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Abstract. — Deepwater snappers are a vaiuable component of fisheries on slopes and banks in
Hawaii and in much of the world’s tropics. Their ecology and trophic relationships in these
deepwater habitats are poorly known. Line fishing in this study simultaneously collected six of the
seven lutjanid species that commonly occur in the major deepwater snapper fishery at Penguin
Bank. Hawaii. The catch rate of each species showed diel variability; the patterns of some species
were distinctly different. The depth distribution of feeding. as indicated by depth of capture. differed
considerably among species; all species were taken within several meters of the bottom. Size (fork
length) of the predator species did not appear to be stratified by time of capture (daylight versus
darkness) or median capture depth. Regurgitation of gut contents seemed to be reduced when fish
were retrieved at a rate that was slower than used in commercial practice but rapid enough to
prevent death or morbidity while hooked. The food remaining in line-caught specimens appeared
to be representative of what was originally eaten. The six snapper species ate considerabie amounts
of a wide range of pelagic animals and demersal fishes and much smaller quantities of a few
invertebrate benthic groups. Elelis coruscans. Etelis carbunculus. and Aprion virescens formed a
distinct. primarily piscivorous feeding guild. Pristipomoides filamentosus and Pristipomotdes sie-
boldii formed a distinct guild dominated by zooplankton feeding. The few specimens of Pristipo-
moides zonatus appeared somewhat intermediate in diet. Important planktonic prey groups in-
cluded crustaceans. pteropods, and large. pelagic, coloniai urochordates (e.g., salps). Urochordates
made 2 significant contribution to the diet even for some of the primanly piscivorous species.
Major diel and seasonal shifts in diet were found only in P. filamentosus: they involved the relative
proportions of fish. and especially of the major planktonic groups. Our information on diet com-
position and depth and time of feeding (catch) suggests that considerable resource partitioning
occurs among these deepwater snappers.

Deepwater lutjanid snappers represent an im-
portant resource throughout the tropical and sub-
tropical oceans of the world. Many species of
Lutjanidae are highly prized as food fish and typ-
ically have a high market value wherever they are
found (Polovina and Ralston 1987). In the trop-
ical Pacific. several genera of these fishes inhabit
the slopes of land masses and banks at depths of
100400 m. Understanding the trophic support
for these fishes in this environment can provide
important insight for management of their fish-
eries. Published studies of the diets of deepwater
snappers are scarce, however, because these fish-
eries occur in isolated locations, and collecting gut
contents from such deepwater fishes is difficuit
(Parrish 1987).

In Hawaii. deepwater lutjanid snappers are the

mainstay of the commercial and recreational bot-
tom fish fishery, contributing over 88% by weight
and 93% by value of the total commercial deep-
water bottom fish landings in 1990 (HDAR 1991).
Bottom fishing is mainly concentrated on the steep
slopes of deepwater banks. These banks and the
deep slopes of island coasts have an aggregate area
over six times that of shallow-water reefs in the
state (Agegian et al. 1988). Similar grounds sup-
port existing or potential snapper fisheries in much
of the Pacific and other tropical waters (Polovina
and Shomura 1990). Our limited understanding
of the ecology and production of deepwater banks
suggests that these important habitats probably
function very differently from shallow-water coral
reef ecosystems. The interaction between currents,
the daily tidal regime. and the physical structure
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FIGURE |.—Penguin Bank and immediate surroundings in the Hawaitan Archipeiago. Bathymetnc contours are
in meters. The Molokai~Lanai~-Kahoolawe-Maui bank compiex is indicated generatly by the bathvmetric contour

(200 m) in the inset.

of the banks may produce hydrographic features
that are distinctive and have different effects on
system productivity (Agegian et al. 1988).

The Molokai-Lanai~Kahoolawe~-Maui bank
complex (Figure 1), of which Penguin Bank is a
large part. produces about 4 1% of the commercial
bottom fish caich of the main Hawaiian Islands
(based on 1990 landings statistics from the Hawaii
Division of Aquatic Resources). In addition. there
is a large but unrecorded recreational catch (Ral-
ston and Polovina 1982; WPRFMC 1986). After
recent heavy fishing pressure. there are indications
that some stocks on these banks have been over-
fished and are declining (Ralston and Polovina
1982: Ralston 1984; Ralston and Kawamoto 1985.
1988: HDLNR 1986: WPRFMC 1986. 1988).

Knowledge of these stocks is based almost entirely
on data from landings by the commercial handline
fishery. Some information is available on basic life
history characteristics (e.g., growth parameters.
reproductive data, size data, and mortality rates)
of some major species in the fishery (Ralston 1981;
Everson 1984; Kikkawa 1984; Kikkawa and Ev-
erson 1984: Uchiyama et al. 1984: Uchiyama and
Tagami 1984; Sudekum et al. 1991). However,
little is known about the habitat. food resources
for bottom fish. or other characteristics of the en-
vironment that make it a productive fishing
ground.

Except for some data on the diet of the greater
amberjack Seriola dumerili (Humphreys and Kra-
mer 1984), almost nothing is known about the
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feeding ecology of the commercial bottom fishes
at Penguin Bank. Trophic information for these
species from other localities also is sparse. One
Jack species (Pseudocaranx dentex) has been stud-
ied by Seki (1984a), two snapper species (Pristi-
pomoides auricilla and Pristipomoides zonatus) by
Seki and Callahan (1988), and two other jacks (gi-
ant trevally Caranx ignobilis and bluefin trevaily
Caranx melampygus) by Sudekum et al. (1991).
All available diet information on deepwater grou-
pers and snappers has been surveved by Parrish
(1987), including results from elsewhere in the
Hawaiian Archipelago obtained by Kluegel (1921)
and Seki (1984b) and previously unpublished re-
sults on diets of fishes from the Northwestern Ha-
waiian Islands (NWHI) and the Marianas.

The overall goal of our study was to identify
and characterize key relationships between com-
mercially important deepwater bottom fishes and
their habitats and major food sources. Specific ob-
Jectives were (1) to determine whether there is
overlap among deepwater lutjanid snappers in their
depth ranges or feeding periods. (2) to identify
important prey groups in the diets of these species
and estimate their reiative importances. (3) to de-
termine the extent of overiap in diet for these
predators. and (4) to identify any diel or seasonal
shifts in their diets.

Study Area

Penguin Bank is a large underwater feature im-
mediately southwest of the isiand of Molokai. Ha-
wait (Figure 1). The top is relatively flat. with
depths of 50-100 m: at the periphery, the bathym-
etry drops rapidly to over 500 m (Gregory and
Kroenke 1982). Penguin Bank is simiiar in depth
to the other banks in the Hawaiian Archipelago,
and production dynamics on Penguin Bank are
probably representative of many such banks in
Hawati and elsewhere in the tropics. Suitable hab-
itat for bottom fish seems to be limited to a smail
and rather scattered fraction of the entire Penguin
Bank area (C. R. Agegian. University of Hawaii.
I. J. Polovina. Honolulu Laboratory, National
Marine Fisheries Service. and S. Ralston. Tiburon
Laboratory, National Marine Fisheries Service,
personal communications).

Methods

Specimen collection. —Several areas of Penguin
Bank known as commercially productive fishing
grounds were chosen for specimen collection.
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These sites were surveyed hydroacoustically with
a Raytheon model LSR-910M and a Simrad type
EQ38-MK3 paper-recording fathometer, a RD In-
struments series RDVM acoustic doppler current
profiler. and a Furuno model CN106 color chro-
moscope.! Information was collected on bathym-
etry, substrate type, and fish aggregations. Some
nearby areas on top of the bank aiso were fished
to obtain adequate diet sampies from the snapper
Aprion virescens.

Specimens were coilected between October 1987
and December 1989, primarily by conventional
bottom handlines deployed from hydraulic fishing
gurdies (Uchida and Uchiyama 1986:29). Five
stations were fished with a Kali bottom longiine
developed at the National Marine Fisheries Ser-
vice’s Honoiulu Laboratory (Shiota 1987). The use
of rigid polyvinyichioride tubing in this gear in
place of conventional gangions or dropper lines
greatly reduced problems with fouling on the rough

- bottom. Stripped squid was used for bait for ail

handiining and longlining. All hooks were fished
within a few meters of the bottom.

A handline fishing station consisted of a series
of drifts made over a selected site after wind and
current directions were determined. Drifts vaned
in response 10 locai conditions and topography.
but a typical station was occupied 1-3 h. during
which time sampiing occurred at depths ranging
from about 100 to 250 m. An effort was made to
sample the complete depth range fairly evenly
throughout the diel cycle. Total fishing effort was
248 line-hours during dayvlight (0600-1830 hours)
and 294 line-hours during darkness (1830-0600
hours). The shallow (0-150 m) and deep (150-300
m) depth ranges were each fished at least 90 line-
hours during each pertod (daylight and darkness).
In the standardized fishing, each 50-m depth in-
terval from 50 to 300 m was handlined for 2 min-
imum of 25 line-hours. At least 20 line-hours of
effort were exerted in each 2-h time interval
throughout the diel cycle (Tabie 1). Effort was not
equal for various times of day and depths. so most
catch data were expressed as handline catch per
unit effort (CPUE).

