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site; no distinct migration patterns were evident.
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FOOD HABITS OF STRIPED BASS, ROCCUS SAXATILIS, IN THE
SACRAMENTO-SAN JOAQUIN 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, 1886; Scofield, 1910; Scofield and Coleman, 1910;
Scofield and Bryant, 1926; Scofield, 1928, 1931; Shapovalov. 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 McCready (1963) examined a large number of stomachs of bass younger than 6
moanths from the Deilta, but they examined few stomachs of older bass. Ganssle (1966) has described striped bass
foad habits in the estuary between the Deita 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 1963 through August 1984. The mysid shrimp,
Neomysis awatschensis, and the amphipods, Coraphium stimpsoni and Corophium spinicome, 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. The composition of the diet varied by season and area.

There is some evidence that N. awatschensis was a preferred food of young bass. Stomach contents differed for
bass collected by different sampling gear. The amount of foad in stomachs of year-old bass decreased significantly
from the lower to the middie 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 Tumer (see p. 12). 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 muttiplied by the number of organisms eaten K= 1. These means were determined
from the volume of water dispiaced by a known number of each food organism freshly coflected from the Delta.
Volumes of foods eaten infrequently were visually sstimated.

— DT —
Variations in the digestion rates of food organisms were not compensated for in the analysis. In their study of
young-of-the-year striped bass food habits, Heubach, et al. {1983) found under controlled conditions that
Neomysis mercedis (now N. awatschensis) was recognizable 6 hours after ingestion whereas Corophium
spinicorne could be identified 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.
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TABLE 1}
Mean Volume Displacement (cc) of Food Orgunisms of Striped Bass

Food Organisms

Invertebrates
Cladoserars and Copepods. ..o oo SN menean 0.0005
Amphipods, Corgphium stimpsoni and Corophium $pinicorne. v e onv cmnunnn 0.0034
T ERATDOAIAS 1 v o oo e s s e s s e 0.0030
Mysid Shrimp, Neomysis awatschensis (Length mm). . ____ 1-5 6-8 811 11-14 1520

C9.0010 0.0028 0,0079 ©6.0152 0.0332

Fighes (Lengbh €)oo i 2 3 4 5 & 7 8 & 0w o
Threadfin shad, Dorosoma pelerenst. cuoovn cvnnn — _0_2‘5 Tg _{—5 —;{; -s"—; -;—55 —16—5 ETE 19-5
American shad, Alosa sapidissime.. ... . .. — 0.8 b5 11 24 3.8 531 7.3 9.9 137
Pond smelt, Hypomesus franspacificis . omevrcnnn 0.1 .25 6.4 0.8 1.4 24 40 o e e
Btriped bass, Roceus $02aHHS v emmmwmmmmnmomee 0.3 6.5 6.9 1.4 2.8 3.7 $.0 91 124 —

TABLE 1
Mean Volurne Di {cc) of Food Organi of Striped Bass

To be considered important, a food must be eaten by a significantly large proportion of the bass in significantly
large amounts. No objective limits to what is and what is not "significantly large” were set, so my classification of a
foed as important is a matter of my own judgment 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 docurnented, 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 contents of bass caught by different sampling gear, and the growth of bass as
related to their food intake.

GENERAL DELTA-WIDE FOOD HABITS

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

— 70—
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.
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FIGURE 1. Location of sampling stations and areas of similar environments.

FIGURE 1. Location 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
juvenite

—F =
bass (see p. 65}, and Radtke has done it for subadult and aduit 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
stornachs of bass in the appropriate zones and summing the products of these calculations ¥ 2,
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TABLE 2
Method of Estimating Percentage of Buss Population Utilizing « Food Orgonism
Percentage Pereent Frequency
Environmental Zone I’opz‘x)iatiou I“m:if Icggf;:l?:%ct%;gch
Lower San Joaquin River. .o ... 42.7 X 08.3 o 4.4
Middie San Joaguin River. .« oovmvnnvnmwumwnmnan 3.9 X 50.0 = 1.5
Upper San Joaquin River. .. commvevvrvmmnmmamman 1.0 X 0.0 £ 0.0
Bacramento BIVer. oo cacmvmam o e 31.8 X 88.2 = 28.0
Mokelumne River .. 0.5 X 8.3 = 6.0
South Delta. . o —n 6.2 X 42.9 = 2.7
Flooded TSIa0d8. o cmm e s e s 13.1 X 66.7 B 8.7
Dead-end Sloughs 1.7 X 75.9 = 1.2
Porcentage of Population Tiilizing
Feod Jtem oo cimce s = 83.2

TABLE 2
Method of Estimating P of Bass Popuiation Utilizing a Food Organism

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
TABLE 3
Method of Estimating the Total Weighted Meun Volume of & Food Hem
Mean Volume {ce) Weighted Mean
. Porcentage of Food Item A Volumes of

Bovironmental Zone of Population in Stomachs Food A

Lower San Joagquin BIver. mvaccmcnnocmccmnmmawen 42.7 X 0.0317 = - 0,135
Middle San Joaguin River. . cooouuminanocaoa . 3.0 X 0.0171 = 0.005
Upper San Joaquin RiVer. «cvwwmmemmmmmnsns vun . 1.0 b4 0.0000 = 5.600
Sacramento RIVOT oo 3.8 X 0.0444 = #.141
Mokelanme River .. e 0.5 s 0.0842 B 0.000
South Delba. v e e aw s 6.2 X §,0087 Gl 0.004
Flooded TSIdS. . v v v ww e wmsrm wmn 13.1 X 0.0198 == 04.026
Dead-end SIOUEHS . o e e e v 1.7 X 0.6701 = 6.012

