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FOOD HABITS OF STRIPEDBASS, ROCCUS SAXATILlS,
IN THE SACRAMENTO-SANJOAQUIN DELTA

DONALD E. STEVENS

This paper describes the food habits of striped bass older than three
months, in the Delta of the Sacramento and San Joaquin rivers. Most
of the older descriptions (Smith, 1896; Scofield, 1910; Scofield and
Coleman, 1910; Scofield and Bryant, 1926; Scofield, 1928, 1931; Sha-
povalov, 1936; Hatton, 1940; Johnson and Calhoun, 1952) of striped
bass food habits in the Sacramento-San Joaquin estuary are merely
qualitative or fragmentary. More recently, Heubach, Toth, and Mc-
Cready (1963) examined a large number of stomachs of bass younger
than 6 months from the Delta, but they examined few stomachs of
older bass. Ganssle (1966) has described striped bass food habits in
the estuary between the Delta and the lower end of San Pablo Bay,
and Thomas (1967) has studied the diet of striped bass from the
Sacramento and San Joaquin rivers above the Delta down to San
Francisco Bay. To avoid duplication of my work, Thomas did not
attempt Delta-wide coverage.

This paper is based on an analysis of stomach contents of 8,628
striped bass from eight types of Delta environments. The stomachs
were collected from September ]963 through August 1964. The mysid
shrimp, Neomysis awatschensis, and the amphipods, Oorophi1tm stimp-
soni and Oorophi1tm spinicorne, were the most important foods of young
bass. As bass grew their diet shifted to forage fishes, primarily small
striped bass and the threadfin shad, Dorosoma petenense. Thc composi-
tion of the diet yaried by season and area.

There is some evidenc~ that N. awatschensis was a preferred food of
young bass. Stomach contents differed for bass collected by different
sampling gear. The amount of food in stomachs of year-old bass de-
creased significantly from the lower to the middle to the upper San
Joaquin River. Differences in the length and coefficient of condition of
bass from these same zones may be a direct result of the differences
in food intake. .

METHODS

Collecting methods are described by Turner (see p. ]2). Stomachs
were examined on the boat as the fish were removed from the nets. Most
food organisms were counted and measured at this time. Only those
food organisms that could not be identified on the boat were taken to
the laboratory for analysis.

The data were analyzed by percent frequency of occurrence in the
stomachs and percent of diet by volume. Volumes of the food organisms
were not measured directly. For the most common foods, mean volumes
were determined and they were multiplied by the number of organisms
eaten (Table 1). These means were determined from the volume of
water displaced by a known number of each food organism freshly
collected from the Delta. Volumes of foods eaten infrequently were
visually estimated.

(68 )
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Variations in the digestion rates of food organisms were not com-
pensated for in the analysis. In their study of young-of-the-year striped
bass food habits, Heubach, et al. (1963) found under controlled condi-
tions that N eomysis mercedis (now N. awatschensis) was recognizable
6 hours after ingestion whereas Corophium spinicorne could be identi-
fied after 8 hours. Large organisms, such as forage fishes, are probably
recognizable longer after consumption than most small invertebrates,
so the value of invertebrates as compared with forage fishes may be
underestimated in the analysis by frequency of occurrence. This error
was probably reduced in the volume analysis, since when making that
analysis, each food item was considered to be at pre-ingestion size.

TABLE 1

Mean Volume Displacement (cc) of Food Organisms of Striped Bass

Food Organisms

Invertebrates

Cladocerans and Copepods_ h __ _ __ __ n __ n _n n __ n _n n n n __ ___n _n n _ 0.0005

Amphipods, Corophiumstimpsoniand Corophiumspinicornen_n_nnnnnn 0.0034

Tendipedidsm_ n n nn_ __ n n n nnnn_ n __ _nnn n n __ n _ nn n n _. 0.0030

Mysid Shrimp, Neomysisawalschensis(Length mm)n__n__ 1-5 &--8 9-11 11-14 15-20

0.0010 0.0028 0.0079 0.0152 0.0332

To be considered important, a food must be eaten by a significantly
large proportion of the bass in significantly large amounts. No objec-
tive limits to what is and what is not "significantly large" were set,
so my classification of a food as important is a matter of my own judg-
ment after reviewing its frequency of occurrence in bass stomachs and
the volume with which it was found.

In this paper, the diet of bass of different sizes during each season
of the year is described first. Then local variations in diet that are
essential to an understanding of the ecology of the Delta are described.
After these seasonal and geographic differences in food habits are
documented, this information is reviewed and conclusions are drawn
about the individual important foods of striped bass. These sections
are followed by sections on food selectivity, differences in stomach con-
tents of bass caught by different sampling gear, and the growth of bass
as related to their food intake.

GENERALDELTA-WIDEFOOD HABITS

To obtain Delta-wide coverage of the food habits of each of four
age-groups of bass, an attempt was madc to examine 20 stomachs from
bass of each age-group collected with each of three types of net at each

Fishes(Lengthem)n' __n n n n __ __ n n n n n __ 2 3 4 5 6 7 8 9 10 11
----------

Threadfinshad,Dorosomapelenensen_nnn__n - 0.25 0.8 1.5 2.8 4.4 7.2 10.5 14.0 19.0

Americanshad,Alosasapidissima_______________ - 0.25 0.5 1.1 2.4 3.6 5.1 7.3 9.9 13.7

Pondsmelt,l/ypomesusIranspacificus_ n __ n n n 0.1 0.25 0.4 0.8 1.4 2.4 4.0

Striped bass, Roccus saxatilis_n_nn_n___n_n 0.3 0.5 0.9 1.4 2.3 3.7 6.0 9.1 12.4



70 FISH BULLETIN 136

station each month. Most of the time, that many bass of each age-group
were not caught with each type of net at each station, so the sample
was somewhat smaller. Yet, the sample was still stratified, so to portray
the diet with reasonable accuracy, the result from each stratum was
weighted by the proportion of the total Delta bass population that it
represented.

~=FLOODED ISLAND
IIIi=DEAD-END SLOUGH. =SAMPLING STATION

FIGURE 1. Locotion of sampling stations and areas of similar environments.

Sasaki (see p. 50) has divided the Delta into eight environmental
zones based on river systems and flow (Figure 1). From his catches of
young bass and the area of each of these zones, he has estimated the
percentage of the total population of young bass in the Delta in each
zone during each season (see p. 54). He has done the same for juvenile
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Dass (see p. 65), and Radtke has done it for subadult and adult bass
(see pp. 22 and 21). My analysis of the Delta-wide food habits of
each age-group of striped bass is based on food habit data from each
of these zones weighted by the percent of the total population found
there.

The percentage of the population of bass in the Delta utilizing a
food item was estimated by multiplying the percentage of the total
Delta population of bass in each zone by the percent occurrence of the
food item in the stomachs of bass in the appropriate zones and summing
the products of these calculations (Table 2).

TABLE2

Method of Estimating Percentage of Bass Population Utilizing a Food Organism

Environmental Zone

Percentage
of

Population

LowerSan Joaquin Rivern nn__.____..

Middle San Joaquin River.. n__n...

Upper San Joaquin Rivern nu_________

Sacramento River n __. _____u u u. u u u _____n

Mokelumne River __n nn _______.

South Delta... __ __n.. ___n __ n

Flooded Islands n_._.

Dead-end Sloughs... nnn n

42.7

3.0

1.0

31.8

0.5

6.2

13.1

1.7

41.1

1.5

0.0

28.0

0.0

2.7

8.7

1.2

Percentage of Population Utilizing
Food Item n = 83.2

The percentage of the total diet volume formed by a food item was
estimated in a similar manner. First the percentage of the total Delta
population of bass in each zone was multiplied by the mean volume
of that food item in the stomachs of bass from the appropriate zone,
and the products were summed to obtain a total weighted mean volume

TABLE3

Method of Estimating the Total Weighted Mean Volume of a Food Item

Environmental Zone

WeightedMean
Volumesof

Food A

Lower San Joaquin Rivern.nnn n.__.

Middle San Joaquin River. n . __ ____ ____ __ __ ____

Upper San Joaquin River _ _._._________________.

Sacramento River __ __ __ __ __ __ __ __ n n n..__

Mokelumne River u uu....

South Delta.. un __n _. __. __n.__

Flooded Islands _. _____. n.______..

Dead-end Sloughs___ _____ __nu. uu. unn

0.135

0.005

0.000

0:141

0.000

0.004

0.026

0.012

0.323

Percent Frequency
of Occurrenceof

Food Item in Stomach

X 96.3

X 50.0

X 0.0

X 88.2

X 8.3

X 42.9

X 66.7

X 75.0

MeanVolume(cc)
Percentage of Food Item A

of Population in Stomachs

42.7 X 0.0317

3.0 X 0.0171

1.0 X 0.0000

31.8 X 0.0444

0.5 X 0.0042

6.2 X 0.0067

13.1 X 0.0198

1.7 X 0.0701

Total of WeightedMeanVolumesof
Food An.__n___._______.______
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(Table 3). Then, to obtain the percentage of total volu~~ formed by
tha.t food. item, the total weigMeil m~al\ ,{()\\lm~\~a.'1,d.1.'ml~d.t~ \\\~
sum ot the total weighted mean volumes of all food items (Table 4).

The estimates resulting from these calculations are presented in
Tables 5 through 8 for all food organisms.

TABLE 4

Method of Estimating the Percentage of Total Diet Volume Formed by a Food Item

Food Item

Total of Weighted
Mean Volume
of Food Items'

Percent of
Total Volume

Food A_ _ U U U _u_ U h _ __ __ U U _ _ _ U _ _ _ _ _ __u

Food B_ __ U U U U U U u_u U _ _ __ U _u_ Uh ___

Food C_ U h __ _ _ __ _uu _uu _ U h _ _ U_ _u_ h__

0.323

0.129

0.403

.855 38

15

47

Sum__U _______U U _uuu__ ____U U U_ u.1 0.855

, See Table 3 for method of estimating total of weighted mean volumes.

