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ABSTRACT 

T h e  ef fec t iveness  of th readf in  shad as a l ive  ba i t  f o r  skipjack tuna f ishing in  Ha- 
wai i  was  c o m p a r e d  with the  n o r m a l  anchovy ba i t  (nehu) dur ing  e x p e r i m e n t a l  f i sh ing  
on  37 schools  of skipjack tuna dur ing  1967 and 1968 aboard  the r e s e a r c h  v e r s e 1  
C h a r l e s  H. Gilber t .  Threadf in  shad  proved  about a s  effective a s  nehu in  (1) l u r i n g  
sk ip jack  tuna to the  s t e r n  of the  v e s s e l ,  (2) concent ra t ing  the  skipjack tuna a t  the 
f i sh ing  s ta t ion ,  and (3) c a t c h  r a t e  of skipjack tuna. Underwater  observa t ions  of 
th readf in  shad and nehu indicate  a g e n e r a l  s i m i l a r i t y  i n  behavior  dur ing  fishing. 
Bai t -s ized threadf in  shad o c c u r  in  f r e s h w a t e r  impoundments  in  Hawaii  dur ing  the 
peak  months of sk ip jack  tuna fishing. They a r e  hardy ,  e a s i l y  acc l imated  to s a l t  w a t e r ,  
and readi ly  handled in  l a r g e  n u m b e r s .  

INTRODUCTION 

Reducing t h e  t i m e  now r e q u i r e d  to ca tch  live 
ba i t  h a s  been sugges ted  a s  a m a j o r  s t e p  to in- 
crease the  f i sh ing  e f for t  of the pole-and-line 
f i s h e r y  f o r  skipjack tuna, Katsuwonus p e l a m i s ,  
inHawai i  (Brock  and Uchida,  1968; Shang, 1969). 
F o r  s e v e r a l  y e a r s ,  developing a new l ive bai l  
which could b e  obtained f r o m  a bait s ta t ion  by 
Hawaiia,n f i s h e r m e n  h a s  been a goal of the 
Nat ional  Mar ine  F i s h e r i e s  Serv ice ,  Hawaii  A r e a  
F i s h e r y  R e s e a r c h  Center .  

Threadf in  shad ,  Dorosoma  petenense.  is one 
bai t f ish ( F i g u r e  1) tha t  h a s  been extensively in- 
vest igated.  Any new bai t f ish m u s t  m e e t  t h r e e  
b a s i c  requi rements :  It should b e  effect ive 
under  f i sh ing  condi t ions,  capable  of m a s s  pro-  
duct ion,  and hardy.  I h e r e  r e p o r t  on  the abi l i ty  
of shad to fulf i l l  one of t h e s e  r equ i r emen t s -  
e f fec t iveness  dur ing  e x p e r i m e n t a l  pole-and-line 
f i sh ing  aboard  a r e s e a r c h  vesse l .  Observa t ions  

on t h e  behavior  and h a r d i n e s s  of ba i t  a r e  a l s o  
included. 

The  f i sh ing  methods  and ca tch  s t a t i s t i c s  of 
t h e  Hawaiian f i s h e r y  f o r  skipjack tuna have  
been d e s c r i b e d  by Uchida (1967) and by B r o c k  
and Uchida (1968). The  f i s h e r y  p r o d u c e s  an  
a v e r a g e  c a t c h  of about  5,000 t o n s  of sk ip jack  
tuna e a c h  year .  E a c h  v e s s e l  c a t c h e s  i t s  own 
l ive  ba i t  that  is taken to sea in  bai twel ls  and 
chummed  into the  water  to l u r e  sk ip jack  t o  t h e  
s t e r n  of the  v e s s e l  and within r a n g e  of the  
f i s h e r m e n ’ s  hooks. A s m a l l ,  s i l v e r y  anchovy 
ca l led  nehu, Stoleohorus p u r p u r e u s  ( F i g u r e  2). 
o c c u r s  in  s e v e r a l  bays  in  Hawaii  and m a k e s  up 
92% of the  ba i t  catch.  I t  is a de l ica te  f i s h  and 
s o m e t i m e s  in  s h o r t  supply. Bai t  catching t a k e r  
p l a c e  dur ing  the  day and night. Day bai t ing is a 
t ime-consuming act ivi ty ,  mak ing  up about 32% 
of the  total  t i m e  devoted by the  boa ts  to scout-  
ing,  f ishing,  and day baiting. Reduction i n  the 
t i m e  spent  day bai t ing should r e s u l t  i n  m o r e  



Figure 2.--Nehu, 
Stolephorus puruur ‘eus. - 

ac tua l  f ishing t i m e  and should i n c r e a s e  the 
o v e r a l l  ca tch  of the  f i s h e r m e n .  

Threadf in  shad  w e r e  f i r s t  introduced into 
f r e s h w a t e r  impoundments  and s t r e a m s  in  
Hawaii  i n  1958 and by 1960 had become  e s -  
tab l i shed  in  s e v e r a l  r e s e r v o i r s  (Hida and 
Thomson ,  1962). Among the a t t r i b u t e s  of 
th readf in  shad  which led  to  t h e i r  invest igat ion 
as  a new bai t f ish a re :  to le rance  to both s a l t  
and f r e s h  w a t e r ,  h a r d i n e s s ,  s i l v e r y  c o l o r ,  s i z e ,  
s w i m m i n g  behavior ,  and low morta l i ty  dur ing  
m a s s  handling. Also,  the use  of th readf in  shad 
would not r e q u i r e  any m a j o r  changes in the 
methods  used  by skipjack tuna f i s h e r m e n  in  
Hawaii .  In r e c e n t  y e a r s  threadfin shad in  
Wahiawa R e s e r v o i r ,  Oahu, have become  suf- 
f ic ient ly  abundant to make  l a r g e - s c a l e  f ishing 
t e s t s  possible .  
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METHODS AND MATERIALS 

Experimental Fishing 
F i s h i n g  took p lace  dur ing  f ive different  

c r u i s e s  of the r e s e a r c h  v e s s e l  C h a r l e s  H. 
Gilber t  in  Hawaiian w a t e r s  in  1967 and 1968 
(Table  1). Nehu, the r e g u l a r  skipjack tuna bai t ,  
w e r e  used a s  a cont ro l ,  and f ishing da ta  w e r e  
col lected f r o m  37 of 101 schools  of skipjack 
tuna encountered.  On the f i r s t  t h r e e  c r u i s e s  
both threadfin shad and nehu w e r e  chummed  
a l te rna te ly  f o r  3- to 5-min p e r i o d s  on each  of 
nine schools  of skipjack tuna f ished.  On the 
l a t t e r  two c r u i s e s  the two bai t  s p e c i e s  w e r e  
a l te rna ted  among 28  schools  of skipjack tuna,  
except  on t h r e e  occas ions  when opera t iona l  
p r o b l e m s  prevented a l te rna t ion  of bait.  

