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Abstract

Three juvenile yellowfin tuna (22-26cm FL) and two rainbow runners (27 and 30cm FL) were
monitored around a payao (FAD: Fish Aggregating Device) in Panay Gulf, the Philippines. A receiver
was attached to the anchor line of the payao and ultrasonic transmitters were implanted into the abdomi-
nal cavities of the fish. All the fish stayed around the payao for over 60 hours and there was no differ-
ence in the hourly detection rate during daytime and nighttime. Juvenile yellowfin tuna were swimming
in significantly deeper waters, maximum 105m, than rainbow runners of the same size. The similarities
between the observed behaviors of payao-associated juvenile yellowfin tuna and FAD-associated adults
are very striking. Juvenile yellowfin tuna swam within a limited shallow range during nighttime and
dived to deeper waters during daytime then moved away from the payao at midnight. One juvenile yel-
lowfin tuna was recaptured two days after release by hand line in the same payao and two juvenile yel-
lowfin tuna were recaptured 12 days after release by ring net in another payao over 3km away. These
recaptures indicate that the fish were active enough to feed and swim, and also show the feasibility of
undertaking telemetry studies on juvenile yellowfin tuna.

. have already revealed relatively consistent patterns in
1. Introduction

the swimming behavior of adult tuna near FADs. For
Fish Aggregating Devices (FADs), including payaos, instance, during the daytime adult tuna swim in deep-
play an important role in global tuna fisheries! ?. In er waters with characteristic deep dives and move to

the Philippines, payaos were first introduced in the shallower depths within the mixed layer at night®:1?

1970s primarily to target tuna and fishing pressure
with the use of them remains high (Babaran, unpubl
data, 2006)%:4. Aside from adult tuna, small pelagic
species including juvenile tuna that aggregate near
the payaos are also captured®. However, little is
known about the behavior of such small fish and the
efficlency of a payao has not been evaluated quantita-
tively.

Telemetry is a powerful tool that allows continuous
and simultaneous monitoring of fish behavior. Most
telemetry studies on tuna behavior around FADs
involve adult fish using ultrasonic transmitters and

data loggers®~20_ With some exceptions, these studies

~14),20) apparently to follow the diel migration patterns
of prey organisms in the Sound Scattering Layer
(SSL). Others swim away from FADs at dusk for
feeding excursions and return to the same FAD or
swim to another FAD during the daytime!®:14),19),20
Others remain associated with the FAD over a period
of several days after tagging. And still others return
to the FADs periodically, as if they have a memory of
the positions of the FADs!®. Data loggers, which also
allow the storage of physiological and environmental
data, have been implanted in young bluefin tuna. Past
studies have revealed that their prey environment and

temperature influence their swimming patterns partic-
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ularly in the vertical direction??~20. However, despite
recent advances in telemetry, no information is avail-
able on the swimming behavior of juveniles of large
tuna species that normally associate with payaos.
Moreover, no experiments had been conducted with
juvenile tuna until now, due to lack of access to the
fishing grounds near the Philippines from where these
tuna species start to migrate when they reach about
30 cm in length??.

In this study, we present the results of a telemetry
experiment on several juvenile yellowfin tuna Thunnus
albacares conducted around a payao in the Philippines.
Our main objective was to determine the feasibility of
undertaking these experiments, which are necessary
before proceeding to embark on more comprehensive
studies in the future. We also wanted to obtain initial
information about the patterns in the swimming
behavior of juvenile yellowfin tuna. To determine the
characteristic swimming behavior of juvenile yellowfin
tuna, the behavior was compared with that of another
pelagic species of the same size, rainbow runners
FElagatis bipinnulatus that was monitored simultaneously.
Rainbow runners are a common pelagic species
around payaos and as they are fast swimming preda-
tors similar to yellowfin tuna, they are a good compar-
ative fish. Finally, we related the swimming patterns
of juvenile yellowfin tuna with known observations of

adult yellowfin tuna.
2. Materials and methods

The experiments were conducted around a payao
named “Liwanag” (10°32°N, 122°16"E) deployed
approximately 10km off the coast of Miagao in Panay
Island, Philippines (Fig.1). In Panay Gulf, several
payvaos were installed in the same network at a few
kilometers distance but the actual numbers and posi-
tions were not clarified. The depth of the water was
approximately 500m.

