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Static penetration test on deep-sea shark skins - reports on needle types and

penetration forces for developing an autonomous in situ biopsy equipment

Shinji Tsuchida!®, Masaru Kawato', Shinpei Gotoh?, Yoshimi Takahashi!,

Ayaka Kasai!, Katsunori Fujikura', and Yoshihiro Fujiwara'

Top predators play an important role in maintaining biomass and biodiversity of most ecosystems. However, functional
roles of the top predators in deep sea are still poorly understood. Large, predatory sharks are considered as the top predators
in the deep sea, some of which are known to have a long-life span and a long-term maturation period. Most studies of
the sharks have been conducted using lethal methods such as deep-sea trawls without attention to their vulnerability. It is
urgent to develop non-lethal approaches for the shark studies. An autonomous in situ biopsy equipment is one solution,
which collect a small amount of soft tissues non-lethally from the target fish. For developing the equipment, we conducted
static penetration tests using three types of biopsy needles, i.e., conical, bevel, and trigonal pyramid shapes with the tip
angles of 20, 30 and 40 degrees. Three species of deep-sea sharks, the roughskin dogfish Centroscymnus owstonii, the
kitefin shark Dalatias licha, and the rough longnose dogfish Deania hystricosa, were applied for the penetration tests. The
lowest penetration forces were 22.1 N on the skin of D. hystricosa using the trigonal pyramid needle with the tip angle of
30 degrees, 65.3 N on that of C. owstonii, and 95.3 N on that of D. licha both using the trigonal pyramid needle with the
tip angle of 20 degrees. The highest forces were recorded on the D. licha skins among the three sharks using any types of
needles, which were 3.6 to 6.0 times larger than that of D. hystricosa and 55.3 times larger than that of the chub mackerel
Scomber japonicus. We concluded that the trigonal pyramid with the tip angle of 20 or 30 degrees is the most suitable shape
for our biopsy needle and that the shooting force has to be larger than 95.3 N for collecting tissues from hard-skin species
such as D. Licha.

Keywords : Top predator, deep-sea shark, static penetration test, penetration force, skin, needle type

Received 28 February 2018 ; Revised 16 November 2018 ; Accepted 22 November 2018

1 Department of Marine Biodiversity Research, Japan Agency for Marine-Earth Science and Technology (JAMSTEC)
2 Tokyo University of Marine Science and Technology

*Corresponding author:
Shinji Tsuchida
Department of Marine Biodiversity Research, Japan Agency for Marine-Earth Science and Technology
2-15 Natsushima-cho, Yokosuka, Kanagawa 237-0061, Japan
tsuchidas @jamstec.go.jp

Copyright by Japan Agency for Marine-Earth Science and Technology

35



VR A RSB & F O 72 SR BB

Static penetration test on deep-sea shark skins

doi: 10.5918/jamstecr.28.35

— REFR —

DRUEYE D X R BE % O 72 ] 2P RF il i
—HEBLEINA A 7 7 — Rl PTG 7= 8HBAR & Hl N3 5 Wil

BHOEDY A B B BEE B REL 8 BE ORAa Wil BE L)

