Sout hwest Fi sheries Science Center
Adm ni strative Report H 92-03

BOTTOM TRAW. CATCHES OF JUVEN LE OPAKAPAKA, PRI STI POMO DES
FI LAMENTOSUS (F. LUTJANI DAE), AND ASSOCI ATED FI SHES, TOANSEND
CROWELL CRU SE TC-90-10, 1990

Denise M Ellis, Edward E. DeMartini, and Robert B. Mffitt
Honol ul u Laboratory
Sout hwest Fi sheries Center

Nat i onal Mari ne Fisheries Service, NOAA
Honol ul u, Hawaii 96822-2396

April 1992
NOT FOR PUBLI CATI ON



This Administrative Report is issued as an informal document to ensure prompt
dissemination of preliminary results, interim reports, and special studies. We
recommend that it not be abstracted or cited.



ABSTRACT

Ei ghty bottomtraw s were conducted fromthe NOAA ship
Townsend Cromael | (cruise TC-90-10, 28 Novenber-13 Decenber 1990)
at 11 windward and | eeward regions of OCahu, Ml okai, Lanai, and
Maui to characterize depth-distribution patterns of opakapaka,
Pristiponoi des fil anentosus, and associated fishes. The traws
produced 89 taxa of benthic and epibenthic fishes. The nost
commonly traw ed benthic species was a |izardfish,

Trachi nocephal us nyops. The hi ghest nean catch per unit effort
(CPUE; nunber per traw) was recorded from catches at Kaneohe Bay
(224 benthic fish/trawl). Juvenile opakapaka occurred in only 12
trawls, with a total of 125 individuals collected; 108 of these
were coll ected off Kaneohe Bay. Length frequencies of opakapaka
were binodally distributed. The precision of the mean CPUE dat a
fromthe trawls was insufficient to detect 50% changes in the
abundance of either opakapaka or three other mmjor species.



| NTRODUCTI ON

Exploratory fishing was initiated in 1988 to identify the
habitat of juvenile eteline snappers (Lutjanidae) in Hawaii
(Parrish 1989). The results of that study and evidence from
Struhsaker (1973) suggest that juvenile pink snapper or
opakapaka, Pristiponoides filanmentosus, inhabit relatively flat,
featurel ess bottons at depths of 61-130 m w th few speci nens
caught at greater depths. Data on the regional variation in
depth distributions and on the |ocations of habitat for juvenile
opakapaka are | acking. These data are necessary to fully
understand the extent and inportance of opakapaka nursery habitat
t hroughout the main Hawaiian islands (IVH).

Qur report primarily summari zes the fish catch data
collected during a bottomtraw survey conducted fromthe NOAA
ship Townsend Cromael | (cruise TC-90-10) and characterizes the
bent hic and epi benthic fish fauna associated with juvenile
opakapaka fromthese data. Secondly, our report describes the
depth distribution patterns of juvenile opakapaka throughout the
IMH and eval uates the precision of data on catch per unit effort
(CPUE; nunber caught per trawl) for estimating the abundance of
opakapaka and nmj or associated fishes.

MATERI ALS AND METHODS

Sanpl i ng

Bottomtrawl s were conducted fromthe NOAA ship Townsend
Cromael | (TC-90-10, 28 Novenber-13 Decenber 1990) using two
i dentical, single-warp, 12.2-m sem balloon shrinp trawl nets with
wi ng and ot her body di nmensions proportional to a 22.6-m ball oon
trawl net (Fig. 1). The bottomtrawl s used 15-m headropes with
six 15-cmcork floats and four additional 25-cmnetal floats, and
12-mfootropes with fifteen 15-cmplastic roller floats. A
tickler chain and a 0.675-cm cod-end |iner were used throughout
the survey. The bottomtrawls also used 1.4 by 2.0 motter
boards to keep the nouth of the net open during the traw s.
Trawl i ng depth was recorded by tine-depth recorders (TDRs) and by
a chronmascope dept h-sounder aboard the Townsend Cromwel |l . The
TDRs were attached to the headropes of the traw s.

Ei ghty bottomtraws (52 night trawls and 18 trawls for
the day-night series) were conpleted at 11 wi ndward and | eeward
regions of the MHI (Fig. 2; Table 1), of which 72 (90% were
quantitative tows (QIs). A traw was defined as non-quantitative
(NQ if the gear was lost or broken or if the tow deviated from
the desired bearing or depth or was aborted; all other traws



were quantitative. Regions were chosen based on historica

evi dence for juvenile opakapaka (Struhsaker 1973). At each
region, one to six traws were nade at one to three bottom depths
(shallow. 61 m md-depth: 76 m deep: 91 m Appendix A). Tow
speeds ranged from 1.32 m per second (nps) to 2.63 nps; the nean
speed of QIs was 1.94 nps. Mean duration of QIs was 22 minutes *
5.6 SD (range, 12-33 mnutes). Tow track I engths were |ess
variable than tow durations. Changes in sea state and in the
condition of the otter boards required adjustnents in tow speeds
or durations to mmintain approximately constant tow di stances.
Tow di stances ranged from1.74 to 3.12 km The nean di stance of
Qs was 2.51 km+ 0.26 SD (Appendix B). A standard unit of
effort, equal to a constant tow distance of 2.51 km was assuned
in all CPUE cal cul ati ons.

Several series of day-night traws were conducted off Gahu
(Hal ei wa and Kaneohe Bay) and off Mol okai (southeast (SE) Penguin
Bank; Fig. 2) for diel conparisons of catch-at-depth. However,
many trawls were NQ and conplete series of six day and six night
trawl s were not conpleted at the three regi ons because of rough
seas and gear |oss. Three day and six night QI's were conpl eted
at SE Penguin Bank, and five day and two night QI's were conpl eted
at Haleiwa. No QIs were conpleted at Kaneohe Bay for the day-
ni ght conpari sons.

Types of Data

The total nunber and cunul ative bi omass (kil ograns wet
wei ght) of fish caught were recorded for each traw .
I nvertebrates were counted, weighed, and preserved in formalin
for later identification; results will be reported el sewhere.
Opakapaka were neasured to the nearest 0.1 cmfork length (FL)
and frozen whole for |ater age-at-length determ nation. Fish
were classified to the lowest identifiable taxa. Questionable
species were verified through references (Appendix C. The
nunber (and bi omass if aggregate wei ght of individuals of a
speci es was >0.01 kg) of individuals was al so recorded by taxon
and by region.

Statistical Power Analysis

It was assuned that future conparisons of CPUE data from
trawls with prior series of data simlar to ours would use a
Student's t-test or other simlar statistical test. Therefore,
we used our trawl data to estinmate the power of t-test
conpari sons of neans for opakapaka at Kaneohe Bay, and for each
of three other species for all regions conbined, in order to
determ ne whet her a 50% change in CPUE could be detected. This
criterion of 50% has precedence in environnental nonitoring
studies (e.g., Skalski and MKenzie 1982). Al depths were



pool ed within each region. Data were transformed to common (base
10) logarithms, then the effect size (ES) was cal cul at ed:

ES = 0. 301/ SD,

where 0.301 = |+ 50% difference in x| for log-transformed catch
data. Tables 2.3.5 and 2.4.1 in Cohen (1988) were used to
determ ne the requisite nunber of trawms at B = 0.20, power (1 -
) = 0.8, and «, = 0. 05.

