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ABSTRACT

The effect of El Nifio conditions on the food habits of larval sablefish, Anoplopema fimbria, was examined
by comparing the diet of larvae collected off Oregon and Washington during the 1983 El Nifio event
and during 1980, a year in which conditions were not anomalous. While differential utilization of appen-
dicularians, pteropods, and amphipods was seen in the 2 years, the most notable difference was that
small copepods contributed significantly more to the diet in 1983 than in 1980. Dietary data for 1983
were generally supported by independent plankton observations, especially with respect to the pre-
dominance of Paracalanus parvus, a small calanoid copepod. Because adult sablefish live and spawn
in deep water, changes in the food habits of neustonic larvae may represent one of the principal effects

of the El Nifio conditions on this species.

Larvae represent a precarious stage in the life
history of marine fishes as they are highly vulner-
able to fluctuations in oceanographie conditions and
food resources. Their survival is dependent on suc-
cessful feeding, avoidance of predation, and favor-
able transport (Sinclair et al. 1985). The relative
importance of these factors is difficult to assess since
each varies with species, developmental stage
(Hewitt et al. 1985), and environmental conditions.
Additionally, these sources of mortality are inter-
active insofar as the transport of larvae into areas
with suboptimal feeding conditions may result in
starvation, and starving larvae are at greatest risk
for predation. Because survival past the larval and
early juvenile stages clearly depends on successful
feeding, understanding the success of larval popula-
tions requires a thorough knowledge of feeding
ecology. As a result, in recent years a number of
studies have provided detailed deseriptions of the
food habits of marine fish larvae (e.g., Laroche 1982;
Cohen and Lough 1983; Govoni et al. 1983; Gadom-
ski and Boehlert 1984; Brewer and Kleppel 1986),
and a few studies have documented the occurrence
of starvation under natural conditions (O’Connell
1980; Hewitt et al. 1985; Grover and Olla 1986;
Theilacker 1986). The present study examined the
food habits of larval sablefish, Anoplopoma fimbria,
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collected during 2 years of differing oceanographic
conditions.

As oceanographic conditions are manifested
through changes in zooplankton assemblages,
between-year comparisons of the diet of larval fishes
can reflect differences in oceanic conditions. Such
comparisons are of particular interest when they in-
clude periods characterized by highly anomalous
conditions. One such oceanographic anomaly, an El
Nifio event, occurred in the eastern Pacific Ocean
off North America from the fall of 1982 through late
summer 1983.

The magnitude of El Nifio-induced anomalies in
physical conditions appears to be greatest in surface
waters, with anomalous conditions having the great-
est effect on those life stages of fishes that occupy
the upper water column. Adult sablefish inhabit deep
slope waters and spawn at depths in excess of 300
m (Mason et al. 1983), and therefore may be rela-
tively insulated from El Nifio conditions (Bailey and
Incze 1985). Their eggs may also be insulated, as
they hatch in water deeper than 400 m (Mason et
al. 1983). However, larvae ascend to surface waters
where they reside through early juvenile stages
(Shenker and Olla 1986; J. M. Shenker?). During this
neustonic phase they are most vulnerable to anom-
alous oceanographic conditions. While El Nifio con-
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ditions may affect fish larvae in several ways, Bailey
and Incze (1985) speculated that sablefish may be
particularly sensitive to altered food production.

The aim of the present work was to examine the
effect of an El Nifio event on the food habits of lar-
val sablefish, through a comparison of their diet off
Oregon and Washington during the 1983 El Niiio
event and 1980, a year in which oceanographic con-
ditions were not anomalous?, Since an earlier study
showed that prey size-selection was a function of lar-
val size (Grover and Olla 1986), ontogenetic differ-
ences in diet were also considered.

METHODS

Sablefish larvae were collected by the cooperative
U.S.-U.S.S.R. ichthyoplankton survey off Oregon
and Washington, during 1980% and 1983%, using a
0.5 m neuston net (Sameoto and Jaroszynski 1969)
with 0.505 mm mesh towed for 10 min. Collections
were made from 22 April to 4 May 1980 by the RV
Tikhookaenskiy and from 22 April to 30 April 1983
by the RV Ekvator (Fig. 1). Samples with a mini-
mum of 10 specimens were examined. A total of 267
larvae collected from 10 stations in 1980 and 136
larvae from 6 stations in 1983 were examined. In
each year the number of larvae that were examined
represented more than 45% of the total number of
sablefish that were collected. In conjunction with
neuston sampling surface water temperatures were
recorded along major transects.

