels. Tidal action
creates strong reversing currents throughout the Delta. These reversing
flows are often many times the net flow in a channel and greatly in-
crease the difficulty of measuring that net flow (Table 1).

By far the largest of the rivers entering the Delta is the Sacramento,
which comes in from the north. The major part of the salmon of the
valley spawn in the main stem of the Sacramento or in its tributaries.

The next largest stream in flow and in numbers of salmon using it
is the San Joaquin River, which flows in a general northward direction
and enters the southeast corner of the Delta. Salmon of the San Joaquin
Valley move up the San Joaquin River but spawn in the Stanislaus,
Tuolumne, and Merced rivers.

The third major river is the Mokelumne which flows in a general
westerly direction, then swings northwest and enters the northeastern
corner of the Delta. It almost joins the Sacramento at this point but
turns south, stays east of the Sacramento, and eventually joins the San
Joaquin in the midst of the maze of islands and channels. The Mokel-
umne can be regarded as a tributary of the San Joaquin or a tributary
of the Delta. In this paper, it is treated as tributary to the Delta be-
cause its salmon problems are distinet from those of either the San
Joaquin or the Sacramento. The Mokelumne River has one salmon-

producing tributary, the Cosumnes, which joins it just outside of the
Delta.

The greatest part of the valley’s water comes from its eastern slopes
and from the north. The San Joaquin and its tributaries, the Mokel-

§ *Foom Department of Water Resources (1962).

TABLE 1
Examples of Tidal Flows * in Sacramento-San Joaquin Delta
Flows in C.F.8.
Net Maximum | Minimum
% Joaquin River at Brandt Bridge (Above Stockton) Aug. 26-27, 1954._._| —220 1,700 —2,300
fan Joaquin River below Stockton Aug. 28-29, 1951 92 10,225 —10,800
=+ Ban Joaquin River at Antioch Bridge Sept. 14-17, 1! - 152,000 —124,000
E V‘} Old River above Rock Slough July 9-10, 1953 .. —256 12,800 —13,100

(13)
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Antioch

Mop
Location

Scale in Miles

a and ftributary streams.
tracking crews divided the San Joaquin River into

FIGURE 1. Sacramento-San Joaquin Delt 29 sections between the

Antioch Bridge and Stockton. Some minor and blind sloughs have

For easy reference, o9 ¥

been omitted.
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umne and the southern Sacramento tributaries, all originate in the
Sierra Nevada. The Sacramento and the tributaries that join it above
Shasta Dam come from north, northeast and east of Shasta Lake
(north of the Sierra Nevada).

Most of the runoff is from winter arnd spring rains which fall on
the lower elevations or from spring and early summer melting of
snows which fall on the higher elevations. The greatest part of the
snow pack is on the higher elevations of the Sierra Nevada where
there is a larger area at high elevations than anywhere else in the
State.

Water from the Trinity River flows through tunnels into the Sac-
ramento River, a short distance downstream from Shasta Dam.

Stream flows are largely controlled by storage dams on the Sacra-
mento, San Joaquin, Mokelumne, and the larger tributaries. There
are irrigation diversion dams on the lower part of most of the salmon
streams. Most of the diversion dams have fishways; the storage dams
do not.

The Sacramento River System carries more water than is used
locally and sends a good flow into the Delta twelve months out of the
year. Migrating salmon which stay in the Sacramento are able to
move up the main stem whenever they choose. Salmon using either
the Mokelumne or the San Joaquin are not always so fortunate.

There are two major storage dams on the Mokelumne, but most
of the flow below the lower ome is not diverted for irrigation until
the stream has reached Woodbridge diversion dam, within a few miles
of the Delta. Summer and early fall releases below Woodbridge Dam
are so low that salmon have difficulty negotiating the channels up to
the base of the dam. As the irrigation season comes to a close, there is
usually enough inerease in the spill over Woodbridge Dam to permit
fish to get there with no difficulty. There is a good fishway over this
dam. Usually the irrigation season ends entirely and the splashboards
are taken out of the dam during the course of the salmon run. There
have been serious localized pollution problems in the Mokelumne,
but presumably the Mokelumne salmon are not affected by the pol-
lution in the Stockton area which affects the San Joaquin portion of
the Delta, or by flow reversals in the southern part of the Delta.

The Cosumnes River joins the Mokelumne between Woodbridge
Dam and the Delta. As yet there is no storage dam on the Cosumnes.
This stream originates at relatively low elevations and its summer
flows drop to zero below the foothills. Sometimes there is insufficient
flow to permit a salmon migration before December. .

In the San Joaquin System, the three salmon spawning streams

1 are blocked by storage dams. Releases from storage are picked up
* by diversion dams farther downstream and used for irrigation. During

summer and early fall, most of the water below these diversion dams
i refurn irrigation water and is too warm for salmonids. During
this period, main stem water of the San Joaquin is also nearly 100%

- return water. By fall the weather cools and the irrigation season comes
;. 0 a close; then the stored water is used for power generation and

released into the streams. When this happehs, the three San Joaquin

}  tributaries again become suitable for spawning salmon.
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During summer and early fall the San Joaquin near Stockton
has an oxygen block bad enough to stop migrating salmon. In general,
the lower the flows the longer this block lasts. Major contributors to
the block include partially treated wastes from fruit and vegetable
canneries and return irrigation water which carries enough fertilizer
to trigger a bloom of algae. The problem worsens as the algae die.

Tracy Pumping Plant and Flow Reversal

Prior to 1951, San Joaquin salmon entering the Delta and encoun-
tering an oxygen block below Stockton theoretically had an alternate
route available. At the southeast corner of the Delta, about 60%
of the flow of the San Joaquin diverted from the main channel,
flowed west in Old River and other chanmels for about 12.5 miles
(air line), then turned north and went by way of 0Old and Middle
Rivers until it rejoined the main channel of the San Joaquin. We
know that some salmon went upstream by this route but do not
know how many nor whether they were largely those which had gone
downstream by that route as fingerlings (Figure 2).

In 1951, the U.S. Bureau of Reclamation activated its Traey
Pumping Plant to send Sacramento River and San Joaquin River
water south in the San Joaquin Valley to the Mendota and Los
Banos areas. The canal heading is at the southwest corner of the
Delta where Old River stops flowing west and starts north. The
pumps have a rated capacity of about 4,600 cfs, and in a normal
summer or fall they withdraw far more water than the San Joaquin
is carrying. The combined flows of Grant Line Canal and the east-
west part of Old River carry San Joaquin water west to the pumps.
That part of Middle River which is north of Victoria Canal and the
north-south part of Old River reverse their direction of flow and
carry Sacramento River water south to the pumps. The route is still
there for any salmon, but presumably fish in this area are looking
for San Joaquin water and relatively few get far enough south to
find enough San Joaquin water to guide them.

Most of the Sacramento water which reaches the Tracy pumps
leaves that river mear Walnut Grove, goes through the short Delta
Cross Channel and Snodgrass Slough into the north and south forks
of the Mokelumne River. These two forks rejoin and are then joined
in turn by Georgiana Slough which also carries Sacramento water
from the vicinity of Walnut Grove. These combined flows then enter
the San Joaquin near the mouths of Old and Middle Rivers. Part
of this water enters these channels and flows to the pumps. During
periods of complete flow reversal, a relatively small amount of wate:r
flows up the San Joaquin channel past Stockton. Whether there is
complete flow reversal or not, the remaining water, from the mouth
of the Mokelumne, goes down the San Joaquin channel and rejoins
the Sacramento River near Antioch.

The Tracy Pumping plant takes nothing but San Joaquin water
as long as the flow down Old River and Grant Line Canal is great
enough to supply it. When the pumps are taking more than is avail-
able from the San Joaquin, the flows in the northern part of Old
and Middle Rivers reverse and carry Sacramento River water south-
ward to the pumps.

MIGRATIONS OF ADULT KING SALMON
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FIGURE 2. Direction of currents in the Sacramento-San Joaquin Delta. Tidal reversals not shown.
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CENTER: With pumping. Old and Middle rivers have reversed, but San Joaquin River still flows normally.

LEFT: Normal flows. Tracy Pumping Plant not taking water.
RIGHT: San Joaquin River has reversed.
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As the flow to the pumps increases, the proportion of the San
Joaquin water which diverts into Old River increases. This results
in a reduction in the flow past Stockton. After going past Stockton,
part of the San Joaquin water diverts into Turner Cut, and a similar
diversion takes place at Columbia Cut a few miles farther on. The re-
mainder of the San Joaquin water reaches the mouth of Middle River,
which has reversed and is flowing toward the pumps.

As long as the flow past Stockton exceeds the net southward (re-
versed) flow in the other channels of the southern Delta, there is no
question about enough San Joaquin water reaching the mouth of the
San Joaquin to guide migrating salmon. Even when the net flow
towards the pumps is somewhat greater than the flow past Stockton,
the tide sweeps some San Joaquin water past the mouths of Middle
and Old Rivers, but as the flow towards the pumps increases or the
flow past Stockton decreases, an increased proportion of San Joaquin
water diverts into Turner and Columbia cuts, and decreases the amount
which the tides may flush through to the eonfluence of the San Joaquin
and Sacramento Rivers.

