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Abstract

Most fish undergo periods of starvation during the overwintering, spawning, migration, or geographic
reductions in their food resources. Fish can overcome starvation by using biochemical, physiological, and
behavioral strategies. The endogenous energy derived from basic metabolites accumulated in the body is
consumed as the fish utilize their own tissues to remain alive during the periods of starvation. This
review briefly arranges the studies on the effects of continuous starvation for 11 marine fishes and 4
freshwater fishes based on the studies collected so far and could offer the basis for a wide category of
researches including: 1. Nutritional parameters (histological changes, biochemical changes, and nutritional
condition); 2. Larval starvation; 3. External morphometric characteristics; 4. Sectioned morphometric
characteristics; 5. Physiological changes; 6. Kidney melano-macrophage; 7. Ultrastructural changes in
hepatocyte; and 8. Stress responses, which were done over a period of 26 years from 1995 to 2021 in
Korea.
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.M E AIAE xmste] of Aolr ggstd
W, AgeA o9l ety s Eoko]
ol A Wkl Il ® g (Wintering), =Rz A 4 S tH(Mustafa and Mittal, 1982;
Abehs 919t o]F(Spawning migration) Al 2 M Wweatherley and Gill, 1987; Park, 2004). 12|t} o]
Ao Hel AR Qlste] A4-l Z]okStarvation) gt Az AgoIH o] AFES 7o} o] F]
AZIE AR = Slow olsk Bl o &4 g 7ba(Degrowth), o149 d84 24 W 5
Eo AR AL w7EA IR Vol FEIE . n slekoa o] wale) o}e] EA A WS
fAstefol & A gl oEe A5l TWFSFCH(Weatherley and Gill, 1987; Park, 2004).
Zlols Fdo FALEE )l olF F B eyl o]BE gatog 3 x&Aol 7)o}
AHLove, 1970; Park, 2004). o157 128 7ok o) paigl ol1So] A Wast AFS uwE
e AW =4 W U8 (Endogenous) FA o 1995dRE] 202174 261 d7ke] A g
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oA oFE oz AFH Yo} #H =&
2 NFoz N2 Ao} A ol
Gl o} Al oAl YsAel
AatA wstel 7)of Al ofA| 7]# W3 A5 7
o} A] Classical dimension®} Truss dimensions A}
£ JFASHEA, 7ok A A FHATE AS
A, 7ok Al o A B SEAF W), 7)o}
Al 21%2] Melano-macrophage W3}, 7]o} A] H2
Az dAvAA AlE A7)0 ®igE 9 7)o} A
G4 Stress T2 W3} FFS JNASHSIT

o} 72l x7] AdAbellA Apolr]oM el Z]of=
Zpoje] AL 9 Aol HAdiARl TS A=
2910 F X (Bagarinao, 1986; Myoung et al., 1990,
1992), o 2714 Al olefsgt 7]oprt A
A&, F3} 2ol= AdE A Holggo] A
A Hrete H3 2ol &¥o] "olx 1 o]
HolE Ao]x] HEata wHAlel o]2& dHAH
Point of no return (PNR)®l| E=E3HCK(Striissmann
and Takashima, 1989; Han,1998). ©]$¢} tl&o] of
o 27 Al Qlo Z]ok= Z]ofel] &gt
FFdEe] Wtz Qlsto o, uF-F el A9
WH3lE HkskAl FTh(Theilacker, 1978; Yin and
Blaxter, 1986). ©]74<] ol %7] zto]elA gl 7]
o} A3e] oA aEfste] £ =il ofF &
of Zlo} Al 7|4 A Holgw, AE, ¢
g5, FHE 9 2A4gs HriHer sfdst
oﬂp]_.

B ol A o= <Table 1>olA4]
Bl wpel ol FAte)Fl G X (Paralichthys
= (Oplegnathus =

(Pagrus major), "85 (Lateolabrax sp.), %

N

!

=]
H

X

olivaceus), fasciatus),
(Boleophthalmus pectinirostris), w9Vl (Epinephelus
Z3) B-2(Sebastes  schlegelii), Haddock
(Melanogrammus  aeglefinus),  A°1(Oncorhynchus
keta), A==E(Takifugu rubripes) X EA1(Takifugu
niphobles)®] 1152} 240721

w4y (Misgurnus
o] H 22 (Misgurnus

akaara),

SX|(Rhynchocypris
oxycephalus), anguillicaudatus),

mizolepis) % W71 (Silurus

asotus)®] 407, H3} Aol ol T HY 6
A 2 109 oldell AFgE Bolal Aol= 7o}
% 280l A 210Y kAl HAAHA T]ofell 7]ls}
ol 1 @] F23] Aslste] HAFGITH

.

