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Possible Causes of Annual Change in the Year Class Strength

of Flathead Flounder Hippoglossoides dubius
(Pisces, Pleuronectiformes) in
Funka Bay, Hokkaido

Toshikuni NakaTant’, Tatsuaki MAEDA, Kouichi Sugimoro,
Tetsuya TakaTsu and Toyomi TAKAHASHI

To elucidate the mechanism for the annual fluctuation of year class strength of flathead flounder Hippoglossoides du-
bius in Funka Bay, Hokkaido, annual changes in age composition, spawning period, egg abundance, food availability at
the first feeding stage, and hydrographic conditions were investigated from 1988 to 1999. Strong year classes occurred
in 1989, 1991, and 1995. Comparison between annual fluctuations of commercial catch of flathead flounder and the
abundance of eggs suggests that there is no relationship between the spawning size and the resultant year class strength
of flathead flounder in Funka Bay. The density of copepod nauplii, the primary food for larval flathead flounder, was 7.8
individuals-/~" in January and then increased in February (18.1 individuals-/™') and March (12.9 individuals-/™") in
1991. High densities of copepod nauplii in January were also found in 1994 (13.1 individuals-/™") , 1995 (12.3 individ-
uals-/™"), and 1996 (13.8 individuals-/~!). However, the strong year class of flathead flounder did not occur in 1994
and 1996. Therefore, the high density of copepod nauplii does not determine the magnitude of the year class strength of
flathead flounder in this area. During the study period, the spawning period varied widely among years from January to
March and early spawnings were found in the years when the high water temperatures were observed from November to
December. The high water temperatures at the surface layer in January were observed in 1991. Relatively warm water
were also observed from January to February in 1995, while temperatures during January and February were low in
1989. From the results, it is considered that the early spawning and relatively high water temperature affect the magni-
tude of the year class of flathead flounder in this area. For the 1989-yaer-calss, high water temperature in mid December
1988 might reduce the mortality during the early life period of flathead flounfer in Funka Bay in spite of low tempera-
ture after the intrusion the Oyashio Coastal Water (cold water) in January.
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Introduction

In Funka Bay, Hokkaido, flathead flounder Hippoglossoides
dubius have a great biomass of demersal fishes, being a key
species in the detritus food web (Yokoyama et al., 1989). In
recent years, the annual harvest in the bay has fluctuated
from a minimum of 559 metric tons in 1990 to a maximum
of 2,607 metric tons in 1996. The annual change in catch is
considered to reflect the population size, which is deter-
mined by the strength of each year class. A large fluctuation
of the year class strength of this species has been observed
in Funka Bay. Before 1990, the strong year classes occurred
in 1980 and 1983 (Nakatani et al., 1990).
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In general, it is considered that year class strength of
fish is strongly affected by mortality during the early life
stages. The spawning of flathead flounder in Funka Bay oc-
curs from January to April (Yokoyama ef al., 1991). In this
period, hydrographic conditions in the bay are controlled by
the cooling and convectional mixing of Tsugaru Warm
Water (TWW; =6°C, =33.8 PSU) stagnated in winter and
intrusion of the Oyashio Coastal Water (OCW,; 1-3°C,
33.0-33.3PSU) (Ohtani and Akiba, 1970; Ohtani, 1991,
Ohtani and Kido, 1980). The oceanography in Funka Bay is
subject to interannual variability of ocean conditions out-
side of the bay (Isoda er al., 1998), which probably affects
the spawning period of flathead flounder. The annual vari-
ability of environmental factors may also affect mortality
and hence recruitment of flathead flounder.

Suzuuchi (1983)* and Miyamoto et al. (1993) found
that flathead flounder eggs were mainly distributed in the
inner area of the bay. To find the spawning period of flat-
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head flounder, we examined the monthly change in abun-
dance of eggs in and around Funka Bay from January to
March. Furthermore, annual change in hydrographic condi-
tions was also examined.

Cushing (1973) and Cushing and Dickson (1976) dis-~
cussed that the overlap between a distribution of larval pro-
duction and that of their food might indicate the magnitude
of the subsequent year class. Lasker (1981) found that food
of first-feeding larval anchovies Engraulis mordax became
limiting when storms or drastic upwelling occurred which
diluted food aggregation. Therefore, the food availability
for larvae at the initial feeding stage was thought to be im-
portant factors affecting the size of year class.

In this paper, we focus on the relation between the sur-
vival of larval flathead flounder and the various factors in-
cluding spawning size and period, food condition, and hy-
drographic conditions.