Flow reversal in all main channels of the southern Delta occur when-
ever the draft of the pumps is more than five times the flow of the San
Joaquin above Old River heading. The entire flow of the San Joaquin
then enters Old River, and some Sacramento water flows up the main
San Joaquin channel and joins it. While this is happening, there would
seem to be no chance of any San Joaquin water reaching the Sacra-
mento River or the ocean. The tidal sweep might take some San Joa-
quin water a few miles toward Stockton, but it is extremely doubtful
if a detectable amount would reach that city, let alone go past it, and
reach the Sacramento River. In most years there has been either no
flow reversal past Stockton, or none after mid-September. The State’s
10,000 efs Ttalian Slough Pumping Plant near the Tracy plant is now
taking a relatively small amount of water. Long before it reaches full
operating schedule there will be flow reversal every year and, in most
years, it will continue late in the season. Under these conditions, an
even more extreme form of flow reversal could occur during the salmon
migration period. When the Sacramento River flow is low and the
pumps are taking more Sacramento water than will flow through the
Delta Cross Channel and Georgiana Slough, the balance must come
through Threemile Slough and by Sacramento water flowing upstream
from the mouth of the San Joaquin, thus resulting in a reversal of all
flows in the San Joaquin from its mouth upstream to Old River head-
ing. This has happened, but the condition has not lasted late enough
to interfere with upstream salmon migration. We do not believe that
the San Joaquin salmon could be saved if this condition were allowed
to last late each fall. The fish would find no trace of San Joaquin
water to guide them upstream. Such a reversal can also result in serious
downgrading of water quality due to salt water intrusion, hence we
can assume that everything possible will be done to prevent it. This
condition goes far beyond any we have studied and we will not discuss
it further.
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wen gd(iid 10)011nplicating factor is con
ater In the Delta itself. The Department of

term ‘‘channel depletion’’ to incll)ude all suchvvl?)zgs.m’i‘sﬁ: r:;souu.ﬁiss 1;111:
vglved cannot be disregarded. Between the Tracy pumps and the main
channel of the San Joaquin, channel depletion in Old and Middle
rivers exceeds 1,200 cfs in late July and early August, is about 650
%ésh in n(llld-Octpbler, and reaches a low of about 150 cfs in ;nid-February
anote}lller iﬁ%rglllenl]ﬂ)%l t‘l.:letialmoint ofl “(rlatelr ttha,tbgets from one point to

, the channel depletion betw i
must always be taken into account. szﬁlable data ofléh;gileiwg’epll):;ﬁ)t;
tg}llv: tihe average loss at each tin‘Je of year, but it should be kept in mind
aeragipl%Pégnei; Iﬁx;)_;re s%ecxﬁc tlm;el (;anddiffer quite markedly from the
) , during a hot, dry spell in th

glug water usage would be considerablyyhig};uer than Z,vf:rlzla’gzv a:vel'fel}g::
Duﬁng. ? rain, the channel depletion might be negative in’that the
. : da ﬂls ands would be adding water to the various channels. Caleu-
ated flows in the Delta are approximations for this and other reasons.

sumptive use and other loss of
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TABLE 3 TABLE 3—Continued
Key Flows the Sacr San Joaquin Delta Key Flows g the Sacr S quin Delta
Y September 15-December 15, 1964-1967 September 15-December 15, 1964-1967

i Tracy . .

in R. | San Joaquin R. | Mokelumne R. | Cosumnes R. Sacramento R. | San Joaquin R. | San Joaquin R. | Mokelumne R.| Cosumnes R. Tracy
Date Eﬁﬁ:::n% S:nsa{u\?::::lis ‘past Stockton | at Woodbridge | at McConnell | Pump. Plant Date at Sacramento | near Vernalis | past Stockton | at Woodbridge | at McConnell | Pump. Plant
. 1966—Continued
17 2 Nov.

{2’3?,3 510 42 0 10,700 1,340 400 188 0 963
11900 982 35 0 12,600 1,450 153 86 0 866
12,900 1,083 32 0 12,700 1,390 405 76 0 1,044
" 18,900 1410 425 116 110 964
14,100 1,180 3 0 20,800 1,460 456 64 132 862
8040 1,000 43 g 32,300 1,220 381 65 212 573

Y 1,081 5
32‘{‘,’, 809 56 0 50,400 1,730 625 78 992 358
0,030 793 69 0 68,800 7,510 3,161 66 709 213
11000 506 i 0 54,500 5,170 2,108 56 343 367

1,384 75 3
llngg 827 o1 45 20,700 1,830 366 1,300 0 2,833
21'200 889 81 m 18,800 2,040 538 1,200 0 1,940
12,400 1,165 102 48 17,700 2,230 509 1,460 0 2,210
11400 1,002 134 b4 16,500 2,470 628 1,450 0 2,812
13,300 78 109 o
: 17,800 2,670 73 1,000 o 2,132
" 864 108 156 17,200 2,450 709 1,120 24 2,066
et 800 326 78 15,800 2,200 647 1,200 0.4 1,724
e b 313 238 15,800 2,570 873 1.240 6.6 1,005
13 15,700 3,030 1,107 1,210 8.4 717
15,400 3,660 1,359 1,660 5.8 864
16,200 260 338 .

e iy 426 16,000 3,350 1,236 417 0.8 869
1 00 500 414 13,600 3,430 1,267 358 7.2 1,068
o300 74 184 14,100 3,440 1,271 237 17 1,004
15,4 14,900 3,470 1,282 106 136 900
14,200 967 1,680 14,000 3,350 1,289 9 3¢ 571
13,000 989 1,750 14,600 3,780 1,441 92 49 574

y 1,233 1,750
.0 1133 1760 18,300 3,620 1381 103 127 576

3000 620 1,750 20,900 3,870 1,595 95 122 140
breest 1,082 1,740 16,900 3,740 1,392 8 19 907

\

14,300 };gg

,

1400 1181 2,030 5 1964 Flow of Sacramento River Water to the Central and Southern Delta

’ 1,486 1,950 .
gg'ggg 2,107 "898 318 During September, October, and November 1964, monthly net flows
25,400 2,301 62 of 5,000 to 6,000 cfs left the Sacramento River through the Delta Cross
20,800 3017 5 Channel and Georgiana Slough. When this water reached the main
22,600 3,036 478 San Joaquin channel, over half continued down the San Joaquin and

Y 2,249 458 . ) . . .
23,600 rejoined the Sacramento River nmear Antioch. Most of the remainder

% was drawn up Old and Middle Rivers to the Tracy pumps.

{g;gg 32 During late September and all of October, the Tracy Pumping

9,950 g; Plant took considerably more water than it would have in the absence

9,680 of closure and supplemental pumping. It was receiving much less San

9570 132 Joaquin water than normal because of the closure in Old River, and

9,300 8 more Sacramento water had to flow south to make up the difference.

e % The result was a stronger than normal reversed flow in Old and Middle

8,720 o

9,200

Rivers in September and October. The average November flow was
weakly positive. The strong reversed flows may have reduced the likeli-
hood of salmon migrating to the San Joaquin tributaries via the Old
and Middle River routes, but this was more than compensated for by
the vastly improved water conditions past Stoekton.
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FIGURE 3. Rate (cf) and direction of mean monthly ndnredion solid arrows indicate reversed flows.
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It has been generally assumed that adult salmon require water with
at least 5 ppm of dissolved oxygen if they are to function properly
and move normally through an area. The present work strengthens that
assumption. In 1964, the mid-depth dissolved oxygen level was dan-
gerously low in early September, but as soon as the supplementary
releases of water passed Stockton, the DO climbed above 5 ppm and
remained there except for one lone reading of 4.8 ppm.

Salmon are known to avoid high temperatures, and although water
releases from the Delta-Mendota Canal had a highly beneficial effect
on dissolved oxygen levels, they do not appear to have cooled the water.
The highest temperatures encountered below Stockton were generally
above 70° F. until after October 15. On October 23 the temperature
was 66° F., but it dropped to 64° F. on the 27th; later than in any of
the other three years (Appendix 1).

1965 Flows of the San Joaquin River

Fall water conditions in 1965 were better than average, and there
was no need for a barrier or for pumping for flow augmentation;
neither was used during 1965 or in the following two years. )

The early part of 1965 was relatively moist, and during the fall
months, the flows of the San Joaquin River were higher than average.
On September 1, the San Joaquin near Vernalis was discharging
1,180 efs; this flow gradually increased to 2,560 by the end of the
month, Mean flows in September and October were roughly twice
those of 1964, even though the 1964 flows included pumped water.
September flows were 1.47 times the average September (1953-1967) ;
October and November were 1.79 and 1.80 times their respective
averages.

Flows past Stockton in 1965 were lower than in 1964. Because there
was no barrier, the major part of the 1965 flow went down Old River
towards the Tracy pumps. On September 1, the flow past Stoekton
was only 132 cfs, but by the end of the month it had increased to 754
ofs. During October, it averaged 915 cfs.

1965 Flows of Sacramento River Water Into the Central and Southern Delta

At flows below 25,000 cfs, the amount of water which diverts from
the Sacramento River into the Delta Cross Channel and Georgiana
Slough 2 increases when the flow of the Sacramento River increases. In
1965 the Sacramento River flows were higher than in 1964, and its
flows into the central Delta were greater. Early September pumping
demands at Traecy were somewhat more than in 1964 but were less in
late September and in Oectober because there was no supplemental
pumping. The net reversed flow in Old and Middle Rivers was much
less in 1965, partly because there was no barrier and no supplemental

pumping. In October, the net flow reversal in Old and Middle Rivers
L was only about one-fifth of that of the previous year. The average

November flow in Old River was positive (Figure 4)

There are gates on the Delta Cross Channel which are closed when the flows of

the Sacramento River, at Sacramento, reaches 25,000 cfs. Georgiana Slough has
no gates and flows there continue to increase with the river flows.
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FALL WATER CONDITIONS IN THE DELTA,
1964-1967

1964 Flows in the San Joaquin River

As the fall of 1964 approached, it had been considered probable that
if no preventive steps were taken, the flow of the San Joaquin River
near Stockton would stay reversed into the time of the salmon migra-
tion, or the positive flows would be so low that the effects of pollution
would be far worse than normal. It was further presumed that either
eventuality might result in a serious block to migrating salmon.