All larvae were preserved in 10% Formalin? at
sea. Upon sorting they were switched into 5% For-
malin, where they remained until their examination.

After the standard length (SL) of each larva was
measured, the digestive tract was removed. Con-
tents of the entire digestive tract were evaluated.
Only larvae with all or a large portion of the gut in-
tact were examined. Gut contents were teased out,
and prey items were identified: invertebrate eggs,
pteropods, copepod nauplii, copepods, amphipods,
euphausid larvae, appendicularians, and other prey
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F1GURE 1.—Map of the stations off Washington and Oregon where
larval sablefish were collected. Dots represent 1980 collections and
crosses represent 1983 collections.

items. When possible copepods were identified to
species.

Lengths of all prey items were recorded. After
the study was begun, it became clear that prey
widths should also be measured. From that point on,
both lengths and widths were recorded for all prey
that were not dorsoventrally or laterally flattened.
A conservative approach was taken with prey
dimensions, i.e., prey widths excluded appendages
and cephalothorax lengths were measured for cope-
pods. Both measurements were recorded for a total
of 7,508 prey items.

Diet was analyzed in terms of numerical percent-
age composition (%N), percent frequency of occur-
rence (%FO), and volumetric percentage composi-
tion (%VOL). Prey volumes were calculated from
prey dimensions, assuming a spherical shape for
invertebrate eggs, while all other prey were more
appropriately described by a cylindrical shape. For
a comparison, volumes were also calculated assum-
ing a spheroidal shape, following Gadomski and
Boehlert (1984). Regardless of whether a cylindrical
or spheroidal shape was assumed, the relative contri-
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bution of each prey type was essentially the same,
except that invertebrate eggs contributed slightly
more (in all cases <0.1%) to the total volume when
the spheroidal shape was assumed. After the volume
of each individual prey was calculated, a median
volume for each prey type was determined. Median
values were used because they are free from implicit
assumptions regarding the normality of these data.
Each median volume was then multiplied by the raw
data from the numerical percentage composition
analysis to produce corresponding volumetric per-
cent composition data. Data were examined by size
group and year.

The three analyses (%N, %F0, and %VOL) were
coalesced to yield a more comprehensive assessment
of prey importance, the index of relative importance
(IRI = (%N + %VOL) x %FO)(Pinkas et al. 1971).
For this combined analysis copepods were classified
by size. Copepods <1 mm in length (TL) included
Corycaeus anglicus, Oithona similis, Oncaea sp.,
Paracalanus parvus, and copepodites. Broken cope-
pods of an indeterminable size were classified as
unidentified small copepods. Copepods 1-2 mm long
included Pseudocalanus sp., Clausocalanus spp.,
Ctenocalanus vanus, Aedideus sp., Scolecithricella
minor, and Acartia spp. Calanus spp. and Metri-
dia lucens were the only copepods >2 mm that were
ingested.

RESULTS

Composition of the Diet of
Small Larvae (12,5 mm SL)

During 1980, copepod nauplii comprised over 80%
of the prey items ingested by number, although
copepods <1 mm long contributed slightly more to
the diet in terms of volume (Table 1, Fig. 2). The
index of relative importance, IRI, (Pinkas et al.
1971) indicated that nauplii were more important
than copepods (Table 1, Fig. 3). Many of the cope-
pods <1 mm that were ingested by small larvae were
in pieces and impossible to identify. Of those that
could be identified, Oithona similis was the domi-
nant species, followed by Paracalanus parvus (Table
2). The only noncopepod prey of much consequence
was pteropods (F'igs. 2, 3), locally comprising as
much as 45.7% of the diet, by number.

In 1983, copepod nauplii were again the dominant
prey in terms of number, but copepods represented
more than twice as much in volume as they did in
1980 (Table 1, Fig. 2). While both were significant
components of the diet, copepod nauplii had a slight-
ly larger IRI value than copepods <1 mm (Fig. 3).