Be EoEiEOARERTIE, by T LTy — (HEHAER) PHELZE L TERBRNOEY RS LRIEOMERICE
%&?&%ﬂ%%ttfb%’tﬁi"ﬂl%ﬂfz‘o‘b INEINY T - FT - ay b a=)VEMER LALEDES, BB
TiE, P AER EORBBELAEHOFREEENEL, by 7 TLTF9—FEHlTHLEEZLNTVRELOD, FHk
ﬁ‘éb(%h%@?’“iﬂ IOWVTHIEFEALHEHFIN TV ARWY, F7/2, —HICIIEFGTHL ORI 4 XIZEDL F
R AZET 2 2RO TWD,. TNF TE L OBRMEEET AHOMETIEZOEIEEEERT LI &L, &
@FDﬁwﬁ*&kﬂ%%&?&%%wfﬁﬂ%%#ﬁbhfbD B R FEORBEIEH CTHDH. £ T,
FEHFCHIN D 0 oLk 2 BRELS 5 BBV N A 4 7Y — S BEORIZ T\, ARERICS 2 AN % L ERIKRIC
T, HEAEDDL L 2HE LT E, FAFHOBIZE, BWEEEZ 2T 0 FARIAF AL EPMLNTED,
DX BB, BES IR 5720 ~@,ﬁ%ﬁ®§ﬁ%w+i<Eﬁ¢éhb@%®ﬂ%?%@k%@ﬁ
WHEWHS LIS 2LEDNH L. 22 TIAUAFRX, AT A T IF RO EGRH VT, Bx 2ok
(MR, NAOVEL = fgefl) MMz 208, 308, 400), % (6mmB L '8 mm) D&% fifi - 725K ol 221k
FHMARERE MG L 72, Z OMERE, ﬁx@fi%ﬁ\%x%mwt L o EBEWMDAVNES L, SN MR §
FHEIOEDHAT2RINTH 72, ZAFALIOAFRATH o L L HBEHIVNE P o7201F, 55 LGN =M
HERL SHEME20EDOHAT, FNEN653N, 953N TH-o72. bo b bEBEHPKEN-723 04 FXDERIT
FHIFAD3.6~6.01%, ~FNND553ML ko7 HEBE AL+ 7Y —HEOREIC %tb,ﬁ%%:ﬁ%ﬂ,ﬁ
FAPEE200E S L < IX30 E L, 953N LD THI L AL ST & Z8 72,

¥—U—=VF: by 7 TVUTy—, PR U, WEMEHEEER, B, R, LRI

20184FE2 H28 HA2%H ; 20184F 11 H 16 HEXEIfaszH 5 20184F 11 H 22 HIRIR

1 ENLHFZE B 381 N R 78 B S ek
2 ESEREAE NF R RS

HERES
TH BT
ISR FE B 36 N MR ZE B SE0ERE WP e AR 2 R e 20 B
T 237-0061 #hs) I A ZHE T E BHT 2 M 15
tsuchidas @jamstec.go.jp

HEre © ENZWEER S8 N HERE e B SERAR

36 JAMSTEC Rep. Res. Dev., Volume 28, March 2019, 35—42



S. Tsuchida et al.

1. It ®ic

Fy 7 TLTy— (HEHAER) (JABRNOAEY
R LM E — I RORE ZHH ) LS TS
(Frank, 2008). fil2 1%, A =1 — 2 & > E7 AR T,
by T TVLTFTY—THDHYAY 7473 Canis lupus
WARRE L EIHELTGZH1-OMBEINTLE -T2
R, AV INTHESN T T A AT H
2 71 Cervus canadensis D RIEHE L, O EE CHRMARE
AR L 72, ZFD7290, 1995~964E\25 4 1) 7 44
IR SEBA LA, T AU AT T OfEE
s L, BUOROSHEGRY, 49 7447 I %8R
g AR OAERERICHIE L5285 % (Ripple and Beschta,
2003,2007). ZH X, ~yv T - TLFTY =D THRLD
REREICHLEYZHAET LI LICLY, £AEROKE
e E T MR AERII Ny 7 - ¥y - oy bu—
J EMEEI A (McLaren and Peterson, 1994). h v 7+ %
Ty 3y ba—VZEETHHMSNTEY, v TR
Fvad, YXFRENPIY T - TLTI—-0KERHS
TWw5 (Estes et al., 1998; Estes et al., 2011; Steneck and
Sala, 2005). —7, WlEHLTE by 7 - ¥ - 3 b
0= VZOWTEDTPLRARZLPHELN TV RWIZY
B9 53 (Tecchio et al., 2013), b BT —)VifiZEZR EDF
WHREEFEARIZER 60m & ) HE TR N2 o THB D
(Watson and Morato, 2013), 7z, GRS THENR &
AT REREO FIMETLH0NE L, T
IZ—EBTIXZ BRI G S L AT EE I LT
5Dk %5 Tw5b (Navarro et al., 2014; Koslow, et al.,
2000).