In 1963, it had been demonstrated that pumping additional water
at the Tracy plant and releasing the execess into the San Joaquin
TRiver would not sufficiently increase the positive flow past Stockton,
but that such an inerease could be obtained by partly closing Oold
River at its head in addition to releasing water. The partial closure
had been effected by sinking a large barge in Old River just below
its heading (Calif. Dept. Fish and Game, Dept. Water Res. and Central
Valley Reg. Water Poll. Control Bd., 1964).

Tn 1964, a barrier of loose rock was installed across the head of Old
River on September 16, and flows in the San Joaquin above Vernalis
were augmented by releases into the San Joaquin River from the Delta-
Mendota Canal via the Westley and Newman wasteways. The first re-
Jeases were made on September 23 and the last on November 1. Tt was
hoped that this manipulation and augmentation of flows would elimi-
nate the possibility of flow reversal during the salmon run, create an
adequate positive flow past Stockton, and improve the water quality
in the San Joaquin River below Stockton. It had most of the desired
effects, but did not lower the temperature. The fish delayed their mi-
gration longer than we liked, but in all probability, not nearly as long
as if closure and pumping had not been conducted (Calif. Dept. Fish
and Game, Dept. Water Res. and Central Valley Reg. Water Poll
Control Bd., 1965).

‘After the barrier was in place, flow measurements indicated that
949% of the water was continuing down the San Joaquin towards
Stockton, and only 6% was entering Old River. This was a little too
effective, and local users had trouble obtaining the water they needed.
The structure was modified on October 6 to allow about 20% of the
San Joaquin flow to enter Old River. The barrier was removed No-
vember 5 and 6, when there was no further need for it.

The barrier affected flows at Stockton, and the water releases af-
fected flows at both Vernalis and Stockton (Table 2.). The gaging
station ‘‘mear Vernalis’’ gives the best measure of the amount of San
Joaquin water entering the Delta. From 1953-1967, the average Sep-
tember flow of the San Joaquin at this station was 1,138 efs. During
the first 23 days of September 1964, it varied from 700 to 930 cfs. Sup-
plementary water was released on September 23 and presumably its
full flow was reaching the gaging station by the 25th. From that date
until releases were stopped on November 1, the flow varied from 1,140
to 2,120 efs, but most of the time it was between 1,290 and 1,530 efs.
Even with the supplementary water, the actual flow ‘‘near Vernalis”

(20)
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TABLE 2

San Joaquin River Flows Near Vernalis and Past Stockton
Ch in Flows Resulting From Rel of Pumped
Water and from Partial Closure of Old River
September 15-November 15, 1964

Flows near Vernalis Flows past Stockton
Pumped
Without With wa.fgr
X closure closure but | With water | released
Date Actusl Without or water no water | releasesbut | into San
ctu: pumping Actual releases releases no closure | Joaquin R.
September 15 740 740 17 17
17 17
20 722 722 510 -5 510 -5 g
25 1,220 451 982 —40 255 87
30 1,300 861 1,053 -7 453 158 ;gg
October 5 1,410 912 1,180 92
, 712 245
10 1,430 936 1,009 114 614 264 :gi
15 1,520 1,029 1,081 192 688 330
K 401
20 1,180 678 809 106 407 201 502
25 1,160 654 793 99 388 106
508
3t 2,060 1,340 1,605 330 937 577 70
November 5 1,820 1,820 1,364 621
. . " 1,364 621
10 1,790 1,790 627 827 627 627 g
15 2,460 889 889 889 889 889 0

for all of September was only 0.79 times the 15-year average for Sep-
tember ; October (with releases all month) was 0.86 times the average
Octob.er; November (with very little supplementary water) was up to
1.16 times the average, thanks to increased natural runoff. (Table 3 and
Figure 3).

At Stockton, conditions were much better than they would have been
without the combination of supplemental releases and the Old River
closure. Together, these two assists resulted in flows which were calcu-
lated to range from about 780 to 1,620 cfs; several times the flow which
would otherwise have occurred.

The_ water which passed Stockton during the period of supplemental
pumping included a fairly high proportion of Sacramento River water
because most of the water picked up at the Tracy Pumping Plant was
from that source. It had been argued that this might confuse the
salmon, but apparently it did not. Salmon were moving upstream while
Sacramento water was being released and continued at about the same
rate after it was turned off.

Neither closure nor pumping were needed during the next three years
but the agencies involved have since agreed to repeat the procedure
whenever necessary. The California Department of Water Resources
will install the Old River closure, the U.S. Bureau of Reclamation will
pump the extrg water. The California Department of Fish and Game is
already hatching and rearing salmon from the San Joaquin River
System and will continue this program as long as desirable.
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-San Joaquin Delta. Fall of 1965. Open arrows indicate flows in normal
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The lowest dissolved oxygen levels encountered below Stockton were
3.3 ppm on September 22, they were above 4 ppm by September 30,
and above 5 ppm on and after October 8. In 1965, the oxygen levels
reached 5 ppm, 11 days later than in 1964, but about two weeks earlier
than in 1967 and over three weeks earlier than in 1966.

Water temperatures in late September and early October (1965)
averaged about 2° F. lower than during a corresponding period in the
other three years; but as the season advanced the water cooled more

slowly and temperatures were about average during the middle and
late parts of the season.

1966 Flows of the San Joaquin River

Early 1966 was dry, and the fall flows of the San Joaquin River
were lower and salmon were delayed longer than in any other year of
this four year study. For the season as a whole, dissolved oxygen
levels in 1966 probably approached the minimum under which San
Joaquin salmon could be expected to make their way through the
Delta, to their home streams, without excessive mortality or without
large numbers abandoning the wait and ascending a relatively clean
stream such as the Sacramento. It is quite possible that in 1966 some
San Joaquin salmon did asecend the Sacramento (see page 61). Before
1961, salmon had made their way upstream in years when the flows
of the San Joaquin were lower than in 1966, but in those earlier years
the Tracy pumps had taken considerably less water in October and
November.

On September 1, 1966, the flow of the San Joaquin River near
Vernalis was 597 cfs and increased to 785 cfs by the end of the month.
Flows in October and November averaged 1,101 and 1,330 cfs respee-
tively. September discharges were 0.64 times those of the average
September ; October and November flows were 0.67 and 0.66 times their
respective 1953-1967 averages.

In 1966, there were very small reversed flows past Stockton for the
first half of September, followed by very small positive flows for the
second half of the month. The mean September flow past Stockton was
caleulated to be a minus 9 cfs which is not significantly different from
210 in either a statistical or a practical sense. By the end of October,
the flow had increased to a positive 252 cfs and was up to 400 by No-

vember 5. It stayed close to this latter figure for the remainder of the
month,

1966 Flows of Sacramento River Water Into the Central and Southern Delta

September and October flows from the Sacramento River into the
central Delta via the Delta Cross Channel and Georgiana Slough were
5,100 and 4,500 cfs respectively; these were the lowest September and

October flows during the four-year experiment. The mean November

flow had increased to 6,850 cfs which was above average (Figure 5).

The water taken by the Tracy Pumping Plant was about average for
the four years. The average flow in 01d and Middle Rivers was strongly
reversed in September and October, and weakly reversed in November.
In the other three years, the average November flow was positive.
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i ls in 1966 in the San
ioht be expected, dissolved oxygen leve )
J og;uglliiver belo%v Stozzkton stayed below t;) pplm 1at§1(;tt3;nt 3115 z(x)ngp(])]fl
he £ s under discussion. The oxygen level was 0 5.0
fn:z;ilmé)rcgél:r 31. It reached 5.5 on November 9 and remained above
for the remainder of the season.

thi%hggflﬁleofoi%ﬁ started out with a relatively warm water tem[:ieragngg
of 73° F. but the water cooled to 70° F. by Qctober 11' and wﬁaﬁs oW és
65° T'. by October 19. Temperature conditions during 1966 were
good as in any of the four years.

1967 Flows of the San Joaquin River

Early 1967 was moist, and £a1l water conditions were roughly similar
v Pt‘}ll::vz iﬁe;EG%ernalis were 1,910 0{]1 Septen’lsheertelm}e;;lrdﬂi;lv(‘:rrie);x::d1 ;g
%;;41;7&3(; ‘(t:}i :zegzeersuelpiﬁutl}l;i;?oorégbg :ngelgg(r)lvem%er were 1.66 and 1.72
tinll?sllso\g;egasa: g;%i’t(r)relsxx::;v;y;d. Septembfr, Oetot;;rl'élan% ‘I,\ig%m\;ﬁ:
avrages were 410 oft, B84 <l B0 Lt of 1065 (Figure 6).

1967 Flows of Sacramento River Water Info the Central and Southern Delta

Mean flows from the Sacramento to t}(lle ;egnotgalfls)?gangzre(;n g,eSIOO Tclfz
i tember, 6,200 efs in October, and o, [ 3
ISnepStzfns:ll' and October flows were the highest of the four years; the

one of the lowest. i )
NO’;;I;IZI?:aggwI;umping Plant took a _1ittle more water in 1967 'thart(:,a]sré
any of the other three years, reflecting the trend toward an inc
ini?llelr:gem fll)t;]\?vgs in Old and Middle Rivers were strongly.r.ever‘sedNii
September, weakly reversed in October, and weakly positive n
vmﬁ? zgite of the relatively high water ﬂpwz, {he lt%v;is% d;f)sli)\l‘:lzdti(l)?;iei
ntered below Stockton remained less 1
ﬁx‘;egsb?;f;e“en October 20 and 23; later than any year studied except
o i i i September than in the
tures were a little higher in late Septe:

ot}YZf t;73(::31;'2“11??12adropped to 65° F. by October 25, only two days later
than the 1964-67 average.

