197

Journal Home page : www.jeb.co.in  E-mail : editor@jeb.co.in

JEB
Journal of Environmental Biology

ISSN: 0254- 8704
CODEN: JEBIDP

Morphometric changes in the cultured starry flounder,
Platichthys stellatus, in open marine ranching areas
Su Kyoung Kim1*, Sang Chul Yoon2, Seok Hyun Youn3, Sang Un Park4, Loida S. Corpus3 and In Kwon Jang1
1

West Sea Fisheries Research Institute, Seonnyeobawiro #14, Eulwangdong, Jungu, 400-420, Incheon, Korea.
2
East Sea Fisheries Research Institute, NFRDI, 210-841, Gangneung, Korea
3
National Fisheries Research and Development Institute, 619-705, Busan, Korea
4
Korea Fisheries Resources Agency, 612-020, Busan, Korea
*Corresponding Author email : sk6333@nfrdi.go.kr

Abstract
Hatchery seeds released into open coasts for wildstock enhancement are often a biological
pollutant and affect the recipient ecosystem integrity. We studied morphological changes in two
hatchery populations of the starry flounder Platichthys stellatus; one released into the open coast
from the hatchery (released population) and the other kept in the hatchery (captive population).
The released population differed significantly from the captive population 336 months after release
from the hatchery. Twoway ANOVA comparison revealed that 11 of 15 starry flounders differed
significantly in morphological measurements, 10 of 15 differed in pigmentation, and 5 of 15 differed
in morphometric ratios between the two populations. Pigmentation on the blind side (a
representative sign of captive flounders) also differed between the two populations with an
occurrence rate of 22.7% for the former and 39.5% for the latter groups. The released population
was more similar to wild populations than to captive populations in terms of morphology; namely,
longer and broader heads, a narrower body shape, longer fins, and a shorter and narrower peduncle.
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Introduction
Starry flounders have a broad geographic
distribution around the rim of the North Pacific Ocean and
have been recorded from Los Angeles to the Aleutian
Islands (Kramer et al., 1995). In the western Pacific, this
species is found ranging south from the Bering Sea past the
Kamchatka Peninsula and Sea of Okhotsk into the coast of
Japan and Korea (Ralston, 2005). Young fish are found as
close as 120 km from the land (Morrow, 1980).
In central South Korea, local governments have been
releasing finfish and shellfish to the sea since 1980 to
enhance wild stocks. Starry flounders were released annually
from 2006 to 2009 for marine ranching in the Uljin province,
off the Korean coasts of the East Sea (Fig. 1). A total of
879,000 juveniles were released, 32% of which were released
© Triveni Enterprises, Lucknow (India)

in sector A1 and 28% in sector A3 by the central
government. The remaining 40% were released to sector B
by provincial governmental units (Fig. 1).
Although large amounts of fish have been released
into the wild globally, few studies have evaluated differences
in morphological characteristics between cultured and wild
fish (Mana and Kawamura, 2002; Ellis et al., 1997; Çoban et
al., 2008). Furthermore, no studies have measured
morphological changes in cultured fish after being released
into the natural environment. Such changes may provide
important information on adapting and surviving in the
natural environment.
Generally, the body shape of a fish is determined by
genetic factors (Riddell et al., 1981), ecology and the
environment (Taylor and McPhail, 1985; Sara et al., 1999).
Journal of Environmental Biology, Vol. 34, 197-204, March 2013
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Uljin marine ranching area off the Korean coast of the East
Sea (36°402 -36°442 N, 129°202 -129°292 E) to represent the
released population. The depths of the collection sites varied
from 8 to 52 m. Collections were performed monthly from
January 2008 to July 2009 using a research vessel (FRP 4.48
ton, 252 HP, 10.25-m length) and covering more than 263 ha.
Bottom sediments were mainly sand or flat rock. Cultured
fish sizes ranged from 8.8 to 28.9 cm whereas the released
fish sizes ranged from 11.7 to 32.3 cm. The estimated ages of
the fish in the sample varied from zero to three years based
on otoliths and total length.
No starry flounders were caught or sighted in this
study area prior to the East Sea marine ranching program,
although starry flounders are known as endemic species in
the east coast of Korea. Thus, all starry flounders in the
study site likely originated from released specimens.

