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Morphological Characteristics and Functions
of the Spectacled Guillemot, Cepphus carbo*

Hiroshi Minam1**, Kouzi Suiomi** and Haruo Ogr**

Abstract

The external and internal morphological characters of the Spectacled Guillemot
(Cepphus carbo) were examined based on the measurement data of external features, skele-
tons, muscles and organs.

Of the external features, the body weight ranged from 576 to 760 g with an average of
680 g (n=5), indicating the bird to be the largest size among Cepphus spp. The buoyancy
index (Hartman, 1961) of the bird was large in comparison with closely related species,
puffins. In the skeleton, relative length of the sternum to standard length was longer than
that of the other Alcidae. In the muscle, the Musculus Pectoralis Major (PM) was heavier
proportionally to body weight and the Musculus Supracoracoideus (SPC) was smaller. In
comparison with murres and puffins, the Spectacled Guillemot which is characterized by
having a long sternum and developed PM, is rather highly adapted to underwater locomotion.
On the other hand, the developed PM and the large buoyancy index suggest a high ability
to fly in the air.

In conclusion, the morphological characteristics of this species, which is adapted to
aquatic and aerial life, would closely comply with a variety of environmental and ecological
factors such as variable coastal or inshore habitat environment by season, two-egg clutches
in breeding season and competition with other seabirds.

# -

74 =7 ) (Cepphus carbo) iX, ¥ FV B, v s AX A BB T2HEETH D, HHKE, +
AV, BaF vy iR TEE, BARIESOLEERREES X CHEEIFERTSEOIK
FREEEEROIERLSITCBEEI TS (Storer, 1952 ; 758, 1978; &%, 1981; Harrison,
1983 ; Vermeer et al., 1987), %%, Golovkin (1984) 35 X O Hasegawa (1984) D& H 5, HIBK
L5 24 BEERL 10,000 FLUF LHRE h, oy ¢ 2 X2 BHERRICHANEL Ak
Vv, ABETHB T r Yy 1.3 (Copphus grylle) 3 X O 3 3+ (Cepphus columba) ¥, it
KPHER L OCIKBEFOEEFILL» BB E TORBIRICAS S LT\ 5 (Storer, 1952;
Harrison, 1983), Z v b 2 RIBR OB, LRFEOHRIEL < HE X h 5 (Winn, 1950 ;
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Storer, 1952 ; Drent, 1965; Hudson et al, 1969 ; Asbirk, 1979 ; Cairns, 1980, 1981 ; Strauch,
1985), LoxL%edih, 74 <7 JROWTOFMAVRE £/ RRIEZORRIBD TR
<WTRHHTH % (Thoresen, 1984 ; Strauch, 1985), % = THEL, ¥ 1 =7 ) ONFHRE, &
¥, A, BEROTVENESEEIVCLOBEYHONCTAZ L2 EME LE,

mHEFE

HRBRBT O7-DOEAIZ1989E 4 21 B 7 B 12 Hiz, Rt E B IEEE o i@ EE LT
LT r 4 =7 Vi, 55 EGELHEHALL, KRR, JtEEALFEIOPRET D7
Fi# 28 km ph Gz B L (44°265'N, 141'19'E), AR 12km, EEH543ha 0 BETH %,

SEpTZRE

N REoEHAIE, Baldwin et al. (1931) 3 X OB ME (1986) iwft\y, EA b EAL HEEE
%, #E, EEE EXPER ABREPEED 4 EF, L OEEET 13 @ ciTk ok,
B TFIRR LT,

(1) &, (2) #E (BNFHEKRL), 3) WiEE, 4) 26#KE, (b) BEE, (6) R, (1)
g, 8) HRAEE, (9 FEEE, (10) EE&E, (11) BRPEE, (12) s%THEE, (13)
BER, (14) HERE, (16) MKk E=HREE, (16) £=EFE, (1) E ‘
SIS A L LT (), (5), (9) ik Imm HEHE, (6), (7)i2 1/10mm BIRM 7 ¥ %, (3), (4),
(8), (13), (14), (15), (16), (17) iIi2 1/100 mm & 1 Y A & + U A —F I, Ak, BEEXY v
MEERRWC, EREEEQCHLSKRD L, PNERE 12K LR, BFRELHV-T0.01
gETCHEL,

| %

ERIERIBEL2FERLT, §ETAH3HA2TXTBREL, BEFRBYHEVC001g 2T
EBlLi, FELILERHUTRRL, .
(1) BB (+5X), (2) THE, (3) HF, (4) WM LKk, () WE, (6) BE, () B%%E, (8
- RBIEE, (9) $8F, (10) HEeWE L ER, (11) LEE, (12) RE, (13) B#E, (14) FFF LH
Be¥g®, (15) KBBE, (16) BE, (17) MWgE, (18) &I E, (19) BH LEBWE
EEERES, BREAEROLDEABTRE LD CEREERL, EO/BERLEEROW2-
5% Mz, 56'Cie kB a2 FD 24 BB L, £ OBAS L, BRLARKACHERMBL CEA
L, LAl RcHaME L CEE2BEL L, BEEE Kuroda (1967), Spring (1971), &
M (1987) 3o X 0¥ H, (1989) 1fEy, &3 35 #fr% 1/100mm # 1 ¥ A% + Y < — % T3
WL (K1) HERBAIE L OEWBIAE L ICR LI,