ZIT, RAFEBZIBITL YT - TLTY -3 L
OL)LEWHE O, FLEZNOBERBRNTED X
) e ZEEHS TV LD NEHLNICT IR EIT-

ELT, oY AL EXHIT 5N TS (Navarro
et al, 2014; Stevens et al., 2000). ZN 5 AFHOAFEL
TR STV WA, AR TII400FE W FHim %
bObOPHESNTBY (Nielsenetal., 2016), D &
) R REEFGCRNT > 7)) v 7 LTHigRICEES B 2 kg,
FERER M SR DR EOB N S DT 5 RETH
5. FREEORIMLBEOW A, — i L COKERMH
RIS THEEDO —ME RN LGRS 5 2 & T, FEFBFEMIC
REEEL ZEDMHEETH S (Ashe et al., 2015; Portnoy
etal.,2009). LAL7ZAH25, FEEOHBTIE, BHREL
TR LEEL T THN Ry A—-TV 5252 TL
T, B S 2 2 LSRR b ODE V. LD,
RIEERBE 12 B\ CIEBIE A 12 50k 2 BREL S 5 26 B OB 3S
BUEEE L, by T TLTY—ICHT A0 ) b,
RIS R e MR 7 SR EE RS ICR 3 2 153k
215700120, BT mg BE O S X5
THhb (JIfIEH, 2007; Ashe et al., 2015; Portnoy et al.,
2009). Z I CHERA L, HEIBUGNA 72 %@
BREICEFLTVD, REBOREULHBEZO—DL
LT, FHIIoRERH 5. AL, VR
% b2 I 1 A ¥ X Dalatias lichaX° 2 X X Centroscymnus
owstonii 72 ENHISENT WA, 2O L) RAHEDS LA
BEEBRIT 572012, Eimfo £ RIC B 2 E @
AEHAL, HERGANA T B IR %
W T B 72D DEBEIERZH /-0 THET 5. ™,
TE O EmHL, EESFTITOI T L ERIR/N A F
Ty—LEFEE LT, #1E LTEFRTS (Angelucciet al.,
1995; /K 1ZE7>, 2000).
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2. PR TR

TWwa, INETIE, BERO Ny 7 - TL 75 —5d ARRFFETIE, HZEPERFERERIC I oA X, 2 A%,
9 3 W X Deania hystricosax Fi\V:7z (Table1). I 1A
Table 1. Sampling information on deep-sea sharks examined in this study.
F1. AEBRTHOZGREET AHORET— 5.
Species No. Sampling Date Sampling Site Total Length (cm) Weight (Kg) Sampling vessel
Rough longnose dogfish 1 2016 1.28 SUBI 114 6.4 Shonanmaru
Deania hystricosa 2 2016 1.28 SUBI1 NA 7 Shonanmaru
3 2016 1.28 SUB1 119 7.4 Shonanmaru
Roughskin dogfish 1 2016 2.1 SUB2 82 NA Shonanmaru
Centroscymnus owstonii 2 2016 2.1 SUB2 98 NA Shonanmaru
3 2016 1.28 SUBI1 107 7.5 Shonanmaru
4 2016 1.28 SUBI1 110 9.1 Shonanmaru
5 2016 1.28 SUBI1 115 10.3 Shonanmaru
Kitefin shark 1 20152.16 SAB 150 20 Marujyumaru
Dalatias licha 2 2016 1.28 SUB1 150 26 Shonanmaru
3 2016 1.28 SUBI 92 4.6 Shonanmaru

SUBI: Suruga Bay, 34°49.09°N, 138°41.76’E, depths between 360 and 540 m, SUB2: Suruga Bay, 34°50.81°N, 138°40.03’E, depths between
725 and 905 m, SAB: Sagami Bay, No coordinate and depth available, NA: no information available.
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PO UVER (No. 1) &, 20154E2 H 16 HIZHBE I B W
T, AL TR THEN IS X > TRES N, 201
O A%, 20164F1 A28 HB X UF4E2 A 1 HIZBE
BT, MENES R S E SR OME M [
XY EIGZ R TERE L. Bonatelig, -30°T
WHRF L7205, T LT o BRI L7:.
KOS 25T 5 72008 OTIRIZOWT, EHEH
OTEEEE L TEHEN TV RNVEIB L ORI B
VB BEE ) OIE G ST B R, = AEERIo
FH3fEEEE L OKJEIEA, 2000), $H9GFAEE20, 30, 405,
HEOBLUSmMmOb DT TN ENHE L (Fig. 1).
BB LTINS IR SHEZ T B 72012, &
HAEIEODLOEZNEFNHELT, L AF X 2MHFE
WZOWCHHMEERBR T - 7. 20k, MEERE X O =1
R OFEARE20, 30, 40EDODLDOEHWT, ThEh
PAH IR, AR, T FREIMEICOVTEE
filiZkBR % 1T > 72 (Table 1). EHlIJOFHIZIEX, 734w
7 4 — A% — (ZTA-500N, IMADA, EHIEEET) %
BEFHIIA # > F (EMX-1000N, IMADA, &40 45
M) IZEFLDORMEH L, $HEATFREIN S [
SEMELCHEIEYT S ToOM, E10EoFH% 475 72
(Fig.2). &HlE, HHEEHEIRICH LT, 2heniEfllo
SHIE A OB —IHEOM, B, S~ BT
MCERBRIFHIIL, £ T 25RO EEZ 2T Rk
)T iiEEE Lo THBE S ENENos CTaHll

