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Abstract

There is a growing concern that the captive population of Rockhopper Penguin (Eudyptes chrysocome
chrysocome) in Japan has continued to decline. The Osaka Aquarium Kaiyukan has been working on
captive breeding of rockhopper penguins for years, and successfully fertilized eggs and raised five
penguins from 2008 to 2010. However, egg fertility has remained low and no hatching has been observed
since 2011. One of the main causes is aging population of the penguins, and another is the fact that the
captive penguin population have been separated into the two groups, one at the regular exhibit, and
the other at the newly opened exhibit. To tackle with the situation, the aquarium has launched a study
since 2011 in concert with Kobe University with an aim of establishing techniques for artificial captive
breeding of rockhopper penguins. In order to find out appropriate timing for artificial insemination,
we observed mating behavior during breeding season, analyzed biochemical value and sex steroid
hormone concentration in the blood of female penguins to identify the date of ovulation, fertilization, and
oviposition. We tested possible techniques to collect semen, and analyzed its characteristics. The collected
semen was then used for artificial insemination on four females. Based on the observation of mating
behavior, fertilization was estimated to be 9 to 12 days prior to the date of oviposition. Also, fluctuation
of biochemical value and sex steroid hormone concentration in the female’s blood suggested ovulation
was 3 to 4 days prior to the oviposition. Estradiol level in the blood began to increase slowly 6 to 7 weeks
prior to the oviposition, followed by the rise of Ca and TG one to two weeks later (i.e. 4 to 5 weeks before
oviposition). By keeping track of these fluctuations, we were able to predict date of ovulation, fertilization,
and oviposition. Of the five methods tested for collecting semen from male rockhopper penguins, in 2014,
we identified squeezing genital papillae as the most successful way to obtain the purest semen containing
no excretion. The study also showed that majority of males tested had the highest sperm concentration
in early May, and they reached sexual maturity at an age of 3 to 4 years. Based on these outcomes, we
conducted artificial inseminations and obtained one fertilized egg. The DNA test result of the newly born
chick indicated, however, its father was not a semen donor but a pair. Though the chick was not born
through artificial insemination this time, this work has demonstrated issues for improving captive breeding
of rockhopper penguins.
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Abstract

Imposing physical restraint on fish at the time of test, treatment or examination makes fish stressed
physically and mentally. It can also result in the risk that the collected data may lack validity. To cope
with these concerns, the Osaka Aquarium Kaiyukan has conducted research focusing on the efficacy of
husbandry training and worked with three selected species of Osteichthyes: Reticulated pufferfish (Arothron
reticularis), Spotted halibut (Verasper variegatus), and Ocean sunfish (Mola mola).

We conducted counterconditioning to our trainer, guided the fish up onto the water surface, and
then carried out counterconditioning to various types of tactile stimulation. The series of training has
made it possible to carry out visual examination, palpation, biopsy, ultrasonography, obtaining weight
and intraocular pressure on the fish species. We were able to take blood from reticulated pufferfish and
spotted halibut, too. We also found that trained pufferfish could stay in a prone position for subcutaneous

_14_



and intramuscular injections, and trained ocean sunfish could take freshwater bath regularly at the water
surface to get rid of monogenean parasitism around cornea of their eye balls.

The study shows that husbandry training is efficacious for examining and treating Osteichthyes species.
With an aim to contribute to health management of fish in captivity as well as theriogenological and
physiological research, we will expand husbandry training to many other fish species, in particular 1)
species kept in a large tank which are hard to capture, 2) large species which are hard to handle, and 3)
species which can be affected by the stress caused in the process of being captured.
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Introduction

The Osaka Aquarium Kaiyukan has organized a special exhibit titled “The Secret of Fins: Amazing Story
of Swimmers” from April 25% 2014 through April 5% 2015, focusing on fins of various types of aquatic
species.