RESULTS AND DI SCUSSI ON

The trawl s yiel ded 89 taxa of benthic and epi benthic fishes
(Appendi x D). Individual fish totaled 4,411 in the 72 QIs; 229
i ndi viduals were al so caught in the 8 N@s. Thirty-five percent
of the cunul ative catch was caught in the 5 trawl s made off
Kaneohe Bay, and over 78%in 28 trawls at 4 different regions off
Cahu. The CPUE decreased noticeably if data fromthe day traw s
were included. Prior studies (see review by DeMartini and Allen
1984) have indicated that diversity (species richness) is
generally greater and variations in CPUE are less in night than
in day trawls. Henceforth, the data for diel-conparison traw s
are omtted fromour CPUE conparisons.

The nost nunerous fish caught (1,401 individuals in 40 of 72
QIs) was a nyctophid, Benthosema fibulatum conprising 32% of the
total catch (Appendix E). However, it was excluded from our
abundance and bi omass conpari sons, because observations of Reid
et al. (1991) suggest that it is a |and-associ ated nesopel agi c
speci es rather than a benthic species. Qher species known to be
nmeso- or epipelagic also were del eted (one Astronesthes sp.; siXx
opel u, Decapterus macarellus). The epibenthic pufferfish
Lagocephal us hypsel ogenei on ranked first in frequency caught for
all regions pool ed, because of the |arge nunbers caught at
Kaneohe Bay and Laie (Fig. 3C-D). Lagocephal us hypsel ogenei on
al so ranked first in total weight (73.89 kg) if elasnobranchs
wer e excl uded (Appendi x F). O herwi se, a stingray, Dasyatis
sp., ranked first in biomass (three speci nens wei ghing an
estimted 95 kg).

The hi ghest CPUEs were recorded off Kaneohe Bay and Lai e,
with neans of 224 fish/trawl and 149 fish/trawl, respectively
(Table 2). Catches were nore variable at Laie than at Kaneohe
Bay. Lahilahi Point, |eeward Cahu, had the | owest CPUE of al
the regions, with a mean of 3 fish/trawl (Table 2). The nean
CPUE data of top-ranked species by nunber of individuals are
illustrated for 8 of the 11 regions in Figure 3. Trawl CPUE data
for the other three regions were negligible. A synodontid,
Trachi nocephal us nyops ranked first in abundance at 6 of the 11
regions and second at 2 of the remaining 5 regions. O the other
t op-ranked species, only Lagocephal us hypsel ogenei on (top-ranked



in 6 of 11 regions) and the bothid Engyprosopon xenandrus (top-
ranked in 8 of 11 regions) comonly occurred.

When t he regi ons were pool ed by depth, Trachi nocephal us
nmyops was the nost abundant species in the deep traws (Table 3).
Moreover, it was commonly encountered (15 trawls at 8 of 10 deep
regions and 18 trawls at 8 of 10 m d-depth regions).

Lagocephal us hypsel ogenei on was nost abundant in md-depth traw s
and was al so comonly encountered (11 traws at 7 of 10 deep
regions and 9 traws at 5 of 10 m d-depth regions). No species
was both abundant and frequently encountered at the shall ow

dept hs. The sandl ance Bl eekeria gilli was the nost abundant fish
in the shallow trawls, but occurred in only two of six traws (at
one of three regions, Laie). Oher species were too variable

bet ween regions and trawls for us to specul ate on patterns of
abundance. An apparent difference in CPUE, with all species
conbi ned, between m d-depth and deep trawls (cf. Table 2) was not
supported by statistical conparison (WIcoxon signed-ranks test;
T=9, N=28pairs, P> 0.05. Species richness appeared greater
in the deep (54 species) and m d-depth trawls (60 species) than
in the shallow trawls (15 species), but this may reflect the
variability in the nunber of trawl s at each depth.

Juveni | e Opakapaka

Juveni | e opakapaka occurred in only 12 (17% of the 72 QIs
at 5 of the 11 regions fished. A total of 125 opakapaka were
collected; 108 (86% of these were caught in the 5 QIs nade off
Kaneohe Bay. The second | argest catch of juvenile opakapaka
occurred off Laie (eight fish in one of six trawls). Al of the
opakapaka were juveniles. The distribution patterns of opakapaka
in the windward and | eeward regi ons were not conpared because of
insufficient data. The |ength-frequency distribution of the
opakapaka was nmarkedly binmodal (Fig. 4). This is thought to
represent two age classes of fish: Age-1+ juveniles froma 1989
spawni ng, and 6-nont h-old (age-0+) juveniles froma m d-1990
spawning (R Mffitt, Honolulu Laboratory, unpubl. data; R
Hunmphreys and K. Landgraf, Honol ulu Laboratory, unpubl. data).
Juveni | e opakapaka smaller than 8-cm FL were conspi cuously absent
fromour trawls, as in prior hook-and-line collections nade at
Kaneohe Bay (R Mffitt, unpubl. data).

Juveni | e opakapaka were caught nost frequently in traws
rangi ng from64-80.1 mdeep (Fig. 5, regions pooled). However,
t heir depths-at-capture cannot be meani ngfully conpared, as
nearly all of the catches were nade at one region. Age-1+
opakapaka occurred only in md-depth trawl s, and sonme age- 0+
opakapaka were caught in deep traws but were also frequently
encountered in md-depth traw s.



Power Tests

One m ght question whether a bottomtrawl is an adequate
sanmpl er for estimating distribution and abundance of juvenile
opakapaka in the WHI. Qur power analysis estimted that nearly
100 trawl s, an unacceptably | arge nunber, would be necessary to
detect a 50% change in juvenil e opakapaka catches at o, = 0.05
and a power = 0.8. For nonstatistical reasons, an upper limt of
an "acceptabl e" nunber of trawls was set at 20. This upper |imt
was defined partly by the feasible effort and duration of
traw i ng aboard the Townsend Cromael | (six to seven trawl s per
day for 3 days) and partly by a desire to Iimt habitat danage
resulting fromtrawing activities. Additional power tests to
detect a 50% change in catch were cal cul ated for each of the
three nost frequently encountered species ( Trachi nocephal us
nyops, Lagocephal us hypsel ogenei on, and Engyprosopon xenandrus).
Sufficient power (>0.8) for <20 trawls was indicated for only 3
of the 36 possible species-region conbinations (species by region
with depths pooled). Data for E. xenandrus had no power of
resolution, T. nyops had two instances of adequate power (N =9
10 traw s), and L. hypsel ogeneion had one instance (N =9). 1In
general, a 50% change in the mean CPUE woul d |ikely go undetected
for any of the major species sanpled by bottomtraw s.

In conclusion, bottomtrawl s do not prom se to be an
efficient sanmpling nmethod for the detection of changes in the
abundance of snall benthic fishes at 61-91 mdepths off the M.
W are presently exploring alternative nethods to characterize
the depth-distribution range and habitat type of juvenile
opakapaka.
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Tabl e 1. --Boundaries of the

Townsend Cromnel |

11 regions traw ed during the

crui se TG 90-10.

