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ABSTRACT
Three species of scombrids were troll-caught off
southern California for a food habits study during
Cruise 166 of NOAA research vessel David Starr
Jordan in August 1983, to examine effects of the
anomalous oceanography (El Nifio) of that period.
The stomachs of 94 albacore (Thunnus alalunga), 31
skipjack (Katsuwonus pelamis), and 42 bonito (Sarda
chiliensis) were examined. Chi-square analysis for
homogeneity showed highly significant differences in
types of prey and proportions consumed by the three
species. Albacore consumed 96.8% fish, 35.1%
cephalopods, and 52.1% crustaceans by frequency of
occurrence, and 82.4% fish, 1.7% cephalopods, and
15.9% crustaceans by numerical frequency. Skipjack
consumed 19.4% fish, 12.9% cephalopods, and
54.8% crustaceans (45.2% euphausiids) by frequency
of occurrence, and 11.1% fish, 2.6% cephalopods, and
- 86.3% crustaceans (76.5% euphausiids) by numerical
frequency. Bonito consumed 71.4% fish and 26.2%
crustaceans (11.9% euphausiids) by frequency of
occurrence, and 32.1% fish and 67.9% crustaceans
(63.4% euphausiids) by numerical frequency. A com-
parison to historical data during similar and dissimilar
environmental conditions suggests that the scombrids
are opportunistic predators, and that prey availability
was partly a function of the oceanographic conditions.
The index of relative importance and mean volumetric
ratio measurement of northern anchovy (Engraulis
mordax) in the diet of albacore is presented.

RESUMEN

Con el fin de examinar los efectos oceanograficos
anémalos (El Nino) en el periodo de agosto de 1983,
durante la campaiia 166 del buque de investigacién de
la NOAA ‘‘David Starr Jordan’’ para un estudio de
hébitos alimentarios, se capturaron con linea tres espe-
cies de escombridos a la altura del sur de California.
Se examinaron 94 contenidos estomacales de albacora
(Thunnus alalunga), 31 de listado (Katsuwonus pela-
mis), y 42 de bonito (Sarda chilensis). Anélisis de
chi-cuadrado para homogeneidad demostraron
diferencias altamente significativas en los tipos y
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proporciones de presas consumidas por las 3 especies.
Por frecuencia de registro, la albacora consumié un
96.8% de peces, 35.2% de cefaldpodos, y 52.1% de
crustaceos; mientras que por frecuencia numérica los
valores fueron, peces: 82.4%, cefalépodos: 1.7%, y
crusticeos: 15.9%. El listado consumié 19.4% de
peces, 12.9% de cefalépodos, y 54.8% de crusticeos
(45.2% de eufdusidos) por frecuencia de registro; en
frecuencia numérica los valores fueron, peces: 11.1%,
cefalépodos: 2.6%, y crusticeos: 86.3% (76.5% de
eufdusidos). El bonito consumié 71.4% de peces, y
26.2% de crustaceos (11.9% de euféusidos) por fre-
cuencia de registro, y 32.2% de peces y 67.9% de
crusticeos (63.4% de eufausidos) por frecuencia
numérica.

La comparacién con datos histéricos similares
durante condiciones ambientales semejantes y
diferentes sugiere que los escémbridos son predadores
oportunisticos, y que la disponibilidad de presas era,
parcialmente, el resultado de las condiciones oceano-
gréaficas. Se presentan el indice de importancia relativa
y medidas de la tasa volumétrica media de la
anchoveta del norte (Fngraulis mordax) en la dieta de
la albacora.

INTRODUCTION

The limitations of single-species models in fisheries
management have been recognized and well
documented (Anderson and Ursin 1977; Laevastu and
Larkins 1981; and Livingston MS'). That predation
mortality can control year-class strength of a given
prey species has been established and deserves further
examination (Laevastu and Larkins 1981; Rothschild
and Forney 1979). We conducted a multispecies com-
parison by examining stomach contents of three spe-
cies of scombrids—skipjack (Katsuwonus pelamis),
albacore (Thunnus alalunga), and Pacific bonito (Sar-
da chiliensis)—collected in the California Current
during the 1983 El Nifio. Food habits studies from El
Nifio and other periods are also reviewed here.

