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ABSTRACT

Leuroglossus stilbius (Bathylagidae) was abundant
in the nearshore Santa Barbara Basin (SBB), but less
so in the more offshore Santa Cruz Basin (SCB).
Stenobrachius leucopsarus (Myctophidae) was abun-
dant in both basins. L. stilbius is adapted morpho-
logically to feed by suction and to eat smaller, less
active organisms. S. leucopsarus is better adapted to
feed by grasping, and to eat larger, faster, and more
elusive prey. In the SBB, L. stilbius fed, mostly at
night in surface waters, on larvaceans and salps all
year, reflecting the seasonally consistent abundance
of these prey items. In the SCB, it fed less intensely,
mostly at night in surface waters, and its diet varied
with the seasonal abundance of its gelatinous prey.
S. leucopsarus fed mainly on crustaceans, and it did
not exhibit a distinct feeding chronology. It ate sim-
ilar prey all year in both basins, but euphausiids
dominated the diet when they were most abundant.
Thus L. stilbius is well adapted to inshore, eutrophic
midwater habitats, where it can easily eat abundant
larvaceans and salps, and may act as a trophic link
between the shallow gelatinous zooplankton and the
deep sea through its diffuse vertical migrations.
Offshore, its primary food is less dense, only sea-
sonally available, and restricted to surface waters.
S. leucopsarus is better adapted to eat the more var-
ied food resources offshore. Its cohesive pattern of
vertical migrations takes it into the food-rich sur-
face waters at night, where it consumes crustacean
prey and trophically transports their calories to the
deep sea.

RESUMEN

La abundancia de Leuroglossus stilbius (Bathylagi-
dae) fue mis alta en la cuenca de Santa Barbara (SBB)
que en la cuenca de Santa Cruz (SCB), ubicada a
mayor distancia desde la costa. La abundancia de
Stenobrachius leucopsarus (Myctophidae) fue similar
en ambas cuencas. La especie L. stilbius presenta
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adaptaciones morfolégicas que le permiten alimen-
tarse por succién y predar sobre organismos pe-
quefios y poco activos. A diferencia, la especie S.
leucopsarus estd mejor adaptada a una alimentacién
activa, predando sobre presas mds grandes y mds
escapadizas. L. stilbius se alimenté principalmente
de noche en aguas superficiales de la SBB. Durante
todo el afio el alimento consistié de apendicularias y
salpas, reflejando la persistente disponibilidad de es-
tos organismos a lo largo del ciclo anual. El régimen
alimenticio fue similar en la SCB, si bien la dieta
varié de acuerdo con la variacién estacional en la
abundancia de las presas. No se observaron diferen-
cias cronolégicas marcadas en los hibitos alimenti-
cios de S. leucopsarus. La dieta estuvo compuesta
principalmente por crusticeos, en especial de eu-
fatsidos cuando éstos eran mds abundantes. El
alimento fue similar en ambas cuencas. Por consi-
guiente, L. stilbius es una especie adaptada al am-
biente costero eutréfico donde puede alimentarse de
apendicularias y salpas en abundancia, y que debido
a sus migraciones verticales difusivas es probable
que represente el eslabén tréfico entre el zooplanc-
ton gelatinosos de aguas poco profundas y las aguas
ocednicas profundas. Lejos de la costa, su alimento
principal estd menos densamente distribuido, y so-
lamente disponible estacionalmente y restringido a
las aguas superficiales. La especie L. leucopsarus esta
mejor adaptada a un régimen alimenticio ocednico
mds variado. Su patrén de migracién vertical cohe-
sivo le permite predar en aguas superficiales ricas en
alimento (donde consume crusticeos) y transportar
las calorfas hacia las aguas profundas.

INTRODUCTION

According to Lavenberg and Ebeling (1967) “the
diversity of the mesopelagic and bathypelagic faunas
increases with vertical expansion of their habitats
offshore.” This trend is evident when one compares
the fish faunas of two deep-sea basins off Santa Bar-
bara, California (Ebeling et al. 1970a; Brown 1974).
The Santa Barbara Basin (SBB), located inshore of
the Channel Islands, is relatively shallow (600 m,
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with a 425-m sill), generally i1solated from other ba-
sins, and enriched by coastal runoff; it has a rela-
tively simple but abundant epipelagic and upper
mesopelagic fish fauna. In contrast, the offshore
Santa Cruz Basin (SCB) is much deeper (>2000 m)
and 1s outside the immediate coastal influence, in
closer contact with the deeper oceanic environment;
it contains a more diverse but less abundant fish
fauna. Here, allochthonous species increase in rela-
tive abundance with large-scale seasonal changes in
water-mass types, and bathypelagic species occur
below 500 m.

Off California, evidence suggests that phyto-
plankton production and standing crop are highest
inshore (Malone 1971), and the zooplankton diver-
sity increases as zooplankton density decreases
offshore (Longhurst 1967). The inshore SBB is re-
garded as highly productive (Emery 1960; Soutar
and Isaacs 1969; Sholkovitz and Gieskes 1971). Ebe-
ling et al. (1970a) reported that catch volumes of
fishes were higher there, whereas volumes of inver-
tebrate micronekton did not differ significantly be-
tween basins. The variability in the offshore catch
was greatly influenced by seasonal invasions of
bulky organisms like salps. If salps are eliminated
from the analysis, invertebrate standing crop was
also greatest in the SBB.

The California smoothtongue, Leuroglossus stil-
bius, (Bathylagidae) and northern lampfish, Steno-
brachius leucopsarus, (Myctophidae) are the dominant
fishes in the midwater community of animals that is
especially abundant off southern California (Ahl-
strom 1969; Ebeling et al. 1970a, 1970b; Brown
1974). L. stilbius was ranked first, and made up 58%
of all fishes sampled. Its catch rate averaged 6.1
adults per kilometer flow through an 1.8-m Isaacs-
Kidd midwater trawl IKMT) in the SBB. It ranked
only third, 16%, and 0.4 km™ ' in the SCB. Like-
wise, S. leucopsarus ranked second, and had abun-
dances and catch rates of 33% and 5.4 km ' inshore,
and ranked fifth, and had values of 11% and 0.9
km ' offshore. Farther offshore, the numbers of
both species dwindle, but S. leucopsarus is a bit more
abundant than L. stilbius (Pearcy 1976; Willis and
Pearcy 1980). Although the distributional centers of
both fishes occur off California, L. stilbius ranges
from Alaska to the Gulf of California, while S. leu-
copsarus occurs all the way from the Bering Sea to
the tip of Baja California (Miller and Lea 1972; Hart
1973; Eschmevyer et al. 1983).