' Total of Weighted Mezn Volumes of
Fo0d Ao icmmnmn e e = 0.323

TABLE 3
Method of Estimating the Total Weighted Mean Volume of a Food item

., B
tme ] Then, to obtain the percentage of total volume formed by that food item, the total weighted mean volume
was divided by the sum of the total weighted miean volumes of all food items e o,

The estimates resulting from these calculations are presented in Tables 5 through 8 for all food organisms.
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TABLE 4
Method of Estimating the Percentuge of Total Diet Volume Formed by a Food tem

Total of Weighted
Mpean Volume Pereent of
Food Ttemn of Food Ttems® Total Volume

0.323 %55 w2 38
0.12% 15
6.403 47

1 8ee Table 3 for method of estimating fotal of weighted mean volumes.

TABLE 4
Method of Estimating the Percentage of Total Diet Votume Formed by a Food ltern

Diet of Young Bass

Young bass are defined by Sasaki (see p. 44) as the 1863 year-class. They were hatched about 3 months before
this study started in the fall of 1963 and were a few months past 1-year old when the study terminated in the
summer of 1964. During this period, they grew from a range of 5 to 12 cm in September 1963 to a range of 12 to
23 cm in August 1964,

N. awatschensis was their most important foad K's#= % This mysid was the only organism consumed in quantity by
a large percentage of the young bass during every season.

Significant amounts of the amphipods, C. stimpsoni and C. spinicorne, were eaten by about a third to a half of the
young bass. | 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 as the fall of 1963 when threadfins were abundant
(see Tumer 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 farger,
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 af. (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 | believe
the difference really reflects differences in food selection by bass of different sizes. The bass collected by
Heubach, et ai., 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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TABLE 5
Stomach Contents of Young Striped Bass in the Delta !
Fall Winser Spring Summzer Average
% % o ‘7 % Y %% %
N Frgq b; I"qu bgr o o FZeq b; Frgq
Food Items Qce Vol | Oce Vol Occ Vol Oce Vol | Occ V 01
Annelids
Polychaste (Neanthes limnicola). oo PO R [ e Tt Tr Tr Tr
Unidentified Annelid ..o .. - - - - EV I - .. Te  Fr
Crustacea! )
Cladocerans and/or Copepodsen.mrmvrmmaen T Tr 3 Tr 2 P LY 2 V]
Mysid shnmp (Neomym moatschmzs)_ — 88 38 B 44 86 81 65 80 8¢ 48
JTsopod (£: 18 0reg - - Tr 1 - — . - Tr Tr
Unidentified ‘!sapod .................. - - . - - T Tr Te Tr
Amphmods (Coraphmm) ....... 3 13 30 5 37 7 58 7 40 8
h (Paci, 4 - - — - Te T | T Tr o Tr Tr
TTnidentifiable ShEND. « < oew vve e owmnw oo o P, Tr 2 Tr Tr Tr 1
Insects
Tendipedids, - cooremocomoceee e 2 Ir 2 Tr 2 Tr 8 Tr 4 e
OPHER INSECES. o oo o oo e e e — . Tt Tr . - - T Tr
Molluscs .
Asintic clam {Corbicula fluminea) ow nannaun T 1 Te 1 - fr  Tr Te TIr
Fish
Threadﬁn shad (Dorosoma pelenense}.- ... 1 45 e e e [ z 22
Amperican shad (Alose sapidissima). - - O 1 2 Tr 2 Tr 1
Umdentxﬁabie Clupeids., -« o coemmrens — e - e - e Tr Tr ¢ Tr T
Pond smelt (Hypomesus transpacificus). .. - e e - s T Tr T TIr
White catfish {{efaluris oax‘us?i ...... - em JE . e T Tr T Ir
Striped bass {Roceus sazalilis). ... e e . n e e 7 18 2 5
Starry flounder (Platichthys stellatus}.. . - e T I - - Te T
Uridentifiable fishes. - . - . Tr 3 Tr 1 Tr 1
Fish eggs - = - - T Tr e T Ir
Sardine and anchovy batt 1 B 3 4 Tr 4 T Tr 1 15
Stomachs examined. .. oo co s o 320 946 1,303 1,274
Percent containing 100G «aw o ovemcmme e aan 53 73 84 81

* Stomach content data for young bass in each of the cight 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).

TABLES
Stomach Contents of Young Striped Bass in the Deita

Diet of Juvenile Bass

Juvenile bass are the 1962 year-class (see Sasaki, p. 59). They 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 t0 25
cm in September 1963 to 24 to 35 cm in August 1864.

N. awatschensis was a very important food each season I+ it was especially important in the winter and
spring.

Juvenite bass often fed on fishes. [n the fall, the distribution of the juveniles was such that a large percentage were
in areas where threadfin shad were abundant; as a result threadfins were eaten by about one quarter of the
poputation 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. Large numbers of smail 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 Corophium each season, but they consumed relatively
smail quantities, so Corophium were not really too important.

tn the winter and spring, about 10 percent of the juveniles ate portions of sardine and anchovies which had been
used for bait by anglers.