B A

P AR 1 B4k % George and Berger (1966), Hudson et al. (1969), BH (1971), FH (1987)
B X OMER (1989) ©Htvs, 10% A<=y v CREIBLAHE, 35% 1V 7 A7 ra— il 24 B
BREL TS L CBERGYHAE, XL, HHERR, HREXREOMEE, K, 0Ex
EXREY R FIME 37 62 (ABEEmICE T 2Bl X OHMERAIER ), R 29 3 (HEE
BMET2HAR L OMEHHIERL) 2EFREFLAVC001g 2 THREL &, LOHK, 50-
60°C T 2RI LR X e HAREEY RO, MR X CEBEEIIAER S 3R,
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LA

B ET (1989) LR (1989) it~ T, (1) EADBRK, (2) KE+K TR, (3) B
WIgRE, (4) BIR, (B) .LEE, (8) A DM, (7) FFE, (8) IB%E, (9) £EE OB, (10) MR,
(1) B, (12) B, (13) EADKEKSWTHHE, IR E TSR BREBLRRTF
AT 00l g T THEBLL, £0H#%, 50-60°C € T2HHIL LRI CBETER L RDI,

#5 R
SHEBTAE

rA4 <790 1T EHOMNTHREHUELE 1 iomLic, AR X 24 BPREHRIE R,
(1978) L& B4 1 =7 ) OHBYROTHRE (FR 39-42 mm, EF 181-202 mm, HHERE 34-

Table 1. Measurements of body for the Spectacled Guillemots.

Measurement N Mean SD Range

Total length with feather (mm) 5 398 7.36 389-408
Body weight without stomach contents (g) 5 630 67.73 576-760
Length of exposed culmen (mm) 5 42.17 2.18 39.24-46.05
Length of bill from gape (mm) 5 57.37 2.61 53.98-60.10
Extent of wing with feathers (mm) 5 689 16.00 671-708
Length of open wing (mm) 5 313 3.50 309-318
Breadth of wing at outermost secondary (mm) 5 105 4.12 100-104
Length of natural wing (mm) 4 194.38 2.57 191.80-197.60
Length of pressed wing (mm) 5 204 6.60 198-215
Wing area (cm?) 5 545 8.02 533-551
Plumage weight (wing) (g) 2 11.73 — 11.51-11.94
Plumage weight (body) (g) 2 22.65 — 21.38-23.91
Length of tail (mm) 4 52.29 2.10 50.39-54.52
Length of tarsus (mm) 5 3741 1.57 35.50-39.12
Length of middle toe (mm) 5 416.26 1.62 44.22-48.38
Length of middle toe and claw (mm) 5 57.15 2.24 54.10-59.45
Length of claw (mm) 5 12.02 0.73 11.34-13.22
Buoyancy index! b 2.66 0.09 2.55-2.81

1: /wing area /3/body weight without stomach contents (Hartman, 1961).

Fig. 1. Skeletal measurements of the Spectacled Guillemot. See Appendix 1 for abbreviations.
1: Skull in dorsal view. 2: Skull in left lateral view. 3: Mandible. 4: Left coracoid.
5: Left scapula. 6: Furcula in left lateral view. 7: Furculain cranial view. 8: Sternum
in left lateral view. 9: Sternum in ventral view. 10: Pelvis in left lateral view. 11:
Pelvis in dorsal view. 12: Left humerus. 13: Left ulna. 14: Left radius. 15: Left
carpometacarpus. 16: Left phalanx 1 of digit 2 in dorsal view. 17: Left phalanx 2 of
digit 2 in dorsal view. 18: Left femur. 19: Left tibiotarsus. 20: Left tarsometatarsus.
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TPB+TPL

Fig. 2. ‘Wing mucles of the Spectacled Guillemot. * See Appendix 2 for abbreviations. - -

1: Dorsal view of the left wing showing the superficial layer of muscles. 2: Dorsal view
of the left wing showing the second layer of muscles. The following muscles were
removed : LDA, LDP, TPB+TPL, BB, EMR, SU, and EMU. 3: Dorsal view of the left
wing showing the third layer of muscles. The following muscles were removed : RS, DMA,
EDC; and ST. 4: Ventral view of the right wing showing the superficial layer of muscles.
5: Ventral view of the right wing showing the second layer of muscles. The follawing
muscles were removed : HT, ST, TPB+TPL, BB, PS, PP, EMR, and FCU. . ... .