Diet of Young Bass
Young bass are defined by Sasaki (see p. 44) as tpe 1963 year-class.

They were hatched about 3 months before this study started in the fall
of 1963 and were a few months past I-year old when the study ter-
minated in the summer of 1964. During- this period, they grew from a
range of 5 to 12 cm in September ] 963 to a range of 12 to 23 cm in
August 1964.

N. awatschensis was their most important food (Table 5). This
mysid was the only organism consumed in quantity by a large per-
centage of the young bass during every season.

Significant amounts of the amphipods, C. stimp~oni and C. spini-
corne, were eaten by about a third to a half of the young bass. I judge
Corophium to be the second most important food of young bass.

A very few of the young bass ate small threadfin shad as early a&
the fall of ]963 when threadfins were abundant (see Turner p. 160),
and the bass themselves were only a few months old. During the winter
and spring, the bass were larger, but small fish were not abundant
and were rarely eaten. In the summer, the bass were even larger, and
they fed occasionally on the new crops of threadfin shad and small
striped bass.

During- the winter, a few young- bass fed extensively on pieces of
sardine and anchovy bait discarded by anglers or stolen from their
hooks.

In the fall, cladocerans and copepods were eaten by less than one
percent of the young- bass. In contrast, Heubach, et al. (1963) found
that these plankton were eaten quite frequently by young bass during
this season. The difference in my results could be due to differences in
food availability from one year to another, but I believe the difference
really reflects differences in food selection by bass of different sizes.
The bass collected by Heubach, et al.. were all shorter than 11 cm (2.0-
4.5 in). Because stomachs of bass shorter than 11 cm are too small to
handle expediently in the field, most of the bass in my samples were
longer than that length.
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TABLE5

Stomach Contents of Young Striped Bass in the Delta 1

1 Stomach content data for young bass in each of the eight environmental zones in the Delta were weighted by the
percent of the total Delta population of young bass found there and summed (see text, p. 71).

Diet of Juvenile Bass

Juvenile bass are the 1962 year-class (see Sasaki, p. 59). rfhey were
slightly more than 1 year old at the start of the study and had passed
the end of their second year at the end of the study. Their lengths
varied from 13 to 25 cm in September 1963 to 24 to 35 cm in August
1964.

N. awatschensis was a very important food each season (Table 6).
It was especially important in the winter and spring.

Juvenile bass often fed on fishes. In the fall, the distribution of the
juveniles was such that a large percentage were in areas where thread-
fin shad were abundant; as a result threadfins were eaten by about
one quarter of the population and by volume made up most of the
diet. In the winter and spring, small fishes were scarce in the Delta
and only a few were eaten. I.Jarge numbers of small striped bass of the
new year-class became available in the summer (see Sasaki, p. 47);
they were preyed upon by about one-quarter of the juveniles.

About one-quarter to one-third of the juveniles fed on some Ooroph-
ium each season, but they consumed relatively small quantities, so
Oorophium were not really too important.

In the winter and spring, about 10 percent of the juveniles ate por-
tions of sardine and anchovies which had been used for bait by anglers.

Fall Winter Spring Summer Average

% % % % % % % % % %

Food Items
Freq by Freq by Freq by Freq by Freq by
Occ Vol Occ Vol Occ Vol Occ Vol Occ Vol

Annelids
Polychaete(Neanth..limnicola)_nnnnnn -- -- 00 00 Tr Tr Tr Tr
Unidentified Annelid_mn____n_nnnnn -- 00 00 -- Tr Tr 00 00 Tr Tr

Crustaceans
Cladocerans and/or Copepods_unnn 00 00 00 Tr Tr 3 Tr 2 Tr 1 Tr 2 Tr
Mysid shrimp (Neomysis aIDatschen.i.)n_nu 85 36 84 44 86 81 65 30 80 48

Isopod (Exos£haeroma oregonensi.)___u____n
00 00 Tr 1 00 -- Tr Tr

Unidentified sopodm___nnn____________ Tr Tr Tr Tr

Ampbipods (Corophium)__________________n 39 13 30 5 37 7 56 7 40 8

Crayfish (Poci/aslaeus leniuseulus)mu__n__ 00 00 00 00 Tr Tr Tr Tr Tr Tr

Unidentifiable shrimp__ __ 00 00 0000:_ 00 __ 0000 00 -- 00 00 Tr 2 Tr Tr Tr 1

Insects
Tendipedids_ _____0000____nn 00_00_n____ 2 Tr 2 Tr 2 Tr 8 Tr 4 Tr
Other insectsu_un_ ____00nnnh___ __n_ n 00 Tr Tr 00 -- 00 00 Tr Tr

Molluscs
Asiatic clam (Corbieula ftuminea)_nn_n_n_ Tr 1 Tr 1 00 00 Tr Tr Tr Tr

Fishes

Threadfin shad (Doro'oma;s,etenense)u_____n
1 45 00 00 6 41 2 22

American shad (Ala.a .ap. issima)__hnnn 00 00 00 -- 1 2 Tr 2 Tr 1

Unidentifiable Clupeids_ _ 00 nn__nnnnn 00 00 -- 00 00 -- Tr Tr Tr Tr

Pond smelt (Hypomesu, transpacifieu')_n_n_ 00 00 -- 00 00 00 Tr Tr Tr Tr

White catfish (lctalurn. catu,)_____n_unu_ 00 00 00 00 -- 00 Tr Tr Tr Tr
Striped bass (Baccu..axatilis)__mun_n_n 00 -- 00 -- 7 19 2 5
Starry flounder (PlatichJhy, .tellatu')mn____ 00 -- 00 -- Tr Tr Tr Tr
Unidentifiable fishes_ _ _ _ _ nOon 00 00 00 __ nn 00 00 00 -- Tr 3 Tr 1 Tr 1
Fish eggs__n_____n____nnnnu __nOon Tr Tr Tr Tr
Sardine and anchovy baituu_n_nnnnn_ 1 6 3 49 Tr 4 Tr Tr 1 15

Stomachs examined_u_ 0000 00 00 __ 00 00 00 00 ____ 320 946 1,303 1,274
Percent containing food_nun_nnnuun__ 85 73 84 81
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I Stomach content data for juvenile bass in each of the eight environmental zones in the Delta were weighted by the
percent of the total Delta population of juvenile bass found there and summed (see text, p. 71).

Diet of Subadult Bass

Subadult bass are defined by Radtke (see p. 15) as the 1961 year-
class. These bass were 2 years old several months before the start of
the study; they were 3 years of age shortly before the study terminated.
In September, subadults were 26 to 37 cm long; by August they were
36 to 47 cm long.

Subadults fed primarily on fishes (Table 7). In the fall, threadfin
shad and small striped bass were abundant in the Delta and both were
consumed by more than one-third of the subadult bass. In the winter,
even though numbers of threadfin shad and small striped bass in the
Delta decreased, they still made up most of the diet. The percentage
of the subadults that ate small bass did decrease somewhat; however,
the percentage of the subadults that fed on thread fins increased slightly.
By spring, there were few threadfin shad and striped bass of a size
suitable for food in the Delta. Correspondingly, the occurrence of these
fishes in stomachs of subadults decreased appreciably. In the summer,
when the new year-classes of striped bass and threadfin shad became
available, tl!ey were preyed upon more frequently. Small bass were
especially prevalent in the summer diet of the subadults.

A significant percentage of the subadults fed on N. awatschensis in
the winter, spring, and summer, and on Oorophium in the spring; but

Fall Winter Spring Summer Average

% % % % % % % % % %
Freq by Freq by Freq by Freq by Freq by

Food Items Occ Vol Occ Vol Occ Vol Occ Vol Occ Vol

Annelids
Polycbaete(Neanlheslimnicola)_____u____u Tr Tr -- -- u u -- -- Tr Tr

Crustaceans
Cladoceransand/or Copepodsmuuuuuu Tr Tr Tr Tr Tr Tr
Mysidshrimp (Neomysisawalschensis)n_u__ 39 2 84 11 79 29 64 11 66 13
Isopod (Exo.phaeromaoregonensis)_UhUUU

Tr
Tr Tr Tr Tr

Amphipods(Corophium)_u_____uu_u_uu 22 Tr 27 31 Tr 31 2 28 1
Crayfish(Pacifastacu.leniu8culu')_n_uun_ Tr Tr -- n Tr 1 Tr Tr Tr Tr
Crab (RhllhTopanopcus harrisii)___uu_u___ 1 1 -- -- Tr Tr
Unidentifiable shrimpuuuuu_uuu_uu u u 1 Tr u u 1 1 Tr Tr

Insects
Tendipedids_ _ __ u u u u_ __uuu_u u _n_ 9 Tr 1 Tr 3 Tr 3 Tr
Other insects_u_uu____u_uuu_uuuu n n 1 Tr u n -- -- Tr Tr

Molluscs
Asiaticclam (Corbiculafluminea)n_n_uuu Tr Tr n n -- n Tr Tr Tr Tr

Fishes
UnidentifiedAmmocoete______uuuu_uu Tr Tr Tr Tr Tr Tr
Threadfin shad (Dorosoma pelenense)______u_ 27 72 3 38 1 11 2 4 8 31

Americanshad (Alo.a:l,idi8sima)nh-uu-
2 3 u u 1 4 1 2

Kin salmon (OnroThy us Ishawylscha)_uu_ -- n U U 1 1 1 3 Tr 1

Pan smelt (Hypamesus ITanspacijicus)_uuu u -- u -- I 3 2 8 1 3
Whitecatfish(lctaluTuscoIUS)__h_UU_UU_ Tr Tr Tr Tr
Striped bass (Roccu.saroWis)....uuuuu_ 4 7 1 8 Tr 1 26 66 8 18
Unidentifiablefishesu___uuuuuuuuu 16 14 1 7 6 29 6 11 7 16
Sardineand anchovybaitu____nnnnnn 2 1 13 36 9 24 Tr Tr 6 16

Stomachsexamined.._uu_uuuuuu_uu_ 666 366 644 473
Percent containingfood__uuuuuuuu_u_ 69 71 70 61
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because the amounts that were consumed were relatively small, I con-
sider these crustaceans to be of minor importance.