Fig. 1 : Habitat resource and release area for starry flounders for the
East Sea marine ranching project (2006–2008) in Korea

Culture conditions affect allometric, morphological
variations and malformations of the skeleton in fish owing
to the impact of stock density, food type, food quality and
the feeding schedule (Sara et al., 1999; Park et al., 2001;
Favaloro and Mazzola, 2003; Gisbert et al., 2002; Taylor and
McPhail, 1985). These hatchery-induced morphological
changes can affect swimming speed and the ability to escape
predators in the wild environment. Thus, including
decreases in the gene pool, there are some very important
concerns regarding the release of cultured finfish into the
wild. Also, the effectiveness of the stocking program is
highly dependent on the acclimatization of released fish to
natural conditions (Gonzalez et al., 2008).
This study was performed to compare the
morphological characteristics of the starry flounder in
culture and in the wild environment, and to determine how
they alter their morphological characteristics to enhance
survival after release into the natural environment.
Materials and Methods
Sample : A total of 155 cultured starry flounders were
obtained from three private aquaculture facilities (August
2006 to December 2008) originating from hatchery stocks,
and 273 starry flounder individuals were collected from the
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Morphometric characteristics : Relationships among 15
morphometric characteristics (Fig. 2), including eye position,
were analyzed to determine differences between cultured
and released flounders. Five head characteristics were
analyzed: Head length (HL)/total length (TL), head width
(HW)/TL, HW/HL, eye length (EL)/HL, and upper mouth
length (UML)/TL. Four body characteristics analyzed were:
Log total weight (TW)/log TL, body depth (BD)/TL, first
body width (B1W)/TL and second body width (B2W)/TL.
Three fin characteristics were analyzed: Caudal fin length
(CFL)/TL, dorsal fin length (DFL)/TL, and ventral fin length
(VFL)/TL. For the caudal body, three characteristics were
analyzed: Caudal body length (CBL)/TL, caudal body width
(CBW)/TL, and CBW/CBL. To account for allometric
variations due to differences in fish size (TL), linear
regressions against TL and HL were determined for all other
measured characteristics (Pakkasmaa et al., 1998). Fish with
both eyes on the left side were classified as sinistral, and
those with both eyes on the right side were dextral.
Measurement of the pigmentation ratio on the blind side :
The pigmentation ratio of the entire blind side area (except
the fin) was determined by photographing the blind side of
each fish in the sample (Fig. 3, lower). The pigmentation ratio
was calculated by determining the ratio of the area of the
pigmented portions to total area for each individual fish. The
fish were then classified into 11 pigmentation categories
according to percentage pigmentation (0 to 100%).
Statistical analysis : Morphological differences based on
the calculated linear regressions against TL and HL, released
versus cultured individuals, and bilateral versus normal
pigmentation were analyzed by two-way analysis of variance
(ANOVA) together with a post-hoc Tukey’s honest
significance test. A value of p <0.05 indicated statistical
significance. Statistical analyses were performed using
Statistika software (StatSoft, Hamburg, Germany).
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Fig. 2 : Morphometric characteristics measured in starry flounders:
Body length (BL); tail length (TL); upper mouth length (UML); eye
length (EL); head length (HL); head width (HW); first body width
(B1W), from the basement of the anal fin to the basement of the
dorsal fin; second body width (B2W), also the widest body width;
caudal body length (CBL); caudal body width (CBW); dorsal fin length
(DFL); pectoral fin length (PFL); anal fin length (AFL); ventral fin
length (VFL); caudal fin length (CFL). Body depth (BD) was the
depth between pectoral fins on the eyed and non-eyed sides and is
not illustrated in the figure

Fig. 3 : Photographs of starry flounder pigmentation on the eyed
side (upper) and the 50% pigmentation on the blind side (lower)
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Pigmentation rate on the blind side (%)

100

Fig. 4 : Frequency and rate of pigmentation on the blind side of
released and cultured starry flounders in Uljin, Korean coast of East
Sea (Sea of Japan)