F i s h i n g  w a s  c a r r i e d  out  in  the following 

. 



manner .  Upon a r r i v a l  on the f ishing grounds ,  
scout ing commenced  f o r  b i r d  f locks ,  which 
usual ly  signify the p r e s e n c e  of sk ip jack  tuna 
schools .  When approaching a f i s h  school ,  the  
bai t  suppl ies  w e r e  r e a d i e d  and the c h u m m e r ,  
f i s h e r m e n ,  and o b s e r v e r s  took the i r  p laces .  
A s  the  v e s s e l  c r o s s e d  the head of the school ,  
the c h u m m e r  began broadcas t ing  the ba i t  until 
the  school  was  brought  to the  s t e r n  and f ishing 
s ta r ted .  If the a t t e m p t  w a s  unsuccessfu l ,  the  
ship would then r e t u r n  f o r  another  ‘ ‘ p a s s ”  and 
the p r o c e s s  w a s  repea ted .  Severa l  p a s s e s  w e r e  
usual ly  made on e a c h  school  until e i t h e r  the  
school  w a s  successfu l ly  f i shed  o r  until i t  be- 
c a m e  obvious the  school  w a s  not going to re- 
spond and w a s  abandoned. 

The  f i r s t  s ign tha t  f ishing would probably be 
successfu l  w a s  a s u r f a c e  b r e a k  o r  sp lash  made 
by the  skipjack tuna feeding on bait n e a r  the 
s t e r n  of the  v e s s e l .  When th is  o c c u r r e d ,  the 
v e s s e l  would slow to f ishing speed  (ca. 2 knots), 
t h e  f i s h e r m e n  would e n t e r  the r a c k s ,  and water  
s p r a y s  would be turned on and d i rec ted  to the 
s e a  s u r f a c e  jus t  behind the vesse l .  Water  
s p r a y s  a r e  used  by the c o m m e r c i a l  skipjack 
tuna f i s h e r m e n  in Hawaii  in  o r d e r  to i m p r o v e  
the  ca tch  r a t e  (Yuen, 1969) .  Two sc ien t i f ic  

o b s e r v e r s  helped coordinate  the e x p e r i m e n t  
and r e c o r d e d  data. One o b s e r v e r ,  s ta t ioned on 
t h e  a f te rdeck  n e a r  the c h u m m e r ,  r e c o r d e d  the  
number  of skipjack tuna caught  and the t i m e  
tha t  each  bai t  s p e c i e s  was  used dur ing  fishing. 
He was  in  communicat ion by te lephone with the 
second o b s e r v e r ,  whe w a s  s ta t ioned i n  an  
underwater  observa t ion  c h a m b e r  loca ted  on the 

Table 1.--Dates of experimental f i sh ing  and num- 
b e r  of skipjack tuna schools f ished aboard the 
Charles H. G i l b e r t .  

I I No. of I 
skipjack Method of 

Month 1 Year ltuna schools/ chumming 
f ished 

105 Oct. 1967 1 Shad and nehu 
a l te rna ted  a t  
i n t e r v a l s  of 
3 to  5 min. 

106 Nov. 1967 4 no. 
108 Mar.-Apr. 1968 4 Do. 
109 May-Aug. 1968 22 Shad and nehu 

a l te rna ted  
among schools. 

110 Aug.-Sept. 1968 6 no. 

F i g u r e  3.--Underwater observation chamber used f o r  viewing b a i t f i s h  and skipjack tuna. 

3 



por ts ide  of the  sh ip ,  jus t  f o r w a r d  of the propel-  
ler and below the f i sh ing  r a c k s  ( F i g u r e  3). 
F o u r  exper ienced  f i s h e r m e n  w e r e  i n  the  r a c k s  
dur ing  f i sh ing  and w e r e  usual ly  the s a m e  four  
men  dur ing  e a c h  cru ise .  F i s h i n g  te rmina ted  
when bai t  w a s  exhausted o r  when the  school  
sounded,  stopped biting, o r  bit too slowly to 
justify f u r t h e r  expendi ture  of l ive  bait. 

Baiting 
Shad captured  in Wahiawa R e s e r v o i r  by bai t  

s e i n e  w e r e  t r a n s p o r t e d  in  por tab le  tanks  by 
t r u c k  to Kewalo B a s i n ,  Honolulu, and accl i -  
ma ted  to 100% s e a w a t e r  i n  34,850-l i ter  (9,200- 
gal) holding tanks  before  being placed in  the  
bai twel ls  of the  Gilber t .  Nehu w e r e  captured  
by bai t  se ine  in  Pearl Harbor  o r  Kaneohe Bay, 
Oahu, and p laced  d i r e c t l y  into the baitwells. 
Nehu w e r e  “ r e s t e d ”  overnight  in  the bai twel ls  
p r i o r  to d e p a r t u r e  f o r  the f ishing grounds.  
Shad w e r e  acc l imated  to s e a w a t e r  for 36 to 72 
h r  before  being p laced  in  the Gi lber t ’ s  bai twel ls  
s e v e r a l  h o u r s  p r i o r  to depar ture .  The shad 
and nehu used  a s  bai t  ranged  f r o m  about 40 to  
65 mm. 