TABLE 7

Stomach Contents of Sub-Adult Bass in the Delta 1

I Stomach content data for Buh-adult bass in each of the eight environmental zones in the Delta were weighted by
the percent of the total Delta population of Bub-adult bass found there and summed (see text, p. 71).

Dietof Adult Bass
All bass older than 3 years in the fall of 1963 were classified as adult

bass (see Radtke, p. 15). In the summer of 1964, at the end of the
study, they were all older than 4 years. In September 1963, these bass
were 38 em or longer; in August 1964 they were 48 em or longer.

The diet of adults was almost entirely fishes, especially small bass
and threadfin shad (Table 8). In the fall, small bass were eaten by
almost one-half of the adults and threadfin shad were eaten by about
one-quarter of the adults. In the winter, the percentage of the adults
that fed on small bass decreased somewhat, but the percentage of adults
that preyed upon threadfin shad increased; so both of these fishes were
eaten by about one-third of the adults.

In the spring, when few threadfin shad and small bass were in the
Delta, they were each eaten by about one-quarter of the adult bass.
The occurrence of threadfin shad in the stomachs of adults decreased
to 6 percent and that of small bass increased to 50 percent in the
summer; however, only 21 stomachs with food were examined so these
percentages may not be very meaningful.

Sardine and anchovy bait occurred in about one-sixth of the stomachs
during the fall, winter, and summer. Bait did not occur in any stom-
achs in the spring sample.

Fall Winter Spring Summer Average

% % % % % % % % % %
Freq by Freq by Freq by Freq by Freq by

Food Items Occ Vol Occ Vol Occ Vol Occ Vol Occ Vol

Crustaceans
Mysidshrimp (Nromysisawatschensis)_nn__ 6 Tr 22 Tr 37 2 34 2 25 1
Amphiods (Corophium) __ ___ _ _ _ - - - - - - - - - - __ 2 Tr 5 Tr 21 Tr 13 Tr 10 Tr
Crayfis (Pacifastacu.leniusculu.)_nnnnn 1 Tr Tr Tr 2 6 Tr Tr 1 2
Unidentifiable shrimpn 00 0000 00 00 0000 noon Tr Tr 2 Tr -- -- -- 00 1 Tr

Insects
Other insectsnoo_nn 00___nn__ _un 0000_ -- 00 -- 00 -- 00 1 -- Tr Tr

Fishes
Unidentified Ammocoete_ ____nh__nnn__ Tr Tr Tr Tr

Threadfin shad (DorosomajetenenSe)_nnnn
36 67 39 68 5 13 12 25 23 43

American shad (Alosa sap. i8Sima)_n_nnn 3 2 1 1 00 00 1 1

Pacific herring bClup", pallosi)nnnnnnn
1 Tr Tr Tr

Unidentifiable lupeids_ ___00____00_00_0000 Tr Tr 6 2 3 4 2 2

King salmon (Oncorhynchu. tshawyl.cha)_nn_ Tr 1 4 10 -- 00 1 3
Pond smelt (Hypomesustranspacificu.)n___n 1 Tr 1 1 2 4 -- -- I 1
Carp (Cyprinuscorpio)...__nnnn_oooo_n Tr Tr n 00 -- -- 00 00 Tr Tr

WhIte catfish (lctalurus colus)_nn___nnn_ Tr Tr Tr Tr

Striped bass (Roccus .awlilis)__nn_nnnoo 39 23 20 22 14 41 42 54 29 35
Unidentifiable Centrarchids___ 00 00 00 __ __ ____ Tr Tr Tr Tr
Unidentifiable fishes_ _000000_00_____0000___ 21 4 6 3 15 20 12 15 14 10

Sardine and anchovy baitnn___oooo_____n 4 1 9 3 7 5 00 -- 5 2

Stomachs examined__nnn_ 00 00 00 __ _00 0000 00 455 234 312 241
Percent containingfood__nnnnn_oo__nn_ 47 58 29 36
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StaMtlehCantlntl at Adult BtllI In thl DIlle 1

1 Stomach content data for adult bass in each of the eight environmental zones in the Delta were weighted by tbe
percent of the total Delta population of adult bass found there and summed (see text, p. 71).

In both the spring and early summer, only a very small percentage
of the stomachs contained food. Although few small fishes were avail-
able at this time, I do not believe that the scarcity of food in the
stomachs was a result of poor forage conditions. If it was merely a lack
of suitable forage that caused the reduced food intake, angler catches
should be rather large in the Delta in the spring since adult bass are
so abundant in the Delta during that season (see Radtke, p. 17;
Calhoun, 1952). However, catches by anglers are actually quite small.
The mean catch of bass on sport-fishing party boats in the Delta was
not above 0.14 per angler hour during any spring between 1961 and
1964, and a creel census conducted by the California Department of
Fish and Game, indicated that the catch on many days was as low as
0.05 bass per angler hour (Thomas Doyle, pers. commun.). A sugges-
tion (Hollis, 1952) that striped bass do not feed heavily when they
near spawning is relevant. Bass spawn in the Delta during April,
May, and June (see Farley, p. 20), and most of the stomachs ex-
amined during the spring and summer were collected during these
months.

GEOGRAPHICALVARIATIONSIN DIET

In this section, the diet and abundance of bass and the abundance
of their food organisms in each environmental zone of the Delta are
reviewed.

Fall Winter Spring Summer Average

% % % % % % % % % %
Freq by Freq by Freq by Freq by Freq by

Food Items Occ Vol Occ Vol Occ Vol Occ Vol Occ Vol

Crustaceans
Mysidshrimp (Neomy.isawatschensis)_______-- -- n n 16 Tr n n 4 Tr
Amphipods (Corophium)_m____n__h______ n n 7 Tr n n 2 Tr
Crayfish (Pacifastacus leniusculus)u_nuu__ Tr Tr Tr Tr -- -- Tr Tr
Crab (Rhithropanopeus harrisii) _ u n n nun

n n 1 Tr -- n Tr Tr
Unidentifiable shrimpn _ _ n n n n n n n n u n n 1 Tr -- n 10 1 3 Tr

Fishes
Unidentified Ammocoete_ __nnnnnnnu Tr Tr 1 Tr Tr Tr
Threadfin shad (Dorosomapetenen.e)u_nnn 24 15 34 56 24 27 6 4 22 26
American shad (Alosa sapidissima)nnunn 8 12 4 6 n n n n 3 4
Unidentifiable Clupeids_ n n_ n n n n n ____ n -- 14 2 4 Tr
King salmon (Oncorhynchus/shawytscha)__uu n n 6 3 5 1 3 1
Pond smelt (Hypomesus tran.pacijicuS)__hh_ n n Tr Tr 2 Tr -- -- I Tr
Carp (Cyprinus carpio)___nnnUUU_h___ n n Tr 1 -- -- -- n Tr Tr
Goldfish(Carassiusaura/us)_ _ h U U _ h _ _ _ n -- u Tr Tr -- n Tr Tr

Sacramento blackfish (Orthodon microlepido/us) n n n n Tr Tr n n Tr Tr
Sacramento hitch (Lavinia exilicauda)____n__ Tr Tr Tr Tr
Striped bass (Roccussaxa/itis)uu_nnnu__ 44 56 32 26 25 56 50 43 38 45
BlueilI (Lepomi.macrochirus)n n n n n U __ Tr 1 1 5 n n Tr 2
Blac crappie (Pomoxis nigromacula/us)unn n n Tr Tr Tr Tr n n Tr Tr
Three-spined stickleback (Gas/erosteus

aculea/us) uu. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ Tr Tr Tr Tr
Unidentifiable fishes_ ___nn nn_nn uu__ 30 9 8 4 18 9 12 3 17 6
Sardine and anchovy bait. h _ n _ n n _ n n u 18 7 17 5 n -- 16 49 13 15

,
Stomachsexaminedu__n_u un _nu __n ____ 223 574 531 174
Percent containingfood__n_nn_n_nn_nu 41 37 12 12
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lower San Joaquin River(Table 9)
This ZOJlCwas onc of thc most important JlurseQ' areas in the Delta

for young bass (see Sasaki, p. 57); it was also a very important
nursery for jnvenile bass (see Sasaki, p. 64). The large quantities
of N. awatschensis that were consumed by these bass reflected the large
concentrations of N. awatschensis that were present (Turner and Heu-
bach, 1966). Stomachs of the young bass contained as many as 100 or
150 individual N. awatschensis. Stomachs of the juvenile bass often
held 200 to 300 N. awatschensis. Corophi1l1nwere of some importance
to young bass in the fall, but only small amounts were consumed by
young bass during the rest of the year. The abundant young bass pro-
vided most of the forage for large bass.

Middle San Joaquin River(Table 10)
During thc fall, winter, and spring, N. awatschensis was the most

important invertebrate eaten by bass in this zone; however, only a small
percentage of the young bass in the Delta were here until the summer
(see Sasaki, p. 52) when concentrations of N. awatschensis in the
environment (Turner and Heubach, 1966) had decreased from the
relatively high winter and spring levels, and Corophi1lnt had become a
more important food.

The large numbers of threadfin shad which were eaten here in the
fall and winter reflected the extreme concentrations of this species in
the environment (see Turner, p. 161). Stomachs of adult bass con-
tained as many as 24 threadfins avera~ing 10 em Fl,. In the fall, the
threadfin shad was the most important food of juvenile bass, and in
that season about one-half of the juveniles in the Delta were in this
zone (Sasaki, p. 63). The bass in this area also ate a few of their
own young.