—_

T e R & AHKHA Tof adE 1
Nutritional parameters (7}. Histological changes, L}.
Biochemical changes, and U}. Nutritional condition),
2. Larval

feeding), 3. External morphometric characteristics

starvation (Early growth and first

(Classical and truss dimension), 4. Sectioned
morphometric characteristics (Sectioned body traits),
5. Physiological changes (Hematological responses
and respiratony exchanges), 6. Kidney melano-
macrophage (MM, MM centre), 7. Ultrastructural
changes in hepatocyte (Hepatocyte ultrastrucure) 2
8. Stress responses (Plasma cortisol and plasma
glucose)®] 87 FHow wilsto], 7jotd A
of w& ¥ATH(Fed group)ol tiHlE ol
(Starved group)ellA] &&o] {43 Astst £
AP Bole Vo A FRZMAY - 7)o}
=S st aar g

1. Nutritional parameter <Table 2>

7}. Histological changes <Table 2>

A &A1 7]otel] ost xA M4 WHEh= WEH
(Rhynchocypris oxycephalus)s A2 3k 63U3F
o] A Al 7okt THHE ¥ F7]9 AT
MY & Eol7} ZAsHa, AX|(Paralichthy
olivaceus)s 302 84U+ AE A] 7|olat
Al 8 A7) ek A A|laEe] & gol7) fhas
atlon ol hAEel Y AE= FErt
EqrAAoly I 7170w A EtAst
A FEHNOH D35l tHLee et al,
1999; Park, 2006).
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<Table 1> A review of publications on the effects of continuous starvation for fish in Korea focusing on

=z

re
1=

by the fishes used in the experiment with starvation span

Fishes used in the starvation experiment (Korean name)

Starvation span (days)

References

Marine fish

Paralichthys olivaceus (g *])

11 (after post hatching)

Myoung et al. (1992)

84 Hur et al. (2006)
84 Park (2006)
84 Park et al. (2006)
84 Park et al. (2007)
84 Park et al. (2012)
56 Park et al. (2015)
84 Park et al. (2017)
Oplegnathus fasciatus (=% 32 Seol et al. (2009)
5 (after post hatching) Park er al. (2013)
84 Park et al. (2017)
56 Park et al. (2015)

Pagrus major ()

S (after post hatching)

Myoung et al. (1990)

Lateolabrax sp. (35 °])

4 (after post hatching)

Myoung et al. (1997)

6 (after post hatching)

Park et al. (1998)

Boleophthalmus pectinirostris (%% ©])

Just after herbination

Park et al. (1995a)

Epinephelus akaara (Ev}e])

S (after post hatching)

Lee et al. (1998)

Sebastes schlegelii (Z3]2-2})

5 (after post hatching)

Park et al. (1998)

Melanogrammus aeglefinus (3] 5)

10

Kim et al. (2012)

Oncorhynchus keta (1°])

26

Seong et al. (2012)

Takifugu rubripes (R}F5)

9 (after post hatching)

Han (1998)

Takifugu niphobles (H-71)

3 (after post hatching)

Park (2017)

Freshwater fish

Rhynchocypris oxycephalus (W] & 3]) 63 Lee et al. (1999)
75 Park er al. (2001)
63 Park er al. (2002)

Review Park (2004)
Misgurnus auguillicaudatus (V] 5+2]) 28 Hur et al. (2018a)
28 Hur et al. (2018b)

30 Park (2018)

Misgurnus mizolepis (7] F-2}#])

Just after herbination

Park et al. (1995b)

Silurus asotus (W 7]) 210 Park and Gil (2018)
210 Goo et al. (2020)
210 Park et al. (2021)

- 886 -



st2olMe| ofFol| ht XI&xel Jjof Hnf 7 JHat

<Table 2> A review of publications on the effects of continuous starvation for fish in Korea focusing on
by the effects of starvation with items examined

Effects of starvation Items examined References

1. Nutritional parameters Histological changes Lee et al. (1999)
Park (2006)
Park (2018)
Goo et al. (2020)
Biochemical changes Park et al. (1995a)
Park et al. (1995b)
Lee et al. (1999)
Park et al. (2017)
Nutritional condition Lee et al. (1999)
Park et al. (2002)
Hur et al. (2006)
Park er al. (2006)
Park et al. (2015)
Park (2018)
Goo et al. (2020)
2. Larval starvation Early growth and first feeding Myoung et al. (1990)