Ebeling et al. (1970b) theorized that “among me-
sopelagic fishes L. stilbius and to a lesser extent
S. leucopsarus may best exploit the rich inshore basins

of the borderland.” What, then, differentially regu-

lates the sizes of the inshore and offshore populations
of these species? Of the four key factors listed by
MacArthur and Connell (1966) that regulate popu-
lation sizes (reproduction, migration, mortality, and
food resources), we decided to evaluate the fourth.
We investigated the morphological adaptations,
feeding habits, and vertical migration patterns of the
two fishes to determine what kinds of prey they
took, how they migrated vertically relative to prey
availability, how their use of available food might
influence their relative success in the inshore and off-
shore areas, and how they might affect the vertical
flux of organic material in the water column.

MATERIALS AND METHODS

Fishes were collected from 1964 through 1968
during 33 regular cruises of the R/V Swan oft Santa
Barbara, California (cf. Ebeling et al. 1970a; Brown
1974). All collections were made with a 1.8-m
IKMT, which had a lining of 1-cm stretch mesh
netting, followed by a standard zooplankton net and
a cod-end sampler, divided into four chambers by
electronically closed gates (Aron et al. 1964; Bour-
beau et al. 1966). Samples of animals from particular
depth intervals were thus separated by the sequen-
tially closed gates. The trawl’s spreader bar con-
tained electronic sensors to monitor depth and water
temperature. A flowmeter measured sampling ef-
fort in meters trawled. The signals from all sensors
and flowmeter were transmitted simultaneously
through the towing cable to shipboard recorders.

Collections were regularly made in the generally
recognized major depth zones: (1) epipelagic, in the
surface wind-mixed layer about 0-200 m; (2) upper
mesopelagic, within the permanent thermocline,
about 200-400 m; and (3) lower mesopelagic, in the
dysphotic depths, below 400 m. Maximum trawl
depth varied between 500 and 1000 m, depending
on the area sampled. Only shallow and mid-depth
samples could be taken in SBB, which lacks a bathy-
pelagic zone. The more typically oceanic and deeper
SCB has a bathypelagic zone that extends well be-
low the depth of the lower mesopelagic. Samples
were taken throughout the year at night and during
the day. A total of 205 stations yielded 631 collec-
tions, 363 of which were from discrete-depth hauls
whose vertical excursions were at least 50% within
the 200-m depth intervals. An additional 40 samples
through broader depth intervals were used to esti-
mate seasonal abundance of potential prey, such as
salps and euphausiids.

All fishes were preserved on board in 10% buff-
ered Formalin and seawater, and subsequently
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changed to 45% isopropyl alcohol ashore. Speci-
mens of L. stilbius and S. leucopsarus were routinely
identified, counted, and measured, along with other
fishes and invertebrates of each trawl catch within a
few months after collection (Ebeling et al. 1970a).
Small fishes (less than 50 mm standard length, SL)
were arbitrarily distinguished from larger fishes.
Very small individuals of both species were caught
but were not adequately sampled because many
probably escaped through the mesh. Abundances of
both species were standardized among collections
by sampling effort, measured in meters but defined
in units of kilometers towed.

The depth distributions of the two species, pooled
for all months, were analyzed separately for four
time intervals — late night (0001-0600 hrs); morn-
ing (0601-1200 hrs); afternoon (12011800 hrs); and
early night (1801-2400 hrs) —and for five depth in-
tervals — 0-200 m, 201-400 m, and >400 m in the
SBB and SCB, plus the deeper zones 600-800 m and
>800 m in the SCB. Histograms of bathymetric
distribution of abundances were constructed for
these four categories of day and night captures in the
“at-depth” hauls. The same procedure was followed
for analyzing the depth distributions of two species
of prey caught in the trawls. Their seasonal abun-
dances, pooled for all years by month and season,
were also analyzed for both basins.

Measurements and counts of the following ali-
mentary structures were taken to compare the feed-
ing abilities of the two species: jaw length; width of
gape; number and size of teeth; number, size, and
structure of gill rakers; and the length and general
structure of the stomach, intestine, and pyloric
caeca. In all, 647 L. stilbius and 677 S. leucopsarus
were measured, weighed, and dissected. The
lengths and weights were used to calculate a “con-
dition factor” (Cailliet et al. 1986). The gut was ex~
posed by opening the coelom. The entire alimentary
tract was removed by cutting at the esophagus and
pulling it out. The stomach was then split longitu-~
dinally from the pyloric sphincter to the esophagus.

For L. stilbius, which has two stomachs, the cut
was made from the posterior end of the pyloric
stomach, through the cardiac stomach to the esoph-~
agus. Only the contents of the pyloric stomach were
analyzed for this study, since the cardiac stomach
contents were more likely to reflect net feeding (An-
derson 1967; Lancraft and Robison 1980).

For S. leucopsarus, however, there was only one
stomach to analyze. Collard (1970) felt that net feed-
ing was minimal in his study of S. leucopsarus feed-
ing habits. Likewise, Hopkins and Baird (1975)
reported that feeding in midwater trawls did not
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significantly alter feeding habit results. However,
Lancraft and Robison (1980) found simulated prey
items in 23.3% of the guts of S. leucopsarus. There-
fore, we used stomach contents with scales to esti-
mate possible bias in this species. We compared rank
orders of diets of fish with scales in their stomachs
with those without scales for both basins, using
Kendall’s nonparameteric rank correlation (Sokal
and Rohlf 1969).

With contents intact, the fullness of the gut was
subjectively scored as: 0 = empty; 1 = 25% full; 2
= 50% full; 3 = 75% full; and 4 = 100% full. The
contents were then removed, identified to the lowest
possible taxon, measured with an ocular microme-
ter, and counted. The percent volume contribution
of each prey item was subjectively estimated. Any
intestinal parasites were identified, counted, and
measured.

The index of relative importance (IRIl) of each
prey item was estimated for food-containing fish by
each time and depth category as a linear combination
of its numerical importance (N), volumetric impor-
tance (1), and frequency of occurrence (FO) (Pinkas
et al. 1971). The numerical importance of a particu-
lar item was the percentage ratio of its abundance to
the total abundance of all items in the contents. Its
volumetric importance was its average percent vol-
ume. Its percent frequency of occurrence was the
percentage of fish containing at least one individual.
The combination resulted in: IRl = (N + V) X F,
which is represented by the area of a rectangle re-
solved by plotting the three importance measures on
a three-way graph (Cailliet et al. 1986). The value of
IRI ranges from zero, when all three values are zero,
to 20,000, when all three indices are 100% (a mono-
diet). The IRI ranks the relative importance of di-
etary items, and the three-way graph indicates
which measures of importance were most mean-
ingful.

Stomach contents of the two fishes were com-
pared between basins and among oceanographic pe-
riods within basins. These periods were defined as:
(I) a surface mixing period from January through
April, when cold weather and stormy turbulence
causes surface cooling; (II) an upwelling period of
surface enrichment from May through July, when
the California Current is strongest and intensifies
the counterclockwise current gyre over the southern
California continental borderland; and (III) a period
of thermal stratification, from August through De-
cember (Brown 1974; Jones 1971; Sholkovitz and
Gieskes 1971).