— 74—
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TABLE 6
Stomach Contents of Juvenile Bass in the Delta’
Fall Winter Spring Summer Average
e % % % % % % % % %
) Freq by |Frq by |Freq by |Frea by |Frea by
Food Items Gee Vol | Oce Vol | Gee Wol | Oce Vol | Oce Vcl
Annelids o
Paolychacte (Neanthes Hmnicolg) oo ounon . Tr Tr .- - - — = = Te Tr
Crustaceans
Cladocerans and /or Copepods. __....._____ — . T Tr Tr Ty . - T Tr
Mysid shrimp (Veomysis awatschensis).._....| 39 2 84 11 Vi ] 64 11 66 18
Isopod (Fzosphaeroma oregonenyis} I - - - Tr Tr — - ™ Tr
Amphipoeds (Corophtum) . ..onnomnn -l 022 Tr | 27 Tr i 31 Tr ] 3l 2 | 28 1
Crayfish (Pacifastacus leniusenlus). A4 Ty - - Ty 1 Tt Tr Tr Tr
Crab (Rhitkropanopeus harrisii). . I I | 1 - - e e - - T Tr
Unidentifiahle shritip. . v oo unw P - 1 Tr - — 1 1 T Tr
Inseets
Tendipedids. « oo ocom e csrsnnian PRI Jd 08 Tr R 1 Tr 3 Tr 3 TIr
Other Insects. .. vvvomvmnwmwwnwrmwm i o - - T T - . — - e Tr
Molluse
Asla,hc clam (Corbicula Fumined¥e . e nncunn Tr Tr - - — — T Tr Te Tr
Fishes
Unidentified AmMmocoete. - vwounw i vumwnuwwnan - — - a Te Tr T Te T Te
Threadfin shad {Derosoma getenense) 7 B 3 38 i i 2 4 g 31
American shad {Alosa sapidissima). ... 2 3 - - - — i 4 1 2
King salmon {Oncorhynchus lshawylscha . o e = - 1 i 1 3 Tr 1
Pond smelt (IIz;pamesus transpaczﬁcus),_ PO B — - - H 3 2 3 3 3
White catfish {Ietalurus catus)...._.. I . - - e ] T Te o Tr T
Btriped bass {Roccus sazatilis).... 44 7 ¥ 8 T 1 26 55 8§ 18
Unidentifiable fishes... . coeeeee IO I 5 T T ) 1 7 & 29 6 11 7 1B
Sardine and anchovy badt. .. .vooo ool 2 1 3 3 g A Tr Tr § 18
Stomuchs eXAMIBEA . cv v e mem o m 858 365 544 478
Percent containing 000 . oot iimvimmns i in [54 7l il 61

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

TABLE €
Stomach Contents of Juvenile Bass in the Delta

Digt of Subadult Bass

Subadult bass are defined by Radtke (see p. 15) as the 1981 year-class. These bass were 2 years oid several
months before the start of the study; they were 3 years of age shortly before the study terminated. In September,
subaduits were 26 to 37 cm long; by August they were 36 to 47 cm fong.

Subadults fed primarily on fishes "3, In the fali, 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 subadulis that ate small bass did decrease somewhat; however, the percentage of the subadults that fed on
threadfins increased stlightly. 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, they were preyed
upon more frequently. Small bass were especially prevalent in the summer diet of the subaduits.

A significant percentage of the subaduits fed on N. awatschensis in the winter, spring, and surmmer, and on
Corphium in the spring; but

— TR
because the amounts that were consumed were refatively small, | consider these crustaceans to be of minor
importance
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TABLE 7
stomach Contents of Sub«Adult Bass in the Delta !
Fall Winter Spring Summer Average
% % % % % % % % % %
Freg by | Freq by {Freq by | Freq by |Treq by
Food Items Qce Vol | Oce Vel | Qe Vol | Oce Vol | Oec Vol
Crustaceans X
Mysid shrimp (Neomysis awatschensis) ... 6 X3 22 Tr 37 2 34 2 25 1
Amphipods (Corophium). . 2 Tr 5 Ir 21 Tr 13 TIr ¢ Tr
Crayfish (Pacijestacus leniuseulus). ... 1 Ir ™ I 2 [ Tr i 2
Unidentifiable shrimp........ i —————— Tr I 2 T oL . e F N 3
ingeets | .
Obher ISeet8_ . o ev s e . - - e - - 1 - Tr Tr
Fishes | ”
Unidentified Ammoroete . « v awmmmammwmmanes e e . —m Tr Trl e e Te T
Thresdfin shad (Derosoma pelenense)..c ... 36 67 3 68 5 13 2 2} 28 43
American shad {(4dlosa sapidissima}.. ... .. 3 2 1 1 o . - - . 1
Pacific herring (Clupea pallasi)eeanemeeeeene. [ . 1 Tr e am e Tr
Unidentifiable Clupelds_ - - - oovoanoaoo. e Tr [ 2 - e 3 4 2 2
King salmon {(Oncorhynchus tshewytscha) . .. Tr i - = 4 10 — — i 3
Pond smelt (Hypomesus transparificus).. 1 Tr 1 i 2 4 - - 1 i
Carp {Cuprinys earpio) . . ooeomemncmeman Tt Tr . == — e - e Tr Tr
White catfish {Tefaburuts cfts) .- - mwn Tr Tr e am I J T Tr
Striped bmes (Roccus sazalilie) oooov e 38 23 20 22 13 4 42 B3 29 ?5
{nidentifiable Centrarchids.. - . I s T Te | T Tr
Unidentifiable fishes. .. 21 4 [ 3 15 20 12 15 4 10
Sardine and anchovy batb...couuu. . 4 1 9 3 7 5 e e & 2
Stomachs exsmined. oo 455 234 312 241
Percent eontaining fo0d. . ourenncmrcmmcrmacne 47 58 29 36

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

TABLE7
Btomach Contents of Sub-Agui Bass in the Delta

Diet of Aduli Bass

All bass older than 3 years in the fall ot 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 cm or
fonger; in August 1864 they were 48 cm or longer.

