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.-lbstract.-Deepwater snappers are a valuable 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 vanability; the patterns of some species 
were distinctly different. The depth distnbution of feeding. as indicated by depth of capture. differed 
considerably among species: all species were taken wthin 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 retneved 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 considerable amounts 
of a wide range of pelagic animals and demersal fishes and much smaller quantities of a few 
invenebrate benthic groups. Etelis coruscans. Etelis carbunculrrs. and Aprion virescens formed a 
distinct. primanly piscivorous feeding guild. Pristipomoides filamentosus and Pristipomoides ne- 
boldii formed a distinct guild dominated by zooplankton feeding. The few specimens of Prrsripo- 
moides zonatu appeared somewhat intermediate in diet. Important planktonic prey groups in- 
cluded crustaceans. pteropods, and large. pelagic, colonial urochordates (e.& salps). Urochordates 
made a significant contribution to the diet even for some of the pnmanlv piscivorous species. 
Major diel and seasonal shifts in diet were found only in P.filamentosus: they involved the relative 
proponions 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 panitioning 
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 a t  depths of 
100-400 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 difficult 
(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 199 1). 
Bottom fishing is mainly concentrated on  the steep 
slopes of deepwater banks. These banks and  the 
deep slopes of island coasts have a n  aggregate area 
over six times that of  shallow-water reefs in the 
state (Agegian e t  al. 1988). Similar grounds sup- 
port existing or potential snapper fisheries in much 
of the  Pacific a n d  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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FIGLRE 1 -Penguin Bank and immediate surroundings in the Hawaiian Archipeiago. Bathvmetnc contours are 
in meters. The Molokai-Lanai-Kahoolawe-Maul bank complex is inaicated generaliv bv the barhvmetnc conlour 
(200 mt 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 I ) ,  of which Penguin Bank is a 
large part. produces about 4 1% of the commercial 
bottom fish catch of the main Hawaiian Islands 
(based on I990 landings statistics from the Hawaii 
Division ofAquatic 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 198 1 : 
Evenon 1984: Kikkawa 1984: Kikkawa and Ev- 
enon 1984: Uchiyamaet al. 1984: Uchivama 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 
arnbejack Seriola durneriii (Humphreys and Kra- 
mer 1984), almost nothing is known about the 
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fa 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 (Prisri- 
pornoides auricilla and Pristipomoides zonatur) by 
Seki and Callahan (1988). and two other jacks (gi- 
ant trevally Caranx ignobiiis and bluefin trevally 
Caranx melampygur) by Sudekum et al. (1 99 1 ). 
All available diet information on deepwater grou- 
pers and snappers has been surveyed by Parrish 
(1987), including results from elsewhere in the 
Hawaiian Archipelago obtained by Kluegel(l92 1) 
and Seki (1 984b) and previously unpublished re- 
sults on diets of fishes from the Northwestern Ha- 
waiian Islands (NWHI) and the Mananas. 

The overall goal of our study was to identify 
and charactenze key relationships between com- 
mercially important deepwater bottom fishes and 
their habitats and major food sources. Specific ob- 
jectives were ( I )  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 relative importances. (3) to de- 
termine the extent of overlap 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 island of Molokai. Ha- 
waii (Figure 1). The top is relatively flat. with 
depths of 50-100 m: at the penphery, the bathym- 
etry drops rapidly to over 500 rn (Gregory and 
Kroenke 1982). Penguin Bank is similar in depth 
to the other banks in the Hawaiian Archipelago, 
and production dynamics on Penguin Bank are 
probably representative of many such banks in 
Hawaii and elsewhere in the tropics. Suitable hab- 
itat for bottom fish seems to be limited to a small 
and rather scattered fraction of the entire Penguin 
Bank area (C. R. Agegian. University of Hawaii. 
J. 3. Polovina. Honolulu Laboratory, National 
Marine Fisheries Service. and S. Ralston. Tiburon 
Laboratory, National Marine Fishenes Service, 
personal communications). 

Methods 
Specimen collection. -Several areas of Penguin 

Bank known as commercially productive fishing 
grounds were chosen for specimen collection. 

These sites were surveyed hydroacousticaliy with 
a Raytheon model LSR-9 1 OM and a Simrad type 
EQ38-MK3 paper-recording fathometer, a RD In- 
struments series RDVM acoustic doppler current 
profiler. and a Furuno model (3106 color chro- 
moscope.' Information was collected on bathym- 
etry, substrate type, and fish aggregations. Some 
nearby areas on top of the bank also were fished 
to obtain adequate diet samples from the snapper 
Aprion virescens. 

Specimens were collected between October 1987 
and December i989, pnmanly by conventional 
bottom handlines deployed from hydraulic fishing 
gurdies (Uchida and Uchiyama 1986:29). Five 
stations were fished with a Kali bottom longline 
developed at the National Marine Fisheries Ser- 
vice's Honolulu Laboratory (Shiota 1987). The use 
of rigid polyvinylchlonde tubing in this gear in 
place of conventional gangions or dropper lines 
greatly reduced problems w t h  fouling on the rough 
bottom. Stripped squid was used for bait for all 
handlining 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 to local conditions and topography. 
but a typical station was occupied 1-3 h. during 
which time sampling 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 daylight (0600-1 830 hours) 
and 294 line-hours during darkness ( 1830-0600 
hours). The shallow (0-1 50 m) and deep ( I  50-300 
m) depth ranges were each fished at least 90 line- 
hours during each period (daylight and darkness). 
In the standardized fishing, each 50-m depth in- 
terval from 50 to 300 m was handlined for a 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 (Table 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 (xz) to a uniform 

I 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 all 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 6sh 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 general 
condition of each fish and the extent to which it 
had regurgnated 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 inegral value 
(ranging from 0 to 4) reflecting the degree of ex- 
trusion of the stomach into the mouth cavity. 
Time. depth. and locauon of capture. rate of as- 
cent. and regurgmtion state value were recorded 
for each specimen. The mouth and gills were ex- 
amined for regurgitated matenal (which was in- 
cluded in diet analysis), and the specimen was 
weighed (to the nearest 0.0 1 kg), measured (stan- 
dard length, fork length, and total length to the 
nearest I mm) and sexed (by macroscopic ap- 
pearance of gonads after dissection). Fish were 
cooled quickly, and within I h after capture. the 
gastrointestinal tract was removed and frozen. Al- 
together. 589 fish were collected. All identifiable 
prey items from 219 of these predator specimens 
were used in trophic analysis. 