39 mm, B 435-57mm) & BE-B LI, AL, RECBL TR, ABRCREARE (B
LTV BEY 20 EF e TRAN LREVIIRYORN § TORYEHN) L TERE (BY
FERCH Lo I L CEHI) © 280 OFt RSB ERALh, HE (1978) OLBMER;
ABFRO HRBRIEE —BK T, 71 ~7 ) O EIL 6806173 (SD) g ThH o, ¥ $ X
ARBEEYREC Y 5BV A XL > TEITAE, rA =7 )L 3 #7ABEED 600g L
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Table 2. Skeletal dimensions for the Spectacled Guillemot.

. . Skeletal length Proportion Proportion (¢
Dimension (mm) gt 5% ) P[ / ABL]( 70)

Skull?

Cra! 85.15 27.92 191.87

Crb 45.27 53.17 102.01

Cre 28.10 38.00 63.32

Crd 21.21 24.91 4779

Ma 73.72 86.58 166.11
Vertebrae!

CvV “ 109.81 - 36.01 247.43

TV 58.54 19.20 131.91
Sternum? C.

Sta! 112.(?'3 36.93 253.79

Stb 12258 108.83 276.21

Ste '32.63 28.97 73.52

Std 33.56 29.80 75.62

Ste 44.84 39.81 101.04
Coracoid*

Coa 34.68 31.68 78.14

Cob 14.00 12.75 31.55
Scapulat (Sca)” 64.00 58.28 144.21
Furcula* .o

Fua 38.79 36.32 87.40

Fub 33.76 30.74 76.07
Pelvis®

Pa! 59.32 19.45 133.66

Pb } 30.56 51.52 68.86

Pec 24.21 40.81 54.55

Pd 19.97 33.66 45.00 -

Pe 2308 38.91 52.01
Synsacrum® (Syn) -~ 5146 16.87 115.95
Hemerus® (Ha) 71.84 34.37 161.87
Ulna¢ (Ua) 61.40 29.37 138.35
Radius® (Ra) : 57.98 27.74 130.64
Capomatacarpus® (Caa) ~40.72, 19.48 91.75
Digits® - . o

D1 19.50 [— —

D21+ D22 . 35.08 16.78 - 79.04

D3 ; . 7.90 — a—
Femur? (Fea) ' '43.50 <2115~ 98.02
Tibiotarsus” (Tia) = 7185 3493 161.90
Tarsometatarsus’ (Taa) 36:25 17.62 :-81:68
Standard (SL) 304.96 — 687.16
Anterior back (ABL) 44.38 — N —
Wing' (WL) 20904 6855 471.02°
Leg! (LL) 20670 1 6745 463.50

Proportlon 1 (ea.ch length/Sta.nda.rd length) x 100. 2 (ea.ch length/Cra.)xlOO 3: (each
length/Sta)x 100. 4: (each length/CV)x100. 5: (e&ch length/Pa)xlOO 6
{each length/wing length) x100. 7 x:{each length/leg length) x100. -
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Fig3. Muscles of the pectoral girdle of the Spectacled Guillemot. See Appendix 2 for
abbreviations.

6 : Lateral view of the pectoral girdle showing the superficial layer muscles. 7: Lateral
view of the pectoral girdle showing the deeper layer muscles. The following muscles were
removed : PM, SA, SP, SPO, TPB +TPL, and PCA.
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RN

GE

Fig. 4. Leg muscles of the Spectacled Guillemot. See Appendix 3 for abbreviations.

8: External view of the left leg showing the superficicial layer of muscles. 9: External
view of the left leg showing the second layer of muscles. The following muscles were
removed : SAR, IT, FPPDII, GE, and GI. 10: External view of the left leg showing the
third layer of muscles. The following muscles were removed : FTM, BF, PL, FPPD III,
and FPD IV. 11: External view of the left leg showing the fourth layer of muscles. The
following muscles were removed : 8T, ITA, ITP, ETE, TA, and FPD'III. 12: External
view of the left leg showing the fifth layer of muscles. The following muscles were
removed : PIF, PCF, EDL, and FPD II. 13: External view of the left leg showing the
sixth layer of muscles. The following muscles were removed : SM, FHL, FDL, and IF.
14 : Medial view of the right leg showing the superficial layer of muscles. 15: Medial view
of the right leg showing the second layer of muscles. The following muscles were removed :
SAR, OI, GI, and GE.

roXBEIIB L, ¥, ¥4 =7 Y, ~Iry .3 (Cepphus grylle, 386 g) LUV 3
b (Cepphus columba, 450 g) BT 5V I AL EBOH TRy 1 <=7 VRBI KB ChH -7,
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Table 3. Weight of left wing muscles for the Spectacled Guillemot.