To determine if there were species-specific pat-
terns of temporal and spatial distribution. the
handline catch of each species. expressed as a frac-
tion of the total handline catch of all species, was
compared by chi square analysis (x2) to a uniform

! Mention of products or names of manufacturers does
not imply endorsement by the U.S. Government.
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distribution of expected (equal) catch of ail spe-
cies. This procedure was used separately for each
2-h interval of the day and for each 50-m interval
of depth fished.

Because regurgitation of gut contents is a prob-
lem when line-caught fish are brought to the sur-
face rapidly by commercial fishing methods, var-
ious decompression schedules were tested. Lines
were retrieved at different rates, and the generai
condition of each fish and the extent to which it
had regurgitated were recorded. The most visible
sign of barotrauma was the eversion of the stom-
ach forward through the esophagus, caused by the
expansion of gas in the swim bladder. To quantify
the potential for loss of gut contents by regurgi-
tation. each fish was assigned an integral value
(ranging from O to 4) reflecting the degree of ex-
trusion of the stomach into the mouth cavity.
Time. depth, and location of capture, rate of as-
cent, and regurgitation state vaiue were recorded
for each specimen. The mouth and gills were ex-
amined for regurgitated material (which was in-
cluded in diet analysis), and the specimen was
weighed (to the nearest 0.01 kg), measured (stan-
dard length, fork length, and total length to the
nearest | mm) and sexed (by macroscopic ap-
pearance of gonads after dissection). Fish were
cooled quickly, and within | h after capture, the
gastrointestinal tract was removed and frozen. Al-
together. 389 fish were collected. All identifiable
prey items from 219 of these predator specimens
were used in trophic analysis.

Trophic analvsis.—Diet composition was de-
termined by examining the contents of the entire
gastrointestinai tract of each specimen. following
procedures similar to those described in Hyslop
(1980), Harrison et al. (1983), and Parrish et al.
(1985). All prey organisms were identified visually
under magnification to the lowest feasible taxon.
All prey individuals were counted, and the vol-
ume of individuals or groups of individuals was
measured by liquid displacement. If a prey indi-
vidual was in an advanced state of digestion. its
volume was estimated by comparing it with intact
individuals of similar size and known volume.
Parts of partially digested prey were measured (e.g.,
with an ocuiar micrometer) to permit estimates of
the sizes of the intact individuals.

Diet composition was expressed in terms of
number and volume of prey items and frequency
of occurrence of predator guts containing the prey.
An index of relative importance (IRI) for each
prey category in the diet was calculated with the
method of Pinkas et al. (1971):
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TaBLE L.— Distribution of total standardized handline
fishing effort applied simuitaneousiy for six snapper spe-
cies coilected at Penguin Bank, Hawaii. in 1987-1989.

Effort distribution Effort distribution

by time of day by depth
Time of day Effon Bottom Effort
(hours) (line-hours) depth (m)  (line-hours)

0000-0200 27.8 50~100 25.4
0200-0400 20.2 100-150 188.8
0400-0600 29.1 150-200 188.9
0600-0800 419 200-250 110.1
08001000 37.3 >250 28.0
1000~1200 54.3

1200~1400 374

1400-1600 326

1600-1800 43.0

1800-2000 62.0

20002200 128.8

2200-2400 274

IRI = F(N + I,
F = percentage of all predator individuals that

contained that prey category,

N = percentage of total prey individuais that
were of that category, and
V = percentage of total prey volume that was

of that category.

To compare diets, the IRI of a parucular prev
category was expressed as a fraction of the sum of
IRI values for all categories at comparable leveis
of systematic or ecological organization.

Diet overlap between predator groups was cal-
culated by the Mornsita-Horn C, formuia (Hom
1966):

s
2% )
G = T -

_—
2 X ot
i=1

=1

5 is the 1o1al number of prey categories. and x; and
1y are the proportions of the total diet index of
predator group x and y that are taken from prey
category i Values of C, can vary from 0 when
diets of two groups are completely distinct to |
when the diets are identical. Diet overlaps were
classified with Langton’s (1982) scale: low over-
lap, 0-0.29; medium overiap, 0.30-0.59; and high
overlap, =0.60. Groups compared for diet over-
lap inciuded different predator species. predators
collected in different seasons and at different times
of day, and different portions of the alimentary
tract (i.e.. stomach, mouth and hindgut).
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TasLE 2.—Six deepwater snapper species collected in this study, by number and size caught, time of day, and
depth of capture, at Penguin Bank, Hawaii, in 1987-1989.

Nisem

Fork length (mm)

Depth of capture (m)

! Time of day
Species cotlected Range Median caught (hours) Range Mediaa

Pristipomordes

sieboldii 147 237435 363 0036-2242 104-265 168
Pristipomordes

Sfilamentosus 232 267-654 388 0010-2348 49-256 107
Pristipomordes

zonatus 7 322410 387 0915-1806 150-190 164
Erelis

coruscans 40 265-836 404 0540-1905 163-331 192
Etelis

carbunculus 92 232-576 346 0150-2258 73-280 175
Aprion

virescens 71 443-890 633 0615~1850 46-134 51
Total 589

Statistical analyses were done on a microcom-
puter with the software package SAS PC Release
6.03 (SAS Institute 1985, 1988).

Resuits
Catch Composition

Six of the eight native lutjanid snapper species
known from Penguin Bank were captured in this
study (Table 2). The only common. native, deep-
water lutjanid of this habitat not present in the
catch was Aphareus rutilans.

Pristipomoides sieboldii and Pristipomoides fila-
mentosus made up 64% of the catch: P. -onatus
was caught only incidentally (1%). Etelis corus-
cans and Etelis carbuncuius made up 23% of the
catch. dprion virescens. an important commercial
specles in summer, accounted for 12% of the total.

Spatial and Temporal Distribution
of the Catch

The distribution of depths and times of catch
of most of the six snapper species overiapped

somewhat. but some distinct species differences

were discernible. Pristipomoides filamentosus
seemed to take bait most readily during the mormn-
ing (0400-0800 hours) and evening (1600-2200
hours) (Figure 2A). Pristipomoides sieboldii seemed
to feed in a less regular temporal pattern with sev-
eral peaks during the day and night. The highest
catch rates of the Etelis species were widely sep-
arated in time; E. coruscans took bait most readily
during 0600-0800 hours and E. carbuncuius dur-
ing 18002000 hours (Figure 2B). Aprion virescens
was caught throughout the daylight hours. and
seemingly was inactive during most of the night.
The pooled CPUE for all snappers (which are tar-

geted as a group in the snapper fishery) fluctuated
over a diel cycle. with peaks during 0400-0800
hours and 1800-2200 hours. The pooled catch
rate declined from 2200-0400 hours.

Distributions of CPUE at discrete depth inter-
vals indicated that A. virescens took bait most
readily in the shallowest zone occupied by these
species (Figure 3B). Its distribution overlapped
with that of P. filamentosus: however. the CPUE
of the latter was highest in a deeper zone (100~
150 m) (Figure 3A). The CPUE of E. coruscans
was very low in all except our deepest (250-300
m) standardized fishing zone. The catch depth dis-
tributions of the two Etelis species overiapped.
but the CPU for E. carbunculus was highest at
200-250 m depth and substantial at shallower
depths. The cawch depth distributions of the Pris-
tipomoides species overiapped with that of E. car-
bunculus. but the peak CPUE of each species was
in a different depth range. The peak CPUE for P.
sieboldii was at 150-200 m. Pristipomoides zona-
tus was caught in the same depth range as P. sie-
boldii, but too few P. zonatus were caught to de-
termine the depth where CPUE peaked. The depth
range of some of these species may extend deeper
than 300 m. However, local underwater obser-
vations (S. Ralston, personal communication) and
research elsewhere in the tropical Pacific (Ralston
and Williams 1988) suggest that none of the spe-
cies has major peaks in abundance at depths ex-
ceeding 300 m.

Chi-square goodness-of-fit analysis indicated
that within each depth and time interval sampied.
catches (relative abundances) of these species var-
ied significantly from an “‘expected” uniform dis-
tribution of equai catch of all species (x> = 11.73-
521.04, df = 5, P = 0.01-0.005). The nonuniform
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Ficure 2. — Diel pattern of caich per unit effort (CPUE) of (A) three Pristipomordes species. and (B) two Erelis
species and Aprion virescens. at Penguin Bank. Hawaii. 1987-1989.

dispersion of caiches suggests that the differences
in observed interspecific temporal and depth pat-
terns of caich are reiated to reai interspecific dif-
ferences in patterns of predator occurrence and
feeding.

To determine whether fish size was related 1o
depth or time of capture. the caich data were test-
ed by both median comparison tests and non-
parametric correlation analysis. No significant
correlation was found between fork length and
capture depth for any of these species (Spearman’s
rank correiation analysis: r; = —0.13-0.29, P =
0.17-0.92). For each of the species. median fork
lengths of fish caught during daylight (0600~1830
hours) and darkness (1830-0600 hours) were not
significantly different (Wilcoxon’s signed-rank test:
Z =098-1.61, P = 0.10-0.32).