The diet of adults was almost entirely fishes, especially smali bass and threadfin shad #2581 in the fall, small bass
were eaten by almost one-half of the aduits 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 adulis 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 oceur in any stomachs in the spring sample.
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TABLE 8
Stomuach Contents of Adult Bass in the Delta !
Fall Winter Spring Summer Average
B % | % %1% % |.% %1% %
o Freq by |Freq by i Freq by i¥req by |TFreq by
Food ltems Qce Vol | Oce Vol { Ove Vol | Oce Vol | Ocr Vol
Crustaceans _ ) .
Mysid shrimp (Neomysis awofschensis). ..ou| .. . . - 16 Tr - - 4 Tr
Amphipods (Corophtum). s doee . e 7 TIr - e 2 Tr
Crayfish (Pacifastacus leniusculus). T Tl .. .. T Tt} e e T Tr
Jrab (Rhtthropanopeus karrisi}. - - 1 Ir - - - - Tr Tr
Unidentifiable shrimp. ... .. P [ V'3 U, 10 1 3 Tr
Fishes
Unidentified Ansmocoete. - oooonmanean. .. — e T Tr 1 Tr - o T  Tr
Threadfin shad (Dorosoma pelenense) 4018 1 8 1 29 27 6 4122 2
American shad (Alosa sapidissima} 12 4 I, - e 3 4
Unidentifiable Clupeids.. . - v oo mwe [, 14 2 . - R 4 Tr
King salmon. (Oneorhynchus tshawytscha). - e . . [ 3 5 i 3
Pond smelt (Hypomesus franspacificus) . - T Ir 2 Tr — - 1 Tr
Carp (Cyprinus carpio).....______ PR Tr 1 - — - e Tr Tr
Goldfish (Cargesing aurafus) oo v omevwnuoeeees . - Te Tr . - — . Tr  Ir
Sueramento blackfish (Orthedon microlepidotusy | - .. . . T Ir - e Tr Ir
Sacramento hiteh {Lavinia erilicouda}. ... . e e am Te Tr | .. . | Tr Tr
Striped bass (Roceus serglilis)....... #4856 | 32 2 | 28 56 | 50 43 | 3
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aculpatus)...... T T ¢ T & O e B L
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Stomachs examined..._. ... 223 574 531 174
Percent containing F608nammmovmmmameacme e 41 37 12 12

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

TABLE 8
Stomach Contents of Adult Bass in the Delta

In both the spring and early summer, only a very small percentage of the stomachs centained food. Although few
small fishes were available at this time, | 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, 1852). 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 angter hour during any spring between
1861 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 suggestion
(Hollis, 1952) that striped bass do not feed heavily when they near spawning is refevant. Bass spawn in the Delta
during April, May, and June (see Farley. p. 30), and most of the stomachs examined during the spring and summer
were collected during these months.

GEQGRAPHICAL VARIATIONS IN 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.

Lowser San Joaguin River ™

This zone was one of the most important nursery areas in the Deita for young bass {see Sasaki, p. §7); it was also
a very important nursery for juvenile 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
Heubach, 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. Corophium were 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 provided most of the forage for large bass.

Middle San Joaguin River [ree 10}

Buring the 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 Corophium 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). Stamachs of adult bass contained as many
as 24 threadfins averaging 10 cm FL. In the fali, 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.
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Upper San Joaguin River (e 11}

The upper 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 Corophium. A significant percentage of these bass also fed on the
tendipedid larvae and pupae which were fairly abundant in the bottom sediments (Hazel and Kelley, 1966). N.
awatschensis was scarce (Tumer 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 threadfin shad was
the most common forage fish in stomachs of large bass. It was consumed most frequently in the winter and spring.

South Delta [r=ee 1]

Relatively 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 Corophium, 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.