Although the proportion of O. similis in the diet was
similar in both years, P. parvus contributed more
to the diet during 1983 (Table 2). A comparison of
the sizes of copepods ingested during 1980 and 1983
(Table 8) showed that more small copepods were
eaten in 1983, both in terms of the number of cope-
pods ingested (x% = 8.46, 1 df, P < 0.005) and
volume (x2 = 755.82, 1 df, P < 0.001).

Composition of the Diet of
Medium-Sized Larvae (12.6-20.5 mm SL)

While copepods ranked first in all analyses in
1980, other major prey items varied with method
of analysis (Table 1, Fig. 2). From the IRI it is clear
that copepods <1 mm were the most important prey,
with Q. similis the dominant species by number
(Table 2), and P. parvus dominant by volume. In
addition, sizable numbers of 1-2 mm copepods,
especially Acartia longiremis, were ingested at
several stations. Copepod nauplii ranked second in
IRI value. Of noncopepod prey items pteropods,
euphausid larvae, and appendicularians were all of
consequence in the diet.

In 1983, while copepods <1 mm were again the
principal prey, they comprised a greater portion of
the diet than in 1980, with P. parvus dominating
both in terms of number (Table 2) and volume. Cope-
pod nauplii ranked second by number, but accounted
for little prey volume, while euphausid larvae, the
only noncopepod prey to contribute substantially to
the diet, ranked higher than nauplii both in terms
of volume and IRI. Of the copepod species ingested,
the most striking difference between the years was
the increased contribution of P. parvus in 1983
(Table 2).

Copepods =1 mm contributed more to the diet in
1980 than 1983 while small copepods comprised a
greater portion of the diet during 1983 (Table 3),
both in terms of number (x2 = 130.25, 1 df, P <
0.001) and volume (x2 = 9906.86, 1 df, P < 0.001).

Composition of the Diet of
Large Larvae (20.6-28.5 mm SL)

While ranking second to small copepods by num-
ber and second to large copepods by volume, appen-
dicularians comprised more than 30% of the diet by
number and volume during 1980, and ranked highest
in IRI value, slightly ahead of copepods <1 mm
(Table 1, Fig. 3). In contrast, euphausid larvae and
amphipods were the most important noncopepod
prey items in the diet during 19883, although each
contributed <15% to the diet. In 1983 the diet
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TaBLE 1.—Composition of the diet of larval sablefish in terms of the Index of Relative Importance (IRI) and its components: numerical
percent composition (%N), frequency of occurrence (%FO), and volumetric percent composition (%VOL), by size class and year, with
n = sample size and %ZIRI = the contribution of each prey type to the total IRI.