Fresh Weight Dry Weight Composition

Minsole ® T %)
LDP 0.86 0.23 0.96
LDA 0.16 0.05 0.21
RS+RP 1.07 0.28 117
SP 0.35 0.08 0.34
SA 0.21 0.05 0.21
SPO 0.29 0.07 0.29
P 0.03 0.01 0.04
DS 2.64 0.68 2.85
SBS+SBC 151 0.38 1.59
PM 5757 16.58 69.43
PCA 0.24 0.08 0.34
SPC 12.83 3.46 14.49
CA 012 0.03 013
CcP 0.84 0.22 0.92
STC 0.02 0.00 —
TPB+TPL 0.81 021 0.88
DMA 0.53 0.15 0.63
DMI 0.16 0.05 0.21
BB 0.25 0.07 0.29
ST 121 0.32 1.34
HT 1.35 0.25 1.47
BR 0.08 0.02 0.08
PS 0.13 0.03 0.13
PP 0.29 0.08 0.34
FDP 0.12 0.03 0.13
FCU 0.19 0.05 0.21
UMV 0.10 0.02 0.08
EMR 0.38 0.11 0.46
EMU 0.26 0.07 0.29
EDC 0.07. 0.02 0.08
AN 0.15 0.04 0.17
SU 0.05 0.02 0.08
EIL 0.06 0.02 0.08
EPL 0.05 0.02 0.08
Total 84.98 23.88

Composition: (each dry weight/total dry weights) x 100
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B (CV)+Hit s (TV)+#&MEE (Syn)), BiEER (WL) (LEEE (Ha)+REK (Ua)+
FFEEE (Caa)+ 58 2HEE (D21+D22)), #EER (LL) (KBE (Fea)+BE& (Tia)+Hf
PiE R (Tas)+#8 3#5FK), Anterior back length (ABL, £ 2 Ba#t B 8l 38 ~ 58 7 Mg HE B 4 )
DEBER X VEEMAE (SL), ABL c3 5 &£BHROEE, bR REORIMENEY
WE, WE, B8, B, BEeSY, B2RLE, £1 <=7 ) OBFKBOMEBRREEZ, fio
¥ 3§ AX ABHEEE (Spring, 1971; # R, 1989) X 9, WEOHARARVEVIBBERLI,

B W

AR S & UREEERORE L 1FR
¥4 =7 Y ORI 37 WAL (RIBEEIRCAE T 5 HAE X OCBREHRIER ), BER 29 Bz

Table 4. Weight of left leg muscles for the Spectacled Guillemot.

Fresh Weight Dry Weight Composition

Muscle ® T A
SAR 1.57 0.42 7.29
IT 0.58 0.17 2.95
ITP 1.22 0.32 5.56
ITA+ITM 0.30 0.08 1.39
ETE+FTM 1.53 0.42 7.29
FTI 0.24 0.06 1.04
BF 119 0.33 5.73
ST 0.90 0.25 4.34
PCF 0.33 0.08 1.39
PIF 0.10 0.02 0.35
IF ‘ 0.26 0.06 1.04
SM 0.40 0.10 1.74
ALB 2.39 0.65 11.28
o1 0.20 0.06 1.04
G 434 1.18 20.49
TA 1.33 0.37 6.42
EDL 0.51 0.14 2.43
PL 0.27 0.07 1.22
PB 0.07 0.02 0.35
FPPD III 0.48 0.12 2.08
FPPD II 051 0.14 2.43
FPD IV BN 0.30 5.21
FPD III 0.65 0.18 - 313
FPD II 0.17 0.04 .o
PLA 0.10 0.03 Y
FHL 0.33 0.09 1.56
FDL 0.22 0.06 1.04
Total 21.30 5.76

Composition : (each dry weight/total dry weights)x 100
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(MBEB A BT AR X OBBHABKRL) ROVTREL, R2~4 KR 71 <=7 ) D
BRI 7 4 v (BR, 1989) i, LT 4G cEERALRL,