Results and Discussion
Table 1 presents a two-way ANOVA comparing
the 15 morphometric characteristics between cultured and
released starry flounders. Habitat had a significant effect
on the total weight, HL, HW/HL, EL, BD, B2W, DFL, VFL,
CFL, CBL and DBW of released and cultured fish. The
heads of released fish were 25.3% HL and 19.4% HD
without considering pigmentation. Heads of cultured fish
were 24.4% and 19.2%, respectively. Released flounders
also had a greater weight per length than cultured fish
with a wider body shape (B2H). The ratio of body depth
was significantly different between released and cultured
fish (p < 0.01), as was the ratio of the second body width
(46.94% vs. 48.35%) at p < 0.01. Likewise, the ratio of the
caudal body length differed significantly between
released and cultured fish (12.03% vs. 10.55%; p < 0.01),
and the ratio of the caudal body width to the caudal
body length was significantly higher in cultured
flounders (82.09%) than released flounders (78.96 %) (p
< 0.05). In contrast, the relative upper mouth length to
total length was not significantly different between
released and cultured fish.
The results of ANOVA for morphometric differences
between normally and blind side pigmented cultured and
released fish are also given in Table 1. Pigmentation had
significant associations with total weight, HW, HW/HL,
EL, UML, BD, B1W, B2W, CBL, CBW and CBW/CBL in
both released and cultured fish. Of the released fish,
differences in head morphology were not significant between
normal and blind side pigmented fish, excluding eye length
relative to head length. The total weight (logTW) to total
length (logTL) ratio was significantly higher in both blind
side pigmented and normally-pigmented released fish
compared with the respective types of cultured fish (p <
0.01; Table 1). However, the pigmentation in released and
cultured blind side fish showed different relationships with
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Table 1 : Means and standard deviations of the morphometric characteristics and results of statistical analyses (t-test, two-way
ANOVA) comparing normally pigmented and blind side pigmented, released and cultured starry flounders
Released

Cultured

Two-way ANOVA

Normally
pigmented
(%)

Blind side
pigmented
(%)

t-test Normally
pigmented
(%)

Blind side
pigmented
(%)

t-test

Factor

MS

F

d.f.

P value

logTW
/logTL

0.85±0.1

0.91±0.1

**

0.8±0.1

0.7±0.4

**

H.
P.
H. × P.
Error

1.166
0.146
0.845
0.010

113.66
14.24
82.35
-

1
1
1
-

<0.001
<0.001
<0.001
-

HL/TL

25.2±0.8

25.3±1.5

NS

24.6±1.0

24.3±1.5

NS

H.
P.
H. × P.
Error

57.952
1.027
3.680
1.695

34.188
0.606
2.171
-

1
1
1
-

<0.001
0.437
0.141
-

HW
/TL

19.3±1.1

19.5±1.3

NS

19.0±0.8

19.4±1.0

*

H.
P.
H. × P.
Error

3.433
4.661
0.520
1.251

2.772
3.763
0.420
-

1
1
1
-

0.097
0.053
0.520
-

HW
/HL

76.6±4.2

77.3±4.1

NS

77.4±3.1

79.9±4.5

**

H.