Upper San Joaquin River(Table 11)
'1'he uppeI' San Joaquin River was not an important zone for bass

of any age-group. Each season only a very small percentage of the
bass in the Delta were here (see Sasaki, pp. 54 and 65; Radtke, pp. 21
and 22). The few young bass inhabiting this area fed primarily on
Corophi1lm. A significant percentage of these bass also fed on the tendi-
pedid larvae and pupae which were fairly abundant in the bottom sedi-
ments (Hazel and Kelley, 1966). N. awatschensis was scarce (Turner
and Heubach, 1966), and was consumed in quantity only by juvenile
bass in the fall. Much of the diet of juveniles was formed by Corophium
and sardine and anchovy bait. The thread fin shad was the most common
forage fish in. stomachs of lar~e bass. It was consumed most frequently
in the winter and spring.

South Delta (Table 12)
l{elatively few bass of any size inhabited the south Delta (see Sasaki,

pp. 54 and 55; Radtke, pp. 21 and 22). The young bass in this area
usually fed on Corophi1On,although in the winter N. awatschensis was a
more important food. N. awatschensis was never particularly abundant
in the environment (Turner and Heubach, 1966), but it was still the
most important food of juvenile bass.
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Stomach Contents of Striped Bass in the Lower San Joaquin River
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FoodItems " g

- - - - - - - - - - - - - --
Crustaceans

Cladocerans and Copepods____________ 1 Tr 1 Tr
30

-- n
io Tr 20 TrMyaidshrim (Neomysis.w.tschensis)__ 96 82 89 94 95 89 98 80 95 34 82 12 93 58 83 16 2 35 Tr 46 4 50 5 -- --

Unidentified sopod___________________ 2S 29
1 Tr

24 Tr 34 Tr 23 Tr -6 Tr Tr
-- -- -- -- -- --

Amphipods (Corophium)m____________ 30 18 6 4 32 2 21 1 6 Tr 11 5 Tr -- -- -- -- -- --
Unidentifiable shrimp_ __ __ ___ ___ __ ____ -- -- Tr 2 -- -- -- -- 1 Tr -- -- -- -- 2 Tr 6 Tr -- -- -- -- -- -- -- -- -- --

Insects
Tendipedids_ ________________________ -- -- -- -- -- -- 1Tr -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

Molluscs
Asiaticclam (Corbiculaflumine.)_______ -- -- -- -- -- -- -- -- I 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

Fish..
Unidentified Ammocoete__ ____________ -- -- -- -- -- -- -- -- -- -- 1 1 -- -- -4

-- -- 5 1
Threadfinshad (Dorosomapetenense)____ -- -- -- --

-2
-- -- 1 8 1 35 -- -- -- -- 12 9 9 5 11

i4 i2
16 16 10 11

Americanshad(Aws.s.pidissim.)_ _ ___ -- -- -- 1 -- -- -- -- -- -- -- -- -- -- II 12 -- -- -- -- -- -- -- --
Pacificherring(Clupeapall.si)_________ -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 4 Tr -- -- -- -- -- --

20 i6King salmon(Oncorhynchud/showy/scho) -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 2 10 -- -- II 25 -- -- -- -- -- --
Carp (Cgprinuscarpio)________________

-- -- -- -- --
24

-- -- 2 1 is 46 40 67Striped ass(Roccuss.:rotilis)__________ -- -- -- Tr 7 18 1 1 16 21 68 53 70 41 85 40 60 68 69 58 81
Unidentifiabls fish.._ _________________ -- -- -- 1 Tr 1 2 22 4 32 8 14 6 5 7 7 10 24 36 17 10 7
Sardineand anchovybaiL____________-- -- -- -- Tr 2 -- -- 2 11 12 38 4 9 -- -- 2 1 12 5 14 8 -- -- 4 3 10 2 -- --- - - - - - - - - - - - - --

Stomachs examined_____ ____ ___ __ __ _____ 105 292 279 211 174 132 164 185 82 35 59 52 37 38 81
Percent containing food_________________ 75 63 78 85 87 70 79 66 57 49 48 38 60 50 12
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Stomach Contents of Striped Bass in the Middle San Joaquin River
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Crustaceans

Cladoceransand Copepoda____________ 5 Tr 2 Tr
i4 T 82 i2 2i

-- -- 20T 40T -- -- -- --
-7 T

-- -- -- --
Mysidshrimp (Neomysisawatschensis) __ 50 I 94 14 81 69 40 5 56 3 2 -- -- -- -- -- -- -- -- -- --
Isopod (Exo.phaeroma oregonen.is)______

ii T 37 Tr
5 2 29 -- -- -6 T 40 Tr i4 T

-- -- -2 T -- -- -- --
Amphipods (Corophium)_______________ 50 I 33 I 53 19 68 9 46 1 3 -- -- -- -- -- -- -- --
Crabfish (Pacifaslacus leniusculus)______

-- -- -- -- -- -- -- -- -- 2 6 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Cra (Rhithropanoprus harrisii) ________ -- -- -- -- -- -- -- 2 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

Insects
Tendipedids__ _______m_____________ -- -- -- -- 1 Tr 14 Tr 12 Tr -- -- -- -- 12 Tr 5 Tr -- -- -- -- -- -- -- -- -- -- -- -- -- --

Fishes
Threadfinshad (Dorosomaprlenen..)____25 98 -- -- -- -- 14 75 43 76 4 36 5 22 21 30 84 95 69 93 -- -- 21 42 61 84 90 87 100 100 -- --
Americanshad(A/osasapidis.imaL____ -- -- -- -- -- -- 2 3 -- -- -- -- -- -- -- -- -- -- -- --

2i
13 3 2 12 -- -- -- --

UnidentifiableClupeids_______________ -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -4 -2 -- -- 19 -- -- -- -- n -- -- --
Pondsmelt(HypemesusIran.pacijicu.)__ -- -- -- -- -- -- -- -- -- -- -- -- -4 -- -- -- -- -- -- -- -- -- -- -- -- -- --
White catfish(lcla/uruscalus)__________ -- -- -- -- -- -- -2 -4 3

-3 -2
n --

2i i2
-- n

67 95Striped hass (Roccus saxatilis)__________ -- -- -- -- -- n 5 11 5 5
-2 i4

4 42 6 1
60100

19 13 5 1 -- --
Unidentifiable fishes__________________ --

i2
-- n 24 14 7 33 12 21 26 3 9 3 21 20 -- -- -- -- -- -- 33 5

Sardineand anchovybait_____________-- -- 27 85 1 -- -- -- n 12 37 26 30 -- -- -- -- 3 Tr -- -- -- -- -- -- -- -- -- -- -- _0- - - - - - - - - - - - - - -
Stomachs examined_____________________ 14 37 92 143 98 64 61 64 90 68 32 59 44 92 41 17
Percent containing food_________________ 57 89 86 78 43 77 70 38 54 52 16 24 59 46 24 18
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Stomach Contents of Striped Bass in the Upper San Joaquin River
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- - - - - - - - - - - - - - - -

Annelids
Unidentified Annelid__________________ -- -- -- -- 1 2 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

Crustaceans
Cladoceransand Copepods____________-- -- 20 2 2 Tr 20 Tr 5 Tr -- -- -- -- -- -- -- -- -- -- -- -- -- -- .- --
Mysidshrimp (N.orr.ys;. awalschens;.)__ 8 1 36 10 5 Tr S5 49 40 2 16 4 i2 Tr

33
-- -- -- -- -- -- -- -- -- -- -- -- .- --

Amphipods(Corophium}_______________86 3 92 43 89 38 87 9 8 Tr 20 Tr 84 5 88 4 Tr -- -- -- -- -- -- -- -- -- -- -- -- .- --

Insects
Tendipedids_ ________________________ 14 Tr 23 2 39 8 52 1 54 5 10 Tr 10 Tr 25 Tr -- -- -- -- -- -- -- -- -- -- -- -- -- -- .- --

Molluscs
Asiaticclam (CorbiculajlumineaL______-- -- -- -- -- -- -- -- 8 Tr -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- .- --

Fishes
Threadfinshad (Dorosomapel.n.ns.}____-- -- -- -- -- -- 7 42 -- -- 10 20 5 34 12 62 -- -- 100100 100100 -- -- -- -- 100 97 ,- --
Carp(CyprinU8carpio}________________-- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 100100 ,- --
Stripedbass (Roccussaxatilis}__________ -- -- -- 7 42 -- -- -- -- -- -- -- -- 67100 -- -- -- -- -- -- 100100 7 3 -- -- ,- --
Unidentifiable fishes_ _________________-- -- -- -- I 39 -- n -- -- -- -- -- -- -- -- n -- -- -- -- -- -- -- -- -- -- -- -- ,- --
Fish eggs____________________________
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1 2 -- -- -- -- -- -- -- -- -- -- -- -- -- -- " --

Sardineand anchovybait_____________ 3 52 -- -- I 6 8 46 60 77 16 57 12 33 -- -- -- -- -- -- -- -- -- -- -- -- -- -- " --- - - - - - -
Stomachsexamined_____ __ _ __ _ __ ___ _____ 7 63 113 105 13 17 38 11 9 9 15 2 6 22 31 2
Percentcontainingfood_________________100 97 94 72 100 59 50 73 33 89 27 0 33 64 3 0



TABLE12

Stomach Contents of Striped Bass in the South Delta
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- - - - - - - - - - - - - - -
Annelids

Polychaete(Neantheslimnicola)________-- -- -- -- -- u 1 Tr 2 Tr -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Crustaceans

ClOOoceransand Copepoda ____________ 10 2 Tr Tr
i2

-- -- -- -- -- -- -- -- -- --
Mysidshrimp(Neomysisawatschensis)43 6 75 31 58 20 58 39 6 83 49 59 24 80 62 -- -- 33 8 100100 -- -- -- -- -- -- 57 Tr -- --
Isopod (Exosphaeroma oregonens;,,}______ 1 4