Trawl area bounded by

Longi tude (W

Regi on? Latitude (N)
Hal ei wa 21°36.4'-21°42. 0 158°04.0
Kaneohe Bay 21°30. 8" -21°33. 9 157°47.6
Lai e 21°38.8'-21°41. 9 157°53. 0
NW Mol okai 21°11. 7' -21°12. 5' 157°03.0
NE Pengui n Bank 21°06. 7' -21°09. 7' 157°19. 8'
SE Pengui n Bank 21°02.9'-21°04. 3 157°11. 6'
Sout h Mbl okai 21°00.1' - 21°02. 8 156°56. 0'
Kahul ui, Maui 20°57.1"'-20°59. 0 156°24. 7
Auau Channel 20°44.1' -20°49. 4 156°42. 2
Sout h Lanai 20°42.8' -20°43. 3 156°53. 3'
Lahi | ahi Pt. 21°26.9'-21°30. 1" 158°13. 3'

aLi sted i n order

of cruise track.

-158°11.
-157°49.
-157°55.
-157°05.
-157°24.
-157°18.
-157°01.
- 156° 28.
-156°47.
- 156° 55.
-158°14.



Table 2.--Total catch and catch per unit effort, by depth and
region, from Townsend Cromael | cruise 90-10 in the main
Hawai i an | sl ands, 1990. Data are fromnighttine

guantitative trawl s only; catches from several series
of daytinme and nighttine trawm s are excluded. Wi ght
(W) is expressed as 0.01 kg.
Total catch Mean-traw '
No.

Regi on Depth zone traws No. W . No. W .
Auau Channel M d- dept h 3 51 2.13 17 0.71
Conbi ned 3 51 2.13 17 0.71

Hal ei wa, Oahu M d- dept h 3 50 1.51 17 0.50
Deep 3 200 5.13 67 1.71

Conbi ned 6 250 6.64 42 1.11

Kahul ui, Maui M d- dept h 3 74  2.04 25 0.68
Deep 3 59 0.94 20 0.31

Conbi ned 6 133 2.98 22 0.50

Kaneohe Bay, M d- dept h 3 748 43.92 249 14.64
Gahu Deep 2 373 14.43 187 7.21
Conbi ned 5 1121 58.35 224 11. 67

Lahil ahi Point, Md-depth 3 10 0.05 3 0.02
Gahu Deep 1 3 0.01 3 0.01
Conbi ned 4 13 0.06 3 0.02

Lai e, Gahu Shal | ow 2 148 9.94 74  4.97
M d- dept h 2 597 42.21 299 21.10

Deep 2 146  9.13 73  4.57

Conbi ned 6 891 61.28 149 10.21

NE Pengui n Bank Shal | ow 2 20 0. 03 10 0.02
M d- dept h 2 26 0.65 13 0.33

Deep 1 9 0.14 9 0.14

Conbi ned 5 55 0.82 11 0.16

NW Mol okai Shal | ow 2 23 0.95 12 0.47
M d- dept h 2 50 2.77 25 1.38

Deep 2 47 1.44 24 0.72

Conbi ned 6 120 5.16 20 0.86

SE Penguin Bank M d-depth 4 24 1.55 6 0. 39
Deep 2 18 0.94 9 0.47

Conbi ned 6 42  2.49 7 0.42

Sout h Lanai Deep 3 52 1.98 17 0. 66
Conbi ned 3 52 1.98 17 0.66



Tabl e 2. --Conti nued.

Total catch Mean-traw !

No.
Regi on Depth zone trawls No. W . No. W .
Sout h Mol okai M d- dept h 3 62 0.57 21 0.19
Deep 3 57 1.65 19 0.55
Conbi ned 6 119 2.22 20 0.37
Al'l regions Shal | ow 6 191 10.92 32 1.82
pool ed M d- dept h 28 1692 97.40 60 3. 48
Deep 22 964 35.79 44 1.63
Conbi ned 56 2847 144.11 51 2.57




Tabl e 3.--Absolute and ranked trawl catches, by depth, for each species present in night
quantitative trawls (56 trawls) during the Townsend Cromnel | cruise TC 90-10.
Species listed according to their total rank in Appendi x E Bent hosema
fibul atum Decapterus nmacarellus, Astronesthes sp. are excluded. Deep = 91 m
m d-depth = 76 m shallow = 61 m R = rank, N = nunber of individuals captured.

Dept h zone
Deep Md Shal | ow
Speci es
N R N R N R

Lagocephal us hypsel ogenei on 233 2.0 555 1.0 57 2.0
Trachi nocephal us nyops 256 1.0 368 2.0 45 3.0
Engypr osopon xenandr us 137 3.0 76 6.0 1 12.0
Lutj anus kasmra 6 19.0 147 3.0 0 - -
Pri sti ponoi des fil ament osus 10 12.5 113 4.0 0 - -
Synagrops argyrea 94 4.0 23 9.0 0 - -
Heni ochus di phreutes 6 19.0 99 5.0 1 12.0
Ari osoma bower si 19 6.0 39 7.5 1 12.0
Bl eekeria gilli 0 - - 0 - - 64 1.0
Dactyl optena orientalis 14 7.0 39 7.5 0 - -
Par upeneus chrysonenus 23 5.0 22 10.5 0 - -
Bot hus t honpsoni 5 22.5 22 10.5 7 4.0
Synodus fal cat us 9 14.5 10 15.0 0 - -
Lactoria spp. 6 19.0 17 12.0 2 7.0
Gnat hol epi s anj erensi s 13 8.0 8 20.0 0 - -
Pri acant hus al al aua 5 22.5 15 13.0 0 - -
| racundus signifer 4 26.0 3 30.0 0 - -
Cant hi gaster rivul atus 10 17.0 7 21.0 1 12.0
Bot hi dae (uni dentified sp.) 9 14.5 9 17.5 0 - -
Bot hus pant heri nus 1 45. 0 13 14.0 1 12.0
Chrom s | eucura 12 9.5 5 23.5 0 - -
Cal | i onynmus decor at us 4 26.0 9 17.5 0 - -
Par aperci s schaui nsl and 4 26.0 3 30.0 4 5.
Mul | oi des auri fl amma 1 45.0 6 22.0 0 - -
Fistul aria petinba 11 11.0 3 30.0 0 - -
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Tabl e 3. --Conti nued.