STUDY METHOD

To study the migrations of adult San Joaquin River salmon through
the Delta, fish were captured with a trammel net in the lower Delta and
tagged with sonic transmitter fish tags. Tagging was done through the
principal period of migration—September through November. The tags
produced vibrations in the ultrasonic range (130,000 or 160,000 cycles
per second). Tag tracking crews traveled by boat and used portable tag
signal detecting equipment to determine the daytime distribution and
movement of tagged fish. Primary emphasis was in the San Joaquin
River, but other channels were checked as time permitted.

Stationary tag signal detectors (shore monitors) were placed at care-
fully selected locations along principal waterways. These instruments
recorded passing tags and the time of passage. In theory, all or almost
all tagged fish migrating up the Sacramento and all those going up the
San Joaquin River would pass a monitor. No monitors were placed on
the Mokelumne River System, but part of the fish going there to spawn
would be counted through the Woodbridge Dam fish ladder.

To determine water conditions which the fish encountered, the tag
tracking crews took mid-depth water samples and determined the dis-
solved oxygen content at key locations several times a week, particularly
in the main San Joaquin channel below Stockton where pollution was at
its worst.

Information on stream flows was obtained from published and unpub-
lished reports of the California Department of Water Resources and the
US. Geological Survey. Supplementary information on temperature
and dissolved oxygen was obtained from the Department of Water
Resources, the U.S. Bureau of Reclamation, and the Corps of Engineers.

(31)
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SONIC TAGS: THEIR DETECTION AND RECOVERY

For our 1964 experiment, signal detecting and recox:d}ilng gq%;}i)lr(r]lﬁ?g
was borrowed and sonic tags purclrilas%l from theT[]JﬁS. I:rlz " I?igation e
ice’s Fish Passage Researc rogram. g
Sggg;esd tags and equipment to study movement 0f1§%1$0%r2223£§n
reservoirs in the Columbia Rivgr j@};stem (;I‘Qrgéithe’l‘rim tag’s el beeri
d Smith, 1957; and Johnson 1960). ,
gzgfg{ct?lr;ed to F‘is7h and Wildlife specifications by DeVoe and Malm,
irkland, Washington. ) )
In%‘éroiulfui.‘)& and later experiments, the Cflflfornxgm?:}?%gl(iergle%f_
i nt from
Fish and Game purchased tags and equipme o S ot ot
i attle, Washington. These tags were si 2 fer
gﬁ;lclsmotf tﬁz:e were important differences in the tag recording equip
’ low). .
ment (see below) Sonic Transmitter Fish Tags . ,
The sonic tags sent high frequency (ultrasonic) v1bé'at10niolr£)m§g2
water’ were battery-powered, and used a erystal trans.bucetll' N
electrical oscillatory signals into mechanical motmn9 (vi 1;1 io (90. i
fa lwaq enclosed in a polystyrene case about 3% 1ncd ega o mm)
loﬁr b3; 3-inch (19 mm) diameter with rounded ends,F.es1;2e7) e
watgertig}?t down to a depth of 150 fe?t (4t6 u:)elfses‘)le (baltgtgry lifé The
5 2 e sent out in short pulses to ¢ e A
2gungrrv§?tvis},1:v L;ltilentiﬁcation of more than one tag group w1thsmwter2
qaxrf)e frequency range. During our 19641:) st‘?dy, f(t)u£3%]agk§(1)-g;3es o
Y : - and short-pulse rate vibrating a A
ﬂsegﬁdlinlgnf 10?{:- and sﬁort—pulse rate vibrating at 161(30’ Oklll?ﬁ)}:;};se.
;?I(':om 1965 through 1967, all our tags} wer;telln i;hig%;%:;nd ooeye
1965 tags had the same pulse rate; o
g'ig\%;s f})}l tags Wit%l supposedly different pulse rates were used eac
year (Table 4).

FIGURE 7. Cut-away view of sonic tag. Photograph by John E. Riggs.
221

TABLE 4
Signal Specifications of Sonic Tags

Group
Year number Cycles per second Time between pulses Length of pulses

1308 130,000 0.3 second 0.03 second

130L 130,000 10 seconds 1 second

1608 160,000 0.3 second 0.03 second

160L 160,000 10  seconds 1 second
127,000-130,000 1.2 seconds 0.08 second
127,000-130,000 1.2 seconds 0.06 second
127,000-130,000 2.2 seconds 0.11 second

The field life expectancy of the tags depended on the life of the
enclosed batteries: about 6 weeks in 1964 and 12 weeks in later years.

here was variation in length of life among tag groups because of the
different pulse lengths and pulse rates. Tags were received with the
cireuit “‘turned off”’, each tag was activated just before use by closing
a magnetic reed switch inside the capsule, This was accomplished by
attaching a small alnico magnet to the tag capsule directly over the
switch. The magnet was placed in a groove cut into a piece of poly-
styrene about 2 x 7% X 4 inches (14 x 8 x 3 mm) and the plastie
cemented to the capsule. A smaller piece of plastic or a drop of cement
at each end of the groove kept the magnet from sliding out. The mag-
nets used from 1965 through 1967 were about § x § x { inches
(13 x 8 x 13 mm). Those used in 1964 were slightly smaller. The
smaller magnets would not activate the tags used during the last three
years of the project.

To insure that the tags were transmitting satisfactorily, a day’s
quota of tags was activated and tested at dockside or enroute to the
tagging area. Since the acrylic cement required at least an hour to
harden after the magnet was attached, a second test was given each
tag shortly before it was applied to a fish. In 1964, the limited life of
the tag (6 weeks) was conserved by activating them the morning they
were to be used and deactivating any that were left over in the eve-
ning. The longer life (12 weeks) of the later tags made it practical to
activate them the day before use and unnecessary to deactivate any
that were left over at the end of the day.

The vibrations sent out by a tag could be detected by either a
portable receiver or a fixed recording monitor. Both devices change the
vibrations into electrical oscillatory signals.

Portable Receivers and Tag Tracking

The portable receivers consisted of a unidirectional erystal trans-
ducer or portable hydrophone which was lowered into the water, and a
battery-powered receiver which was kept on deck. The hydrophone, or
probe, was on the end of a tubular metal handle about 61 inches (155
em) long. Wires passing up this tube led to the receiver. Receivers
were permanently tuned to the tag frequency; different receivers were
used to detect 130 ke and 160 ke tags. Since the tags sent out signals
at a far higher frequency than the human ear could detect, the re-
eeiver converted and amplified these to audible sounds which the oper-
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graph

FIGURE 8. Portable probe (or hydrophone) and receiver for tracking sonic tags. Photo;
by John A. Shaver.

‘e "7 el h earphones or on a loud-
g ould hear as ‘‘beeps’’ either throug
:;ngkeer. The strongest reception was abouf,d2 %?gra?isd;t;{gﬁ? 'lf‘;i
although tags could be detected over a considera yl Jer angle.
ILIHI‘I‘OV% beaﬁq made it possible to locate and follow an m{({lwlduﬁ% ggg
Sienals were detected at distances up to three-quarters ol a m .
Signals
< Figure 8). ]
1\m'I)‘hEx elguipmc)nt purcehased in 1965 ;mdl ﬁ;}‘szfdbfrfmt 1&%’3 I’Ei\iollilge};u }l‘iﬁl
uite simi : d in 1964, but 1
was quite similar to that borrowe 4, b e e vange
i i all the tags were in the
receiver for 160 ke signals since all 0 ke rongs
- 5.5 m) boats, both outhoal
usually used 16- to 18-foot (4.9 to \
an?lv?nboard—}:)utboard drive powered, to carry our portable equipment
a 1low the tagged fish. ) )
m(li&ﬂfoﬁros‘g two—mi{r;l crews were regularly assigned this task. dO:llewx:;r;
operated the boat, took dissolved oxygeri1 sampltes, :;r}d r;(c:; eL | a
) il ated the tag-tracking gear. L
temperatures while the other opera a gear. Loter &
11 these duties satisfactorily
the study, one man could perform a luties safisacto Y o
somewhat more slowly than a two-man crew. elatively
i in San Joaquin channel, one two-man
tagged fish were in the mamn e e e in one
d locate all fish between Mossdale and the oy
fl(:;;fl Hocwever with a large number of fish or when the water was
rouéh it requ'ired two days or two crews to cover this section.
t

MIGRATIONS OF ADULT KING SALMON 35

Highest priority was always given to monitoring the daily move-
ments of fish in the main San Joaquin River between Antioch Bridge
and Stockton, or Mossdale. To facilitate tag location on daily tracking
records, each crew carried a map of the Delta on which the San Joaquin
River between Antioch Bridge and Stockton had been marked in 29
sections (Figure 1).

In addition to covering the main San Joaquin River, tracking erews
also explored its many tributary rivers and sloughs between Mossdale
and Collinsville, plus the main Sacramento between Collinsville and
Courtland. The Mokelumne River, its two forks, and Georgiana Slough
were also explored from time to time. Occasionally, when a spare boat
and crew were available, tag tracking gear was operated near the re-
lease point of newly-tagged fish to observe their movements.

Tags detected in the San Joaquin River were recorded by appropri-
ate river section and sometimes by landmark as well. In other areas
tagged fish were recorded by their position relative to a landmark.