Possible correlations of rank hierarchies of stom-
ach contents were tested between species, basins,
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and among oceanographic periods via Kendall’s tau
rank correlation (Sokal and Rohlf 1969). We used the
numerical importance of prey items eaten (lowest
possible taxon, but not necessarily species) to calcu-
late several diversity indices. Because all indices pro-
duced similar results, we will present only the NM
(number of moves) indices (Fager 1972).

The differences in abundance of two of the prin-
cipal food items among oceanographic periods were
also estimated. We calcualted the mean numbers of
Salpa fusiformis and Euphausia pacifica per km trawled
and compared them with the seasonal occurrence of
these prey in the stomachs of L. stilbius and S. leucop-
sarus. This analysis could not be done for smaller or
delicate items, such as larvaceans, copepods, and
ostracods, because of destruction, avoidance, es-
cape, or extrusion.

To determine recency and amount of feeding for
different time and depth categories, we combined
estimates of fullness and state of digestion. A 4 X 4
matrix of fullness by digestion for each time and
depth category resolved major feeding states of (A)
not recently eaten or full, including empty stomachs
(i.e., fullness states 0, 1, and 2 vs. digestion states 1
and 2); (B) recent but not full (fullness states 0, 1,
and 2 vs. digestion states 3 and 4); (C) recent and full
(fullness states 3 and 4 vs. digestion states 3 and 4);
and (D) full but not recent (fullness states 3 and 4 vs.
digestion states 1 and 2). Fullness-recency histo-
grams measured frequencies of the major feeding
states for both species between basins among the
four time intervals (late night, morning, afternoon,
and early night) and the three depth intervals
(0-200, 201-400, and >400 m).

RESULTS

Alimentary Morphology

L. stilbius has a smaller mouth than S. leucopsarus
(figure 1). The mean ratio of upper jaw length to
standard length was 6.2 (n = 170) for adult L. stil-
bius, but 17.3 (n = 41) for adult S. leucopsarus. The
mean ratio of gape width to standard length was 5.9
for L. Stilbius and 8.9 for S. leucopsarus (figure 2).
Assuming that these fishes can open their mouths to
a45°angle, the effective mouth area of S. leucopsarus
is about four times that of L. stilbius.

L. stilbius has very few teeth in its mouth (figure
1). It has none on its premaxilla or tongue and few
on its palatine, vomer, and dentary bones (Chapman
1943; Borodulina 1968). S. leucopsarus, on the other
hand, has well-developed premaxillary, palatine,
pterygoid, and dentary teeth (Bolin 1939; Jollie

Figure 1. Mouth shape and front view of the head of L. stilbius (above) and S.
leucopsarus (below).

10mm

Figure 2. Side views of heads and mouths of a fish with a small mouth and L.
stilbius (above), and a fish with a large mouth and S. leucopsarus (below).
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1954; Berry 1964). Unlike L. stilbius, it has well-
developed pharyngeal teeth to help move food
into the gut (Jollie 1954). With more teeth, S. leu-
copsarus may better grasp and hold larger and more
active prey.

L. stilbius has significantly more gill rakers on its
first arch (26-29, cf. Borodulina 1968) than S. leu-
copsarus (17-19, cf. Jollie 1954; figure 3). The front
edges of its rakers are smooth, not toothed like those
of S. leucopsarus. The average distance between rak-
ers of an individual measuring 60 mm SL was only
0.3 mm, compared with 0.7 mm for S. leucopsarus.
Also, the gill rakers of L. stilbius are more broadly
flattened (Borodulina 1968) and tend to close to-
gether when water is forced over them.

The stomachs of the two fishes also differ mark-
edly. L. stilbius has a double stomach, with a cardiac
portion preceding the pyloric portion (figures 4 and
5). The cardiac stomach is covered with a black pig-
ment, an adaptation that may prevent light from
bioluminescent prey from showing through (Mc-
Allister 1961). This stomach has a very thick wall,
and its inner mucosa is made up of many posteriorly
oriented rugae (figure 5). The pyloric stomach is
thin-walled and flexible. In contrast, S. leucopsarus
has only one thick-walled stomach, also covered
with a black pigment (McAllister 1961). The inter-
nal mucosa is made up of typhlosole ridges that run
longitudinally (figure 5).

o.Tmm
——

Figure 3. Lateral cutaway view of the gill arches and rakers of L. stilbius
(above) and S. leucopsarus (below).
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The number of pyloric caeca and relative intes-
tinal lengths also differ considerably (figure 5).
L. stilbius has more caeca (8—11, cf. Borodulina
1968) than S. leucopsarus (4—6, cf. Jollie 1954). Its
intestine length averaged 50.5% ofits SL (n = 22),
compared with only 28.0% for S. leucopsarus (n =
35).

|

%

ﬂ'“

|
!

Figure 4. Lateral cutaway view of the body and alimentary tract of L. stilbius
(above) and S. leucopsarus (below).

I carpiac STOMACH
(9.4% 8L

PYLORIC STOM.
14.1%50L

INTESTINE
50.5%SL

STOMACH INTESTINE
216%SL 28.0% SL

Figure 5. Internal alimentary structures of L. stilbius (above) and S. leucop-
sarus (below). The upper left drawing for each species is the alimentary
canal, showing the stomach(s) (stippled and starred), intestinal tract, and
pyloric caeca. The upper right drawing for each species shows a longitudinal
cutaway of the stomach, either lined with posteriorly oriented rugae (L. stil-
bius) or typhlosole ridges (S. leucopsarus). Bar diagrams indicate the aver-
age lengths of stomach(s) and intestine relative to standard length for both
species.
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Feeding Habits

In the SBB, L. stilbius ate primarily larvaceans
(genus Oikopleura) and salps (probably Thalia demo-
cratica and S. fusiformis: Berner 1957, 1967; Hubbard
and Pearcy 1971; M. Silver, pers. comm.), followed,
in order, by ostracods, small copepods (1-2 mm),
zoea, and E. pacifica (figure 6). Salps, which were
larger than the more numerous larvaceans, made up
the greater dietary bulk. Less-important items in-
cluded copepods (2-3 mm and <1 mm), chaetog-
naths, fish eggs, siphonophores, nauplii, and larger
copepods (>3 mm).