Trophic anol.v5is. -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), Hamson et al. (1983). and Pamsh et ai. 
( 1  985). 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 ofpanlally digested prey were measured (e.g, 
with an ocular micrometer) to permit estimates of 
the sizes of the intact individuals. 

Diet composition was expmsed in terms of 
number and volume of prey items and frequency 
of occurrence of predator guts containing the prey. 
An index of relative importance (IRD for each 
prey category in the diet was calculated with the 
method of Pinkas et al. (197 1): 

TABLE 1.- Disfnbuuon of total standanhzed h d h e  
fishing effort apphcd simultaneously for six snapper spe- 
cies coilmed at Penguin Bank. Hawaii. in 1987-1989. 

Effon dismbuuon €Ron disvlbution 
by depth by ilme of day 

~~ 

Time of day 
(hours) 

0oo(M200 
0200-0400 
0400-0600 
0600800 
0800-1000 
1000-1200 
1200-1400 
1400-1600 
I6Wl800 
1800-2000 
2000-2200 
1200-2400 

~ 

Effon Bottom Effort 
(line-houn) depth (m) (line-hours) 

21.8 50-100 25.4 
20.2 100-150 188.8 
29. I 150-200 188.9 
41.9 200-250 110.1 
31.8 >250 28.0 
54.3 
37.4 
32.6 
43.0 
62.0 

27.4 
128.8 

F =  

.v = 

v =  

IRI = F(N + k?; 

percentage of all predator individuals that 
contained that prey category, 
percentage of total prey individuals that 
were of that category, and 
percentage of total prey volume that was 
of that category. 

To compare diets. the IRI of a particular prev 
category was expressed as a fraction of the sum of 
IRI values for all caregones at comparable levels 
of systematic or ecological organization. 

Diet overlap between predator groups was cal- 
culated by the Monsita-Horn C,  formula (Horn 
1966): 

s is the total number of prey categories. and x,  and 
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 I 
when the diets are identical. Diet overlaps were 
classified with Langton's (1982) scale: low over- 
lap, 0 . 2 9 :  medium overlap, 0.30-0.59: and high 
overlap, 20.60. Groups compared for diet over- 
lap included different predator species. predators 
collected in different seasons and at different rimes 
of day, and different portions of the alimentary 
tract (Le.. stomach, mouth and hindgut). 
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T A B U  2.-sk decpwaur snapper species collected in this study, by number and size caught, time of day, and 
depth ofapturc, at Penguin Bank Hawaii, in 1987-1989. 

Number Fork length (mm) Time of day Deplh of capture cm) 

spmu couened RannC h g c  Meducr M e d w  caught (horn) 

Pnnrpomouies 

Pnslipomordes 

Pnsfipomoides 

E t c h  

€felts 

.4pnon 

sreboldrr 147 237435 363 0036-2242 104-265 168 

frlomenrosus 232 267-554 388 00 10-2348 49-256 107 

ZOOMIYS 7 322-410 387 0915-1806 150-190 164 

corncans 40 265-836 404 0540-1905 162-33 I 192 

carbuncuius 92 232-516 346 0150-2258 73-280 I75 

i~resceru 71 443-890 633 06 1-54 850 46-1 34 5 1  

Total 589 

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

Results 
Catch Composirion 

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 Apharezu rutilans. 

Prisripomoides sieboldii and Prisripomoides $la- 
inentosus made up 64% of the catch: P. zonatus 
was caught only incidentallv (1%). Erelis corus- 
cans and Erelis carbuncuiu made up 23% of the 
catch. .-lprion v’rrescens. an important commercial 
species in summer, accounted for 12% of the total. 

Spatial and Temporal Distribution 
ofthe Cutch 

The distribution of depths and times of catch 
of most of the SIX snapper species overlapped 
somewhat. but some distinct species differences 
were discernible. Prisripomoides filamenrosus 
seemed to take bait most readily during the morn- 
ing (04004800 hours) and evening ( I  600-2200 
hours) (Figure 2A). Prisripomoides 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 Erefis species were widely sep- 
arated in time; E. coruscans took bait most readily 
during 0600-0800 hours and E. carbuncuius dur- 
ing 1800-2000 hours (Figure 2B). Aprion virescens 
was caught throughout the daylight hours. and 
seernindy was inactive durine most of the nieht. 

geted as a group in the snapper fishery) fluctuated 
over a diel cycle. with peaks dunng 0400-0800 
hours and 1800-2200 hours. The pooled catch 
rate declined from 22004400 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. Jfamenrosus: however. the CPUE 
of the latter was highest in a deeper zone (100- 
150 rn) (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 overlapped. 
but the CPU for E. carbuncuius was highest at 
200-250 m depth and substantial at shallower 
depths. The catch depth distributions of the Pris- 
lipornoides species overlapped 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. Prisripomoides zona- 
rus was caught in the same depth range as P. sie- 
boldii. but too few P. zonarus 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 goodnesssf-fit analysis indicated 
that within each depth and time interval sampled. 
catches (relative abundances) of these species var- 
ied significantly from an “expected” uniform dis- 
tribution of equal catch of all species (x’ = 1 I .73- 

