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Exploratory Shrimp Trawling 
in the Hawaiian Islands 

PAUL STRUHSAKER and HOWARD O. YOSHIDA 

ABSTRACT -The results of exploratory shrimp trawling in the Hawaiian 
Islands during six cruises of the RV Townsend Cromwell are given . One 
species of shrimp, Penaeus marginatus, was found in quantities thought 
sufficient to sustain a small trawl fishery. Average catches in the four most 
productive areas ranged from 4.7 to 31 .0 pounds (2.1 to 14.1 kg) per hour 
(heads-on weight) with a single 41-foot (12.5-m) shrimp trawl. Evidence is 
presented that individual shrimp move offshore into depths of 100-125 
fathoms (185-230 m) during daytime, with most individuals returning to shal­
lower depths of 35-100 fathoms (65-185 m) during nigh t. Optimum trawling 
speed was between 2.3 and 3.0 knots with best catches being made at 2.5-2.8 
knots. The size of the shrimp at most stations ranged from 16 to 19 individuals 
per pound (heads-on). In any given depth range the females tend to be larger 
than males. In depths greater than 100 fathoms (185 m) the males are 3-4 times 
more numerous than females . Small amounts of shrimps of the genera 
Heterocarpus, Aristeus, Pandalus, and Pleisioneka were taken in depths of 
150-385 fathoms (275-705 mY, but never in quantities sufficient to justify the 
sorting effort required. Catches of white crabs ranged up to 30 pounds (13.6 kg) 
per tow, while incidental catches of slipper lobsters, spiny lobsters , and kana 
crabs were also made. 

Figure 1.-A portion of a catch of Penaeus marginatus trawled in the Hawaiian Islands. 
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During the 1902 expedition of the 
U.S. Fish Commi ion's teamer 
Albarross to the H awa ii an Is la nd , 
large specimen of the penaeid ~ hrimp . 

PellaeliS /11argillaills Ra nd a ll (F ig. I). 
were take n with beam trawls in Pa il o lo 
C ha nne l at depth of 122- 141 fathoms 
(220-255 m) (Rathbun. 1906). Because 
contemporary c harts indicated tha t 
Pa ilolo Channel a nd other a reas of the 
Hawa ii a n I lands offered modera te 
a mount ofground that might be trawl ­
ab le in depth s pre umab ly inha bited by 
adult P. margillarlls. the a tion al 
Marine Fi he ries Service ( MFS) . in 
coopera tion with the H awa ii Ins tituteof 
Maline Biology . conducted four ex­
plora tory trawling crui e wit h the R V 
Towns end Cromwell during 1967 a nd 
1968 to as e the demersa l hrimp and 
fish resource of the main group of the 
H awa ii a n Is la nds (Fig. 2). Yoshida 
(1972) reported on the hrimp ca tche., 
for the first three crui ses, whil e Struh­
saker ( 1973) di cu ed the ichth yologi­
ca l results. The results of the e four 
crui es and ubsequent trawl surveys 
during 197 1-72 a re summa rized here . 
We co nclude from the e in ve tigatio n 
that P. margil1C1rlls occur in ufficient 
qua ntities to upport a small commer­
c ia l trawl fi she ry. 

GEAR AND METHODS 

Most of the trawling effo rt during the 
fir t four crui e. was conducted with 
41 -foot (12 .5-m) head rope 4- eam flat 
shrimp trawls such as de cribed by Bul­
li s ( 195 1) and Schaefers and J ohn~on 

( 1957) . Similarly con tructed tra~ Is 
with headrope length s of 27 feet (8.3 m) 
a nd 7 1 feet (2 1.5 m) were a lso utilized 
during the first c rui e. as was a 71-foot 
headrope fi sh trawl (Greenwood. 1958) . 

TraV\ling survey conducted during 
1971-72 utili zed . a lmost exc lu ively . 
41-foot head rope 4- eam fla t and 
se miballoo n hrimp trawls simi lar to 
tho e described by Green~ ood (1959). 
wi th mud rollers mounted about every 
three feet (I m) on the foot rope. A 
60-foot (18.3-m) head rope semi ba ll oon 
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Figure 2 -General areas where trawl surveys were conducted In the main group of 'he HawaIIan Islands 

~hnmp tnml \\Ith no muu roller~ w"" 
briefl} te"teu uuring fall 1972 

fhe hnmp Ira\\ I~ \\ ere all (on­
"tructed of I 5-inch (3 -mm) tretcheu 
me,h n} Ion \\ ebblOg throughout the 
bou) anu cou end. The foot rope" \\ere 
\\eighteu with O.2:-inch (n-mm) loop­
chain attacheu at I-foot (0 .3-m) Inter­
vah. Tickler chains of 0.25-lOch ,toc" 
\\ere used n all ~hrimp traw Is. 

The 41-foot trawb \\ere fhheu on a 
"lOgle wire \\lIh a IS-fathom (27-m) bn­
ule . Although onventional Gulf of 
I\le\lco ti pe \\ ooden doors (Bulli,. 
1951) \\ ere tried initiall). mouifieu 
alumlOum \ -uoor a ue~cribeu bj Bar­
raclough anu Joh n on (1960) were u,>eu 
at moq of the ~tatlons. The aluminum 
dools \\ere \uperior to the \\oouen 
uoors . e~pecially in the deeper ~eh. The 
60-foot tra\', I was fished with I w 0 warp~ 

anu ~pread \\ ith 7-foot (2.I-m) "teel 
hinese V-uoors . 
During the fir t four cruise. 225 

shrimp traw I tat ion were conducted in 
the 35-385 fathom (66-705 m) depth 
range. At 161 station the 41-foot flat 
tra,,1 was used and fished correctly "ith 
li ttle or no damage. Additiona l <' hrimp 
trawling stat ions were effected during 
pring 197 1 (23 station ) and fall 1972 (29 

sta tion ~). Single trawl were fi shed a t a ll 

"tat Ion and tll\\ ing time 1,lngeu frt)m 
dbllut 0._- III -I.() hllur . \\ ith mil t haul 
langlng frnm I III 2 hlHII In UUI,IIHlIl . 

