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Abstract A total of 45 juvenile [30.0-57.4 mm total Length (TL)] slime flounder
Microstomus achne were collected in the coastal area of southern Hokkaido from April to July
in 2001, and April to June in 2002. Their diets were analyzed. Slime flounder juveniles of
30.0-39.9 mm TL fed predominantly on small crustaceans (gammarid amphipods,
harpacticoids and cumaceans), and 40.0-57.4 mm TL on gammarid amphipods, cumaceans
and polychaetes. The major prey items changed with growth from small crustaceans (e.g.,
harpacticoids) to polychaetes, although gammarid amphipods were major prey items

throughout the juvenile period (30.0-57.4 mm TL).
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Introduction

The slime flounder Microstomus achne is distributed from the northern part of the East China
Sea, Yellow Sea, Bohai Sea, Japan Sea, southeastern Sakhalin, and the Pacific waters off
northern Japan and along the Kuril Islands (Ishito 1972; Chen et al. 1992; Orlov and
Tokranov 2007). It is commercially important in the Pacific waters off northern Japan in
particular off the Tohoku area (Ishito 1977). The annual catch of this species by offshore
bottom trawls was about 6,500 tons from the 1950s to 1970s in the Pacific waters off northern
Japan, from the 1980s to early 1990s the catch amount was at a low level in the same area
(about 65 tons) (Ishito and Hashimoto 1993), and in the late 1990s it drastically increased
again although the reason for the recovery is not known (D. Kitagawa, unpublished data).

To reveal the cause of stock fluctuations, we first need to obtain information on its life
history. For adult slime flounder, factors such as feeding habits (Fujita et al. 1995), growth
(Chen et al. 1992), seasonal migration (Ishito 1962), and spawning (Chen et al. 1992) have
been examined. However, there is only limited information about the early life stage in the
field except for the egg and larval distribution (Ishito and Hashimoto 1993), and size at
metamorphosis (19 mm standard length; Minami 2001). Ecological data during the benthic
phase, i.e., on metamorphosed juveniles is limited due to the lack of samples in the field. In
this study, a total of 45 juvenile slime flounder were collected. We have investigated the
feeding habits during the juvenile period of slime flounder, particularly the growth related diet

shift.

Materials and methods



Juvenile slime flounders were collected with a sledge net (100 cm wide, 60 cm tall, and 5 mm
mesh) or hand net using scuba offshore between 10-25 m depth in southern Hokkaido (area
near to the Usujiri Fisheries Station Field Science Center for Northern Biosphere, Hokkaido
University) from April to July 2001, and from April to June 2002 (Fig. 1). Water temperature
depth at 10 and 20 m were measured approximately every 10 days as part of the regular
sampling of Usujiri Fisheries Station Field Science Center for Northern Biosphere, Hokkaido
University. Total length (TL) of slime flounder was measured to the nearest 0.1 mm scale with
an electric slide caliper after being fixed in 90% ethanol solution (little shrinkage occurred in
flatfish larvae >5 mm notochord length; Hjorleifsson and Klein-Macphee 1992; Joh et al.
2003). The stomachs were removed and then the total wet weight of the stomach contents was
measured to the nearest 0.1 mg. The stomach contents were identified to the lowest possible
taxa under a dissecting microscope, and the number and wet weight of each prey individual
were measured. An index of the relative importance of prey taxa (/RI) was calculated for each
taxon found in stomachs according to Pinkas et al. (1971). This index was calculated by the
following equation:
IRI = (N% + W%) x F%
where N% is the percentage of the number of each food item to the total number of all food
items identified; W% is the percentage of wet weight of each food item to the total wet weight
of all food items identified; and F% is the frequency of occurrence for each food item in the
total number of stomachs examined. The /RI of each food item was standardized to %IRI
(Cortés 1997):
%IRI = (IRl / X IRI) x 100

Mann—Whitney U test and Steel-Dwass tests for non-parametric multiple comparisons

were used for statistical analyses. Values were considered significant at the 5% level.