Dept h zone
Deep Md Shal | ow
Speci es
N R N R N R

Par upeneus pl eurosti gna 1 45. 0 9 17.5 0 - -
Synodonti dae (unidentified sp.) 8 16.0 5 23.5 0 - -
Cant hi gaster epilanpra 7 17.0 3 30.0 0 - -
Scor paena col orat a 3 30.0 3 30.0 3 6.0
Mul | oi des fl avol i neat us 0 - - 9 17.5 1 12.0
Chaetodon mliaris 5 22.5 4 25.0 0 - -
Saur enchel ys sp. 2 34.5 2 39.0 0 - -
Chrom s verater 5 22.5 0 - - 0 - -
Hal i eutaea retifera 3 30.0 2 39.0 0 - -
Myripristis chryseres 0 - - 2 39.0 0 - -
Apogon macul i ferus 2 34.5 2 39.0 0 - -
Antennarius striatus 1 45.0 3 30.0 0 - -
Cant hi gast er coronatus 1 45.0 2 39.0 0 - -
Apogoni dae (unidentified sp.) 0 - - 3 30.0 0 - -
Carapi s honei 0 - - 2 39.0 0 - -
Dasyatis sp. 3 30.0 0 - - 0 - -
Normei dae (unidentified sp.) 3 30.0 0 - - 0 - -
Eur ypegasus papilio 2 34.5 1 52.0 0 - -
Scor paenopsis altirostris 0 - - 3 30.0 0 - -
Scor paenopsi s brevifrons 0 - - 3 30.0 0 - -
Oxycirrhites typus 3 30.0 0 - - 0 - -
Ant hi as t honpsoni 1 45. 0 1 52.0 0 - -
Upeneus arge 0 - - 2 39.0 0 - -
Apogon snyder i 0 - - 2 39.0 0 - -
Cent opyge potteri 2 34.5 0 - - 0 - -
Hi ppocanmpus kuda 1 45. 0 1 52.0 0 - -
Sphyraena j aponi cus 0 - - 0 - - 0 - -
Synodus ul ae 0 - - 2 39.0 0 - -
Taeni anot us triacant hus 1 45. 0 - - 0 - -
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Tabl e 3. --Conti nued

Shal |

Dept h zone
Deep Md
Speci es
R R
Amanses (Cant herines) sp. 0 - - 1 52.0 0
Apterichtus flavi caudus 0 - - 0 - - 0
Sammari scus coral linus 0 - - 1 52.0 0
Brotula nul ti barbata 0 - - 1 52.0 0
Centropyge fisheri 0 - - 1 52.0 0
Chei | i nus bi macul at us 0 - - 0 - - 0
Congri na aequorea 0 - - 1 52.0 0
Dendr ochi rus bar beri 1 45.0 0 - - 0
D odon hystrix 0 - - 1 52.0 0
Epi gonus fragilis 0 - - 1 52.0 0
Festucal ex erythraeus 1 45. 0 0 - - 0
Foa brachygranma 0 - - 1 52.0 0
Chaet odon frenblii 1 45. 0 0 - - 0
Genpyl i dae (unidentified sp.) 0 - - 1 52.0 0
G rrhilabrus jordani 1 45. 0 0 - - 0
Car char hinus m | berti 0 - - 0 - - 1
Neoneri nt he rufescens 0 - - 1 52 0
Ophi cht hi dae (unidentified sp.) 1 45. 0 0 - - 0
Physi cul us sp. 1 45.0 0 - - 0
Cirrimuraena playfairii 1 45. 0 0 - - 0
Pseudoj ul oi des cerasi nus 0 - - 0 - - 0
Psi | ogobi us mai nl andi 0 - - 1 52.0 0
Pseudant hi as wi nni ensi s 1 45 0 - - 0
Synodus amar ant hus 0 - - 1 52.0 0
Sar gocent ron xant heryt hrum 0 - - 1 52.0 0
Pri sti ponoi des siebol dii 0 - - 1 52.0 0
Synodus usi tatus 0 - - 0 - - 1
Gymot hor ax fl avomar gi nat us 0 - - 0 - - 0
Gymmot hor ax muci f er 0 - - 0 - - 0

ow
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Figure 1.--A 74-ft (22.6-m balloon trawl used on the nerchant
vessel Oregon (fromfig. 10, U. S. Fish and Wldlife
Service 1951).

Figure 2.--Regions trawl ed by the Townsend Cromael | during cruise
TC-90-10. See Table 1 for latitude and | ongitude
positions for each region. (Latitude and |ongitude
coordinates for this map are fromthe Hawaiian Island
Mappi ng Program)

Figure 3.--(A-H). Mean nunber of fish per trawl for top-ranked
species in eight regions. Nunmber of trawl s per depth
are listed for each area.

Fi gure 3.--Conti nued.

ARIO = Ariosoma bowersi

BLEK = Bleekeria gilli

BOTH = Bothidae (unidentified sp.)

CHRY = Parupeneus chrysonemus
CLEU = Chromis leucura

DACT = Dactyloptena orientalis
DECO = Callionymus decoratus
ENGY = Engyprosopon xenandrus
EUTA = Halieutaea retifera

FILA = Pristipomoides filamentosus
FLAV = Mulloides flavolineatus
GNAT = Gnatholepis anjerensis
HENI = Heniochus diphreutes
KASM = Lutjanus kasmira

LAGO = Lagocephalus hypselogeneion
LAMP = Canthigaster epilampra
MILI = Chaetodon miliaris

OMUR = Ophidion muraenolepis
PERC = Parapercis schauinslandi
PLEU = Parupeneus pleurostigma
RIVU = Canthigaster rivulatus
SFAL = Synodus falcatus

SYNA = Synagrops argyrea

SYNO = Synodontidae (unidentified sp.)
TRAC = Trachinocephalus myops

Figure 4.--Length-frequency distribution for opakapaka, Pristipomoides filamentosus, caught at
Kaneohe Bay and four other regions. Fork length was rounded to the nearest centimeter.

Figure 5.--Length-frequency distribution for opakapaka, Pristipomoides filamentosus, by depth of
capture (with regions combined).

ARIO = Ariosoma bowversi
BLEK = Bleekeria gilli
BOTH = Bothidae (unidentified sp.)



CHRY = Parupeneus chrysonemus
CLEU = Chromis leucura

DACT = Dactyloptena orientalis
DECO = Callionymus decoratus
ENGY = Engyprosopon xenandrus
EUTA = Halieutaea retifera

FILA = Pristipomoides filamentosus
FLAV = Mulloides flavolineatus
GNAT = Gnatholepis anjerensis
HENI = Heniochus diphreutes
KASM = Lutjanus kasmira

LAGO = Lagocephalus hypselogeneion
LAMP = Canthigaster epilampra
MILI = Chaetodon miliaris

OMUR = Ophidion muraenolepis
PERC = Parapercis schauinslandi
PLEU = Parupeneus pleurostigma
RIVU = Canthigaster rivulatus
SFAL = Synodus falcatus

SYNA = Synagrops argyrea

SYNO = Synodontidae (unidentified sp.)
TRAC = Trachinocephalus myops

17
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Appendi x A.--Dates, depths, and positions of the 80 bottom
traw i ng stations during Townsend Cromael | cruise
90-10 in the main Hawaiian |slands.