A set receiver (VR2-DEL, Vemco Ltd., Canada)

Longitude E
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Island I
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10.0

Fig.1 Map of Panay Gulf, the Philippines showing
the location of the experimental payao
“Liwanag” (black star). Bold lines are iso-
baths per 1,000m.

was installed on the anchor line of the payao at a
depth of approximately 20m by scuba diving on 13
August, 2005. The receiver, which weighed 170g in
water, was 73mm in diameter and 308mm long. The
receiver decodes the ID numbers and swimming
depths of the fish implanted with transmitters within
the detection zone and records the numbers and time
stamp in a flash memory. A preliminary study was
conducted to determine the detection zone of the
receiver around the payao. A transmitter was sub-
merged and moved around the payao by boat and the
position of the boat was recorded by GPS. Later, the
records of the receiver were downloaded and the
detection distance was determined by comparing the
detected time and the boat position simultaneously.

A professional fisherman captured experimental fish
around the payao by hand line. Three yellowfin tuna
(YT1-3, 22-26cm FL) and two rainbow runners (RR1
and 2, 27 and 30cm FL) were captured from 13 to 15
August, 2005. The details of each fish are given in

Table 1 Details of tagged fish.

Duration

Fish ID Forl% CI;r?ngth Release End of record (hour) Transmitter
YT1 22 14 1 15 13 - Aug. 2005 14 0 21 13 - Aug. 2005 0 V7
Yellowfin tuna YT2 22 14 2 18 13 - Aug. 2005 2339 17 - Aug. 2005 129 V7
YT3 26 12 45 15 - Aug. 2005 16 : 12 19 - Aug. 2005 99 V9
. RR1 30 10 : 54 14 — Aug. 2005 00 : 00 17 - Aug. 2005 61 V9
Rainbow runner .
RR2 27 09 : 20 16 — Aug. 2005 16 - 11 19 - Aug. 2005 79 V9
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Fig.2 Time series data of the hourly detection rates of YT2, YT3, RR1 and RR2 tagged near payao on August

13-16, 2005 in Panay Gulf, the Philippines. There was no difference in the hourly detection rate during

the daytime and nighttime.

Table 1. The fish were implanted with coded ultrason-
ic transmitters (V9P-2H-S256 or V7-2L-R256, Vemco
Ltd, Canada). The V9P transmitter, which has a pres-
sure sensor, weighed 2.9¢g in water, was 9mm in diam-
eter, and 46mm long. The transmitter emitted a train
of eight pings at a power output of 147 dB every 20+
10s for identification and depth measurement?®. The
V7 transmitter, which does not have a pressure sen-
sor, weighed 0.9g in water, was 7mm in diameter, and
20mm long. This transmitter emitted a train of six
pings at a power output of 136 dB every 10x5s only
for identification. Tag implantation was conducted
according to the procedure on adult yellowfin tuna
described by Ohta and Kakuma!®. The surgical opera-
tions were performed just after catching the fish
aboard a 10-m outrigger fishing boat and took only
about Imin for each fish. The fish were laid on their
backs on a makeshift operating table. An incision of
approximately 1omm was made in the abdomen of the
fish to allow the transmitter to be inserted. The
wound was sutured with one stitch. Ordinary dart
tags were then punched next to the second dorsal fin.
The fish were released immediately after the opera-
tion.

The receiver was retrieved at 16 : 12 on 19 August,
2005 and the stored data were downloaded. To facili-
tate the retrieval of fish, notices of monetary rewards
for recaptured fish were distributed in nearby fishing
communities and fish markets.