Fish Retrieval Rate and Regurgitation

The effect of fish retrieval rate on regurgitation
was tested for all species by Spearman’s rank cor-
relation analysis. No clearly significant correlation
was found between rate of ascent and regurgitation

index (ry;= —0.23-0.01. P =0.06-0.93). However.
qualitative observations indicated that a retrievai
rate of about 0.5 m/s was optimal in terms of fish
condition and fishing success. Fish retrieved rap-
idly (=2 m/s) or very slowly (0.1 mrs) exhibited
signs of traumatic decompression. inciuding ex-
treme eversion of the stomach through the esoph-
agus. and bulging eyes. However. fish retrieved at
intermediate rates of ascent (about 0.3-0.6 m/s)
usually showed less traumatic signs of decom-
pression and were often lively at the surface. Size
of fish did not seem to affect the extent of regur-
gitation: the Spearman coefficients comparning fork
length with regurgitation index were nonsignifi-
cant for all species (r; = 0.01-0.14, P = 0.72-0.94).
No significant correiation could be found between
regurgitation index and the depth at which a fish
was hooked (depth range, 49-280 m: r;= —0.007~
0.27, P = 0.22-0.45).

Trophic Analvsis

Analysis with diet overlap indices based on per-
cent IRI indicated that for each species. the com-



334

HAIGHT ET AL.
1.00 4 P. ﬁ.lnmen.tosu: -— A
P. sieboldii — —
P. zonotus
0.50 4
? - - ~
< -~ ~
£ ~ ~
i -~ ~
E - - ~ —
S 000 —
£ 1.004 E. corbuncutus .
] E. coruscons — — 8
% A virescens
0.50 4

o-%0

50-100

100-150

Depth (m)

FiGuRre 3. — Depth distributions of catch per unit effort (CPUE) of (A) three Pristipomoides species. and (B) two
Etelis species and Aprion virescens, at Penguin Bank. Hawaii, 1987-1989.

position of prey items found in the hindgut. stom-
ach. and mouth was simiifar (C, > 0.5 for diet
overlap between gut locations for each snapper
species). Therefore, all prey items from the entire
alimentary tract of an individual were pooled for
diet caiculations.

As a group, the snappers ate large amounts of
a wide range of pelagic animals and much smaller
quantities of a few benthic groups (Table 3: Ap-
pendix Table A.1). Five of the snapper species
were separable by diet into two general feeding
guilds: (1) zooplanktivores that fed primanly on
pelagic urochordates, planktonic crustaceans. and
pteropods, and (2) species that were primanly pi-
scivorous (Table 3). Zooplankton composed 92%
and 97% of the total IRI in the diets of P. fila-
mentosus and P. sieboldii. respectively. Etelis co-
ruscans, E. carbunculus, and A. virescens were pri-
marily piscivorous: fish accounted for 81-98% of
the total IRI.

Pristipomoides species fed on pelagic urochor-
dates (mainly thaliaceans): these prey were most
prevaient in the diet of P. filamentosus (47% of

total IRI). Pristipomoides sieboldii also fed on
thaliaceans (16% of towal IRD), but pelagic crus-
taceans (47%) and pteropods (29%) were more im-
portant prey items. Pelagic crustaceans and ptero-
pods were also imporiant in the diet of P.
filamentosus. Pristipomoides zonatus fed on thali-
aceans (38% of total IRI). but also preyed on fish
(55%) and benthic crustaceans (6%). In the pisciv-
orous guild. pelagic urochordates. cephalopods.
and benthic crustaceans also were notable prey
items.

The 1wo feeding guilds were clearly distin-
guished by their C, vailues. Exclusive of P. zona-
tus, C, values ranged from 0.78 to 1.00 within
guilds (Table 4), and little dietary overlap oc-
curred between guilds (C, = 0.03-0.23). Pristi-
pomoides zonatus (only six specimens) fell some-
what between guilds: it showed high overiap with
the piscivorous guild (C, = 0.76-0.87) and me-
dium-low overlap with the zooplanktivorous guild
(Cy = 0.18-0.55).

Major diel and seasonal diet changes were found
only for P. filamentosus. Its C, value (based on
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TABLE 3.— Diets of six deecpwater snapper species collected at Penguin Bank, Hawaii. in 1987-1989. Gut contents
of 219 fish were divided into i2 major systematic or ecological groups. Relative abundance of prey is expressed as
percentage of total index of relative importance (IRI). Numbers in parentheses indicate the number of guts with
any identifiable contents.

Percent IR in gut conients of

Pristipo- Pristipo- Pristipo- )
id d id Etelis Etelis Aprion
boldii / z coruscans carbunculus virescens
Prey group (60) (54) (6) 24) 33 42)
Fish (juveniie
and adult) 1.8 7.2 55.2 80.6 98.4 95.8
Fish larvae 0.04 0.0 0.0 0.0 0.2
Pelagic smait
crustaceans 47.2 311 0.0 1.0 1.0 0.4
Shrimp (adult¥® 1.2 0.1 0.7 4.4 0.2 0.1
Crabs (adulty 0.07 0.0 5.8 0.06 0.03 0.02
Polychaete worms 01 0.0 0.0 0.0 0.0 0.0
Cephalopods 1.5 Q.s Q.0 29 0.3 0.7
Pteropod moliuscs 28.9 13.0 0.0 0.0 0.0 0.01
Other smail moiiluscs 0.4 0.2 0.0 0.0 0.02 0.0
Chaetognaths 0.1 0.0 0.0 0.0 0.0 00
Pelagic urochordates 16.4 473 38.4 Tt 0.02 2.7
Siphonophores L8 0.6 0.0 0.0 0.0 0.0

2 Larvae are tnciuded in Pelagic smail crustaceans.”

IRI) for day versus night samples was 0.50. Pe-
lagic urochordates composed a much greater part
of the 1otal IRI of individuals caught at night (Ta-
ble 5). Other major components of the diet (e.g.,
fish. pelagic crustaceans) were more prevalent in
specimens caught during the day. Seasonally, pe-
lagic urochordates were low in the summer IRI of
P. filamentosus. increased in winter. and became
strongly dominant in spring (Table 3). As uro-
chordates increased. groups such as pelagic crus-
taceans. pteropods and fish. which had composed
sizable percentages of the {RI in summer or win-
ter. decreased to low spring levels. Seasonal C,
values for P. filamentosus reflected the fluctuating
importance of pelagic urochordates in the diet.
Values of C, for summer versus winter (0.78) and

spring versus winter (0.7 1) were similar. However.
the shift of the major diet component from pelagic
crustaceans in summer 1o pelagic urochordates in
spring resulted in a C, value of 0.34 in the summer
versus spring diet comparison. The diet of each
piscivorous species was highly similar throughout
the diel and seasonal cycles: the range of C, values
was 0.62-0.99.

Discussion
Fish Retrieval Rate and Regurgitation
Regurgitation of gut contents due to rapid de-
compression remains a problem for trophic stud-
ies of deepwater physoclistous fishes. We tound
that retrieval at a very slow rate to allow resorp-

TasLE 4. — Values of the index of diet overiap (C,) between each pairwise combination of six deepwater snapper
species collected at Penguin Bank. Hawaii. in 1987-1989. Values of C), are calculated based on percentage of index

of relative importance (IRI).

Species " P. filamentosus P. zonatus E. coruscans E. carbunculus Aprion virescens

Pristipomordes

steboldii 0.78 0.18 0.08 0.03 0.04
Pristipomordes

Aflamentosus 0.55 0.23 0.11 0.13
Pristipomordes

conatus 0.87 0.76 0.78
Etelis

coruscans 0.97 0.98
Etelis

carbunculus

1.00
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TasLE 5.~ Temporal trends in diet composition of Pristipomoides filamentosus at Penguin Bank, Hawaii. in 1987-
1989. Gut contents were divided into eight major systematic or ecological groups. Relative abundance of prey is
expressed as percentage of total index of relative importance (IRI). Numbers in parentheses indicate the number
of guts in each period that contained any identifiable prey.

Percent IRI in gut contents collected during

Day Night Summer Winter Spning
Prey group (35) a9 (15) (25 (14)
Fish (juvenile and adult) 10.0 1.7 13.6 9.4 1.6
Fish larvae 0.1 <0.01 0.2 0.03 <0.01
Pelagic smail crustaceans 42.6 6.6 572 29.9 9.3
Shrimp (adulty® 0.1 0.1 <0.01 0.02 0.7
Cephaiopods 0.4 0.4 0.8 03 04
Pteropod motluscs 18.1 5.9 10.2 222 4.8
Pelagic urochordates 28.2 84.8 15.0 37.7 83.3
Siphonophores 0.5 0.7 2.9 0.4 0.03

 Larvae are inctuded in “*Pelagic smali crustaceans.”

tion of gases from the swim bladder is not a sat-
isfactory solution. Fish retrieved at the siowest
rates often showed the same signs of barotrauma
as those retrieved rapidly. Their inactivity when
landed and lack of the usuai signs of life suggest
that death or debilitation is common after a long
period on the line. Such fish may have reduced
physiological capability to resorb gas from the
bladder (perhaps because of ioss of nervous con-
trol of the oval: Harden Jones 1957). However.
fish retrieved at an intermediate rate (about 0.5
m/s) appeared to be less severely affected and of-
ten contained intact stomachs or retained a sub-
stantial amount of prey in the mouth. gills. and
gill rakers. Our results suggest that retrieving at
moderate rates produces specimens usable for diet
studies and is a practical procedure for a field sam-
pling program.