M dpoi nt
Depth (m

Station Latitude Longi t ude
Dat e No. Range Mean (N) w
11/ 29 13 84-91 88 21°38. 4' 158°07.
11/ 29 14° - - - - 21°41. 0 158°05.
11/ 29 15 77-93 90 21°41. 4 158°05.
11/ 29 16 77-97 90 21°40. 2' 158°06.
11/ 30 20 62-71 68 21°38. 9’ 158°06.
11/ 30 21 68- 80 75 21°36. 6' 158°009.
11/ 30 22 71-82 77 21°36. 4' 158°11.
11/ 30 23 79-84 90 21°39. 8’ 158°06.
11/ 30 45 71-93 80 21°32. 4' 157°48.
11/ 30 46 79-91 88 21°33. 8’ 157°48.
11/ 30 50 71-79 77 21°33. 0 157°47.
12/ 01 51¢ 60- 66 64 21°30. 8' 157°47.
12/ 01 52¢ 80- 181+ - - 21°31. 2 157°47.
12/ 01 56 73-77 75 21°33. 8’ 157°49.
12/ 01 57 84-91 88 21°33. 9 157°48.
12/ 01 79 70-77 73 21°41. 3' 157°54.
12/ 01 80 73-77 75 21°39. 8' 157°53.
12/ 02 84 77-88 84 21°40. 7' 157°53.
12/ 02 85 86- 95 88 21°39. 8' 157°53.
12/ 02 101° 51-62 57 21°39. 6’ 157°54.
12/ 02 102 51-59 55 21°41. 0 157° 54,
12/ 02 103 53-59 57 21°40. 6’ 157°54.
12/ 02 104% 49- 64 60 21°30. 0 157° 46.
12/ 03 122 57-64 60 21°12. 0 157°04.
12/ 03 123 84-91 88 21°11. 8’ 157°04.
12/ 03 127 55- 60 57 21°12. 2 157°04.
12/ 03 128 86-91 90 21°12. 2 157°04.
12/ 03 129 73-79 75 21°12. 3 157°04.
12/ 04 133 75-90 80 21°12. 2 157°03.
12/ 04 150° 88- 97 91 21°09. 3 157°21.
12/ 04 151 86-91 88 21°09. 2' 157°21.
12/ 04 155 53-59 55 21°08. 0 157° 20.
12/ 04 156 53-60 59 21°08. 3' 157°20.
12/ 05 160 68- 82 80 21°09. 2' 157° 20.
12/ 05 161 62-77 75 21°07. 4 157°23.
12/ 05 172 66- 75 70 21°02. 9 157°16.
12/ 05 173 82-101 91 21°03. 6’ 157°13.
12/ 05 177 84- 97 88 21°03. 2' 157°14.
12/ 05 178 66- 77 73 21°02. 9 157°17.
12/ 06 182 60- 82 75 21°04. 1 157°12.
12/ 06 183 53-86 71 21°04. 1 157°14.
12/ 06 203 70- 84 79 21°02. 6’ 156°59.
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Appendi x A. --Conti nued.

M dpoi nt
Depth (m

Station Latitude Longi t ude
Dat e No. Range Mean (N) w
12/ 06 204 70-79 75 21°02. 8' 156°59.
12/ 06 208 60- 77 70 21°01. 8’ 156°58.
12/ 06 209 82-90 86 21°02. 0 156°59.
12/ 07 213 79-97 90 21°01. 1 156°57.
12/ 07 214 66- 99 82 21°00. 5' 156°56.
12/ 07 235 84- 88 86 20°58. 3' 156° 25.
12/ 07 236 91-95 93 20°58. 1’ 156°27.
12/ 07 240 70-79 77 20°57. 2 156° 27.
12/ 07 241 70-75 73 20°57. 2 156°27.
12/ 08 245 71-79 77 20°57. 5’ 156° 27.
12/ 08 246 84-90 88 20°58. 1’ 156°27.
12/ 09 267 62-77 66 20°46. 8' 156°46.
12/ 09 268 68- 80 71 20°47.5' 156° 44,
12/ 09 269 68-93 73 20°47.5' 156°44.
12/ 10 270 93-99 95 20°43. 1 156°55.
12/ 10 271 82-90 88 20°43. 2' 156°54.
12/ 10 272 86- 95 90 20°43. 1 156°54.
12/ 10 273 55-59 55 21°03. 8’ 157°17.
12/ 10 274 49- 57 53 21°03. 9 157°17.
12/ 10 275 64- 66 64 21°03. 1 157°109.
12/ 10 276 84-91 88 21°02. 6' 157°16.
12/ 10 277 84-91 90 21°02. 6’ 157°17.
12/ 10 278 70-77 75 21°03. 1 157°14.
12/ 10 279 68- 77 71 21°03. 1 157°17.
12/ 10 280 57-60 59 21°03. 9 157°17.
12/ 10 281 55-59 57 21°03. 8’ 157°15.
12/ 11 282 73-82 77 21°27.5' 158°13.
12/ 11 283 86- 110 99 21°27. 4 158°13.
12/ 11 284 70- 88 77 21°28. 0 158°13.
12/ 11 285 70- 86 73 21°28. 4’ 158°14.
12/ 12 286 84-90 88 21°38. 7' 158°07.
12/ 12 287 86- 93 90 21°39. 1 158°06.
12/ 12 288 71-75 73 21°36. 9’ 158°08.
12/ 12 289 70-73 71 21°38. 3' 158°06.
12/ 12 290 44- 60 53 21°38. 9’ 158°05.
12/ 12 291° 49- 64 62 21°39. 9 158°05.
12/ 12 292 49- 64 60 21°38. 7' 158°06.
12/ 12 293 53-64 60 21°38. 9 158°05.

®Non- quantitative sanple.
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Appendi x B.--Speed, duration, and distance of traw for
the 80 bottomtraw i ng stations sanpl ed
during the Townsend Cromnel | cruise 90-10
in the main Hawai i an | sl ands.

Tr aw
Station Dur ati on Speed di st ance

No. (mn) (m's) (km
13 31 1.32 2.46
14° 39 1.32 3.09
15 32 1.32 2.53
16 32 1.32 2.53
20 31 1.32 2.46
21 30 1.32 2. 38
22 32 1.32 2.53
23 32 1.32 2.53
45 31 1.32 2.46
46 32 1.32 2.53
50 31 1.32 2.46
51° 13 1.32 1.03
52¢ 30 1.32 2. 38
56 31 1.32 2. 46
57 30 1.32 2. 38
79 31 1.32 2. 46
80 28 1.32 2.22
84 31 1.32 2. 46
85 32 1.32 2.53
101° 29 2.10 3. 65
102 33 1.53 3.03
103 31 1.68 3.12
104% 29 1.58 2.75
122 19 2.10 2. 39
123 19 2.10 2. 39
127 19 1.63 1.86
128 20 2.10 2.52
129 20 2.21 2. 65
133 19 2.21 2.52
150° 19 2.21 2.52
151 18 2. 37 2.56
155 19 1.84 2.10
156 19 2.00 2.28
160 20 2.10 2.52
161 18 2. 63 2.84
172 20 2.21 2. 65
173 21 2.26 2.85
177 20 2. 37 2.84
178 19 2. 47 2.82
182 19 2.52 2.87
183 19 2.10 2. 39
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Appendi x B. --Conti nued.