78 23
-- -- -- -- -- -- -- -- -- -- -- --

Amphipods (Corophium)_______________ 99 26 51 17 81 18 46 1 44 3 59 2 80 9 -- -- 33 Tr -- -- 33 Tr -- -- -- -- -- -- -- --
Crayfish(Pacifastacusleniusculus}______ -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 33 65 -- -- -- -- -- -- -- -- -- -- -- --

Insects
Tendipedids_ _ _ ______ ______ _____ _____ 14 1 3 Tr 14 1 18 1 32 2 -- -- 19 Tr -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

Molluscs
Asiaticclam (Corbicula[luminea)_______ -- -- I 23 -- -- 2 1 2 2 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

Fishes
Unidentified Ammocoete______________ -- -- -- u -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

92
14 2 -- --

ThreOOfin shad (Dorosomapelenense}____ -- -- u -- -- 1 1 -- -- -- -- -- -- -- -- 17 57 33 26 -- -- -- -- -- -- 19 -- -- -- --
UnidentifiableClupeids_______________ -- -- -- -- -- 1 6 -- -- -- -- -- -- -- -- ---- -- -- -- -- -- -- -- --

Tr
-- -- -- --

Pond smelt (Hypomesu,tran,pacificu,)__ -- -- -- -- -- -- -- -- -- -- -- -- -- 8 -- --
Striped bass (Roccu,saxatil;,,}__________ -- -- -- -- -- 6 37 2 40 -- -- -- -- 20 29 50 27 -- -- -- -- 67 100 100 100 8 80 100 100
Bluegill(Lepomismacrochirus) _______ -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

-S
14 90 -- --

Unidentifiable fishes __ _ ___ __ __ __ ______ 1 28 3 22 2 16 3 9 -- -- 33 16 -- -- -- -- -- -- -- -- Tr 14 8 -- --
Sardineand anchovybait-____________ 7 66 1 23 Tr 28 1 4 11 33 6 48 12 64 -- -- -- -- -- -- -- -- -- -- -- u -- -- -- -- -- --- - - - - - - - - - - - - - -

Stomachs examined_____________________ 17 128 210 157 59 23 50 8 10 4 31 7 9 19 72 5
Percent containing food_________________ 82 88 87 74 75 78 64 62 60 75 3 43 22 63 10 20
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Few Htomachs of the older bass had food. 'l'hreadfin shad were the

mQ~~ ~mrQT\flTI\ t~>T~~~f\~"1 ~\\I;l ~~T~ rT~&~1\t\1\ n 01 \n~ "2 ~\Qma.~ll~
of adult bass, and 2 of the 13 stomachs of subadult bass that contained
food. All except one were eaten during the winter. In the fall, winter,
and summer, a few of the stomachs contained small bass.

Sacramento River(Table 13)
In the fall, about one-third of the young .bass in the Delta were in the

Sacramento River, but during the rest of the year this proportion was
much smaller (see Sasaki, p. 54). The proportion of the juvenile bass
in this area was quite small in the fall, but it increased each season
until the summer when it peaked at about one-quarter of the popula-
tion in the Delta (see Sasaki, p. 65). N. awatschensis was quite abun-
dant in the environment (Turner and Heubach, 1966) and was the
most important food of these age-groups. These bass also consumed a
fair number of Corophinm. Young striped bass were the predominant
forage fish.

MokelumneRiver(Table 14)
The Mokelumne River was of small importance as a nursery area for

young and juvenile bass (see Sasaki, pp. 58 and 66). Turner and Heu-
bach (1966) found that N. awatschensis was scarce here in all seasons,
but this mysid was the most important food of the juveniles from this
area and of those young bass here in the winter and spring. In the fall
and summer, young bass fed more often on Corophium.

Only a few stomachs from the older bass contained food. The thread-
fin shad was the most commOn of the forage fishes in them.

Flooded Islands (Table 15)
'fhe proportion of the Delta population of young and juvenile bass

in flooded islands varied seasonally from 5 to 18 percent. These bass
fed largely on N. awatschensis in the winter and spring. In the fall and
summer, Corophium were a more important food source. In contrast,
Turner and Heubach (1966) did not collect any N. awatschensis in
these areas during the winter, but they did collect a few in the other
seasons.

Depending on season, from 20 to 52 percent of the subadult and adult
bass in the Delta inhabited the flooded islands (see Radtke, pp. 21 and
22). These bass preyed primarily on small striped bass and thread fin
shad.

Dead-end Sloughs (Table 16)
Few bass of any size populated the dead-end sloughs (see Sasaki,

pp. 54 and 65; Radtke, pp. 21 and 22). N. awatschensis was the most
important invertebrate utilized as food, although it was never abundant
in the environment (Turner and Heubach, 1966). Corophium were
only of small importance as a food. The threadfin shad, which was
so abundant in these sloughs (see Turner, p. 161) was, by far, the most
important forage fish. Stomachs of adult and subadult bass often con-
tained more than 10 threadfins. Juvenile bass in these sloughs also
consumed a substantial number of threadfins. A few individuals of
many other species of fishes were also eaten by the larger bass.
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TABLE13

Stomach Contents of Striped Bass in the Sacramento River
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g. if
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if
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Food Items - - - - - - - - - - - - - - -
Annelids

UnidentifiedAnnelid__________________ -- -- -- -- 1 6 -- -- -- -- -- -- -- -- -- 0- -- -- -- -- -- -- -- -- -- -- -- -- 0- -- -- --

Crustaceans
Cladaeeransand Copepods____________88 79

J8 Tr -- -- io Tr O2
-- --

Mysidshrimp (Neomy.i. awatschen,is)__ 5J 54 75 70 86 55 53 ]3 36 7 53 4 57 JO -- -- 30 1 27 1 14 Tr 3 Tr 29 -- --
Isopod (Exo8phaeroma oregonensi.)______ 3i 2i

3 6
i8 Tr

-- -- -- 0- -- -- -- -- -- -- -- --
Amphipods (Corophium)_______________ 38 6 30 10 33 2 38 5 27 Tr 17 Tr -- 0- 30 Tr -- -- 6 Tr -- -- -- --
Crayfish(Pacifa8tacusl,niu8culus)______ -- -- 1 7 -- -- -- -- -- --

O2
5 5

03
10 29 -- -- 14 3 -- --

Unidentifiable shrimp_ ___ __ ___ ____ ____ -- -- -- -- -- -- 1 Tr -- -- -- -- -- -- 2 -- -- 10 -- -- 0- -- -- -- 3 Tr -- -- 22 3

Insects
Tendipedids_ _ _____ ______ _________ ___ 3 Tr 14 2 4 Tr Tr 9 Tr -- -- 5 Tr -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Other Insects__ ______________________ -- -- 1 2 -- -- 1 -- -- 9 2 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -0 .- -- -- --

Fishes
Threadfinshad (Dorosomapo/enen..)____ -- -- -- -- 2 31 -- -- 3 25

-2
-- -- 20 14 -- -- 12 9 -- -- 0- 0-

Americanshad (Alosa8apidi.,ima).____ -- -- -- 1 7 4 10 -- -- -- -- 7 5 6 20 28 -- -- -- -- -- -- 12 8 -- --
King salmon (Oncorhynchust,hawytscha)_ -- -- -- -- -- -- -- -- 0- 3 3 2 10 -- -- -- -- -- -- 11 5

Pond smelt (Hypomesustran8r.cificus) __
-- -- -- -- -- I 2

-6 30
-- -- 3 11 7 23 5 1 10 21

78
3 Tr 14 3

44
Striped bass (ROCCU88axati!i._________ -- -- -- -- -- 12 30 38 42 65 75 20 25 20 43 67 43 79 62 79 14 42 80
Unidentifiable fishes__ ________________ -- -- -- I 1 2 5 9 30 9 24 5 7 20 4

40 44
7 7 9 2 43 53 22 13

Sardineand anchovybait_____________0- -- 1 31 -- -- -- -- 6 16 27 60 18 34 -- -- 10 9 10 6 -- -- 29 18 3 1 -- -- 0- --
- - - - - - - - - - - - - - -

Stomachs examined___ ____ ____ __ ____ __ __ 75 129 145 140 64 27 60 62 52 18 39 27 18 74 63 40

Percent containing food_________________91 57 77 89 83 41 57 68 38 56 26 56 39 43 11 22



TABLE14

Stomach Contents of Striped Bass in the Mokelumne River
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- - - - - - - - - - - - - -- -
Crustaceans

Cladocerans and Copepods_____________ 5 1 -- -- -- -- -- -- -- -- -- -- -- -- -- --
Mysidshrimp (Neomy,i,awatschen,isL_ 8 2 98 55 74 43 47 13 76 46 88 41 it 5 41 3 -- -- -- -- -- -- -- -- -- -- -- .- 25 Tr -- --
Isopod (Exosphaeroma oregonen,is)______ 1 Tr -- -- -- -- -- -- -- -- -- --

25 T
-- .-

Amphipods (Corophium)_______________ 92 18 12 1 54 19 70 11 24 3 4 Tr 32 Tr 35 1 17 Tr -- -- -- -- -- -- -- .-
Crayfish(Pacifastacu8Ieniusculus)______ -- -- -- -- -- 2 8 -- -- .- -- 3 Tr 6 9 -- -- -- -- 12 30 50 10 -- .- -- -- -- -- -- --

Insects
Tendipedids_ _ __ __ __ __ __ __ ___ ____ ____ 4 Tr -- -- 3 Tr J7 Tr -- -- -- -- -- -- 12 Tr -- .- .- -- .- .- -- -- -- -- -- -- -- -- - - --