In 1965, 1966, and 1967, whenever a fish was located, a count of the
pulses emitted by the tag in a 30-second period was taken and noted
on the daily tracking record. The majority of tags used in all of the
last three years were supposed to have a pulse duration of 0.06 second
followed by a time-off period of 1.2 seconds (23-24 pulses/30 seconds).
In practice, we found that the number of pulses in a 30-second period
varied between 17 and 28, but was constant for each tag. An addi-
tional help in separating tags when two or more were being heard at
the same time was the tone of the individual beep which was usually
distinet enough to make a separation possible. Unfortunately, it was
found that the pulse rate of these Type 2 tags sometimes overlapped
that of the Type 3 used for a short time at the end of the 1966 and
1967 seasons. Type 3 was supposed to have a pulse of 0.11 second on,
followed by an off period of 2.2 seconds.

In 1964, the men using the portable receivers did not count pulses,
but there was no possibility whatever of mistaking a fast-pulse tag
(0.3 second between beeps) and a slow-pulse tag (10 seconds between
beeps). In contrast, a weak tag signal sometimes did leave room for
doubt on the monitor strip-chart recordings used in 1964.

Reporting the two signal lengths separately seemed to add nothing
fo the information obtained in any of the four years, so we have com-
bined the long- and short-pulse rate tags. The two signal frequencies
(130 and 160 ke) used in 1964 have been kept separate.

In searching for tags, the standard procedure was to stop the boat
every half mile or less, lower the hydrophone over the side until it was
below the bottom of the boat and rotate it very slowly. Tags could be
detected by a portable receiver from at least three-quarters of a mile.
When a tag was detected, its direction was determined and the boat
was usually moved directly over it, or at least close enough to obtain
a count of the beeps in a 30-second period. When a tag was found in
exactly the same place day after day, it was assumed that it had either

become detached from the fish or that the fish was lying dead on the
bottom.
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Stationary Receivers (Shore Monitors)

The monitors borrowed in 1964 were quite different from those used
in later seasons. Primary components were a receiver for each of the
two tag signal frequencies, a battery-pack power supply, and a paper
strip-chart recorder. Tag signals were picked up by two stationary
hydrophones placed on the river bottom near each recorder and sent
through coaxial cables to the proper receiver for amplification. The
reception beam was approximately 30 degrees at 1,000 feet (305 m).
Tag signals appeared as a tracing of characteristic shape on paper
strip-charts. Chart movement, regulated by an eight-day clock mecha-
nism, was 6 inches (152 mm) per hour.

From 1965 through 1967, fish tag signals were picked up by a single
stationary underwater microphone, or hydrophone, and amplified ap-
proximately three million times by a fixed-tuned receiver tuned to the
tag signal frequency, much as they were with the 1964 monitors. How-
ever, with the monitors used after 1964, when the tag signal was re-
ceived, a second signal was sent within the instrument to a. control
circuit which activated a magnetic tape recorder. The control eircuit
would then hold the recorder on five seconds and then shut it off. If
another signal was received within five seconds, the recorder would
reset and continue to funetion another five seconds. Without some form
of restraining device, a tagged fish remaining close to the monitor could
keep it running continuously; therefore, to conserve recorder tape, &
“Jockout’’ cireuit was built into the monitor. When a tag signal was
received the recorder would operate only 30 seconds before being shut
off by the lockout eircuit, even though the receiver might still be get-
ting a tag signal. From this point on, the behavior of the lockout cir-

cuit depended on the position of the lockout switch. If the switch was .

in the ‘“‘auto’’ position the cireuit would reset automatically when the
fish tag signal was lost for a period of five seconds or longer. If the
switeh was set in the ‘‘5-minute lockout’’ position, the lockout circuit
was reset by a clock timer which made a switch closure every five
minutes. If a tag signal was still being received at the end of any ‘‘5-
minute lockout’’ period, the recorder would operate another 30 seconds.

The tape recorder had two channels: one for recording tag signals
and another for recording time. A ‘‘time tone’’ was automatically re-
corded at -, 3-, or l-hour intervals, depending upon the position of
the ““time’’ switch. This time tone was completely independent of fish
tag signals and made it possible to tell when a tag signal had been
recorded.

Installation of Shore Monitors

Tn 1964 we used 13 monitors—11 in the Delta and one each on the
lower Stanislaus and Tuolumne Rivers. In each of the other three
years of our experiment, there were only four monitors used, all in
the Delta.

The way in which monitors were installed depended on terrain and
opportunity. One was placed inside the U.S. Bureau of Reclamation’s
gaging station at Courtland. The remainder were housed outdoors in
weatherproof boxes in a variety of ways. Some were on stream gaging
station platforms, on navigation light platforms, on horizontal timbers
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FIGURE 10. Tape recorder type of stationary sonic tag monitor used in 1965-1967; note insu-
lated housing box. Photograph by Wm. F. Van Woert.

During 1965-67, one man maintained and serviced the four shore
monitors. On Mondays, recorder tapes were changed or used sections
removed. On Mondays and Thursdays, the timer cloeks were wound,
batteries were tested, and an activated sonic tag was placed in the
water to make sure the receiver and recorder were functioning properly.
Finally, the time channel tones were tested. In addition, for those
oceasions when more than a field check was needed, the Department
had a serviee agreement with Arnold’s Marine Electronies, Concord,
California, to handle any necessary repair work on sonic tag equipment.
This was a workable arrangement but not as satisfactory as in 1964
when an electronies technician was available at all time.

Replacing Shore Monitor Recorder Tapes
The recorder tape used was quarter mil (0.006 mm) mylar on 7-inch

(180 mm) reels. Tapes were threaded on the recorders with the glossy
side away from the recording head. As each tape was started, it was
marked for later identification with a black marking pen by drawing 2
live across the tape and writing the words *‘Start Tape’’. Next, a test
tag was placed in the water near the hydrophone and the tag signal
recorded. Another line was then drawn across the tape and marked
<‘Find Tag Test’’. The date, hour, and tag type were written between
these two lines. A ““Time Channel Tone’’ was then recorded, following
which a third line was drawn across the tape. The words ‘“ Time Signal”
were written between the second and third lines. The timer clock was

then reset to the correct time.

- the same manner as a new tape
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Reading Shore Monitor Strip-Charts

In 1964, all recordings were in the form of 6-inch-wide (150mm)
paper strip-charts. The 160 ke tags were recorded on one-half of the
chart and the 130 ke tags on the other half (Figure 12).

Sinee the chart moved in the monitor at a rate of 6 inches (152
mm) per hour, each section of used chart covering five days of
continuous operation was 60 feet long (18.3 m). Tag detection data
were limited primarily to the time a tag signal was being recorded
on the chart at one of the fixed locations. Where two recorders were
installed fairly close together, some indication of the direction a
tagged salmon was moving was demonstrated. Where a single record-
ing unit was installed, only the actual time a tagged fish was passing
amonitor was obtainable.

Underwater sounds of many types were recorded on these charts,
and it was necessary to spend many hours watching the recorder
and the river to note what caused the different types of marks. A tag
close to the recorder produced a mark that typically jumped away
from the base line about 1} or 2 inches (4 or 5 cm) and then oscillated
with the tag pulses. Long-pulse tags showed marks that would drop
back almost to the base line between pulses. Short-pulse tags were ‘“off’’
such a short time between pulses that the recording point would not
have time to swing back more than } to % of an inch (6-10 mm) before
the next pulse caused it to move away again. After the tagged fish
had passed, the mark would typically drop back almost to the base
line and then have a smooth ‘‘toe’’ as it spent about 3 minutes
dropping the rest of the way. The 130 ke tag signals caused the
marker to swing down and the 160 ke signals caused it to swing up,
otherwise the marks were similar. Salmon moved at a rate which
usually kept the recorder activated for a period of 3 to 6 or 7 minutes
(not including the toe of the eurve). Occasionally, a recording would
be over a much longer period.

Some boats caused interference marks that were very much like
long-pulse or short-pulse tagsignals. Fortunately, this type of noise
was usually of short duration—about one minute. If such a boat had
circled close to a monitor for five minutes, we might have misin-
terpreted the resulting signal as a sonic tag.

Combinations of noise and tag signals were bothersome on occasion,
but the usual tag signal was clear and distinet.

Reading Shore Monitor Recorder Tapes

From 1965 through 1967, all monitor records were on magnetic
sound recording tape. These were read each week on a tape recorder
rented for this purpose. The tapes were played back at a recorder
speed of 3% inches (95 mm) per second.

Time tones and tag signals heard were noted on record sheets,
labeled to include the 24 hours in a day.

As with the recording charts, used in 1964, the tapes contained vari-
ous amounts of interference noise or non-tag signals, necessitating a
prolonged study of the different sounds and their origins. With ex-
perience, it was possible to recognize miost of the common non-tag

- signals. Tugboats and high-speed Joutboard motor boats caused the
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greatest amount of interference. These sounds were more of a nuisance
than a real handicap to accurate tape reading as the human ear is
very effective at separating tag signals from all other sounds.

TUsually two men read the tapes together. Two days each week were
required to read and double check the tapes from the four monitors.
The time required to read each tape generally varied directly with the
amount of interference recorded. We consider that the tape recorders
were a definite improvement over the older chart recorders.

Location of Monitors

In 1964, we had 14 borrowed monitors on hand and set up 13 of
them in and around the Delta in an effort to get as good coverage
as possible (Figure 13). The 14th was kept available as a replacement.
Some monitors were sef up in pairs to determine which way the fish
were moving. Monitor loeations in the Delta were:

Area 2 (Blind Point Monitors): A pair of monitors; one near Blind
Point on Jersey Island, the other across the channel on Sherman
Island about } mile (0.8 km) upstream. Data from this pair of
monitors and the pair in Areas 17 and 18 (below) proved useless
and are not included in the report. Both pairs of monitors were
too close to the tagging areas, and tagged fish moved in and out
of the range of the recorders in such numbers and with sueh
frequency that it was impossible to keep track of individuals.

