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Flowering and fruiting phenology and fruit characteristics of
ericaceous dwarf shrubs in an alpine zone of Mt. Asama
-Empetrum nigrum var. japonicum, Vaccinium uliginosum var. japonicum,
Gaultheria pyroloides, and Vaccinium vitis-idaea -

Kazuaki TAKAKASHI

Abstract

We investigated the flowering and fruiting phenology
of four ericaceous dwarf shrub species (Empetrum
nigrum var. japonicum, Vaccinium uliginosum var.
Japonicum, Gaultheria pyroloides, and Vaccinium vitis-
idaea) at the altitudes between 1,670 m and 2,370 m in
an alpine zone of Mt. Asama (2,568 m.a.s.l.) between
April and November 2017. The season and duration of
the flowering and fruiting periods tended to differ both
between the four species and across the altitudes. The
first date of flowering for all four species was later as
altitude increased. The duration of the flowering stage
was unaffected by altitude for G. pyroloides and V. vitis-
idaea, but was short for E. nigrum var. japonicum and V.
uliginosum var. japonicum. First date of fruiting tended
to be later, and fruiting duration tended to shorter, with
increasing altitude in V. uliginosum var. japonicum,
G. pyroloides, and V. vitis-idaea. For E. nigrum var.
Japonicum, the first date of fruiting tended to be later,
and the fruiting period lengthened with increasing
altitude. We also assessed whether the morphological
and nutritional characteristics of the berries differ across
the four shrub species. Of the four ericaceous species,
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the volume of both fruits and pulp of V. uliginosum var.
Japonicum significantly exceeded those of the others.
G. pyroloides had greatest number of seeds per fruit
and smallest seeds. The total seed volume per fruit of V.
vitis-idaea was the smallest. Pulp moisture did not differ
significantly among the four species. Levels of crude
protein, crude fat, and nitrogen-free extract were highest
in V. vitis-idaea, V. uliginosum var. japonicum, and G.
pyroloides, respectively; these values were lowest in
E. nigrum var. japonicum, which also had the highest
fiber content. Moreover, levels of ash, total phenolic
compounds, and total ascorbic acids were highest in
V. vitis-idaea, G. pyroloides, and V. uliginosum var.
Japonicum, respectively. Sugar concentration did not
differ significantly among the four species. Thus, E.
nigrum var. japonicum berries used by Lagopus mutus
Japonicas (Japanese rock ptarmigan) and Japanese black
bear (Ursus thibetanus japonicus) have lower nutritional
values.

Key words: fleshy fruit, fruit use, fruit size, global
warming, Japanese black bear, nutritional analysis
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FU&HIC
H'> A5 v Empetrum nigrum L. var. japonicum
K. Koch, 7va <X/ X Vaccinium uliginosum L. var.
Japonicum T.Yamaz., 277 & & Vaccinium vitis-idaea L.
254~/ ¥ Gaultheria pyroloides Hook.f. et Thomson
ex Miq.iZ, b VY YR Ericaceaell J& § % /MK
KTdH 2 (Figure 1), 206D 4RFED A 134N
TREIAFICRSNTE D EIFICE LT 210E
WA ARARETHD, 3 —my S 727 727
OFEMINIE HRICH AT 0 v 395 OFEHELTE
Empetrum nigrum L. var. nigrum& 7 0= X/ X FEHEZS
F& Vaccinium uliginosum L. var. uliginosum?3|i < 34
LCws (K@ 2017) HAZ&TILT 27 icsy
i 2ar e dBERTHL2, 12— 7L
1325 Vaccinium vitis-idaea var. vitis-idaea L., b7 X
U A3 & Vaccinium vitis-idaea var. minus Lodd.hs
ZNENIAAL TS (KiGIED 2017) , 2 b3
(Frvavsy ra<r/)x are®)ik, b~
TP OE =22y v BT, g Tk
LR Z D O TR ORI L5
ﬁbﬂxé@#’ﬁ@ﬁlf%é
N

Vaccinium vitis-idaea

Gaultheria pyroloides

Figure 1. Berries of four alpine dwarf shrub species in
the family Ericaceae on Mt. Asama (2,568 m.a.s.l.),
Japan.