Prey type %N %FO %VOL IRI %ZIRI Prey type %N %FO %VOL IRI %ZIRI
------- Larval size €125 mm------- - Larval size 12.6-20.5 mm—Continued -
1980 1983
Invertebrate eggs 0.5 7.9 0.1 47 <01 Invertebrate eggs 0.2 1.5 0.1 0.5 0.1
Pteropods 58 255 11.2 433.5 3.1 Pteropods 0.3 9.1 0.1 3.6 0.1
Copepod nauplii 840 964 271 10,7100 77.7 Copepod nauplii 99 606 0.6 636.3 3.6
Copepods <tmm 74 661 278 23267 169 Copepods <1mm 83.3 1000 71.6 15480.0 88.3
1-2 mm 0.8 145 8.0 127.6 0.9 i2mm 37 485 10.1 699.3 3.8
>2 mm >2 mm <0.1 1.5 1.1 18 <041
Amphipods Amphipods 0.1 4.5 0.2 1.4 0.1
Euphausid larvae 0.4 6.7 153 105.2 0.8 Euphausid larvae 23 409 157 736.2 4.2
Appendicularians 0.6 73 7.2 56.9 0.4 Appendicularians 0.2 7.6 0.5 53 <0.1
Other prey 0.5 4.2 3.3 15.6 0.1 Other prey
n= 165 n = 66
18 Larval size 20.6-28.5 mm - - - - -
Invertebrate eggs 0.5 82 <01 49 <01 1980
Pteropods 21 143 27 686 0.4
Copemd nauplil 743 918 159 82804 51.8 'F['t‘;er::gé:‘e eggs 29 130 <01 390 02
Copepods <3 mm 21 O G2 T 4 Copepodnaupli 14 304 <O 456 03
>2 mm Copepods <1 mm 406 957 132 5,148.7 3341
Amphipods i2mm 11.0 87.0 100 1,827.0 11.8
Euphausid larvae 04 41 93 398 0.2 o >2mm 41 696 420 32086 208
Appendicularians Amphlpo.ds 05 174 0.4 16.7 0.1
Other prey Euphausid larvae 09 174 2.2 53.9 0.3
n= 49 Appendicularians 384 739 320 5202.6 33.5
Other prey 0.2 8.7 0.1 26 <01
----- Larval size 12.6-205 mm- - - - - na= 23
1980 1983
Invertebrate eggs 0.3 5.1 <0.1 47 <0.1 Invertebrate eggs 0.2 9.5 <0.1 2.8 <0.1
Pteropods 9.4 380 3.7 497.8 3.9 Pteropods 05 143 <041 86 <0.1
Copepod nauplii 258 70.9 1.7 1,949.7 153 Copepod nauplii 04 19.0 <041 9.5 <0.1
Copspods <1 mm 482 93,7 - 37.7 8,048.8 63.2 Copepods <1mm 713 962 24.1 9,082.1 57.6
1-2 mm 79 494 193 11,3437 105 1-2mm 96 762 123 1,668.8 10.6
>2 mm 02 38 5.0 19.8 0.2 >2mm 40 66.7 416 30415 193
Amphipods Amphipods 8.1 476 7.2 728.3 4.6
Euphausid larvae 24 253 183 523.7 4.1 Euphausid larvae 55 619 143 1,225.6 7.8
Appendicularians 54 177 137 338.1 2.7 Appendicularians 04 143 0.4 114 <041
Other prey 0.4 3.8 0.5 34 <01 Other prey
n= 79 n= 21

shifted towards smaller copepods (Table 3), espe-
cially P. parwvus, so that copepods <1 mm ranked
highest in IRI value. Evidence for this shift came
from numerical data (x2 = 27.30, 2 df, P < 0.001)
as well as volumetric data (x* = 1928.78, 2 df, P
< 0.001).

A comparison of the diet of medium-sized and
large larvae showed that despite other dietary dif-
ferences, the number of copepods in the diet of
medium-sized larvae equalled the number of cope-
pods ingested by large larvae in 1980 (x2 = 0.13,
1 df, P > 0.75). However, large larvae ingested a
greater volume of copepods in 1980 than did
medium-sized larvae (x2 = 148.09, 1 df, P < 0.001).
In 1983 the numbers of copepods ingested by
medium-sized and large larvae were again equiva-
lent (x2 = 2.98, 1 df, P > 0.05), although copepods

T4

contributed more, volumetrically, to the diet of
medium-sized larvae (x2 = 657.22, 1 df, P < 0.001).

Comparison of Oceanographic Conditions

Because 1983 was a year of anomalous El Nifio
conditions, differences in diet between 1980 and
1983 may have been due to differing oceanographic
conditions in the 2 years. Surface water tempera-
tures taken during the ichthyoplankton surveys,
were used as an indicator of oceanographic condi-
tions. As the two surveys followed the same tran-
sects, station coordinates corresponded for the 2
years. Temperatures recorded from 20 April to 5
May 1980 averaged 10.67°C (s = 0.783), while those
from 23 April to 6 May 1983 were significantly
higher (P = 0.001) averaging 11.78°C (s = 0.772).
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FIGURE 2.—Relative importance of prey items in the diet of larval sablefish, by size class and year,
expressed as numerical percent composition (%N), volumetrie percent composition (%VOL), and per-
cent frequency of occurrence (%FQ). The area of each block represents the Index of Relative Impor-
tance (IRI) of a given prey (IRI = (%N + %VOL) x %FO). Sample sizes are as listed in Table 1.

Comparisons with other years revealed that ther-
mal patterns off Oregon and Washington were
similar for 1980 through 1982 and 1984 through
1986 (fn. 4). In contrast, 1983 was markedly differ-

ent, being the only year among those compared
when a 13°C isotherm developed and when surface
temperatures £10°C were not found between the
coast and long. 130°W during the first week in May.
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TABLE 2.—Species composition of copepods consumed by
sablefish larvae. Data are expressed as numerical percentages
of all copepods that were ingested by each size class in each
year.