Subsurface handling of individual fish by divers
may be one way of reducing the probiem of bar-
otrauma in physoclistous fishes (Parrish and Mof-
fitt 1993). However, this technique is not feasible
with intensive fishing operations such as those used
in the present study.

Our resuits suggest that the entire gastrointes-
tinal tract should be examined to obtain the max-
imum diet information from a given sampie. In
this study, the diversity and composition of prey
found in the intestines were sufficiently simiiar to
those found in the stomach and mouth that prey
from all parts of the alimentary tract could be
pooled for dietary analysis. However. some of the
soft-bodied prey (especially larval fishes) seemed
to be underrepresented in the intestinal samples.
Movement of food through the digestive tract of
these fishes seems to be fairly rapid. “Palu” (a fish
attractant composed of minced fish and oats) was

found in the hindgut of three species (4. virescens.
P. filamentosus. E. coruscans) caught 1-2.5 h after
it was first released in the water.

Trophic Analvsis

Qur data indicate that a distinct feeding guild
with a strongly zooplanktonic diet occurs among
the luyanid snappers at Penguin Bank. These re-
sults. together with the reports for deepwater
snappers eisewhere in the tropical Pacific (Parrish
1987), suggest that zooplanktivory may be an im-
portant trophic mode among Pristipomoides spe-
cies. Examination of our data from all Penguin
Bank cruises showed that zooplankton dominated
the diets of P. filamentosus and P. sieboldii
throughout the year. and leveis of piscivory re-
mained low. The diet composition of species of
the piscivorous guild (4. virescens, E. coruscans.
and E. carbunculus) remained relatively constant
throughout the day and seasons of the year. Pris-
tipomoides zonatus may have a more generalized
diet than species in the planktivorous or pisciv-
orous guiids. Our six specimens of P. zonatus con-
tained substantial amounts of both benthic—de-
mersal and pelagic forms. This same trend was
reported for a larger sample (N = 106) of this
species occurring in the Maranas (Seki and Cal-
lahan 1988).

As is commonly the case with analysis of fish
gut contents, most of the fish prey we found in
these deepwater snappers were not identifiable
even to major groups. The identifiable fish prey
were diverse systematically and ecologically, and
included relatively sedentary species. fishes with
generally demersal habits at a variety of depths.
fishes of the water column near bottom. and me-
sopelagic species (Appendix). There was rather
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good correspondence between what is known of
the common depth ranges of the various prey fish-
es and the depths at which the paricular snapper
species that ate them were coliected.

The deep-feeding Etelis species contained a
deepwater demersal cardinalfish Epigonus sp. and
three identifiable mesopelagic fishes: the bristle-
mouth Argyripnus brocki and the lanternfishes
Benthosema fibulatum and Diaphus sp. All these
mesopelagic species have been identified as com-
ponents of the distinctive **mesopelagic-boundary
community” of Hawaii, which inhabits coastal
waters over bottom depths of perhaps 100-700 m
in a band surrounding islands and banks (Reid et
al. 1991: S. B. Reid, University of Hawaii. per-
sonal communication). Of these species. at least
Benthosema fibulatum and some Diaphus species
perform some diel vertical migration and could
be eaten weii above the bottom at some times of
the day. A number of the other. primanly demer-
sal. prey species in the snapper diets also range
higher in the water column at times and may be
subject to midwater predation. especially during
their younger life stages. The deepwater snappers
may eat such prey only at the bottom, but these
‘prey could provide a short link with productivity
originating higher in the water column.

Monacanthidae (many identifiable as Pervagor
sp.) were the most nearly ubiquitous prey fish.
occurring in all the snapper species except one and
composing at least a few percent of the diet of
some. Species of Pervagor. especially the fantail
filefish P. spilosoma. occasionally become ex-
tremely numerous and widely consumed by pi-
scivorous fishes in Hawaii. at least in shallow wa-
ters (Tinker 1978 Brock 1984, 1985; Sudekum et
al. 1991). At such times, this species seems to
modify its usual behavior and occupies much of
the water column as well as its usual demersal
habitat (T. A. Clarke and S. B. Reid, University
of Hawaii. personal communication). The abun-
dance of monacanthids was not monitored at the
specific times and locations of our collections.
However, visual censuses made from submers-
ibles on the top and upper siopes of Penguin Bank
at 61-117 m depth between October 1985 and
February 1988 (overiapping our study) showed that
P. spilosoma was among the few most abundant
fish species present on artificial reefs (F. A. Par-
rish. Honolulu Laboratory, National Marine Fish-
eries service, personal communication). The
abundance of monacanthids in snapper diets may
indicate opportunistic feeding during sporadic
abundance of a panticular prey.
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Fishes recognizable as iarvai stages occurred with
fairly high frequency in the guts of P. sieboldii. P.
flamentosus, and A. virescens, but numbers and
volumes eaten and the corresponding IRI values
were rather iow (Appendix). It seems likely that
many larval fishes were among the unidentified
fish remains or other unrecognizable gut materiai.
The identified larval fish material was concen-
trated in the zooplanktivorous guiid, but some was
consumed by the shallowest feeding piscivore. This
suggests that the larval fishes occurred and were
captured along with invertebrate plankton.

For most of these snapper species. diet data from
other sources are based on 1-60 specimens. except
for 209 specimens of P. zonatus (Parrish 1987).
These uneven data suggest that fish prey vary from
fairly important to strongly dominant in the diets
of these species in other localities. Resuits for £.
filamentosus from the NWHI (Parrish 1987) ia-
dicated somewhat greater piscivory than at Pen-
guin Bank. Aprion virescens and E. carbunculus in
the NWHI were strongly piscivorous (as at Pen-
guin Bank), and P. zonagtus appeared more inter-
mediate between piscivory and planktivory (Par-
rish 1987).

The diets of Penguin Bank snappers contained
no identified prey fish species in common with
snappers in the other Pacific localities reported.
(In ail the studies. relatively few prey fishes were
identified to species.) Prey families shared by
deepwater snappers at Penguin Bank and at other
Indo-Pacific localities inciuded Congridae. Apo-
gonidae. Myctophidae. Synodontidae. Balistidae.
and Ostraciidae. as weil as unidentified tetraodon-
tiform fishes (Parrish 1987).

Cephalopods (including octopus and squid) at
Penguin Bank were eaten by all but one snapper
species studied there. sometimes providing sev-
eral percent of the diet (Appendix). The two Ezelis
species, which occurred deepest of all the snap-
pers, contained deepwater ommastrephid and chi-
roteuthid squid. An early juvenile onychoteuthid
species with somewhat shallower distribution was
eaten by the shallower-feeding P. sieboidii. Cepha-
lopods (including Ommastrephidae) have been
found in the diets of all except two deepwater
snapper species reported from eisewhere in the
Pacific (Parrish 1987). They were fairly important
in the diet of P. flamentosus in the NWHI.,

Several groups of smail malacostracans and the
larvae of a few groups of large ones made up the
bulk of the pelagic crustacean prey category in our
study (Appendix). For some smail crustaceans (e.g.,
amphipods, ostracods. isopods). it is not clear
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whether the habitat was pelagic, benthic, or both.
However, these groups commoniy occurred in fish
guts with other clearly pelagic groups. Larval. ju-
venile, and adult lobsters, shrimp, and especiaily
crabs and stomatopods were found in the diets of
the snappers. Among identified stomatopod prey,
species of Squilla and Lysiosquilla are moderately
common as adults in shallow waters of Hawaii
and may occur deeper as well. Adults of Odon-
todactylus spp. are unknown from shallow waters
in Hawaii, but they have been trawled occasion-
ally from deeper, soft bottoms (well below 100 m).
Most of the large crustaceans in the diet were
clearly benthic inhabitants as adults (e.g., the
deepwater galatheid crab Munida sp.). Diet stud-
ies of deepwater snappers from other localities
(Parmish 1987; Seki and Callahan 1988) have re-
vealed amphipods. euphausids. isopods. crab and
stomatopod larvae, and adult benthic crabs (in-
cluding Munida sp. and other galatheids). sto-
matopods. shrimp, and lobsters.

Pelagic pteropods, including a major compo-
nent from the family Cavolinidae. were eaten by
three snapper species at Penguin Bank and were
important prey for two species (Table 3. Appen-
dix). Pteropods of the family Cavolinidae were a
minor component of the diet of P. zonatus in the
Marianas, fairly common in P. muftidens in West-
ern Samoa. and very abundant in P. auricilla in
the Mananas (Parmish 1987: Seki and Callahan
1988).

The abundant pelagic urochordates. which were
found in ali the snapper species at Penguin Bank.
included Salpida (probably a dominant group, but
difficult to identifv as remains). Doliolida. and Py-
rosomida (Appendix). Pelagic urochordates (dom-
inantly Pyrosoma sp.) have been identified in the
diets of all except two deepwater snappers studied
elsewhere in the Pacific (Parrish 1987). Siphono-
phores (dominantly Calycophora), a minor prey
item for two snapper species at Penguin Bank (Ap-
pendix), have also been found in the diet of P.
auricilla in the Marianas (Parmish 1987).