FLAHEINFE A > a5 v Empetrum nigrum L. var.
nigrum& LT AV AR B 3 T Empetrum
nigrum L. 13270 —~XY —Crowberry, 7H< X/ %
Vaccinium uliginosum L% Fv 27~V —Bog bilberry-
E)L~X 1 —Northern Bilberry, Z°ff 277 & & Vaccinium
vitis-idaea var. vitis-idaea L.135 7 XV —Cowberry,
Z5f8 a4 &€ Vaccinium vitis-idaea var. minus Lodd.lZ
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) v IR —Lingonberry: ZNZFNEL DT 5NTH
D BMELTRESFIHIN TS, —H v I~
I XODAZHAN S T 5 - HERO G L5 7 F
MRS T2, v 79~/ XBIEHET V7, L7 A
VA HRT A AT B 3 Hi LT B (KIEIED
2017) JARFIIZHVF N E WS BTG E N
TV L5 A, FEZ TSR B
B ATV A (Mao et al. 2014)

BNOIAITHRICEDE. Ry X ar < Ursus
maritimus (Polar bear) (Rode et al. 2015) . 7"V XV —
Ursus arctos (Grizzly bear) - 7 AV} 71 7= Ursus
americanus (American black bear) (Welch et al. 1997) .
Y 2 H T4 v Branta hutchinsii taverneri(Cackling
geese) (Hupp et al. 2013) . 27054 F a7 Tetrao tetrix
(Black grouse) (Filacorda et al. 1997) iz DI X %72
WELEEE RS v ay oy sa<i ) % ar €D
REZAAT 6N T05,—7 HA TR
Hravsv raviA ) ¥ 552/ % A7 EETDR
SE% 514 F a7 Lagopus mutus japonicus (Japanese rock
ptarmigan) « 7> Martes melampus melampus (Japanese
marten) * % 23 a Mustela erminea nippon (Ermine) « ¥
* 2 Vulpes vulpes japonica (Japanese Red Fox) 25F|
THIEHMASN T 228 (BIR 2006)  FEF P
BT E I BT A RIRIZE A L AT
BODOHEIRTH 2,

e LA & LA 2 A el s BRI L B o
£V LR ORI /AR LB RO A%
Ry P ARy F O 1/203E £ 5 (Millenium
Ecosystem Assessment 2005) , £ 72 [ s D49
X RR e RR G (R E K E) 1Bt LT
&7z G A R I HLBRE R L ic X 2 KRR B &

DL RDRZITPT VT R ERRDO—DTHS
£ &5 (Millenium Ecosystem Assessment 2005) , B
{REZLiZ, Hughes (2000) ¥ Memmott et al. (2007)

i RE LA SIGET LG SESEREY -
TP ORI A2 B LR (el JERMEA & R T-H0A)
DI 720 MBS B2ASETFHILC05, ZDFE
Sl A ASET TSI IO Y Y PR
IMEARDTER B k@?ﬁﬁﬁﬁ#ﬁﬁﬂuﬁﬁ’)hﬁ {7
D ETFZBIED+ DI TE R AAREDE LN
2. MIDDI B, ﬁzbum%’% kDT HRLIT5y
itk 2 TR X572 5525, Wit lTE
fHEDEEAEIIC > TLES BN H D, R H
RICBADAAT 2 avIv ravi/ ¥ vi9<
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/¥ OEREANPEOSELHTHD L5 (Kif
Eh 2017), 25 OBFED D > F U A 13
AR TH 2,

AWFFEIR HAROE AN O 5 7Y D RPIME
KAFE(Hravsy rawi)x v59</)% arE

) B MREL, HBRIRE(L D2 E R ZT BRI,
BIE-fEE 7 = /vy — L RFEDTREMN - RN e
BATET 2 LZENETS,

A&
SRR

P 2R (B 2,568m) O & 1L (E 57 R
BRI RIET) TfT o 72 (ihf*‘% 24’07-28” HH#%138°
31°45”-33'14" f&&1,670~2,370m; Figure

* | 1 Study plot
(100 m X 2,500 m)
¢ Study location

~ @5Em
=

- — Ajpme zone<:| \ l:{} Forest ZOQP

- ’ 1km - = ,/ - Tr’ee\ll‘ne 70N \
Figure 2. Study area on an east-facing slope in an alpine
zone of Mt. Asama (2,568 m.a.s.l.), Japan. This map is
based on Digital Topographic Map 25000 published by
the Geospatial Information Authority of Japan.
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Figure 3. Study locations at eight altitudes in an alpine
zone of Mt. Asama.
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2.3) . FHAHRIF8.3°C (R%:-15.0°C, &
30.3°C) 4RIk 21X 1,255.4 mm, i KRS %
1337.0 cmTH B, INHDRRT — 2 1Z., T