Larval size class (mm)

Copepod species <125 126205 20.6-28.5
1980
<1 mm
Corycaeus anglicus 0.6 8.5
Qithona similis 274 38.7 16.8
Oncaea sp. 0.2 0.2 0.5
Paracalanus parvus 9.4 19.5 35.8
unidentified 38.5 19.5 8.0
copepodites 14.5 71 3.3
1-2 mm
Pseudocalanus sp. 1.8 1.7 3.1
Clausocalanus spp. 1.2 2.6 24
Ctenocalanus vanus 5.1 1.1 47
Aetideus sp.
Scolecithricella minor 0.1
Acartia sp. 1.4 7.8 4.9
unidentified 0.5 0.8 47
>2 mm
Calanus spp. 0.2 5.4
Metridia lucens 0.1 0.2
unidentified 1.7
1983
<1 mm
Corycaeus anglicus 0.3 0.3 1.5
Oithona similis 24.8 28.7 171
Oncaea sp.
Paracalanus parvus 39.2 475 45.3
unidentified 23.7 13.2 15.8
copepodites 7.5 5.9 4.1
1-2 mm
Pseudocalanus sp. 0.8 0.7 1.4
Clausocalanus spp. 0.5 0.7 3.6
Ctenocalanus spp. 29 13 15
Aestideus sp. 0.1
Scolecithricella minor
Acartia spp. 0.3 0.4 0.7
unidentified 1.1 4.2
>2 mm
Calanus spp. <0.1 34
Metridia lucens
unidentified 1.4

TABLE 3.—Size selection of copepods by sablefish larvae. Data are
expressed as a percentage of all copepods that were consumed
by each size class of larvae in each year.

Larval size class (mm)
1980 1983

Copepod 12.6- 20.6- 12.6- 20.6-
size <125 20.5 285 <125 20.5 285

A. By number
<imm 90.0 85.6 729 95.5 95.6 83.8
i2mm 10.0 14.1 19.8 45 43 114
>2 mm 0.0 0.3 7.3 00 <0.1 4.8
B. By volume
<imm 778 61.0 20.3 91.9 86.5 30.7
i2mm 222 31.0 15.5 8.1 121 15.9
>2 mm 0.0 8.0 64.2 0.0 1.4 53.4
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DISCUSSION

A comparison of the diet of sablefish larvae in
1980 and 1983 revealed several differences. Most
notably, for larvae of all sizes, copepods <1 mm con-
tributed significantly more to the diet in 1983 than
in 1980. Appendicularians were the dominant prey
for large larvae in 1980, but were negligible in the
diet during 1983. Amphipods were only of conse-
quence in the diet of large larvae in 1983. Pteropods
comprised a substantial portion of the diet of small
and medium-sized larvae in 1980, but made a trivial
contribution to the diet in 1983 although ingested
by larvae of all sizes.

Although concurrent zooplankton data are lack-
ing in this study, judging from the diet, prey popu-
lations were probably quite different in 1980 and
1983. As a result of the anomalous conditions dur-
ing 1983, a separate study extensively sampled zoo-
plankton off the Oregon coast (Miller et al. 1985),
where almost half (48%) of the sablefish larvae from
1983 were collected.

In both 1980 and 1983, the timing of sablefish lar-
vae collections corresponded to the spring transi-
tional period off Oregon reported for previous years
(Peterson and Miller 1976, 1977). During this period
winds and currents shift, upwelling develops, and
the zooplankton is transitive between a winter
assemblage that is dominated by southern species
of copepods and a summer assemblage that is domi-
nated by copepods with northern affinities. During
1980, 8% of the copepods that were ingested were
northern species, representative of the spring transi-
tion, i.e., Pseudocalanus sp. and Acartia spp.,
especially Acartia longiremis. In contrast, during
1983 as a result of the El Nifio event manifested
through increases in surface water temperatures,
sea level, and poleward currents, reductions in salin-
ities and coastal upwelling, and a depression of the
thermocline (Fiedler 1984; Huyer and Smith 1985;
McGowan 1985), only a partial spring transition
occurred, with southern (winter) species, especial-
ly P. parvus continuing to dominate the plankton
through July (Miller et al. 1985). The diet during
1983 reflected this same trend with P. parvus being
paramount in importance while northern species ac-
counted for <1.5% of the ingested copepods.