The rank order of prey in L. stilbius stomachs was
significantly correlated between basins (Kendall’s
tau = 0.51, P << 0.01). Even so, the SCB fish had
a slightly more varied diet, which differed in minor
ways. They ate relatively fewer ostracods, more
nauplii, and more large copepods, with such things
as amphipods (Hyperia galba) and shrimp (mysids
and sergestids) in lesser amounts. Also, the larva-

SBB
60 Oik
/
5 40
é Sa n=256
z / Ost
® 204
7 / Cop 1-2
U 70 Ep
ol 10 20 Bo | m
% F.O. o
© 0p2-;
€ \ Ch
§ 20 3\ CrD c:;;éd
= v .
Cop>3
40-
¢ SCB
n=129
5 40
o
E
2
® 204
Cop<1 g
P na copos
0 10 20 30
% F.Q. \-g;
@ FL
5 \ \ Ost Hg Red
g 204 X \ \ Zo CiD Cop>3
o Cop 1-2
® \ u ?
) Sa
40 Olk

Figure 6. Percent composition of major prey items in number, volume, and
frequency of occurrence (% F.O.) and ranked by the index of relative impor-
tance (IRI) from left to right for L. stilbius in the Santa Barbara Basin (SBB)
and Santa Cruz Basin (SCB). n = the number of guts analyzed. Code of
abbreviations: Ch = chaetognaths; Cop <1 = copepods smaller than 1 mm;
Cop 1-2 = copepods 1-2 mm; Cop 2-3 = copepods 2—-3 mm; Cop >3 =
copepods larger than 3 mm; CrD = crustacean debris; Ep = Euphausia
pacifica (euphausiid); FE = fish eggs; FL = fish larvae; FS = fish scales;
Hg = Hyperia galba (amphipod); na = nauplii; Nd = Nematoscelis difficilis
(euphausiid); Oik = Oikopleura spp. (larvacean); Ost = ostracods; Pcr =
Paraphronima crassipes {amphipod); Rad = radiolarian; Sa = salps; Sh =
shrimp (mysids and sergestids); Si = siphonophores; Zo = zoea; U =
unidentifiable.

ceans were both numerically and volumetrically
important, while the salps were important only
volumetrically. In both basins the prey diversity in-
dices (Fager 1972) were low (SBB, NM = 0.20 and
SCB, NM = 0.11), indicating that L. stilbius con-
centrated on only a few prey items, hence the trun-
cated shape of the IRI diagrams (figure 6). Net
feeding could not have biased these results, which
were based on pyloric stomach contents only. In-
deed, fish scales were never found in these stomachs.

The diet of S. leucopsarus was also similar between
basins (tau = 0.63; P << 0.01) but was uncorrelated
with that of L. stilbius (SBB: tau = 0.16, P ~ 0.35;
SCB:tau = 0.08, P~ 0.64). Inthe SBB, S. leucopsarus
ate ostracods, E. pacifica, and a variety of “large”
copepods, with no item predominating unless all
size classes of copepods are pooled (figure 7). Less-
important items were fish eggs, the euphausiid Ne-
matoscelis difficilis, zoea, the amphipod H. galba,
shrimp (mysids and sergestids), chaetognaths, fish
larvae, siphonophores, salps, and “small” copepods
(<1 mm).

The SCB S. leucopsarus ate relatively more eu-
phausiids (figure 7). Like L. stilbius, they ate rela-
tively fewer ostracods, and more large copepods.
Amphipods were mainly Paraphronima crassipes. The
prey diversity inshore (NM = 0.28) was lower than
in fish offshore (NM = 0.34), but in both cases was
higher than for L. stilbius, implying that S. leucopsa-
rus generally ate more types of food, hence the elon-
gated appearance of the S. leucopsarus IRI diagrams
(figure 7).

Fish scales occurred in relatively high frequencies
in S. leucopsarus stomachs (26.5% of SBB and 13.1%
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Figure 7. Percent composition of major prey items for S. leucopsarus. Abbre-
viations as for figure 6.
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of SCB fish). These scales, an unlikely food, were
probably ingested in the trawl net as “net feeding”
(Collard 1970; Hopkins and Baird 1975; Lancraft
and Robison 1980). However, “scaled” and “un-
scaled” diets were significantly correlated (SBB: tau
= 0.83, P << 0.001; SCB: tau = 0.92, P <<
0.001). Therefore, net feeding apparently did not
systematically bias the observed dietary composi-
tion, and fish with scales in their stomachs were not
eliminated from the analysis.

Seasonal Variation in Feeding Habits

In the SBB, the prey of L. stilbius reflected the
relatively even yearly distribution of the food sup-
ply. Fish ate about the same kinds of prey all year,
mostly larvaceans and salps (figure 8), and the ranks
of food items were significantly correlated among
seasons (W = 0.85, P << (.001). Salps were equally
abundant in the cold mixing (I) and upwelling (III)
periods (figure 9), but were lower during the spring
upwelling season (II), which may account for a
slight coincident change in the fish’s diet. Although
larvaceans ranked first in dietary importance during
periods Iand II, salps ranked first during the warmer
stratification season (III), when they were slightly
more common in the inshore plankton. During pe-
riod I, ostracods ranked second, and larvaceans
third in the fish’s diet. We have no way of assessing
the availability of larvaceans like Oikopleura. Eu-
phausiids were eaten in noticeable numbers only
during period I, followed in rank by large copepods,
crab zoea, and small copepods. During periods II
and III, ostracods, small copepods, and large cope-
pods completed the diet.

In the SCB, however, significant changes in the
diet of L. stilbius seemed to reflect concomitant sea-
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Figure 8. Percent composition of the six top-ranking prey items for L. stilbius
for three oceanographic periods. Abbreviations as for figure 6.
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sonal changes in the food supply. The fish ate mostly
larvaceans and salps during periods 1 and II, but
mostly copepods during period III (figure 8). Ranks
of dietary items were not significantly correlated
between periodsIand]Il (tau = 0.18, P~ 0.4), mainly
because larvaceans did not dominate in period Il and
salps did not even rank in the top six during period
I. Periods II and III were also not correlated (tau =
0.45, P ~ 0.02) because copepods of all sizes were
commonly eaten during period III, but larvaceans
and salps were not. Of secondary rank during period
I were large and small copepods, crab zoea, and
chaetognaths. During period II, salps, small cope-
pods, euphausiids, and zoea were secondary. During
period III, a diversity of large and small copepods
outranked zoea, larvaceans, and salps. SCB catches
of S. fusiformis (unlike those from the SBB) de-
creased abruptly from period I to periods II and III
(figure 9).

In the SBB, the relatively varied diet of S. leucop-
sarus did not reflect the seasonal changes in food
supply. S. lencopsarus ate mostly small copepods and
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Figure 9. Changes in abundance (number per km sampled) of Salpa fusifor-
mis, a major prey of L. stilbius, from IKMT discrete depth tows (n = sample
size) in the upper 500 m of the Santa Barbara {above) and Santa Cruz
(below) basins for three oceanographic periods.
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ostracods during period I, but more euphausiids
(E. pacifica) during periods II and III (figure 10).
Ranks of food items differed significantly between
periods I and II (tau = 0.37, P ~ 0.045), but were
correlated between periods Il and 111 (tau = 0.45, P
< 0.01). E. pacifica catches were low during period I
(figure 11), when the fish ate mostly copepods and
ostracods. E. pacifica ranked first in the diet during
periods II and III, but was much more abundant in
catches during period II than III. The remainder of
the fish’s diet comprised large copepods, euphau-
siids, and chaetognaths during period I; large and
small copepods, ostracods, and fish eggs during pe-
riod II; and ostracods, small copepods, other eu-
phausiids (N. difficilis), and large copepods during
period 111

In the SCB, however, the dominant prey of S.
leucopsarus were also the most abundant in midwater
trawl catches. S. leucopsarus ate both large and small
copepods during period I, when E. pacifica was not
abundant, and E. pacifica during periods I and III
(figure 10), when they were abundant in the plank-
ton (figure 11). Ranks of food items differed mark-
edly between periods I and II (tau = 0.20, P ~ 0.3),
and between periods [T and ITI (tau = 0.49, P~ 0.04),
even through E. pacifica dominated the diet in these
two periods. The remainder of the diet comprised
the same kinds of items eaten in the SBB.