1. EEHHE (LDA) & X CHEFHHE (LDP) A2 A GEEL T (K 2-1),

2. HEBRAF (SPO) 233 AKH by, LAREEL T\ (K3-6),

3. FURE (PF) 2%, SLRAREM (PCF) LELRHBEI (PIF) o 2 A sBL Twic (X
4-11),

4. FER (Muscle Ambiens) 23EEZEL feds o fo (X 4-14),

IOz EnL, VI AXAREEECRVTHBIRL - THRABEBGEGWAALRDE Z LE R
4, Hudson et al. (1969) i X % & ¥ 3 # 5 AEiE, FELH (AM) dFEed, ERGEEN
(PIF) BHFEETHZEDD, r4~=7V0ix 74 VEIDL Y 1 ¥ 728K, HAERIELL
TWBEEL2bhE, oz Lk, Watada et al. (1987) L5741 Y ¥4 s EEFELFIAL
FEBBEND, YA =7 VR AT T IFSARKIOY I HFSREARTHDEVIBMEL
—BT 5, L, #EERE SPO) i1, v : AXABBRERKEVTRERL - T3EN4E L
BIELT\iswiEs b i< (Hudsonetal, 1969), Ekic X - CHERET S (HR, £RERF -
£)o

KRS L UHERL

L A= 7 ) ORI 37 MAL (FIBEWMICAET I TRB L OCHEHEIIKRL) KowT, &o
EfoHREBCCHARERSIOEER (MEEX010g L EOMH) 2RI WAL, &
ODEMNGRBEROSHO 2L RIEHBERL UTHETH L 16986g L7, i, B
WEHZ R SR T 2 BB BEER 26.6% TH -1,

BB 29 AL (MBEB BT HHALKRL) KonT, SoEfloHRE AV (HAREERE

Table 5. Weight( of tissues and organs for the Spectacled Guillemot.

. Fresh Weight Composition Dry Weight
Tissue/Organ ® %) "
Eye 2.66 0.40 0.66
Skin+sub. fat 80.40 o 12.13 55.39
Adipose tissue 3.89 ' 0.59 1.96
Uropygial gland 1.66 0.25 0.80
Heart 8.28 1.25 © 276
Lung 8.70 1.31 2.10
Liver 32.53 4.91 1103 -
Gall bladder 084 0.13 0.21
Kidney 9.08 1.37 2.66 -
‘Pancreas 2.29 0.35 0.61
Stomach 9.05 1.36 : 2.96
Intestine 7.26 ~ 1.69 228 -
Testis (L) 131 0.20 028 .
_ Testis (R) 0.93 0.14 0.19
Body weight 663.07

Composition : (each fresh weight/body weight without stomach contents) x 100
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BIVEEE (REEN00gU EOHA) #F4 KR L, COEMUFHBEROAHD 2
YBBEETBEEL L CHETS L 4258g Lot ¥, BRAYYBR SECT 5888
BRERZ 64Y% ThoT,

4 =7 ) OFROMEEREE L, oy I A X A8 ¥EEER (Spring, 1971; R, 1989) X b
b, KBGhrkx<, MBI IGECIBEREYTRLE,

A

rA4=7 ) OEBRIVBEOBER, BRNAYLRBELOLE, EEEYRSLRL,
rA4=7 ) ORBERNTEEOERIT14Y%, BoEE11Y, ¥/, SECHTHIHROR IR
21.0% TH ot ALY IRXAFTH D=1t ¥ ) s ORBEOHE (HER, 1989) T, Thth
1.0%, 1.5%, 25.2% THofco XY, #4=7 0=tV AL D LEOEENKAEL, B
DEEIPEL, i, BoRIDREWZ L, AECHEL TAERZVWLKEDHEEY Y EH
TRIENRELLRD, ZOZ LR, ARMOM-Z EERRTEESE, BEHOERNCEBITS
HEREY EERR O EL T5ABBEORENTR I,

= =

BEAEERS I CHEND, FHBHIEY (buoyancy index) LA TORXRTEIPEh 5 (Hartman,
1961), . :

FREN=/EOE/VEE

CORILY, ¥ 4~7 ) OREIEHIL 2.6640.09 (SD) & 7x-7, Johnsgard (1987) D#&H
Loy I R X ARGEEOBBIERAYHELEE TS L, KBERO Y ¢ 75 ABITH 2.77-2.85,
BREDY $ S MX218, = A5 Y I AX AT, PNEEOL AY I AKX ALBTS, =Y A
XARB61THB, ¥ A4 =7 ) ORBREIMOAT s L OFRE L L hizEERVN,
LY LEVCC ENFR IR, XL, oY I A X2 BEEEORBIER OB THED 2
ThoTE, ¥f, v i ¥5ABEOBRERIRENSREORTWA 2 Y, BERLENT
253 F0HRIBLATVREG, LALEND, EBEEFRABROFECHMERER
(1989) kX A ABEDO =+ v Y » [2.36+0.08 (SD), p<0.001, df =14, t-test) I X O'pRIfED
7 A KD [2.35+0.05 (SD), p<0.001, df =15, t-test) L T2 &, BRIy 1 =7 YV OHIE
rofce BEDZ END, v i AXAMBRECE T, &Y XHVINMELT 2 L BBERNR
e BEMMZ DI, KB, hHBCEVTREELEBERTEirol, LhL, 74~
7V, = bEYAIRBIVY APV I AAERCE N D, BHERIGY M ACBLT
BrlzBuibsitiExbhd, 71 <7 ) OBRBHRENBEVC L0h, REENER
TR S EAREL LRD, T, Bk X OHRHEEY Kuroda (1954a, 1954b, 1967) 3 X
U Spring (1971) DM RERSECREV-ER TS,

