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Abstract Daily twilight migrations of the Japanese surfperch, Neoditrema ransonneti, a temperate rocky
reef inhabitant, are described on the basis of studies around Fukudomari Harbor, Saiki Bay, Kyushu.
Migrations occurred from late August through January, being the time of year of high N. ransonneti
abundance in nearshore waters. At dusk, fish moved from coastal rocky reefs, where they had been
diurnally active, to the harbor, either solitarily or in schools. Movement into the harbor began on average,
30.4 min. before sunset, the last arrival taking place 10.2 min. after sunset. During nighttime, the fish
remained in the harbor, subsequently. The beginning their migration to open waters some 27.6 min. before
sunrise. Migration routes were established up to at least 100 to 150 m from the harbor. The sequence of
migratory behavior at the entrance of the harbor was categorized according to certain behavioral events,
such as migration in schools and migration in procession (a long dense school). Each behavioral event
began and ceased with precise timing relative to sunset or sunrise, the effect of variations in underwater
illumination on each event being small. Practically all of the individuals (approximately 48,000) observed
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around the harbor were considered to migrate.

It is well known that many tropical and temperate
reef fishes perform extensive twilight migrations be-
tween foraging areas and refuges (Hobson, 1972,
1973; Ebeling and Bray, 1976; Hobson et al., 1981;
Helfman, 1986). Some migrate between nocturnal
feeding grounds and diurnal resting locations,
e.g., certain atherinids (Hobson and Chess, 1973;
Major, 1977), pempherids (Fishelson et al., 1971;
Gladfelter, 1979), priacanthids (Hobson, 1972),
pomadasyids (Hobson and Chess, 1976; Ogden and
Ehrlich, 1977; McFarland et al., 1979; Helfman et
al., 1982) and clupeids (Hobson, 1973); others mi-
grate between diurnal feeding grounds and nocturnal
resting places, e.g., certain pomacentrids (Hobson
et al., 1981), scarids (Ogden and Buckman, 1973;
Dubin and Baker, 1982), and acanthurids (Mazeroll
and Montgomery, 1995). Although twilight migra-
tions by tropical species have been described as pre-
dictable movements along established routes at pre-
cise times (Hobson, 1973; Helfman, 1986), it has
been suggested that comparable precision is lacking
in temperate water species (Ebeling and Bray, 1976;
Helfman, 1986).

To examine the degree of precision in the twilight
migration of a temperate species, diel movements of

the Japanese surfperch, Neoditrema ransonneti, were
studied in Saiki Bay, northern Kyushu (33°03’N,
131°59°E).  Neoditrema ransonneti is a diurnal
planktivore attaining about 13 cm in fork length, that
has a recorded range from southern Hokkaido to
mid Kyushu, as well as along the southern shores of
Korea (Tarp, 1952; Hayase and Tanaka, 1980a, b).
After initial observations of this species moving from
a diurnal feeding area offshore to a nocturnal refuge
inside the harbor, a formal study was undertaken to
clarify the details of such movements.

Materials and Methods
Study area

The study was performed mainly in and around
Fukudomari Harbor, located on the northern coast
of Saiki Bay, Oita Prefecture, Kyushu, Japan (Fig.
1). Fukudomari Harbor is protected by two con-
crete breakwaters, separated by a narrow entrance,
18 m wide (Fig. 2A). The southern breakwater is
120m long, and the western breakwater 50 m long.
The maximum depth in the harbor was six meters.
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Azamui H. Fukudomari H.

Saiki Bay

Fig. 1. Maps of the study areas on the northern
coast of Saiki Bay, Kyushu, Japan, showing the
locations of Fukudomari and Azamui Harbors.

The bottom around the harbor being rocky, except
for a sandy area on the western side. Observations
were made primarily on the entrance of Fukudomari
Harbor and on the rocky reef surrounding the
harbor.  Additional observations were made at

A
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Azamui Harbor, 7.8 km west of Fukudomari Harbor
(Fig. 1). The study was performed from September
1986 through August 1987, during which time
the water temperature varied between 10.2°C and
27.2°C.