Diel Vertical Migrations

L. stilbius migrated vertically in a diel pattern that
differed somewhat between basins. In the SBB, the
fish were abundant in the surface waters during the
afternoon and early night, in deep waters during late
night, and at mid-depth during the morning (figure
12). A significant portion of the population was
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Figure 10. Percent composition of the six top-ranking prey items for S. leucop-
sarus for three oceanographic periods. Abbreviations as for figure 6.

Euphausia pacifica
3007

200+

n/km

100

n=52 n=67 n=95

3004 SCB

200

n/km

100

Aug-Dec
| |l i

Jan-Apr May-Jul
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Figure 12. Diel vertical distribution patterns for L. stilbius and S. leucopsarus
in the Santa Barbara Basin. Data were pooled for all months among four 6-
hour time intervals and three 200-m depth intervals. The horizontal axis mea-
sures abundances, = standard errors, standardized by trawling effort as
numbers per km flow. The numbers in parentheses represent the sample size
(number of trawls) for each time-depth category.
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found near the bottom of this shallow basin during
all periods, and the fish did not stay near the surface
all night. In the deeper SCB, they had a broader
vertical distribution: some of the fish were found in
the surface waters in the evening, especially during
the late night and early morning, and more were
found in deeper water (401-600 m), especially dur-
ing late night and daytime (figure 13). A significant
portion of the population occurred at mid-depths
(<400 m) during all periods.

The migratory pattern of S. leucopsarus, on the
other hand, was quite predictable and similar be-
tween basins. In both the SBB and SCB, most of the
population was found in the surface waters at night
and at mid-depth during the day (figures 12 and 13).
Consequently, the shallow SBB did not seem to
compress the vertical range of S. leucopsarus like it
did that of L. stilbius, nor did a significant portion of
the S. leucopsarus population occur below 400 m in
either basin.

Fullness and Recency of Feeding Relative to Vertical
Migration

In the SBB, L. stilbius apparently fed most in-
tensely during the night in the surface waters; it fed
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Figure 13. Diel vertical distribution patterns of the two species in the Santa

Cruz Basin. Note the difference in the horizontal axis dimensions. All other
details as in figure 12.
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Figure 14. Fuliness and recency-of-feeding histograms for L. stilbius in the
Santa Barbara Basin pooled over all months among four 6-hour time and
three depth intervals. The vertical axis measures the percent frequency of
occurrence by time-depth category for fullness-recency states: A (open), not
recently eaten or full; B (stippled), recent but not full; C (shaded), recent and
full; and D (hatched), full but not recent. The numbers in parentheses equal
the number of fish in each time-depth category.

some during both day and night at mid-depth (fig-
ure 14). Fish caught at night in the surface waters
and at mid-depth had the highest percentages of “re-
cently full” stomachs. Fish caught in the surface dur-
ing the daytime, and below 400 m at all times had
very high percentages of “not recent or full” stom-
achs, and therefore had not been actively feeding.
Fish from the mid-depth during the day tended to
have contents equally distributed over the fullness-
digestion categories, indicating that their stomachs
contained previously ingested items mixed with
newly ingested ones.

In the SCB, however, L. stilbius generally fed less
intensely, and mostly at night. Fish had relatively
high percentages of “recent but not full” stomachs
only during the night near the surface, and of “full
and recent” stomachs only during late night and at
all depths (figure 15). Few fish fed to fullness, and
fish had high proportions of “not full or recent”
stomachs in all time-depth categories for which
there were sufficient samples.

S. fusiformis, a common prey of L. stilbius, was
mainly limited to the upper 200 m, whenever it was
collected (figure 16). In the SBB, this salp was rela-
tively abundant in these surface waters at all times
of the day. Only during the late night was it available
in deeper (401-600 m) waters. In the SCB, however,
these salps were caught mainly at night in the upper
200 m, and they were seldom caught during day-
light hours.
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Figure 15. Fullness and recency of feeding histograms for L. stilbius in the
Santa Cruz Basin. All details as in figure 14.
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Figure 16. Diel vertical distribution of patterns of Salpa fusiformis, a major
prey of L. stilbius, in the Santa Barbara (above) and Santa Cruz (below)
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ing effort as numbers per km flow, + standard errors. Data were pooled for
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In both basins, S. leucopsarus appeared to have fed
at all times and depths as the opportunity arose.
It did not exhibit a distinct feeding cycle. High
percentages of “recent but not full” and “full and
recent” stomachs occurred in most time-depth cat-
egories (figures 17 and 18). However, the highest
percentages of recent feedings were observed in fish
from the upper 400 m in both basins. Fish from
waters deeper than 400 m generally had high per-
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Figure 17. Fullness and recency of feeding histograms for S. leucopsarus in
the Santa Barbara Basin. All details as in figure 14.
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Figure 18. Fullness and recency of feeding histograms for S. leucopsarus in
the Santa Cruz Basin. All details as in figure 14.

centages of “not recent or full” stomachs, indicating
that they had not eaten much at depth.

In both basins E. pacifica, a common prey of
S. leucopsarus, exhibited a typical migration pattern
of occupying the upper 200 m during the night, and
dwelling mainly between 200 and 400 m during the
day (figure 19). This species was abundant in both
basins but did not appear in significant numbers in
water deeper than 400 m. Therefore, S. leucopsarus
must have consumed these euphausiids in the upper
400 m, no matter what time of day.

L. stilbius was more heavily parasitized inshore,
whereas S. leucopsarus appeared equally parasitized
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Figure 19. Diel vertical distribution patterns of Euphausia pacifica, a major
prey of S. leucopsarus, in the Santa Barbara (above) and Santa Cruz (below)
basins. All other details as in figure 16.

both inshore and offshore. In the SBB, 29.5% of the
L. stilbius were parasitized by Aponurus californicus,
but only 5.7% from the SCB were infected; 4.4%
of the S. leucopsarus specimens from the SBB were
infected by anisakine nematodes, whereas 7.8%
from the SCB were infected. The coefficients of
conditions (Cailliet et al. 1986) did not differ be-
tween species or basin.

DISCUSSION

Alimentary Morphology

Alexander (1967) stated that fishes with smaller
mouths can better suck in their prey, whereas fishes
with larger mouths can better grasp prey from the
side. Therefore, L. stilbius would be better at suck-
ing in abundant soft items (soft-bodied salps and
larvaceans), and S. leucopsarus would be better at
grasping a greater diversity of larger or more elusive
prey (copepods and euphausiids).