Areas 17 and 18 (Vewice Island Monitors): A pair of monitors,
one at the downstream mouth of Middle River and the other
about 13 miles (2.4 km) farther upstream.

Areas 95 and 26 (Light 35 Monitors): A pair of monitors, one at
the mouth of Fourteenmile Slough, the other about 1 mile (1.6
km) farther upstream. These two monitors were about 4 and 5
miles downstream from the point where the Stockton ship channel
joins the San Joaquin River. Oxygen depletion was usually at
its worst in this general area.

Mossdale Monitor: One monitor a short distance upstream from the
Highway 50 bridge over the San Joaquin River. This monitor
was upstream from the point where 0Old River diverts from the
San Joaquin and in theory, any salmon bound for one of the San
Joaquin tributaries would have to pass this point.

Middle River Monitor: One monitor about 9 miles (3.2 km) from
the south end of that channel. Very little water flows through
this part of Middle River and we did not expect any salmon to
use this route. No tags were recorded.

0ld River Monitor: One monitor just north of the point where
Grant Iine Canal joins Old River and close to the entrance of
the Delta-Mendota Canal. Fish coming south in 0ld River ecould
pass this point and go up either Grant Line Canal or Old River
and proceed to the point where these two channels rejoin and
then continue up Old River to the San Joaquin.

Stanislaus River Monitor: One monitor about 2 miles (3.2 km)
upstream from the mouth.
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stream from the mouth.
Sacramento River ( Courtland Monitors): A pair of monitors. One
just upstream from the head of Sutter Slough; the other about

4 of a mile (1.2 km) farther upstream; both near Courtland.

Tn 1965, the Department of Fish and Game purchased six monitors
of the newer design described above. These were the only ones used
from 1965 through 1967 (Figure 13). Two were held as replacements
and four were operated at the following locations:

San Joaquin River, Main Channel (Bowman Road Monitors): A pair
of monitors, one at the Bowman Road crossing (often referred
to as Brandt Bridge) and the second at Todd’s River Club, about
1% miles (2.8 km) farther upstream. Both of these monitors are
downstream from the heading of Old River. In 1964, a fish which
had gone south through Old River and then up the San Joaquin
River would be recorded on both the Old River and Mossdale
monitors, whereas a fish doing the same thing in any of the latter
three years would be recorded only at the Old River monitor. It

; would enter the San Joaquin River upstream from the monitors
at Bowman Road and Todd’s River Club.

0ld River Monitor: One monitor north of the end of the Grant Line
Canal—the same location as in 1964.

Sacramento River: One monitor near Courtland.

i
f ’ Tuolumne Riwer Monitor: One monitor about 3 miles (4.8 km) up-
[

i Tag Recoveries

J Tag recoveries and tag sightings, as distinguished from tag signal
detection, were relatively few and gave us a limited amount of infor-
mation. The recoveries were made by a variety of methods.

There was no monitor on the Mokelumne River but each year a
count is made of salmon going over Woodbridge Dam. The counters
recovered or observed five tags in the four years. There was a com-
plete count of the fish only in 1966. Another five tagged fish were re-
corded by fish counters at Red Bluff Dam on the Sacramento River,
but these fish had presumably passed a monitor.

Every year a spawning stock survey is made on the Cosumues River
which was the only salmon stream the fish ecould reach without pass-
ing cither a monitor or a counting station. About one-sixth of the
spawned-out carcasses were examined during the 1964-1967 period;
one tag was recovered in the four years. Spawning stock surveys were
made on other streams but the eight tagged fish recovered had pre-
sumably passed a monitor.

Tracking erews recovered four tags from fish that had died, and
also recovered one detached tag. These fish and the tag were all below
at least one monitor. One live tagged fish was netted during an explor-
atory net drift in the Sacramento River. It died while being untangled.

Anglers reported catching 12 tagged salmon, six below the moni-
tors in the Delta, and six farther upstream and above all monitors.

Eight tags were recovered at salmon hatcheries. All were upstream
from the monitors.

Bgg-taking crews trapped two tagged salmon. These also were up-
y stream from all monitors.

- i 50% (100 fathoms of netting

CATCHING THE SALMON
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FIGURE 14. Tra woun owered net real on e tper,
E rammel net being d onto p d t | the M.V. Striper
Joaquin River at Prisoners Point; fall, 1965 Photograph by Richard J. Hallock.

San

In 1967, the Striper w

e 967, as replaced by a new boat
It s’; I:Vnisn ﬁVsV};i(: frortn the A.losa but tagging was ;i:r}ll: f]!rlo}IT]l aAsllg:géh
for oonamon sa’l cap ured. w1th a trammel net similar to those l(i
st Cpaal sa mon ﬁshrlng in and below the Delta prior t \lii
i é% mCher(ylén 216%21‘ ’I;Be ne;c (Ezon?isted of a wall of 73 Oinche
, 20, cm) 7-ply nylon gill nettin ;
On cods side wthoms of et hung on 50 fathoms of corkg l}ilrtllen)g
meh (g o gas of cotton trammel netting of 80- to 34-i '
em) hung with one mesh of trammel to fm;)r melsr}llcc}s1

of gill net. The net
futhoms Tong net was 4 fathoms (7 m) deep. In 1964, it was 300

5 in th
‘ nd 420 m). in the later years, a 230 fithom net was fished (550
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Fishing was done in the manner of the commercial gill netters who
formerly fished the Delta. The net was never anchored or tied to the
bank, but was allowed to drift with the current and was preferably
fished at or near slack tide.

Although the best salmon catches are made at night, all our netting
was done during daylight hours so erew members could keep a better
watch on the cork line and be sure of detecting the first struggles of a
netted fish. When the water was so choppy the boat crew could not be
sure of detecting activity at the far end of the net, an additional two
men in a skiff watched half the net.

The problem of where to do our tagging was important. San Joagquin
¢almon runs were very low, and Sacramento runs were many times as
great. For financial reasons, our supply of sonic tags was quite limited
and it was essential to tag a high proportion of San Joaquin fish. If
we fished below the junction of the two rivers, we could expect to
catch dozens to hundreds of Qacramento salmon for every one of San
Joaquin origin. In eontrast, if the fishing site was too far upstream we
would learn very little about the movement of San Joaquin salmon
through the lower part of the Delta.

In 1964, tagging operations were started at Schad Landing on the
lower part of the main San Joaquin channel. The area had been known
to commercial netters as a very good fish produeer, but that part of
the river carries a great deal of Qacramento water, and within two
weeks it became quite clear that it was being used by entirely too
many Sacramento salmon for our purposes.

Our second choice of fishing spots was Prisoners Point, about 11
miles farther upstream and 23 miles (4 km) above the mouth of the
Mokelumne River. This area proved satisfactory and was used for
most of the 1964 season and all of the 1965, 1966, and 1967 fishing
seasons.

The catch per hour of fishing at Prisoners Point was calculated for
1964, 1966, and 1967. Through an oversight, the man in charge of
the 1965 tagging was not alerted to the desirability of keeping a record
of the time the net was in the water.

The average cateh during the three-year period was just over one
fish per hour (244 fish in 231 hours). This includes many dreary hours
at the ends of the seasons when the catch was far lower. Catehes during
the peak week of each season averaged considerably better: 5.36 fish
per hour in 1964, followed by 2.09 in 1966, and 4.64 in 1967. Fishing
was best in 1964, the year with the smallest San Joaquin run; and
second best in 1967, the year with the best run (Figure 15 and Appen-

dix Table 2).
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Sept Oct Nov

CATCH PER HOUR /3
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- Lalch per net hour and number of salmon ‘agge .
FIGURE 15. Catch t h d b f sal * d, 1964-1967




TAGGING THE SALMON

During our four-year study period, 316 salmon were released with
sonic tags; ranging from 63 in 1966 to 96 in 1964 (Table 5).

TABLE 5
Summary of Sonic Tags Released, 1964-1967

‘Number of tagged salmon released

Year Place September October ‘November

ey

1964 Schad Landing.. 49 o
1064 Prisoners Point.. 0 41
1964 Mouth of Sevenmile 0 1
1985 Prisoners Point_. 22 31
1965 Mouth of Seven 0 2
1966 Prisoners Point. 10 39
1967 Prisoners Point. 18 57

Total tagged salmon released .- -o|-cmmmmmmmmmmm|-mmmmmmmmmn

* Included with tags released at Prisoners Point in most parts of this report.

As soon as a fish was caught, that part of the net containing the
fish was lifted aboard the boat, the fish untangled and removed (Figure
16) and the net dropped back in the water, The boat was then im-
mediately taken out into the channel, clear of the net. Meanwhile, the
tagger had placed the fish in a wooden V-shaped cradle and tagged
it (Figure 17). The fish were out of water about two minutes although
the tagging took only about 30 seconds. After being tagged, any fish
that was active and struggling was immediately released. Others were
given artificial respiration; the fish was grasped by the caudal pe-
duncle, its head submerged beside the boat and moved up and down t0
pass watber over the gills (Figure 18). After about 10 seconds (6 or 7
strokes) most fish started to struggle and were released. The tag was
removed from any fish that was particularly slow to revive and seemed
unlikely to sarvive.

Tnitially, fish were held in an anesthetic (MS-222) for a short time
prior to tagging. This was soon discontinued because the placid be-
havior of gill net-caught fish did not warrant it. Barly in the tagging
operation, there were three known tagging mortalities, and all were
fish that had been anesthetized.

