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ABSTRACT 

The resulto of a baitfish ecouting and sampling program carried out in the lagoon of Majuro Aloll. 
Marshall Islands. fiom May 1972 through April 1973 are presented in this report. The distribution and 
abundance, age and growth. maturity and fecundity. and stomach contents of the major baitfishrs. 
Herhlotaichthys punctatua (sardine) and Praneaw pingub (silverside), are discussed. Adequate sam- 
ples of baitfish could not be collected because of the apparent absence of suitable concentrations of the 
two major bait species, whose abundance fluctuated widely during the period of lhc observations. 

INTRODUCTION 

With the yellowfin tuna,  Thunnus olbacares, and skip- 
jack tuna,  Katsuwonus pelnrnis, probably being ex- 
ploited at  or near maximum levels in the eastern Pacific 
(Rothschild and Uchida 1968). there has been an in- 
creased interest in the skipjack tuna resources in the 
waters of the Trust Territorv of the Pacific Islands where 
the .Japanese operated a substantial fishery prior to 
World War 11. During the prewar years, tile Japanese 
vessels operated from bases in Palau, Truk, Yap, Saipan, 
Ponape, and Jaluit utilizing the available local bait- 
fishes. There is very little information on the baitfish 
resources in the Trust Territorv and since live-bait 
fishing for skipjack tuna is dependent upon the supply of 
baitfish, the National Marine Fisheries Service’s RV 
Tou,nsend Crornulell was dispatched to the area to assess 
this resource 

This project was undertaken as a result of findings 
made on three cruises of the Townsend Crornwell in 1971 
and 1972. Of all island groups of the Trust Territory sur- 
veyed, the best baitfish concentrations observed during 
the cruises were in the Marshall Islands. A school of sar- 
dine, Herklotsichthys punctatus, seen in Jaluit Atoll on 
cruise 53 of the Crornwell (June-July 1971) was es- 
timated to exceed 2.5 t and other schools of sardine and 
silverside, Pranesus pinguis, plus a few other bait species 
estimated at  “several thousand” buckets (3.5 kg equals a 
bucket) were also seen (Hida 1971). Since the sardine 
and silverside were found to he in quantities suitable for 
conducting live-bait fishing for skipjack tuna,  it was 
thought desirable to learn about the distribution, abun- 
dance, and biology of these speciesjor management pur- 
poses. 

Although the best concentrations of baitfishes were 
seen at  Jaluit Atoll, Majuro Atoll was chosen as the site 
to carry out our baitfish observational program because 
i t  is serviced by a commercial airline and has the neces- 
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sary facilities and supplies. Majuro Atoll, which is 
located in the southern part of the Marshall Islands, is 
roughly 32 km (20 mi) long and 6 km (4  mi) wide 
Northeasterly and easterly trade winds prevail there and 
the weather is usually cloudy with the annual rainfall 
averaging about 3.56 r m  (140 in). Surface water tem- 
perature and salinity samples taken at  various places in 
the lagoon showed that temperatures ranged from 273°C 
in December to 32.8”C in June and that salinities were 
relatively stable ranging from 33.88 to 34.32”/00. 

OBSERVATIONAL PROGRAM 

The sampling and ohservat ional methods used in this 
program were not ideal, but under the circumstances, the 
most feasihle. Cjuarterly field trips were made by two o r  
three observers from the Honolulu Laboratory for about 
10 days per trip. The field trips were made in May. 
August-September. and Novemher-December of 1972 
and April o f  1973. In addition. A resident Micronesian 
was employed to scout for and to sample haitfish on a 
weekly basis. In this way, the program was carried out  
continuously from May 1972 through April 1973. Obser- 
vations were made each month except for July. when the 
Micronesian nhserver was i l l ,  and October. because of‘ 
adverse weather conditions. 

SCOUTING METHODS 

Scouting for haitfish was conducted in the lagoon close 
to the shoreline of Majuro (Fig. 1). usually from a 4-m 
skiff  powered with a 20-hp outhoard motor. Conditions 
for scouting were usually good during low tide except 
that maneuvering of the hoat was difficult hecause of‘ 
numerous exposed coral heads. The scouting runs, which 
covered most o f  the northeastern half of the lagoon R S  

shown in Figure 1,  were made daily during the quarterly 
visits. However. rough and murky waters or the neres- 
sity for carrying nut other types ofsampling did alter thih 
routine. Occasionally, scouting was conducted from 
shore with an automohile. In this case. stops were made 
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Figure I.-Majuro Atoll. Marshall Islands. 

frequently and whenever it was possible to gaio access to 
a hearh. About half a mile of shoreline was scouted on 
foot on these stops. The Micronesian observer did his 
scouting during weekends. 