The species in the animal kingdom travel for many reasons: to search for food, to escape from predators,
and to migrate for breeding. For fish, fins play an important function as a means of migration. As fish
species have expended their habitat across the planet, they have speciated naturally and developed
different types of fins according to each environment. Fish fins are diverse in terms of morphology and
function, and so are their swimming style. Over a long period of time, paired fins (i.e. pectoral fin and
pelvic fin) of fish more than 300 million years ago had gradually changed into forelimbs and hindlimbs;
then slowly developed into tetrapods such as amphibians, reptiles, birds, and mammals; and eventually
evolved to become human beings. When some terrestrial mammal came back to live in the water again,
their limbs changed forms to become fins again. These mammals are now known as marine animals like
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dolphins, seals, sea lions, and dugongs.

Aquarium is a perfect place to learn about morphology and behavior of various aquatic species,
including fish and marine mammals. It also helps understanding the roles of fins and its dramatic evolving
process. This report focuses on the stories about fish fins at aquarium featuring some behind-the-scene
episodes.
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Introduction

In this part of the series articles, [ would like to introduce the habitat of Chondrichthyes, fishes with soft
bones (cartilages) such as sharks, rays and chimaera species. What type of environment would they be
living in? A common picture that comes to your mind would be these species constantly swimming grandly
in the ocean; however, some are found in the freshwater area, too, including lakes and rivers. Besides, there
are a variety of areas in the ocean. Some chimaera species occur at depths of 2,000 meters or more while
some shark species swim in the icy cold water where iceberg is observed. Some ray species just stay still
on the sea bottom hiding themselves in the sand or mud and wait for food.

After all, habitat on this planet is diverse and thus complicated: It would require hundreds of pages to
be fully explained. So in this article, I would like to focus on the living environment for the fishes with soft
bones by using my own habitat classification.
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FIROPAKIBIZH ML F 9. Mgy (2011) 12X 2 &, 7=V VIO 254,000km,
Yy ENITHMA52500kmd L TR SN TVEDOTT, A AV BFRIER
3mIZET HRBF T, KTPE A ¥ B REEICLGALTEY. TN5DMICHN
ALK LR E T, BELLHERDTH S TL A720, F7-HllE > TIfEMR B AAAE
%015 E S, AMDH Wb 2 Fl 2 # 4 L Z-Parker (2010) 12X 2 &, F4 XY
O R EA AR T X Carcharodon carcharias. A % 73 X Galeocerdo cuvier\ZiR\>TH
MOfER M E ) £3,

FEBIZA ¥ RO VAT, ¥ By —8E2EMNT 2 055EBEOE S OJIITHREG
(5 &) ZATHoTWVARIZ, A A AT RIEDLN - HMELRHLDTT, HRTDH,
MRS OMINIRA LA+ A0 205D ) 201345 HIIZABHI N 2 i
LERNT, ERImIZEDO/NIDOF F A aF XA 2MEARHE SN, FETHIHREINT
WE L7

CHE TR L TE A RH AZRARIBAORAGHORMIH N, WIRbifET
AL TWET, L2L, RISHEATHRSYE M) TUF (Potamotrygonidae) d T £ 3
EZFD—HZ2RKIETEHI L T3 (Aratjo, 2004), F} D224 [Potamotrygonidae ] & F
) ¥ ¥ iE® [potamos (Il &) EE) | & [trigon (EAPSIRELTZA LW FK) |12
HRLT, F3MNOTA ] EVHEIRTT, KYE M) T FHIEN20HS T T
(Nelson, 2006). 7= ¥ JlI7Z EFKRORPTFEMNHAS 2 K O _EFRBIAERLL T E
T (K3)e ZOTA BT MBI AR S 30-50cm < HVOFEFHAL VDT
T IR BIEA LS MISKET 525 05H ) £3, JINEOBRLRICEN TS Z &8
ZVOTTH, BIZIEEWHEZ RO M (B o), EINL L, RVEZIRY H
LCHDDHLREMTHEZFNE T, TD2D, [P TICZOTA 2R, KIEKREZT 5
CELHHOT, e LTAMSNS—FHT, BMbTIIEMHEINEZLLHY, £
7o POKET—BRETHFEBWRER-OICBIEME LTt PICEm s s L)1k
0. B X A EEB O b faf S . RETEEOLEME S MHI TWE 3 (Aradjo,
2004)
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B (kBHhSRE. TUTEE)