Tr Be Co

Fig. 1. Diagrams of needle types examined in the present study. Tr:
trigonal pyramid form, Be: bevel form, Co: conical form. Three
different tip angles (@ =20, 30, 40 degrees), and two different diameters
(6 and 8 mm) were used.

X1, FZekEEMERER I L 22 #t oK. Tr: = MR, Be: XL
B Co: MR, #HEMEE (@)1, 20, 30, 40/EB X U8HEIZ6, Smm D
bOXRMEHLZ.
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L7MEOFIfE (n=3) LH#ERFAEZKD, PIHMHE+H
HERAEE L TR L, #onTr—2I1IZonwT—Ilit
BT EAT, BEEN RS SN Y AL EILE
#: (Tukey-Kramer{%, P<0.05) 2LV, &£7—4 Mok
WA To7 F7, P ABEOREOW S % Eik 7 A 5H
EWT B 7200, 20174F 10 H 26 H 2B SER FMLA X
0B L 72~ 4\ Scomber japonicus 3fEE (4&36.0~
39.3cm, fAH0.54~0.56kg) (22T, HE=MHER
JE205, ££6 mm % FIV> CRIBR ISR ZEPERFAfRASR 2 17 o 7.

3. RIRL B

FHlEER L, WIN O EHEAT R 2 BT AN D o
EHREVEZFHIIL, 2oz E@ L L7z, 2 A
2RI OV CREMRER Z 1T - 72453, M osHEIRICE
W, 2RISR R B B R o 72, 6 mmDE!
THBT 5 &, RNVEIN S - &b E#ENH»RE L (Bl
LIz <), 2EEDFIIMEIL, ZNZFN1414+12.1NB X
1251 £25.5NTH - 72 (Fig.3). E8mmDHTrbiz L

Fig. 2. Dorsal view of anterior region of the kitefin shark Dalatias
licha examined in this study.
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ThH, NVEIRS o S REWEEZRL, 172.8+51.6N
BLU2034+41.8NTH o7, #aHHIZIE, No. 2 fHE
OHFESmm, =M - NNV AL BEXEETH - 7.
o BEBEIIWNED-72D1F, F6mmD =M T
623+222NB L1384+ 78NTH-7. HLEN=A
P L MR A Z N e N T 5 &, RRM#EERO B
BHlJIRE P o728, HEt e GEEIZ»ro72. £
6mm & §mm TS % &, 3HEDEHIBNT, Wil
FEORENEMmD AR EWEEZRL, MR &K
FHUICHEETH o7z (Fig.3). TORERPS, "NV

A%, No. 4 E A D f 20 FE-40 B O B LIAFCLlEALEHY
HEEEI R o7 (Fig.5, Table2). =M TIE,
20 BT 53.1+7.3~74.6+6.3N, 30 E T67.0+13.0N~
83.9+79N, 40 T128.7+21.0~163.3+229N & A

Table 2. Statistical results on pair-wise comparisons between tip
angles in each needle type (conical and triangular pyramid, ® 6 mm)
and deep-sea shark.