'Livingston, P.A. MS. Marine fishery management demands on fish food habits data:
a discussion of alternative uses of food habits data for management purposes. NMFS,
Resource Ecology and Fishery Management Division, 7600 Sand Point Way, N.E.,
Bldg. 4, Bin c15700, Seattle, Washington, 98115, 16 p.
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We found significant amounts of young-of-the-year
anchovies, Engraulis mordax, in the diet of these
scombrids, especially albacore. A number of animals
prey on the northern anchovy, including at least 33
species of fish, seabirds, marine mammals, and man
(Radovich 1979). The impact of predation and adverse
environmental conditions on a commercially impor-
tant fish like the northern anchovy could have far-
reaching economic repercussions.

Prior to Iversen’s (1962) study on albacore in the
central and northeast Pacific Ocean, food habits stud-
ies on albacore were largely nonquantitative (Clemens
and Iselin 1963; McHugh 1952; Powell and Hilde-
brand 1949; Hart 1942; and Hart and Hollister 1947).
In the 1970s, more quantitative studies were undertak-
en, including those by Pinkas et al. (1971) and Iversen
(1962). Both studies were conducted when El Nifo
events were mild or absent.

Most food habits studies on skipjack have taken
place in the central and eastern tropical Pacific Ocean
(Alverson 1963; Nakamura 1965; and Waldron and
King 1963). However, Alverson’s study in the eastern
tropical Pacific Ocean includes the region between
Point Conception and 20°N, between 123° to 115°W
during another strong El Nino (1957-59).

There is a paucity of literature on bonito’s food
habits in the California Current. One other study,
spanning two years of collection (1968 and 1969—
mild El Nifio years), was available for comparison
(Pinkas et al. 1971).

METHODS

The three scombrid species (94 albacore, 41 Pacific
bonito, and 21 skipjack) were caught by hand-
operated jig lines with artificial lures trolled at an
average speed of 6 knots, during Cruise 166 of NOAA
research vessel David Starr Jordan. In addition, |
bonito and 10 skipjack were caught in gill nets de-
ployed at night. Size of fish caught was fairly
homogeneous within each species (Table 1). The alba-
core and bonito were caught in water approximately
the same temperature (17.8°C and 17.3°C); the skip-
Jjack were caught in the warmer water (21.2°C) of the
Southern California Bight (Table 1).

The albacore and bonito were caught in close asso-
ciation with each other, within 100 miles of shore,
between 33°59’ to 36°44'N and 121°19' to 122°30'W.
The skipjack were all taken south of Point Conception
in the Southern California Bight between 32°38’ to
33°46'N and 117°57" to 119°16'W (Figure 1).
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TABLE 1

Mean Fork Lengths and Standard Deviations, and
Mean Water Temperatures at Time of Catch

Albacore  Skipjack Bonito
(n1=94)  (n=31) (n=42)

FL. (em P 69.3 487 59.9
(em) ) @®.817) (.03  (1.902)
Temp. (°C P 17.77 2117 17.32
p-CO (0.620)  (0.442)  (0.252)

Stomachs were removed aboard the ship and
frozen. Contents were thawed in the laboratory and
rough-sorted. Because many prey items in the stom-
achs in this study have not yet been identified, they
were pooled into gross taxonomic categories, usually
at the class level, except where otherwise indicated. In
order to compare our data with previous studies, we
pooled (whenever possible) the data from those stu-
dies to correspond to our fewer categories.

Percent frequency of occurrence (number of stom-
achs in which a particular prey occurred as a percent-
age of the total number of stomachs = %FO) and
percent numerical frequency (%NF) were determined
for all three species. Additionally, anchovies were
separated from the other fish found in the albacore
stomachs. The percent volumes of anchovies and
other fish prey were determined.

We calculated a measure of relative importance
(Pinkas et al. 1971) for the fish consumed by 85
albacore. This value, termed index of relative import-
ance (IR1), is the product of the sum of the numerical
plus volumetric percentages of a given prey item and
percent frequency of occurrence of that prey [IRI =
%FO(%NF + %VF)]. It is used here for comparison
of anchovies consumed relative to all other fish prey
combined and not as a total IRI for all prey items.