Results

Environmental condition of the sampling site. 30.0-57.4 mm TL slime flounder were
collected from April to mid July in 2001 (collected with a sledge net, 8 samples; hand net
using scuba, 22 samples), and from April to late June in 2002 (collected with a sledge net, 1
sample; hand net using scuba, 14 samples) (Fig. 2). Slime flounder juveniles were collected
on sandy bottom areas where are several volcanic rocks that the size is like a fist or head of
human. The mean bottom water temperature (measured at 10 and 20 m) gradually increased
from early April to late June (main sampling period) 3.3-9.6°C in 2001, and 4.1-12.0°C in
2002 (Fig. 3). The mean bottom water temperature during early April to late June in 2001 and
2002 was 6.0 £2.59 (mean = SD)and 8.0 + 3.47°C, respectively.

Feeding habits. Frequency of occurrence (F%) and N% of juvenile slime flounder were
calculated for 3 size classes (30.0-39.9, 40.0-49.9, and 50.0-57.4 mm TL) at each year. Two
size classes (30.0-39.9, and 50.0-57.4 mm TL) did not have enough individuals to allow
comparison of the difference between years, and 40.0-49.9 mm TL size class of their F% and
N% had similar values among year. Therefore we showed the diet composition using the
combined two years data (Table 1). The principal prey items of fish 30.0-39.9 mm TL were
gammarids (%IRI = 37.0, mainly Pontogeneia rostrata), harpacticoids (30.9, Harpacticus
nipponicus), and cumaceans (17.6, Hemilamprops californicus), 40.0-49.9 mm TL were
gammarids (54.2, mainly P. rostrata), camaceans (28.9, H. californicus), and polychaetes
(16.5, mainly Prionospio membranacea), 50.0-57.4 mm TL were gammarids (58.9, mainly P.
rostrata), polychaetes (24.5, mainly P. membranacea), and cumaceans (15.7, H. californicus).
Diet composition changed with growth from small crustaceans (such as harpacticoids) to
polychaetes, although gammarids were a principal prey item throughout the juvenile period
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(30.0-57.4 mm TL). Body weight of the three major prey items (harpacticoids, gammarids,
and polychaetes) for juvenile slime flounder were not significantly different among the three
size classes of juvenile slime flounder (Fig. 4). They did not increase with juvenile growth
throughout the size range. Body weight of cumaceans (H. californicus) as the prey was
significant difference among three size classes of juvenile slime flounder. The prey body
weight of 30.0-39.9 mm TL size class for juvenile slime flounder was lower than that of
40.0-49.9, and 50.0-57.4 mm TL size classes. Median and ranges of body weight were 2.5
and 1.0-3.0 mg, and 1.0 and 0.2-3.0 mg for harpacticoids (principal prey for 30.0-39.9 mm
TL), and polychaetes (principal prey for 40.0-57.4 mm TL), respectively. Body weight for
harpacticoids was significantly higher than that of polychaetes (Mann—Whitney U test, P <

0.05).

Discussion

The major prey item changed with growth from small crustaceans (e.g., harpacticoids) to
polychaetes, although gammarid amphipods were major prey items throughout the juvenile
period (30.0-57.4 mm TL). Several authors have suggested a diet shift during juvenile
development, and diets of flatfishes have been closely correlated with growth (e.g., Aarnio et
al. 1996; Takatsu 2003). Lockwood (1984) found that plaice Pleuronectes platessa of 20 to 40
mm TL basically had a diet such as harpacticoids, whereas one year old plaice (c.a. 80 mm
TL) fed mainly on prey such as gammarid amphipods, polychaetes and cumaceans. The main
food organisms of marbled sole Pleuronectes yokohamae juveniles (>30 mm SL) changed
from harpacticoids to small benthic crustaceans and polychaetes (Nakagami et al. 2000).
Marbled sole juveniles feed on harpacticoids which live in the surface or sub-surface layer of
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sandy bottom sediment, and sometimes in the near bottom water, the main food organisms
may change smoothly from planktonic to bottom prey items (Nakagami et al. 2000). Thus
flatfish tend to feed on harpacticoids frequently in the transition period from pelagic to
benthic feeding.