Methods of observations

To examine the general habitat and twilight migra-
tion patterns, individual numbers and locations of
the fish were recorded during the day and night, as
well as in the twilight periods. Observations were
made almost every day from October through De-
cember 1986, but at irregular intervals in September
1986 (number of observations=80), and from Janu-
ary through August 1987 (number of observations =
40). Within the periods when twilight migration
occurred, general migratory behavior was observed
at dusk on 32 days and at dawn on 10 days. Of these,
18 dusk and 7 dawn migrations were recorded in
detail, including individual numbers, time and un-
derwater illumination. The latter observation days
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Fig. 2. General outline of the dusk migration pattern at Fukudomari Harbor and methods of counting the
migrating individuals. A) Routes and behavioral sequence during dusk migration: MI—routes of migrating
individuals; AG—aggregation on seaward aspect of southern breakwater; MS, MP—moving into harbor in
schools or in procession; RS—resting site at night. B) Horizontal view of observation line (OL, between
tetrapods and buoy), across which most migrating individuals passed. C) Vertical view of OL and methods
of counting individuals (see text). (Arrow indicates direction of fish movement.)
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included fine, cloudy and rainy weather.

Most of the migrating fish passed between a buoy
anchored at mid-depth, five meters offshore near the
tip of the southern breakwater and seawardly-
positioned tetrapods (observation line=OL, Fig.
2B). The number of fish passing the OL in each five
minute period was recorded for 1-5 hours (including
the twilight periods). When the number of individu-
als exceeded one hundred per minute, it was esti-
mated from the approximate number of fish on the
OL at a single point in time (vertical plane; a rank of
the school =R, Fig. 2C) multiplied by the number of
fish crossing the OL per minute (horizontal plane; a
file of the school=F, Fig. 2C). At the same time,
underwater illumination (lux) was measured every
five minutes using an illuminationmeter positioned
0.5m from the surface at the center of the OL.

Nighttime observations (18:00-21:30) in Fuku-
domari Harbor were carried out on 29 October, and
5 and 11 December 1986, to examine fish sheltering
sites and general behavior in the refuge. Migration
routes were established by following the paths of
individuals traveling from the harbor at dawn, until
lost sight of.

The number of individuals and initial and terminal
times of the dusk migrations were also recorded at
the entry of Azamui Harbor on two days in Novem-
ber and December 1986, using methods similar to
those described above.

In order to avoid SCUBA diver-effect on fish
behavior, observations were made by snorkeling,
except for nighttime observations within the harbor.
Data were recorded on waterproof paper and an
underwater camera provided film documentation.

Results

Twilight migrations occurred from late August
through January, being the time of year of high
Neoditrema ransonneti abundance along the shore
near Fukudomari Harbor. The species was active by
day, either individually or in schools, above rocky
reefs offshore from the harbor, averaging 645 (range,
117-1925, SD=606.2, n=7) along a 250X5m
transect. During evening twilight the fish migrated
into the harbor, where they remained until returning
to their offshore feeding area during morning twi-
light. Migrations were not seen from February
through early August, when few N. ransonneti occur-
red in the area.

Fig. 3. Neoditrema ransonneti in procession during
dusk migration.

Dusk migration

Migration routes and behavioral sequences at dusk
migration are summarized in Figure 2A. About 60
to 50min. before sunset, solitary individuals and
schools of 20-100 individuals began to swim toward
the harbor from the rocky reef located to the east
and south-east (Fig. 2A: MI), following virtually the
same routes near the breakwater each day. No
individuals were observed coming from the west or
south-west. Between two and 15m offshore from
the southern breakwater, all migrating individuals
stopped and eventually formed aggregations (Fig.
2A: AG). About 30min. before sunset, these fish
began to swim toward the harbor.

Migrating behavior observed at the OL included
three recognizable features. (i) Migration in
schools. Initially, aggregations of fish moved into the
harbor, by turning right at the tip of the southern
breakwater, in schools of between several to 300 fish
(Fig. 2A: MS). (ii) Migration in procession. As the
number of migrating fish increased, the schools com-
bined, forming a single, very long, dense school, here
defined as a procession. The procession, some 30 to
40 m long and two to five meters wide, was formed
along the southern breakwater (Fig. 2A: MP, Fig.
3), and continued for an average of 22.6 min. (range,
15-35min., n=18), later arrivals joining at the
posterior end. Individuals in the procession kept
between 10 to 80cm apart from each other. When
the procession had finished, only a small number of
N. ransonneti remained outside of the harbor. (iii)
Migration in schools following the procession. Occa-
sionally, 10 to 300 fish in one to five schools moved
into the harbor within 11 min. of the termination of
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Fig. 4. Number of individuals/min. which passed the OL during dusk and dawn migrations in 1986. A) Dusk

migration on 27 October.