AR 13 L OPDOXGTERDH ) 508, TOWRS OKEE) TRHPILTAHAEL &
9o Pinet (2006) (2 & % &, [FJF] 13K 2> 5K #E200mE T, [ ] 13K 3200 -
1,000m % T, [#iEEE (FA LAL))]13KEL000—-2000m % T [ ] 137K 52,000
—6,000m % T, [HEEERE ] 13KE6000mP LE S TwEd (X4), 2512, Pinet (2006)
(AR IR [EIKIX (O & 9 2\ <) ) EgEHR oy TR 1200, TRAEX 1 20
DORS (ERX) bEELTGOIX DL TWES (HM4). »EOMAHITTH, #A
BB A DN THERRE | R [HERIE | 2 EOBFEPHTLL LN IR T,

_2*]2&9# | [Jamm
// T f % 0~200m
st

h 2@ 200~1000m

/
N

#iiZER 1000~2000m

B8 2000~6000m

X4. BKEDXS (Pinet,2006) % ZE (C1ERK
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[FJE ] LXK ER200m F Tl & 23 KB 628 & 3725, FEBIZIEKEIOm %
R 5L, MWAHPIOEREZIT) 2L HEL WL TY (Pinet, 2006), F72. L%
BN L, [BERIERE ] &IN5 KER6000mE ) W& A TIE, FAEDHE
5L TWBEE EOKSETIREDEI & AT, F60065D DIETID D >TEE T, b
AT, EARZIKIEICEENT, AEWITE > TUIAR L REZ DT,

CIT AR [RhohrviEeRof (EAE) JITRLIT. b55AML b MAHD
R, BEIZSCTHOFRZ K EN ) £3, ZOBII. C MBSAF2—N\F A V7 TH
KT BKD L) ITKIEFZHZE2DITTH R, HEZBEVPIT DN LRITZD & Fe
BT b RO FHT A TL X 9o BIZIEF =4 N~ F A Manta birostrisReF) > 37
~ ¥ ¥ Manta alfrediD £ H\ZT % v T LT, TORELELZEEITELAPICETHL, K
EHRRERMTTEKRTLIELDHYET (BV/2h), REROFLEREZE L 720 LHEMN
ENTVET), Bl [V 3 — X | THAIWZ k57240 Y aW XCarcharodon carcharias®
ZBHIZY X T T HHEEH ) EY % KA S IKIENZ A2 > THE S BHZE W5 > TROH
FEHPMENTVET), £ ¥ =4y FTlAIr Jaws] FEMETL, 4 LEHEHPH)
WEFCTRLZENTEET,

FalRo X 91222 E TR $ OEFER 26T A% #@E [Rb o rnEZRoM (K
FHRE) | 20T HREETEZKNTVRE, BELTWLEI20ELL0TY, 2D
i Tlx ¥ ¥ XY ARhincodon typus. 7 # % Alsurus oxyrinchus. = % ') Alopias

pelagicus. £ % F3 AGaleocerdo cuvier. 7 713 2. 7 % ASphyrna lewini, LY A X
Notorynchus cepedianus7s ED3K Eheld A OMNE T, HEHOKETEHEL TN
DEFER LSO TRETT | AR Z R LE L] EREZIZR->-TLEVEY, —
Jiv A4 77 Triaenodon obesusX A %3 X Chiloscyllium punctatumz %, KHEBZ
5L EBEOBIIIHFICHKER Y T35, ZOMOBIHFIKLTLoL LTwET (K5),
X512, FF+tOrectolobus japonicusX® 71 A ASquatina japonicalIFEERFRIATE - L&
(BB EBFHLEETHIRNTVLEDZ L ZE3MTY . HOIFHZHL TRkSDT
X7, fEATEDWTL 20 %5 HHT 5D TY (1X6),

=SS g PR 2 o
5. KiEIZHIET 31 XY X Chiloscyllium punctatum
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[ -

. Y vy >
6. ##+tOrectolobus japonicus\IEBHED D&EFHEET S

I A ORI D B X ERFRIZ [TREHET BN IRNZZDFR L7220 [T LA EHRE] D
F—UWEONTE T, T ADIIT H A FD A T AL A Dasyatis violaceaX® b €L
A Bt~ % T ¥ A Aetobatus narinari. 4 N~ ¥ A Mobula japanica. - > 37~
T ELRTT . T A OAPRIIIZE34FE A 5 3 2% (Nelson, 2006). [¥k <[ 75 €9
5| DILFITENIH > TORFIT TKWZZDEFE L2 [ IZEINL L) T, TOHRT
LEEFHEAEL [IFEAEEK] EIERLDIETE L A B (Torpedinidae) °74 ~ ¥
4%} (Rajidae) DMEITL & 9 5%