— 78—
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Stomach Contents of Striped Buss in the Lower San Joaquin River
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TABLE 9
Stomach Contents of Striped Bass in the Lower San Joaquin River
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TABLE 10
Stomuch Contents of Striped Bass in the Middle Sun Joaguin River
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Stomach Contents of Striped Bass in the Middle San Joaquin River
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TABLE 11
Stomach Contants of Striped Bass in the Uppar Sty Joaguin River
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Fall [ Winter | Bpriog | Summser: Fulf | Wister | Spring | Sumreer] Fall § Winter | Spriog § Sumuner
AR RIS BN RN RN R RIR R R R R R
FEIPIIFETIFS FE|PEITE|IRE ISR \FEIRE e
§1§’1—.§<§’2§'§§2§23’;2(_.22:343«3
o B o %lg Rigeic2|loR g i Sio Elo 2ig Blo 2¢
Food Trems g 3 g g § a g g g H § g g
Anuelids
Unidertiind ABAEHTas oo ernn mmmnen oo RN RO B T 3 ST SRR I vt ex e fun cndoer wades ewdom o ania
frustaceans
Ctinducerans ondd Copopodie wancmomovnd wv w180 22 2 Tl o L 4. 130 Ted 8 UPL L. e ewdon o) e o o d o
Mysid shruap (N eomgels ouotschonsi®) vaf o o 7 8 1130 0] 5 Te |85 49140 2316 47232 Tr|.. ..
Aniphipods (Carephfian) s m e oo occnew 86 3:02 4318% 3518 93 8§ Url20 Trigs S8 4188 Tv
Insents
Tendipedids. .. oo 14 Tei2 2039 8352 5§58 S1910 Tl Tei2 Ted oo vofwn wvfor wmfoe wndwe
Molluses
Agintic cham (Corbicnle fuminggaan o PRI [ T R - T | 3 R IR R T e I I
Fighes
Thresdfn shad (Dorosama petonetiethe of ve ww ] ow weiwn w7 828, 110 208 5 34112 92 e | e
( Carp {Cuprinus carpio) ... vr mxdae mmdee e day wr i e we ] ee em Een o | ee s o ] me
j Striped bags (Rene saretifin PO IS DO I 2K -3 I N R I - (K
A Unidentifiuble fishes. O SOV T T 2 S S [ [T I
r Vish egfttenmnncenn U I 1 2., R . .
Sarding sird anchovy 28 671 3 B2 .. .1 % 6 B 40160 ¥P[I8 STII2 3%y .. .
Stomaehs examined.. ki 83 113 103 13 i 38 il 9 8 15 2
Percent contatning fow i) 7 o 72 160 59 jo)] 73 33 Sg 27 0

TABLE 11
Stomach Contents of Striped Bass in the Upper San Joaquin River
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TABLE 12
Stomuach Contents of Striped Bass in the South Delta
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TABLE 12
Stomach Conients of Striped Bass in the South Delta

Few stomachs of the older bass had food. Threadfin shad were the most important forage fish. They were present
in 11 of the 22 stomachs of adult bass, and 2 of the 13 stomachs of subadult bass that contained food. Al except
ane were eaten during the winter. in the fall, winter, and summer, a few of the stomachs contained small bass.

Sacramento River [Fae 4]

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 smalt in the fall, but it increased each season until the summer when it peaked at about one-quarter of the
population in the Delta (see Sasaki. p. 65). N. awatschensis was quite abundant in the environment (Tumer and
Heubach, 1266) and was the most important food of these age-groups. These bass also consumed a fair number
of Corophium. Young striped bass were the predominant forage fish.

Mokelumne River [fese 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 Heubach (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 i the winter and spring.
In the fail and summer, young bass fed more often on Corophium.

Only a few stomachs from the older bass contained food. The threadfin shad was the most common of the forage
fishes in them.

Flooded Islands ¢

The proportion of the Delta population of young and juvenile bass in flooded islands varied seasanally 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 cn season, from 20 {o 52 percent of the subadult and adult bass in the Delta inhabited the flooded
istands (see'Radtke. pp. 21 and 22). These bass preyed primarily on small striped bass and threadfin shad.
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Dead-end Sloughs [T 1

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 utitized 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 aduit and subaduit bass often contained 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.

TABLE 13
Stomoach Contends of Striped Bass in the Sucramento River
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Stemach Contents of Stnped Bass In the Sacramento River
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TABLE 14
Stomuch Contents of Striped Buss in the Mokelumne River
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TABLE 15
Stomuch Contents of Striped Buss in Flooded Islands
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Stomach Contents of Striped Bass in Flooded Islands
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TABLE 16
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Stomach Contents of Striped Bouss in Decd-End Sloughs
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IMPORTANCE OF INDIVIDUAL FOODS

In any season, only five items ever occurred in more than 10 percent of the stomachs of bass of any age. These
iterns 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 four age groups of bass is reviewed.

Neomysis awatschensis

N. awatschensis 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 (Turmner and Heubach, 1966}, its occurrence in the stomachs of young
bass decreased to 65 percent. This decrease refiected 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 Joaguin River where concentrations of N. awatschensis were high. In the summer, the percentage of the bass
in this area decreased considerably 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 Deita where N. awatschensis was scarce. They were consumed by a few subadult and adult bass also. These
amphipods are t0o small to be a very important food of any but the young bass.

Smatll Striped Bass

Young striped bass were one of the important foods of adult and subaduit bass. In the fall, they were eaten by
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about two-fifths of the subadults and aduits. In the winter and spring, as the young bass became 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 aduits that had eaten
srnall 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 middie San Joaquin River and the dead-end
sloughs, and in the winter when their numbers were decreasing (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

— 85 —
quite prominent in the diet of juvenile bass. They were eaten by only a very few young bass.

Sardine and Anchovy Bait

A surprisingly large percentage of the adult bass had eaten quantities 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

Same organisms in the Delta that were of a size suitable for food were seldom eaten. For example, smalt
American shad were very abundant during the summer and fall (see Stevens, p. 101), but few were consumed by
bass. Similarly, Hazel and Kelley (1966) collected zoobenthos from the Delta belonging to 35 taxa; they found that
the two species of Corophium, tendipedids, Corbicula fluminea, and oligochaetes were abundant; however, bass
stomachs contained benthic organisms belonging to only 8 taxa and Corophium were the only benthos utilized in
appreciable guantity.