Molluscs
Asiaticclam (Corbiculafluminea)_______8 80 -- -- -- n .- -- -- -- -- -- -- -- 6 6 -- -- -- -- -- -- -- -- -- -- -- .- -- -- -- --

Fishes
Unidentified Ammocoete__ ____________ -- -- -- -- -- -- -- -- -- .- 3 3 -- -- -- -- 38 9 -- .- -- --
Tbreadfin shad (Dorusoma petenenseL___ n -- -- -- -- -- ] 7 -- -- -- -- 3 25 17 14 -- -- 12 18 50 30 -- .- 75 86 25 59 -- --
American shad (Alosa 8apidi8sima) _____ -- -- -- -- -- 6 40 -- n -- .- 6 3 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
King salmon (Oncorhynchus tshawytscha) -- -- -- -- -- -- -- -- .- 3 24 -- -- -- -- -- -- -- -- -- .- -- -- -- -- -- -- -- --
Whitecatfish(lctaluruscotus)__________ -- -- -- -- -- 2 2 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Striped bass (Roccus saxatili8)__________ -- -- -- -- -- -- 2 18 -- -- -- -- -- -- 24 49 17 18 -- -- -- -- -- .- -- -- -- -- -- --
Blackcrappie (Pomoxi8nigromaculatu8)_ -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 25 14 -- -- -- --
Starry BounderIPlatichthysstellatWJ)___ -- -- -- 1 6 -- -- -- -- -- -- -- -- -- -- -- --

100 100Unidentifiable fishes__ ________________ -- -- -- 12 30 50 68 -- -- 25 20 100 60 100 100 -- -- 25 41
Sardine and anchovy bait_____________ -- -- 2 44 1 31 -- -- 6 51 12 59 21 42 -- -- -- -- -- -- 25 24 -- .- -- -- -- -- -- -- -- --- - - - - - - - - - - - - - -

Stomachs examined____ __ __ __ ___ _ _______ 28 70 120 153 35 34 47 19 16 0 22 10 11 25 56 8
Percent containing food_________________ 86 83 80 80 49 74 70 90 38 -- 38 20 18 16 7 25



TABLE15

Stomach Contents of Striped Bass In Flooded Islands
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Tr is T T-r
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Mysidshrimp (N..mysis owotschmsis)__67 40 99 58 96 83 71 17 29 1 69 11 89 35 47 6 2 31 31 Tr -- -- -- -- -- --
Amphipods {CoTophium)_______________ 87 59 8 2 23 3 76 11 61 5 8 Tr 24 2 70 16 2 Tr 4 Tr 40 Tr 54 Tr -- -- 22 Tr -- --
Crab {RhithTopanopeus haTrisi., ________ -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- n -- -- -- -- -- -- -- 2 Tr -- -- -- --
Unidentifiable shrimp_ ______n_ _______ -- -- n -- -- -- -- -- -- 4 3 -- -- -- -- -- -- -- -- -- -- -- -- -- -- 2 Tr -- -- -- --

Insects
Tendipedids_ _ ___ _____ _____ ____ ______ -- -- I Tr -- -- 3 Tr -- -- -- -- -- -- 6 Tr -- -- -- -- -- -- 8 Tr -- -- -- -- -- n -- --

Fishes
Threadfin shad {DoTosomo petenense)___ -- -- -- -- -- --

T
10 36 -- -- -- --

-2
33 51 22 24 10 10 15 32 12 9 10 9 -- -- 33 36

Americanshad (Aloso sopidissimo)__ ___ -- -- -- -- -- 8 3 11 -- -- -- -- 11 -- -- -- -- -- -- 6 23 -- -- -- --
UnidentifiableClupeids_ ___________ -- -- -- -- --

64 -4 25
-- --

32 66 44
18 12 29 6

Striped bass {RoccussOIotilis)_________ -- -- -- 11 3 14 41 30 50 20 74 38 55 59 46 38 47 44 88 33 45
Unidentifiable fishes_ _________________ -- -- 1 10 Tr Tr 5 20

23
4 54 2 Tr 24 6 7 8 10 15 15 13 35 6 12 16 33 12

Sardine and anchovy bait. __h ________ -- 2 40 -- -- -- -- 10 13 61 2 9 -- -- 5 2 11 6 -- -- -- _0 59 16 33 22 -- -- 33 19- - - - - - - - - - - - - - -
Stomachs examined ___ _h ____ 0__ _ __ _____ 63 148 188 200 124 33 63 87 128 57 64 45 44 234 125 46
Percent containing rood _____0__________ 100 78 94 92 75 79 86 61 43 47 16 29 39 20 7 7



TABLE 16

Stomach Contents of Striped Bass in Dead-End Sloughs
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FoodItems
- - - - - - - - - -- - - - --

Crustaceans
Cladocerans and Copepod,_ __ _ __ _ ___ __ 2 Tr -- -- -- --
Mysidshrimp (Neomysi. awatsch.nsi.)__ 75 39 93 95 88 97 82 8 16 Tr 68 2 54 7 38 2 4 Tr 20 Tr 13 Tr 5 Tr 7 Tr
Amphipods (CorophiumL______________ 12 6 26 5 24 3 19 Tr 13 Tr 4 Tr 20 Tr 6 Tr 4 Tr -- -- 13 Tr 10 1 6 Tr 2 Tr 4 TrCrayfish(Paci/a.tacu.,leniusculusL____ -- -- -- -- -- -- -- -- 3 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 4 1

Insects
Tendipedids_ ________________________ -- -- -- -- 2 Tr 6 Tr -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

Molluscs
Asiaticclam (Corbiculafluminea)_______-- -- -- -- -- -- -- -- 3 2 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

Fishes
Unidentified Ammoco.te_ _____________ -- -- -- -- 5 8
Threadfinshad (Dorosomapetenense)____12 55 -- -- -- -- 13 78 50 70 36 98 3 21 44 57 71 83 77 97 70 91 60 81 36 31 79 73 54 37Americanshad(Alosasapidissima).____ -- -- -- -- -- -- 3 3 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Unidentifiable Clupeids_ ___ h ___ __ _ ____ -- -- -- -- -- -- -- -- -- -- -- -- 7 2 -- -- -- -- 5 4 -- -- 5 Tr
Pondsmelt(Hypeme.ustranspecifieu.)__-- -- -- -- -- -- I 2 -- -- -- -- -- -- 6 25 -- -- -- -- -- -- -- -- -- -- 4 1
Carp (Cyprin us carpio) __h _ __ __ __ _ __ __ -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -. -- -- 2 11 -- --
Goldfish (Carassius auratus)_ __________ -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 7 7
Hitch (La,inia exilicauda)_____________ -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 4 2
Sacramentoblackfish {Orthodonmicro-

lepidotus} ___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -. 4 20
Whitecatfish(lctaluruscatus)__________-- -- -- -- -- -- 1 1 -- -- -- -- 4 1 -- -- -- --
Stripedbass (Roccussaxatilis}__________-- -- -- -- -- -- 7 6 5 9 -- -- 3 10 -- -- 7 7 3 1 -- -- 10 7 21 47 7 8 -- --
Bluegill(Lepomi.macrochirus}_________-- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 6 13 -- --
Black crappie (Pomoxis nigromaculatus) -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 8 35
UnidentifiableCentrarchids____________-- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 10 5 -- -- -- -- -- --
Three-spined stickleback (Gasterosteus

aeuleatus}____ ______ _____ _____ ____ __ -- -- -- -- -- -- -- -- 2 Tr
Unidentifiable fishes _ _ _ _ _ __ __ __ __ _ ____ -- -- -- -- -- -- 2 2 18 17 -- -- 13 40 19 13 18 8 6 2 13 8 10 3 29 9 17 1 17 4
Sardine and anchovy bail. ____________ -- -- -- -- -- -- -- -- 3 1 -. -- 8 14 6 3 -- -- -- -- 4 1 -- -- -- -- -- -- -- --- - - - - - - - - - - - - --

Stomachs examined_____________________ 11 79 156 169 88 35 61 37 68 43 50 39 54 70 62
Percent containing fooo_________________ 73 87 78 62 43 80 62 43 41 81 46 51 26 60 39



STRIPED BASS FOOD HABITS 87

IMPORTANCEOF INDIVIDUAL FOODS

In any season, only five items ever occurred in more than 10 percent
of the stomachs of bass of any age. These items were N. awatschensis,
Corophium, small striped bass, threadfin shad, and discarded or stolen
sardine and anchovy bait. In this section their importance to each of

the foul age groups of bass is reviewed.
Neomysis awatschensis

N. awatschensi!; was by far the most important food of young bass.
During the fall, winter and spring, it was consumed by more than 84
percent of the young bass. In the summer, even though concentrations
of N. awatschensis peaked in the environment (Turner and Heubach,
1966), its occurrence in the stomachs of young bass decreased to 65
percent. This decrease reflected a change in the relative abundance and
distribution of the young bass. In the fall, winter and spring, a large
percentage of the young bass in the Delta inhabited the lower San
Joaquin River where concentrations of N. awatschensis were high. In
the summer, the percentage of the bass in this area decreased consider-
ably and the percentage increased in the middle San Joaquin River
(see Sasaki, p. 54) where N. awatschensis was not as available.

N. awatschensis was also a very important food of juvenile bass. In
the winter and spring, more than 79 percent of the juveniles consumed
N. awatschensis. During the fall and summer, when forage fishes were
readily available, fewer juveniles fed on N. awatschensis.

N. awatschensis was eaten by a few subadult and adult bass, but it
was not an important part of their diet.

Corophium

Corophium were eaten by large numbers of young and juvenile bass,
especially by young bass in those areas of the Delta where N. awat-
schensis was scarce. They were consumed by a few subadult and adult
bass also. These amphipods are too small to be a very important food of
any but the young bass.