Pelagic urochordates and siphonophores might
seem at first to offer littie nutrition and to be un-
likely preferred prey. Both are geiatinous. and the
filter-feeding urochordates contain an indigestible
cellulose tunic. However, both groups can con-
centrate large amounts of captured plankton prey
in their guts (up to 20% of the body weight in
some urochordates; Kashkina 1986), thus increas-
ing their overall value as food. Both groups are
colonial and form large interconnected aggrega-
tions of many individuais. They may enable snap-
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pers 1o forage with high efficiency. The frequency
and abundance with which these soft-bodied
megaplankton. together with the ciliary-feeding
pteropods, appear in diets of most deepwater
snappers sampled in the Pacific (Parrish 1987)
suggest that they make a substantial contribution
to the nutrition of demersal deepwater fish pop-
ulations.

It is widely believed that these snapper species
are strongly demersal (4. virescens less so than the
others). This belief is based on behavior of related
species. interpretation of sonar chromoscope im-
ages. much experience of commercial and recre-
ational fishers. results of considerable experimen-
tal fishing, and underwater observations (including
our own at Penguin Bank). The many strikes at
our hooks near the bottom (none during the short
time of lowering and retrieving the line) indicate
that species with the full range of diets were in an
active feeding state at the bottom dunng much of
the day and night.

Animais from ail the major pelagic prey cate-
gories consumed (Table 3) have been reported at
times in substantial quantities at depths where
these snappers were collected. In many cases. these
prey were reported to be near bottom (Struhsaker
1973; Wiebe et al. 1979: Kashkina 1986: Grassle
and Morse-Porteous 1987 Bathmann 1988: Chil-
dress et al. 1989: Reid et al. 1991: L. P. Madin.
Woods Hole Oceanographic Institution. personal
communication). These reports (some from Ha-
waii) are consistent with a pattern of near-bottom
feeding by snappers. However. all availabie evi-
dence does not exclude the possibility that signif-
icant feeding occurs far above the bottom.

Regardiess of the level in the water column where
feeding occurs. it is clear that planktonic animals
provide an important conduit for transferring pro-
duction from lower trophic levels in the water col-
umn to some large snapper species. These snap-
pers occupy a demersal habitat that does not seem
to be highly productive. The planktonic subsidy
from the water .column. facilitated by vertical mi-
gration of the zooplankton, may be important in
maintaining fishable stocks of these deepwater
snappers.

Spatial and Temporal Distribution

A baited hook does not represent a natural prey
item for these snappers, but for the purpose of this
study, an increase in CPUE was assumed to rep-
resent an increase in feeding activity. Diel cycles
in feeding activity appear to be common and
somewhat species-specific among the lutjanid
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snappers on Penguin Bank. Peak feeding of ali
these snappers as a group occurred during the
morning and evening.

Nakamura (1967) and Shomura and Nakamura
(1969), sampling with nets at depths of 60200 m
around the Hawaiian island of Oahu, reported
marked increases in the abundance of zooplank-
ton during early morning and evening. They ob-
served strong diel fluctuations in abundance of
ostracods. euphausids, pteropods. and larval fish,
all of which are prey species for the zoopianktivo-
TOus snappers. Many zooplanktonic species mi-
grate to surface waters at night to feed and return
1o deeper water during the day (Levinton 1982).
This vertical migration could increase the avail-
ability of these prey to deepwater snappers during
dawn and dusk as the zooplankton migrate past
snappers occupying steep slopes or sites of high
bottom retief.

The apparent diel distribution of zooplanktion
in the water column and the increased feeding ac-
tivity by Pristipomoides species during early
moming and evening suggest that these snappers
are opportunistic zooplanktivores. However, pe-
lagic urochordates. which were important in the
diets of these snappers in our study, were less
abundant than some of the other vertically mi-
grating zooplanktonic groups in the net collections
of Nakamura (1967) and Shomura and Nakamura
(1969).

[n general. the diets of the planktivorous Pris-
upomoldes species had a higher percentage of tha-
liaceans at night and more pelagic crustaceans and
fish during the day. This trend may reflect the
difference in visibility of these prey and the role
of vision in their capture. Small crustaceans and
fishes would be more visible during the day, while
the nearly transparent thaliaceans would be hard
to see. At night, the relatively low visual acuity of
the fish eye would result in much reduced ability
to resolve smaller prey targets (Hobson 1991:
McFariand 1991). However, many thaliaceans are
bioluminescent. which along with their colonial
habit could make them much more visible than
small crustaceans or fishes. Their slow locomotion
and bulky colonial form may make them more
vuinerable to capture by random encounter in the
dark.

Shomura and Nakamura (1969) reported that
abundance of thaliaceans in Hawaiian waters was
relatively low in summer and fall, higher in win-
ter. and highest in spring. We found a similar trend
in the abundance of thaliaceans in the diet of P.
filamentosus on Penguin Bank. Kashkina (1986)
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reviewed a number of studies that reported high
abundance of thaliaceans in portions of the “Ha-
waiian range” and elsewhere where there was up-
ward mixing of nutrient-rich waters in spring. He
suggested that such conditions stimulated plank-
tonic production and provided food for increased
thaliacean populations.

Resource Partitioning

Some of the snapper species caught in our study
exhibited considerable overlap in diel feeding
schedules. However, niche overlap was probably
minimized by partitioning of prey and peak feed-
ing depth. Within the piscivorous guild. dietary
overiap was high. However. these species seemed
to be stratified by bottom depth of peak feeding
activity (Figure 3B). Little niche dimension over-
lap was evident between A. virescens and the other
members of the piscivorous guiid (or other snap-
pers). because 4. virescens fed most actively dur-
ing daytight and much higher in the water column
than the other species. Potentiai overiap seems
most likely between E. carbunculus and P. -ona-
tus, as all three niche dimensions measured showed
considerable overiap. However, we coliected too
few P. zonatus to permit estimating the degree of
overlap with confidence. For the two strongly zoo-
planktivorous Pristipomoides species. both diets
and diel feeding schedules overlapped consider-
ably. However. peak feeding activity seemed to
occur at a bottom depth about 50 m deeper for P.
sieboldii than for P. filamentosus. Moderate over-
lap in all three measured niche dimensions scemed
to occur between P. filamentosus and P. zonatus.
but interpretation was difficuit because of the smail
sample size of P. conatus. Based on diet compo-
sition and depth and time of catch. strong niche
overiap between the planktivorous and piscivo-
rous guiids seems uniikely.

Fishery Implications

Recent studies indicate that P. filamentosus. E.
coruscans, and E. carbunculus have suffered sig-
nificant growth overfishing around the main (in-
habited) Hawanan Islands and that 4. virescens
may have suffered some such effects (Ralston and
Kawamoto 1988:. Somerton and Kobavashi
1990a). Major reductions in spawning stock bio-
mass of the first two species are raising concern
among fisheries managers that they also may be
experiencing recruitment overfishing (WPRFMC
1991).

Imposing size limits for retention of snappers
has been suggested as a way to reduce the mor-
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tality of immature fish, increase the yield per re-
cruit. and protect against recruitment overfishing
(Somerton and Kobayashi 1990b). However, cap-
ture and release seems to result in high mortality,
and the full benefits of a minimum size limit would
be realized only if catches of undersize fish were
minimized. This would be possibie if undersize
fish were naturally segregated from the larger fish
by capture depth or time. However, the results
presented here do not indicate that such stratifi-
cation occurs. A possible approach to size-selec-
tive line fishing may be a judicious choice of hook
size (Ralston 1990).

It seems unlikely that any foreseeable devel-
opments in gear or techniques will permit the fish-
ery to harvest these stocks with high selectivity by
species. However, our resuits are consistent with
the reports of fishers that considerable selectivity
can be achieved by choice of depth fished.

Population parameters and the ecology of in-
dividual species are often poorly known in trop-
ical muitispecies fishenies. Thus. groups of species
such as deepwater snappers are sometimes ana-
lyzed and managed as a unit by approaches such
as the total-biomass Schaefer modet (TBSM) (Ral-
ston and Polovina 1982). However. a thorough
understanding of trophic retationships among the
species making up the fishery is important for
management of any multispecies fishery, and ap-
plication of the TBSM may be inappropriate if
such relationships remain unknown (May et al.
1979: Pauly 1979). The large differences in trophic
roles of some of the snapper species at Penguin
Bank suggest caution in lumping these species to-
gether in a TBSM analysis.

This study has not fully revealed the sources or
production processes supporting these snapper
populations. It is plausible that the productivity
of the bank as a whole is enhanced by its hydrog-
raphy. However, much of the food of these snap-
per species comes {from pelagic (planktonic or nek-
tonic) animals. This suggests that the occurrence
and abundance of snappers on these grounds is
not the result of some concentrated benthic food
resource that is highly specific to localized bottom
features. Bank features may provide some other
localized resource (e.g., vertical relief, protective
cover) that is important to snappers.

The distribution of these snappers may be af-
fected by the upward deflection of deeper currents
where the currents encounter the higher relief of
banks, resuiting in a higher local abundance of
plankton (e.g., Brock and Chamberiain 1968). In
an ecological study of the bottom fish resources of
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Johnston Atoli, Ralston et al. (1986) found P. fi-
lamentosus in much higher densities on the up-
current side of the atoll than on the downcurrent
side. They postulated that this was related to in-
creased availability of allochthonous pianktonic
prey in the neritic upcurrent areas due to oceanic
currents deflected by the atoll.