54 T AkmBfEd 72 BRI sk S SR BLRT T (B
999m) T201 74RICEERE NI b D TH B,

ERELE RO HE A E R OEE1,670m~
2,370mo iz, $#100mx2,500mD 4 7 u v +
ARBE L E BB oy FNICTHEE S 2 S
100mBEFIC (—3 EES0mBEIC) FHI9OFEL
Too e B HiE LA & EILAF OB FUC S 2 FRARER A D
S NFH1,670mOESICH B,

MfE-BE7z/O09—

20174E4H~11H (8» AR ic, 9o oFAE A
DAL S BTEDO DA PR SN RIS S D
JE (S SR if > CIRS0mAR ) CRATE - fEE 7 =
/uY—DFEETo T FIEOE LR FED
Bz & HD LA - PRI LRI OMERL 72,

RRDRE

20179H~10H 22 HM) ic. & 7 vy FAD
FEIEREEDLT Y A BTE100FE DL %
EOH L, AR E 2 L4008 T D REL 2,

REDRIE

REDIREMN - KEEN 72 F8E Masaki et al. (2012)
ERUTTEERWTRIE L,

TEREH 2 R O HIETEH 1%, RE DI E & (fresh
weight) - 528 & (dry weight) - & & (length) « &
(width) + B X (thickness) . 1 B34 72 b O#RfE 1D
{25 & (total fresh weight) - 57 EE & (total dry weight) .
1 BEL 70 OFfFEF % (number of seeds within a
fruit) . 7~ 1 il © & X (single length) - g (single
width) « JE X (single thickness) & L, 2 6DfED S R
FE D4 7KK (moisture content) - {A&FH (volume) . 1 H£5E
W7 b DIRFRET- D&y 7Kk 3 (total moisture content) - AT
(total volume) . f& 1~ 1 il D& HE (single volume) | J
DR EE & (fresh weight) -BZEE & (dry weight) - 7K
# (moisture content) - A% (volume) ZEH L7,

SEN R OMEEH 1%, M7 AlEH (crude
protein) LIS (crude fat) | A[VAMEZE 3£ (nitrogen-
free extract) . fHk M (crude fiber) . fHJK %3 (crude
ash) . K17/ —)l (polyphenol) , f&7 22L& &
(¥4 3 > C) (total ascorbic acid [vitamin C))  FEEE
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(L 77U w2 2] (refractometric Brix degree(Brix)) &
Ll RESTIIHAR R I o —IC &Rt LT,

EtiRT

—ICENE S E T (ANOVA) & Tukey’s HSD 12k
5% H R E 2 T R T RADTEZREW
7R oR SRR LR U 7z, SR E OB A R
DT, X HE & A THITER O ik 21T > 72, 1R
Wricidfiaty 7 bR version 3.0.3% fvs7z,

HR
BEfE-ER7z/0Y—

OO PHERSINESE . Hrays
>»T1,670m~2,33bm, 7u~<X/*%7T1,670m~
2,100m, > 54%</%7T1,670m~2,050m, 27 &€
T131,670m~1,780mT#H 7= (Figure 4), 7R
FLAHE (S 1,670m) oBfEI. A A N a0y ay
Sv. 6 EAoarEe® 6 HPAED IO/ X 7
HER DI </ %D TR Sz (Figure 4,
5) o AR RAAE OFIEII X, > 5 2=/ D20
HE (7 A LE~T) PRHEL A rars ol
30H(4H M~5H%H), a7 EED0f30H (6 H

FE~TA). 7nw¢/3e®%’~’3110El(6)%|43/7~
ATA)DIETE o/, wihofifEd S
BN T, BTGB REHAEL &%fﬁﬁiy%o
T AT BELEL I/ XOICIRN k>
CEWDRARLNRpo TS Hravsveraw i)
FIIEE DS LA B iEN T BRI e o T,

HAVEHE 15

2019 52
fEFZ, A BES DA LTz 2 COREE CHER
émf:owwfﬁﬁﬁ (FEE1,670m) DfEFEIF, 7H

RO F v avs v THTITREO Zu<wx /% 8HE
ADYI4=/% 9ATHOa7 EEDIETHERX
N7z MR SR OS2I, a7 T DFI60H

Gaultheria pyroloides Vaccinium vitis-idaea

Figure 5. Flowers of the four ericaceous dwarf shrub
species collected between September and October 2017
in a 100 x 2,500 m study plot in an alpine zone of Mt.
Asama, Japan.