Materials and Methods

Surveys were conducted from 1988 to 1999 by R/V Ushio
Maru and T/S Oshoro Maru, Faculty of Fisheries,
Hokkaido University in and around Funka Bay (Fig. 1).
Flathead flounder eggs were collected at 6-28 stations per
cruise by vertical hauls from the sea bottom to the surface
with a Norpac net (45 cm in diameter, 0.33 mm mesh size)
or a plankton net (80 cm in diameter, 0.33 mm mesh size) in
1989 and from 1991 to 1998. Samples were immediately
preserved in 5% buffered formarin seawater.

Miyamoto et al. (1993) found that eggs were mainly
distributed at surface (0 m). Although no information of the
vertical distribution of the larvae was available, it was con-
sidered that flathead flounder larvae stayed within a surface
layer (e.g. top 30m) as observed with pollock larvae
(Kamba, 1977; Nakatani, 1988). For this reason, seawater
was sampled from the depth of 15m with a 20 L Van Dorn
bottle from 1996 to 1998. The water sample was filtered
with a 40 ym mesh sieve to collect copepod nauplii which
are the primary food for larval flathead flounder (Miyamoto
et al., 1993). Samples were also preserved in 5% buffered
formalin sea water.

Flathead flounder (Zone year old) were concentrated
in the central area of Funka Bay in summer (Yokoyama et
al., 1991). Therefore, samples to examine the year class
strength were collected at several stations in the central area
of the bay by bottom trawlings from late August to early
September. Age was determined by counting the ring num-
ber of otolith under a binocular dissect microscope. Rela-
tive abundance of each year class was calculated as CPUE
(individuals per 15 minutes hauling of experimental trawl-
ing) relative to the1987 value.

At the sampling stations, water temperature and salin-
ity were measured with a CTD. To clarify possible relation-
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Figure 1. Position of sampling stations in and around Funka
Bay.

ships between water temperature and year class strength of
flathead flounder, water temperatures in the center of the
bay (Station 30) from 1988 to 1998 were obtained through-
out a year from the “Ushio Maru Data Record of CTD Ob-
servations, Faculty of Fisheries, Hokkaido University
(1988-1998)”.

Results

Annual change in age composition of flathead
flounder

The age composition of flathead flounder in Funka Bay
from 1990 to 1999 was observed (Fig. 2). It is apparent that
the strong year classes occurred in 1989, 1991, and 1995.
Main spawners (Z4-year-old fish) in 1991 were 4-year-old
fish, while those in 1995 were 4 and 6-year-old fish.
Hydographic conditions

Figure 3 indicates the annual change in bottom water tem-
perature in the center of the bay (Station 30) during the pre-
spawning period (August to November) through the main
spawning period (January to March). From spring to late
summer, cold water (OCW) remained and then bottom
water temperature was raised by the intrusion of TWW.
After December, cooling and convectional mixing produce
a vertically homogenous structure of the water column. Hy-
drographic conditions during spawning period differed
among years. Temperatures in January were high in *90/°91
season (30 January; 6.74°C) and relatively warm in *94/°95
season (25 January; 5.77°C). Bottom temperatures from
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Age composition of Hippoglossoides dubius collected in Funka Bay in summer. Relative abundance was

calculated as CPUE (inds./15 min. haul) relative to the 1987 value.

November to December just before spawning which may
affect the gonadal maturation of flathead flounder also fluc-
tuated among years. The highest temperature was observed
1 ’96/°97 season (20 November; 9.03°C; 3 December;
8.99) followed by ’89/°90 season (11 December; 8.73°C)
and ’88/°89 season (30 November; 6.17°C; 13 December;
7.65°C). While, low temperatures at the sea bottom were

observed in *95/°96 season (14 November; 3.35°C; 1 De-
cember; 4.05°C) and ’97/°98 season (14 November;
5.89°C).

The water temperature at the depth of 10m in winter
from 1989 to 1998 was shown in Fig. 4. All of the years,
the decline of water temperatures have been observed from
January to March after the intrusion of OCW. Among years,
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Figure 3. Bottom water temperature at Station 30 from August to March from 1988 to 1998. Bold lines correspond-

ing to the years with strong year class.
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Figure 4. Winter water temperature at a depth of 10m at Sta-
tion 30 (Station 27 on 24 January 1998; Station 31 on 31 Jan-
uary 1990), 1988 to 1998. Bold lines corresponding to the
years with strong year class.