The  unit of ba i t  m e a s u r e  in  the Hawaiian 
sk ip jack  tuna f i s h e r y  is the “bucket ,”  s o  named 
because  the f i s h e r m e n  u s e  s t a i n l e s s  s t e e l  buck- 
e t s  to  t r a n s f e r  the  bai t  f r o m  the bai t  s e i n e  to 
the  bai twel ls .  A bucket  is equal  to about 3.2 kg 
of baitfish. However ,  a bucket of nehu contains  
m o r e  individuals  than a bucket of shad because  
shad a r e  m o r e  deep-bodied than the nehu. In 
g e n e r a l ,  i t  w a s  poss ib le  to c a r r y  a g r e a t e r  
number  of buckets  of shad  than nehu in  the 
s a m e  s ized  bai twel l  because  of the  g r e a t e r  
h a r d i n e s s  of shad. 

Recording of Data 
On Gi lber t  c r u i s e s  105  and 106 the ca tch  da ta  

w e r e  r e c o r d e d  by the o b s e r v e r  on  deck using a 
hand ta l ly ,  a s topwatch,  and a wr is twatch  to 
t i m e  the s t a r t  and end of f ishing p e r i o d s  and 
o t h e r  events ,  On c r u i s e s  108, 109,  and 110,  
da ta  col lect ing was  automated by the use  of an 
event  r e c o r d e r  and a c a m e r a  to automatical ly  
photograph skipjack in  the f i sh ing  a r e a  through 
the  windows of the underwater  observa t ion  
chamber .  T h e  ca tch  of tuna and o ther  infor- 
mat ion concern ing  f ishing w e r e  graphica l ly  r e -  
corded  on a 20-channel event  r e c o r d e r .  The 
elrent r e c o r d e r  rece ived  da ta  f r o m  a s m a l l  
hand-held control  panel  opera ted  by the sc ien-  
t i s t  on deck and a l s o  data  f r o m  the automati-  
cal ly  r u n  c a m e r a  in the s t e r n  observa t ion  

chamber .  One channel  r e c o r d e d  the t i m e  each  
photograph w a s  taken. Photographs  w e r e  taken 
to  d e t e r m i n e  i f  e i ther  ba i t  r e s u l t e d  in  a g r e a t e r  
concent ra t ion  of tuna n e a r  the  hooks. A photo- 
g r a p h  w a s  taken e v e r y  10  sec with 16-mm 
c o l o r  f i l m  in  a c i n e c a m e r a  opera ted  in  a s ingle  
f r a m e  mode. Shut ter  speed w a s  0.03 sec. The  
f i l m  w a s  analyzed by pro jec t ing  the  sequence,  
one f r a m e  a t  a t i m e ,  and counting the number 
of skipjack tuna p r e s e n t  i n  e a c h  f r a m e .  Only 
those  f r a m e s  taken dur ing  the t i m e  f i s h  w e r e  
actual ly  caught w e r e  used  to ca lcu la te  the con- 
cent ra t ion  of skipjack n e a r  the hooks. 

Behavioral Observations 
Observa t ions  on the swimming  behavior of 

shad  and nehu and t h e i r  r e a c t i o n  to predat ion 
by skipjack tuna w e r e  m a d e  dur ing  f ishing on 
Gi lber t  c r u i s e s  105,  106,  108,  109,  and 110,  and 
a l s o  dur ing  s o m e  p r e l i m i n a r y  t r i a l s  dur ing  
1967 on Gi lber t  c r u i s e s  99, 100, and 102. 
T h e s e  observa t ions  w e r e  m a d e  f r o m  the s t e r n  
underwater  observa t ion  c h a m b e r  and a l s o  by 
scuba  d ivers .  The sc ien t i s t  in  the  s t e r n  cham- 
b e r  m a d e  continuous voice tape  r e c o r d i n g s  of 
h i s  v i sua l  observa t ions  of shad ,  nehu,  and skip- 
jack tuna. The d i v e r s  o b s e r v e d  ba i t  behavior  
while swimming  i n  the water  adjacent  to the  
s t e r n  with the  ship stopped. On s e v e r a l  occa-  
s i o n s  the d i v e r s  observed  shad and nehu f r o m  
an  underwater  s e a  s led  while i t  w a s  towed f r o m  
the s t e r n  of the Gilbert. 

Statistical Methods 
T h e  r e s p o n s e  of sk ip jack  tuna schools  to the 

pole-and-line f ishing method is highly var iab le  
and the  frequency of v a r i o u s  m e a s u r e s  of r e -  
sponse  is not normal ly  d is t r ibu ted  (Yuen, 1959). 
N o n p a r a m e t r i c  s ta t i s t ica l  t e s t s  w e r e  used  to  
analyze the da ta  because  they do not r e q u i r e  a 
n o r m a l  dis t r ibut ion.  The  Wilcoxon matched-  
p a i r s ,  s igned-ranks  t e s t  and the Mann-Whitney 
U-test  (Siegel, 1956) w e r e  used. 

RESULTS 

Experimental Fishing 
Alternating shad and nehu among schools. - Re- 

s u l t s  of exper imenta l  f i sh ing  on  c r u i s e s  109 and 
110 a r e  s u m m a r i z e d  in  Table  2. T h e s e  r e s u l t s  
a r e  presented  f i r s t  because  they account f o r  
76% of the schools  fished. The  b a s i c  ca tch  da ta  
f o r  e a c h  school  a r e  given i n  Table  3. Inspect ion 
of Table  2 shows that shad compared  favorably  
with nehu a s  a l ive  bait,  and th i s  is conf i rmed 



Item 

Table 3.--Results of experimental f i sh ing  with threadf in  shad and nehu on 
Charles H. Gilber t  c ru i se s  109 and 110. 

Shad Nehu 

Cruise no. 

Minute 

Average skipjack Amount of Average 
Time f i shed  Tota l  sk ip jack  tuna catch tuna weight b a i t  used 

S ta t ion  ca tch  per  minute 

Shad Nehu Shad Nehu Shad Nehu Shad Nehu Shad Nehu Shad Nehu 

109 7 1.1 
8 

11 5.6 
14 7.4 
15 
26 3.0 
27 - 
28 18.0 
29 - 
31 12.4 
32 - 
35 1.5 
36 
42 11.0 
43 - 
44 7.9 
46 - 
47 1.5 
48 23.6 
52 - 
53 16.8 
70 - 

110 6 - 
7 25.6 

12 - 
13 16.3 
14 - 
31 - 

- 

- 

- 
16.0 - - 

6.2 

18.0 

5.2 

11.5 

12.4 

20.7 

5.5 

- 
- 
- 
- 
- 
- 
- - 

20.8 

13.4 
38.2 

17.3 

18.4 
12.4 

- 

- 
- 

Number 

1 

11 
53 

1 7  

153, 

84 

1 

93 

32 

20 
464 

312 

- 

- 
- 
- 
- 
- 
- 
- 

- 
- 
- 

114 

73 
- 
- - 

- 
58 - 
- 

66 

10 2 

33 

217 

105 

312 

67 

- 
- 
- 
- 
-. 