3. Results

The maximum detection distance of the receiver
was approximately 700 and 500m in radius for V9P
and V7 transmitters, respectively. Fig.2 shows the
time series data of the hourly detection rate of all fish,
except for YT1, the data of that was too short for
analysis. YT2 was monitored for 129 hours until the
middle of the night on 17 August, 2005. YT3 was mon-
itored for 99 hours until the end of the experiment.
RR1 was monitored for 61 hours until midnight on 17
August, 2005. RR2 was monitored for 79 hours until
the end of the experiment. All the fish were monitored
continuously without interruption over one hour until
the end of each record. There was no difference in the
hourly detection rate during daytime (from sunrise at
6 : 41 to sunset at 19: 10) and nighttime (Mann-Whitney
Test, p>0.05).

Fig.3 shows the time series data of the swimming
depths of YT3, RR1, and RR2. YT3 dived occasionally
over 50m and clearly swam deeper than the RRs. The
swimming depth distributions of the three individuals
were different (Kruskal Wallis Test, p<0.001) (Fig.4).
YT3 was swimming in significantly deeper waters
(16.1+10.4m, mean and SD) than both RR1 (6.8=
48m) and RR2 (7.7+35m) (Welch's #test, p<0.001).
The maximum swimming depth of YT3 was 105 m at
18 : 59 on 15 August, 2005.

YT3 showed a diurnal vertical swimming pattern
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Fig.3 Time series data of the swimming depths of YT3, RR1 and RR2. YT3 swam within a limited shallow
range during nighttime (indicated by a horizontal black bar) and dived to deeper waters during

daytime (white bar).

(Fig.5). YT3 frequently stayed in a relatively shallow
and narrow layer between 5 and 15m during night-
time. In the daytime, the fish swam in a deeper and
wider layer between 10 and 25m (Fig.6). YT3 was

swimming in significantly deeper waters (19.5+ 10.6m)
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Fig.4 Overall depth distribution of YT3 (solid),
RR1 (hatched), and RR2 (open) near

payao. YT3 was swimming in significantly
deeper waters than both RR1 and RR2.

during the daytime compared to at nighttime (125=
89m) (Welch’s -test, p<0.001).

While fishing for more fish to tag, we recaptured
YT2 two days after release at 8 : 30 on 16 August, 2005.
This allowed us to examine the wound, and the fish
was re-released immediately. Although the wound was
not completely healed, it was fastened by the stitch
tightly. Twelve days after release, a ring net operating
in another payao over 3km away from the tagging site
re-recaptured YT2 with YT1 on 25 August, 2005. The
transmitter of YT2 remained but that of YT1 was
missing. The fisherman reported that the wounds
were healed. The external tags reminded him of the

monetary rewards for recaptured fish.
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Fig.5 Diurnal vertical swimming pattern of YT3. A
solid circle indicates the hourly mean of swim-
ming depth and a vertical bar indicates SD.
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Fig.6 Day (open) and night (solid) depth distri-
bution of YT3. The fish was swimming in
significantly deeper waters during daytime.

4. Discussion

YT1 was monitored only briefly after release. When
the fish was recaptured, the transmitter was missing;
it had probably dropped out due to inexperience in
tagging in the first experimental fish. All the other
fish, including rainbow runners, were monitored for
more than 60 hours after their release and showed
vertical and or horizontal movement. The recapture of
YT2 two days after release indicates that the fish was
not only alive but also active enough to show its feed-
ing behavior. This fact also suggests that the trauma
of the operation was not serious. In addition, the re-
recapture of YT2 and the recapture of YT1 indicate
that the fish were active enough to swim to another
payao over 3km away. These results suggest that it is
possible to conduct telemetry experiments involving
juvenile yellowfin tuna in the Philippines even with
the cramped conditions of a small boat.

Although the number of experimental animals was
limited, the similarities between the observed swim-
ming behaviors of payao-associated juvenile yellowfin
tuna and FAD-associated adults of various tuna
species are very striking?)-®,12)~14),16),18),21) Y T3

swam within a limited shallow range during nighttime

and dived to deeper waters during daytime. Ohta and
Kakuma!® reported that adult yellowfin tuna showed
a similar diurnal vertical swimming pattern and dived
to depths over 200m. Dagorn ef al.?? reported that
adult yellowfin tuna stayed at depths over 1,000m.
Although the maximum swimming depth of juvenile
yellowfin tuna was not as deep as that of the adults,
YT3 was swimming in significantly deeper waters
than RRs of the same size. Nevertheless, the horizontal
associate pattern of juvenile yellowfin tuna was similar
to that of rainbow runners as mention below, the verti-
cal distribution of juvenile yellowfin tuna was different
from that of rainbow runners.