Although deepwater banks in Hawaii and the
Pacific support highly productive fishery re-
sources, their ecology remains relatively obscure.
The results presented here are based on our col-
lections from the south-central portion of Penguin
Bank. These results provide a substantial contri-
bution to knowledge of the trophic ecology of
lutjanid snappers that support important deep-
water fisheries on the bank and elsewhere through-
out the Hawaiian Archipelago and other tropical
seas.

Acknowledgments

Major funding for this study was provided by
the University of Hawaii Sea Grant College Pro-
gram as project R/PB-2 of institutional grant
NAS8SAA-D-SGO082 from the National Oceanic
and Atmospheric Administration (NOAA) Office
of Sea Grant. Department of Commerce. and by
state funding from the University of Hawaii. This
is Sea Grant publication UNITHI-SEAGRANT-JC-
93-16. Field support. including research vessel
time. was generousiy provided by the National
Marine Fisheres Service (NMFS). Honolulu Lab-
oratory. Laboratory equipment. logistics. and ad-
ministrative support were provided by the Hawaii
Cooperative Fisherv Research Unit (sponsored by
the Hawaii Departiment of Land and Natural Re-
sources. the University of Hawaii. and the U.S.
Fish and Wildlife Service). We thank the captain
and crew of the fishing vessel Sea Verse {I. the
officers and crew of the NOAA ship Townsend
Cromwell, seagoing researchers of the NMFS Ho-
nolulu Laboratory, and student volunteers for their
assistance in fishing operations. J. Hirota. E. A.
Kay, J. E. Randall. S. B. Reid. M. P. Seki, and R.
E. Young were helpful in identifying prey speci-
mens. R. Kokubun provided the necessary statis-
tics on fishery landings from the data base of the
Hawaii Division of Aquatic Resources. R. E.
Brock, T. A. Clarke, E. E. DeMartini. and R. B.
Moffitt provided helpful comments on the manu-
script.

References

Agegian, C. R., F. T. Mackenzie. J. S. Tribble. and C.
Sabine. 1988. Carbonate production and flux from



FEEDING ECOLOGY OF HAWAIIAN SNAPPERS

a mid-depth bank ecosystem. Penguin Bank, Ha-
wati. Pages 5-32 in C. R. Agegian, editor. Biogeo-
chemical cycling and fluxes between the deep cu-
photic zone and other oceanic realms. National
Oceanic and Atmospheric Administration, Nation-
al Undersea Research Program. Research Report
88-1. Rockville, Maryland.

Bathmann. U. V. 1988. Mass occurrence of Salpa fu-
siformis in the spring of 1984 off Ireland: implica-
tions for sedimentation processes. Marine Biology
97:127-135.

Brock. R. E. 1984. A contribution to the trophic bi-
ology of the blue marlin (Makaira nigricans La-
cepéde. 1802) in Hawaii. Pacific Science 38:141-
149,

Brock. R. E. 1985. Preliminary study of the feeding
habits of pelagic fish around Hawaiian fish aggre-
gation devices: or can fish aggregation devices en-
hance iocal fisheries productivity? Bulletin of Ma-
rine Science 37:40~49,

Brock. V. E.. and T. C. Chamberiain. 1968. A geolog-
ical and ecological reconnaissance off western Oahu.
Hawai. principally by means of the research sub-
manne “Asherah™. Pacific Science 22:373-394.

Childress. J. J.. D. L. Gluck, R. S. Carney, and M. M.
Gowing. 1989. Benthopeliagic biomass distribu-
tion and oxygen consumption in a deep-sea benthic
boundary iayer dominated by gelatinous organisms.
Limnology and Oceanography 34:913-930.

Everson. A. R. 1984. Spawning and gonadal matura-
tion of the ehu, Etelis carbunculus. in the North-
western Hawaiian Islands. Pages 128-148 in Grigg
and Tanoue. volume 2 (1984).

Grassle. J. F., and L. S. Morse-Porteous. 1987. Macro-
faunal colonization of disturbed deep-sea environ-
ments and the structure of deep-sea benthic com-
munities. Deep-Sea Research. Part A 34:1911-1950.

Gregory. A. E.. IIl, and L. W. Kroenke. 1982. Reef
deveiopment on a mid-oceanic island: refiection
profiling studies of the 500-meter shelf south of
Oahu. Bulletin of the American Association of Pe-
troleum Geologists 66:843-859.

Grigg, R. W, and K. Y. Tanoue, editors. 1984. Pro-
ceedings of the second symposium on resource in-
vestigations in the Northwestern Hawaiian Islands,
volumes | and 2. University of Hawaii, Sea Grant
College Program, Miscellaneous Report UNIHI-
SEAGRANT-MR-84-01, Honolulu.

Harden Jones. F. R. 1957. The swimbladder. Pages
305-322 in M. E. Brown, editor. The physiology of
fishes, volume 2. Academic Press, New York.

Harmson. C. S.. T. S. Hida, and M. P. Seki. 1983. Ha-
walian seabird feeding ecology. Wildlife Mono-
graphs 85.

HDAR (Hawaii Division of Aquatic Resources). 1991.
Commercial marine landings, State of Hawaii—cal-
endar year 1990. HDAR, Honoiulu.

HDLNR (Hawaii Department of Land and Naturai Re-
sources, Division of Aquatic Resources). 1986.
Hawaii fisheries plan 1985. HDLNR, Horolulu.

Hobson. E. S. 1991. Trophic relationships of fishes
specialized to feed on zooplankters above coral reefs.

341

Pages 69-95 in P. F. Sale. editor. The ecology of
fishes on coral reefs. Academic Press, New York.

Horn, H. S. 1966. Measurement of ‘overiap’ in com-
parative ecological studies. American Naturalist 100;
419-424.

Humphreys, R. L., and S. H. Kramer. 1984. Ciguatera
and the feeding habits of the greater ambenjack. Se-
riola dumerili, in the Hawaiian archipelago. Pages
237-264 in Grigg and Tanoue, volume 2 (1984).

Hyslop. E. J. 1980. Stomach contents analysis—a re-
view of methods and their application. Journal of
Fish Biology 17:411-429.

Kashkina. A. A. 1986. Feeding of fishes on salps (Tuni-
cata, Thaliacea). Journal of Ichthyology 26:57-64.

Kikkawa. B. S. 1984. Maturation. spawning, and fe-
cundity of opakapaka. Pristipomoides filamentosus.
in the Northwestern Hawarian Islands. Pages 149-
160 in Grigg and Tanoue. volume 2 (1984).

Kikkawa. B. S.. and A. R. Everson. 1984. Gonadal
maturation. fecundity, and spawning of the greater
amberjack. Seriola dumerili (Risso). in Hawaiian
waters with references to ciguatoxin incidences. Pages
161~178 in Grigg and Tanoue. volume 2 (1984).

Kluegei, E. 1921. The food of Hawaiian food fishes.
Master’s thesis. University of Hawaii. Honolulu.

Langton. R.S. 1982. Diet overlap between the Atlantic
cod, Gadus morhua. silver hake. Merluccius bilin-
earts and fifieen other northwest Atlantic finfish.
U.S. National Marine Fisheries Service Fishery
Bulletin 80:745-759.

Levinton. J. S. 1982. Marine ecology. Prentice-Hall.
Englewood Cliffs. New jersey.

May. R. M.. J. R. Beddington. C. W. Clark. S. J. Holt.
and R. M. Laws. 1979. Management of multispe-
cies fisheries. Science (Washington. D.C.) 205:267-
277.

McFarland. W. N. 1991. The visual world of coral reef
fishes. Pages 16-38 in P. F. Sale. editor. The ecology
of fishes on coral reefs. Academic Press. New York.

Nakamura. E. L. 1967. Abundance and distribution of
zo0plankton in Hawaiian waters. 1955-56. U.S. Fish
and Wildlife Service Special Scientific Report Fish-
eries 544.

Parrish, F. A_, and R. B. Moffit. 1993. Subsurface fish
handling to limit decompression effects on deep-
water species. U.S. National Marine Fisheries Ser-
vice Marine Fisheries Review 54(3):29-32.

Parrish. J. D. 1987. Trophic biology of snappers and
groupers. Pages 405-463 in J. J. Polovinaand S. V.
Ralston. editors. Tropical snappers and groupers:
biology and fisheries management. Westview Press,
Boulder. Colorado.

Parrish. J. D.. M. W_ Callahan. and J. E. Norris. 1985,
Fish trophic relationships that structure reef com-
munities. Proceedings, 5th International Coral Reef
Congress (Tahiti) 4:73-78.

Pauly, D. 1979. Theory and management of tropical
multispecies stocks: a review, with emphasis on the
Southeast Asian demersal fisheries. International
Center for Living Aquatic Resources Management,
Studies and Reviews 1. Manila.

Pinkas. L., M. S. Oliphant. and I. Iverson. 1971. Food



342

habits of albacore, bluefin tuna. and bonito in Cal-
ifornia waters. California Department of Fish and
Game, Fish Bulletin 152:5-12.

Polovina. J. J., and S. Raiston. editors. 1987. Tropical
snappers and groupers: biology and fisheries man-
agement. Westview Press, Boulder. Colorado.