The data from the 85 albacore stomachs that con-
tained fish were also examined individually to deter-
mine the importance of a given prey to an individual
predator. Individual stomach analysis is similar in
principle to an IRI calculation; however, instead of
pooling prey from all of the stomachs of a given
predator, one evaluates the distribution of fractional
volumes and numbers of prey for each stomach. In
contrast to the IRI, these data make it possible to
determine the variance, mean, and standard deviation,
and to perform statistical tests. The mean volumetric
or numerical ratio measurement (MVRM, MNRM)
was based on the percentages or proportions of prey in
relation to total stomach volume or total numbers of
all prey in individual stomachs (Ankenbrandt, in
press). We calculated the MVRM for anchovies in the

diet of albacore by the following equation (and
MNRM can be calculated similarly):

= mean volumetric ratio of prey J to
the total volume of N stomachs

where N = number of stomachs examined

Yy

ratio of prey j to the total volume of

g V-~] stomach i
ist’

Tij

and where V;; = volume of prey type j in stomach i

n = number of prey items

In an attempt to determine if the albacore were
consuming anchovies at random, we performed a runs
test (Sokal and Rohlf 1969) to test the null hypothesis
that the frequency of occurrence of anchovies within
the albacore stomachs is random.

It appeared that the three predator species were not
eating the same kinds of prey items in the same pro-
portions. We used Crow’s (1982) suggestion for show-
ing differences in feeding habits by analysis of stom-
ach contents using a 2-way, R x C, contingency table,
where R is the number of prey categories and C is the
predator species.

RESULTS

Scombrid Feeding Habits

Chi-square analysis for homogeneity showed highly
significant differences in types of prey and proportions
consumed by the three scombrid species (Table 2).

TABLE 2
Observed Frequency
Prey Predator

Skipjack Albacore Bonito Total
Unident. Crust. 6 71 13 90
Pleuroncodes 4 84 0 88
Amphipods 8 20 19 47
Hyperiidae 1 18 0 19
Euphausiids 148 916 449 1513
Fish 22 5741 228 5991
Cephalopods 5 117 0 122
Total 194 6967 709 7870

Minimum estimated expected value is 0.47

Independence of prey occurrence was tested, and the null hypothesis of
homogeneity was rejected. Chi-square value = 1,641.721, probability
<0.0001.
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PERCENT FREQUENCY OF PREY

UNIDENTHFIED CRUSTACEANS
Plowroncoedes planipes

AMPHIPODS BONITO
HYPERNDS (N-42)

SKIPJACK
(N-31)

UMIDENTIFIED CRUSTACEANS

CEPHALOPODS
_\ AMPHIPODS

UNDENTIFIED CRUSTACEANS
Plewroncodes planipes

ALBACORE
(N=94)

Figure 2. Percent numerical fre-
quency of prey consumed by three
scombrids (skipjack, albacore,
and bonito) caught during Cruise

166.

Skipjack consumed crustacea most frequently (FO crustacean most important to both skipjack and bonito
= 54.8%) and in greatest numerical frequency (NF = was the euphausiid Nyctiphanes simplex.

86.3%). Bonito consumed fish most frequently (FO The primary prey of albacore was fish (FO =

= 71.4%), but crustacea were highest in numerical 96.8%, NF = 82.4%) (Figures 2 and 3). The IRI for
frequency (NF = 67.0%) (Figures 2 and 3). The anchovies in the diet of albacore was 7,630; for all
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Figure 4. Index of relative importance and percent numerical frequency,
percent volumetric frequency, percent frequency of occurrence for
anchovies and other fish consumed| by albacore caught during Cruise
166.

other fish combined, the IRl was 8,061 (Figure 4).
The anchovies found in the albacore stomachs were
young-of-the-year, from 22-47 mm SL, with a mean
of 33.6 mm and a standard deviation of 4.97 (Figure
5). Albacore stomachs can be a source for verifying
the existence or abundance of the anchovy size classes
that are underrepresented in the California reduction
fishery sampling program used for anchovy popula-
tion studies (Mais 1981).

The presence of Pleuroncodes planipes, pelagic red
crab, in the diets of skipjack and albacore is notable
because the crab’s northern limit in most years appears
to be 28°N, in Sebastian Viscaino Bay (Longhurst
1967).