The structure and behavior of soft-bodied, gelat-
inous prey must be considered when interpreting
how L. stilbius captures them. Larvaceans secrete
houses around themselves, which Alldredge (1976¢)
proposed to be a protective mechanism. Because
L. stilbius appeared to have only the larvacean itself
in its gut, either it ingested little of the house, or the
house is difficult to detect in stomach contents. Un-
derwater observations of L. stilbius indicate that they
are relatively passive (Barham 1970). It is possible
that they can slowly approach larvaceans in their
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houses and locate the animal either by the beating of
its tail or from bioluminescence created by organ-
isms living on or in contact with its house. They can
then suck the larvacean out, ingest the whole com-
plex, or scare the animal away from its house and
then catch it and suck it in.

Salps are patchy and seasonally common, and can
exist solitarily or in strings (Berner 1967; Hubbard
and Pearcy 1971; Silver 1975). They are probably
encountered by individual fish, presumably in the
surface waters and sometimes in the daytime when
L. stilbius can see them and suck them in. Both ge-
latinous prey were often found in quantity in an
individual gut. Thus, L. stilbius must feed often on
patches of prey.

Yasuda (1960a,b) reasoned that a fish’s gape width
determines its ability to trap its prey, while its jaw
length determines the size of its prey. Because the
two species have similar gape widths, they should
be equally adept at trapping. But S. leucopsarus has
the longer jaw and should therefore eat larger prey,
as substantiated by the studies of feeding habits.

In general, the gill rakers of most types of fishes
constitute a sieve for filtering and catching food
(Martin and Sandercock 1967; Yasuda 1960c¢; Ya-
suda and Hiyama 1957). Plankton feeders generally
have especially well-developed gill sieves compris-
ing many rakers and accessory processes. Obviously
the rakers of L. stilbius make the more effective bar-
rier for retaining smaller prey. The more widely
spaced and toothed rakers of S. leucopsarus are prob-
ably better at retaining larger food.

Gut length and pyloric caeca may influence size
and quantity of food eaten. Groot (1969) and Dar-
nell (1970) found that fishes with relatively longer
guts and many caeca tended to eat smaller prey items
and more frequently. In this study L. stilbius, with a
double stomach, a long intestine, and more caeca,
usually ate large quantities of small, soft foods like
salps, larvaceans, and copepods, whereas S. leuco-
psarus, with its single stomach, short intestine, and
tewer caeca, more often ate single euphausiids and
larger copepods. The rugae and typhlosole ridges
presumably help these fishes process food through
the cardiac stomachs (Kapoor et al. 1975).

All aspects of alimentary morphology, therefore,
indicated that L. stilbius is better adapted for contin-
uously gorging itself with abundant smaller and
often gelatinous prey. In contrast, S. leucopsaris
should feed more sporadically on smaller quantities
of larger prey. Indeed, L. stilbius tended to have “re-
cently full” stomachs (rather than “recent but not
full”), implying that it feeds mostly to fullness. S.
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leucopsarus tended to have more “recent but not full”
stomachs, implying that it feeds more sporadically
and not usually to fullness.

Feeding Habits

Previous studies of food habits of bathylagids are
few and sketchy. Hopkins and Torres (1989) found
that Bathylagus antarcticus ate, among other things,
gelatinous coelenterates. Anderson (1967) found
that 70% of the cardiac stomachs of L. stilbius ex-
amined from the San Pedro Basin contained fish
eggs, 60% had copepods, and 44% had fish scales,
while 40% of the pyloric stomachs contained salps,
35% had copepods, 25% had euphausiids, 20% had
eggs, and 20% had larvaceans. He concluded that
the prey of L. stilbius are less mobile than those of
Triphoturus mexicanus, a common lanternfish off
southern California. Noble (1968) found similar
prey but noted the dearth of fast, active chaeto-
gnaths in L. stilbius stomachs. All studies indicate
that L. stilbius eats relatively small items, although
our results showed that larvaceans and ostracods are
more abundant food than euphausiids, at least off
Santa Barbara.

Myctophids in general have been reported to eat
copepods, euphausiids, ostracods, mollusks, fish
eggs and larvae, chaetognaths, larval and adult de-
capod shrimp, insects, siphonophores, tunicates,
annelids, sipunculid and nemertine larvae, pycno-
gonids, and foraminifera (Beebe and Vander Pyl
1944; Aughtry 1953; Paxton 1967b; Anderson 1967;
Holton 1969; Legand and Rivaton 1969; Bradbury
and Abbott 1970; Nakamura 1970; Raymont 1970;
Baird et al. 1975a; Gorelova 1975; Hopkins and
Baird 1975; Clarke 1978; Frost and McCrone 1979;
Kinzer and Schultz 1985; Young and Blaber 1986;
Dalpadado and Gjosaeter 1988).

Our results generally correspond with previous
studies, which found that euphausiids and calanoid
copepods constitute most of the S. leucopsarus diet
(Bary et al. 1962; Osterberg et al. 1964; Paxton
1967b; Tyler and Pearcy 1975; Collard 1970). How-
ever, fish from the SBB ate the shrimp Sergestes
similis much less frequently than did fish from
Monterey Bay (Barham 1957), and contained fewer
amphipods than fish from Saanich Inlet, British Co-
lumbia (Bary et al. 1962). No other studies reported
as high a frequency of ostracods as we found in
SBB fish.

L. stilbius and S. leucopsarus have very different
feeding habits. L. stilbius ingests a relatively narrow
variety of prey. It eats large amounts of small, slug-
gish, herbivorous jellies, which are 90%-95%

water (Berner 1957) and presumably not very nutri-
tious. Optimally, it must eat continuously and
digest quickly to meet its energy requirements.
L. stilbius eats small copepods, which may be more
difficult forage, only when the larvaceans and salps
dwindle in numbers. S. letcopsarus eats a greater size
range of more nutritious prey, including large pred-
atory crustaceans.

Comparing the feeding habits of these two fishes
with their growth characteristics produces an appar-
ent paradox. Childress et al. {1980) reported a higher
growth rate for L. stilbius than for S. leucopsarus, yet
L. stilbius consumes prey of relatively lower energy
content. There are three possible explanations of this
paradox. One would be that L. stilbius grows large
faster, but has tissues that are not as densely con-
structed (Childress and Nygaard 1973; Childress et
al. 1980). A second would be that it expends less
energy than S. leucopsarus by not regularly migrat-
ing, and by foraging more efficiently on larvaceans
and salps than S. leucopsarus does on the larger, more
elusive and vertically migrating crustaceans. A third
possibility 1s that L. stilbius 1s more efficient at as-
similating the few calories available in its prey.