SAMPLING METHODS 

Cast Net 

Monofilament cast nets of 1.27 and 1.9 r m  stretch 
mesh size were used to collect sardine and silverside dur- 
ing the scouting runs. Samples were collected whenever 
possible. The baitfish sampled were limited mostly t o  the 
larger sizes due to  gear selectivity, especially in the case 
of  the silverside. However. since there were usually only 
two observers, and because of the reefs and coral heads in 
the area, i t  was not possible to use a beach seine. The 
cast net was believed t o  he the most practical sampling 
gear under the circumstances. The collected samples 
were preserved in 10'; Formalin' o r  75"; isopropynol and 
returned to the laboratory for examination. 

Night-Light i 

During the quarterly visits, night-light stations were 
conducted by the field team with the skiff whenever the 
schedule allowed; a few were conducted by the Mic- 
ronesian observer. Either a double mantle gas lantern or 
a 50-W bulb powered by a 12-1' gasoline generator WNS 
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used as the light source. Invertebrates and fishes that  
were attracted to the light were dip netted. 

Handline 

Small handlines were used to capture bigeye scad, 
S d n r  c.rumenophtholrnus, which were usually attracted 
to the night-light together with other predators. The 
bigeye scad were sampled to see if they were feeding on 
baitfish. Their stomachs were collected and preserved in 
1 0 ' ~  Formalin for studv a t  the laboratory. 

Zooplankton Net 

Fine meshed plankton nets, 20.3 and 45 cm in 
diameter, were towed hy the skiff to sample zooplankton 
i n  the lagoon. Most of the samples were collected by the 
field team during the quarterly visits but a few were col- 
lected hy the Micronesian observer. Tows were taken a t  
the surface and at 5- or 10-m depths for durations of 15 to 
20  niin. Tows were made in the late afternoon, mid- 
morning:. o r  early evening hours. The occurrence of large 
riumhers of large .jellyfish at  the surface a t  night preclud- 
ed night tows. The samples were preserved in 109 For- 
malin and returned t o  the laboratory for study. 

Trolling 

Trolling was conducted during the quarterly visits by 
using a small spinnpr with a lure and a trolling rod and 
rt2c.l. 'I'rolliny was usually carried out routinely while 
hwding out for the wouting grounds, but at  times it was 



done directly into an actively feeding school of fish or 
around feeding bird flocks. 

DISTRIBUTION AND ABUNDANCE 

On cruise 53 of the Townsend Cromwell, June-July 
1971, an estimated 2,500 buckets of silverside and 1,OOO 
buckets of sardine were observed in Majuro lagoon. On 
Cromwell cruise 55, in November 1971, an estimated 800 
buckets of sardine and 700 buckets of silverside were 
seen. In April 1972, on Cromwell cruise 57, it was es- 
timated that there were about 1,OOO buckets of sardine 
and silverside (mostly sardine) in Majuro. Most of the 
baitfish were seen in scattered schools in fairly shallow (2  
m or less) waters along the eastern shoreline of the main 
island and along the many small islets on the north- 
eastern part of the atoll. In May of 1972, on the first quar- 
terly survey, about 100 buckets of sardine and 80 buckets 
of silverside were seen in scattered schools on the 
scouting runs. The largest school was estimated to con- 
sist of about 100 buckets of sardine and silverside. The 
baitfishes were often seen in quiet waters over fairly good 
seining grounds with sandy bottom and at times in areas 
with reefs and coral heads. Up until September 1972, a 
few small schools totaling about 50 buckets were seen on 
the scouting runs. The month of October was stormy and 
no observations could be made. From November 1972 
through May 1973, there were no visible signs of baitfish 
concentrations in Majuro. Only a few small schools of 
fewer than five buckets of sardine and scattered small 
schools of silverside were seen. This study showed that 
the abundance of sardine and silverside in Majuro lagoon 
had apparently declined considerably since our first ob- 
servations. Whether this apparent decline in abundance 
is an annual occurrence or whether this was an abnormal 
year is not now clear. 

It is conceivable that the baitfish had moved out of the 
lagoon to other areas or into deeper or murkier waters of 
the lagoon where they could not be detected on our 
scouting runs. 

Also, in May 1972, there was a Japanese fishing vessel 
conducting experimental live-bait, pole-and-line fishing 
in the Marshalls. They reportedly baited in the Mar- 
shalls, but where they caught the baitfish and how much 
they caught is not known. One of the ship’s represen- 
tatives said that an average of 200 buckets of sardine 
and, a t  times, as much as 500 buckets was taken in a 
single haul of a night net. If these amounts were taken 
out of Majuro lagoon with any frequency, it is possible 
that this would have affected the baitfish population 
during the period of our observation. 