Polovina.J. J.,and R. S. Shomura. 1990. United States
Agency for Intemnational Deveiopment and Nation-
al Marine Fisheries Service workshop on tropical
fish stock assessment. NOAA (Nationai Oceanic and
Atmospheric Administration) Technicai Memoran-
dum NMFS (National Marine Fisheries Service)
SWFSC-148. Southwest Fisheries Science Center.
Honolulu, Hawati.

Ralston. S. 1984. Biological constraints on production
and related management issues in the Hawaiian
deepsea handline fishery. Pages 248-264 in Grigg
and Tanoue. volume | (1984).

Ralston. S. 1990. Size selection of snappers (Lutjani-
dae) by hook and line gear. Canadian Joumnal of
Fisheries and Aquatic Sciences 47:696-700,

Ralston. S.. R. M. Gooding. and G. M. Ludwig. 1986.
An ecological survey and companson of bottom fish
resource assessments (submersible versus handline
fishing) at Johnston Atoli. U.S. National Marnine
Fisheries Service Fishery Bulletin 84:141-155.

Raiston. S.. and K. Kawamoto. 1985. A preliminary
anaiysis of the 1984 size structure of Hawaii’s com-
mercial opakapaka landings and a consideration of
age al entry and yield per recruit. National Marine
Fisheries Service. Southwest Fisheries Center Ho-
nolulu Laboratory, Administrative Report H-85-1.
Honolulu. Hawaii.

Ralston. S.. and K. Kawamoto. 1988. A biological as-
sessment of the Hawaiian bottomfish stocks. 1984—
87. National Marine Fisheries Service. Southwest
Fisheries Center Honolulu Laboratory, Administra-
tive Report H-88-8. Honoluiu. Hawaii.

Ralston. S.. and J. J. Polovina. 1982. A multispecies
anaiysis of the commercial deep-sea handline fish-
ery in Hawaii. U.S. National Marine Fisheries Ser-
vice Fishery Bulletin 80:435-448.

Ralston. S. V.. and H. Williams. 1988. Depth distri-
butions, growth. and monality of deep slope fishes
from the Mariana Archipelago. NOAA (National
Oceanic and Atmospheric Administration) Tech-
nical Memorandum NMFS (National Marine Fish-
eries Service) SWFC-113. Southwest Fisheries Cen-
ter, Honoluiu. Hawaii.

Ralston. S. V. D. 1981. A study of the Hawaiian deep
sea hand line fishery with special reference to the
population dynamics of opakapaka. Pristipomoides
Sfilamentosus (Pisces: Lutjanidae). Doctoral disser-
tation. University of Washingion. Seattle.

Reid. S. B., J. Hirowa, R. E. Young, and L. E. Hallacher.
1991. Mesopelagic-boundary community in Ha-
wali: micronekton at the interface between neritic
and oceanic ecosystems. Marine Biology 109:427-
440,

SAS Institute. 1985. SAS/STAT guide for personal
computers. version 6 edition. SAS Institute. Cary,
North Carolina.

HAIGHT ET AL.

SAS Institute. 1988. SAS procedures guide. reiease 6.03
edition. SAS Insutute, Cary, North Carolina.

Seki. M. P. 1984a. The food and feeding habits of the
white trevally, Pseudocaranx dentex (Bloch and
Schneider 1801), in the Northwestern Hawaiian is-
lands. Pages 192-208 in Grigg and Tanoue, volume
2 (1984).

Seki, M. P. 1984b. The food and feeding habits of the
grouper, Epinephelus quernus (Seale 1901), in the
Northwestern Hawaiian Islands. Pages 179-191 in
Grigg and Tanoue, volume 2 (1984).

Seki. M. P.. and M. W. Callahan. 1988. The feeding
habits of two deep siope snappers. Pristipomoides
zonatus and P. auricilla. at Pathfinder Reef, Mari-
ana Archipelago. U.S. National Marine Fisheries
Service Fishery Bulletin 86:807-811.

Shiota. P. M. 1987. A comparison of bottom longline
and deep-sea handline for sampling bottom fishes
in the Hawaiian Archipeiago. National Marine
Fisheries Service. Southwest Fisheries Center Ho-
nolulu Laboratory, Administrative Report H-87-5.
Honolulu. Hawaii.

Shomura. R. S.. and E. L. Nakamura. 1969. Vanations
in marine zooplankton from a single iocality in Ha-
waiian waters. U.S. Fish and Wildlife Service Fish-
ery Bulletin 68:87-100.

Somerton. D. A.. and D. R. Kobayashi. 1990a. A mea-
sure of overfishing and its appiication on Hawaiian
bottomfishes. National Marine Fisheries Service,
Southwest Fisheries Center Honolulu Laboratory.
Administrative Report H-90-10. Honoiulu. Ha-
waii.

Somerton. D. A.. and D. R. Kobavashi. 1990b. Some
effects of increasing the minimum commercial size
limit of opakapaka. Pristipomoides filamentosus.
National Marine Fisheries Service. Southwest Fish-
eries Center Honolulu Laboratory. Administrative
Report H-90-03. Honolulu. Hawaii.

Struhsaker. P. 1973, A contribution 10 the systematics
and ecology of Hawaiian bathval fishes. Doctoral
dissentation. University of Hawaii. Honolulu.

Sudekum. A. E.. J. D. Parnish. R. L. Radtke. and S.
Raiston. 1991. Life history and ecoiogy of large
jacks in undisturbed. shallow oceanic communities.
U.S. National Marine Fisheries Service. Fishery
Bulletin 89:493-513.

Tinker. S. W. 1978 Fishes of Hawaii. Hawaiian Ser-
vice, Honoluiu.

Uchida. R. N.. and J. H. Uchiyama. editors. 1986.
Fishery atlas of the Northwestern Hawaiian Islands.
NOAA (National Oceanic and Atmospheric Ad-
ministration) Technical Report NMFS (Nationai
Marine Fishenes Service) 38.

Uchiyama. J. H.. S. M. Kuba. and D. T. Tagami. 1984.
Length~weight and standard length~fork length re-
lationships of deepsea handline fishes of the North-
western Hawaiian Islands. Pages 209-225 in Grigg
and Tanoue. volume 2 (1984).

Uchiyama. J. H..and D. T. Tagami. 1984. Life history,
distribution and abundance of bottomfishes in the
Northwestern Hawaiian Islands. Pages 229-247 in
Grigg and Tanoue, volume | (1984).



FEEDING ECOLOGY OF HAWAIIAN SNAPPERS

Wiebe. P. H.. L. P. Madin, L. R. Haury, G. R. Harbison,
and L. M. Philbin. 1979. Diel vertical migration
by Salpa aspera and its potential for large-scale par-
ticulate organic matter transport to the deep-sea.
Marine Biology 53:249-255.

WPRFMC (Western Pacific Regional Fishery Manage-
ment Council). 1986. Combined fishery manage-
ment plan, environmentai assessment and reguia-
tory impact review for the bottomfish and seamount
groundfish fisheries of the western Pacific region.
WPRFMC, Honolulu, Hawaii.

343

WPRFMC (Western Pacific Regional Fishery Manage-
ment Council). 1988. Bottomfish and seamount
groundfish fisheries of the western Pacific region.
WPRFMC, Honolulu, Hawaii.

WPRFMC (Westemn Pacific Regional Fishery Manage-
ment Council). 1991. 1990 Annual bottomfish and
seamount groundfish report. WPRFMC, Honolulu,
Hawaii.

Received June 29, 1992
Accepted December 29, 1992

Appendix follows



344

TABLE A.1.—Diets of six deepwater snapper specics collected at Penguin Bank, Hawaii, in 1987-1989. Shown
are the percentages of predator individuals that consumed each prey (F), the percentages of all numbers (N) and
volume (¥) provided by each prey, and each prey's index of relative importance (IRI) in gut contents. The number
of guts with any identifiable contents is indicated beside each snapper specics in parentheses. Prey categories followed
by an asterisk are also included in the larger ecological category “Pelagic small Crustacea.” Values for the highest
systematic levels are underlined. Values of IRI were caiculated separately for each prey category (line entry); values

HAIGHT ET AL.

Appendix: Diets of Deepwater Snappers

may be compared across categories at comparable systematic levels.

Percent Percent Percent
fr Y b volume
Prey category (3} (M [tg] IRI
Pristipomoides sieboldii (60)
Fish (all? 217 14 228 527.4

Fish (juvenile and adul1) 100 oxs 212 216.7

Congndae

Tetraodontiformes (all) 1.7 3.0 5.2

Monacanthidae 1.7 3.0 5.2
Pervagor sp.