Seasonal Variations in Feeding Habits

The lack of seasonal changes in eating habits and
available prey in the relatively eutrophic SBB indi-
cates that food was not limiting there. In contrast,
the seasonal decrease in food (S. fusiformis) available
to L. stilbius in the SCB during the late summer
thermal stratification period may have forced it to
seck out copepods, which may be harder to catch.
The assumed decrease in primary production dur-
ing this period may have caused the coincident de-
cline in salp (and presumably larvacean) catches in
the trawls, as seen by Hubbard and Pearcy (1971) off
Oregon. These filter-feeding organisms require
high concentrations of phytoplankton, and thus
flourish in replenished surface waters enriched by
nutrients brought up from unstratified depths (Sil-
ver 1975).

Also, in the SBB L. stilbius had few potential
competitors, and offshore in the SCB there were
only a few more. Its more oceanic relative Bathylagus
wesethi eats larvaceans and salps (M. Kelley, pers.
comm.), but almost never enters inshore waters, and
invades the SCB in noticeable numbers only during
the fall thermal stratification period. Even then it is
far less abundant than L. stilbius (cf. Brown 1974).
Farther offshore, however, Bathylagus spp. far out-
number L. stilbius (A. Ebeling, unpublished data).
In the SCB, Bathylagus spp. may compete only dur-
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ing the warming season, when, coincidentally,
L. stilbius ate more copepods and fewer jellies.

Offshore, S. leucopsarus is probably more abun-
dant than L. stilbius because it is a generalized pred-
ator and*may broaden or narrow its diet as the
situation demands. Its feeding habits are much more
similar between basins than those of L. stilbius,
which may have to broaden its diet beyond optimal
limits in deeper waters offshore, where its preferred
salps and larvaceans are not so concentrated and
evenly distributed among seasons. Although
S. leucopsarus can eat many different items both in-
shore and offshore, it can also feed on either euphau-
siids or copepods, depending on how the food
supply changes. Because S. leucopsarus can eat just
about anything it encounters, competition for items
like copepods and ostracods may be less in the SBB.

The tendency, during seasons II and III, for off-
shore S. leucopsarus to eat mostly euphausiids, also
observed by Collard (1970), could be explained by
competition or prey availability. During these pe-
riods, myctophid competitors belonging to an “off-
shore fish group” (cf. Ebeling et al. 1970a) become
seasonally abundant and may force S. leucopsarus to
restrict its diet. An alternate explanation is that eu-
phausiids may become more abundant. S. leucopsarus
may broaden its diet to include more copepods dur-
ing the cold winter season when the offshore fishes
dwindle in numbers.

Diel Vertical Migrations

Even though fish abundances were standardized
by trawling effort, abundances varied considerably
among collections. For either species, this variability
could be a function of disjunct distributions among
depth zones, areas, or seasons; differences in ability
to avoid the net, which is size-specific for fishes
(Aron and Collard 1968); or a tendency to occur in
clumps (Pearcy 1964; McGowan and Fraundorf
1966; Harrisson 1967; Alldredge et al. 1984). Avoid-
ance or escape may be more important during the
day than at night (Pearcy and Laurs 1966). However,
any daytime avoidance could be negated if either
species is lethargic at diurnal depths, as indicated by
Barham (1970), or it may be enhanced if they are
hanging there but are quite ready to flee at the
approach of a predator or midwater trawl (cf. Rob-
ison 1972).

Since surface waters contain more food than deep
waters (Vinogradov 1974; Marshall 1954, 1980),
L. stilbius and S. leucopsarus, like many other meso-
pelagic fishes, should benefit from regular feeding
migrations toward the surface at night. They may
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retreat to deeper waters during the daytime to rest,
digest, and avoid predation (cf. McLaren 1963; Pax-
ton 1967a; Nafpaktitis 1968; Marshall 1954, 1980).
Indeed, the common prey of both fishes tend to in-
habit the upper 400 m, and many of them migrate
vertically in a diel pattern.

Several authors have observed that L. stilbius con-
centrate at mid-depth during daytime but broaden
their vertical distribution by dispersing upward at
night, usually not in a distinct layer (Anderson 1967,
Tucker 1951; Clarke 1970; Ebeling et al. 1970b).
Other authors contend, from direct observations
made off San Diego from deep submersibles, that
L. stilbius seldom ascend above 500 m and therefore
do not exhibit a daily migratory pattern, but at times
they do come to the surface in large numbers (Bar-
ham 1970; Pickwell et al. 1970). This somewhat
unpredictable behavior helps explain the high vari-
ability in the vertical distribution data, especially in
the SBB (figure 12).

To optimize its feeding strategy, L. stilbius must
sometimes visit the surface waters where larvaceans
and salps occur. Our samples indicated that most of
these fish descended before daylight, although pos-
sible laggards may avoid the trawl in sunlit waters
during the daytime. Our medium-speed trawls may
have caught them effectively in the dark but not
during the daytime. But occasionally our trawl did
catch many individuals near the surface during the
day. Unfortunately, few shallow hauls were made
during the day in the SCB.

Many authors have noted the diel vertical migra-
tion of S. leucopsarus; the fish is one component of
the sonic scattering layer and tends to respond to a
specific isolume (Tucker 1951; Barham 1957; Fast
1960; Bary et al. 1962; Pearcy and Laurs 1966; Pax-
ton 1967a; Taylor 1968; Bary and Pieper 1970; Bar-
ham 1970; Clarke 1970; Pearcy and Mesecar 1970;
Ebeling et al. 1970a,b). Others have also noted that
not all of the population ascend toward the surface
waters every night (Paxton 1967b; Barham 1970;
Clarke 1970; Zahuranec and Pugh 1970).

Fullness and Recency of Feeding Relative to
Vertical Migration

Prey of different species are most likely digested
at varying rates under different conditions (Windell
1967). In general, the stomachs of small fishes prob-
ably empty in about 12 hours (Anderson 1967; Tyler
1970). However, since all four categories of fullness
and recency of feeding occurred in both species, it
should not matter how long digestion takes because
the recency and fullness indices will be relative. Es-
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timates of how recently a particular gut was flled,
however, are not possible without data on digestion
rates (Hopkins and Baird 1977).

The digestibility of the common prey of L. stilbius
may shed some light on the fullness/recency data and
the feeding cycle of this species. Shelbourne (1962)
observed that soft tissues of Oikoplenra were quickly
digested after capture by larval plaice. This implies
that the mostly intact larvaceans in recently full
stomachs of L. stilbius were newly ingested. In the
only other study of the feeding cycle of this species,
Anderson (1967) found that the guts of L. stilbius in
the Catalina Basin were fuller with only partially
digested material at night than during the day. He
suggested that L. stilbius feeds readily at the surface
at night, but he could not determine if there was
much feeding at greater depths. Our relatively high
percentages of “recently full” stomachs, as com-
pared with “recent but not full” stomachs among
fish caught in the surface waters indicate that
L. stilbius feeds to fullness whenever possible.