Our Micronesian observer also informed us that there 
was an unusual abundance of small kawakawa, Euthyn-  
nus ajjinis, in the lagoon in July of 1972. It was unfor- 
tunate that we were unable to find out on what these fish 
were feeding. Whether the occurrence of kawakawa in 
large numbers in the lagoon played a part in the “disap- 
pearance” of baitfish is again left to speculation. 

As of November 1973, the Micronesian observer 

reported that the baitfish had not returned to Majuro. 
However, more recently, in April 1974, the baitfish ap- 
parently had returned to Majuro lagoon as well as to 
Jalui t  Atoll (Robert M. Oka, for-aer Honolulu 
Laboratory leading fisherman, pers. commun.). 

AGE AND GROWTH ESTIMATES OF 
HERKL OTSICHTHYS PUNCTA TUS 

AND PRANESUS PINGUIS 

Because of inadequacies in sample size and in the size 
range (mostly 6.0 to 11.0 cm SL (standard length)) of 
baitfish specimens collected, growth estimates based on 
size-frequency mode progressions were not possible. Pan- 
nella (1971) provided indirect evidence of the presence of 
daily growth increments in fish otoliths. Struhsaker and 
Uchiyama (1976) have provided direct evidence that 
these increments are present in otoliths of the Hawaiian 
nehu, Stolephorus purpureus. Similar appearing struc- 
tures are apparent in otoliths from H. punctatus and P. 
pinguis and for this study it was assumed that they are 
daily growth lamellae. 

The largest H. punctatus, 10.92 cm SL, appeared to be 
265 days old while H. punctatus,  8.62 and 8.69 cm SL, 
were estimated to be 189 days old. Specimens between 
8.6 and 10.5 cm SL fell linearly (Fig. 2). The presence of 
the 10.92 cm SL specimen is an indication that growth 
decreases after 10.5 cm SL. The average growth in length 
was 0.35 mm/day for the specimens examined. Pranesus 
pinguis, 3.2 cm SL, was 112 days old. The largest 
specimen, 6.7 cm SL, was 265 days old. Other specimens 
fell linearly between these points (Fig. 2). The average 
growth in length was 0.227 mm/day. Interestingly, both 
species appeared to reach sexual maturity a t  the same 
age, between 6 and 7 mo. 
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Figure 2.-The number of daily growth lamellae of Herkloteichthys 
punctatus and Praneeue pinguis otoliths plotted against standard 
length (cm). 
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MATURITY AND FECUNDITY 

Material and Method 

Specimens were pooled into groups by month of cap- 
ture and then measured (SL) and the sex determined for 
sex ratio information. The  ova diameters of the most ad- 
vanced mode were measured and classified by ap- 
pearance for maturity studies. Classification by ap- 
pearance was believed to  be more reliable than diameter 
measurements as shrinkage occurred during preser- 
vation in Formalin. The descriptions of the developmen- 
tal stages of baitfish are the same as those used by 
Uchiyama and Shomura (1974) for swordfish (Xiphias) 
ova. 

1. Primordial: ova diameters are less than 0.1 mm, 
transparent and ovoid. 

2. Early developing: ova develop a chorion mem- 
brane, opaque yolk material deposits within the ovum, 
and ova are larger than primordial ova but less than 0.3 
mm in diameter. 

3. Developing: ova are  completely opaque and  
spherical, chorion is stretched and not visible, and ova 
diameters range between 0.3 and 0.7 mm. 

4. Advanced developing: ova have a fertilization 
membrane, a translucent margin around the yolk, and 
diameters range between 0.6 and 0.9 mm. 

5. Early ripe: ova range between 0.7 and 1.0 mm in 
diameter, yolk material becomes translucent, and oil 
globules begin to form. 

6. Ripe ova: ova are transparent, range in diameter 
from 0.9 to 1.1 mm, and oil globules are present. 

For the fecundity study, the largest ovary of the month 
was examined. An attempt was made to keep the length 
of the fish constant. All ova in the most advanced mode 
were counted. 

Sex Ratio 

The sex ratios of sardine and silverside are presented 
as percentage of females in the monthly sample (Fig. 3). 
The percentage of female H. punctatus in the sample was 
highest in May-June and lowest in September. The per- 
centage of female P. pinguis was highest in September 
and lowest in November. 

Maturity 

Since the number of specimens varied monthly, the 
percentage composition of the six ovarian developmen- 
tal stages was used for comparison. Herklotsichthys 
punctatus appeared ready to spawn during April and 
May, as ripe ova were present in some ovaries. Ovaries a t  
the developing stage occurred throughout the year but 
ripe ovaries were present only in April and May (Fig. 4). 
There were few H. punctatus under 7.3 cm SL in the 
samples and their ovaries were all immature. Ripe 
ovaries occurred in specimens over 9.0 cm SL. 

c z w u 

W P 
a 

JAN FEE MAR Am MAY JUNE JULY AM SEPT OCT "4 DEC 

Figure %.-Female component of monthly samples of Majuro hait- 
fishes. 