FUHFADMENIARRRHE TOBLHIND L, MISIETEITEAD, KL%
Wo Y EHKNZEN, FRRLIITEN) YT LTVEHENPLNWE )T, HoikizEA
EDRMEE T, ATEIRAERRICE T A2 MSIERICZ Lo T,

—H SN BRTA2HEIOHESIIE ) TL LI Do B XM THR S ERVIED
LR EINTWDLIDIEH T A ARO T 55 AW AEtmopterus princeps T3 (fI4y,
20110 MRIFIEM D B—t T, ERDBemiifZICELE T, TO7 AT A A 3ERE
HIFLALHMOENTWEEAD, ARG D IKHEST50 —4,500m o 7 i fE TR Ex (fp 4,
2011) ENTWDLDTT,

iz, ERE2mICR %I u A W A3 04 Y ADalatias lichald KEE1500m & ) %<
EE1AmD T A Y AEDE I VW A Centrophorus squamosus d 7K#E1,000—1,250m7%> 57
FEEINTVET,

RKIZTA DMFOFEZHERTTA, YELIABDOY< MY ¥ LA Torpedo tokionis
EKEEF1,000m, fE 2365 & 5 OFEH O LY T T A D ALY LT I A Hexatrygon
longirostralx K %350—1,000m (M 7). # v ¥ A FDF 7 7 & ¥ — 5 A XBathyraja
tzinovskii C/KFE2500m, F & T A XBathyraja abyssicolald K 422,906m7* & D FL kA%
HY, THUIZA ORI TIIiR bRV ELE (), 2013) &2 D £ 9,

RBICFVHFXOMBTITH Fr¥E AR LT Y F X V¥ AHydrolagus
purpurescenstd /K #1,120-1920m. 7 ¥ 7 ¥ Y ¥ A ¥ DO 7 X~ X ¥ W XHarriotta
raleighanal37/K%E400 — 2,600mDicskhsdH V) 97,
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X7. LY IS5 IAHexatrygon longirostra®iEE. 63D H45E

Db, [RbohrvEg o (ka M) | O IHROFRIEET ADT M T AHF R
DIKEL500m, TAIEF e Hh AXROKE2906m. F W ADT A< F 2 2D2600m
ERDFET, 2L, 29 LAERKERLEROL QRS NIBROKETH Y, KKk
O, SHIELSETHSFDDH Y, Hilh WL2HT5EP) 18- LRV EZATHIZH
oML HEEIITELRVWDOT, HTORAIFEDEL2EHTEA, WTHIZLA,
PRI - FUFROMBENIIEDIED T K E LKL E M 72KE2,000m% B 2 5
HHEICES T LOVDE Z LI T,

il (BHVE) »SEBEE (57-0\iE)

FRIZERBOKIRIE—MRIZ, KBGO CHlRERTIZAKIR25TC PLE (RfI21E35C) &
o AR &R IO TR 2 ) F 97, e H 130 T ifKIRIZ1 -2C T 925
BRAINIZ B AR BEERY Y * =Xy MRICARZZEIDH Y T3, HHE BT
T =Ry MROWKEDPEGDTIRES 2=V LT, 0362040 N
HHATA) L7288 H ) T35 Y 2T OWEOHIZS L K DEWIHFAET 5D
WWEEWREARDHY T, 720 R X ) ITKEI0mEZ B2 5 & mad Kb 4
VE=BIrb bRV, Bl O > T ERIRDPBE 72 % b [K
M FE g | & XN 2 555 25K 8200 — 1,000mds 72 D ISAFFE L F 97 KiiERE O S 135587
RFEMICE > THEAL ET25 ZOKIREIE X 0 BRWERT QKL B ZRER T TDH
FEHACUTCLRELTWE T,