Small Striped Bass
Young striped bass were one of the important foods of adult and

subadult bass. In the fall, they were eaten by about two-fifths of the
subadults and adults. In the winter and spring, as the young bass be-
came less abundant and larger (see Sasaki, p. 49), they were eaten
less frequently. In the summer, when the new year-class of young bass
became available, there was a sharp increase in the percentage of the
subadults and adults that had eaten small bass. These new young-of-
the-year bass were also of importance as a food of juvenile bass.

Threadfin Shad
Threadfin shad were also a very important food source for subadult

and adult bass. They were especially important in the fall when they
were extremely abundant in the middle San Joaquin River and the
dead-end sloughs, and in the winter when their numbers were de-
creasing (see Turner, p. 164). In the winter, numbers of small bass
also decreased (see Sasaki, p. 49), so the threadfins were still one of
the more available forage species. In the fall, the threadfins were also
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quite prominent in the diet of juvenile bass. rfhey were eaten by only a
very few young bass,

Sardine and AnchovyBait
A surprisingly large percentage of the adult bass had eaten quan-

tities of sardine and anchovy bait which had either been discarded by
anglers or stolen from their hooks. In the winter and spring, bait was
also consumed by a small but significant percentage of the juvenile bass.
It was eaten by relatively few young or subadult bass.

FOOD SELECTIVITY

Some organisms in the Delta that were of a size suitable for food were
seldom eaten. Por example, small American shad were very abundant
during the summer and fall (see Stevens, p. 101), but few were con-
sumed by bass. Similarly, Hazel and Kelley (1966) collected zoobenthos
from the Delta belonging to 35 taxa; they found that the two species
of Oorophium, tendipedids, Oor'bicula fiuminea, and oligochaetes were
abundant; however, bass stomachs contained benthic organisms be-
longing to only 8 taxa and Oorophium were the only benthos utilized
in appreciable quantity.

Young bass seem to prefer N. awatschensis over Oorophium
(Table 17). Indices of concentrations of N. awatschensis and Ooro-
phium in the environment when compared with the frequency of oc-
currence of these organisms in the stomachs of young bass, show that
young bass fed primarily on Oorophi7tm only if Oorophium were abun-
dant and N. awatschensis was scarce. If N. awatschensis and Oorophium
were abundant, if N. awatschensis was abundant and Oorophium were
not, and if N. awatschensis and Oorophium were scarce, young bass fed
primarily on N. awatschensis.

TABLE 17

Occurrence of Neomysis awatschensis and Corophium in Stomachs of Young
Striped Bass Compared with the Abundance of N. awatschens;s 1

and Coroph;um 2 in the Environment

1 Based on mean season catch of N. awa/8chen8i8with a Clarke-Bumpus plankton net (Turner and Heubach, 1966).
A = abundant (28-75 N. awa/8chen8i8per cubic meter of water).
S = scarce ( 0- 6 N. awa/8chen8i8per cubic meter of water).

2 Based on mean numbers of Corophium caught with a Peterson dredge by Hazel and Kelley (1966).
A = abundant (30-57 COTophiumper square foot).
S = scarce ( 6-20 Corophium per square foot).

Mean Seasonal Mean Seasonal
Percent Frequency Percent Frequency

of Occurrence of of Occurrence of
N. awal8chen8i8 Corophium Abundance of Abundance of

in Stomachs in Stomachs N. awatschensis COTophium
Area of Young Bass of Young Bass in Environment in Environment

Lower San Joaquin River _________ 94.8 29.5 A A
Dead-End Sloughs_______________ 84.3 20.4 S S
Sacramento River________________ 75.2 32.8 A A
Franks Tract_ __ __ ___ ____ ____ ____ 73.3 55.5 S S

tJe P:k J i"\Iikv:;._._ Riv-
66.1 51.3 A S

and South Fork of Mokelumne
River at New Hope Landing_____ 59.7 45.1 ::; ::;

Old River-Fabian and Bell Canal_ _ 58.4 72.0 S A
Mokelumne River at Terminous_ __ 52.3 65.2 S A
Upper San Joaquin River _________ 12.3 88.2 S A
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Small bass and threadfin shad were eaten at a rate more directly
related to their density in the environment. Turner (see p. 161) in-
dicates that threadfin were most concentrated in the middle San Joa-
quin River and dead-end sloughs, and in these areas large bass preyed
on them heaviest. Sasaki (see p. 49) has shown that the greatest con-
centrations of small bass occurred in the lower San Joaquin River,
Sacramento River, and flooded islands, and they were utilized by large
bass more frequently in these areas than in the rest of the Delta.

EFFECTOF SAMPLINGGEARON RESULTS

It has been shown in this paper that bass stomach contents differed
in the various environmental zones of the Delta. These differences are
probably an effect of differences in the availability of foods in the
different zones, and food preferences.

There were also differences in the availability of different kinds of
food organisms within each zone, particularly at different depths of
the channels. N. awatschensis (Turner and Heubach, 1966) and Oor-
ophium are generally most abundant near the bottom of the channels,
the vertical distribution of small striped bass is quite variable (Ohad-
wick, 1964; see Sasaki, p. 46), and threadfin shad are most abundant
at the surface (see Turner, p. 160). Because the otter trawl collected
bass from near the bottom of the channels and the midwater trawl
collected bass from near the surface, it was possible to compare the
stomach contents of bass collected at different depths, and consequently
determine if the results of this study might have been influenced by
the proportion of the sample collected by each type of trawl. Ohi
square, two-way classification tests were used to determine if in the
summer of 1964 the proportion of young bass utilizing each of the im-
portant food organisms was significantly different from each type of
trawl.

The tests indicated three major differences in stomach contents
(Table 18). The proportion of the Rtomachs that contained threadfin
shad was significantly larger in the sample from the midwater trawl
than in the sample from the otter trawl, and the proportions of the
stomachs that contained N. awatschensis and 001'ophium were signif-
icantly larger in the sample from the otter trawl than in the sample
from the midwater trawl.

TABLE 18

Frequency of Important Foods Compared for Stomachs of Young Striped Bass
Collected in the Midwater and O"er Trawls in Summer, 1964

in All Environmental Zones

Midwater Trawl Otter Trawl

Percentile
Food Item Obs. Freq. Exp. Freq. Obs. Freq. Exp. Freq. X' (1 d.f.)

N. awatschensi8_4________________ 213 236 433 410 10.13 0.995

Corophium_ _ _ _ __ _ _ _ __ _ _ __ __ __ ___ 183 211 393 365 13.38 0.995

Threadfin Shad _____ __ _ __ __ __ ____ 31 13 5 22 37.32 0.995

Striped Bass_____________________ 25 27 48 46 0.09 -

StomachsContainingFood____._ 360 624
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These differences in stomach contents could have resulted directly (i)

I-rQ1l\\)a,!)!)~a,\1gl\t\\t (\111~!~1\t(\~-pt\\~\\l\'j11\~i~ii 1J1\1l\~~!~1\\1J!~~1\\~\\\~
or (ii) from bass caught in the midwater trawl having formed a larger
than normal proportion of the sample from zones where threadfin shad
were most available and! or from bass caught in the otter trawl having
formed a larger than normal proportion of the sample from zones
where N. awatschensis and Corophiurn were most available.

Further inspection of the data revealed that in the two zones, (mid-
dle San Joaquin River and dead-end sloughs) where threadfin shad
were most densely distributed, the proportion of the sample formed by
bass caught in the midwater trawl was, in fact, large. Bass caught in
the midwater trawl formed 47 percent of the trawl-caught sample in
these two zones; whereas they made up only 37 percent of the trawl-
caught sample for all zones combined. Therefore, the proportion of
bass utilizing each food organism was also compared for the midwater
and otter trawl samples from the middle San Joaquin River and dead-
end sloughs only. Chi square tests indicated that the same three dif-
ferences in stomach contents were significant (Table 19).

TABLE19

Frequency of Important Foods Compared for Stomachs of Young Striped Bass
Collected in the Midwater and Otter Trawls in Summer, 1964 in Middle

San Joaquin River and Dead-end Sloughs

On the basis of the chi square tests, I have concluded that the results
of this food habits study were influenced by the proportion of the
sample collected with each type of trawl. The validity of the results
of this study might have been increased if it were possible to weight
accurately the sample from each trawl according to the proportion of
the population in the strata of water that it represented. However, the
catch data indicate that the vertical distribution of young bass varied
considerably over time and between sampling stations (see Sasaki,
Table 2, p. 47), and only fragmentary data were available on the ver-
tical distribution of other age gTOUpS;therefore, it was not possible
to estimate meaningful weight factors.

The proportion of the stomachs that contained food also varied with
the sampling gear (Figure 2). To demonstrate this point it was neces-
sary to compare proportions representing each gear for only one age-
group of bass because the proportion of the stomachs containing food
varied with the age of the bass (Tables 5-8) and each gear caught a
different proportion of the total sample of each age-group. Large num-
bers of individuals from only the juvenile age-group were caught by
all three types of gear so this group was selected.

Midwater Trawl Otter Trawl

Percentile
Food Item Obs. Freq. Exp. Freq. Obs. Freq. Exp. Freq. X' (1 d.f.)

N. awatschensis__________________ 50 60 80 70 6.42 0.975

Corophium_ __________ ___________ 22 44 74 52 34.91 0.995

Threadfin Shad _____ _ __ __ _h __ ___ 26 13 3 16 23.91 0.995

Striped Bass_____________________ 8 6 5 7 0.78 -

Stomachs Containing Food______ 99 117
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(622)

GILL
NET

MIDWATER
TRAWL

OTTER
TRAWL

FIGURE 2. Percentage of juvenile bass stomachs that were empty compared to method
by which the bass were collected. Numbers of stomachs examined are in parentheses.