Young bass seem fo prefer N. awatschensis over Corophium [V« %1 {ndices of concentrations of N. awatschensis
and Corophium in the environment when compared with the frequency of occurrence of these organisms in the
stomachs of young bass, show that young bass fed primarily on Corophiurn only if Corophium were abundant and
N. awatschensis was scarce. If N. awatschensis and Corophium were abundant, if N. awatschensis was abundant
and Corophium were not, and if N. awatschensis and Corophium were scarce, young bass fed primarily on N.
awatschensis.

TABLE 17

Occurrence of Neomysis awatschensis and Corophium in Stomachs of Young
Striped Buss Compared with the Abundance of N. awatschensis
and Corophivm ? in the Environment

Mean Seasonal Mean Seasonal
Pereent Frequency | Percent Frequency
of Qcourrenes of | of Ocourrence of )
N. fschensi; orophit Abund of Abundanece of
in Stomachs in Stomachs N. awalschensis . Corophium
Area of Young Bass of Young Bass in Environment in Environment,
fiower San Joaquin River_ ... 04, 29.5 A A
Dead-End Sloughs.. . - 84.3 20,4 8 B
Bacramento River... - 75.2 32.8 A A
Franks Tracte cmmporzgan - 73.3 55.5 S 8
Middle San Joaquin River. ... 85.1 513 A 8
North Fork of Mokelumne River
and South Fork of Mokelumne \
River at New Hope Landing..-- 50.7 45.1 b 3
Qld River-Fabian and Belf Canal. _ 58.4 2.0 3 A
Mokelumne River at Terminous. .. 52.3 65,4 8 A
‘Upper San Joaquin River__....... 12.3 88.2 8 A

1 Rased on mean season cateh of N, awatechensis with a Clarke-Busmpus plankton net (Turner and Heubach, 1966).
A == gbundant {(28-75 N. cwatschensis per euble meter of water).
S =scarce  ( 0~ O N. awatschensis per cuble meter of water),
# Based on mean numbers of Corophium eaught with a Peterson dredge by Hazel and Kelley (1666).
A = abundant (30-57 Corophium per square foot).
8 = scarce  { 6-20 Corophium per square foot).

TABLE 17
Occurrence of ¥ is and Corophitn in St hs of Young Stripad Bass C. with the of N,
and Corophium in the Eavironment
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Small bass and threadfin shad were eaten at a rate more directly refated to their density in the environment. Turner
(see p. 161) indicates that threadfin were most concentrated in the middie San Joaquin River and dead-end
sloughs, and in these areas large bass preyed on them heaviest. Sasaki (see p. 49) has shown that the greatest
concentrations of small bass occurred in the lower San Joaquin River, Sacramento River, and flocded islands, and
they were utilized by large bass more frequently in these areas than in the rest of the Delta.

EFFECT OF SAMPLING GEAR ON RESULTS
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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
foad 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 Corophium are generally most
abundant near the bottom of the channels, the vertical distribution of small striped bass is quite variable
{Chadwick, 1964 see Sasald, p. 46), and threadfin shad are most abundant at the surface (see Turner, p. 160).
Because the otter trawi collected bass from near the bottom of the channels and the midwater trawi collected bass
from near the surface, it was possible to compare the stomach contents of bass coilected at different depths, and
consequently determine If the results of this study might have been influenced by the proportion of the sample
coilected by each type of trawl. Chi square, two-way ciassification tests were used to determine if in the summer of
1964 the proportion of young bass utilizing each of the important food organisms was significantly different from
each type of frawl.

The tests indicated three major differences in stomach contents & 1. The proportion of the stomachs that
contained threadfin shad was significantly larger in the sample from the midwater traw! than in the sample from the
otter trawl, and the proportions of the stomachs that contained N. awatschensis and Corophium were significantly
targer in the sample from the otter trawl than in the sample from the midwater trawt.

TABLE 18

Frequency of Important Foods Compared for Stomachs of Young $triped Bass
Collected in the Midwater and Oter frawls in Summer, 1964
in All Environmental Zones

Midwater Trawl Otfer Trawl
Percentile

Food Xtem Obs. Freq.  Exp. Freq. { Obs. Freq.  Exp. Freq. X2 (1df)

N, aualSehensis. o cmmmnammammnenan 213 236 433 410 10.13 0.995

Coraphitan . v 183 1 393 365 13.38 0.995

| Threadfin Shad.._.___._...____. 31 13 5 22 37.82 0.995
Striped Bass 25 27 48 46 .09 o

Btomachs Containing FPood. ... 360 524
TABLE 38
F of Foods Coniy d for of Young Striped Bass Collected in the Midwater and Olter Trawls in Summer, 1964 in

Al Environmentsl Zones
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These differences in stomach contents could have resuited directly (i) from bass caught at different depths having
fed on different organisms or (ji) from bass caught in the midwater traw! having formed a larger than normal
proportion of the sample from zones where threadfin shad were most avaitable and/or from bass caught in the
otter trawt having formed a larger than normat propartion of the sample from zones where N. awatschensis and
Corophium were most avaitable.