COEHIT, BFRREE THlKIE1 -2CH 53T RICEF TEILL 325 Fxff
FHIBE WIS B 72 WIEIC D AR L TWE 97, P4 (2011) X RGO K T
22C UL b oo#has - MBI, 22— 10C Ol ifEs. 10— 2C 0F&nis. 2°C LT O bikifEs
EADIZT AW DER TN —T B EDHHBICHBIT 202 FLOTHE T, F§
B REEHZ WSO A L. AV O XHD Y < 7 ACarcharhinus melanopterus
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Y TR AR, RKIEImD R WEEICH A TL 20T, K3 CEBATH
EHIM 2 55T AT, BETIIKIE24-26COKETHEL TWETH, BE
D EHTTEFITRNTWET (HM8), — . WIEEDOMEAL Y ) FAHDF 7 U4
ASomniosus pacificus\IERETMIZET 5 KA O XTI A, &ifED 5 KH2000mE TH
JRCHIPHCRLFR S TV E 37, FE LMl HARR R D &L Ib R D S bM<, 4%
TIAERETH KR AL TR VAT T HES N, HABL TRV TR
FRENTWE T, DRI OB OZHRFA - WF7e7% & UG L IBRICH 2 H 5
DINY 7 —IN=IKIEEED AT v TIZH N TZ5E T AN PO F 7 OV TR %
FhEHIZ, KDL v Ty RIS > TBWIREBENH LD L, BEDAF 22—
FAE Y7 TEHART HOIFEZ0mMLE S5WETHRDOT, KIBAROERICIE A% 0 RV
HHHT L L) TT,

JlZ, KR IHEITH X, A, FUFRDORIIRTHMNLIZT M AT AF A, FE
OH AR, TAIF VPR LEZVTNHKELOOME DIEWE 2 A, ThbE KRR
I TIAERLTWS D, KIE, BREISIA TKIRDACHIKREH2L, F3IC%%
T HERBEOTTESLLTWEDTY,

X8. KENEL %%k <Y ~ & OCarcharhinus melanopterus

Bhi)ic

RETIIMA DI A TR LA TE T AN, B TIIY Y RZF ADEEKED
—BRE LT, Ml S AOHET BB A S T2 Y ¥ R AR 4 2 A RETE 2 Sosk]
RERZER (F—yah—) 2R AT FHNE~N) Y — A, —@ %I AR ER
DTN R A ZSIE, IR AR 72 e N L Rt T B 7 2 duifEE K
PG EWE T 4 — PR 2 8 —DE THILERO S 12 3 Tihd TwE 3, GFEHl
TIPS D LBEEEZ R T OIC% ) TN ZORFRPH Y YR X 2%5% < (1]
B3 5) I—AREIWHTLHERIETIVOOH D T, SHIL[RDOELVEEFD
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i (RE ) | 2B ORCHESOMALE LD, VUyRIFABEBZIKSETF TR
L MiTREE CTIEAMRENED D ). AR A EDOIUIZOIM 2 &SNS E LD TR
EEZTVET,
XTIRbOPVEERHOM (EMaFE) | 2504 MEE, BT EDLHITELS
N72TL X ) ho WS DERE T2/ L7zBIchEE F L7228 (FEH, 2008, 2013). 3%
FHEZH A - A - FUFAOMBDPBIEORE 22 TR E Rl 5 2 Lk 7-01%, &
BEZe BRI 2. BRBEOBZ IO AIGT 5 & W) ARG H T Z Z 2L - DT,

5| ALk

iR, 2013, HAESAEE SMOFE B S ERFERE. sl

fhy—2%2 2011, Y A —ilEDO T EH =5, 240pp. 7 v 7~ o4tk WL

VY % . 2008, b 5 AV E & Fo MO, (E fUsEEwED (1. »ve ) 13:
14-22.

VG IS . 2013, R0 b E 2O MO, (KEAEEWED[4]. »vew) 16:
29-40.

Aratjo, M. L. G, P. Charvet-Almeida, M. P. Almeida and H. Pereira. 2004. Freshwater
stingrays (Potamotrygonidae): status, conservation and challenges. In: AC 20
Informative 8.

Nelson, J. S. 2006. Fishes of the world. John Wiley and Sons, Inc. New York. 3™,
edition. 601 pp.