One aU'antage Ilf deep-\\,ller Ira\\l­
ing 10 drea" IIllllal tIl the Hal\,lIIan I -
lanu I" that the nearne llf the I,IOU 
m" "e prl)\ IU': n\.:u gellgl,lphl( ref':l­
enc!! POlOh for dCIUI,lt.: PI) IIllllllng of 
,e""el" not eqUipped \\ Ilh precl ... lllll 
0<1\ igational ... j "tem". Pll ... lllon uata <Ire 
probablj accurate to Ie ...... than 0. 1 mtle. 
We con"iuereu that " to\\ hegan at 
"uog-off' and endeu at the beglnlllng of 
. ·h<lul-bac" .·· -\Ithtlugh the actual time, 
that the tral\ I began and enued fhhlOg 
\\ere not accuratel} "no\\ n. It \\(1" ""­

... umed that the lime lags at the ... tart of 
both operation ... appro\lmateli an­
celed one ano ther . Thl ... a ...... umption i, 
probabl) va liu for \haIlO\\ \\ a ter~. but 
greater variance mLlq be a,,\ umed \\ ith 
increa ed fi~hing de pths . tat ion'> 
\\here the gear fi sheu ~a ti ... ractoril) and 
~uffered no damage. or uamage sO light 
that it wa con,>iuered that the sa mpling 
efficiency o f the tra\\ I \1<1'> not affected. 
v\ ere can idereu to be ··quantitative." 
These tat ion \\ ere u'>eu in the ca l ul a­
tion of catch rate~ of .,hrimp to deter­
mine the effect of traIl ling speed, 
depth of water, and time ofuay. Forthe 
uetermination of catch rates per unit 
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;Irt:a. it "iI" iI'''llmt:u th<lt Iht: -II-fllot 
tla\\ I ... hau an t:lfective ... ampling \\iuth 
of 2, ft:t:t t7 mI. 

DUling the filSt crui t:. ernrh'I~I' ".I" 
pl<lLt:d lin ht:clIrnlng familiar \lllh hllt­
IOIll tl,mllll!! tt:t:hnI4U':'" anu gilining:ln 
IlltllldliCtol} "nll\\ Jedge 01 the hilI tom 
IC"OUICC'" in depth ... crcatel than 100 
fathom" (IX" mI. J \\0 ... uh ... e4I1ent 
I.:IUI l" dliling prlnc IlJAX emph"'>l/ed 
the e ploldtlon III duultion,d drl'.! thdt 
Illicht hd\ e h,lr\ e tdhle pl'puldl\lIn 1,1 
1) .11/ (11 ).:11/(/11/1 DUllOc the l(lul th I.:! UI e 
(I,dl 11)(,.). IIIUI die" \ hel': P. 11/(//­

!.ill/(/I//\ \\d Illund til he mil t ahunddnt 
dUlinc thl.: ple\IIIU ~rul e \lere e\­
tt:n"l\el~ UI\C}cd til delermlOt: the 
:I\,Iilahtiiti III tht: p,:cle, In relatIOn 10 

Ihe fadll! tlf uepth anu time of ua~. 
\lthllllch tlml' ce,1I Jam;lI!e "<I l: -

pl:liL'IlLL'd dunnc ,II I.:rul e , !lnLe the 
lh.tldLlCII til ofthe\dlll)U <Ire" Wl'le 
1e,lIneu te"r-up II .:re gredtl) reuu~eu 
DUllncthel.l tll'UI ('\\hen IllJtl<l\\llOg 
tiltilln \lere efli.:cteu. llnl~ Ii. ur tll\\ 

\\ere un LJLCt: lui' lIne \\a a \\dte!­
haul: \ cr) light tr;i\\ I uamage \\ a 1:\­

pelil:nL.:d .It t\IlI tdtilln. anu hea\) 
Jam,l!!e lId e pertt:nceu at one t,lliI1ll. 
T he I" t tatlon \\a dn attempt tIl am­
ple ,I hnlken-hilltilm drea in halllH\ 
\1" tt:l 

RESULTS 

Trawling Areas and 
Shrimp Catches 

fhe IIIlJl ,Ilea" II here the be t catche" 
of P lI/(fr~il/lIltt\ \\ere made are dl -
cu,>seu fir"t The cat h rate for the e 
dreas <Ire "ummarized in Table I. \1 0 t 
of the uatd .Ire for fall 1961\ \\ hen the 
greale'>t numher of quantitati\ e tatton 
\\ere made. The re'>ult offi hinguullng 
pnng 19"71 ,md fall 19 2 in the 

Pailolo-\hllo"at area are al. 0 gl\en II 
catch \\eighh (heau ... -onl are for ingle 
-II-foot ... hnmp tnl\\l., e "\cept for the 
1972 "ample ... "hen a 60-foot shrimp 
tra\11 \\(.1'" u,>ed . Area~ \,here ani) mall 
catche., of P. 1II1Irr:il/(/IIiS " ere made. or 
\\ here other ,>pecie'> of hrimp \\ ere 
found are a l'>o ui CLi S ed. 

Northwest Molokai 

IthoLigh the northea tern coa t of 
the islanu of I\lolokai pre ent one of 
the \\orlu' mo t drama tic ea 'arps. 
II hich continues in place to great 
depth" , the undersea portion of the 



northwe t coast i a continua tion of the 
10 . gently s loping we t Moloka i Dome 
until the helf break is encountered a t 
abo ut 95 fathom (175 01) . We t of lo ng. 
IS r05' W. tra~ l ab l e bottom ex te nds for 
about 10 nauti a l mile ( I km) in depth 
of 55-95 fathom (100- 175 01) (Fig . 3). 
The bottom type i muddy a nd with 
mo dera te a mount of ponge. Ithough 
the urvey were restri ted to an area 
etiOla ted to be':- .5 qua re nautica l mile 
(18 .7 km2) . quite po ibly thi ground 

ou ld be extended to a greate r depth a nd 
fa rther we tward . 

Of the four 010 t productive area 
n rth\\e t 1010kai wa the hallo\\e 
and produced the smallest catche 
During fa ll 1968 the depth~ ampled 
ranged from about 65 to 70 fathoms ( 1:20 
toI30m) . P.marginafll wa on ly taken 
during night to\\ \\ ith catches ranging 
from 5 to 16 pound (:2.3 to 7.3 kg) per 
tation (Tab le I) . 

Penguin Bank 

n 8-mile (14.8-km) long tra\ lable 
area of about 3.0 quare mile (10.3 
km 2). entered on the 100-fathom (185 
01) depth curve between long . 15r :2:2 ' W 
a nd 157°30'W. \\as located on the north 
edge of Penguin Bank \\e t of Molokai 
(Fig. 3). The bottom type i corallin e 
and and rubble ~ith moderate a mount 

of ponge and a lgae . A few ubseq uent 
tat ion during 1971 demon trated th a t 

the depth limit and east-~e t bound­
arie of the area sa mpled may be ex­
tended ome~ hat. 