Tr aw

Station Dur ati on Speed di st ance
No. (mn) (m's) (km
203 19 2. 37 2.70
204 20 2.26 2.71
208 21 2.10 2.65
209 19 2.10 2. 39
213 21 2. 37 2.99
214 19 2. 37 2.70
235 19 2.21 2.52
236 20 2.16 2.59
240 19 2. 37 2.70
241 19 2.21 2.52
245 18 2.21 2.39
246 19 2.21 2.52
267 15 2.16 1.94
268 20 2.31 2. 77
269 12 2.42 1.74
270 18 2.26 2.44
271 20 2.26 2.71
272 19 2. 37 2.70
273 19 1.84 2.10
274 19 2. 37 2.70
275 20 2.52 3.02
276 20 2.21 2. 65
277 20 2.16 2.59
278 20 2.10 2.52
279 20 2.26 2.71
280 20 1.79 2.15
281 19 1.74 1.98
282 20 2.16 2.59
283 15 2.21 1.99
284 18 2.10 2. 27
285 19 1.95 2.22
286 19 2.16 2.46
287 18 2.21 2.39
288 19 2.21 2.52
289 19 2.05 2.34
290 19 2.00 2.28
291¢ 22 2.10 2.77
292 25 1.58 2. 37
293 27 1.58 2.56

®Non-quantitative sanple
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Appendi x C. --Annot at ed bi bl i ography of taxonom c keys used in
i dentifying fishes caught during the Townsend

Cromael | crui se TC- 90-10--updated for current
nomencl ature (based on taxonom c revi ew by Bruce

Mundy, pers. conmun.).

Allen, G R
1975. Dansel fishes of the South Seas. TFH Publ, Neptune

Gity, NJ, 240 p.

Re. Chrom s |leucura as synonymfor Chrom s |eucurus.

Ben-Tuvia, A. and G W Kissi
1988. Fishes of the famly Millidae of the Red Sea, with a

key to the species in the Red Sea and the eastern
Medi terranean. Ichthyol. Bull. JLB Smth Inst Ichthyol.

No. 52:1-16.
Re. Milloides flavolineatus as synonym of Ml oidi chthys
flavol i neatus; Mill oi des vani col ensis as synonym of
Mul | oi di cht hys auri fl anma.

Dawson, C. E.
1985. I ndo-Pacific pipefishes (Red Sea and the Anericas).
@ul f Coast Re Lab, Ocean Springs, Mss 230 p.

Re. Festucal ex erythraeus as synonym of |chthyocanpus

eryt hraeus.
Eschnmeyer, W N and J. E. Randall
1975. The scorpaenid fishes of the Hawaiian |slands,

I ncl udi ng new speci es and new records (Pisces:
Scor paeni dae). Procs. Calif. Acad. Sci. 40(11):265-334.

Re. ldentification of Dendrochirus barberi, Iracundus
signifer, Neonerinthe rufescens, Scorpaena col orata,
Scor paenopsi s altirostris, Scorpaenopsis brevifrons,

Taeni anotus triacant hus.

Fricke, R
1983. Revision of the Indo-Pacific genera and species of
the dragonet famly Callionym dae (Tel eostei). Thesis

Zool ogi cae 3: 1-774.
Re. ldentification of Callionynus decoratus.
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Appendi x C. --Conti nued.

Gon, O
1985. Two new species of the deep-sea cardinal fish genus
Epi gonus (Percifornes, Apogonidae) fromthe Hawaiian
I sl ands, with a key to the Hawaiian species. Pac. Sci.

39(2):221-229.

Re. ldentification of Epigonus fragilis.

Gosline, W A and V. E. Brock
1960. Handbook of Hawaii an Fi shes. Univ. Hawaii Press,
Honol ulu, H . 371 p.

Re. General fish identifications.

Hardy, G S.

1983. The status of Torquiniger florealis (Bl eeker)
(Tetraodontiformes: Tetraodonti dae) and sone rel ated
speci es, including a new species fromHawaii. Pac. Sci.
37(1):65-74.

Re. Torquiniger florealis as synonym of Lagocephal us
hypsel ogenei on.

Hensl ey, D. A and A. Y. Suzunoto.
Unpubl . manuscr. Key to the Bothi dae of Easter |sland and
t he Hawai i an | sl ands.

Re. ldentification of Bothus thonpsoni, B. pantherinus, and
Engypr osopon xenandrus.

Mayer, G F.
1974. A review of the cardinal fish genus Epi gonus
(Perciformes, Apogonidae), with descriptions of two new
species. Bull. Mis. Conp. Zool. 146(3):147-203.

Re. Fam |y Epi goni dae for Epigonus fragilis.

McCosker, J. E.
1979. The snake eels (Pisces, Ophichthyidae) of the
Hawai i an | sl ands, with the description of two new speci es.
Procs. Calif. Acad. Sci. 42(2):57-67.

Re. Identification of G rrinuraena playfairii and
Apterichtus flavi caudus.
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Appendi x C. --Conti nued.

Parin, N. V. and O D. Borodulina.

1986. Prelimnary review of the benthopel agic fish genus

Antigonia Lowe (Zeifornmes, Caproidae). Trans PP Shirshov
Inst. Cceanol. 121:141-172. [l n Russi an,

wi th Engl.
Abstract] .
Re. ldentification of Antigonia eos.
Paulin, C. D
1989.

Revi ew of the norid genera Gadella, Physiculus, and
Salilota (Tel eostei: Gadifornes) with descriptions of
seven new species. New Zealand J. Zool. 16:93-133.

Re. Physicul us sp.

Pietsch, T. W and D. B. G obecker.

1987. Frogfishes of the world: systematics,

and behavi oral ecol ogy. Stanford Univ.
CA. 420 p.

zoogeogr aphy,
Press, Stanford,

Re. Antennarius straitus as synonym of Phrynel ox
cunni ngham .

Randall, J. E

1980. Revision of the fish genus Pl ectranthias (Serrani dae;
Ant hiinae) wth descriptions of 13 new speci es.
M cronesica 16(1):101-187.

Re. Identification of Plectranthias w nniensis.

Randall, J. E

1985. Gﬁide to Hawai i an Reef Fi shes.
Newt on Square, PA, USA. 79 p.

Re.

Har r owood Books,

Foa brachygramma as synonym of Apogon brachygramus.

Randall, J. E. and P. C. Heenstra.

1985. A review of the squirrelfishes of the subfamly

Hol ocentrinae fromthe western | ndi an Ocean and Red Sea.

lchthtyol. Bull. JLB Smth Inst. Ichthyol.,
No. 49:1-29.

Re. Sargocentron xantherythrum as synonym of Adi oryx
xant heryt hrus.
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Appendi x C. --Conti nued.

Randall, J. E. and S. N Swerdl of f.
1973. A review of the danselfish genus Chroms fromthe
Hawai i an |sl ands, with descriptions of three new species.
Pac. Sci. 267(4):327-349.

Re. ldentification of Synagrops argyrea.

Schultz, L. P.
1940. Two new genera and three new species of
cheilodipterid fishes, with notes on the other genera of
the famly. Procs. US Natl. Nus. 88(3085):403-423.

Re. ldentification of Synagrops argyrea.

Smth, DD G, J. E. Bohlke and P. H J. Castle.