Individual Stomach Analysis
The mean volumetric ratio measurement for ancho-
vies in albacore stomachs (0.092) was only a little less
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Figure 5. Length-frequency distribution of anchovies found in alb e

stomachs caught during Cruise 166.

AND BONITO

TABLE 3

Mean Volumetric Ratio Measurements (MVRM) and
Standard Deviations of Anchovies and All Other Fish

Consumed by 85 Albacore
E. mordax Other fishes
MVRM 0.092 0.110
(s) 0.144 0.207

than the mean volumetric ratio measurement for all
other fish combined (0.11) (Table 3).

The mean numerical percentage of anchovies in
albacore stomachs is somewhat less (X = 42.4%) than
all other fish combined (x = 57.6%), as was the mean
volumetric percentage of anchovies (x = 44.1%) to all
other fish combined (X = 55.9%) (Table 4).

The mean volumetric and numerical percentages of
anchovies from individual stomach analyses were also
less than the numerical and volumetric percentages of
anchovies in the IR] calculation (Table 5).

Cumulative frequency plots showing the propor-
tions of percent numerical and volumetric frequencies
of anchovies in albacore stomachs (Figures 6 and 7)
demonstrate that there were more albacore stomachs
containing fish other than anchovies than stomachs
containing anchovies alone.

The runs test resulted in rejection of the null
hypothesis of random distribution of anchovies in al-
bacore stomachs at the 5% significance level. Ancho-

TABLE 4

Mean Volumetric and Numerical Percentages and
Standard Deviations of Anchovies and Other Fish
Consumed by 85 Albacore

E. mordax Other fishes

Numerical percentage

X 42.4% 57.6%

(s) 39.7 39.7
Percent volume

X 44.1% 55.9%

(s) 41.2 41.2

TABLE 5

Percentages Used Iin IRI Calculation

E. mordax Other fishes
Numerical percentage 53.9% 46.1%
Percent volume 51.7% 48.3%
Frequency of
occurrence 69.7% 85.4%
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Figure 6. Cumulative frequency plot of volumetric percentage of all
anchovies in 85 albacore stomachs.

vies were present in some of the albacore stomachs in
large quantities, and some stomachs did not contain
any anchovies. This finding is not necessarily a reflec-
tion of active selection, but more likely an indication
of the patchy distribution of the anchovy schools.

DISCUSSION

There are significant differences in types of prey
and proportions consumed among the three scom-
brids. Bonito and skipjack consumed more euphau-
siids than any other type of prey. Albacore consumed
more fish than any other prey, and the northern
anchovy, Engraulis mordax, was consumed nearly as
much as all other fish combined.

The 1983 El Nifno event resulted in, among other
things, a marked decrease in the southward transport
of the California Current. The decreased transport
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Figure 7. Cumulative frequency plot of numerical percentage of all
anchovies in 85 albacore stomachs.

correlates with a decrease in zooplankton biomass
(Chelton et al. 1982) and a decrease in the occurrence
of cephalopods off the California coast. In addition,
fauna endemic to more southerly ranges (e.g.,
Pleuroncodes planipes and Nyctiphanes simplex) were
transported northward and incorporated into the diets
of the scombrid predators. A comparison of this study
with other food habits studies during El Nifio periods
showed similar trends.

Pacific Bonito

In 1968 and 1969 (Pinkas et al. 1971), fish were the
primary prey for bonito, with cephalopods next in
importance (in 1968, NF for cephalopods = 13.9%
and FO = 21.3%; in 1969, NF = 5.8% and FO =
28.2%). However, in our study, the importance of
crustacea is about the same as fish (Figure 8). No

Figure 8. Comparison of percent
numerical frequency and percent
frequency of occurrence of prey
consumed by bonito caught in
1968 and 1969 (Pinkas et al. 1971)

L and those caught from August

1983 15-September 1, 1983. Cr = crus-

CALIFORNIA CURRENT taceans, Ce = cephalopods, and F

(No. of Pt. Conception) = fish,
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Figure 9. Comparison of percent numerical frequency and percent fre-
quency of occurrence of prey consumed by skipjack in several studies.
On left are studies from central and south Pacific: 1957-59 (Nakamura
1965), and 1950-56 (Waldron and King 1963). On right are studies from
the eastern tropical Pacific and California Current: 1983 (this study) and
1957-59 (Alverson 1963). Question marks represent unavailable data. Cr
= crustaceans, Ce = cephalopods, and F = fish.

cephalopods were found in the bonito stomachs col-
lected during the 1983 cruise. This suggests that
cephalopods were not available to the bonito we sam-
pled during the 1983 El Niiio.