Ripe ovaries of P. pinguis occurred throughout the 
year. Spawning appeared to peak in August when over 
80% of the ovaries contained ripe or early ripe ova (Fig. 
3). The smallest silverside with a ripe ovary measured 5.5 
cm SL. 

Fecundity 

Fecundity data are presented in Tables 1 and 2. The 
fecundity of H. punctatus ranged from 3,035 for a 9.3-cm 
specimen to 6,294 for a 9.8-cm specimen. There ap- 
peared to be a slight increase in fecundity from May 
through September. The fecundity of P. pinguis ranged 
from 272 for a 7.1-cm specimen to 852 for a 7.5-cm 
specimen. 

STOMACH CONTENTS 

Stomach contents of bigeye scad, sardine, and silver- 
side were examined to see if they were feeding on juvenile 
Daitfishes. 

Bigeye scad were caught handlining from the skiff 
while carrying out night-light stations during August, 
September, November, and December 1972. Fifty-eight 
stomach samples were collected and examined. Among 
the principal food items were shrimps, isopods, os- 
tracods, and fishes, especially of the family Breg- 
macerotidae (Table 3 ) .  
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Table 1.-Fecundity ofHerklotsiehthys punctatwr collected in Majuro. 

Standard Size range 
Month length Left Right Loose of ova 
(1972) (cm) ovary ovary ova Total Maturity (mm) 

Feb. 10.2 2,610 1,381 151 
Apr. 9.3 1.840 1,171 24 
May 9.8 3,294 1,790 33 
June 9.8 4,508 1,663 23 
June 10.0 3.352 1,506 381 
Sept. 10.6 2,322 2,821 IO 
Dec. 10.6 3,243 1,161 0 

75 JUNE(N.32) 

75 SEPTEMBER [ N - 2 0 )  

DECEMBER ( N - 22 ) 

DEVELOPING RIPE 

-2- El 1- _ _  
PRIMORDIAL EARLY DEVELOPING ADVANCED EARLY RIPE 

OVA DEVELOPING 

Figure 4.-Percentage of most advanced ovarian stages of Herklot- 
sichthye punctatue by month (1972). 

About 50 sardine stomachs were examined. It was 
found that they fed on shrimps, lucifers, and copepods, 
especially, Labidocera acutum and Ihdinula  vulgaris 
(Table 3 ) .  

About 100 silverside stomachs examined showed that 
their stomachs were essentially empty. This apparent 
habit of not feeding during the day was mentioned by 
Hobson and Chess (1973). 

Examination of stomach contents showed that larval 
and juvenile sardine were not eaten hv these predators a t  
the time ot'our collections. It was hoped that larval and 
juvenile sardine could be obtained from stomach con- 
tents since our sampling methods were unahle t o  cap- 
ture them. Bigeye scad did feed on juvenile silverside but 
these could be sampled under the night-light. We were 
unahle t o  catch enough silverside or  sardine under the 

4,142 Advanced developing 0.69-0.78 
3,035 Early ripe 0.86-0.94 

0.90-0.98 5,117 Early ripe 
6,194 Advanced developing 0.69-0.78 
5.239 Early ripe 0.73-0.94 
5,153 Advanced developing 0.57-0.65 
4.404 Advanced develooine 0.65-0.78 

Table Z.-Fecundity of Praneewr pinguie collected in 
Majuro. ____ 

Standard Size range of 
length ripe ova 

Month-year (cm) Fecundity (mm)  

Apr. 1972 7.1 272 0.98-1.14 
May 1 9 3  7.3 504 0.98-1.14 
Aug. 1972 7.4 504 0.82-0.94 
Sept. 1972 7.1 624 0.78-0.98 
Nov. 1972 7.5 852 0.82-1.10 

0.82-1.14 Dec. 1972 7.0 558 ~- 

night-light t o  compare their feeding habits with fish 
caught during the day. 

67 



CONCLUSION LITERATURE CITED 

The inability to collect adequate samples during our 
field trips, largely due to the apparent absence of bait- 
fish concentrations, left much to be desired in this study. 
However, we did find that the apparent abundance of H. 
punctatus and P. pinguis can fluctuate widely in Majuro. 
We also found that the two species reached maturity in 
about 6 to 7 mo at  a size of 9 cm SL for H. punctatus and 
5.5 cm SL for P. pinguis. From the presence of ripe ova in 
the ovaries, it seems that H. punctatus spawns in spring 
and P. pinguis throughout the year with a peak in 
August. 
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