This area was the econd ha ll owe t. 
with most tows being made in the 
100-fathom (185-01) depth range . Again. 
a lmo t a ll catche of P. l11argillotlls 
were made at night. alt hough freq uen tl y 
a few hrimp were taken during day 

tation « I pound per tation). The 
night catche ranged from I I to 33 
pou nds (5-15 kg) per tow (Table I). 

Pailolo Channel 

Pa il o lo C ha nne l. bet wee n th e i la nd 
of Maui and 1010kai (Fig. 4). may be 
like ned to a dead-end canyo n loping 
gentl y to th e no rtheast w ith a leve l fl oo r 
of mudd y and a t depth of 1:20-1 30 
fa th o ms (220-:247 01 ). Although th e en­
tire channe l in the e depth i ge ne ra ll y 
trawlable. th e be t hrimp ca tche were 
made in depth of I 10- 120 fa thom 
(200-220 01) on the s utheas t edge of the 
c hann e l nea r Maui and o n th e no rth -

Table 1.-Catches 01 Penaeus marginatus with a 41·loot shrimp trawl in lour areas 01 the Hawaiian Islands 
(heads·on weights). 

Range 01 catch 
No of per station 

Area and time Year stations Ib kg 

Northwest Molokal 1968 
Night 9 5·16 2.3· 73 

PengUin Bank 1968 
Night 16 11·33 50·150 

Pailolo Channel· 
MaUl 1968 

Night 10 4·35 18·15.9 
Day 6 2·29 09-132 

Pailolo Channel· 
Molokal 1968 

Night 7 6-53 2.7·241 
Day 7 33·105 15.0·477 

1971 
Night 4 23-58 105·264 
Day 6 42·75 191·341 

Day 1972 10 40-75 182·34 1 

we tern edge near 1 lokai. The 
.. Pa ilolo ha nnel· laui " ground ex­
tend!> from about lat. 21 °03.2 ' . long. 
IS6°4 1 ' W to lat. 200 S8.:2° . long . 
156°46.3 ' W. a di tance of about 7 miles 
( 13 km). \\ith an area of abou t 3 quare 
mile (10.2 km 2). The "Pailolo 
Channel-Molokai" ground extend s 
from abo ut lat. :21 °05.5' . lo ng. 
156°42.5'W to lat. 21 °01.5'N. long. 
156°50 ' W. a di stance of abo ut 8 miles 
(14.8 km) . with an area ofabaut 4 square 
miles ( 13.7 km2). 

The better catche of P. marginClltIs 
~ere made in the 110-1:20 fathom 
(:200-:220 01) depth range in Pailolo 

Range 01 catch Average catch Average catch 
per hour per station per hour 

Ib kg Ib kg Ib kg 

2.3· 76 10· 35 10.9 50 47 2 I 

5.5·194 25· 88 204 9.3 10.8 49 

24·17.5 I I · 8 .0 153 7.0 76 3.5 
11· 132 05· 60 188 8.5 9.5 4.3 

2.9·230 13·10.5 234 106 113 5 I 
17 4·47.7 7.9·21 7 59 I 26.9 31.0 14 I 

116·272 5.3·124 348 158 181 82 
208·375 95·170 597 27 I 29.8 13.5 

200-375 91·170 551 250 27.5 12.5 

Channel during both day a nd night 
hours. Catches on the Maui id e of the 
channel ranged from 4 to 35 pounds 
(1.8- 15.9 kg) during night s tations and 2 
to 29 pounds (0.9-13 .2 kg) during da y 
station . However. the day ta tion 
yielded a higher average catch than the 
night stations (Table I). 

tation made during 1968 on the 
Molokai side of Pai lo lo Channel pro­
duced the be t catche of P. /I/(/r­

g inaills. They ranged from 6 to 53 
pound 0.7-24 . I kg) per tow at night 
a nd 33 to lOS pounds (15-47.7 kg) per 
tow during daylight hour (Table I). 
During spring 1971. when a 4 1-foot 

Figure 3.-Trawlable areas (hatched) in the vicinity 01 west Molokai. 
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Figure 4.- Trawlable areas In Pailolo Channel and nor1h of Maul 
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Figure 5.-Trawlable areas near Oahu , 
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"'cmih,dlllon tra\\1 \\Ith mud 11l1k:1 \\a 
ulili/cJ. catchc \\CIC Imil,lI. Ighl 
Im\ at Ihal Ilmc pl'llduccJ calchc (II 
~\-~x pound ... (10. --~n...l \..g). \\hilc d,,~ 
11m... I angcd from 42 III 75 pllund 
(19 I '\4 I \..g), I inall}.dunngfalll'J72. 

10 da\llI!ht "tallon" "ilh " (-o-root 
... hrimp 1I,1\\1 \\llhoul mud rolkl pro-
duced cakhe 01 4()-r pound 
(I ~- '\4 . 1 kl!l. r he e lalion \\ ith Ihe 
l"rl!cl 11,1\\1 prOlJuceJ m,t1lcr ,t\cr,t!.!c 
C;II\;hc th.ln Ihc prc\ illu amphng \\ Ilh 
41-flllll 11,1\\1 .... plllh .. hl~ hCl.:dU c op­
timum 1I.a\\ hng lechntllUC \\lIh Ihe gcar 
\\CIC nnl }CI full~ dc\elopcJ JUring Ihl 

CIIC'" of 'I.alilln . 
\ rea'" \\ hcre onl) ... mall cakhc or P 

1/I111't:1I/1I/111 ,IIlJ 1I1her pecIc'> of hnmp 
\\ elc I,,\..en ale di LU cJ heilm. 