Skipjack

In Alverson’s (1963) study conducted in the region
between Point Conception and 20°N during the 1957-
59 El Niiio, crustacea were consumed most frequent-
ly, as in 1983 (Figure 9). In contrast to 1983, when
euphausiids were the most important crustacean, the
pelagic red crab was the most important crustacean in
1957-59.

Albacore

We used Pinkas et al. (1971) for a detailed compari-
son to our study because of the similar location
(Iversen’s 1962 data from the equatorial and northeast-
ern Pacific were pooled together). Fish were the pri-
mary prey in 1968 and 1969, with anchovies the most
important species in 1968, and sauries (Cololabis
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Figure 10. Comparison of percent numerical frequency and percent fre-
quency of occurrence of prey consumed by albacore in 1968 and 1969
(Pinkas et al. 1971), 1950-57 (lversen 1962), and 1983 (this study). Cr =
crustaceans, Ce = cephalopods, and F = fish.

saira) the v “st important species in 1969 (Figure 10).
In 1983, anchovies were almost equal in importance to
all other fish combined.

MVRM versus IRI

The MVRM and the numeric and volumetric pro-
portions (used in IRI calculations) gave similar results:
anchovies were consumed almost as much in volume
and numbers as all other fish combined. The mean
numerical and volumetric percentages of anchovies
consumed by albacore were slightly less (42.4% and
44.1%, respectively) than the numerical and volumet-
ric percentages used for the IRI calculation (53.9%
and 51.7%). This reflects the difference between es-
tablishing a measurement based on a pooled average
(volumetric and numerical proportions) and a weight-
ed average (MVRM and MNRM). The fact that nu-
merical and volumetric proportions based on pooled
(IRI-type) data are greater than the means of volumet-
ric and numerical frequency shows that some albacore
were primarily - consuming anchovies, whereas, at
other times, other albacore were consuming more of
some other fish species. This suggests that the com-
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plementary use of the MVRM and volumetric frequen-
cy and the MNRM and the numerical frequency will
provide insight into the feeding habits of fishes.

The MVRM calculation enabled us to perform sta-
tistical tests on these data and resulted in the conclu-
sion that the distribution of anchovies as prey among
individual albacore was not random. That is, it ap-
pears that some albacore encountered and fed on
anchovy schools, while other albacore encountered
and fed on schools of other fish, a possible reflection
of the inherently patchy distribution of anchovy
schools.

Gill-Raker Gap and Prey Size

In a previous study (Magnuson and Heitz 1971), the
gill-raker gap (space between the first two gill rakers
of the first gill arch) was measured or estimated by
linear regression in tunas, mackerels, and dolphinfish.
The results showed a positive correlation between
gill-raker gap and fork length, and gill-raker gap and
prey size—i.e., the predators with smaller gill-raker
gaps consumed smaller prey.

We determined the mean gill-raker gaps for the
scombrids in our study by linear regression (fork
length vs gill-raker gap). Although bonito had a larger
gill-raker gap (ca. 3.05 mm) than both skipjack (ca.
1.03 mm) and albacore (ca. 2.50 mm), we found that
the proportion of prey items in bonito stomachs more
closely resembled the contents of skipjack stomachs
(mostly euphausiids) than albacore stomach contents.

Our findings were contrary to those of Magnuson
and Heitz: most of the bonito prey were smaller than
most of the albacore prey, even though albacore had a
smaller gill-raker gap than bonito and they were
caught in the same area on the same days. This in-
formation, added to the evidence that scombrids in
previous studies have diverse and opportunistic feed-
ing habits during similar and dissimilar environmental
conditions, underscores the complexities of food-web
dynamics.
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