the highest temperature from January to early February was
observed in 1991. To assess the impact of hydrographic
conditions on the survival of flathead flounder during the
early life stage, cumulative temperatures were calculated
(Fig. 5). These values were obtained from mean water tem-
perature from 10 to 20 m depth multiplied by the number of
days corresponding to the duration between mid-days of
two measurements. These values were considered as an in-
dicator of cumulative temperature experienced during the
ichthyoplanktonic stage of flathead flounder from January
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Figure 5. Cumulative water temperatures (degree-days) at the
depth of 10-20m from January to March. *: indicating the
years with strong year class.

to March. Cumulative temperatures at a depth of 10-20m
ranged from 257.8 (°C-days) in 1989 to 502.6 (°C-days) in
1991. In 1995, the cumulative temperature is as high as
384.5 (°C-days).

Monthly change in abundance of the eggs

To confirm the spawning period, the monthly change in the
abundance of eggs was examined. In winter 1989 and from
1991 to 1998, flathead flounder eggs were collected in and
around the mouth of Funka Bay (Table 1). In 1989, a high
abundance of eggs was found from January to March. The
peaks of the egg abundance in January were observed in
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Table 1. Annual change in abundance of Hippoglossoides dubius eggs (inds-m™?) from January to March in and
around Funka Bay. Figures in parentheses indicate the numbers of samples.

January February March
Year gy _ Third First Third First _ Third
.. Median . . ) . .
quartile quartile quartile quartile quartile quartile
*1989 0.00 12.58 23.58 (18) 0.00 6.29 17.29 (18) 0.00 6.29 20.43 (28)
*1991 0.00 3.15 11.01 (14) 0.00 0.00 1.57 (8) 0.00 0.00 0.00 (19)
1992 0.00 0.00 0.00 (19) 0.00 0.00 0.00 (10) 0.00 0.00 0.00 (10)
1993 0.00 0.00 0.00 (7 0.00 0.00 0.00 (13) 0.00 0.00 0.00 C)]
1994 0.00 0.00 0.00 (12) 3.15 6.29 6.29 ) 0.00 0.00 9.44 1
*1995 1.99 9.95 25.37 (12) 5.97 8.95 12.43 (20) 1.49 2.98 3.98 &)
1996 0.00 0.00 1.50 (6) 6.00 23.90 39.80 (13) 8.00 11.90 15.90 (7
1997 1.50 19.90 68.18 (12) 0.50 3.00 5.00 (6) 0.00 1.00 2.00 (16)
1998 4.00 8.95 16.90 (6) 0.00 3.00 6.00 (19) 12.40 35.80 58.20 (15)
* the years with strong year classes.
1991 and 1997. In 1995, many eggs were collected from A0
January to February and then decreased in March. In con- '5 * : the years with strong year classes ® 908
trast, the peak abundance in 1998 was found in March. A an L
low abundance of the eggs was observed in 1992 and no 3 1996
. . . . . . £ ®
eggs were collected in winter in 1993. Figure 6 indicates ]
. . . . Eog | @1897
the relationship between the annual commercial catch in 2
tons of flathead flounder by bottom gill net in the inner area ] 989+
of Funka Bay and the egg abundance in the following year “g‘ 10 | o 1995*
(maximum of medians from January to March). Most of % 1991% e 1994
commercial catch are considered as spawners. Obviously = ,'19_92 J993 1890 . , ,

the egg abundance correlates the size of spawning stock
(Spearman’s rank correlation coefficient, r,=0.703, P<
0.05, n=10). However, no specific pattern is observed be-
tween egg abundance and year class strength.

Annual change in food availability of larval flat-
head flounder at the initial feeding stage

To assess the availability of larval food, copepod nauplii,
which were primary foods for the larvae at the initial feed-
ing stage (Miyamoto et al., 1993), samples were collected
at the depth of 15 m in the inner area of the bay (Station 26
and 30), where flathead flounder larvae were distributed
(Table 2). In general, a low density of copepod nauplii was
found in January. The concentration of nauplii increases
after the intrusion of OCW. After the phytoplankton bloom,
a high density of nauplii occurred in late March. In con-
trast, many copepod nauplii were collected in January and
then decreased from February to March in 1997. In 1993,
low densities of copepod nauplii from January to March
were observed. As stated before, strong year classes were
produced in 1991 and 1995. Densities of copepod nauplii
ranged from 7.8 to 18.1 individuals-/~" in 1991 and from
12.3 to 35.1 individuals-/~" in 1995, respectively. In 1994
and 1996, copepod nauplii were also abundant.

o

o

500 1000 1500 2000 2500 3000
Catch in metric tons

Figure 6. Relationship between the annual commercial catch
(tons) and the abundance of flathead flounder eggs (median,
individuals- m™?) from 1989 to 1989.