The pooled CPUE for all sna&rs (which are&- 521.04. df = 5 ,  P = 0.01-0.005). The nonuniform 
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0.75 1 P. fitamentosus - 
P. siebotdii - - 
P. tonatus  A 

‘ /  
0.00 

E. carbuncutus - 
E. c o r u x a n a  - - 
A. virescens 0’751 0.50 

I 

E 

/ 
0.25 4 ,-- 

I 

2400 

\ \ 

- - - _  0.00 i 1 ,A‘ \ 

0 600 1200 1800 

rime (hours) 
FIGURE 2.-Diei pattern of catch per unit effort (CPUE) of (A)  three Prisripomordes species. and (B) two E f d r s  

species and Aprron wescens. ai Penguin Bank. Hawaii. 1987-1 989. 

dispersion of catches suggests that the differences 
in observed interspecific temporal and depth pat- 
terns of catch are related to real interspecific dif- 
ferences in patterns of predator occurrence and 
feeding. 

To determine whether fish size was related to 
depth or time of capture. the catch 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 correlation 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: 
2 = 0.98-1.61. P = 0.100.32). 

Fish Retrieval R a e  and Regurgztation 
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 ofascent and regurgitation 

index (r3 = -0.23-0.01. P = 0.06-0.93). However. 
qualitative observations indicated that a retnevai 
rate of about 0.5 m/s was optimal tn terms of fish 
condition and fishing success. Fish retrieved rap- 
idly ( 2 2  m/s) or very slowlv ( S O .  1 mis) exhibited 
signs of traumatic decompression. including ex- 
treme eversion of the stomach through the esoph- 
agus. and bulging eyes. However. fish retneved 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 comparing fork 
length with regurgitation index were nonsignifi- 
cant for all species (rs = 0.01-0.14, P = 0.72-0.94). 
No significant correlation 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- 
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.OO P. filamentorus - 
P. deboldii - - 
P. zonatus 

A 

5 1.00, E. carbuncutus - 
W E. coruscons - - 
a 3 
0 A vircsccns 

B 

I 
0.50 -1 

I 

zoa-an 252-ya 0-W s-wu ,*IS3 lSO-Zm 

Depth (m) 

FIGURE ).-Depth dlstnbutions of catch per unit effort (CPUE) of (A) three frisripomoldes species. and (B) two 
Efelis species and Aprron rirescens. at Penguin Bank. Hawaii. 1987-1989. 

position of prey items found in the hindgut. stom- 
ach. and mouth was similar (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 calculations. 

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.l). Five of the snapper species 
were separable by diet into two general feeding 
guilds: ( I )  zooplanktivores that fed primarily on 
pelagic urochordates. planktonic crustaceans. and 
pteropods, and (2) species that were primarily pi- 
scivorous (Table 3). Zooplankton composed 929'0 
and 97% of the total IRI in the diets of P. $[a- 
menrosus and P. sieboldii. respectively. Erelis CO- 

rwcans. E. carbunculus. and A .  virescens were pri- 
marily piscivorous; fish accounted for 81-98% of 
the total IRI. 

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

total IRI). Prisripomordes sreboldri also fed on 
thaliaceans ( 16% of total IRI). but pelagic cms- 
taceans (47%) and pteropods (29%) were more im- 
portant prey items. Pelagic crustaceans and ptero- 
pods were also important in the diet of P.  
filamenrosus. Prisripomoldes zonarus fed on thali- 
aceans (38% of total IRI). but also preyed on fish 
( 5 5 0 / )  and benthic crustaceans (69'0). In the pisciv- 
orous guild. pelagic urochordates. cephalopods. 
and benthic crustaceans also were notable prey 
items. 

The IWO feeding guilds were clearly distin- 
guished by their C, values. Exclusive of P. zona- 
us, C, values ranged from 0.78 to 1.00 within 
guilds (Table 4). and little dietary overlap oc- 
curred between guilds (C, = 0.034.23). Prisri- 
pornoides zonmus (only six specimens) fell some- 
what between guilds: it showed high overlap with 
the piscivorous guild (CA = 0.76-0.87) and me- 
dium-low overlap With the zooplanktivorous guild 

Major diel and seasonal diet changes were found 
only for P. fifurnentosus. Its CA value (based on 

(Ck = 0.184.55). 
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TABLE 3.-Dtets of su; d m t e r  snapper spmes collected at Pengum Bank. Hawaii. m 1987-1989. Gut contents 
of 21 9 fish were divlded mto 12 major systemauc or ecologmJ groups. Relauve abundance of prey is expressed as 
Perenrage of total mdex of relative imponancc (IRI). Numbers in parentheses tndxate the number of guts wth 
any identifiable contents. 