Parker, S (2010). f5 4 2 X8 (HARFERENS © Pr—22). 224pp. £ 2 - X7 ) v ¥
N 8Ty

Pinet, P. R. 2006. Invitation to Oceanography, 4" Ed. Jones and Bartlett Publishers,

Inc.

SE 3

b (1989) [[HEF R IXE 28 A P

WHIFE= - Sedb—F - THHIERE (2014) [ HARO KIS ] FO KA MRS

RS - FRRFR R R s (2005) [ HA DKM ] L& 344t

ATY A= T=)VF (1992) :[[H X - 7+ v F 27 |(ha—% - R ERB) P

BWIE (1997) [[H XD HEAR | BETRA RS

TR (2007) ([HEOF v > 7 FADFFEZEY) | Bl E G

kR (2010) (TSNS HEWOMAE 3 A - FrHX - v FFORNPT]
WAE s

itk - BTHEZ - IR RHE - VYR (2001) [ DAL BEof ¥ v Ry
AMPHR VAR T RO - g

{1}
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ME—%2 (1997) ([ ADMF] F— 7 X

p2r—22 (2003) :[THADBHLABLAWRSTD SALESY AR | HihEpE

pr—%2 (2011) :[H X WO FH-H] 7T v 7~ 4k

HE s (1996) THARB K AR #55% WA - T - fkg i LA

AT A4 =T 8= — (2010) :[HEFEH A (U8 | (4 —2% - HARGEWES) 3 - 37
AN E/4

BRI (1998) [ A | B KRS

B E— (1986) [ | BRI IR

I FER (2013) (Mo S 280ttt 11 S 20%hF | HIaHE
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3A14H~20154:506H (&)
3H24H~31H
4712H~20H (fE+H)
4/125H~20154E415H (F75E)
4J125H

5H10H~25H (mtH)
5A17H. 18H

5H19H

5H19H

5H20H

5H30. 31H

5H31H

674, 5H
6H7H~7H13H (E1H)
6H7H

6J112H

621~29H

625H

6)J128H

7TH5H~TH

7TA7H

7H13H
7TH18H~10H13H

7H16H
THITH
7H19H. 20H
TH26H~29H
8H

8H1H
8J12H~6H

8H2H~10A (f1H), 23H. 30H

8H5H

8J118H~24H
8J122~24, 29~31H
8H23H

8250

827H

9H6H~28H (f3tH)
9H14H

9520, 21H

95524, 25H
104H~26H

10H5H

10A11H~26H (fg:+H)
1018H~26H

11H1H

11 A1H ~30 B (B+H)
11H4H

11H15H~30H (gt H#)

11A22H~12A21H (EtHA). 22~25H

11H28H~12H25H
11128H~3H1H

11729, 30H

12H19H~25H
12719H~25H
12719H~28H

12122H

12H26H

1227H~1H12H (g1LHHL)

BBEEDTEIE (20143 ~12R)

Major Occurrence

AR (AR | BT RRAR ] 2 B

SMBOTVF N - £ 2 A5 L= 3 v [ BIEh E KGR % Bk

B L ) 27— (GhRXR. Gr2l) % P

REE[E LD IY ~2A[ v —7-bOIEBE Wik~ | % B

KA~ R R R

WHEfEB L ) A7 —v (x4, &3l % Bifi

J—=rvavT - RUF VORI fiolz AT v 7oL 0 2R

AV T HIVZT T T HDHRE % AL

KBRS e R AR Y 7 — X0 ¥ 4 TV 4 Mo F 24 Bk, ARITEE
VURIH R BRHWE) & KBRS HEEE AP ZE I DA R v & — ik
(%3 7 X B OHEERG |(ZPER ) % T

KBEAF A ) #FE % KIRECO Byt a2t & A4 CTHEltio SHE108fERR
SERE26SEEE R - LT O v 2 KIRAE R e S IR [ | BT AR | 3
MRS & F 0 A7 = UNpaEAst g, &h6lE) % Bf