- 
- - 

184 

106 
165 

- 

!Q 

9.7 - 
- 323.5 

648.5 - 
326.9 - 

39.3 - 
388.6 - 
129.5 

- 281.4 

- 222.0 

- 320.3 

- 334.6 

- 390.5 

- 622.6 

- 118.5 

5.1 - 
215.1 - 

68.2 - 
30.8 - 

799.6 - 
905.6 - - 1.368.5 

- 182.7 
- 1.878.2 - 1,096.0 - 

70 - 241.3 - 145.7 
29 - 218.3 
83 - 286.1 

- 

4 
9.7 

5.9 
6.2 

2.3 

2.5 

1.5 

5.1 

2.3 

2.1 

1.5 
1.7 

2.9 

- 

- 
- 
- 
- 
- 
- 
- 

- 
- 
- 

9.6 

2.0 
- 
- - 

Bucket 

- 3.0 
5.6 - - 3.5 - 3.0 

- 2.5 

7.0 

- 3.5 

- 2.0 

2.5 

- 2.0 

- 2.0 
7.0 

- 6.5 

4.3 - 
2.2 - 
9.7 

1.5 - 
3.7 

2.0 - 
1.8 - 

- - 

- 

- 
7.4 - 
1.7 - 

11.4 - 
3.4 - 
7.5 - 
3.4 - 

- 10.0 

- 2.0 

- 
3.5 - - 
3.0 

3.0 

4.0 

5.0 

3.5 

10.0 

2.5 

- 
- 
- 
- 
- 
- 
- - 

8.5 

3.0 
9.0 

5 . 0  

2.5 
4.0 

- 

- 
- 

Number 

0.9 

2.0 
7 . 1  

5.6 

8.5 

6.8 

0.6 

8.5 

4 .1  

13.6 
19.7 

18.6 

- 

- 
- 
- 
- 
- 
- 
- 

- 
- 
- 

4.4 

4.5 
- 
- - 

- 
3.6 - - 

10.6 

5.7 

6 .3  

18.9 

8.5 

15.1 

12.2 

- 
- 
- 
- 
- 
- 
- - 

8.9 

7.9 
4.3 

4.0 

1.6 
6.7 

- 

- 
- 

Tota ls  151.7 216.0 1,428 1,597 4,808.6 6,788.5 4.0 4.7 4.0 4.8 7.5 8.2 
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by the  r e s u l t s  of the  s t a t i s t i c a l  a n a l y s e s  (see 
T a b l e  4). A l l  tests indicated no s ignif icant  dif- 
f e r e n c e s  between shad and nehu a t  the  0.05 
probabi l i ty  level .  

Alternation of both shad and nehu on the same 
school. - R e s u l t s  of exper imenta l  f ishing dur ing  
c r u i s e s  105 ,  106 ,  and 108 a r e  s u m m a r i z e d  in  
T a b l e  5. T h e  b a s i c  ca tch  d a t a  f o r  t h e s e  t h r e e  
c r u i s e s  are  given in  Table  6. T h e s e  r e s u l t s  
also show shad  c o m p a r e d  favorably  with nehu 
a s  l ive  bait. Analys is  of the  skipjack tuna ca tch  
p e r  minute showed no s ignif icant  d i f fe rence  be- 
tween e i t h e r  shad  o r  nehu as ba i t  (see Table  4). 
Additional s t a t i s t i c a l  t e s t s  w e r e  not made  be- 

c a u s e  f u r t h e r  s t ra t i f ica t ion  of the  da ta  would 
have  cons iderably  reduced  the  s a m p l e  s ize .  
Information on  the amount  of shad  and nehu 
chummed  a t  each  s ta t ion  w a s  not col lected be- 
c a u s e  t h i s  would have r e q u i r e d  t e m p o r a r i l y  
suspending chumming  a t  the end of each  per iod  
with the r e s u l t  tha t  the  school  of skipjack tuna 
probably would have sounded and f ishing ended. 

Number of skipjack tuna in the fishing area. - E s t i -  
m a t e s  of the concentrat ion of sk ip jack  tuna in  
the  f ishing a r e a  n e a r  the hooks are given in  
Table  7. Mean va lues  for c r u i s e s  108, 109,  
and 110 ranged  f r o m  1.7 sk ip jack  tuna p e r  
photograph with nehu dur ing  c r u i s e  108 to 5.0 

Table 4.--Summary of analyses made to  compare the effect iveness  of threadfin shad with nehu as a l i v e  
b a i t  during Charles H. G i l b e r t  c ru ises  105, 106, 108, 109, and 110. A l l  tests indicated no s i g n i f i -  
cant differences between shad and nehu a t  the 0.05 probabi l i ty  leve l .  

Probabi l i ty  
Analysis used I occurrence 

S t a t i s t i c  compared, 
shad versus nehu Cruise no. 

109, 110 Skipjack tuna catch per Mann-Whitney U-test 28 U = 86 >0.10 
minute 
Skipjack tuna <4.5 kg, do. 
catch p e r  minute 
Skipjack tuna >4.5 kg, 
catch per minute 

Number of skipjack tuna 
caught per school 
Duration of f i sh ing  per 
school 

do. 

do. 

do. 

18 u = 39 >0.10 

10 U - 8  20.42 

28 U = 70.5 >o. 10 

28 U - 68 >0.10 

>O. 05 28 u = 59 Tota l  weight of skipjack do. 
tuna caught per school 

minute signed-ranks test 
105, 106, 108 Skipjack tuna catch per Wilcoxon matched-pairs, 18 T = 16 >O. 05 

Table 5.--Summary of experimental f i sh ing  f o r  skipjack tuna with both threadfin shad and nehu a l t e r -  
nated as ba i t  on the  same school during Charles H. Gi lber t  c ru ises  105, 106, and 108. 