Discussion

In Funka Bay, many flathead flounder eggs were collected
from January to March. Their abundance correlates to the
commercial catch in the inner area of the bay (Fig. 6). How-
ever, as shown in Fig. 6, it is considered that the fecundity
of flathead flounder is not the main factor to determine the
resultant year class strength in this area.

As shown in Table 1, the main spawning period of flat-
head flounder in Funka Bay largely differed among years
from January to March. The eggs were mostly collected in
January in 1997. Judging from the age composition (Fig.
2), the main spawners in 1997 were 6-year-old fish. A high
water temperature at the sea bottom (8.99°C on 3 Decem-
ber 1996) was observed just before spawning. The early
spawnings were also observed in 1989 and 1991, and water
temperatures at the sea bottom just before spawning were
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Table 2. Density of copepod nauplii (indiv-/~') collected at a depth of 15 m at St. 30.

Year January February mid March late March
1991 * 7.8 (Station 26) 18.1 (Station 26) 12.9 {Station 26) no-data
1993*2 39 5.9 7.7 no-data
19942 13.1 15.2 18.4 37.2
1995* 12.3 12.4 17.0 35.1
1996 13.8 (station 17) 17.2 22.4 no-data
1997 9.7 5.6 23 no-data
1998 6.0 4.3 14.4 no-data

*1 Nakatani (1995).
*2 Sugimoto, unpublished data.

relatively high (7.65°C on 13 December 1988; 7.16°C on
11 December 1990). While in 1996, the eggs were collected
mostly in February and March. The main spawners of this
year were S-year-old fish followed by 7-year-old fish. The
bottom temperature in December 1995 was as low as
4.05°C. The main spawners in 1991 were 4-year-old fish
and many eggs were collected in January. In contrast, the
main spawners in 1998 were 7-year-old fish (1991 year
class). In this year, many eggs were collected in March. The
bottom water temperature just before spawning was low
(5.89°C on 14 November 1997) compared with that in
1996. From these results, it is considered that there is no re-
lation between the spawning period and the age of main
spawners. However, it is considered that the relatively warm
water at the sea bottom just before spawning affects the
spawning period of flathead flounder in Funka Bay.

Miyamoto et al. (1993) observed the food contents of
larval flathead flounder and found that copepod nauplii
were the primary food. As shown in Table 2, a small fluctu-
ation of the density of copepod nauplii was found in Janu-
ary (6.0-13.8 individuals-/ ") except in 1993 (3.9 individu-
als-/™"). In February of 1991, 1994,1995 and 1996, high
concentrations were observed. Compared with the food
availability between 1994 and 1995, the densities of cope-
pod nauplii were quite similar from January to March.
However, a strong year class did not occur in 1994. These
resuits indicate that the high abundance of copepod nauplii
does not always result in the strong year class of flathead
flounder in Funka Bay.

In order to investigate the hydrographic conditions
during the early life stage of flathead flounder, surface tem-
peratures (10 m depth) were compared among years (Fig.
4). Relatively warm water from January to February were
observed in 1991, 1995, and 1997. Cumulative tempera-
tures from January to March in 1991 and 1995 were also
high (Fig. 5). Isoda et al. (1998) analyzed that the hydro-
graphic conditions in winter from 1974 to 1994 and found
warm surface water in early winter in 1980, 1983, 1990,

and 1991. As stated before, the strong year classes occurred
in 1980, 1983 (Nakatani et al., 1990), and 1991. Paul
(1983) found that the water temperature appeared to be rel-
atively important in determining the percent of larval pol-
lock, Theragra chalcogramma, which initiated feeding. Bai-
ley (2000) described that the instantaneous mortality rate of
larval pollock is inversely correlated with sea-surface tem-
perature (SST) during the early feeding period. Therefore,
it can be considered that the relatively warm water results
in a high survival of larval flathead flounder at the initial
feeding stage, though the abundances of larval flathead
flounder could not be compared among years because a
very few numbers of specimen have been collected. How-
ever, the strong year class of flathead flounder was also pro-
duced in the cold winter in 1989. In this year, the early in-
trusion of OCW was observed. Before the intrusion of this
water in December, the high water temperature was found
in the surface layer (8.12°C, on 13 December 1988). From
the results, it can be concluded that the high water tempera-
ture in early winter and the early spawning may reduce the
mortality of flathead flounder during the early life stages in
Funka Bay.
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