1981. A revision of the nettastonmatid eel genera Nettastoma
and Nettenchelys (Pisces:Anguilliformes), with
descriptions of six new species. Proc. Biol. Soc. Wash.
94(2):535-560.

Re. Unidentified eels of F. Nettastonmatidae, cf

Saur enchel ys sp. .. also see Norman (no date, "A draft
synopsis of the orders, famlies and genera of recent fishes
and fish-like vertebrates", Brit. Mius. Nat. Hist.; for key
to genera: and Smth, D. G and P. H J., 1982, Dana Rept.,
No. 90:1-44; for key to nettastomatid | arvae.

Smth, M M and P. C. Heenstra.
1986. Smth's Sea Fishes. Springer-Verlag, NY. 1047 p.

Re. Eurypegasus papilio as synonym of Pegasus papilio.

Waples, R S. and J. E Randall.
1988. A revision of the Hawaiian |izardfishes of the genus
Synodus, wi th descriptions of four new species. Pac. Sci.
42(3/4):178-213.

Re. Ildentification of Synodus amaranthus, S. falcatus, S.
ulae, and S. usitatus.

Wsner, R L
1976. The taxonony and distribution of |anternfishes
(fam |y Myctophi dae) of the eastern Pacific Ccean. US
Govt. Print Of., Navy QOcean Research and Devel opnent
Activity, Bay St. Louis, Mssissippi. 229 p.

Re. Ildentification of Benthosema fibul atum
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Appendi x D.--The fish taxa (both tel eosts and el asnobranchs;
al phabetized within famly) trawl ed on the Townsend
Crommel | cruise TC-90-10 in the nmain Hawaii an
| sl ands, 1990. There are 89 taxa present in 47
famlies; 83 of the taxa were identified to genus
and 77 to speci es.

Decapt erus macarel | us

Ammodyt i dae
Bl eekeria gilli Car api dae
Ant ennari i dae Carapi s honei
Antennarius striatus Car char hi ni dae
Apogoni dae Car char hinus m | berti
Uni dentified sp. Chaet odont i dae
Apogon macul i ferus
A. snyderi Chaet odon frenbli
Epi gonus fragilis C mliaris
Foa brachygranma Heni ochus di phreutes
Synagrops argyrea
Crrhitidae
Bot hi dae

Oxycirrhites typus
Uni dentified sp

Bot hus pant heri nus Congri dae
B. thonpsoni
Engypr osopon xenandr us Ari osoma bower si

Congri na aequorea
Br ot ul i dae
Dactyl opt eri dae
Brotula nul ti barbata
Dactyl optena orientalis
Cal | i onym dae
Dasyat i dae
Cal | i onynus decor at us
Dasyatis sp
Cant hi gast eri dae
Di odonti dae
Cant hi gaster coronatus
C. epilanpra Di odon hystrix
C. rivul atus
Fi stul arii dae
Capr oi dae
Fi stul aria petinba
Antigoni a eos
Genpyl i dae
Car angi dae
Uni dentified sp
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Gobi i dae

Gnat hol epi s anj erensi s
Psi | ogobi us mai nl andi

Hol ocentri dae
Myripristis chryseres
Sar gocentron
xant heryt hr um
Labri dae
Chei |l i nus bi macul at us
Cirrilabrus jordani
Pseudoj ul oi des cerasi nus
Lutj ani dae
Lutj anus kasmra
Pristi ponoi des
filament osus
P. si ebol di
Monacant hi dae
Amanses sp.
Mor i dae
Physi cul us sp.
Mul |'i dae
Mul | oi des auri fl amma
M flavol i neat us
Par upeneus chrysonemnus
P. pleurostigna
Upeneus arge
Mur aeni dae
Gymmot hor ax

fl avomar gi nat us
G nucifer

Myct ophi dae

Bent hosema fi bul at um
Nettasti omati dae

Saur enchel ys sp.
Nornei dae

Uni dentified sp
Qgcocephal i dae

Hal i eutaea retifera
Ophi cht hyi dae

Unidentified sp

Apterichtus flavi caudus

Crrimuraena playfairi
Ophi di i dae

OQphi di on nur aenol epi s
Cstraci onti dae

Lactoria spp.
Par aper ci dae

Par aper ci s schaui nsl andi
Pegasi dae

Eurypegasus papilio
Pl eur onecti dae

Samari scus coral linus



Pormacant hi dae

Centropyge fisheri
C. potteri

Appendi x D. --Conti nued.
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Pomacent ri dae
Chrom s | eucura
C. verater
Pri acant hi dae
Pri acant hus al al aua
Scor paeni dae
Dendr ochi rus bar beri
| racundus signifer
Neoneri nt he ruf escens
Scor paena col orata
Scor paenopsis altirostris
S. brevifrons
Taeni anot us tri acant hus
Serrani dae (Anthiinae)

Ant hi as t honpson
Pseudant hi as w nni ensi s

Sphyr aeni dae

Sphyraena j aponi cus
St om i dae

Ast ronest hes sp.
Syngnat hi dae

Festucal ex erythraeus
H ppocampus kuda

Synodont i dae

Uni dentified sp
Sauri da nebul osa
Synodus amar ant hus
S. fal catus

S. ul ae
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S. usitatus
Trachi nocephal us nyops
Tetraodont i dae

Lagocephal us hypsel ogenei on
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Appendi x E.--Frequency and catch for all species caught during
t he Townsend Crommel | cruise TC-90-10 in the main
Hawai i an | sl ands, 1990.

Tot al
Frequency N caught Per cent of
Speci es
(Ntraws) (individuals) total No.
Bent hosema fi bul at um 40 1401 31.76
Lagocephal us hypsel ogenei on 25 851 19. 29
Trachi nocephal us nyops 45 719 16. 30
Engypr osopon xenandr us 31 228 5. 17
Lutj anus kasmra 11 153 3. 47
Pristi ponoi des fil anent osus 12 123 2.79
Synagrops argyrea 14 122 2. 77
Heni ochus di phreutes 7 107 2.43
Ari osonma bower si 25 64 1.45
Bl eekeria gilli 2 64 1.45
Dactyl optena orientalis 14 54 1.22
Par upeneus chrysonemnus 14 48 1.09
Bot hus t honpsoni 8 35 0.79
Synodus fal cat us 15 29 0. 66
Lactoria spp. 9 25 0. 57
Gnat hol epi s anj erensi s 8 21 0. 48
Pri acant hus al al aua 6 20 0. 45
| racundus signifer 6 19 0.43
Cant hi gaster rivul atus 10 19 0.43
Bot hi dae (unidentified sp.) 5 18 0.41
Bot hus pant heri nus 7 18 0.41
Chrom s | eucura 4 17 0. 39
Cal | i onynus decor at us 10 17 0. 39
Par aperci s schaui nsl and 8 15 0. 34
Mul | oi des auri fl amma 5 14 0. 32
Fi stul aria petinba 5 14 0. 32
OQphi di on nur aenol epi s 4 14 0. 32
Par upeneus pl eur osti gna 7 14 0. 32
Synodonti dae (unidentified sp.) 5 14 0. 32
Cant hi gaster epilanpra 6 12 0. 27
Scor paena col orat a 8 12 0. 27
Mul | oi des fl avolineatus 7 11 0.25
Chaetodon mliaris 5 9 0. 20
Decapt erus macarel | us 5 6 0.14



Saur enchel ys sp.