Myoung et al. (1992)
Myoung et al. (1997)

Han (1998)
Hepatocyte and first feeding Lee et al. (1998)
Park et al. (1998)
Early growth, yolk, and first feeding Kim et al. (2012)
Morphology and histology Seng et al. (2012)
Early growth and histology Park et al. (2013)
Early growth and hepatocyte Park (2017)
3. External morphometric characteristics Classical and truss dimension Park er al. (2001)

Park et al. (2007)
Park er al. (2015)
Hur et al. (2018b)
Park er al. (2021)
4 Sectioned morphometric characteristics  Sectioned body traits  Park ot al. (2002)
Park et al. (2015)
Hur et al. (2018b)
Park et al. (2021)
?Phy_sio@iczrcha_nges_ - —Henaol(gcal_resp:lses_emd—resp?at(; e;largts _Park—e‘tz (2—012)— -
Park et al. (2017)
Park and Gil (2018)

Hur et al. (2018a)
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<Table 2> Continued

Effects of starvation

Items examined

References

6. Kidney melano-macrophage (MM)

MM centre Hur et al. (2006)

Seol et al. (2009)

Park (2018)

Goo et al. (2020)

Hur et al. (2006)

Plasma cortisol and plasma glucose

8. Stress responses

Park (2018)

Park et al. (2017)

Hur et al. (2018a)

Park and Gil (2018)

v 2 (Misgurnus  anguillicaudatus)| < 3047t
2|42 Q1 7o} /\] Zlobte FHAIES] & A

30 J\:‘}_Eﬂiz-l Z 2 J,]Aﬂ_l. 61-1 l-:o] tﬂ }\]Z]—H]_J_

b >
Zololl A Ao, W7|(Silurus asotus)©ll
21047 AEA QL F]op Al Z]okte IhAIE
WA, AR o ol W AAHE A

o] 7} 7+ 3} th(Park, 2018; Goo et al., 2020).

=1 O e R

1}, Biochemical changes <Table 2>

%% 0(Boleophthalmus pectinirostris)s TF OS2
sk e/ W A5 Z
e}y egstE 9 x W geks diolow
shere 718k th(Park et al, 1995a). ulTEA]
(Misgurnus mizolepis)s 3o = 570147ke] 4
e e, =AY, veests 9 A 3
< wrer i e FUtekelth obse X
Y FA= AasE RHYtKPark et al,
1995b). W52 oA 633 A &A1 7]o} A], 7]
ofzol A o] A DNA 4l RNA gHo] =9k
] RNA/DNA H|:= ZA4sSiTh Park et al. (2017)
2 =5(Oplegnathus fasciatus)® G5 iy o=
842t 4242l Aok A Flokeld] wud
Z3 RNA/DNA H|7}F 7HAashat oo

4w Glucose A&

HREE, FoE x

s
Alanine aminotransferase2} 7

B s,

t}. Nutritional condition <Table 2>
HEXS gaos 6397 AEHQ 7)ob Al

Z|optel A
I=(Condition factor), W73 %]<=(Viscera index) %!
Dressing H](Dressing percentage)”} #4851 Th(Lee
et al., 1999; Park et al., 2002). @X& U=
84UZE A|EA Q1 Z]op Al Z]opS H|RELE=S} Fh
Z(Liver-somatic)A| =7} SSr O W (Hur et
2006), E3F Dressing H] 9t WX gl &=
A3 WAl FAFSER o IR, ‘?n_]oa“‘ézoWF
AsddsE L WEAAA AFelr= AE
S THPark et al., 2006). E5< DH@’QE St
2] AEARL Z]ok Al ool A= Al
UJ u] u}-I:7]. 7L’\3]-031:]'(Park et al
%% A 95 (Gonadosomatic  index), {FE A4
indexl| 4 €] vl 2] (M.
anguillicaudatus)s O 2 3+ 3047ke] 244
1 710k Algl wZIE o' d 210978 A
&24Q1 7]ot Al olF Z]okrEelA yERtAL Sl
TH(Park, 2018; Goo et al., 2020).