Harpacticoids were important dietary items for <40 mm TL of juvenile slime flounder;
however, their importance decreased as body size of juvenile slime flounder increased. This
result was similar to other flatfishes (e.g., plaice, marbled sole) that have a shorter period until
metamorphosed and a smaller body size at settlement. Prey selection of animals is determined
by many factors, including prey perceptibility, prey escape ability, handling time, prey volume
and caloric value, nutrition, defense, probability of successful capture, preference, past
memories of prey, and the predator’s physical condition (Stephens and Krebs 1986). In any
case the diet may shift from small crustaceans (harpacticoids) to polychaetes in order to
optimize their energy gain. We observed the relationship between size of juvenile slime
flounder and the prey size of four principal prey items. The body weight of prey did not
increase with the juvenile growth throughout the size range (30.0-57.4 mm TL), except for
cumaceans. Moreover, body weight for harpacticoids (principal prey for 30.0-39.9 mm TL)
was significantly higher than for polychaetes (principal prey for 40.0-57.4 mm TL). Thus, the
diet of juvenile slime flounder may not shift in relation to body weight of prey, but to benthic
life adaptation. Density of gammarids in sandy areas of southern Hokkaido is usually high
(Nakaya et al. 2004). Juvenile slime flounders consumed gammarid amphipods over an
extended period, possibly due to their availability of gammarid amphipods. In this study, we
reveal the feeding habits of juvenile slime flounder, however we have no data on the relative
prey abundance in the field. We need further investigations about the relationship between the
frequency of prey items in stomachs and their abundance in the field to reveal the food

preference of juvenile slime flounder.



Acknowledgments We are grateful for the help of K. Nomura (Usujiri Fisheries Station Field
Science Center for Northern Biosphere Hokkaido University) with the field sampling. We also
specially thank H. Munehara, M. Joh, T. Hosono, T. Sakakibara, and K. Nakaya, who gave us

much advice and special support. Finally, we thank the anonymous reviewers, and D.

Kitagawa for their constructive comments on the manuscript.

References

Aarnio K, Bonsdorff E, Rosenback N (1996) Food and feeding habits of juvenile flounder
Platichthys flesus (L.), and abd turbot Scophthalmus maximus L. in the dland archipelago,
northern Baltic Sea. J Sea Res 36:311-320

Chen D, Liu C, Dou S (1992) The biology of flatfish (Pleuronectidae) in the coastal waters of
China. Neth J Sea Res 29:25-33

Cortés E (1997) A critical review of methods of studying fish feeding based on analysis of
stomach contents: application to elasmobranch fishes. Can J Fish Aquat Sci 54:726-738

Fujita T, Kitagawa D, Okuyama Y, Ishito Y, Inada T, Jin Y (1995) Diets of the demersal fishes
on the shelf off Iwate, northern Japan. Mar Biol 123:219-233

Hjorleifsson E, Klein-MacPhee G (1992) Estimation of live standard length of winter
flounder Pleuronectes americanus larvae from formalin-preserved, ethanol-preserved and
frozen specimens. Mar Ecol Prog Ser 82:13-19

Ishito Y (1962) Studies on the migration of the slime-flounder Microstomus achne (Jordan et
Starks), the north-eastern sea area of Japan. Bull Tohoku Reg Fish Res Lab 21:71-78

Ishito Y (1972) The characteristics of distribution and migratory patterns of the slime-flounder

8



Microstomus achne (Jordan et Starks), adjusted by the life of their young and adult stages
in the north-eastern sea area of Japan. Bull Tohoku Reg Fish Res Lab 32:23-46

Ishito Y (1977) On the yearly fluctuations of the stock size of slime flounder in recent years in
the fishing grounds off the Pacific coast of Hokkaido and Tohoku district. Bull Tohoku
Reg Fish Res Lab 37:1-17

Ishito Y, Hashimoto R (1993) Distribution of the egg of the slime flounder, Microstomus
achne (Jordan et Starks) in the northeastern coast of Japan. Bull Tohoku Reg Fish Res
Lab 55:37-51

Joh M, Takatsu T, Nakaya M, Imura K, Higashitani T (2003) Body-Length shrinkge of
marbled sole Pseudopleuronectes yokohamae larvae preserved in formalin and in ethanol
solutions. Suisanzoshoku 51:227-228

Lockwood SJ (1984) The daily food intake of 0-group plaice (Pleuronectes platessa L.) under
natural conditions: changes with size and season. J Cons Int Explor Mer 41:181-193