B) Dawn migration on 3 November.

Dashed line indicates sunset or sunrise.

Duration of each behavioral event indicated at top: AG—initiation of aggregation on seaward aspect of
breakwater; MS—migration in schools; MP—migration in procession; FD—first departure from harbor.

the procession. The above three behavioral stages
took, on average, 40.0min. (range, 27-50 min., n =
11) for over all completion. The average number of
individuals counted during five dusk migrations was
approximately 48,000 (range, 32,000-69,000).

The results of evening twilight observations on 27
October, 1986, are shown in Figure 4A. Aggrega-
tions appeared off the southern breakwater at about
16 : 40, the schools beginning to move into the harbor
at 17:10. A procession was observed from 17:21
through 17:38. The maximum individual number
per minute was approximately 5300, occurring at
17:25. Following the procession, 4 schools of 50 to
200 individuals entered the harbor, the last at 17:49.

To examine the consistency of the behavioral se-
quences during both dusk and dawn migrations, the
initial and terminal migration times, and underwater
illumination during each behavioral event, were re-
corded. During the autumn observation periods,
sunset changed between 17:06 and 17:31. The
average time and underwater illumination for each
behavioral event are shown in Figure 5. In dusk
migration (Fig. 5A), individuals, aggregating off the
breakwater, began to move into the harbor 30.4 min.
before sunset on average (SD=7.8, n=8). At this
time, underwater illumination was 1220lux (SD=
550, n=28). The procession formed 15.9 min. before
sunset (SD=9.3, n =18), illumination being 691 lux
(SD=402, n=18). The procession terminated
6.6 min. after sunset (SD=6.0, n=18), at which

time illumination was 551lux (SD=33, n=18). The
latest arrival time of migrating individuals was
10.2 min. after sunset (SD=6.5, n=18), when illu-
mination was 35lux (SD=23, n=18). Weather
conditions did not influence underwater illumination
at the initial and terminal times of each event, be-
cause of the low level of underwater illumination at
dusk. Variations in the time, relative to sunset and
underwater illumination, of each behavioral event
were small.

Nighttime refuge

At night, dense aggregations of N. ransonneti were
observed in Fukudomari Harbor (Fig. 2A: RS),
where they remained motionless among the Sargas-
sum vegetation or near the bottom.

Dawn migration

Early in the morning, fish migrated from the
harbor to the rocky reef. Initially, a procession
leaving the harbor began abruptly, continuing for an
average of 9.6 min. (range, 7-18, n =7). Occasional-
ly, several schools moved out just before the depar-
ture of the procession. Following the procession,
schools composed of 10 to 200 individuals moved
out intermittently, such migration continuing until
10:00 or 11:00. The end point of each morning
migration was not clear cut.
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Fig. 5.

Fukudomari Harbor during dusk (A) and dawn (B) migrations.
Times are shown relative to sunset or sunrise.

migration in procession.

Mean initiation and termination times and underwater illumination (lux) of each behavioral event at

MS—migration in schools; MP—
Vertical and horizontal bars

indicate SD. Number of observations shown in parentheses.

The results of morning twilight observations on
3 November, 1986, are shown in Figure 4B. Initial
departure of individuals was observed at 06:02,
when a school of 150 individuals moved out of the
harbor. The procession began at 06:08 and con-
tinued till 06 : 15. Migration in small schools of 10 to
200 individuals followed the procession until about
11:00.

Migrating individuals swam in a south-easterly
direction along the coast, reversing the dusk migra-
tion route for about 100 to 150 m. Some fish gradu-
ally decreased their swimming speed and stopped
within 250 m of the harbor, where they stayed during
daytime. Others moved farther out from the harbor,
and were lost to sight.

During the observation periods, sunrise changed
from 06:25 to 07:14. The first departure of dawn
migration (Fig. 5B) occurred 27.6 min. before sun-
rise (SD=3.9, n=7), at which time illumination was
2.0lux (SD=1.9, n=7). Migration in procession
began 25.0 min. before sunrise (SD=2.8, n =7), illu-
mination being 3.5lux (SD=1.8, n=7). Migration
in schools, following the procession, began 15.4 min.
before sunrise (SD=1.8, n=7), when illumination
was 55lux (SD=20, n=7). Variations remained
small, regardless of weather conditions.