Two-way classification chi square tests indicated that the proportion
of bass stomachs that contained food for each type of gear was sig-
nificantly different from the proportion for each of the other two types
of gear (Table 20). The proportion of the bass with empty stomachs
that were caught in the mid water trawl was larger than the proportion
of the bass with empty stomachs from the otter trawl, and the pro-
portion of bass with empty stomachs that were caught in the gill net
was larger than that proportion for both the otter trawl and midwater
trawl samples. The former difference probably reflected a greater
abundance of food near the bottom, and the latter difference probably
resulted from some of the stomachs' content being digested while the
bass were in the net and unable to feed.

TABLE 20

Frequency of Empty Stomachs Compared for Juvenile Bass Collected
by Three Types of Sampling Gear

.
MidwaterTrawl Otter Trawl Gill Net

Tot. Stomachs= 450 Tot. Stomachs= 965 Tot. Stomachs= 622
Obs. No. Exp. No. Obs. No. Exp. No. Ob.. No. Exp. No. Percentile
Empty Empty Empty Empty Empty Empty

Comparison Stomachs Stomachs Stomachs Stomachs Stomachs Stomachs X' (1 d.f.)
-

MidwaterTrawlvs.Otter
TrawL_______________ 173 120 204 257 - - 46.14 0.995

MidwaterTrawl vs. Gill
Net.__.______________ 173 189 - - 278 261 3.93 0.950

Otter Trawl vs. Gill Net_ - - 204 293 278 189 98.12 0.995



92 FISH BUI,LETIN 136

FOOD (NTAKEAND BASSGROWTH

In the summer of 19M~there was a progreBBi"vec\umgeill tne ~\Y1l\'
position of the stomach contents of year-old bass from the lower to the
middle to the upper San Joaquin River. In the lower river (Table 9),
N. awatschensis occurred in almost all stomachs, Corophittm were in
about one-third of the stomachs, and tendipedids occurred in almost
no stomachs. In the middle river (Table 10), only two-fifths of the
stomachs contained N. awatschensis, Corophittm occurred in more than
two-thirds of the stomachs and were the most common food item, and
tendipedids were in 14 percent of the stomachs. In the upper river
(Table 11), N. awatschensis was in almost no stomachs, but seven-
eighths of the stomachs contained Corophittm, and more than one-half
contained tendipedids. These changes in diet almost certainly reflected
a change in the kinds of food available (see p. 88).

There was not only the progressive change in diet composition, but
there was also a corresponding- progressive change in the intensity of
food consumption. The amount of food in bass stomachs decreased
significantly from the lower to the middle to the upper river (Table
21). This decrease suggests that the total food availabilit;v decreased
from the lowermost to the uppermost zone. In regard to this hypoth-
esis, Ellis and Gowing (1957) found that the amount of food in stom-
achs of brown trout, Salmo trtttta, was directly related to the amount
of food in the section of the stream from which the trout were collect-
ed; and in a series of experiments, Ivlev (1961, pp. 19-40) found
that the amount of food consumed by fishes depended on the mean
concentration and degree of ag-greg-ation of food in the rnvironment.

TABLE 21

Comparison of Mean Volumes of Food in Stomachs of Striped Bass from Three
Environmental Zones of the San Joaquin River 1

I Bass were 14.5 to 16.5 cm FI. and were collected during August 1964. Bass were selected from this size range to
minimize variations in stomach capacities and to maximize the sample size without using effort additional to the
regular sampling program.

Sasaki (see p. 55) describes differences in the mean leng-th and mean
coefficient of condition of year-old bass from the same three environ-
mental zones. It seems reasonable to expect that these differences were
related to the food intakr. In support of this theory the mean length
and mean coefficient of condition of the bass from thr lower river
was greater than that of the bass from the middle and upper river
(Figure 3). However, the trends in food intake, fork length, and co-
efficient of condition of bass from the middle to the upper river do
not agree. The mean fork length of bass from the middle river was
the same as tha~ of bass from the upper river, and the mean coeffi-

-

Environmental Zones aod Meao Volumes of Food (cc)
Degrees

Percentilet Value of Freedom

Lower River VB.Upper River
0.1875 0.0172 3.61 82 0.99

Lower River vs. Middle River
0.1875 0.0845 2.47 98 0.98

Middle River vs. Upper River
0.0845 0.0172 3.28 80 0.99
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MEAN COEFFICIENT
OF CONDITION

MEAN VOLUME
OF FOOD

'"

<r
o
t-o<I
"- 1.1

_=Lower San Joaquin River at West Island- Santa Clara Shoal

li"",'''''1=Middle San Joaquin River at Fourteen Mile Slough

c:J=Upper San Joaquin River at Mossdale

FIGURE 3. Mean volume of food per stomach, mean length, and mean coeffident of condi-
tion of year-old bass from the three environmental zones of the San Joaquin River during

the summer of 1964.

cient of condition of bm>sfrom the middle river was smaller, although
not significantly smaller, than bass from the upper river; whereas the
food intake was higher in th(' middle river than in the upper river.
However, it should be noted here that there was a large increase in
Sasaki's catches of year-old bass in the middle river from spring to
summer (see p. 52) ; therefore, bass must have migrated there from
another area. They may have come from upstream too recently to have
put on growth consistent with their increased food intake. It is rele-
vant that in the study by Ellis and Gowing (1957) the coefficient of
condition of brown trout was highest in the section of the stream in
which the food supply and food intake was highest.

DISCUSSION AND SUMMARY

The bass stomachs contained more than 30 different foods, but only
5 of these foods, N. awatschensis, Corophium, small striped bass,
threadfin shad, and bait, were eaten by an appreciable percentage of
bass during any season.

Young bass entered their first fall, feeding almost entirely on in-
vertebrates (Figure 4). They continued to do so through the winter
and spring. In their second summer of life, they began feeding on
small fish, primarily new young-of-the-year striped bass and threadfin
shad.

In the second fall of their life, the bass, now juveniles, fed nearly
half on fish and half on invertebrates. During this period, threadfin
shad and small striped bass were abundant and at the proper size.
In the winter and spring when many of the small bass had moved
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FIGURE 4. Percent frequency of occurrence of fishes and invertebrates in stomachs of
striped bass of different ages from fall 1963 through summer 1964.

dowll into the bays below the Delta (see Sasaki, p. 49; and Ganssle,
1966), and the thread fin shad had died out (see Turner, p. 164), the
juvenile bass returned to a diet formed largely by invertebrates. When
the new crop of young-of-the-year bass and threadfin shad became
available in the summer, the juveniles turned again toward a diet of
small fish.

In the fall, the abundant small striped bass and threadfin shad com-
prised nearly the entire diet of the subadult bass. Like the juveniles,
the subadults consumed less fish and more invertebrates in the winter
and spring when small fishes were less numerous. The subadults re-
turned to an almost exclusive fish diet when the new crops of small
bass and thread fin shad arrived in the summer.

Adult bass fed primarily on small bass and threadfin shad. In the
spring and early summer the adults reduced their food intake. This
reduction was probably related to their spawning activities.

The shift from the diet of young. bass which consisted primarily of
invertebrates to the diet of the adult bass which was formed pre-
dominately by fishes. was obviously a result of selective feeding by
bass of different sizes. This shift in diet was not unexpected in view
of findings of many other studies and conforms with the results of
Ivlev's (1961, pp. 82-91) experiments showinlr that predators prefer
to devour victims of the largest possible size.

Oorophium were the only zoobenthos that bass utilized in significant
amounts. These amphipods were the most abundant of the macro-
organisms collected from the bottom of the Delta channels by Hazel
and Kelley (1966). Oorophium also are often found on the substrate
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ratber than ill it, su are probably mun' available thall those less
abundant benthic animals which live in the substrate.

Few bass stomachs contained small king salmon. Oncorhynchus tsha-
wytscha. Several biolog-ists (Scofield, 1931; Shapovalov, 1936; Hatton,
1940) have speculated on how much striped bass prey upon seaward
migrating' salmon. Hatton (1940) analyzed stomach contents of 224
adult bass from the Delta during the salmon mig-ration primarily to
determine the extent of this prpdation. He found no salmon in the
stomachs and concluded that they wprp not an important food source.
Adult bass are spawning during thp salmon migration; therefore, they
would not be sprious predators because thpy do not feed heavily then.

Recently, Thomas (1966) reportpd that juvenilp bass consumed quan-
tities of small salmon in thp spring and summer in thp Sacramento
River above the Delta. This sugg-ests that salmon are more available
there than in thp Delta. This availabilitv mav bp a direct result of the
greater clarity and/or small width of the- river. The small salmon
are necessarily more concentrated when in thp relatively narrow river
than when in the broad and diverg-ing channels of the Delta. The
availability of small salmon to striped bass in thp Delta during the
summer might also be low because other forage fishes, particularly
young-of-the-year striped bass, act as a buffpr ag-ainst predation on
the salmon.

Relatively few small American shad were eaten by striped bass,
even during the summer when small shad were quite abundant. Thomas
(1966) did not find many American shad in the stomachs of striped
bass either. Why more bass did not prey upon this species is unknown.

Sardine and anchovv bait were consumed with surprising frequency
by juvenile and adult bass. These baits may have either been discarded
by anglers or stolen from their hooks.

Young bass grew best in the lower San Joaquin HiveI' where the
mysid, N. awatschensis, was extremely abundant. A decrease in the
concentration of N. awatschensis hpre would almost certainly reduce
the rate of growth and perhaps the survival of these bass. Since this
zone is the most important nursery area in the Delta for young bass
(see Sasaki, p. 44), such a reduction would probably seriously affect
the structure of the entire bass population.

Suitable forage fishes for striped bass were scarce in the Delta dur-
ing the winter and spring. Both juvenile and subadult bass fed on
invertebrates during this period. The rate of growth and survival of
these bass might be improved if small forage fishes were more available
at this time.

Because the availability uf food urganisms varied with depth, bass
stomach contents varied with the depth at which the bass were col-
lected. Different sampling' g-ear was used to collect bass at different
depths; therefore, the results of this study were influenced to some
extent by the proportion of the sample collected by each type of gear.
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