Minami T (2001) Metamorphose and settlement of the family Pleuronectidae. In: Senta T,
Minami T, Kinoshita I (eds) Early life history of fish—changeable biology of fish—.
Hokkaido University Press, Sapporo, pp 67-81

Nakagami M, Takatsu T, Matsuda T, Takahashi T (2000) Feeding on harpacticoid copepods by
marbled sole Pleuronectes yokohamae juveniles in the coastal areas of Tsugaru Strait,
Hokkaido. Nippon Suisan Gakkaishi 66:818-824

Nakaya M, Takatsu T, Nakagami M, Joh M, Takahashi T (2004) Spatial distribution and
feeding habits of the shrimp Crangon uritai as a predator on larval and juvenile marbled
sole Pleuronectes yokohamae. Fish Sci 70:445-455

Orlov AM, Tokranov AM (2007) Distribution and some biological features of four poorly
studied deep benthic flatfishes (Pleuronectiformes: Pleuronectidae) in the Northwestern
Pacific Ocean. The Raffles Bulletin of Zoology Suppl 14:221-235

9



Pinkas L, Oliphant MS, Iverson ILK (1971) Food habits of albacore, bluefin tuna and bonito
in California waters. Calif Fish Game 152:1-105

Stephens DW, Krebs JR (1986) Average-rate maximizing again: changed constraints. In:
Stephens DW and Krebs JR (eds) Foraging theory. Princeton University Press, New
Jersey, pp 38-74

Takatsu T (2003) Field research on spatial and temporal distributions of demersal fish larvae

and juveniles and their prey abundance. Nippon Suisan Gakkaishi 69:543-546

10



Fig. 1 Location of the sampling area of juvenile slime flounder Microstomus achne in the

coastal area of southern Hokkaido. Inside of dotted line is the sampling area

Fig. 2 Total length of juvenile slime flounder Microstomus achne from April to mid-July in

2001, and April to late June in 2002 on each sampling day

Fig. 3 Variation of mean water temperature (°C) that was measured at 10-20 m depths near by

the sampling site of juvenile slime flounder Microstomus achne from 2001 to 2002

Fig. 4 Prey size (mg) in juvenile slime flounder Microstomus achne for each total length (TL)
size class. Different letters indicate significant differences at P < 0.05 in the same prey item
by the Mann—Whitney U test between two TL size classes and by the Steel-Dwass test

between three TL size classes. Superscripts indicate sample sizes
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Table 1 Percent frequency of occurrence (F%), percent by number (N%), percent by weight
(W%) and index of relative importance (%IRI) of food items in stomachs of slime flounder
juveniles collected in the coastal areas of southern part of Hokkaido from April to July in

2001, and from April to June in 2002

Size class (min in total lengthn

) 30.0-3389 A0 .0-49 9 50.0-37.4
Prey items
Fa  N% W% SalRS o N% WD %R Foa  N% W2 SalRT
Hatpacticoida Harpacficuws nigpovicus oo 2F7a 307 309 s 1= 25 04 125 07 07 03
Cumacea Hemilamprops califorwicus 444 232 143 174 gi4 41 2T P 373 141 130 157
Ostracoda Ruphiomedes sordida 1] 1] 1] 1] s 0a 0.1 01 1] ] 1] 1]
Calanoida 56 10 02 01 53 03 1.8 =01 1] 0 n n
CGammaridea  Fonfogenela rosfrafa 611 271 24 359 Ty 30 WL OLNE3E o0 SB35 205 HHE
Fhotis retvhardl 167 o 34 11 211 1.2 47 10 125 07 111 21
Myzidacea Meomysis czerriawshdi 1] 1] 1] 1] 1] 0 1] 1] 125 14 21 0.é
FPolychasta Friowvospo membranzicen 333177 229 143 A 162 23 163 3F5 211 204 124
Freudopalydora sp. 1 1] 1] 1] 1] 33 03 >3 02 125 35 719 21
Fseudopalpdora sp. 2 1] 1] 1] 1] 533 03 0.2 <01 1] ] 1] 1]
Bivalvia 26 053 01 =0l 1] 0 1] 1] 0 0 0 0
Other orgard st 1] 1] 1] 1] 33 03 0.1 1] 1] ] 1] 1]
Mumber of samples 18 19
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Prey in wet weight (mg)
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