The tags were fastened to the fish just above the back, just forward
of the dorsal fin, and with their axis parallel to that of the fish. At
first, the erystal (transmitting) end of the tag was pointed towards
the rear, on the assumption that it would be easier to follow 2 fish so
tagged. It later became apparent that fish could be followed easily,
whether the erystal faced fore or aft. Tn the last three years of our
experiment the crew standardized on pointing the crystal forward.

Two plastic straps and two plastic pins were used to fasten the tag
to each fish. Bach pin went through one end of a strap, the back of the
fish, and the other end of the strap. The tags were encased in smooth

(48)
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FIGURE 16.
A salmon thoroughly enmeshed in the trammel net. Former commercial fish:
isher-

men routinely removed such tang! it .
Phatograph by John E. Riugs. ngled fish uninjured and in relatively few seconds.

o i

FIGURE 17. Attaching a sonic tag to a salmon on board the M.V. B

Richard J. Hallock. Striper. Photograph by
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FIGURE 18. Giving artificial respiration to a tagged salmon by "pumpif\g" it up and down
to pass water over the gills. Most fish started to struggle in abofn ten seconds
and were immediately released: San Joaquin River at Prisoners Point; fall, 1965.
Photograph by Richard J. Hallock.
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polystyrene tubes with rounded caps at each end. No available cement
would bond the straps to the tubes so the equivalent of belt loops were
cemented to the tags (two loops for each strap). Each ‘‘loop’’ consisted
of a 14 inch (27 mm) length of half-round polystyrene rod of - inch
(4 mm) diameter, each end of which was cemented to a rectangular
polystyrene spacer which held the rod just over s inch (0.8 mm) from
the tube and allowed the straps to be slipped between the tag and the
rod. The manufacturers supplied these belt loops but we attached
them. In three of the four years, the straps were simply slipped
through the loops and attached to the fish. An innovation tried in
1965, and later abandoned, was to trisect the central parts of the strap
with lengthwise slits. These were just long enough to permit the tag to
be slipped over the center-third and under the two outer-thirds of the
strap. Thus the straps encircled the tags. They were then fastened to
the tag by cementing the polystyrene belt loops over them. The method
worked but did not seem superior to the original and considerably
simpler procedure.

The straps were plastic. Those used in 1964 were of soft vinyl, about
¥ ineh (0.8 mm) thick and were supplied with the tags. Those used
in 1965 were of nylon, 0.010 inch (0.25 mm) thick. After some experi-
ments in the winter of 1965 and 1966 (see below) we changed to mylar,
0.014 inch (0.36 mm) thick which was used in 1966 and 1967. The
dimensions of the straps were not held to close limits but were about
6 x § inches (150 x 16 mm). Each strap had three holes in each end to
adapt it to different sizes of fish. All three materials were reasonably
satisfactory, but the soft vinyl did show a tendency to be cut by the
edges of the belt loops. This did not happen to the nylon or mylar, both
of which were quite hard.

The pins were plastic, % ineh (24 mm) in diameter. Surgical
tubing ‘“pins’’ were used in 1964. The tubing pins were received with
one end enlarged to form a head. Much harder and stiffer nylon rods
of the same diameter were used from 1965 to 1967. The rod was cut
into five-inch (127 mm) lengths, and heads made by crimping an
electrical solderless connector on one end, and sliding on a % x g%
inch (14x 0.8 mm) plastic washer. Washers were made by enlarging
the hole in some surplus Petersen Disk fish tags that were on hand.
Both the rods and the tubes worked satisfactorily, but we suspect the
thin, hard, strap material used from 1965 through 1967 could saw its
way through a soft tube.

The tagging procedure was to put a salmon in the V-shaped tagging
trough or cradle. The tag was placed lengthwise on the fish’s back, just
in front of the dorsal fin. The straps which encircled the tag each lay
pointing downward with one end on each side of the fish. A pin, held in
a hollow needle, was then pushed through one hole in a strap through
the fish’s back and out through a hole in the other end of the strap. A
washer and an electrical solderless connector were then pushed onto
the pin until the washers were snugly against both sides of the fish.
The connector was then crimped and the excess rod or tube cut off.
The operation was then repeated, putting the second pin through the
second strap (Figure 19).
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FIGURE 19. Sonic transmitter tag in place on the back of a salmon.

At the conclusion of 1965 tagging we tried a variety of tagging
methods, using January and February spawning king salmon at Cole-
man National Fish Hatchery, in hopes of finding more satisfactory
materials and better methods of tag attachment. Twelve tagged fish
were placed in a holding pond and observed daily; most of them until
they matured and died. The first fish was recovered for examination 18
days after tagging, the last after 65 days. Ten fish died, but two were
still alive at recovery. Of the 12 salmon tagged, six had the tags
attached anterior to the dorsal fin, as previously described, using the
same strap design but different materials for the strap or pins. The
other six fish had the tag placed posteriorly to the dorsal fin, using
four separate strap designs and several combinations of materials for
the straps and pins (Figure 20). The straps were of either 0.010-inch
(0.25 mm) nylon, or 0.014-inch (0.36 mm) mylar, and the pins were
solid nylon rod, Z-inch, -inch, 4-inch or {-inch (1.6 mm, 2.4 mm,
3.2 mm, or 48 mm) in diameter. All straps were trisected to encircle
the tag in the manner used in the Delta in 1965.

Test results showed that all straps and tags mounted anterior to the
dorsal fin remained in place. The posteriorly-mounted tags also stayed
in place, but the rear straps pulled out. Tag pin holes in the mylar
straps were only slightly enlarged, while those in the nylon straps
elongated considerably; however, the more flexible nylon caused less
abrasion on the fish. The yh-inch diameter pins were less damaging to
the flesh of fish than the larger pins in that the hole was initially
smaller and remained smaller.

MIGRATIONS OF ADULT KING SALMON
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FIGURE 20. Five different methods of mountin i
ve g sonic tags tested at th .
original method (top) proved best. 9 fested @ e end of 1965 The
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APPENDIX 1 %

The Association of Stream Flow, Dissolved Oxygen and Water Temperature with
the Migration of Tagged Sal in the San Ji in River
1964, 1965, 1966, 1967

1964 1965 1968 1967
Tagged Tagged Tagged
Tagged salmon salmon salmon
salmon past past past
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-y e = o84 | .| = - —35| - = 1 427 =
3 R = - 300 | - | = = | | - = 1 35 =
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3| | - = 27| | - = = 0] - | - = = 387 =
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- - -— - -— 24 -— - - -
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57 | 74 | 67.0 N 5 676 | 3.8 | 69.0 = w 3| 47 (780 = - bl Bl R -
- - - - 754 | 4.1 69.0 . . s e -- - M% I
e b == -— 28 -
o | 9|0 - o7 | 41|60 .. | . 38
1,001 S 82 | | s | i [ R Y
o | | O - 87| __ | . 1 3 wl | 10 643 | 2.0 | 72.0 =
993 20| wme 4.3 | 67.5 1 5 108 | 2.4 - 8 er| . | .. -
1,000 wel - B0\ 47680 1 2 wl 6 71| 2.0 705 .-
1025 : 7| 49)68.01 .. - 101 | O - | =
o5 | | O h - www il - - us | o - - 784 | 2.2 ] 70.0 -
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APPENDIX 1—Continued 2

The Association of Stream Flow, Dissolved Oxygen and Water Temperature with
4 sal "

the Migration of in the San Joaquin River

1964, 1965, 1966, 1967

1964 1965 1966 1967
Tagged Tagged Tagged
Tagged salmon salmon salmon
salmon past past past
Salm-| Flowst | Min. | Max.| past |[Salme| Flowat | Min. | Max. | Bowman | Salm-| Flow at Min. | Max, | Bowmen |Salm-| Flowat | Min. | Max. | Bowman
0| Stockton | D.O, | Temp.| Mossdale | on | Steckton | D.O. |Temp| Rd. on | Stockton | D.O. |Temp.| Rd. on | Stockton | D.O. |Temp., Rd.
Date tagged| ofs ppm | °F. | Monitor tagged| cfs ppm | °F. | Monitor tagged cfs ppm | °F. | Monitor tagged| ofs ppm | °F. | Monitor
<l
827 | - | -- - 1 937 | 5.5|63.0 5 2 49| - | - - - 1,257 | 6.2|61.0[ - 2]
623 | 6.3 |61.0 - - 91| - | -- 7 - 49 | 6.3 |59.0 5 - 1230 ) - | -- 1
62| o | - 1 - 033 | 5.7|61.5 1 - 453 | 6.1 60.0 - -- 1267 | 6.8[61.5] - 2
670 | 6.6 |55.0- 1 - 93| o | -- - - 53] . | - - - 1087 | .- | -- 2 =]
58.0 IS
29| . | - 1 -- L073 | w | —- -- - YL R R G 2 1007 | .- | - 1 2]
40| - | - - - 9| o - 1 - 449 - - 1,279 | 6.6|60.5 1 g
68| o | -- - - 77| - : - 3 428 1 1 1385 | - | -- 1
889 | - | -- - 3 1181 | 7.6(80.5| - 2 104 - 1 tor | 6.7|61.0] - -
L83 .| - 1 - 1157 | - | -- - - 428 - 2 1282 | - | .- 1 ]
1108 | - | -- - - 1189 | o | - - 1 442 - 1 1263 | 6.5}60.5( ..
93| oo | -- - - 138 | o |- - . 467 - - 12386 | - | - 1
993 | - | -- - - 1377| 68|60 . - 460 - 1275 | o | - -
1,205 1 - T N S - - 45| o | - 1,282 ) 6.5060.0( .
1,241 - - - 587} o | - - - 30| . | -- - 13 | - | - -
1225 | - | -- - - 1853 | - | -- - 306 | - | -- - 1409 | 6.8[50.5[ -
RT3 I -- 1709 | oo | - - - 358 | oo | - - 0377 | o | - -
19| - | -- - - 1887 | o | .- - - 5| | - 1 - 1317 | 6.3188.0| -
102 | - | -- - - 2,005 | - | -- - - 456 | - - - 1260 | - | -- -
912 - - - 2243 . | - - - 365 | -- - - 1333 | - | . -
826 - - - 2,202 . | - - - 340 | -« | - - - 1,207 | 6.9|56.0[ -
7 - - - 2321 | . | - - - 338 | - | -- - - 1301 | oo | - -
768 | - | -- - - 2300 | - | -- - - 330 | - | - - - 1421 | 7.2 540
e | | - - 2384 | - | -- - - 303 | - | -- - - 1441 | o | - 4
= Tagged at Schad Landing (130 ko) (all others tageed at Prisoners Point).
APPENDIX 2
Salmon C .
n Catch Per Hour, San Joaquin River at Prisoners Point
1964 1965
19
66 1967
Fishing Salmon Catch .
hours caught per hour . mw_u—.sn Salmon Catch Fishing Salmon B
ours caught, per hour h Cateh =
ours caught per hour W
had - - - - - 17.42 ) =
- -- - - 0.3¢ 3
- - - 15.56 - 8.2 1 0.8
- - = = 5 12 0.77 e ® ] m
- = S = = == .90 o
16.00 20 1.5 - e;.w 12 1.26 - mw 4.84 S
15.17 15 0.99 - 5.74 12 2.0 = - - g
. - - : i = o 53 i g
9.58 6 0.63 - 7.92 10 1.36 o ® 2]
- - - - 16.58 O 05 - - g
- - ~ = p - - 15.33 7 a
4.86 15.85 17
o) B e o I IR R o
1.58 none = = 11.65 5 0.43 - - IS
- - I o - - - n - E
= = - - 9.30 3 0.5 18.92 5 2,
46.99 68 40 oy b - 11.33 3
’ - . 7%
0.84 93.97 102 1.00