24| 4=(Hepatosomatic index), |7k

L m &

wn
e

6
=, A
2015). A2

%ul

TN 1=

L=

Intestinosomatic

2. Larval starvation (Early growth and first
feeding) <Table 2>

A5 (Pagrus major) 53} Ao] & t)do g 3}
T 5UA7A] 7ok AIZL A} T]oltellA A, Al
=} :quio] 1l oozl ZAstglom |dx B
g ddo® F3k F 119704 7)o AR

THEo] 9 AEol7t F
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28 tHMyoung et al., 1997). %-5Y(Lateorabrax
sp.) T3} AolE o R B3l & 6dofA F3}
T 109704 443E Zlo A1 A3}, 7]okrel A
A%, o], FdEo] 9 Awol/dEolvt 3
23St Myoung et al, 1997). AFE(Takifugu
rubripes) -3t A1 E iAo = 3t FHE OF
3} 5 9Ud7HA 9] ok I A Al 3 F 49
M= 7okt A AAE Holw 3t F 7
A o]F+= A A7t UERSTHHan, 1998).
v} (Epinephelus akaara) -3t o1& tl/d o=
3t $HE F3t 5 5UA7A Zlop A7l AR,
ZNokoll A= A Fhae) ofee] H3t § 49y
B Al @ 2 T3] AT HAE RS

ThLee et al, 1998). 7]okA] A&, AZF 9l 7HA|E
& x FAV|AAMY Hhe I EBEH(Sebastes
schlegelii) AV= ZtofollA AFE = 59 7]okr
oA, Hgo] F3} ApfeA= 7o F Yl 7]
obrol Al et vk QlthPark et al, 1998).

Haddock (Melanogrammus aeglefinus) 53+ A1 &
garow sk FRE H3k 5 109744 S0} A
7 s Aokl AR AFe i, wE
B g4 9 AE 94 2o} UekeKi
et al,, 2012).

A (Oncorhynchus keta) F3 &5 A&
GO 2643t ZloF A7 A3}, Tloptel M 3%
A, 23k 24 915, X
Aol Ukt o MMO] %ﬂﬂﬁiﬁ‘r. ob&e] 7]
ofzolMe= wel FEe ASHH
Truss dimension®| A= YA WEFETHSeong et

al,, 2012). =% F3} A& ttow H3 4

F

B F3} 5 5474 7)o Al Tlopwel M= T
%4 7}, Pectoral angleiﬂ #a, Tl T
H1o] kA, FAIE Fol/ A% wle A gl ThA|
3 ol 24 F] H]J a7h ek vk gl
(Park et al., 2013). =A(Takifugu niphobles) -3

AolE tiow H3t & HE F3 F 6U7HA
7ot 3= TokellA e W AAat A2
& 37] AR et QlokPark, 2017).

3. External morphometric characteristics
(Classical and truss dimension) <Table 2>

WMEXE ddo® o 7587k A &A1 7)o}
Al 7102 Truss dimensionolA] Wz 9 E% F
A oy 54 9w g Fp B

b, g FEANE BAE BRI TKPark et al,
2001). GAE digo® g 84dzre] A4l 7|
o} Al 7]obt2 C(lassical dimension®l|A] o]A] <F-
ofx F AAFolA B FH s M §
oA #E Fd F7HE BT Truss
dimension®| A& w& FololA e A FA Z
25 BYUHPark et al., 2007). GA] S oAt
o= 3 56U%Fe] AHAR] Z|of Al Z]oftollA
AFASZF LA T TH ASHAL St
15 QlthPark et al, 2015). v]7E]S o
8UZTE] A|EAR1 7]op Al Z]ofrell
Ao me Feh 54 5§99

A @S Holal UthHur et al,
2018b). WI71E iAo R 3 21097k X5F <)
710} Al 7)okl A Truss dimension®] F5F ¢
GAo|M F7FE Holal QUh(Park et al., 2021).

Hi Hu
FOoR

28
JEEREL
370] 7

3k
St

S

2o

g
i

4. Sectioned morphometric characteristics
(Sectioned body traits) <Table 2>

Ho:‘ Ou:]

et al, 2015). "7 ElE ddo=E st 28‘?4&4 A
7)ok Al 7okt Adw A, AL
wA 9 AA FoleA TAE Hola itk
(Hur et al, 2018b). ™75 thdoz 3t 2

o] A&HARL 7ot Al T]opr iﬂé:!% Fol, A
Ak Z g FEad dHo AE Holal Q)
(Park et al., 2021).