The fact that the pteropod Limacina helicina, a
species with northern affinities which is the domi-
nant pteropod species off Oregon, was not very
abundant in 1983 (C. B. Millers) correlates well with

8C. B. Miller, College of Oceanography, Oregon State Univer-
sity, Corvallis, OR 97331, pers. commun. December 1985.
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FiGURE 3.—Indices of relative importance (IRI values) of dominant prey items in the
diet of larval sablefish, by size class and year. Only IRI values >100 are included.
In each case the sum of IRI values <100 accounted for £1% of the sum of all IRI values.

our dietary observations which showed a marked
decrease relative to 1980. Plankton data regarding
the relative abundance of appendicularians and am-
phipods are less correlative with diet.
Preliminary analyses of collections made off Ore-
gon in the spring and summer of 1983 (Miller et al.
1985) indicated that zooplankton density was-.re-

duced, possibly as low as-30%-of thatfound in-a nen- -

El Nifio year. Indirectly-lending support for this was
data from satellite-imagery which monitored phyto-
plankton pignient images and which indicated that
primary productivity was substantially reduced dur-
ing 1983 (Fiedler 1984).

Fulton and LeBrasseur (1985) suggested that
while interannual fluctuations in zooplankton bio-
mass affect planktivorous fish living in the open
ocean off the west coast of North America, major
shifts in the particle size of zooplankton may have
a greater effect. In particular, the extreme north-
ward shifting of the subarctic Pacific boundary,
which occurred during the 1957-58 El Nifio event,
resulted in the replacement of large copepods with
small copepods off North America from lat. 40°N
to 52°N. They hypothesized that the absence of
large copepods and decreased biomass in these

waters during a warm EI Nifio year would result in
reduced growth and perhaps reduced survival of
juvenile salmonids.

Ontogenetic changes in the diet of sablefish lar-
vae included the diminution of small prey such as
copepod nauplii and pteropods; and the.increasing
contribution of larger prey such-as amphipods,
euphausid larvae, and -appendicularians as larvae
grew. These observations parallel earlier findings
on prey size-selection of larval sablefish (Grover and
Olla 1986) and agree with trends seen in many other
marine fish (Hunter 1981). All size classes of larvae
showed some flexibility in the prey they ingested,
from year to year as well as from station to station,
with large larvae ingesting the widest range of prey
items. The expansive range of prey ingested by large
larvae may have enabled them to ingest large num-
bers of small copepods during 1983, when larger
prey of high caloric value may not have been readi-
ly available.

From all indications, 1983 was a year of reduced
planktonic productivity off Oregon and Washington
(Fiedler 1984; Miller et al. 1985). It was also a year
when P. parvus, a small copepod, was dominant both
in the plankton (Miller et al. 1985) and in the diet
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of larval sablefish. As low productivity and the pre-
dominance of small copepods were also observed
during a previous El Nifio year (Fulton and LeBras-
seur 1985), these planktonic conditions may be fairly
typical of El Nifio events off Oregon and Washing-
ton. A comparison of the diet in 1980 and 1983
suggests that a decrease in the size of copepods in-
gested by sablefish larvae in 1983 may be one of the
principal effects of El Nifio conditions on the diet
of this species. While it is possible that some ener-
getic deficit may be imparted because of this dietary
shift, the actual effects on the growth of larval sable-
fish are at present unknown. Although the diet in
1983 was reflective of the plankton, corresponding
plankton data were not available for 1980, thus it
is unclear how closely the diet resembled the plank-
ton in 1980. However, if we assume that the cope-
pods that were ingested by larvae are indicative of
the copepods that were available, as was the case
in 1983, then we may infer that larger copepods
were more readily available during 1980, in the
absence of anomalous conditions.

While a reduction in zooplankton biomass might
affect sablefish larvae of all sizes, a paucity of large
copepods would likely have the greatest effect on
larvae >20.6 mm for two reasons: 1) large larvae
repeatedly ingested the largest prey (Grover and
Olla 1986) and 2) they were the only size class that
ingested a substantial volume of large copepods.
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