Further inspection of the data revealed that in the two zones, (middie San Joaquin River and dead-end sloughs)
where threadfin shad were most densely distributed, the propottion of the sample formed by bass caught in the
midwater traw! was, in fact, large. Bass caught in the midwater trawi formed 47 percent of the trawl-caught sampie
in these two zones: whereas they made up only 37 percent of the trawlcaught sampie for all zones combined.
Therefore, the proportion of bass utilizing each food organism was also compared for the midwater and otter frawl
samples from the middie San Joaquin River and dead-end sloughs only. Chi square tests indicated that the same
three differences in stomach contents were significant fiok =1,

TABLE 19

frequency of Important Foods Compared for Stomachs of Young Striped Boss
Collected in the Midwater and Otter Trawls in Summer, 1964 in Middle
San Jouaquin River and Deadwend Sloughs

Midwater Trawl Otter Trawl
Percentile
¥ood Item Obg. Freg.  Exp. Freq. | Obs. Freg.  Exp. Freq. Xz (2 .1}
N, awalechensis. . oo comnnnmnenn e 50 60 40 70 6,42 0,975
Covephium___ ... ___.______ » 44 74 2 34.81 0.095
Threadfin 8had oo 26 14 3 1% 23.81 0.905
Striped Bass.. oo i 8 [ 3 7 0.78 —
Stomachs Containing Food..... .. u4 117
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TABLE 19
P Foods Comip. for of Young Striped Bass Collecled in the Midwater and Otter Trawis in Summer, 1964 in
Middle San Josquin River and Dead-end Sioughs

On the basis of the chi square tests, | 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 vertical distribution of other age groups; 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 necessary 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 numbers of individuals from only the juvenile
age-group were caught by all three types of gear so this group was selected.

50
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FIGURE 2. Percentage of juvenile bass stomochs that were emply compared o method
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Two-way classification chi square tests indicated that the proportion of bass stomachs that contained food for each
type of gear was significantly different from the proportion for each of the other two types of gear (== 24 The
proportion of the bass with empty stomachs that were caught in the midwater trawl was larger than the proportion

" of the bass with empty stomachs from the otter trawl, and the proportion of bass with empty stomachs that were
caught in the gill net was larger than that proportion for both the otter trawt 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.
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TABLE 20

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

Midwater Trawl Otter Trawl (ill Net
Tot. Btomachs = 450 | Tot. Stomachs = 966 | Tot. Stomachs = £22
Obs. No.  Exp. No. Obs. No.  Exp. No. | Obs. No.  Exp. No. Percentile
. Empty  Empty Bmpty  Empty Empt{ Empty
Comparison St hs St hs | Si by St ds | St Bt h X2 (1 df)
Midwater Trawl v, Otter
A £-X 1 S w3 120 204 L A 46.14 $.995
Midwater Traw! ve, Gilt
Nebeoa e 173 189 e —_— 278 261 3.93 (.4950
Otter Trawl vs. Gill Net . — 204 2493 27¥ 189 98.12 ©.995
TABLE 20
q "y of Emply C for Juvenile Bass Coifectad by Thres Typss of Sampling Geer

FOOD INTAKE AND BASS GROWTH

In the summer of 1964 there was a progressive change in the composition of the stomach conients of year-old
bass from the lower to the middie to the upper San Joaqguin River. In the lower river (Table 8), N. awatschensis
occurred in almost alf stomachs, Corophium 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,
Corophium 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 aimost no
stomachs, but seven-eights of the stomachs contained Corophium, 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 enly 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 I+ This decrease suggests that the total food availability decreased
from the lowermost to the uppermost zone. in regard to this hypothesis, Ellis and Gowing (1957) found that the
amount of food in stomachs of brown trout, Salmo trutta, was directly related to the amount of food in the section of
the stream from which the trout were collected; and in a series of experiments, Iviev (1961, pp. 19~40) found that
the amount of food consumed by fishes depended on the mean concentration and degree of aggregation of food in
the environment.

TABLE 21

Compurison of Mean Volumes of Food in $tomachs of Striped Buss from Three
Environmental Zones of the San Joaguin River'

. Degrecs .
Environmental Zones and Mean Volumes of Food {ee) ¢ Value of Freedoin Pereentile
fver vs. Upper Rive

Lowﬂeﬂflggﬂ ¥ m{)}u‘z)ﬁgﬂ 3.61 82 0.9%
Lower River vs. Middle River . .
0,1875 0.0845 2.47 0% 0.908
Middle River vs. Upper River . )
e A 3.28 50 0.99

t Bags wers 14,5 to 18.5 em rr snd were colloeted during Angyst 1089, Bass were selected from t.hi:; 514¢ range ;0
minimize variations in stoiael capacitios and to maxindze the sarepie sise without using effort additional to the
regular sampling program.