Haleiwa 

II IIIJ I r,t\\ lank hllllllm \\ a it',"dleJ 
llil Ihe nllrlh \,;IKI IllfOilhu in Ihc :--0-

1:llhom t9--II: ml Jcplh range (fig. :) 
JUllnl! Ihe nUl c ' nnJudeJ in IY 
~mlll\lh ,IIlJ\ h(lltllm e lenJ from Juc 
nOllh (II H,dCI\\,1 nllrthca I III Ihc 

l,tliluJe III' " "hu\..u POlnl anJ IllI II a\\ 1-
Ill!,! lhftiLultlC'" \\crc e\penenccJ. 
econJ"I) Mea c\lend fnlm off 

H,dci\\" \\C I\\ard - mile to db lut 
k1llg . I: , ' 12 ' \\ con I tlllg primaril} If 

mlllllh ,Ind hllllOm \\ ith omc Lllr,d 
,lIld rllc\.. (luI ' II p . Tra\\ ling \\ a gener­
,til) uc\,;e fu!. but occa ional gcar 
ddm,lge l.lll ed Ihi Ialter .lre,1 III be 
lla IheJ.l "margillal" Ll\c ponge 

25' orten m,ldt: Lip " large portll n of the 
catchc In bOlh ... ubarea . 

10 ' 

-05 

21°00' 

• \ fc\\ ... ub equent talion ... during 
11f1~ demon IraleJ lhal tnl\\ lable bot-
111m e\lend llUI to depth of I ~ll 
falhl)m (~2() ml bel\\een H alei\\a and 
\\ ,II mea Ba} . 

Ithough ub...tantial amphng \\<1 

conducled al deplh of :.--0: falhom 
(Y: -I 1- m). catche, of P. Jl/an:il/a/III 

\\ere made on l} al night a nd \\ere con­
... iJcred to be "'pOll). a tch e ~ during fall 
1% ' rangeJ from o . ~ to 3.0 pounJ" 
((l. I- I ...I kg) per 10\\ . i \ night-tnn\ I ,La­

lion further off hare in Jeplh of 
[O-I~Ofathom (1~5-~~Om)during 197~ 

produced 'alc he ranging from 3 to II .: 
pllunJ ... ( 1.4-: . ~ J..g) per hour. Although 
rurther Jclinea lill n of tra\\ la ble grounu 
in the deeper \\ a ter portion~ orf north 
Oahu i ... Je~irable . it \\ould ,eem Iha l 
mod era lel) good catches could be made 
on a ,u ... tained ba~i~ . 



Maui 

n e xt e n~i ve area of tra\\ labl e 
grouIHh \q h loca ted off the north coa~ t 

o f l aui (Fig. 4). but mo~ t o f it li e~ in 
d e pth ~ of 175-350 fathom '> (3 25-650 m) . 
belm\ the depth range inhabited b) P . 
I1ll1rr..: il/(/l/lI . During th e 1967-68 
c rui se ~ , the boltom off north M aui in 
deplh !> Ie than about 150 fath om ens 
m) \\ a~ cla'> '>ified a'> onl y marginall y 
trawlabl e. eve ral '>tation!> \\ ere ef­
fecl ed in depth 0[35-40 fath om,> (65-75 
m). rc '>uiting in a be~ t ca tch of 4 p ound ~ 

( 1. 8 kg) o f P. I/ llI r g il/ (/ III .1 for a I -hour 
tow. T wo addilional l ati ons made dur­
ing 197 1 indi ca ted th at t ra \\l abl e 
ground ,> are prest: nt in the 95- 120 
fathom ( 175-220 m) d pth range. Thi 
latter area e t e nd ~ from north of 
Kahului H arbor we~ t - n o rth \Ve~ t for 
about 7 mile ( 13 km ) al ng th e 
100-fathom (1 85 m) curve (Fig. 4) . Th e 
,> w tion'> ,Ie re made during da light 
hour., and th e be. t ca tch \\ a 9.2 pound s 
(4.2 kg) for a 2-hour to\\ . Further explo­
rations in thi s area ~eem wa rranted. 

Kealaikahiki Channel 

Good tra\1 lab le ground \\ ere loca ted 
in Kealaikahiki hannel bet\\ n th e is· 
lands o f Lanai and K ahoola\\ e (Fig. 6). 
A ppro\imately halfof th c area bounded 
b) the 100·fa th om ( 185 m) curve n th e 
north , t:'lS l. and ,>outh . 'I nd 250 fathom 
(4.' 5 m) te the \\ e,>t \\ ard co n,> i'ih of 
!; mooth mud and and) mud boltom. 

55' 50' 45' 

LANAI u 

55' 45 ' 35' 

Figure 6.-Trawlable areas between the Isl ands of Lana i and Ka hoolawe 

mall amount of P. IIl1lrr..:il/(/II/ .1 \1 ere 
taken off :,outheas tern Lanai. A ll ,> ta­
tion were made during the fir"t crui<,e. 
and th e ampling gear u ~ed here \\ a<, 
l es~ effi cient than that u<,ed 1n laler 
c rui ~e". Be t ea t ' hes \\ ere made \\ i th a 
27- foo t hri mp t raw l \\ hi ch resu lted in 
27 hri mp<; taken in a 60-fa thom ( IOc m) 
night to \\ and 28 taken in a 124-fa th om 
(226-m) da) drag (both LOll'> of I·hour 
durati on). 

Hamakua Coast 

The H amakua oa t of non hea'>t 
H awai i ( ig, 7). be t\\een Waipio Valle~ 
and H ilo Bay. offer~ good tra\\ling 

40' 35' 25' 

H A 

FIgure 7.- Trawlable areas oH the Island of HawaII 

1 

ground,> 111 depth'> I11h,lhlted h\ p , 
I/llIrgllllilll \. H 0\\ e\ el , ,>ug.trLanc pldn · 
la tion along the coa..,l halc hcen dump. 
Ing cane lra.,h dlrectl) int ) the oeC.ln 1'\11 

man) )ear'>. Large 4uantitlc lIf tr",h 
taken 111 the tra\\ h (up to '.lIOO pllund,) 
'>0 hampered the operation, that e\tcn · 
i\ e tra\\ ling II <I' nIH undert.lkcn . OUI 

l imited ,>ampling \\<1 In'>uffiLlent tu de· 
termine II hat effect. If an~ . the Cdne 
debn" htl ... on the bath}.!1 C11\lIl1 llmcllt 
and a,,'>oclated animal Lllmmuni tie 
There i., little doubt. h\)\\c\cr. th,lllhi 
area" an e\ceJlent e\ample llf .l Jecp· 
"ea en\ironmcnt e\len i\cl} altelcJ h\ 

". 10 



human ac ti it~. The be t ca tch of P. 
J/wrgil1l1flls \1 as 7 pounds (3.:2 kg) fo r a 
I-hour dayli ght to\1 in 1:22 fa th o m (:2:2 
m) during 197:2. No ca tche of P. l1Ior­

gil10fllS Ile re made in the fo il 0\1 ing 
three area 

Kalohi Channel 

sma ll portion of v.e tern Ka lohi 
C ha nne l was fou nd to have a smooth 
mud bottom (Fig. 3). The traw lab le area 
i bou nded on the north. east. and o uth 
by the ba e of the recent he If break at 
about 1:25 fathoms (230 m). T he floor of 
the hannel s lopes gent ly II estll ard to 
about the 165-fathom C30-m) curve 
II here the bot tom be ome broken and 
trail ling conditions are marginal. 