KA RBED A4 MR A & 201445 KIGE 2 2 W — A & LT, #9502
TV VI —=RUFVORE % AL

FERIGERE (e L O RIEFE | | (FH4ME) % B

TT)—=RUF O % At

T3 [ ] ot 4 (187%) % Bifik
HEYBICEIDTLEY L (Sva, hENS, 77 F T E/)
FRC264F NI B KRR RRRIITE 2 [7 7 — XV F v OINERER] ] 583
KO AE R IETE T DA Rl v & — 12TV v R AL

SWE LD IY ~AAf =72 bDOWEE L WFE~ | O—Ep2 LB L.,
RWER[FADOLIY ~RITORAFAHAPR - TE2 | ~ | 2Bl
KO AE PRI TE T DA Rl v & =12 TV v R AL

IFZART Y FEHICHT & 4 THigk O % 563%

BIKAF A by 77— (KAXS) %5l

B RERE [RARAL ST — V] 2B

AAROKGAE (HEUREHIE) 455, 6. 7% PEHE A (i) Avps
HHEEIRD [V 3> T4 v a] T2 7 BV RMKAEA~

B IORIEER [ ) B2 2488 | | 2R

HIRARFA b7 — UNhEEES) % Fhi

FATIIZ I B A by M) v T 7 EANAF—DKIERET » % > 7 Tl A7 ¥ 7 16%
BARA [HHRET) 7 4 By 7 — 2 K50

B ARG [T anNy 22659 | ] #Ff

HRANT DR 2 AGEE (BRE: F—7, — B85

KA PRI R DA Rl 2 v & — X ) ¥V RIY R EHA

BT AREE 56,5005 NERE (EINK S TR )

B E D A7 — v (GRS, Gh4l) % FfE

KBE A F A1) PiAE % KIRECO By di 2t & A T i

SERC264F FE 0 AR B = R TE RS TRl T A 2 ) W B G E) | 5638

552410 H AREY B K A %M 255 [ 7€ > 79T VA O KL DWT | 355
WA B & F 0 A7 = (VERFR, GH4lE) % B

RLATHEA T LR R R — LIS infiglefi | % B

BT RMRESE [ OLOORBY, BVBRT 7Y a v ] #EBEARRELS HAZES (UCN) L 3FmE
E2ANT 27 )T 4 BB Y AR Y A [T RUKBEEE O RERERCOW T 583
FHEOHICE D RV Y RIF RO ENIE % £

B L 0 A7 = UNPEEARR, E15M) % Bf

PER KA TT A B &R

A5 Rt [ A7 — 0T —2 v ay 7] R

FAIRYFUNSL—F - £ V3 32— 3 ¥ AT 2 B

I F T A N—%FEi

BEREEOHTHOANIA—Y 3 7] #BfE. KPEEROHBEKRAEK FERIEHE) Ok
TR LI Ze 4 [WERE T A+ 2 ) W R IGEh | KA ¥ —F85k

HBEEWBIZO AN =2 VAR A (Fva, THANFT<) 2P

AT RUEERE [+ 7 XU FVOPTA LT v ThoL A | Z Rk

BT IGAR - TIT Ay — T %% (LD S)

WA L A4 A 7 % BRI RS TR

S ) ICELAMAT NS 727 R

RYF UL — FE R
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1H1H~4H

1JJ16H

1A17H
1723H~2A3H
1}J23H

1H24H. 2A7H. 21H
1729, 30H

1H30H

2J16H~14H

2H14. 15H
3ATH~15H (fE1H)
3H21H~4/5H

BREODTEIE (2015F18~)

Major Occurrence

T v KO ETLE S T

HWEERER) 7 A T 7 7 WY e R
MET—rvavy e L 2B LE"ONF A N IEerxs) # B
FZEAT A N—% %

AR (AR | BAFRAR ey ha v s R R

[43 7 x L OHEERE | (LR B) % Ik

ERORK AT EIE A R B [ 547 V4 b %A OfE R OB ECOWTIA N AT
BV URIHFAOENIRES, MERHED. BRE MPRVEY, W AOER] %%
FRAE T B T ASilabe fil 7 52
HEWBIIANLYIAL Y (A AATIY, FvaA, THNFT<, HENT) Bl
BRI [ AV DK 2 H SIS | (FH4m) % Bfi
WEfEBEE ) 27—V (FV—T5) Bk

£ R [RAE T — FTONDOL IVEESD | | 2k
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