289.030 17.339 1

<0.001

P.
H. × P.
Error

164.742 9.883
91.875 5.512
16.669 -

1
1
-

<0.002
0.019
-

EL/HL

18.6±2.0

19.6±2.0

*

16.9±2.0

19.3±1.9

**

H.
P.
H. × P.
Error

65.658
198.466
52.174
3.905

16.505
49.891
13.115
-

1
1
1
-

<0.001
<0.001
0.001
-

UML
/TL

7.0±0.7

7.3±0.8

NS

6.9±0.6

7.2±1.0

NS

H.
P.
H. × P.
Error

0.002
4.915
0.083
0.670

0.004
7.339
0.124
-

1
1
1
-

0.952
0.007
0.725
-

BD/
TL

7.3±0.8

7.8±0.6

**

8.0±0.7

7.9±0.9

NS

H.
P.
H. × P.
Error

12.484
3.766
7.203
0.569

21.923
6.614
12.650
-

1
1
1
-

<0.001
0.011
<0.001
-

B1W
/TL

35.4±2.5

37.3±3.7

**

34.9±3.1

36.2±4.0

*

H.
P.
H. × P.
Error

40.720
196.077
6.345
12.009

3.421
16.473
0.533
-

1
1
1
-

0.065
<0.001
0.466
-

B2W
/TL

45.9±2.0

46.9±3.2

**

49.8±2.5

47.4±2.3

**

H.
P.
H. × P.
Error

391.012
35.438
245.674
7.025

55.662
5.045
34.973
-

1
1
1
-

<0.001
0.025
<0.001
-

DFL/TL 11.7±1.0

11.6±1.3

NS

11.2±1.0

11.1±1.2

NS

H.
P.
H. × P.
Error

15.091
0.419
0.318
1.484

10.359
0.288
0.218
-

1
1
1
-

<0.001
0.592
0.641
-

VFL/TL

10.7±2.1

NS

8.7±1.8

8.6±2.1

NS

H.
P.
H. × P.
Error

391.81
0.004
4.10
4.079

96.04
0.02
1.35
-

1
1
1
-

<0.001
0.898
0.246
-

11.0±1.6
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16.7±2.4

NS

15.2±1.6

15.1±1.7

NS

H.
P.
H. × P.
Error

250.34
7.062
4.876
4.439

56.396
1.591
1.098
-

1
1
1
-

<0.001
0.208
0.295
-

CBL/TL 9.6±1.3

9.8±1.2

NS

10.7±1.1

9.9±1.2

**

H.
P.
H. × P.
Error

30.248
6.056
17.950
1.523

19.861 1
3.977 1
11.787 1

<0.001
0.047
<0.001

CBW/
TL

7.8±0.9

7.5±0.7

*

8.5±0.7

8.2±1.4

NS

H.
P.
H. × P.
Error

44.219
5.869
0.029
0.814

54.297
7.207
0.035
-

<0.001
0.007
0.852
-

CBW/
CBL

77.2±12.2

80.8±14.7

NS

80.3±10.2

83.2±14.2

NS

H.
P.
H. × P.
Error

614.040 3.232
874.032 4.601
11.715 0.062
189.960

1
1
1
-

0.073
0.033
0.803

Values are mean of replicates + SD; *p<0.05; **p<0.01; NS, not significant; H, habitat, released and cultured; P, pigmentation, normally and
abnormally pigmented on blind side

the weight. Released blind side pigmented fish showed
higher weight rates of 0.91 than normal pigmented fish (0.85;
p < 0.01), while cultured normal pigmented fish showed a
higher rate (0.8) than blind side pigmented fish (0.7; p <
0.01). Fin morphology was not associated with pigmentation
in either group.
Fig. 4 shows the frequency of blind side pigmented
specimens and the percentage of pigmented area on the
blind side. Blind side pigmented specimens were found in
all size groups and in both released and cultured starry
flounders. Normally pigmented fish accounted for 37.5% of
the 155 cultured fish and 22.7% of the 273 released fish. The
frequency of fish with less than 10% pigmentation on the
blind side was 26.4% for released fish and 30.3% for cultured
fish. Cultured fish also showed a higher frequency of fish
with 20% pigmentation. Seven (2.56%) completely bilaterally
pigmented specimens, with a mean total length of 20.2 cm,
were found among the released fish.
Table 2 shows the means and standard deviations
of the morphometric characteristics for the sinistral and
dextral morphs of released and cultured starry flounders.
The majority of fish from the East Sea were sinistral. Only
2.93% of released fish and 1.97% of cultured fish were dextral,
and all normally pigmented flounders were sinistral. Of the
released individuals, the dextral morph was found only in
those with abnormal pigmentation on the blind side. The
ratio of caudal body width to caudal body length (CBW/
CBL) differed between sinistral and dextral individuals for
both released (79.9% vs. 86.3%) and cultured (82.3% vs.
72.3%) flounders respectively, but the differences were not
statistically significant. Based on the results of ANOVA
and post-hoc evaluation (Table 2), 13 of the 15 morphological
ratios differed significantly between sinistral released fish
and sinistral cultured fish, whereas the sinistral and dextral