Kaiwi Channel 

The portion of Kaiv. i Channe l be­
tlleen Honolulu Harbor and l\1akap uu 
Poi nt (Fig. 5) II a found to be tra v. lable 
in depth greater than abo ut 300 
fathoms (550 m). One tear- up v.a e'(­
perienced II hen rough bottom II a e n­
countered at about :275 fat ho ms (500 m) 
on the north edge of Pe ng uin Ban k. 

Kawaihae 

A small tral\ lab le area of mooth . 
5and~ mud bottom in the 130-:2:20 
fathom (:23':--400 m) dept h range was lo­
ca ted due I\est of Kawai hae (F ig. 7). 
The 50-300 fathom (90-550 m) dept h 
range off thi s coa t betwee n lat. 19°50 ' 
and I\ lalae Point (Ial. :20°06 ' ) \Ia e\­
ten'iivel~ ~un eyed. Boltom condition . 
for the mo~t part. are very rough \1 i th 
relief~ of :25-30 fathom (45-55 m) com­
mon in the 190-300 fathom (350-350 m) 
depth range . Bottom recordings indi­
cated ver) heavy conce ntration of 
fishe~ a~sociated lIith the pinnacles in 
this region: limited attempts to amp le 
the e popul at ions I'-'ith traps a nd hand­
lines II ere un ucce sful. 

Other Species Taken 
In Trawls 

everal other pecie of h ri mp were 
taken in small amount in the deeper 
traIl ling areas south of Oahu (Fig. 5). 
off north l\ laui (Fig. 4). and so uth of 
Lanai (Fig. 6). T hey generall y occ ur 
deeper than 150 fathom - (:275 m) a nd th e 
problem of sorting them fro m the 
numerous fi he al 0 take n in th e e 
depth render" tra l\ ling an imp rac ti ca l 
mean~ of harve l. The penae id rI riS fellS 

sel1l idenfalllS I a ta ke n in sma ll num­
be rs . vvith ca tches ra nging up to a bo ut :2 
pounds ( I kg) pe r hour. Onl y s lightl y 
be tte r ca tches we re made o f th e ca rid­
ean hrimp H ef er ocorp lI ensijer a nd 
H . /ael'iga fll . but they a re readil y 
ta ke n in tra p ( truh a ke r a nd Aa ted . 
1974). Seve ra l ma ll pecie be lo nging 
to th e gene ra POlldo /lI5 a nd P/eisione/...o 
II ere a l 0 pre e nt in ma ll a mo unt in a ll 

f th e deepe r tow . 
Incide nta l ca tche of o th e r c ru ta­

cean we re a l 0 made. During fa ll 1968 
II hite c rab . POrftlllllS sOllg ll inu /ellflls. 
were take n at eery ta ti o n ff H a le iwa 
in de pth of 54-66 fatho m (99- 1:21 m) 
lIi th ca tche ra nging up to abo ut 30 
pound ( 13.6 kg) and a eraging 13.5 
po un d (6. I kg) per tow. T hi specie 
lias a l 0 pre ent in e er ta tion off 
north ll est lo lokai in dep th of 65-68 
fat ho m (I :20-1:24 m). atc he v.. ere 

ma il er. hOlle er. ave ragi ng 5.8 poun d 
(2.6 kg). T he size of the crab ra nged 
from about 3 to 7 indi idua l per poun d 
(6- 15 per kg). 

D uring fall 1968. lipper lob te l' . 
Scyllarides SqltaI/lOSIIS. v. ere pre en t at 
6 of II tat ion off northl\ e t lo loka i. 
From I to 4 indiv id ua l I,-,ere take n pe r 
tOIl and weighed 1-:2 pou nd each. t 
the ame ti me i\ spiny lobster. 
P(lnll/irt/~ l/l(lrgillolllS. J I·\ere take n at 
three tat io n . F ina ll y. indi id ua l kona 
crabs. R al1illa serraW. v.ere ta ke n n 
evera l 0 cas io ns a t dept h of 100 

fatho ms o n the no rth edge of Pe nguin 
Ba nk . T hese ca tches a re of intere t 
p rima li ly fro m th e s tand poin t of depth 
records fo r the e pecies: pe rha ps tra p 
fis hin g at the e depths \Io uld prove to 
be co mmer ia ll y fea ible. 

In the Pa il o lo C ha nne l a rea. e e ra l 
pec ie of fi he II e re ta ke n tha t might 

be o ld in loca l ma rke t . The e incide n­
ta l catches usua ll y ra n abo ut 40-60 
pound ( 18-:27 kg) pe r :2-h our drag. 
S ma ll fl a tfi shes of the ge ne ra T aeni ­
op e({a. Pombo /hils . a nd rI m og /osslI , 
made up most of the finfi sh ca tch . 
Pa pio. Cora l/x p .; aweoweo , Pria ­

canfhll spp . : a nd boa m h , Anfigo l1ia 
sfei l1 dachn eri were a l 0 ta ken in mall 
a mo unts. 

O n th e I\ lo loka i s ide of Pailolo C han-

'This endemic spec ie was long know n a P. 
jopollilllS bu t was rece ntl ) referred to P. mar­
gillol/ls (Q UO) a nd Gaimard) b) George and 
Holthuis ( 1965). Broc k (1973) rece ntl y report ed the 
specie from J ohn ton to ll. 
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ne l. dead " tree" o f black coral. 
All/ip arh es sp .. we re ofte n ta ke n in the 
trawl : catche o f 25 pound (10 kg) 
we re no t unusua l. 

Variation In Catch Rates 

The rea o nabl yaccura te ta ti o n po i­
ti o n da ta bta ined dUling the urvey 
pe rmit a n examina ti o n of the effect o f 
time of day, depth of wa te r. a nd towing 

peed o n th e ca tch ra te o f Penoells 

111 a rg il1 (f IllS . O nl y qu antit a ti ve ta ti on 
v.. ith a 4 1-foo t 4- ea m fl a t hli mp trawl 
(II i th o ut mud ro ll e r ) fro m the fir t fo ur 
crui e a re con ide re d . The e timated 
a rea sa mpl ed by a traw l \Va conve rt ed 
to hecta re a nd catch ra te a re ex­
pre ed a num ber Df hrimp pe r hec­
tare. T he time of the ta tio n i con id ­
e red to be the media n be twee n on- a nd 
off-bo tt o m time. 