Perant IRI in gut conicnu of 

Prinrpo- Prisripo- Pristrpo- 
mordes modes mordes Etelrc Eielir dprron 

sieboldrr jlameruosus :onatus conucans carbunculus vrrescens 
prey group (60) (54) (6) (24) (33) (42) 

Fish (juvenile 
and adult) 1.8 7 .z 55.2 80.6 98.4 95.8 

Fish larvae 0.3 0.04 0.0 0.0 0.0 0.2 
Pelagic small 

Shnmp (adulv I .2 0. I 0.7 4.4 0.2 0. I 
Crabs (adult)' 0.07 0.0 5.8 0.06 0.03 0.02 
Polychaete worms 0. I 0.0 0.0 0.0 0.0 0.0 
CephaioOods 1.5 0.5 0.0 2.9 0.3 0.7 
Pteropod molluscs 28.9 13.0 0.0 0.0 0.0 0.0 I 
Other small molluscs 0.4 0.2 0.0 0.0 0.02 0.0 
Chaetognaths 0. I 0.0 0.0 0.0 0.0 0.0 
Pclagrc urochordates 16.4 47.3 38.4 1 1 . 1  0.02 1.7 
Siphonoohores 1.8 0.6 0.0 0.0 0.0 0.0 

crustaceans 47.2 3 1 . 1  0.0 I .o I .o 0.4 

~~ 

a Larvae arc included in 'Pclagrc small crustaceans." 

IRI) for day versus night samples was 0.50. Pe- 
la@c urochordates composed a much greater pan  
of the total 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 dunng rhe dav. Seasonally. pe- 
la@c urochordates were low in the summer IRI of 
P filamenrosus. increased in winter. and became 
strongly dominant in spnng (Table 5) .  As uro- 
chordates increased. groups such as pelagic crus- 
taceans. pteropods and fish. which had composed 
sizable percentages of the IRI in summer or win- 
ter. decreased to low spnng levels. Seasonal C, 
values for P filumentosus reflected the fluctuating 
importance of pelagic urochordates in the diet. 
Values of C, for summer versus wn te r  (0.78) and 

spnng versus winrer (0.7 1) were similar. However. 
the shift of the major diet component from pelagic 
crustaceans in summer to pelagic urochordates in 
spnng resulted in a C, value of 0.34 in the summer 
versus spnng diet companson. The diet of each 
piscivorous species was highly similar throughout 
the diel and seasonal cvcles: the range of C, \. alues 
was 0 61-43 99 

Discussion 
Fish Rerrred Rare ana Reqcrgiiarron 

Regurjgtation of gut contents due to rapid de- 
compression remains a problem for trophic stud- 
ies of deepwater physoclistous fishes. We found 
that retneval at  a very slow rate to allow resorp- 

TABLE 4 -Values of the index of diet overlap (C,) between each painvise combination of six deepwater snapper 
species collected ai Penguin Bank. Hawait. in 1987-1989 Values of C, are calculaied based on percentage ot index 
of relaiive importance (IRI) 

SpCClCS P hlammrosus P =onatus E coruscans E cnrbuncuius 4prron %irpsceris 

P rrstrpornoides 

Pnstrpornordes 

Prrsrrpornordes 

€cells 

Efelis 

sreboldir 0 78  0 18 0 08 0 03 0 04 

Plarneniosus 0 55 0 23 0 I 1  0 13 

zonaius 0.87 0.76 0 78 

corncans 0 97 0 98 

c arbunculiu I 00 
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TABLE 5.-Temporal trends in &et ComposiUon of Prisripomoidesfilamenfosusat Pengum Bank. Hawaii. in 1987- 
1989. Gut contents w e n  diwded into eight major systematic or ecolog~cal groups. Relauve abundance of prey is 
expressed as percentage of total index of relative importance (IRI). Numbers in parentheses indicate the number 
of guts in each wnod that contamed any identifiable prey. 

P-I 1RI in gut contents collected dunng 

h Y  Night Summer Winter Spring w group (35) (19) (15) (25) (14) 

Fish (ruvenile and adult) 10.0 I .7 13.6 9.4 1.6 
Fish larvae 0.1 <0.01 0.2 0.03 <O.Ol 
Pelage small crustaceans 42.6 6.6 57.2 29.9 9.3 

Pteropod molluscs 18.1 5.9 IO..? --.- 
Shrimp (adulip 0. I 0.1 co.01 0.02 0.7 
Cephalopods 0.4 0.4 0.8 0.3 0.4 

4.8 
Pelagic urochordates 28.2 84.8 15.0 37.7 83.3 
Siphonophores 0.9 0.7 2.9 0.4 0.03 

a Larvae arc included in ”Pelagic small crustaceans.” 

7 7  7 

tion of gases from the swim bladder is not a sat- 
isfactor)r solution. Fish rerneved at the slowest 
rates often showed the same signs of barotrauma 
as those retrieved rapidly. Their inactivity when 
landed and lack of the usual 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 loss 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 held sam- 
pling program. 

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

Our results suggest that the entire gasirointes- 
tinal tract should be examined to obtain the max- 
imum diet information from a given sample. In 
this study, the diversity and composition of prey 
found in the intestines were sufficiently similar 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 

round in the hindgut of three species ( A .  virescens. 
P.filamenrosus. E. coruscans) caught 1-25  h after 
it was tirst released in the water. 

Trophic Anal.vsis 
Our data indicate that a distinct feeding guild 

with a strongly zooplanktonic diet occurs among 
the lutjanid snappers at Penguin Bank. These re- 
sults. together with the reports for deepwater 
snappers elsewhere in the tropical Pacific (Pamsh 
1987). suggest that zooplanktivory may be an im- 
portant trophic mode among Prisripomoides spe- 
cies. Examination of our data from all Penguin 
Bank cruises showed that zooplankton dominated 
the diets of P. filamenrosus and P. sreboidii 
throughout the year. and levels of piscivory re- 
mained low. The diet composition of species of 
the piscivorous guild (.4. urescens. E. coruscans. 
and E. carbuncuius) remained relatively constant 
throughout the day and seasons of the year. Pris- 
iipomoides zonarus may have a more generalized 
diet than species in the planktivorous or pisciv- 
orous guilds. Our six specimens of P. zonarzu 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 Marianas (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 particular snapper 
species that ate them were collected. 