morphs within a group of flounders (released or cultured)
showed no significant morphological differences.
The ratio of total weight to total length was lower in
cultured starry flounders than in released flounders,
although cultured fish usually show higher weights than
released fish (Gonzalez et al., 2008). Hard et al. (2000)
reported that the major morphological consequences of
rearing coho salmon in captivity were reduced head sizes
and snout curvatures, increased head depth, increased
trunk depth, dorsal and anal fin base lengths, and caudal
peduncle size, reduced dorsal fin length, a forward shift of
the pelvic fin placement, and a general reduction in body
streamlining. Although the swimming characteristics differ
as a bottom dweller, the released starry flounder in this
study showed a more streamlined body form, favoring an
enhanced ability to swim and escape predators in the wild,
in agreement with Hard et al. (2000).
In this study, the ratios of the dorsal, ventral, and
caudal fin lengths were influenced by habitat. Compared to
cultured fish, the released fish had significantly longer fins
favorable for instantaneous movement and rapid swimming
for feeding or the fright response. The longer and narrower
peduncle in released flounders (Table 1) allows for a faster
start performance. This is suggestive of an exposure to
predator and survival pressures. The head morphology (HL/
TL, HW/TL and HW/HL) differed according to habitat, i.e.,
released fish were longer and narrower than cultured fish.
Changes in feeding habits and food resources (Skúlason et
al., 1989) were also reflected.
In this study area and off of the Korean Coast of the
East Sea, no morphometrical data for this starry flounder
has been reported. However, Ivankova and Ivankov (2006)
reported data for wild starry flounders in the East Sea (Sea
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Table 2 : Means and standard deviations for the morphometric characteristics and the results of statistical analyses (ANOVA and
Tukey’s honest significance test) comparing sinistral and dextral morph appearance in released and cultured starry flounder
Morphometric
characteristic

Released flounder
Sinistral(a)

Dextral(b)

Cultured flounder
Sinistral(c)

ANOVA

Dextral(d)

Tukey’s honest
significance test

logTW/logTL

0.89±0.07

0.90±0.07

0.74±0.16

0.75±0.11

a, c

HL/TL
HW/TL
HW/HL
EL/HL
UML/TL
BD/TL
B1W/TL
B2W/TL
B1W/B2W
CFL/TL
DFL/TL
VFL/TL
CBL/TL
CBW/TL
CBW/CBL

25.29±1.26
19.44±2.16
76.93±4.35
19.18±2.08
7.16±0.76
7.69±0.71
36.77±3.39
46.64±2.78
78.92±6.68
16.80±2.22
11.56±1.25
10.66±2.13
9.79±1.24
7.57±0.73
79.85±13.4

25.07±1.26
18.90±2.16
75.22±4.06
20.04±2.08
6.75±0.76
8.25±0.71
37.19±3.39
48.78±2.78
76.59±6.68
14.99±2.22
11.03±1.25
10.99±2.13
9.73±1.24
7.61±0.73
86.28±13.35

24.38±1.36
19.21±0.97
78.96±2.20
18.40±2.21
7.13±0.91
7.95±0.87
35.69±3.75
48.32±2.63
74.07±8.68
15.18±1.65
11.16±1.12
8.61±2.00
10.26±1.21
8.36±1.16
82.30±12.87

24.27±0.39
19.35±0.34
79.76±4.26
17.25±0.95
6.74±0.47
7.60±0.52
37.45±3.52
47.68±3.24
78.86±8.89
13.57±1.42
10.35±0.55
9.54±2.01
9.95±0.43
7.16±0.80
72.35±10.6

a, c
NS
a, c
a, c
NS
a, c
a, c
a, c
a, c
a, c
a, c
a, c
a, c
a, c
NS

*p < 0.05; NS, not significant. Letters in the far right column refer to significantly different values in the corresponding columns to the left

Table 3 : Morphometric comparison of released and cultured stocks to wild starry flounder (Ivankova and Ivankov, 2006)
Morphometric characteristic

Released flounder

Cultured flounder

Wild flounder*

Head length

30.53±1.18

28.79±1.07

30.9 (28-33)