It oon beca me a ppa re nt du ring the 
ea rl ~ c rui e tha t the ca tche o f P . lI1(fr­
gil1a /1I va lied ma rk edl y by time o f day 
a nd de pth of wate r fi hed . While 
catche II ere ma de a t ni ght in the ha l-
101\er a rea. hrimp were ta ke n during 
both day a nd night in depth of I 10-1:25 
fa th o ms (:200-230 m). HOll e e r. in th e e 
deeper a reas. dayti me catche I'ere 
higher than tho e of night ca tches 
(T ab le I). 

Th e effect of time o f day and d epth 
of lIa te r a re umma ri zed in Figure 8. 
II he re ave rage ca tche a re give n for fi ve 
de pth zo ne - for 3-ho ur pe ri od through­
out the day. a mpling effo rt ra nged 
fro m o ne to nine sta ti ons for each o m­
bina ti on of the tv. o fac tor . U nfortu­
na te ly. the re is no ex ten ive a rea in the 
Ha wa ii an Is la nd tha t permit a co n­
tinuou e ri e f trawling ta tio n over 
the e ntire de pth ra nge inha bited b P. 
l/lorgino lllS. The refore . the da ta for the 
fi ve depth zo nes trea ted a re for fi ve 
geog ra phi ca l a rea . 

The deepe t depth zone of I 10- 1:25 
fa th o ms (:200-230 m) i represented by 
ca tche obta ined a t 42 ta t ion in 
Pa il o lo C ha nnel. For each time period . 
the ca tches fo r both the M aui a nd 

lo lo ka i ide of the Channel were a ver­
age d toge ther. A lthough the ca tc he 
\I e re usua lly high er on the Moloka i 
s id e. the day-night pa tterns in ca tch 
ra tes for the two a re as were simila r. A l­
th o ugh shrimp \1 ere ta ken a t a ll times 
o f the day. ca tche II ere highe t during 
day light hour a nd considera bly re­
du ced duri ng night. 
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Fi.gure e.-Average catch rates (numbers per hectare) of Penaeus marginalus by time of day and depth. Cells 
with a dashed rectangle and an " 0 " indicate that no P. marginatus were taken for that combination of factors 
while rectangles with an " X" indicate that no sampling was conducted for that combination of factors . ' 

The da ta fo r the 99- 104 fa th o m 
( 180-1 90 m) depth ra nge we re o bta ined 
fro m 4 1 ta ti o n in th e Pe nguin Bank 
a rea whe re th e best catches we re made 
a t night. O nl y a few s hrimp we re ta ke n 
during daytime . a nd ca tch ra te ave r­
aged Ie s th an o ne shrimp pe r hecta re . 

The 65-70 fa th o m ( 120- 130 m) depth 
ra nge i repre e nt ed by th e no rth wes t 
Mo lo ka i a rea whe re 22 s ta ti o ns were 
made. Shrimp we re ta ke n o nl y during 
2 100-0600 ho ur . No s ta tio ns we re 
mad e during 0600-0900 ho urs a nd 
1800-2100 ho urs, a nd whil e sampling 
was conducted during the three time 
pe ri ods be twee n 0900 a nd 1800 ho urs. 
no hlimp we re ta ke n. 

A to ta l o f 23 sta ti o n in th e Ha le iwa 
a rea prov ide the da ta for the 53-63 
fa th o m (95- 11 5 m) depth ra nge. N o day­
light catche of shrimps we re made and 
o nl y ma ll ca tches we re made a t ni ght. 

o medi a n a mpling times fe ll within 
the 21 00-2400 ho urs t ime period . 

Fi ve sta ti o n , a ll o ffn o rth Ma ui. we re 
made in the 35-40 fa th o m (65-75 m) 
depth ra nge. Onl y sma ll a mounts of 
shrimp we re ta ken d uring ni ght in the e 
depth . 

We be lieve th a t the pa ttern of ca tches 
of P . morg inalll s can best be ex pla ined 
by a nocturna l move ment of the hrimp 

into sha llowe r depth . I n the a reas co n­
s id ered . the s lo pe of the botto m is uch 
tha t the shrimps wo uld have to unde r­
ta ke ho ri zo nta l moveme nts of o nl y 
a bo ut I mil e ( 1.9 km) to effect de pth 
cha nge of 40 fa th o ms (75 m). Thi is 
indi ca ted by the reduced night ca tc hes 
in the deepe t depth zo ne, higher night 
a tches in th e nex t deepest zo ne, a nd 

progre s ive ly ma iler catches in each 
succeeding depth zo ne. A po int ed out 
by Pearcy a nd La urs ( 1966). stro ng ev i-
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Figure g.-Number of Penaeus marginatus taken 
as a function of trawling speed. 
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de nce fo r ve rti ca l mi gra ti o n in mid wa ter 
a nima l i prov ided in a case whe re day­
time ca tche of a n a nima l exceed those 
o f the ni ght catche in the a me de pth 
zo ne. Presuma bl y. the anima ls can be t­
te r avoid the trawl during day li ght ; thus. 
reduced nighttime ca tche are indi ca­
ti ve of moveme nt out of the de pth s 
be ing sampled. 

T hu P . morgil7 C1 ll1S, like mo t other 
specie of the ge nus, appea r to be nega­
tively ph ototacti c (avo ids light). H ow­
ever , it eem as th o ugh most indi vid u­
a ls of P. morgin olli s acco mpli h th is by 
mov ing offsho re into deepe r wa te r dur­
ing daytime, ra the r tha n burrowing dur­
ing day light hour a do most o th er 
specie o f Penoells. However , captive 

pecime ns of P. marg in atll s have been 
o b erved to burrow read ily, a nd bur­
rowing may a l 0 be a n impo rta nt be­
hav iora l compo ne nt of thi pecie . A 
di scussed be low . ma iler hrimps occur 
in ha llowe r depth s. Pos ibly th e small­
e r hrimp un de l1ake more li mited 
move ments o ffs ho re a nd burrow to 
o me degree. I f the sma ll er shrimps oc­

cUlTing in the ha ll ower depths bur­
rowed d uring day time and did not un­
de rta ke a ny migra tory movements . then 
we wou ld expect to occasionally cap­
ture a few shri mp d uring daylight sta­
t ions . H owever , not o ne P. I1wrg illalll ' 
was take n be tween 0600 and 1800 hour 
in de pth of 70 fa thoms ( 130 m) or les . 