~~ 

Item I Shad I Nehu 

Number of schools f i r s t  chummed with 
Number of schools respondin3 t o  f i r s t  b a i t  chummed 
Percent of schools responding t o  f i r s t  b a i t  chummed 
Number of schools f i shed  with both b a i t s  
Total  number of f i sh ing  periods f o r  each b a i t  
Average number of skipjack tuna caught per minute (4 men f i sh ing)  
Number of skipjack tuna caught 
Total  weight (kg) of skipjack tuna caught 
Average number of skipjack tuna caught per school 
Average t o t a l  weight (kg) of skipjack tuna caught per school 
Average catch per minute of skipjack tuna <4.5 kg 
Average catch per minute of skipjack tuna >4.5 kg 

25 
3 

12.0 
9 
37 
9.1 

1,248 
4,147 
139 
461 

10.0 
7.3 

9 
'5 

55.6 
9 

38 
7.7 
998 

111 
314 
9.0 
5.7 

2,823 

'One school w a s  f i r s t  chummed with shad, but did not respond u n t i l  nehu w a s  chummed. 
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Table 6.--Results of experimental f i sh ing  with threadf in  shad and nehu on 
Charles H. Gi lber t  c ru ises  105, 106, and 108. 

Cruise 
no. 

Average 
Fishing periods Time f ished Total  skipjack .tuna catch Average skipjack tuna 

Shad Nehu Shad Nehu Shad Nehu Shad Nehu weight Shad I Nehu 

s k ~ : ~ ~ k  catch per minute 
S ta t ion  ~ 

105 4 

106 5 
6 
8 
9 

108 11 
12 
15 
20 

Number 

2 3 
4 3 
3 3 
5 5 
1 1 

6 6 
9 9 
3 4 
4 4 

Minute 

6.0 9.0 

18.5 14.5 
9.0 8.5 
15.5 14.5 
9.0 3.0 
17.8 18.2 
26.8 26.3 
8.8 12.0 

11.0 12.1 

Number 

42 55 

143 65 
158 32 
42 26 

191 168 
435 383 
31 82 
78 97 

128 90 

!& 

91.4 119.7 

725.6 510.2 
531.8 241.7 

259.0 160.4 

986.4 868.5 
38.0 112.7 

229.0 285.9 

a95.7 181.4 

389.8 342.9 

k 
2.2 

5.7 
3.7 
5.7 
6.2 
2.0 
2.3 
1.2 
2.9 

Number 

7.0 6.1 
6.9 6.2 
15.9 7.6 
10.2 2.2 
4.7 8.7 
10.7 9.2 
16.2 14.6 
3.5 6.8 
7.1 8.0 

~ ~ ~ 

Totals 37 38 122.4 118.1 1,248 998 4,146.7 2,823.4 3.5 9.1 7.7 

Table 7.--Number of skipjack tuna photographed 
i n  the f i sh ing  area. 

Average no. 

no. 
photograph 

108 Shad 4 389 1,159 3.0 
Nehu 4 419 730 1.7 

109 Shad 11 580 2,777 4.7 
Nehu 8 517 2,149 4.2 

110 Shad 2 233 839 3.6 
Nehu 4 535 2,677 5.0 

Shad 17 1,210 4,775 3.8 
Nehu 16 1,471 5,556 3.6 Tota ls  

sk ip jack  tuna p e r  photograph with nehu dur ing  
c r u i s e  110. The  mean  value f o r  a l l  t h r e e  
c r u i s e s  was  3.8 skipjack tuna p e r  photograph 
with ' shad  and 3.6 sk ip jack  tuna p e r  photograph 
with nehu. 

The  number  of sk ip jack  tuna counted p e r  
photograph should be cons idered  only a s  rough 
indicat ions of the  concent ra t ion  of skipjack in  
the  f i sh ing  area because  of c e r t a i n  inherent  
v a r i a b l e s  assoc ia ted  with the photography. 
T h e s e  included the rol l ing motion of the v e s s e l ,  
skipjack tuna being obscured  by bubbles ,  
changes  i n  l ight ing condi t ions caused  by clouds 
and v e s s e l  m a n e u v e r s ,  and the  re la t ive ly  slow 
c a m e r a  s h u t t e r  speed. 

Behavior of Bait 
Genera l ly  speaking,  th readf in  shad  and nehu 

had s i m i l a r  swimming  behavior  when u s e d  as 
chum f o r  skipjack tuna fishing. Some differ-  
e n c e s  o c c u r r e d  in  t h e i r  behavior ,  however ,  and 
w e r e  m a r k e d  enough to  allow an  exper ienced  
o b s e r v e r  to usual ly  d e t e r m i n e  which s p e c i e s  
was  being chummed. 

Upon en ter ing  the  w a t e r ,  both s p e c i e s  dove 
downward to e s c a p e  the skipjack. T h e  diving 
angle  of nehu v a r i e d  up to SO", but typical ly  
w a s  45" to  90". They appeared  to dive f a s t e r  
than shad and exhibited m a r k e d  dodging i n  t h e i r  
e s c a p e  at tempts .  If s e v e r a l  nehu landed i n  the 
water  in  the  s a m e  vicinity, they often f o r m e d  a 
school  a few f e e t  below the s u r f a c e  and t r i e d  to 
d ive  downward and e s c a p e  en  m a s s e .  T h e  div- 
ing angle  of shad  also v a r i e d  up to SOo, but w a s  
usual ly  about 45" to 65", genera l ly  not as  s t e e p  
a s  that of nehu. They did not appear  to  swim 
a s  f a s t  a s  nehu, nor  dodge qui te  as  vigorously.  
Shad a l s o  f o r m e d  s m a l l  schools  while diving. 
Dur ing  f ishing,  shad w e r e  often ea ten  by the  
skipjack tuna before  they had a chance  to ge t  
much  deeper  than 3 to 4 m ,  while nehu often 
r e a c h e d  depths  of 6 to 8 m before  being eaten. 
T h i s  s o m e t i m e s  r e s u l t e d  in  the  skipjack tuna 
swimming  d e e p e r  when nehu w a s  being 
chummed  than on those  schools  when the ba i t  
s p e c i e s  w e r e  al ternated.  