The deep-feeding Etelis species contained a 
deepwater demersal cardinalfish Epigonus sp. and 
three identifiable mesopelagic fishes: the bristle- 
mouth Argyrzpnus brocki and the lanternfishes 
Benthosema fiburatum 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 
ai. 1991: S. B. Reid, University of Hawaii. per- 
sonal communication). Of these species, at least 
Benthosema fibulatum and some Diaphus species 
perform some diel venical migration and could 
be eaten well above the bottom at some times of 
the day. A number of the other. pnmanly 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 Pervugor, especially the fantail 
filefish P. spifosomu. occasionally become ex- 
tremely numerous and widely consumed by pi- 
scivorous tishes in Hawaii. at least in shallow wa- 
ters (Tinker 1978; Brock 1984. 1985; Sudekum et 
ai. 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 slopes of Penguin Bank 
at 61-1 17 m depth between October 1985 and 
February I988 (overlapping our study) showed thai 
P.  spifosoma was among the few most abundani 
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 particular prey. 

Fishes recognuable as h a 1  stages occumd with 
fairly high frequency in the guts of P. sieboldii. P. 
filamentosus. and A. virescens, but numbers and 
volumes eaten and the corresponding IRI values 
were rather low (Appendix). It seems likely that 
many larval fishes were among the unidentified 
fish remains or other unrecognizable gut matenal. 
The identified lama1 fish material was concen- 
trated in the zooplanktivorous guild, 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 (Panish 1987). 
These uneven data suggest that fish prey vary from 
fairly important to strongly dominant in the diets 
of these species in other localities. Results for P. 
filamenrosus from the NWHI (Pamsh 1987) in- 
dicated somewhat greater piscivory than at Pen- 
guin Bank. Aprion virescens and E. carbuncuiw in 
the NWHI were strongly piscivorous (as at Pen- 
guin Bank), and P. zonaru 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 all 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 included Congndae. Apo- 
gonidae. Myctophidae. Synodontidae. Balistidae. 
and Ostraciidae. as well as unidentified tetraodon- 
tiform fishes (Pamsh 1987). 

Cephalopods (inciuding 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 Erelis 
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. sieboldii. Cepha- 
lopods (including Ommastrephidae) have been 
found in the diets of all except two deepwater 
snapper species reported from elsewhere in the 
Pacific (Panish 1987). They were fairly important 
in the diet of P. filamenrosus in the NWHI. 

Several groups of small 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 small 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 commonly occurred in fish 
guts with other clearly pelagic groups. Larval. ju- 
venile. and adult lobsters, shrimp, and especially 
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 b m  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 
(Pamsh 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 
imponant prey for two species (Table 3. Appen- 
dix). Pteropods of the family Cavolinidae were a 
minor component of the diet of P. zonaius in the 
Marianas. fairly common in P. multidens in West- 
em Samoa. and very abundant in P. auricilla in 
the Mananas (Pamsh 1987: Seki and Callahan 
1988). 

The abundant pelagic urochordates. which were 
found in all the snapper species at Penguin Bank. 
included Salpida (probably a dominant group, but 
difficult to identify as remains). Doliolida. and Pv- 
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 (Pamsh 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. 
auncilla in the Marianas (Pamsh 1987). 

Pelagic urochordates and siphonophores might 
seem at first to offer little nutrition and to be un- 
likely preferred prey. Both are gelatinous. 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 individuals. They may enable snap- 

pers to 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 (Pamsh 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 (A. 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 iowenng and retrieving the line) indicate 
that species with the full range of diets were in an 
active feeding state at the bottom during much of 
the day and night. 

Animals from all 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 ai. 1979: Kashkma 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 repons (some from Ha- 
waii) are consisrent with a pattern of near-bottom 
feeding by snappers. However. all available evi- 
dence does not exclude the possibilitv that signif- 
icant feeding occurs far above the bottom. 

Regardless ofthe level in the water column where 
feeding occurs. it is clear that planktonic animals 
provide an imponant 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. 

Sparial 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 feehng of all 
these snappers as a group occumd during the 
morning and evening. 
Nakamura (1967) and Shomura and Nakamura 

( I  969h sampiing with nets at  depths of 60-200 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 
osuacods. euphausids, pteropods. and larval fish. 
all of which are prey species for the zooplanktivo- 
rous snappers. Many zooplanktonic species mi- 
grate to surface waters at  night to feed and return 
to 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 relief. 

T h e  apparent diel distribution of zooplankton 
in the water column and the increased feeding ac- 
tivity by Pristipomoides species during early 
morning 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 
o f  Nakamura ( 1967) and Shomura and Nakamura 
( I  969). 

In general. the diets of the planktivorous Pris- 
irpomofdes species had a higher percentage of tha- 
liaceans at night and more pelagic crustaceans and 
fish dunng rhe day. This trend may retlect 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: 
McFarland 199 I ). 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 
vulnerable to capture by random encounter in the 
dark. 

Shomura and Nakamura (1969) reponed 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. 
fikrmenrosus on Penguin Bank. Kashkina (1 986) 

reviewed a number of studies that reponed 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 1ncre-d 
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 
overlap 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 guild (or other snap- 
pers). because A. wrescens fed most actively dur- 
ing daylight and much higher in the water column 
than the other species. Potential overlap seems 
most likely between E. carbunculus and P. zona- 
IUS. as all three niche dimensions measured showed 
considerable overlap. However. we collected too 
few P. zonutus to permit estimating the degree of 
overlap with confidence. For the two strongly zoo- 
planktivorous Prisirpornoides species. both dieis 
and diel feeding schedules overlapped consider- 
ably. However. peak feeding activity seemed to 
occur at  a bottom depth about 50 m deeper for P. 
sreboldii than for P.  ftlatnenrosrcz. Moderate over- 
lap in all three measured niche dimensions scemed 
IO occur between P.  fi/at?ienrosicz and P .  zotiarus. 
but interpretation was difficult because ofthe small 
sample size of P.  :onarus. Based on diet compo- 
sition and depth and time of catch. strong niche 
overlap between the planktivorous and piscivo- 
rous guilds seems unlikely. 