Ostraciidae

Fish umdentified 8.3 0.4 18.2 154.8

Fish larvaed 15.0 1.0 1.6 40.0
Pelagic small Crustacea®*

(including shnmp and crab larvae) 91.7 44.7 18.2 5.758.8
Euphausiacea* 38.3 14.0 1.0 577.3
Copepada® 267 102 08 926
Amphipoda® 333 3 03 211.0

Hyperiidea 33 0T 3.01 04
Gammaroidea 5.0 0.2 0.01 1.0
Caprellidea 1.7 0.06 <0.01 0.1
Amphipoda unidentified 38.3 4.2 0.3 171.7
Isopoda* 18.3 1.8 0.1 34.5
Shrimp (alh) ®’3 51 83 STL,
Shrmp (adulty? 350 30 03 150.0
Pandalidae
Shrimp unidentified 35.0 4.0 0.3 150.0
Shrimp larvae® 1.7 0.1 0.01 0.2
Alpheidae larvae 1.7 0.06 <0.01 0.1
Zoea unidentitied 10.0 1.0 8.0 89.3
Crabs (aih) 30.0 1.9 L6 106.7
Munida sp. (Galatheidae) - -

Crabs (aduit. umdentified® 5.0 0.2 1.5 8.4

Crab larvae tmegalopa)® 283 1.8 G.1 53.3
Lobster (Palinundae) larvae* 1.7 0.06 <0.01 0.1
Stomatopoda larvae* 267 E 71 240.9

Squilla spp. larvae 7 06 1.0 18.3
Lystosquiila spp. larvae 6.7 0.6 5.0 37.
Odontodactyius spp. larvae

Stomatopoda larvae unidentified 10.0 0.7 1.2 18.8
Mysidacea* 15.0 1.5 0.1 234
Ostracoda* 300 56 0.4 1811
Crustacea unidentified® 300 73 0.2 740
Polychaeta? 13.3 12 0.1 17.3
Cephaiopoda? 7 .5 155 136.5

Squid (alh 33 [N} 0.3 1.5

Onychoteuthis sp. 1.7 0.06 0.3 0.6
Squid unidentified 1.7 0.06 <0.01 0.1

QOctopoda unidentified 1.7 0.06 <0.01 0.1

Cephalopoda unidentified 6.7 0.3 15.2 103.2
Pieropoda (ally® 93.3 35.2 2.6 3.532.3

Cavolinia spp. 0.0 9.0 0.7 580.3
Clio spp. 46.7 7.6 0.6 381.7
Cuvierina spp. 58.3 8.1 0.6 507.4
Diacra spp. 46.7 5.5 0.4 275.7

Pteropoda unidentified 333 5.0 0.4 179.6

Other small molluscs? 26.7 1.3 0.1 51.9

Cymatium Bursa 1.7 0.06 <0.01 0.1
Mollusca unidentify

Micr il identified 25.0 1.8 0.1 47.1
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TABLE A.]l.—Extended.
Percent Percent Percent Percent Percent Percent
frequency number volume frequency number volume
03] 1G] (3] IRI [¥2] N [¢2] IRI
Pri: Sfil 54 Pristipomoides tonarus (6)

20.4 3.2 33.8 752.2 66.7 33.3 76.9 7.346.8

185 23 335 665.2 86.7 333 7639 7346.8

16.7 5.6 12.8 306.1

04 4.8 19.0 16.7 5.6 12.8 306.1

Q.2 2.4 43 16.7 5.6 12.8 306.1

16.7 5.6 12.8 306.1
1.9 0.2 2.4 48

16.7 2.1 28.8 515.0 50.0 222 512 3.673.4
37 0.7 0.3 37
46.3 49.1 12,6 2.859.9
14 21 0.04 15.9
73 12 002 o3
I a2 <001 3
1.9 0.2 <0.01 0.3
9.3 1.2 0.02 11.6

53 2 30 56 16.7 5.6 0.02 92.9
73 o7 o8 TN}
L9 0.2 04 1.0
5.6 0.5 04 5.1
37 05 1.2 6.3

14.8 6.3 1 95.5 333 16.7 6.3 765.7

- - - 16.7 56 R 1276

16.7 11.¢ 4.2 255.2
14.8 6.3 a1 95.5
9.3 21.6 10.9 3010
5.6 19.5 85 155.2
5.6 0.7 1.6 12.6
1.9 0.2 0.4 1.0
5.6 1.2 0.5 9.8
37 14 0.03 5.3
11.1 11.1 0.2 125.3
22.2 3.5 0.07 79.6
56 05 12 429
5.6 0.5 7.2 429
55.6 21.1 04 1,193.2
222 49 0.1 1114
222 6.3 0.1 143.2
13.0 2.1 0.04 27.8
259 6.5 0.1 171.7
9.3 1.2 0.02 1.6
9.3 21 0.04 19.9
1.9 0.2 <0.01 03
7.4 1.9 0.04 14.6
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TABLE A.1.—~Continued.
Percent Percent Percent
fr b volume
Prey category f3} [62] (4] IRI
Pristi, ides sicholdii (60)
Chaetognatha® 13.3 L1 0.09 16.4
Pelagic urochordates? 36.7 aa 383 2.006.0
Thaliacea 383 a3 333 1.476.6
Pyrosoma sp. 8.3 0.4 3.0 279
Doliotum sp. 1.7 0.1 1.0 19
Siphonophora? 40.0 5.2 04 223.3
Diphyidae 200 51 0.4 218.1
Abylidae (calycophoran) 1.7 0.1 0.01 0.2
Etelis coruscans (24)
Fish (ailp 62.5 304 85.7 7.253.4
Fish (juvenile and adult) 6235 304 g7 72534
Argyripnus brocki
Benthosema fibulatum
Diaphus sp. (adenomus?) 3.2 0.9 0.03 3.8
Epigonus sp. 4.2 0.9 0.1 4.2
Sphyraenidae
Parupeneus sp. (Mullidac)
Naso sp. (Acanthundae)
Naso hexacanthus
Dactyvioptena orierialis
Pegasus papilio
Tetraodontiformes (all)
Balistidae
Monacanthidae
Pervagor sp.
Monacanthidae unidentified
T d ™ unidentified
Antennartus pictus
Fish unidentified 54.2 28.6 71.3 5.411.3
Fish farvae?
Synodontidae larvae
Fish larvae umdenufied
Pelagic small Crustacea?* 16.7 5.4 0.02 §89.7
Copepoda*
isopoda*
Shnmp (ail)* 29.2 134 0.06 3924
Heterocarpus ensiter a3 27 0.01 1.2
Shrimp umidentitied 25.0 10.7 0.04 268.8
Crabs (ally 4.2 0.9 04 5.6
Hippoidea a2 0.9 04 52
Crabs (aduilt. unidentified)
Crab larvae (megatopa)*
Stomatopoda (adult)
Odontodactvius hanseni
Crustacea unidentified* 16.7 5.4 0.02 89.6
Cephalopoda® 16.7 4.5 n3 263.3
Squid (all) 3 18 33 21.2
Chiroteuthis sp.
Nototodarus hawaiiensts 4.2 1.8 2.8 19.0
Squid unidentified
Octopoda unidentified
Cephalopoda unidenuified 12.5 2.7 6.7 117.1
Pteropoda?®
Diacra sp.
Other small motluscs®
Pelagic urochordates 208 45.5 24 999.7
Thaliacea 208 a33 24 999.7
Salpidae
Pyrosoma sp. 20.8 455 24 999.7

2 A major systematic or ecological group in Table 3.
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TaBLE A.l.—Extended. Continued.

Percent Percent Percent Percent Percent Percent
frequency number volume frequency b olur
[43] (5] W IRI [ta] ™M (3] IR1
Pristi ides fil: (54) Pristipomoides zonarus (6)

66.7 20.2 45.4 4.350.7 83.3 444 16.8 5.104.4

30.0 163 366 2.645.9 333 74 6.3 51044
2.2 3.9 8.7 2782
185 32 0.06 59.7
148 3T 0.04 33
37 i1 0.02 4.0

Etelis carbuncuius (33) Aprion virescens (42)

90.9 78.9 95.7 15.871.3 92.9 67.6 916 14.783.1

309 789 357 158713 381 541 31,5 13.704.8
3.0 22 0.2 7.2
3.0 22 0.02 6.8

2.4 0.7 0.03 1.8

2.4 1.4 0.2 3.9

11.9 19 0.3 61.7

2.4 0.7 0.5 3.0

2.4 0.7 0.03 1.8

2.4 0.7 0.1 2.0

15.2 32.2 413 1.114.6 9.5 5.6 5.2 102.9

2.4 a7 0.1 1.8

15.2 32.2 a3 1.114.6 4.8 2.8 4.8 36.6
12.1 2.2 285 615.0
6.1 10.0 12.8 138.4

1.8 2.1 0.2 it

1.4 0.7 1.0 3.0

318 422 54.2 7.886.7 78.6 48.6 84.1 10.426.4

9.5 3.5 0.1 34.6

a8 21 0.04 10.2

a8 1.4 0.08 7.1

18.2 78 14 167.0 14.3 32 0.01 60.5
3.0 11 0.0 34

- - - - 24 0.7 <0401 i

9ot 33 0.7 6.7 I 28 <001 032
9.1 33 0.7 36.7

30 Lt 0.2 i 71 =l 02 163

3.0 11 0.2 4.1 24 0.7 0.2 22

48 1.4 <0.01 6.7

2.4 0.7 0.08 1.9

s 07 0.08 ]

18.2 6.7 1.4 146.7 71 21 <0.01 15.1

6.1 6.7 1.7 50.9 s 3.5 4.9 100.0

51 57 3 309 - -
3.0 22 0.3 7.6
3.0 L1 1.4 7.7
3.0 3.3 0.01 10.1

2.4 0.7 <0.01 1.7

9.5 28 1.9 733

2.4 0.7 <0.01 1.7

i3 07 <0.01 7
3.0 1.t <0.01 3.4

30 1.1 0.2 4.1 16.7 19.7 3.2 382.3

30 In) 02 a1 14.3 T3 32 306.7

2.4 8.5 0.02 20.2