FA<7 VDOBREBIVHHOHEBHREEY Y i 7R (CM) KXW v 7 by 34535 R
(TM) (Spring, 1971) & 1t&:3 2 & (LIF, ATl R X 01 95% BEXM), ¥ 1 <7013,
BB &2 & (Sta/ABL, CM: 238.2 (235.8-240.6)%, TM: 246.2 (242.9-249.5)%,) &\~ 5 ¥KIT
BRI R o RE, FEREREAE(Ha/ABL,CM: 174.7 (173.1-176.3)%,, TM : 187.5
(186.1-188.9)%) &\ > AR ITBIC B S o\, RETEICE L I-BL R > T\, —H, ¥
I 5 AERBEES < (Ste/ABL, CM: 77.3 (75.9-78.7)%, TM: 89.7 (87.8-91.6)%,]), FM
£, FHREERIVEEENE: (Pa/ABL, CM: 142.7 (141.3-144.1)%, TM: 142.7 (141.3-
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144.1)%, ; Tia/ABL, CM: 173.3 (171.7-174.9)%, TM: 171.0 (169.2-172.8)%) &\~ 5 EXfTEE
MR - R R EL LR T, ¥, Y1<7 ) DEENKSEVDR, ZEhkk ikt
TOEHIA KL VIR YEB IR LBWT, WHENE 2 #HENIYB LI DO EHD
%37% (PM/Total dry weight, CM : 61.8%, (n=8), TM: 61.2% (n=13)) k54D :E 2 bh3,
Y I AX ABBRERIKPTCORVCKERERL TR o, MNIsrEL BETS (B
H, 1960), cDZ &b, v i 5 AEDO/NNE D FKZSPC/Total dry weight, CM: 16.9%, (n=
8), TM: 16.4%, (n=12)]) XX b WARITBICHTH TH B EEL DD, ¥4 =7 V) 3RVKED
FCHIBE LB EWS BT, NEFHNIVDRFETEY, v1=70, BWED
Mgs M 5 —E2EMb T, Y TV A2BRECETAXBEYEBELIL3ZELbOhAE,

rA4=7 )V OFREIVOBHOHMBHEEY=te Y s (TP) X'y 2 2 ¥y (HP)(ER,
1989) LHBT AL, ¥ 1 =7 Uik, BEHEE < (Std/Sta, TP: 40.1 (39.4-40.8)%, HP: 38.8
(87.7-39.9)%, ; Ste/Sta, TP: 45.2 (44.5-46.0)%, HP: 44.5 (43.1-45.9)%, ; Sta/SL, TP: 345 (34.
1-34.9)%,, HP: 33.3 (32.9-33.8)%), BERIEHL AT LEMAIEMN ST # (Pe/Pa, TP: 42.8
(42.1- 43.5)%, HP: 44.0 (43.2-44.8)%) &\ > WAABCESH LMY HORE, BEEL R
v~ (CV/SL, TP: 33.9 (33.1-34.7)%, HP: 33.4 (32.9-33.8)%,) &\ 3 ®WATEHEIGR T
WREF > T\ te, Ei, BRIENMEL, WEERLERVEVWOIBEETECIEI LW HELE
T, Thid, EEBHARROEOBISERERTHY, BOLBEMCLPREARES
WEWSEREEMIE AR IR TCWBEELORD, Y1 =7V REETEICEL B EH
LT, *0omHE: LT, BRTHcHELMRVBERbEbRLLELORD, 22 ThH, ¥
1 =7V oKD FZE (PM/Total dry weight, TP : 65.2 (64.5-65.9)%, HP : 65.5 (65.1-65.9)%,)
B2EhR X OKFTOBN T EHEN LB I LDOBELELLID,