The observed vertical movements during daytime
were probably feeding excursions for small prey. In an
echo survey near payaos also in Panay Gulf,
Yamanaka and Babaran (unpubl. data, 2003) observed
separate clusters of small prey (5 to 10cm BL) during
daytime at depths between 20 and 30m within a range
of about 600m from the payao raft. This depth range
coincides with the swimming depth of YT3 during
daytime. As all the experimental fish were captured
by hand line and YT2 showed feeding behavior just
two days after release around the payao, the presence
of these prey organisms was an important factor in
maintaining the aggregation of juvenile yellowfin tuna
near these floating structures.

All the fish were detected without interruption and
the hourly detection rate did not show any diel differ-
ences. This indicates that these fish were swimming
within the detection radius of the receiver most of the
time. Ohta and Kakuma!® revealed that adult yel-
lowfin tuna also exhibited a similar pattern of associa-
tion with anchored FADs. They reported five pat-
terns, A was characterized by a higher detection rate
during nighttime than daytime, B was characterized
by a higher detection rate during daytime than night-
time, C was characterized by a few hours absence
occurring around sunset, D was characterized by sev-
eral hours absence beginning around noon and individ-
uals that showed no clear pattern were allocated to E.
Although the small fish in this study were allocated to
pattern E, it is possible that the observations of juve-
nile yellowfin tuna in this study may just be one of
several association patterns.

Y T2 remained around the payao for 129 hours after
tagging, but the record ended in the middle of the
night on 17 August, 2005. Departure from the tagging
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site at nighttime has been reported in adult yellowfin
tuna'®. YT2 probably moved away from the payaoc in
the horizontal plane due to the limited range of its ver-
tical plane, namely the detection distance of the receiv-
er almost reached the bottom and the maximum
swimming depth of YT3 was 105m. The reported
recapture of both YT1 and YT2 provides direct evi-
dence to support this horizontal movement. YT1 and
YT2 were captured and released at almost the same
time then recaptured at the same time in another
payao over 3km away. Unfortunately we did not know
the hour of departure of YT1 due to lack of the trans-
mitter, these fish might be swimming together in the
same school.

Although YT1 and YT2 demonstrated horizontal
movement and their capacities to escape from the
influence of the single payao, it seems possible for
juvenile yellowfin tuna to reside over a longer period
near the floating structures. The results of this study
indicate that a single payao unit seems capable of
restraining the movements or even altering the migra-
tion route of juvenile yellowfin tuna. Moreover, since
payaos are usually deployed as a network, another
payao may easily attract individuals as YT1 and YT2
were moved to another payao and then recaptured.
Aprieto?” reported that yellowfin tuna begin to
migrate from Philippine waters at about 30cm, and
this indicates that escape from the space affected by a
floating structure may be part of their natural behav-
ioral repertoire until they finally migrate out. Several
units within a payao network therefore can act collec-
tively as an ecological trap, which is suspected to be
possible in drifting FADs2Y. However, available sup-
porting evidence now indicates that both drifting
FADs and payaos have a similar effect by altering the
feeding behaviors of associated fish. More comprehen-
sive studies are required to confirm whether payaos
really have a negative effect on associated fish popula-
tions.

The recapture of YT1 and YT2 showed that fishing
pressure around the payaos was very high. It is clear
that a network of payaos can render these immature
fish vulnerable to fishing by ring nets and hand lines.
On the other hand, this provides an opportunity to
clarify the behavior of juvenile vellowfin tuna in
greater detail by using data loggers because the prob-
ability of retrieving implanted tags seems high.

Moreover, by installing additional receivers in a net-

work of payaos, it would be possible to record how
juvenile yellowfin tuna use the habitat and environ-
ment provided by the network in a region where
information is inadequate for the management of

Philippine tuna, which are part of the Pacific stocks.
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