Existing studies of S. leucopsarus compare favor-
ably with ours in that the fish were found to feed
mostly at night near the surface (Anderson 1967;
Holton 1969). But they were also found to feed in
the morning and afternoon (Paxton 1967b; Tyler and
Pearcy 1975). However, the digestibility of prey
consumed by S. leucopsarus must be interpreted dif-
ferently. Since this fish eats mostly crustaceans,
digestion may take several hours. Therefore, rela-
tively undigested items may persist in the stomachs
of deep fish that had fed earlier in shallower waters.
Like L. stilbius, S. leucopsarus never had a high per-
centage of “full but not recent” stomachs, implying
that the fish clear their stomachs rapidly. Because
many of their stomachs were empty, and because
their proportion of “recent but not full” stomachs
often exceeded their proportion of “full and recent”
stomachs for most depths, these fish may feed
whenever they can, mostly on larger, less digestible
items. Thus they seldom completely fill their stom-
achs. Also, the primary prey of S. leucopsarus are
found between 0 and 200 m at night and between
200 and 400 m during the day (Vinogradov 1968,
1974; Youngbluth 1976; figure 19). The ultimate
resolution of this question awaits an evaluation of
digestion rates of mesopelagic fishes at different
temperatures (Gorelova 1975; Hopkins and Baird
1977; Young and Blaber 1986; Dalpadado and Gjo-
saeter 1988; Kinser and Schultz 1985).

These two midwater fishes appear to benefit from
vertical migration in different ways. L. stilbius can
occupy surface waters, either in the afternoon or at

night, where it can use its large eyes to find salps and
larvaceans, and be protected from predation by its
silvery coloration. The rest of the time it can find
refuge from surface predators in deeper waters. S.
leucopsarus, on the other hand, with its photophores
and large mouth, most likely migrates to deeper
water to seek refuge from predation, but can feed at
all times and depths on copepods and co-migrating
euphausiids. Thus its regular migration to the sur-
face it not obligatory, because the fish can consume
prey at any depth. Yet vertical migrations may place
these fishes in surface currents that might help them
find concentrations of prey (Isaacs et al. 1974).

Factors Controlling Abundance of L. stilbius and
S. leucopsarus

Several possible factors may explain why L. stil-
bius is less successful offshore than S. leucopsarus.
Both species appear to breed successfully in both
places. Analysis of egg sizes versus size of females
(Childress et al. 1980) indicates that both species
attain sexual maturity in the two localities. Also,
larvae of the two fishes occur abundantly in both
basins (Ahlstrom 1965). In the SBB, 50% of all
L. stilbius captures and 45% of all S. leucopsarus cap-
tures were of young (<50 mm SL) or larvae; in the
SCB, the figures were 70% for L. stilbius and 50%
for S. leucopsarus (Brown 1974). Ebeling et al.
(1970b) also concluded that all growth stages of
these two common fishes were abundant in both
places.

Even though the two species differ in seasonal
abundances, there is no evidence that they enter or
leave the two basins at different rates. Brown (1974)
reported that the more physiographically and
hydrographically isolated inshore SBB restricted
faunal intrusions from the offshore oceanic environ-
ment. Ebeling et al. (1970a) defined an offshore fish
group consisting of “tropical” species, which in-
crease in numbers in the SCB and farther offshore
during the summer and fall when the California
Current weakens. L. stilbius and S. leucopsarus co-oc-
cur with these “offshore fishes,” but both species
also belong to a resident “inshore” community of
midwater animals, which abound in both basins
throughout the year. Their otoliths, found in bot-
tom cores (Soutar and Isaacs 1969), indicate that
both species have occupied the SBB for at least 2,000
years.

Despite differences in their parasite infection
rates, both species seem equally healthy and robust

in the two basins. L. stilbius is more heavily parasi-
tized by trematodes in the SBB than the SCB (Noble
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1968; Noble and Orias 1970). S. leucopsarus, on the
other hand, is more heavily parasitized by cestodes
in the SBB but is equally infected with nematodes
in both basins (Noble and Collard 1970). Our obser-
vations of parasitism concur with the above studies,
and condition factors did not significantly differ
within species between basins.

Predation does not seem likely to be a key factor.
The same kinds of predators, with the possible ex-
ception of relatively large, deep-sea fishes such as
Chauliodus (Borodulina 1973), occur in both places
and could eat both species. It is possible that the
more bathymetrically compressed SBB habitat
could concentrate more predators, but there is no
evidence of this.

Deepsea smelts are reportedly eaten by rockfish
(Lambert 1960), albacore (McHugh 1952), and ce-
taceans (Fitch and Brownell 1969). In particular,
L. stilbius is eaten by albacore and bluefin tuna (Pin-
kas et al. 1971). One Chiasmodon niger, a predatory
bathypelagic fish from the San Clemente Basin, had
alarge adult L. stilbius in its distended stomach (Bor-
odulina 1973).

Likewise, myctophids are reportedly eaten by a
variety of predators, including cephalopods; large
pelagic fishes such as sharks, tunas, rockfishes, and
swordfish; other deep-sea fishes; sea birds; and ma-
rine mammals (e.g., Marshall 1954; Paxton 1967b;
Tyler and Pearcy 1975; Ainley et al. 1986). In partic-
ular, S. leucopsarus has been eaten by sharks (Hubbs
1917), salmon (Shimada 1948), albacore and bluefin
tuna (Pinkas et al. 1971), rockfishes (Eigenmann and
Eigenmann 1890; Starks and Morris 1907; Pereyra
et al. 1969), and cetaceans (Fitch and Brownell 1969).

It therefore seems most probable that feeding
habits best account for the differential success of
these two mesopelagic fishes offshore. The way in
which they use the available food resources may
have a great deal to do with their relative success in
different habitats.

DPotential Role of These Fishes in Energy Transport
to the Deep Sea

In spite of their apparent lack of nutritional value,
numerous midwater fishes have been reported to
feed on salps and larvaceans (e.g., Gorelova 1974,
1975; Baird et al. 1975b; Kashkina 1986; Longhurst
and Harrison 1988; Hopkins and Torres 1989). How
these fishes utilize the gelatinous zooplankters is still
uncertain. Kashkina (1986) proposed that the tunica
is only partially assimiliated, if at all, and it must
take considerable energy for a fish to consume suf-
ficient material to constitute a meal. On the other
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hand, because salps and larvaceans filter out small
particles in the water column, including phyto-
plankton (Silver 1975; Alldredge 1976a), and are in
turn consumed by other micronekton (Alldredge
1976b; Michaels and Silver 1988), they must provide
energy throughout the open water column (Morris
et al. 1988). Indeed, L. stilbius and S. leucopsarus,
through their consumption of salps, larvaceans, and
crustaceans, and through their vertical migrations,
must play an active role in transporting energy
sources from the surface to deeper water (cf. Pearcy
etal. 1977), at least in the form of fecal matter, which
sinks at several cm sec ! (Robison and Bailey 1981).
Research is needed to determine if these fishes influ-
ence the rates of vertical flux of organic matter in the
open ocean.
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