Fishery Implications 
Recent studies indicate that P. fi/u~nenrosics. E. 

coruscans. and E.  carbrinculzrs have suffered sig- 
nificant growth overfishing around the main (in- 
habited) Hawaiian Islands and that .-!. wrescens 
may have suffered some such effects (Ralston and 
Kawamoto 1988: Somerton and Kobayashi 
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 m i t m e n t  overtishing 
(Somenon and Kobayashi 1990b). However, cap- 
t w  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 possible 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). 

I t  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 results 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 multispecies fisheries. 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 model (TBSM) (Ral- 
ston and Polovina 1982). However. a thorough 
understanding of trophic relationships 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: Paulv 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. resulting in a higher local abundance of 
plankton (e.& Brock and Chamberlain 1968). In 
an ecological study of the bottom fish resources of 

Johnston Atoll, Ralston et al. (1 986) found P. 3- 
lumentows 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 planktonic 
prey in the neritic upcumnt 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 contn- 
bution to knowledge of the trophic ecology of 
lutjanid snappers that support important deep- 
water fishenes on the bank and elsewhere through- 
out the Hawaiian Archipelago and other tropical 
seas. 
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Appendix: Diets of Deepwater S l ~ p p e m  

TABLE A.l.-Diets of SIX deepwater snapper spmes collmed at Pengum Bank, H a m ,  m 1987-1989. Shown 
arc the percentages of predator rndtvlduals that consumed each pny (R. the penrntages Of all nWbers (N) and 
VOlUmC ( V) prO~ldcd by each pny, and each w ' s  index of r~lauvc impoMnCc (Iw 111 gut COlIUnts. The nuUbcr 
Of guts wth any tdenufiable contents is indicated beside each snapper spccles in ParCnth-. PRY categona followed 
by an astcnsk arc also included ~n the larger c c o l o g d  category "Pelage small Crustacea-" values for the hghest 
systcmauc levels arc underlmed. Values of IRI were calculated separately for each pny aW0ry (line cnUy): values 
may be compared across categones at comparable syscemauc levels. 

Percent pelocnt Pencnt 
fmumcv number volume 

Pny category ( F )  (M (0 IRI 

Fish (all). 
Frsh 6uvenilc and adult) 

Congndac 
Teuaodontifonncs (all) 
Monacanrhidae 

Pewugor sp 
Ostraaidac 
Fish unidentified 

Pelagic small Crustacea'* 

Euphausiacea. 

4mphipoda. 

Fish larvae 

(including shnmp and crab larvae) 

Copepoda' 

Hnxnidca 
Gammaroidea 
Caprcllidea 
Amphipoda unidentified 

Isopods. 
Shnmp (all) 

Shnmp (adult)' 
Pandalidae 
Shnmp unidentified 

Shnmp larvae. 
4lphcidae larvae 

Zoea unidentihed 
Crabs (all) 

Vumdu sp (Galatheidacl 
Crabs (adult unidentified).' 
Crab larvae tmcgalopai- 

Lobster (Palinundae) larvae. 
Stomaiopoda larvae. 

Squrllu spp larvae 
Lysiosquillu spp larvae 
Odonrodacrdw spp. larvae 

S1ornatowi-a larvae unidenuficd 
Mysidacea. 
Ostracods. 
Crustacea unidentified. 
Polychaeta' 
Cephalopods' 

Squid (all) 
Onychoreuthu sp. 

Squid unidentified 
Octopoda unidentified 
Cephalowda unidentified 

Ptempda (all). 
Cuvoirniu rpp. 
Cho spp. 
Cunenna rpp. 
Diacru spp. 