We a l 0 exa mined the effect of trawl­
ing peed o n the catch rate of P. 
marginatlls. F igure 9 shows the re la­
ti o nship between catch and towing 
speed fo r 83 tat ions. Zero-catch sta­
ti o n we re not plotted . T he optimum 
towing speed appears to range from 
about 2.3 to 3.0 knots. with the best 
ca tches being made at 2.5 to 2.8 knots. 
T here i con ide rable variation in catch 
ra te with in the indicated optimum tow­
ing peeds. T hi is due to variation in 
the abundance of h rimps by depth and 
time of day a di c u ed above . We a -
sume that at lower trawling peeds the 
s hrimps avoid th e trawl more readily. 
a nd a t hi gher speeds the tra wl lifts off 
the botto m, permit ting th e hrimp to e -
cape under the trawl. 

GENERAL OBSERVATIONS 

At each station where P. lI1arg illollis 
was taken. the shrimp were counted and 
weighed. At 63 tations where the catch 
exceeded 5 pounds, the hrimp ranged 



from 14 to 23 inuiviuual.., per pound 
(head..,-on). hrimp in n1O..,1 or Ihe 
calche.., (45 ..,Iallon..,) ranged rrllm In 10 
IY pCI' pound . anu th e ,l\e rage fOI a ll 

.., Iallon.., \\a.., 17.7 per pound 
The percen tage of the 10la l \\ e lgh I of 

the ..,hnmp conlnhuted b) the t,1l 1 (..,he ll 
on) v. a.., uelermllled ,ll eight ..,talion,,: the 
ta il .., ma ke up 'iO percenl to 'i'i percenlllf 
the wttt l \\ elghl. 

The total length.., (tip llfw..,lllim ltltlP 
l)f tehon) \\ ere determined fOi mdnj 
"'peclmen.., of P. IIll1rr.:;III1f111 l ength 
frequ neie.., for three ..,t<ltlon ,ll"l! pre­
..,enteu here 10 i1lu..,trate the malll LIln­
clu.., lon,> re..,ultlng from ,lnal)...,I.., llf 
the"e data. At all ..,tatio n.., dunng the 
,un e)..,. female ..,hnmp rangeu to a 
larger ..,ize th,1ll the male (rig. 10). The 
..,hnmp taJ...en 111 the ..,halkl\\ er portion 
llfthe Halei\\<\ ,In::a tenueu to be ... maller 
than thl),>e fl"llm Pailolll hannel FI­
IMII). there \\ere no obI IOU ..,e<l..,llnal 
ditTerence lIlthe lIe of..,hnmp lllhablt­
Illg depth.., III 100-12'i fathom.., (I ''i-210 
m) Thi.., i.., ..,hl)\\ n fllr the Pailolo han­
nel In Figure 10. 1\ here a ..,ample Lol­
Iected dunng fall ( anu 0 ) I'" com­
pared \\ Ith one collec teu during ..,pnng 
(F and Fl. 

Ithough the number., of m,lie "nu 
female ..,hnmp are abllu t equal In Ie.., el 
uepth". the male.., con..,1 tentl) lUt­
number the female., b} ratio.., llf 3-410 I 
In uepth" l)f 100-125 fathom (I 5-230 
m) Thi,> I.., illu..,lrated In Figure 10. fOI 
\\ hich random ..,ample ... from Halel\\ a 
(A and B) and Pailolo (hannel (E <lnu F) 
are pre..,ented. The other Pailllio (han-

nel..,ample In Ihe li gUle (( and I) ) I.., nol 
a random om: . 

MAGNITUDE OF THE 
RESOURCE 

\ n e.., llmale Ill" the ..,t,II1U lng blllll1a..,.., 
of P IIllIrr.:llIlIllI\ a\adahk .It .In} \Inc 
moment lln thl' fllUI 111llq prllUlh_li\ e 
Il..,hlng grollnu.., lId'" I11ddc h} detelmln­
Ing,l\etagecdt\.hlate pelllnil.lled(f\lI 
f,t11 1961') al1u Ih e a red llf e,lch gillunu \ 
..,lIlllmdr} Llf thl·..,e e..,llmdte.., I .I fol 
km.., Pailllill h'lnnel- \ (LllllJ...,li Ide . 

.31 () pounu n 7 () J...I!) fllr 4.0 ljllare 
mde" (11 7 km-). Pailllill hannLi- \( <lUI 
..,Iue. 21,67 pLlllnd.., I I.ll 6 kg) fur 1, () 

... quale mdc.., (I() 2 i-;m-): Penguin /i ,1I1i-;. 
1.~1)4 p~lllnu 11.44" kg) fl1l 1, 0 "'ljUdre 
mile (10.3 J...m~). \( lllllk,ll. 1,-' 4 
pllllnd.., (,' I I kg) fIll '. - ljuare mile 
(11''' km!):,1I1111UI ;llea • 1-.-('1 puunu 
("'. I h-I kg) fill l'i 4 ljlldre mde (-2 l) 

km-) 
\lt hllugh lhl t,lnulng I"1l1lm.t c tl-

m,lte 01 "Pllllt 1f1.00() pllunJ 1-'.2-'0 kg) 
i nIl( iIllPIl:"'~I\", It 1'" .t m1l11111,11 e tl­
mate llf' th .. a\,ttlablc rc IIUI~C fIll the 
fllllol\lng red lIn. I) ( here I Illl,IIILl\\­
ance In the e tlm,lte Illi tra\\ 1.1\ IlIU,llKe 
b\ the hnmp.2) r he.ll ailabk tl"" itng 
Mea llf the fllur n1l1..,t PlllUli ·tl\ e 
grnunJ \.an pr 11"1<11"11) bc enl,lIl!cd I) 