TABLE 21
Comparison of Mean Velumes of Food in Stormachs of Striped Bass from Three Emvironmeriial Zones of the San Joaguin River

Sasaki (see p. 55) describes differences in the mean length and mean coefficient of condition of year-old bass
from the same three environmental zones. It seems reasonable o expect that these differences were related to the
food intake. In support of this theory the mean iength and mean coefficient of condition of the bass from the lower
river was greater than that of the bass from the middie and upper river {Figure 3}, However, the trends in food
intake, fork length, and coefficient of condition of bass from the middie to the upper river do not agree. The mean
fork length of bass from the middle river was the same as that of bass from the upper river, and the mean
coefficient
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FIGURE 3. Mean volume of food per stamuch, meun length, and meon coefficient of condi-
fion of year-old bass from the three environmental zones of the San Joaguin River during
the summer of 1964,

FIGURE 3. Mean volume of food per stomach, mean length. and mean coefficient of condition of year-old bass from the three environmental
zones of the San Joaquin River during the surnmer of 1964.

of condition of bass from the middle river was smaller, although not significantly smalier, than bass from the upper
river; whereas the food intake was higher in the middie 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 middie 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 relevant that in the study by Ellis
and Gowing (1857} 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 SUMIMARY

The bass stomachs contained more than 30 different foods, but only 5 of these foods, N. awatschensis,
Coraphium, 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 invertebrates (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 smalf bass had moved

G
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FIGURE 4. Percent frequency of occurrence of fishes and inverfebrates in stomachs of
striped bass of different ages from fail 1963 through summer 1964,

FIGURE 4. Parcent freq of of fishes and is in of striped bass of different ages from fall 1963 through
summer 1964.
down into the bays below the Delta (see Sasaki, p. 49; and Ganssle, 1966), and the threadfin shad had died out
{see Tumner, p. 164), the juvenile bass retumed to a diet formed largely by inventebrates. When the new crop of
young-of-the-year bass and threadfin shad became available in the summer, the juvenites turned again toward a
diet of small fish.

in the fall, the abundant small striped bass and threadfin shad comprised nearly the entire diet of the subadult
bass. Like the juvenites, the subadults consumed less fish and more invertebrates in the winter and spring when
small fishes were ess numerous. The subaduits returned to an almost exclusive fish diet when the new crops of
smail bass and threadfin 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 aduit bass which
was formed predominately 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 viev's (1961,
pp. 82-91) experiments showing that predators prefer to devour victims of the largest possible size.

Corophium 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 (1866).
Corophium also are often found on the substrate

— 85 —
rather than in it, so are probably more available than those less abundant benthic animals which live in the
substrate.

Few bass stomachs contained small king salmon. Oncorhynchus tshawytscha. Several biologists (Scofield; 1931;
Shapovatov, 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 migration
primarily to determine the extent of this predation. He fourid no saimon in the stomachs and concluded that they
were not an important food source. Adult bass are spawning during the salmon migration, therefore, they would
not be serious predators because they do not feed heavily then.

Recently, Thomas (1866) reported that juvenite bass consumed quantities of small salmon in the spring and
summer in the Sacramento River above the Delta. This suggests that safmon are more available there than in the
Delta. This availability may be a direct result of the greater clarity and/or smali width of the river. The smali salmon
are necessarily more concentrated when in the relatively narrow river than when in the broad and diverging
channels of the Deita. The availability of small salmon to striped bass in the Delta during the summer might also be
low because other forage fishes, particularly young-of-the-year striped bass, act as a buffer against predation on
the salmon.

Refatively few small American shad were eaten by striped bass, even during the summer when small shad were

quiite abundant. Thomas (19686) did not find many American shad in the stomachs of striped bass either. Why more
bass did not prey upon this species is unknown.
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Sardine and anchovy bait were consumed with surprising frequency by juvenile and aduit bass. These baits may
have either been discarded by anglers or stoten from their hooks.

Young bass grew best in the lower San Joaquin River where the mysid, N. awatschensis, was extremely
abundant. A decrease in the concentration of N. awatschensis here 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 prabably seriously affect the structure of the entire bass
poputation.

Suitable forage fishes for striped bass were scarce in the Delta during the winter and spring. Both juvenile and
subaduit 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 of food organisms varied with depth, bass stomach contents varied with the depth at which
the bass were collected. Different sampling gear 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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DISTRIBUTION AND FOOD HABITS OF THE AMERICAN SHAD, ALOSA
SAPIDISSIMA, IN THE SACRAMENTOSAN JOAQUIN DELTA

DONALD E. STEVENS

This paper describes the distribution, migrations and food habits of the American shad in the Sacramento-San
Joaquin Delta. The description is based on caiches of shad in gill nets and trawis, on the estimation of gonad
maturation in aduit shad, and on the examination of contents of 269 stomachs of adult shad.

Adult shad were abundant in the Delta only during their spawning migration. The Sacramento and Mokelumne
River systems supported farger runs than the San Joaquin River. There is evidence that while most shad spawned
far upstream, some spawned in severai areas in the Delta itself. The catch and gonad maturation data suggest
that a large percentage of the adults die shortly after spawning, although there is also evidence that some spent
shad do migrate seaward. Adult shad fed primarily on a mysid, Neomysis awatschensis, and copepods and
cladocerans. Percentages of stomachs containing food were directiy related to concentrations of food organisms in
the environment.

Young shad were abundant in the Delta from July through November. Greatest concentrations occurred in the
Sacramento River, Mokelumne River, dead-ends sloughs tributary to the Mokelumne River, and the San Joaquin
River beiow the mouth of the Mokelumne River. Most of the young shad in the latter area probably originated in the
Sacramento and Mokelumne rivers.

Scme migrations of young shad within the Delta appeared to be related to the food supply.

METHODS
The trawling and gill netting procedures, locations of the sampling stations, and the method of estimating gonad
maturation are described by Turner (see p. 12). Procedures used in the food habits analysis are the same as those

described for striped bass by Stevens (see p. 68).

ADULT SHAD
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