. T )
No available information on time the nets were in the water in 1965.
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APPENDIX 4 b=

Location snd Movement of Tagged Salmon Detected by Portable Receivers or Recorded by Shore Monitors

October November December

September
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Area 13 Area 19 Area 23 Area 26 Area 29
2 | & . 2.1 & . s (& & . : | 2. & . 2. & .
1964 ER|F|S |82 |88l Els|Bl%e|f|s|a|8lg]|s
3] =] = A B A% 3] a 13 [=1=3 = A 3 [=}=3 B A 3] [=]=3 = =]
R [ R N R Y -
o oo | e o T 0800 | e
[ oo | oo | aeea | oD 1350 | 20 .
1400 | 20 | 70.0( 4.8|1150 | 20 20 =2
JRNNE B I I T a
e | e om0 | e g
(2 I el Bl B - 2
coee | w1445 | 20 | B7.0 74| __Z| | DT o 20 S
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1815 | 12 | 72.0 1215 | 10 -
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o o e e | | o015 | e I
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s | e | e b oo | 0900- | 137 — 3
e cone | e | oo 1200 | - =
- . .
2 B
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- [ BRI S - 78
— PR 75 2
- 8.0 | - 7.5
R | | | ] D 1300 7.4
7.3 ] - s | - j0B00- | 1377 | 63.0 | 6.6 | 1350 8.4
cee | eeeo | 1000 | e N NN YT 8.0
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RS U N I N A R - | 1100 6.5
- 6.8 | - | ] 015 7.7
JEN IR R o . [ R 1T 6.2
c | 20| 1030 60.0 15 e | <222 | 2000 8.4
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PSS [N IR o I U S BN 8.0 | | .| | DD o
* These samples were taken 1-3 feet above the bottom, == taken from area 27. 1= taken from area 25.




APPENDIX 6—Continved

Temperature and D solve:

d Oxygen Readings in the San Joaquin River

Area 28
Area 22
Area 19
Area 13

. s ] . 5
sl gl Bl 8|2
5 g 3 8 g ]
m m m a =] =] a =] &=
g0 | o | 678 | T4 | e | - s
8.0 s | 77| e | s | T |
T G | o T4 g0 | 5 | 70| 600
73 | i | ss0 | 70 0 | 54 | 0I5 | 680
5| S0 | 670 | 3 g7.0 | 4.3 | 1130 R
701 T | oo | 5 7.0 | 4 | 12,0 | 7.5
T 7.0 | 6.1 g5 | 49 | 0% 880
78 B0 | oo | to0 | oo | 51| 1080 680
50 oo | 7o | s 3 52 0 | 088
. | 1085 . . R
78 g T3 | o5 | o0 | 58 | 1080 a0
0 G | 67 | 1015 | 655 | 8.1 | 1030 | 635
50 | o2 | 13 | e60 | 89 | 1000 €23
39 g5 | 6.5 | 1046 | 640 | 8.4
. S o1 o
£ 8 8. 70 | osso | 64 X X
R — A R @21 &9 | w0 | 6a0 | 53 102 w3
wel T o3 | 69 | w005 | 840 | B85 6.0
asl T8 o0 | 65 | 0w | 630 | 57 ) 1018 | 6.0
610 | 7.8 0 Q80 ) o | ez | t0ss | es.0 | 5.5 ) L6 BT
wel s 2| G0 | so | om0 | els |57 | 1030 ) BG
50.0 | 8.0 | 08 | Boo | s | sos0 | 5o | 7.8 | 10463 200
o S8 | Mg | s | s | mso | s0 | 78| 1500

1119

i t 5 to 7 feet.
« 1065 readings taken at 17 ft. depth in areas 13, 19, 22, 26 and 20. Hwy. #4 readings taken a
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APPENDIX 6—Ceontinued

Temperature and Dissolved Oxygen gs in the San Joaquin River

Area 13 Area 19 Area 22 Area 26 Area 29
t | |l | g | E|ls | 2| Elac|zal|ldls £ s g ;
[}
w66t E|E |8 |&|E|&8|&| &8 |& &8 LI & | g
9-28.. emeeeeo| 1020 | 68.5 8.2 | 1045 | 70.0 7.5 | 110 | 71.0 7.0 | 135 | 72.0 4.7 73.0 4.7 72.5 8.9
0-4. .| 1300 | 68.5 7.9 | 1335 | 70.0 | 81 | 1420 | 71.0 7.3 | 1440 | 705 3.9 73.0 2.4 72.0 | 11.4
6.5 8.1 | 1010 | 67.5 7.9 | 1035 | 68.0 6.4 | 1100 | 70.0 2.6 70.0 3.8 70.0 9.6
61.0 9.0 | 0900 | 62.0 9.0 | 0925 | 64.0 7.7 | 0950 | 64.0 4.8 67.0 3.7 63.0 | 10.7
60.5 9.1 | 0830 | 61.0 9.1 | 0955 | 62.5 8.4 | 1020 | 64.5 6.1 65.5 3.9 63.5 7.4
59.5 8.6 | 0920 | 61.0 8.6 | 1010 | 63.0 7.8 | 1035 | 64.0 4.7 65.0 4.5 61.0 | 12.3
60.0 8.8 | 0005 | 61.0 8.7 | 0030 | 62.0 7.4 | 0950 | 63.5 3.4 63.0 6.1 60.0 | 12.3
50.5 8.7 | 0020 | 61.5 8.1 | 0945 | 62.5 7.1 | 1015 | 63.5 3.8 62.5 8.3 62.0 | 11.2
60.0 8.7 | 0010 | 61.0 8.5 | 0030 | 62.5 7.4 | 0955 | 63.0 4.0 63.0 7.8 62.0 | 11.3
59.0 9.2 | 0010 | 60.0 8.5 | 0930 | 61.0 7.5 | 1000 | 62.0 4.2 62.0 7.8 62.0 | 115
60.0 8.8 | 0900 | 60.5 8.6 | 0925 | 62.0 7.6 | 0950 | €3.0 5.0 63.0 8.6 63.0 | 12.2
60.0 8.6 0915 61.0 8.5 0935 62.0 7.5 1000 83.5 5.5 64.0 7.5 63.0 1.6
60.0 9.0 | 0900 | 60.5 8.4 | 0940 | 615 7.4 | 1005 | 62.5 5.7 62.5 8.0 62.5 | 13.2
58.5 9.0 | 1200 | 59.0 8.6 | 1220 | 60.0 7.5 | 1240 | 61.0 6.0 61.0 7.8 60.0 | 10.4
56.0 9.1 | 0855 | 57.5 8.2 | 0920 | 58.0 7.3 | 0940 | 59.0 6.3 58.0 7.7 56.0 9.6
57.0 9.0 | 1240 | 88.5 8.8 | 1220 | 59.0 7.4 | 1200 | 60.0 6.1 50.5 9.3 56.5 9.6
56.5 8.7 | 0010 | 57.0 8.4 | 0930 | 58.0 7.6 | 0950 | 59.0 6.2 58.0 7.8 57.5 9.5
57.0 8.9 | 0020 | 58.0 8.5 | 0945 | 58.0 8.0 | 1010 | 59.0 6.9 59.0 8.9 50.0 8.3
57.5 8.7 | 0915 | 58.0 8.4 | 0945 | 59.0 7.3 | 1010 | 59.0 5.9 60.0 7.4 60.0 8.7

1 1966 readings taken at 17 f1. depth in areas 13, 19, 22, 26, and 29, Hwy. #4 readings taken at 7 feet.
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