-\ddlllllnal tral' itng grl1unu ,Ippe.!r 
,1\ adable 4) -r here ma\ be mIll cmcnt 01 
adult fr 1m lIntr~l\\ lahk drea til the 
n hing grounu 'i) rhere I l)mC CI i­
uenee that thl.., pe\.le "'pu\\n thnlllgh­
out the ,ear 0) RecrUitment of )tllll1g 
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Figure 10 - Penaeus marglnalus length· 
frequency dala A and B Haleiwa area SS-SO 
falhom. 1118-1 46 ml October 1972 C and 0 
Pa llolo Channel (Molok.I 'Ide) llG-l20 lathoms 
1201-219 ml October 1972 E and F Same as pre· 
ceding March 1971 

':IIUlu be prLl\ Ideu h\ aUlilt 1l1hablt1l1g 
u nt r~l \\ lahle ,I re ,I 

In Llruer tll gUln tlme lue<l of the t lta( 
magnituue of the P lI/(/r~;I1(///ll 

Table 2.-Estimaled areas of seven depth ranges on the Hawaiian Islands Un.ts are square naubeat miles and kilometers (In parentheses). See lext lor 
further explanation 

Deplh range 

Fathoms 0·10 10·100 100-200 200-300 300-400 400- 500 500-1000 
Reg'on Meters 10·20 20-200 200-400 400-600 600-800 800-1 000 1000-2000 

Leeward Islands 
Kure Is ·Laysan Is 308 11056) 979 (3358) 343 11 176) 131 (4491 222 1761) 290 (995) 1 797 (6164) 
Mara Reel-Gardner 

Pinnacles 114 1391) 1347 (4620) 317 11087) 357 (1225) 297 11 019) 456 (15641 3368 fl 552) 
Sl Rogallen Bank· 

N,hoa Is 109 (374) 1 257 (4312) 871 12988) 881 13021) 485 fl.664) 587 (2013) 1980 (6791) 

Tolal Leeward Is 531 11821) 3583 112.290) 1.531 15251) 1369 14695) 1004 13444) 1333 (4572) 7 145 124507) 

Main group 
Kaula Is Nllhau 

and Kauat 82 1281) 225 1772) 83 (285) 176 1604) 198 1679) 228 1782) 862 (2957) 
Oahu 105 1360) 163 1559) 127 1436) 264 1906) 265 (909) 454 11 557) 173 1593) 
Molokal 51 (175) 447 (1.533) 177 1607) 296 11015) 247 1847) 239 (820) 411 11410) 
MaUl 48 1165) 296 11.015) 163 (559) 267 (916) 127 (436) 76 (261) 447 11533) 
Lanai 13 (45) 120 1412) 133 1456) 120 (412) 213 1731) 79 1271) 127 1436) 
Kahoolawe 12 (41) 77 (264) 29 (99) 16 155) 15 (51) 16 (55) 91 (312) 
HawaII 63 (216) 274 1946) 255 1875) 232 (796) 184 1631) 256 (878) 1096 (3.759) 

-----
Total Imaln group) 374 (1283) 1602 15.501) 967 13.317) 1371 (4 704) 1.249 (4284) 1.348 14624) 3207 111000) 

Grand tolal 905 13104) 5.185 (17 791) 2.498 18.568) 2.7 40 19399) 2.253 (7.728) 2681 (9196) t 0.352 135.507) 

20 
--- ---



II.' 111111.:1.'. a ... "dl a f(ll plhcl Iud,,:. 

\H'l',tim'lll'd the tllial ,lnlllunl ofhullnm 
011<;<1 In thc H .I\\ililan J...lanu, Ipr 'l'Hn 
dqllh r,lngl.:' III a dcplh or 1.000 lalhllm, 
(2,()()() ml r hc,c C,II01<1le ... '\1.:11.' I h· 

1<III1cd h\ lPnl!lurtl1g .1[ion.1I ()ct:an 
~ll l w) nuu[ical Lhlll h (no-.. II ~-4117 
,Inti 41 X 1-411<1) atlhc Ic,m:d dcpth' ,IIlU 
thl.:n LUlling !lUI and \\cIghlng l'<llh 
dl'plh rangl.: . I hI.: \\cighl' fllrl'<lch dl'plh 
langc \\CIl' Llln\cI[l'd In arca h\ IcfcI ' 
CI1Cl' tll the \\l.:lght 01.1 knl)\\n Il'cwngu , 
I,ll area 101 each lhar! . hClklng Ih .... 

O1l'lhoLf h\ c ... lil11Hllng knn'" n land arc~1 
IndlcalcLf an l'rr(1r 1 I' Ie" than D. I PCI ' 
l'cnt. I he I'l',ulh <lrt: gl\cn III 1.lhlc 2 
I Ill' 1\1 Ihl' 'lihil'l'li\ll) In plot ling the 
l'(lnl(lllr,. \\c fce l that ... impl) douhling 
Ihe Lfeplh ... in falhllln-.llHlhlain depth, In 
mc[cr, i, lu...ttfied . 

1'0 e,llmatc the amllunt ur hottom 
<llca [hat Lllllid he Inhahlted h) auult P. 
II/(/rgillu/t/\ In Ihl' .... lanLf ,Ilea, 1'10111 

Oahu tl) Il ll\\llli. \\1.' u" ... ul11cd Ih.ll J~ 

perl'l'nl <Inti 20 percent or lht: hottol11 
area ... In the 10-100 falh)111 (20·200 m) 

and IOO·2()() fathlll11 (200·400 ml <krlh 

r.lllgt: IC PCCII\l'1\ .11~ oI"ltI.lble h) Ihl 
rCl:IC I hi It: lilt III .In e Ilm.lle II 

.Ihnlll I '0 n.WII.:.tI \.lu.lre mtl (2.lJl 

km '). IflU .In ,I l'loIgl: !.Indln' 

hinmol c,llmall' or 1,!l2' r"11Il I p I 

YUille 1l.IUIIL.d I11lk II" kg 1\111 111"11111 
Ihl' I( Ut' 11111'1 rWdUl[I\C Ild\\llIle.lt'Cd 

n:'lIll In d t\II.1I bl\'fllOt, I.' IlIn,lk' If 
,lh\11I1 ,'O.OOD pllund (,,),. '(!l I-.gl \11/' 

II/C/lt!;//ClII/I (In"'ldl'nng Ihe 1,11.'1(11 
dl Cll 't.:d .Ihl)\('. II \\lluld nol 1.:1.:111 un­
n:;a'llnable I 1.1 urn\.' Ih .1I ·O.!lOIl III 
I ()O .IlOO rllund (2~.OOO III 4A,OOO I-.e) "I 

Ihl' 'rCLlI.:" I11lghl hI: h'll \ (' I<:d .Innl!· 
,til) . 
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