Both b a i t s ,  however ,  c a n  dive to cons iderable  
depths. F r o m  a s e a  s l e d  we have observed  



nehu swim a s  deep a s  18 m. They w e r e  s t i l l  
heading downward when l o s t  to view. On one 
occas ion  scuba  d i v e r s  followed two shad and 
one Ti lap ia  m o s s a m b i c a  down to 23 m before 
breaking  off the  pursui t .  

One d i f fe rence  between the two b a i t s  is t h e i r  
visibility. Shad are d e e p e r  bodied than nehu and 
have a g r e a t e r  port ion of t h e i r  s i d e s  c o v e r e d  
with s i l v e r y  s c a l e s ,  T h e  r e s u l t  is a l a r g e r  s i l -  
v e r y  re f lec t ing  sur face .  T o  the underwater  
o b s e r v e r ,  shad is m o r e  v is ib le  than nehu. Shad 
s c a l e s  a r e  highly deciduous and c r e a t e  a pat-  
t e r n  of s m a l l  s i l v e r y  points  of re f lec ted  l ight  
in  the water .  On one occas ion ,  o b s e r v e r s  on 
the s e a  s led  23 m a s t e r n  of the Gi lber t  w e r e  
ab le  to  d e t e r m i n e  when a switch in  ba i t  f r o m  
nehu to  shad  o c c u r r e d  jus t  by watching f o r  the  
s i l v e r y  gl ints  in  the water  f r o m  tine shad scales. 

Both shad and nehu have been observed  to 
r e t u r n  to the s u r f a c e  when pursued  by skipjack 
and to f l e e  to the  s i d e  of the v e s s e l  and swim 
along bes ide  it. Whether  th i s  o c c u r s  m o r e  fre- 
quent ly  when us ing  shad o r  nehu is not known. 
Both shad and nehu a r e  avidly ea ten  by skip- 
jack;  we have found skipjack s t o m a c h s  gorged 
with shad ,  nehu,  and both. 

DISCUSS10 N 

Bait Characteristics 
The  b a s i c  c h a r a c t e r i s t i c s  n e c e s s a r y  f o r  a 

l ive  ba i t  to be effect ive in the  Hawaiian skip- 
jack tuna f i s h e r y  a r e  the ability to: (1) l u r e  
sk ip jack  to the  s t e r n  of the f ishing v e s s e l ,  (2) 
concent ra te  the skipjack a t  the s t e r n  in  suffi- 
c ien t  n u m b e r s ,  and (3) produce  a good c a t c h  
ra te .  If the bai t  can  be e a s i l y  obtained,  i s  
hardy ,  and i s  readi ly  handled, its ef fec t iveness  
should i n c r e a s e .  

Threadfin shad  sa t i s fy  the t h r e e  b a s i c  c h a r -  
a c t e r i s t i c s ,  and a r e  a l s o  hardy and readi ly  
handled. During Gi lber t  c r u i s e s  109 and 110, 
shad  w e r e  m o r e  successfu l  than nehu in  l u r i n g  
Skipjack tuna to the  s t e r n  of the  v e s s e l ,  s i n c e  
50.0% of the schools  chummed  with shad w e r e  
successfu l ly  f i shed  and 35.9% of the  schools  
chummed  with nehu w e r e  f ished.  On c r u i s e s  
105, 106, and 108,  nehu w e r e  m o r e  successfu l  
than shad;  55.6% of the schools  ini t ia l ly  
chummed  with nehu w e r e  successfu l ly  f i shed  
and 12.0% of the  schools  ini t ia l ly  chummed  
with shad w e r e  successfu l ly  f ished.  With the  
except ion of shad  on c r u i s e s  105, 106, and 108, 
t h e s e  p e r c e n t a g e s  a r e  roughly comparable  to 
those  r e p o r t e d  by Royce and Otsu  (1955), who 

found tha t  only 43% of Hawaii  skipjack tuna 
schools  a r e  successfu l ly  f i shed ,  and Yuen 
(1959). who r e p o r t e d  a 48% r e s p o n s e  to  nehu. 
The lowpercentage  r e s p o n s e  to shad on c r u i s e s  
105, 106, and 108 w a s  due to  the  necess i ty  of 
ini t ia l ly  chumming  shad on s u c c e s s i v e  schools  
i n  o r d e r  to conserve  low suppl ies  of nehu. Had 
nehu been chummed  on a l t e r n a t e  schools ,  the 
p e r c e n t  r e s p o n s e  f o r  both ba i t s  probably would 
have been s i m i l a r .  

The  abi l i ty  of shad to produce  ca tches  com- 
p a r a b l e  to nehu is shown in the s u m m a r i e s  
given i n  T a b l e s  2 and 5. On c r u i s e s  109 and 
110, shad produced a ca tch  r a t e  of 7.5 skipjack 
tuna p e r  minute ,  s l ight ly  less than the nehu 
c a t c h  r a t e  of 8.2 skipjack tuna p e r  minute. On 
c r u i s e s  105, 106, and 108, the  ca tch  r a t e  aver -  
aged 9.1 skipjack tuna p e r  minute  with shad ,  
s l ight ly  be t te r  than that  of 7.7 skipjack tuna p e r  
minute  with nehu. 

The  m a j o r  d i f fe rences  between shad  and nehu 
d u r i n g  c r u i s e s  109 and 110 w e r e  in  the total  
weight of skipjack tuna caught and in  the  dura-  
t ion of f ishing.  The  higher  weight of skipjack 
tuna caught  with nehu on  c r u i s e s  109 and 110 
w a s  due to l a r g e  sk ip jack  tuna being heavily 
f i shed  f r o m  s e v e r a l  schools  when nehu w e r e  
used  a s  ba i t ,  s u c h  a s  s ta t ion 52, c r u i s e  l 0 9 , a n d  
s ta t ion 6, c r u i s e  110. Since the  bai t  s p e c i e s  
w e r e  switched on each  school ,  and t h e r e  is no 
p r i o r  way of knowing what s i z e  skipjack tuna 
a r e  in  s u c c e s s i v e  schools ,  i t  a p p e a r s  the dif- 
f e r e n c e  i s  due to chance,  T h e  lower  durat ion 
of f ishing with shad  (10.8 min) i s  due to the 
e f fec ts  of two schools  ( c r u i s e  109, s ta t ions  7 
and 35) when only one skipjack tuna w a s  caught  
f r o m  each. If da ta  f r o m  t h e s e  two schools  a r e  
removed,  the mean  durat ion of f i sh ing  with shad  
f o r  both c r u i s e s  b e c o m e s  12.4 min,  compared  
with nehu a t  15.4 min. 