F'lcropoda unidmufied 
Other small mollusc+ 

Cvmntrum16ursu 
Mollusca unidentified 
Micmmollurt unidentified 

\ 

21.7 
10.0 

1.7 
1.7 

- 

8.3 
15.0 

91.7 
38.3 
26.7 

3.3 
5.0 
I .7 

38.3 
18.3 
38.3 
35.0 

35.0 
1.7 
1.7 

10.0 
30.0 

j.0 
28.3 

1.7 

11.7 
6.7 

10.0 
15.0 
30.0 
30.0 
13.3 
11.7 
3.3 
1.7 
I .7 
1.7 
6.7 

93.3 
60.0 
46.7 
58.3 
46.7 
33.3 
26.7 

1.7 

25.0 

- - 43.3 

- - 

- 

xi - 

- - 
- - 

- 

I .4 
0.4 

0. I 
0.1 

- 

0.4 
I .o 

44.7 
14.0 
10.2 

0. I 
0.2 
0.06 
4.2 
I .8 
5.1 
4.0 

4.0 
0. I 
0.06 
I .o 
I .9 

0.2 
I .8 
0.06 
1.9 

0.6 

0.7 
I .5 
5.6 
2.3 
1.2 

0. I 
0.06 
0.06 
0.06 
0.3 

35.2 
9.0 
7.6 
8.1 
5.5 
5.0 
I .8 
0.06 

1.8 

- - 4s 

- - 

- 

- 
G 

- - 
E 

- 

22.8 
21.2 

3.0 
3.0 

18.2 
I .6 

18.2 
1.0 

0.3 
0.01 
0.01 

co.01 
0.3 

8.3 
0.3 

0.3 
0.01 

<0.01 
8.0 
1.6 

1.5 
0.1 

7.1 
I .o 
5.0 

1.2 

0.4 
0.2 

15.5 
0.3 
0.3 

co.01 
co.01 
15.2 
2.6 
0.7 
0.6 
0.6 
0.4 
0.4 
0.1 

co.01 

0. I 

- 0.8 
- 

- 

- 

<= 
- 

0.I 

0.I 
- 

- 

- 

527.4 
216.7 

5.2 
5.2 

- 

154.8 
40.0 

5.758.8 
577.3 
292.6 
211.0 

0.4 
I .o 
0. I 

171.7 
34.5 

150.0 

I50.0 
0.2 
0. I 

89.3 
106.7 

8.4 
53.3 

240.9 
18.3 
37.2 

18.8 
23.4 

181.1 
74.0 
17.3 

186.5 
1.5 
0.6 
0. I 
0.1 

103.2 
3.532.3 

580.3 
381.7 
507.4 
275.7 
179.6 
51.9 
0.1 

47.1 

- - - 

511.6 - 

- 

0.' 
- 

- 
- 

- 
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20.4 
18.5 

3.7 
I .9 

1.9 
16.7 
3.7 

46.3 

7.4 
7.4 
1.9 

- 

- 
- - 

I .9 
9.3 
9.3 
7.4 
1.9 
5.6 

- - 

3.7 
11.8 - 
14.8 

9.3 
5.6 
5.6 
1.9 
5.6 
3.7 

22.2 

5.6 

- 

I T i  - 
- 

5.6 
55.6 
22.2 
22.2 
13.0 
25.9 
9.3 
9.3 

I .9 
7.4 

- 

3.2 
2.5 

0.4 
0.2 

0.2 
2.1 
0.7 

49. I 

2.1 
I .z 

- 

- - “2 

0.2 
1.2 
I .2 
0.7 
0.2 
0.5 

- - 

0.5 
6 . 3  - 
6.3 

21.6 
19.5 
0.7 
0.2 
I .2 
I .4 

3.5 

- 

I T i  - 

0.5 
21.1 
4.9 
6.3 
2.1 
6.5 
1.2 
2.1 

0.2 
I .9 

- 

33.8 
33.5 

4.8 
2.4 

2.4 
28.8 
0.3 

12.6 

- 

0.DJ 
c0.01 

0.02 

<0.01 

2.0 
0.8 
0.4 
0.4 

0.02 
- 

I 2  
0 1  - 
0 1  

10.9 
8.5 
I .6 
0.4 
0.5 
0.03 
0.2 

- 

- 
5 3 7  

7.2 - 

7.2 
0.4 
0. I 
0.1 
0.04 
0. I 
0.02 
0.04 

co.01 
0.04 

- 

7.346.8 752.2 
665.2 66.7 33.3 76.9 7.346.8 

- 76.9 - 33.3 - 66.7 - - 
16.7 5.6 12.8 306.1 

19.0 16.7 5.6 12.8 306. I 
4.8 16.7 5.6 12.8 306.1 

16.7 5.6 12.8 306. I 
4.8 

515.0 50.0 --.- 51.2 3.673.4 
3.7 

2.859.9 

7 7  7 

0.3 
11.6 
29.6 
11.1 
I .O 
5.1 

- - 

6.3 
95.5 - 
95.5 

30 1 .O 
155.2 
12.6 
I .o 
9.8 

- 

5.3 

79.6 
1233 - 

42.9 
1.193.2 

11 1.4 
143.2 
27.8 

171.7 
11.6 
19.9 

0.3 
14.6 

- 

5.6 - 16.7 - 

16.7 33.3 
16.7 5.6 
16.7 11.1 

- - 

0.02 - 

6 . 3  
2.1 
4 . 2  

- 765.7 
127.6 
255.2 
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Chacmgnathaa 
Pelwc urochordate+ 

Thai- 
Pyosoma sp. 
Doltolum sp. 

Siphonophoraa 
Diphyldae 
Abylidae (calycophoran) 

Siphonophon unidentified 

13.3 
46.1 
38.3 

- - 
1.1 0.09 13.3 
4.7 46.1 

38.3 4.2 
3 8 . 3  

- - - - 
34.3 

8.3 0.4 3.0 
I .7 0. I I .o 

- 
1.1 
4.7 
4.2 

- - 
0.09 

3 8 . 3  - 
34.3 

l b A  . _. . 
2 . 0 0 i j  - 
1.476.6 

27.9 
1.9 

223.3 
218.1 

0.2 

- 
8.3 0.4 
I .7 0. I 

3.0 
I .o 
0.4 
0.4 
- 5.2 40.0 

40.0 5.1 
- - 

I .7 0. I 0.0 I 

E f d u  CONIC(~W (24) 
Fish (allP 

Fish f~uventle and adult) 
62.5 
62.5 
- 30.4 

30.4 
- 85.7 

85.7 
- 7.253.4 

7.253.4 
- 

Arfyripnus brock 
Benthosema hbulnrum 
Dlaphus sp (adenomus?) 4 2  0 9  0 03 

Sphyracnidae 
Parupenmu sp (Mullidac) 
bas0 sp (Acanthundae) 
V a o  hexacanthus 
Dactvloptena orientalu 
Perasus papiho 
Teuaodontifonnes (all) 

Ballstldae 
Monacanthidac 

Pewagor sp 
Monacanthidae unidentified 

Tetnodontiform unidentihed 

Eptgonus sp 4 2  0 9  0 1  

4nlennarius pinus 
Fish unidentihed 

Synodontidae larvae 
Fish larvae unidenilhed 

Fish larvae' 

Pelagic small Crustacea'. 
Copepoda. 
Isopcda. 
Shnmp (all)' 

Heterorarpus ensttcr 
Shnmp unideniihed 

Hippoidea 
Crabs (adult. unidentified) 
Crab larvae (megalopa). 