_/::.xqo
e |
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5. Physiological
responses and
<Table 2>

YA goz st 8497te]
)

changes  (Hematological
respiratory exchanges)

A%4Q1 7)o}
AT,

Mean corpuscular hemoglobin, Mean corpuscular

Al Hematocrit, Hemoglobin,

hemoglobin concentration 2! Mean corpuscular
volum®| A z}o]7}F 1A Th(Park et al., 2012). Na’,
Cl, K* % Aspartate aminotransferase®l| 4] %= 7]o}
T2 2] 7 $ O Plasma osmolality©ll A= 7]
ol WA YERHTHPark et al, 2012). EES
oz 843kl A% 71ob Al 7)okt
Hematocrit, Hemoglobin, 237 4! Mean corpuscular
hemoglobin concentration<> A YEFE ™ Mean
2012).
Alanine aminotransferasex= 7|oF0] AlZtoll H]

& =7 YelsthPark et al, 2012). ®7]E At

pkell
b B SN

corpuscular  volume S Th(Park et al,

O g 210U3Fe] A&EAQL Yot Al T|ohrte
Respiratory frequency®} PH+ %2 W, CO, &
£9 Ammonium % WA UEFSHTHPark et
al,, 2012). M7= tjAFo 7 289U7Ee] A&7 Q)
710} Al Z]eltellAE DO &Ml CO, & E

Ammonium §%7} WA YERE WA Respiratory
frequency®t PH #|= A WEFETHHur, 2018a).

6. Kidney melano-macrophage (MM, MM
centre) <Table 2>

71ofe]l wE Zlokel 4] Kidney
melano-macrophage (MM)2] Z71= 8447t 7]ot#
HAl, 5647F 7lobd =3, 3047 7ok Wy
2 21043 Zlokd wWZ]elA vEhtar lekHur
2006, Seol et al., 2009, Park 2018, Goo et

. 2020). 7]oFA] o] gk MMS] F7H= olghAtg
é ke 249 SR Qlsto] Al o] Aa
@Al o Zlow A gtk

A%

et al.,

7. Ultrastructural changes in hepatocyte

re
ik

(Hepatocyte ultrastructure) <Table 2>

gz g4dzte] A2l 7)ot Al
n ATz AESE @ F7)e] 7ha, 919

L-lj]_%

el

24, A &, A% Glycogen®] A4,
Endoplasmic reticulum®] #4, o9 dAS &

Sl Electron-dense body®] %7} 4! Mitochondria =1
718] F77F BaiE vk QTHHur et al,, 2006). V]
T 5 tdo® 3047k A&2Q 7]of Al b
o] wA|FZo A M| E Mitochondria”} 33 ¥ o]
FAarE o] v Qlth(Park, 2018).

and

8. Stress response (Plasma cortisol

plasma glucose) <Table 2>

dAE e s & 8427k
Al 7)okl A Cortisol®] W3= ¢loY Glucose
Holil QUthPark et al, 2012,
= o 3k 28U7ke] A&Z el
7]ob ¥ NaNO°oll =% Al 7]okrellAl= Cortisol
I} Glucose”} F7}aFtHHur et al., 2018a). ™|7|
E iR o 21047k A& 7)ol Al 7]
o}t CortisolZ Glucose”} 74 HS Holx gl

CH(Park and Gil, 2018).

A%H9l 7)o}

rlr

mz:z
ol A 1955 oA 2021d71A], 260l A A
1159 ik 7et 459 G5ofFE oz
FAE A& 7)o} AES AT A= of
ot 2ot Adojo QojA Zlote AY F Y=
717k

2 Akl A X (Paralichthys olivaceus)®} &

5(Oplegnathus fasciatus)?| ¥ 32~84Q4 & eI,
G40l Ql W E X (Rhynchocypris oxycephalus), V4
2l (Misgurnus A (M.
mizolepis) X ™ 71(Silurus asotus) A= 28¥~210

A= vhekgth ojFelA el slek slo} of el

anguillicaudatus), o]

22 A, Asterd FAde A W gokehy
ZASNA FAE Hola Quy F3} xlojo 7]
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ol olfF FTE A Al 7] Holgsio] o]Fo]
kol FHAlo] o]2% dHAIHSQ PNR (Point
of No Return)& T}etd = Slo, off FTH 3}
5 Aget Holgwe Hx AVIE AT + 3
U #AelA 1 997t avka @ 5 Qlvh
N A8 o]F 7)o} 7]F<] Parameter=A] 2
PN (ZA A W3l Aserd WMk 1 o
z7) 7ol 7)o}, FASHA, dH AS3
2 B4, A2gr4 #3}, 2% melano-macrophage,
IAE v A2 2 Stress WS FARE 823
710} m}elS- 9%t Parameter5©] 2
oh gtow # ATg yiEol 4
Parameter’} T T}oFst o7&
7oAl A gEo] 1 FHEo] thd
71dg ek

A ]

5“.:,0
zo
© ogh o.,>: of [‘}Ei

ot mlo

4>
o
i

e QN >§
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o
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