The amount  of ba i t  n e c e s s a r y  to produce  a 
good skipjack tuna ca tch  i s  another  impor tan t  
f a c t o r  in developing an  a l t e r n a t e  l ive  bait. H e r e  
shad  a l s o  appear  promising.  During c r u i s e s  
109 and 110, an  a v e r a g e  of 4.0 buckets  of shad 
and 4.8 buckets  of nehu w e r e  used on each  
school  successfu l ly  fished. T h e s e  amounts  
w e r e  calculated f r o m  the chummer ’ s  e s t i m a t e  
of how much  bai t  had been used ,  the  e s t i m a t e  
being made  j u s t  a f t e r  f ishing ended. 

In cons ider ing  bait r e q u i r e m e n t s ,  the e f fec ts  
of mor ta l i ty  m u s t  a l s o  be taken into account. 
B r o c k  and Uchida (1968) found that nehu usually 
averaged  about 25% morta l i ty  a day a f t e r  being 
placed in  the bai twel ls .  I have no exact ly  com- 
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p a r a b l e  da ta  f o r  shad,  s ince  the shad w e r e  not 
p laced  d i rec t ly  into the bai twel ls  but w e r e  
p laced  f i r s t  into 2,350-l i ter  (620-gal) por tab le  
t r a n s f e r  tanks  and then into the l a r g e r  34,850- 
l i t e r  (9,200-gal) holding tanks  f o r  s e v e r a l  days  
p r i o r  to  being p laced  into the bai twel ls .  How- 
e v e r ,  i t  was  nc t  unusual  to p l a c e  about 10,000 
to 15,000 shad  in  a 2,350-liter oxygenated tank, 
t r a n s p o r t  t hem f o r  37 km f r o m  the  r e s e r v o i r  to 
the l a r g e r  holding tanks  and find l e s s  than 50 
dead shad  on a r r i v a l .  In placing shad  aboard  
s e v e r a l  v e s s e l s  using a var ie ty  of t r a n s f e r  
methods  on o t h e r  o c c a s i o n s ,  the a v e r a g e  m o r -  
ta l i ty  the following day was  16% ( Iversen  and 
Puff inburger  '). Assuming  opt imum t r a n s f e r  
condi t ions,  a mor ta l i ty  r a t e  of 10% by the fol-  
lowing day a p p e a r s  a t ta inable .  Dur ing  Gi lber t  
c r u i s e  116, 113 buckets  of shad w e r e  c a r r i e d  in 
the  ship 's  bai twel ls  and 30 buckets  in  por tab le  
tanks on deck a d is tance  of 4,300 km southeas t  
of Hawaii  f o r  u s e  a s  l ive bai t  in  skipjack tuna 
f i sh ing  (Hida, 1970). Although m o r t a l i t i e s  in  
the por tab le  tanks  w e r e  about 50% due to bai t  
being l o s t  through open s e a m s  in  the tank cov- 
e r s ,  m o r t a l i t i e s  in the  r e g u l a r  bai twel ls  w e r e  
negligible. 

Use of a l ive  ba i t  with a lower  mor ta l i ty  r a t e  
than nehu could r e s u l t  in  a reduced  o v e r a l l  bai t  
r e q u i r e m e n t ,  but only if the f i sh ing  e f for t  re- 
ma ined  unchanged. A reduced  ba i t  r e q u i r e m e n t  
is unlikely to  happen b e c a u s e  the p u r p o s e  of 
developing a subs t i tu te  ba i t  is to  i n c r e a s e  f i sh-  
ing effor t .  What is m o r e  l ikely to happen is 
that  u s e  of a hardy  ba i t  will allow f i s h e r m e n  to 
i n c r e a s e  the number  of t r i p s ,  f i s h  f a r t h e r  off- 
s h o r e ,  or possibly i n c r e a s e  the  dura t ion  of each  
f i sh ing  t r ip .  P r e s e n t l y  m o s t  t r i p s  last 1 day 
and the  boats  r a r e l y  fish m o r e  than 170 k m  
f r o m  the  i s l a n d s  (Uchida, 1967). The  ne t  r e s u l t  
could well be an  i n c r e a s e  in  the total  amount  of 
bai t  needed. 

The  avai labi l i ty  of bai t -s ized shad m u s t  a l s o  
be considered.  Landings of skipjack tuna i n  
Hawaii a r e  highest  dur ing  the  months  of J u n e  
through August,  lowest  in  November through 
M a r c h ,  and i n t e r m e d i a t e  in  the remain ing  
mon ths  (Brock and Uchida, 1968). In Hawaii  
shad  begin to spawn in the  la te  winter  and e a r l y  
s p r i n g ,  with the heavies t  spawning apparent ly  
o c c u r r i n g  i n  F e b r u a r y  and March.  In about 10 
to 12 weeks  the  young shad g row to 40 to 5 0 m m  

' Iversen,  Robert T. B . ,  and Jay 0. Puffinburger. 
Capture, t ranspor ta t ion ,  and pumping of threadfin 
shad, Dorosoma petenense. Unpublished MS. 