¥, ULEOBBOESHELT, BRABKBRERy 4 <=7 ) T2 90 m (4K, 1988) <D
5D LT, Piatt and Nettleship (1985) o#E T, v I #F A% 180m, ¥/ x ¥ I TO
FER WD, FABED =Y/ AV IRP0mBKTETHH, =) HH% 60m (Cody,
1973) THBH IO, A7 4V, r4 =7V, Vi HFAOIEEKEENEL KB L5 L
BEZLRD, N, BHRBIUVCHAMRBESIIRMESELE r1<70%80Y A ER
Y IAFALE= YY) SOPEBECSH S Z & (Strauch, 1985 ; Johnsgard, 1987), * 7z, Johns-
gard (1987) ARL7c X 512, ¥ § # 5 Ak Diving Specialist, ¥ I -1 } [Ei3 Swimming-diving-
flying Generalist, ~¢ 7 4 /¥i% Semiterrestrial Specialist & Fl & hi-Z & bARLE L OB,
APRICITS, 7 I H7AER, WEEX L, BRERSICERERARV- LV OEK
BGLIHEE, 71 <7 012, BHEENEL, WEENEL, KWHRAIVLVIBADS
VIR HEIG LR, <7 4 VIR, REHOXRRSES5D 5 KBHNANEL, WEE,
ERIESIE &5 BOREROEFICHEL LI BEBYES, t0v i 2 X2 BHEREOTEY
¥tk h %, Johnsgard (1987) DG & —FT 5,

S E AMOBRICOVTY : ¥ AEEPIREDE, VIFNFABITA YT bY IHT
ADGHhD, v IHNFARBRELVGCUBEBHERETHI T VY X5 AN ERBER
THB (ME-AS, 1984), ~ T Y IHFAE, YIFT ALY SRAEDCERT BB
Kb COEEY~OBEAET IS K cd4% 5 (Spring, 1971), £ D7, I« A
(1984) X B, ~o7 by i ¥5 AR4ERTHERCBECHFET ALY HERICHEET
BEVIBECEMEYETSZ LT, AEBTOEEYTTRRC L ETRB IR, ZhiTHL, ¥
1=7 V) OGHERE, FTRHALTBIOA+— Y 7BRRETHH, BRECEBET, £F3ia
LAEET LR, ABETHE e Y 1 A L OSFRIR, Ficy B, » > 4468, 79 -
vV FREZEETHD, v I O5MEIE, TP s2F v v hEE, 75 AHEAER, L7
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2 ) AITEEHTH B OIS, ¥4 <7 ) OSMRTP - (Storer, 1952 ; EEE, 1978; A5,
1981 ; Harrison, 1983 ; Vermeer, 1987), Z D X 5, REETOMEIE 71 =7 VX, HNE
HTHBE=rEVD, Y/ AFVEIDLRABNIBNLEELORD LD, Y1 <7 VOR
AEIEEEIL, B, PRERHIRTORER X CHEEBEHOZHNBEO-H T3, %
BRI 2 200 (o I AXAFHBEER R AL LI THB) &\ i BRAERB S
THRIGHRTHELELELLND, ¥, ¥1~<7 ) OBBEMBEE2LL, Yy1<7)08&
AUOMED, BREETOSHEYBEL TCWH2LELLRE, DK, ¥1<7 ) O]
WLEEESTERET > —ERNELT, ABD VIRERCET 2BREREV LBESESE
ENENEEEEOE Bz, YINFTR-~T T I INFTA, G by-= b EYH, AL
B-v i 2X2B) i, 2ERHPcHEVEREBERV LBEE OB (Udvardy
1963), =D Z &A%, Strauch (1985) ¥ X UF Johnsgard (1987) A37R Lic X 5 7 Rk LAY RITE
bRk EELBNRS,

&t 3

r A =7 VBERORHBIL T3, ERERETARRER, LBEBIEITREEINE
#, B ETREREERROAFE L ARRSA S E Lo THRIEHL ET, BRRUHR
DRIBAHMKIFRLTHEE L O THLBHL EFET,

AP, SCREHEMER B SE QREEE (1), £ v 7 = 1 FEFOHKHE & &I, A03
HMrsEHRoRER S B#”“fﬁﬁ (Rrfic & 3 e REF, AMS i X 5 FERAIE)] DR O—
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Appendix 1. Skeletal dimensions and its abbreviations.

Dimension Abbreviation
1. Total skull length Cra
2. Upper mandible length Crb
3. Cranial width Cre
4. Cranial height Crd
5. Mandible length Ma
6. Coracoid length Coa
7. Width of coracoid base Cob
8. Scapula length Sca
9. Furcula height Fua
10. Furcula width Fub
11. Total sternal length Sta
12. Keel length Stb
13. Sternal height Ste
14. Anterior sternal width Std
15. Posterior sternal width Ste
16. Total pelvic length Pa
17. Anterior pelvic length Pb
18. Posterior pelvic length Pe
19. Anterior pelvic width Pd
20. Posterior pelvié width Pe
21. Humerus length Ha
22. Ulna length Ua
23. Radius length Ra
24. Carpometacarpus length Caa
25. Digit 1 length D1
26.. Digit 2 length (phalanx 1) D21
27. Digit 2 length (phalanx 2) D22
28. Digit 3 length D3
29. Femur length Fea
30. Tibiotarsal length less cnemial crest Tia
31. Tarsometatarsal length Taa
32. Standard length SL
33. Anterior back length ABL
34. Total wing length WL
35. Total leg length LL
36. Cervical vertebrae cv
37. Thoracic vertebrae vV
38. Synsacral vertabrae Syn
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Appendix 2. List of wing museles and its abbreviations.