Crabs (ally 

Stomatopcda (aduli) 

Crustacea unidentihed* 16 7 5 4  0 02 
~donrodacf1*/iu hansenr 

3.8 
4.2 

71.3 54.2 28.6 5.41 1.3 

16.7 5.4 0.02 89.7 

29.2 
4.2 
- 13.4 

2.7 
10.7 
0.9 
0.9 

- 

- 

0.06 
0.01 
0.04 

- 392.4 
11.2 

168.8 

- 
25.0 

4.2 0.4 
5.6 
5.2 
- 

89.6 
263.3 

21.2 

19.0 

- CephalopodP 
Squid (all) 

Chtroteurhis sp. 
N O I O I O ~ ~ ~ U S  hawxiensis 
Squid unidentihed 

octopoda unidentified 
Ccphalopoda unidentified 

Pteromxla' 
D l m a  sp. 

Other small molluscsa 
Pelagrc urochordates' 

Thallacea 

11.3 
3.3 
- 4.5 

4.2 1.8 
- 16.7 - 

4.2 1.8 2.8 

12.5 2.7 6.1 117.1 

999.7 
999.7 

45.5 
45.5 
- 2.4 

2.4 
- 

Salpidae 
Pyrosoma sp. 20.8 45.5 2.4 

a A major systematic or ecological group in Table 3. 

999.1 
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TABLE A. l.--Extendcd. Continued. 

Percent P m r  P m t  Pcrccni Pacem P a n t  
rrquenff number volume frequency number volume 

(rn (M (5 IRI (0 (N)  (5 I R 1  
~ f i ~ r o m a  (54) Pr&f+m?idu zonau  (6)  

66.7 
50.0 
- 
7’ 7 --._ 
18.5 
14.8 

1.7 

- 

90.9 
90.9 
- 

3.0 
3.0 

15.2 

15.2 
12.1 
6.1 

x l . x  

18.2 
3.0 

Y l  

<) I 
3 0  

3.0 

- 
- 

- 

18.2 
6. I 
6. I 
3.0 
3.0 
3.0 

- 

3.0 
3.0 
3.0 
- 

5.104.4 20.2 
16.3 36.6 2.645.9 83.3 44.4 16.8 5.104.4 

- 16.8 - 83.3 442 4.350.7 - 45.1 - - 
3.9 8.7 278.2 

59.7 3.2 
2. I 0.04 31.8 

- 0.06 - - 
1 . 1  0.02 4.0 

Etrh carbuaculus (33) 
95.7 15.871.3 78.9 

78.9 95.7 15.87 1.3 
- - 

0.2 7.2 
0.02 6.8 

7 ,  

1 1  -.- 

31.2 

32.2 

10.0 
7 7 ,  _-.- 

42.1 

7 8  
1 . 1  

7 3  

J.J 
I . !  

1 . 1  

- 
- 

- 

6.7 
6.1 
6.7 

1.1 
3.3 

- 
3 ,  -.- 

I .  I 
1 .1  
1 . 1  
- 

41.3 

41.3 
28.5 
12.8 

54.2 

I .4 ox 
11.7 

0.7 
0.2 

0.2 

- 

- 

I .4 
1.7 
1.7 
0.3 
I .4 
0.01 

- 

<0.01 
0.2 
0.2 
- 

14.783.1 - 92.9 67.6 91.6 
88.1 64.1 91.5 13.704.8 

- 

2.4  
1.1 

11.9 
2.4 
2.4 
2.4 

1 . 1  14.6 9.5 
2.4 

1.114.6 4.8 
615.0 
138.4 

4.8 
2.4 

7.886.7 78.6 
9.5 
4 8  
4 8  

I67 0 14.3 

36.7 
7 1  4 1  

4. I 2.4 
4.8 

- - 

2.4 
2.4 

146.7 7. I 

- 
11.9 - 50.9 

50.9 
- 

7.6 
7 7  

10.1 
2.4 
9.5 

16.7 4. I 
4. I 14.3 

- - 
2.4 

0.7 
I .4 
4 9  
0.7 
0.7 
0.7 
5.6 
0.7 
2.8 

2.  I 
0.7 

48.6 
3.5 
1. I 
I .‘4 
4.2 

0.7 
2.8 - 

1. I 

0.7 
I .4 
0.7 
0.7 
2. I 
3.5 

- 

- 
- 

0.7 
2.8 
0.7 
67 

19.7 
11.3 
8.5 

- 

0.03 
0.2 
0 3  
0.5 
0.03 
0.1 
5.2 
0.1 
4.8 

0.2 
I .o 

84.1 
0. I 
0.04 
0.08 
0.0 1 

.. 0 2  
co.01 - 

0.2 

0.2 
i 0.0 I 

- 

0.08 
0.08 

<0.01 
4.9 - 

co.01 
4.9 

< 0.0 1 

3.2 
3.2 
0.02 

<E 

- 

I .8 
3.9 

61.7 
3.0 
I -8 
2.0 

102.9 
I .8 

36.6 

11.1  
4.0 

10.426.4 
34.6 
10.2 
7.1 

60.5 

I . 7  
20.2 
- 
- 

16.5 - 
7 7  -.- 
6.7 
I .9 
I .9 

15.1 
100.0 

- 
- 

1.7 
73.3 

1.7 
1.7 

382.3 
206.7 

20.2 

- 

- 