Chrom s verater

Hal i eutaea retifera
Myripristis chryseres

Apogon macul i ferus

Antennari us striatus

Cant hi gaster coronatus
Apogoni dae (unidentified sp.)
Carapi s honei
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Appendi x E. --Conti nued.

Tot al
Frequency N caught Per cent of
Speci es (Ntraws) (individuals) total No.

Dasyatis sp

Nonei dae (unidentified sp.)
Eur ypegasus papilio

Scor paenopsis altirostris
Scor paenopsi s brevifrons
Oxycirrhites typus

Ant hi as t honpson

Upeneus arge

Apogon snyder i

Cent opyge potteri

H ppocampus kuda

Sphyraena j aponi cus
Synodus ul ae

Taeni anotus triacant hus
Anti goni a eos

Amanses (Cant herines) sp.
Apterichtus flavi caudus
Sammari scus corallinus
Astronest hes sp.

Brotula nul ti barbata
Centropyge fisheri
Chei | i nus bi macul at us
Congri na aequorea

Dendr ochi rus bar beri

D odon hystrix

Epi gonus fragilis

Fest ucal ex erythraeus

Foa brachygranma

Chaet odon frenbli
Genpylidae (unidentified sp.)
Cirrhil abrus jordani

Car char hinus m | berti
Neoreri nt he rufescens
Ophi cht hi dae (uni dentified sp.)
Physi cul us sp.
Crrimuraena playfairi
Pseudoj ul oi des cer asi nus
Psi | ogobi us mai nl andi
Pseudant hi as w nni ensi s
Synodus amar ant hus

Sar gocent ron xant heryt hrum
Pri sti ponoi des si ebol di
Synodus usitatus
Gymot hor ax fl avomar gi nat us
Gymmot hor ax mnuci fer
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Appendi x F.--Frequency and aggregate wei ght during the Townsend
Crommel | cruise 90-10 in the main Hawaiian |slands,
1990, for each species caught.

Aggr egat e wei ght

Frequency
Speci es (No. traw s) kg Per cent
Dasyati s sp. 2 95. 00 37. 46
Lagocephal us hypsel ogenei on 25 73. 89 29. 14
Trachi nocephal us nyops 45 32. 66 12. 88
Lutj anus kasmra 11 10. 47 4.13
Pristi ponoi des fil anent osus 12 8.72 3.44
Car char hinus m | berti 1 4. 04 1.59
Bent hosenma fi bul at um 40 3.92 1.55
Heni ochus di phreutes 7 3.03 1.19
Ari osoma bower si 25 2.18 0. 86
Dactyl optena orientalis 14 2.18 0. 86
Par upeneus chrysonemnus 14 1.56 0.62
Mul | oi des auri fl amma 5 1.48 0. 58
Synagrops argyrea 14 1.31 0.52
Mul | oi des fl avolineatus 7 1.30 0.51
Chrom s verater 3 1.27 0. 50
Bot hus pant heri nus 7 0.91 0. 36
D odon hystrix 1 0. 87 0. 34
Lactoria spp. 9 0. 82 0. 32
Gymot hor ax fl avomar gi nat us 1 0. 80 0. 32
Bl eekeria gilli 2 0.79 0.31
Pri acant hus al al aua 6 0.70 0.28
Engypr osopon xenandr us 31 0. 60 0. 24
Bot hus t honpsoni 8 0.54 0.21
Par upeneus pl eurosti gna 7 0. 50 0. 20
Cant hi gaster rivul atus 10 0. 49 0.19
Chaetodon mliaris 5 0. 39 0.15
Synodus fal cat us 15 0. 36 0.14
Decapt erus macarel | us 5 0. 35 0.14
Upeneus arge 1 0. 27 0.11
Fistul aria petinba 5 0. 27 0.11
Synodus ul ae 2 0. 16 0. 06
Sphyraena j aponi cus 2 0. 15 0. 06
Synodont i dae (unidentified sp.) 5 0.13 0. 05
Ant hi as t honpsoni 2 0.12 0. 05
| racundus signifer 6 0.12 0. 05
Ophi di on nur aenol epi s 4 0.12 0. 05
Nonei dae (unidentified sp.) 1 0.10 0. 04
Gymot hor ax rnuci fer 1 0.10 0. 04
Bot hi dae (unidentified sp.) 5 0. 09 0. 04
Brotul a nul ti barbata 1 0. 09 0. 04
Chrom s | eucura 4 0. 09 0. 04
Cal | i onynus decor at us 10 0. 08 0.03
Hal i eut aea retifera 3 0.08 0.03
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Cant hi gaster coronatus 3 0. 07 0. 03



Appendi x F.--Conti nued.

36

Aggr egat e wei ght

Frequency
Speci es (No. traw s) kg
Cant hi gaster epil anpra 6 0. 07
Chaet odon frenblii 1 0. 06
Ant ennari us striatus 4 0. 05
Pristi ponoi des siebol dii 1 0. 05
Par aper ci s schaui nsl andi 8 0.03
Sar gocentron xant heryt hrum 1 0.03
Apogon macul i ferus 3 0.02
Apogon snyderi 1 0.02
Cent opyge potteri 1 0.02
Sammari scus corallinus 1 0.01
Congri na aequorea 1 0.01
Myripristis chryseres 2 0.01
Eur ypegasus papilio 2 0.01
Scor paenopsis altirostris 3 0.01
Scor paena col orata 8 0.01
Antigoni a eos 1 <0.01
Amanses ( Cant herines) sp. 1 <0.01
Apogoni dae (unidentified sp.) 2 <0.01
Apt eri chtus fl avi caudus 1 <0.01
Ast ronest hes sp. 1 <0.01
Centropyge fisheri 1 <0.01
Chei | i nus bi macul at us 1 <0.01
Car api s honei 3 <0.01
Dendr ochi rus bar beri 1 <0.01
Epi gonus fragilis 1 <0.01
Festucal ex erythraeus 1 <0.01
Foa brachygramma 1 <0.01
Genpylidae (unidentified sp.) 1 <0.01
Gnat hol epi s anj erensi s 8 <0.01
Hi ppocanpus kuda 2 <0.01
Crrhilabrus jordani 1 <0.01
Saur enchel ys sp. 5 <0.01
Neorreri nt he rufescens 1 <0.01
Ophi cht hi dae (uni dentified sp.) 1 <0.01
Physi cul us sp. 1 <0.01
Cirrimuraena playfairii 1 <0.01
Pseudoj ul oi des cer asi nus 1 <0.01
Psi | ogobi us mai nl andi 1 <0.01
Pseudant hi as w nni ensi s 1 <0.01
Synodus amar ant hus 1 <0.01
Scor paenopsi s brevifrons 1 <0.01
Synodus usi tatus 1 <0.01
Taeni anotus triacant hus 2 <0.01
Oxycirrhites typus 2 <0.01
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Per cent
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