Muscle name Abbreviation
1. M. Latissimus Dorsi pars anterior LDA
2. M. Latissimus Dorsi pars posterior LDP
3. M. Rhomboideus Superficialis RS
4. M. Rhomboideus Profundus RP
5. M. Serratus Profundus SP
6. M. Serratus Superficialis Anterior SA
7. M. Serratus Superficialis Posterior SPO
8. M. Proscapulohumeralis P
9. M. Dorsalis Scapulae DS
10. M. Subscapularis SBS
11. M. Subcoracoideus - 8BC
12. M. Pectoralis Major PM
13. M. Pectoralis pars Abdominalis PCA
14. M. Supracoracoideus SPC
15. M. Coracobranchialis Anterior CA
16. M. Coracobranchialis Posterior CP
17. M. Sternocoracoideus STC*
18. M. Tensor Patagii Longus TPL
19. M. Tensor Patagii Brevis TPB
20. M. Deltoideus Major DMA
21. M. Deltoideus Minor DMI
22. M. Biceps Brachii BB
23. M. Triceps Brachii Scapularis ST
24. M. Triceps Brachii Humeralis HT
25. M. Brachialis BR
26. ‘M. Pronator superficialis PS
27. M. Pronator Profundus PP
28. ‘M. Flexor Digitorum Superficialis FDS*
29. ‘M. Flexor Digitorum Profundus FDP
30. .M. Flexor Carpi Ulnalis FCU
31.. M. Ulnimetacarpalis Ventralis UMV
32. M. Extensor Metacarpi Radialis EMR
33. M. Extensor Metacarpi Ulnalis EMU
34. M. Extensor Digitorum Communis EDC
35. M. Anconseus AN
36. M. Supinator SU
37. M. Extensor Indicis Longus EIL
38. M. Extensor Pollicis Longus EPL

*: Not shown in Fig. 2 due to thin and tendinous muscles.
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Appendix 3. List of leg muscles and its abbreviations.

Muscle name Abbreviation
1. M. Sartorius SAR
2. M. Tliotibialis IT
3. M. Iliotrochanterius Posterior ITP
4. M. Iliotrochanterius Anterior - ITA
5. M. Iliotrochanterius Medius I™
6. M. Femorotibialis Externus FTE
7. M. Femorotibialis Medius FTM
8. M. Femorotibialis Internus FTI
9. M. Biceps Femoris BE
10. M. Semitendinosus ST
11. M. Piriformis pars caudofemoralis PCF
12. M. Piriformis pars iliofemoralis PIF
13. M. Ischiofemoralis IF
14. M. Semimembranosus SM
16. M. Adductor Longus et Brevis ALB
16. M. Obturator Internus 01
17. M. Gastrocnemius pars Externa GE
18. M. Gastrocnemius pars Media GM
19. M. Gastrocnemius pars Interna GI
20. M. Tibialis Anterior TA
21. M. Extensor Digitorum Longus EDL
22. M. Peroneus Longus PL
23. M. Peroneus Brevis PB
24. M. Flexor Perforans et Perforatus Digiti III FPPD.III
25. M. Flexor Perforans et Perforatus Digiti IT FPPD II
26. M. Flexor Perforans Digiti IV FPD IV
27. M. Flexor Perforans Digiti ITT FPD III
28. M. Flexor Perforans Digiti IT FPD II
29. M. Plantaris PLA
30. M. Flexor Hallucis Longus FHL
31. M. Flexor Digitorum Longus FDL
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Appendix 4. Weight of bones for the Spectacled Guillemot.

Dimension bone weight (g)
Skull + Brain 9.92
Mandible 1.89
Hyoideum 0.10
Cervieal, Thoracic Vertebrae 8.44
Sternum 5.69
Costae 5.03
Coracoid 119
Scapula 0.60
Furcula 111
Pelvis, Synsacrum 4.07
Humerus 3.70
Ulna 1.97
Radius 0.67
Manus 2.40
Femur 1.09
Tibiotarsus 1.86
Tarsometatarsus 0.87
Pedis 1.26
Caudal Vertebrae, Pygostylus 111
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