2. REEY O THENM L 7 EHERER O Bl & S 1E, KEPIRIRIC
B CEME AR CHE L MR A B oA R

Species No.  Type angle (°) comparing pairs
BUINA A T —HIdARMETH B 2 &, T8 E 20-30  20-40  30-40
LCIZ6mmO M TH 5 2 L kR L7z, Peania hsticoss Yo DT
WIS, SR HHERIZOVWT, £% 6mm & L 3 Co - - -
TZDHEDOMEIZOVTHE L 2. 7 IHF X ; ? - - -
. _ _ _
DWTA D&, MEERITIEEEAREA 20~40 EI T 30T - - -
ZTNEIEEBRNIIED LT, TOFHHEIZ403£9.9~ Centroscymnus owstonii 3 Co - - -
577+ 15SSNOFPITH -7 =MAHRTIE, $HemE . o ot .
20 T 18.7+9.2~39.6 209N, 30 FET 159+42N~ 30T - + +
304+ 143N, 40/ T422+16.9~70.5+36.TNTH -7z ;‘ ? - : :
. _
(Fig. 4). INLOMEIXIEH D EIRELSMEMLAEEE Dalatias licha 1 Co — + _
bALNEH,o7: (Table2). TAFRIIDWTHL L, 2 Co - + +
PI4EI20/5 T59.5 + 11.6~94.1 £ 68.0N, 30/£T65.9+7.7 e T
~89.1+£5.7N, 40 T90.9+10.6~120.9+ 183N & f4J& 2 T - + +
NRELRBIZON, Bl REL RAENTH- 7 S S * *
+: significant difference, —: not significant difference
*
Centroscymnus owstonii 1
~ B8 Centroscymnus owstonii 2
Z 200 }
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5
= 100 F
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0
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®6mm 30° O6mm 30° ®6mm 30° ®8mm 30° ®8mm 30° ®8mm 30°
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Fig. 3. Penetrate values for two individuals of roughskin dogfish, Centroscymnus owstonii examined using each type of needles (triangular pyramid,

bevel, and conical, ® 6 and 8 mm, tip angle of 30 degree). Vertical bars indicate standard deviations. Asterisks indicate significant differences of penetrate

values between three types of needle.

3. 2 AYR2MEGE R SEETEIR (SR, NV HHER, $HE6B X 08 mm, #HGARE30EE) 2B 2 AFMEERE R, EEAIRERAE

R TAZ YA IR BT 2 BB ICHBEENH D L 2RT.
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WREL L BIZONEBENHKREL R AEATH o 7225, 21F, WIFNRLMEEIS0ecmTH L D23 L, No.31E92cm
204 &30 DOMICITMMETN BRI R <, 40 DA/ L%, METIZ4TDIUTTHALZ s, HiEN
DEHEAEEICH L THBEICRKREZ WEZ/R L7 (Table2). BEF A ZICH AT B DD EHEE L7z, 3MEEDSEM
A FRIOWTHEAM TS 5L, 3EKDH B ek LR EARD L, MHEERI20 T149.0 £ 149~
No. 3k, T XTOEHBIRICBNTH o & /S Wl 223.7+27.7N, 30 T145.5+22.1~223.9+ 154N, 405
R L, MEERIZ0E B L = MR Tld200E % B a0 T2120+16.1~337.6+6.INTH -7z, #Herpgizix, H
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Fig. 4. Penetrate values for three individuals of rough longnose dogfish, Deania hystricosa examined using each type of needles (conical and triangular
pyramid, ® 6 mm, tip angles ranged from 20 to 40 degrees). Vertical bars indicate standard deviations.
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Fig. 5. Penetrate values for three individuals of roughskin dogfish, Centroscymnus owstonii examined using each type of needles (conical and
triangular pyramid, ® 6 mm, tip angles ranged from 20 to 40 degrees). Vertical bars indicate standard deviations.
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IHEEEND Y, 30 L 40 T ERZ R EAFEED PRI AFEICHANRE W EDETIICO A ETH -
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Fig. 6. Penetrate values for three individuals of kitefin shark, Dalatias licha examined using each type of needles (conical and triangular pyramid,
@ 6 mm, tip angles ranged from 20 to 40 degrees). Vertical bars indicate standard deviations.
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Fig. 7. Average penetrate values for three species, Deania hystricosa, Centroscymnus owstonii, and Dalatias licha examined using each type of

needles (conical and triangular pyramid, ® 6 mm, tip angles ranged from 20 to 40 degrees). Asterisks indicate significant differences of penetrate values
between three species of shark.
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