and a r e  l a r g e  enough to u s e  a s  bait. The  avail- 
abi l i ty  of bai t -s ized shad thus co inc ides  with 
the heavies t  demands  f o r  bai t  f r o m  the f i s h e r -  
men  dur ing  the s u m m e r .  Bai t - s ized  shad  m u s t  
a l s o  be abundant enough to m e e t  needs. In r e -  
cen t  y e a r s ,  the annual ca tch  of nehu h a s  a v e r -  
aged about 24,500 buckets  (Uchida, 1967). I t  i s  
not known how l a r g e  an  impoundment  would be 
r e q u i r e d  to produce  that  many buckets  of shad.  
Dur ing  16 d a y s  of bai t ing in  Wahiawa R e s e r -  
v o i r  between F e b r u a r y  18 and June  15, 1970, 
we captured  1,025 buckets  of shad ,  an  a v e r a g e  
of 64 buckets  p e r  day. More  could have been 
captured ,  f o r  the  amount r emoved  was  l imi ted  
by the  c a r r y i n g  capaci ty  of o u r  por tab le  tanks. 
Wahiawa R e s e r v o i r  probably contains  a t  l e a s t  
5,000 buckets  of shad  in the s u m m e r .  The 
r e s e r v o i r  h a s  a s u r f a c e  a r e a  of 122 ha (302 
a c r e s )  a t  high water .  Thus  it may  be poss ib le  
to cu l ture  enough shad  in a pond o r  impound- 
m e n t  approaching t h e  s i z e  of Wahiawa R e s e r -  
vo i r  to sa t i s fy  a s ignif icant  percentage  of the  
f l e e t ' s  total  bai t  r e q u i r e m e n t s ,  providing the  
c o s t  of cu l tur ing ,  cap tur ing ,  and acc l imat iz ing  
the shad is economical ly  feas ib le .  

What Remains to be Done? 
On a s h o r t - t e r m  b a s i s ,  the next logical  s t e p  

i s  a comprehens ive  s e a  t e s t  under  ac tua l  com- 
m e r c i a l  conditions. Provid ing  enough shad  to 
one  o r  m o r e  c o m m e r c i a l  boa ts  so tha t  they 
could f i s h  exclusively with shad  dur ing  all o r  
p a r t  of the  peak f i sh ing  months would produce  
informat ion  on f i sh ing  e f f o r t  and c a t c h e s  due to 
the u s e  of a subs t i tu te  l ive  bait. More  p r e c i s e  
informat ion  is a l s o  needed on the amount  of 
shad  tha t  c a n  be cul tured  in  ponds of different  
s i z e s  and on the c o s t s  of shad cul ture .  The  
r e s u l t s  of a comprehens ive  c o m m e r c i a l  f i sh ing  
t e s t  and c o s t  e s t i m a t e s  f o r  cu l tur ing  shad 
should lead  to  a ra t iona l  decis ion on the eco-  
nomic  feas ib i l i ty  of us ing  shad as a subs t i tu te  
l ive  ba i t  f o r  nehu. 

On a long-term b a s i s ,  biological  invest iga-  
t ions  a r e  needed to d e t e r m i n e  if  the  s h a d ' s  
reproduct ive  cyc le  c a n  be manipulated to  pro-  
duce  e a r l i e r  spawning and i f  i t  is p o s s i b l e  to 
r a i s e  shad  on a l a r g e  s c a l e  in  a bai t  hatchery.  

SUMMARY 

1. In o r d e r  to c o m p a r e  the  e f fec t iveness  of 
threadfin shad  with the  anchovy (nehu) normal ly  
u s e d  a s  live ba i t  f o r  sk ip jack  tuna f i sh ing  in  
Hawaii ,  37 schools  of skipjack tuna w e r e  f i shed  



with the  two ba i t s  d u r i n g  1967 and 1968 aboard  
the r e s e a r c h  v e s s e l  C h a r l e s  8. Gilbert .  
Threadf in  shad and nehu w e r e  a l te rna ted  among 
25 of 28 sk ip jack  schools  f i shed  and a l te rna ted  
e v e r y  3 to 5 m i n  on e a c h  of the o t h e r  9 skipjack 
schools .  
2. When bai t  w a s  a l te rna ted  among  schools ,  

t h e  following c a t c h  da ta  w e r e  recorded .  Aver-  
a g e  number  of skipjack tuna caught  p e r  minute:  
shad  - 7.5; nehu - 8.2. Number  of skipjack tuna 
caught: shad - 1,428; nehu - 1,597. Average  
number  of sk ip jack  tuna caught p e r  school: 
shad  - 102; nehu - 214. Average  weight of 
sk ip jack  tuna caught  p e r  school: shad  - 344 kg; 
nehu - 485 kg. Average  dura t ion  of f ishing p e r  
school: shad - 10.8 min; nehu - 15.4 min. 
P e r c e n t  of schools  chummed  tha t  w e r e  suc-  
cess fu l ly  fished: shad  - 50.0; nehu - 35.9. 

3. When bai t  w a s  a l t e r n a t e d  on  the s a m e  
school ,  the following ca tch  da ta  w e r e  recorded .  
Average  number  of skipjack tuna caught  p e r  
minute:  shad - 9.1; nehu - 7.7. Number  of 
sk ip jack  tuna caught: shad  - 1,248; nehu - 998. 
Average  number  of sk ip jack  tuna caught  p e r  
school: shad - 139; nehu - 111. Average weight 
of sk ip jack  tuna caught  p e r  school: shad  - 461 
kg; nehu - 314 kg. P e r c e n t  of schools  respond-  
ing  to  first ba i t  chummed:  shad  - 12.0; nehu - 
55.6. 
4. N o n p a r a m e t r i c  s t a t i s t i c a l  t e s t s  showed no 

s ignif icant  d i f f e r e n c e s  between threadf in  shad  
and nehu in t h e  following c a t e g o r i e s  of ca tch  
data:  sk ip jack  tuna c a t c h  p e r  minute ,  c a t c h  p e r  
minute  of sk ip jack  tuna <4.5 kg, c a t c h  p e r  min- 
u te  of sk ip jack  tuna >4.5 kg, n u m b e r  of skipjack 
tuna caught  p e r  school ,  dura t ion  of f i sh ing  p e r  
school ,  and weight of sk ip jack  tuna caught  p e r  
school. 
5. Underwater  photographs taken automati-  

ca l ly  indicated shad  concent ra ted  sk ip jack  tuna 
in  the  f i sh ing  a r e a  equal ly  as well a s  nehu. 

6. Threadf in  shad  and nehu have s i m i l a r  
swimming  behavior  when used as chum f o r  
sk ip jack  tuna fishing. 
7. Bai t - s ized  threadf in  shad o c c u r  i n  Hawai- 

i a n  f r e s h w a t e r  impoundmen t s  dur ing  the  peak 
mon ths  of skipjack tuna fishing. They a r e  
hardy ,  readi ly  handled i n  l a r g e  n u m b e r s  and 
e a s i l y  acc l imated  to s a l t  water .  
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