Seasonal presence of N. ransonneti and migration at
Azamui Harbor

The patterns of seasonal occurrence of N. ranson-

neti at Azamui and Fukudomari harbors were simi-
lar. During the period from late summer to early
winter, several individuals appeared nearshore at
Azamui, moving into the harbor at dusk. For exam-
ple, at least several thousand fish migrated into the
harbor between 16:40-17:20 (November 24) and
17:00-17:25 (December 4) in 1986. From winter
to summer, however, few individuals occurred near-
shore and twilight migration was not observed.

Discussion

In the temperate marine waters of California,
several species migrate between foraging sites and
refuges on a daily basis, including both diurnal spe-
cies, such as Chromis punctipinnis (Hobson et al.,
1981), and nocturnal species, e.g. Xenistius californi-
ensis (Hobson and Chess, 1976) and Hyperprosopon
argenteum (Ebeling and Bray, 1976). In southeast-
ern Alaska, twilight movements have been observed
in nocturnal Ammodytidae, Ammodytes hexapterus
(Hobson, 1986). There has been little evidence
presented to suggest that the twilight migrations of
these species are as precisely timed or routed as those
of tropical species (Hobson et al., 1981; Hobson and
Chess, 1976). In fact, some studies have suggested
that such precision is lacking at higher latitudes
(Ebeling and bray, 1976; Helfman, 1986). The
present study has shown, however, that the twilight
migrations of temperate Neoditrema ransonneti in
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Saiki Bay are comparable to those of fishes in tropi-
cal habitats.

On tropical reefs of the Marshall islands, twilight
migrations of the nocturnal, planktivorous atherinid,
Pranesus pinguis, have been reported (Hobson and
Chess, 1973). Although N. ransonneti differs from P.
pinguis in being diurnal, some similarities exist in the
migratory behavior of the two species. Both migrate
between offshore feeding areas and nearshore resting
sites during twilight periods, utilizing similar routes
each time. In addition, before the final movement to
the resting sites, both aggregate in the shoreward
part of their feeding ground.

Neoditrema ransonneti performed each component
of its twilight migration within a narrow range of
time and light intensity, indicating that some en-
vironmental factors trigger the initiation and ceasing
of their diurnal activity. It has been suggested that
increasing and decreasing underwater light levels
during the twilight periods, respectively initiate and
terminate the activities of coral reef fishes (Major,
1977; Gladfelter, 1979; McFarland et al., 1979;
Dubin and Baker, 1982). Furthermore, an endoge-
nous circadian rhythm is suspected (McFarland et
al,, 1979). A reasonable supposition, therefore, is
that underwater illumination or time relative to
sunset and sunrise (endogenous circadian rhythm)
may determine the migration times of N. ransonneti,
as has been proposed for tropical reef fishes.

Dusk migration was considered to be completed
when the last fish passed the observation point, such
taking place, on average, 10.2min. after sunset
(range, 3 min. before sunset—21 min. after sunset).
Dawn migration was considered to have begun when
the first fish passed the observation point, on average
27.6 min. before sunrise (range, 31-20 min. before
sunrise). Diurnal damselfish, Chromis punctipinnis,
end their dusk migration to a nocturnal resting area
some 10min. after sunset, in the warm-temperate
waters of southern California (Hobson et al., 1981),
almost at the same time as N. ransonneti.

As twilight migrations of N. ransonneti were also
observed at Azamui Harbor, such behavior was
clearly not restricted to Fukudomari Harbor, instead
very likely being a widespread phenomenon. Migra-
tions took place from August through January.
During these months, several individuals inhabited
the rocky reefs surrounding Fukudomari Harbor in
the daytime, whereas in other months few individu-
als were apparent and twilight migrations were not
observed. The advantages of twilight migration,

with reference to effective feeding and lowered risk
of predation, have been discussed by Hobson (1973,
1986), Gladfelter (1979) and Helfman (1986). It is
supposed that N. ransonneti predators were fewer in
the harbor compared with the outside reef, although
zooplankton abundance in the harbor was also lower.
Twilight migrations of N. ransonneti therefore repre-
sent adaptations to optimize resting sites, feeding
areas and avoidance of predator activity.
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