Eye diameter

5.67±0.63

4.87±0.57

5.3 (4-7)

Maximum body depth

55.96±2.69

58.26±2.69

52.8 (48-59)

Caudal peduncle length

9.23±1.53

9.97±1.25

10.4 (9-12)

Caudal peduncle depth

11.81±0.91

12.57±0.81

13.3 (12-15)

Caudal fin length

20.43±2.78

17.85±2.01

20.5 (17-23)

Length of the largest ray in dorsal fin

13.79±1.46

13.01±1.18

14.3 (12-18)

*Linderg and Fedorov, 1993

of Japan; Table 3). After recalculation to percent of total
length to body length, six morphological ratios could be
compared. Our morphometric data for both released and
cultured fish are within the range of those of wild fish.
However, released flounders were more morphologically
adjusted to the mean ratio of each factor of wild flounders
(Table 3).
Hyperpigmentation is particularly common in
hatchery-reared flounders (Ottesen and Strand, 1996). Many
studies have suggested that pigmentation changes are
caused by high rearing density, the nutritional environment
or culture conditions, including the type of bottom substrate
(Ottosen and Strand, 1996; Villalta et al., 2005; Hamre et al.,
2007). Ivankova and Ivankov (2006) reported that starry
flounders completely pigmented on both sides are unusual
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not only because of coloration but also because of head
shape. In contrast, blind side pigmentation occurred in many
fish in our samples. Blind side pigmentation was more
frequent and more diverse in released fish than in cultured
fish, suggesting that no natural selection occurs for
abnormal pigmentation (Fig. 4). Thus, we can assume that
blind side pigmentation is increased after growth and aging
in the natural environment.
We next analyzed the effect of pigmentation on
morphological characteristics. Although blind side
pigmentation may characterize cultured fish in
Pleuronectidae, in this study six of the 15 morphological
parameters significantly distinguished normally pigmented
from blind side pigmented released fish, and seven did so in
cultured fish. These significant morphometric differences

Morphometric changes in the cultured starry flounder
comprised only one head characteristic and four body
characteristics of the released fish; while for the cultured
fish, three were head characteristics and four were body
characteristics (t-test, p < 0.01 and p < 0.05, respectively).
This is suggestive of a strong association between
pigmentation in the blind side and head morphology within
a cultured environment.
Platichthys stellatus is a polymorphic pleuronectid
flatfish and exhibits large clinal variation in the proportion
of left-eyed (sinistral) morphs, which ranges from 50% in
California to 100% in Japan (Bergstrom, 2007). Townsend
(1937) found that 67.1% of starry flounders from Alaska
were sinistral, whereas 52.1% were reversed in 530
specimens from Puget Sound, indicating that the incidence
of reversed P. stellatus individuals varies geographically.
Hubbs and Kuronuma (1942) reported that P. stellatus was
invariably reversed in Japan, and all individuals were sinistral
in a sample of 476.
In this study, most released and cultured fish were
sinistral. Nevertheless, we found that 2.93% of released
fish and 1.97% of cultured fish were dextral. The significance
of this small increase in the dextral percentage in released
fish compared with cultivated fish, and whether release into
the wild affects this transformation remains unknown. Some
hatcheries in Korea have reported dextral fish ratios as high
as 20–30%.
Bergstrom (2007) found that sinistral and dextral P.
stellatus morphs are not mirror images of each other and
identified significant differences between morphs in both
the height and length of the caudal peduncle. However, in
this study, sinistral and dextral fish showed no statistically
significant differences in any of the relative morphological
dimensions. The mean CBW/CBL ratio differed between
sinistral and dextral fish, but the difference was not
statistically significant.
In conclusion, we observed significant
morphological variation associated with pigmentation and
habitat, but not with dextral versus sinistral symmetry. We
also found that morphological changes occurred in cultured
juveniles after release into the natural environment. Given
the relatively short time frame during which these observed
morphological changes occurred and in view of the strong
influence of habitat on the variances, the changes observed
in the released fish suggest that they adapt to avoid
predation or to account for the challenges represented by
naturally occurring food sizes or sources.
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