| May [ Jun

Apr

[ Ag ] | |

Species Location| Altitude

M| E

Jul
E[BI[MJE|[B]JMJE[B][M

Empetrum nigrum Highest | 2335 m Flowering

var. japonicum L7 2270 m
L6 2170 m
L5 2070 m
L4 1970 m
L3 1870 m
L2 1770 m
L15 1720 m
L1 1670 m
Vaccinium uliginosum  |Highest | 2100 m
var. japonicum L4 1970 m
L3 1870 m
L2 1770 m
L15 1720m
[ 1670 m
Gaultheria pyroloides  |Highest | 2050 m Flowering
L4 1970 m [
L3 1870 m [
L2 1770 m [
L15 [1720m [ ] [
L1 1670 m [ | [
Vaccinium vitis-idaea  |Highest | 1780 m Flowering
L15 1720 m
L1 1670 m

Figure 4. Flowering and fruiting phenology of four ericaceous dwarf shrub species between April and November 2017
at each altitude on a 100 m x 2,500 m study plot in an alpine zone of Mt. Asama, Japan.

- 52 —



[ A R =

(QATE~I0ATA) BRLEL VI~ XD
100HM (8 H EAI~11 EA)), vavsrofyl110
H(7HR~10HT4A)), Z7a~<x/X0f120H (7
ATAa~11HTH)DIETEL ko7, Wi holkis
b EED B BICHEN TS EFHRRIEL 2 5
DD ot 7O X)X 259/ F ATEED
FESEHAMNZ ARG A BB I T o a8,
vav Sy OFEEMEIEICE R A EIA DD
Nl GEs T illﬁT@ﬁ‘EFa@i))iﬁOf’f’
. FED T TREPRGFESNDIRIE 25T, 7 a< A
J X DA MEEL,670m~1,770mOIE S chAfE L
FEEHFIRHC D Nz,

REE

Figure 6ic, RE DM REOWH, T D4
HROBEEZRT REOMOIZ, Hravs v nBEs
(dark purple) , 71X/ X3R4 11 (deep purple) , &
I 4=/ X HE M (white) . 27 EED TR (red) TH -
7z (Table 1), REDOEMNZFEIL, RADEK
AR A TOFHITEE CEEIC k26 B RE 0D
ooz (—TohE D #HT.p < 0.001, Tukey's
HSD 2 k2% B HRE . p < 0.05;Table 1), 545
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PA R (ERE) 1T, 7= A FHR|RHREL 59 <)
X Hravsy arEeDIE TN ot 1Y
AR (AR 3 v avsr PR RE arEE, 7
OeX /¥ 299/ XFDIETNE L IroT, 1 Y
O DRETHIZ. > I99 =</ ¥ b 4L Ricra<
R XD otzdS, By an sk ar TR
BN s o7z, | RE LD OMFET- DY X
(R 3. Hvavsr suwi /¥ v59</%D
MTHBRZEIROLNT, a7 TEDROEV{EE
MUT RADYA X () 1d, 7 u~ A X3 b2
L RIZSTI=) XS otz Hravsvtay
TEDMNCIIEELRZEZD DTz,
REOKENZRHEUL, FEE 2 R A TORHIIE
HeBfEIck2EBRECOIAD SNz (X HE.p
< 0.001~0.01;Table 2) M7zAIZEIZS 58~/
X MBI a= A/ ¥ AR ERYZar €€,
Mg av 5 KI5~/ % KU 7 x
J—=ViZar e 7 AL VERESY S /C]c;t
rae A ) XP, ENFNEWEE R TEAIED
Nz, I av s v ORFGM 7 AEE  HIER, 7 T
VAMEEFEY) BT AVE VIE(REY S v CIDfESS
OIS RO MED R D m W EF 2RO STz,

Fruit Seed

Figure 6. Fruit, seed, and pulp of the Species

four ericaceous dwarf shrub species

collected between September and Empetr um
nigrum

October 2017 in a 100 x 2,500 m
study plot in an alpine zone of Mt.
Asama, Japan.

var. japonicum

Vaccinium
uliginosum
var. japonicum

Gaultheria
pyroloides

Vaccinium
vitis-idaea
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X, RERBEENIE D E LR E BB
Ms 2o, REZRASE2HRMEY O
B FEEBO RN N T3 LB A6NT
W3 (Thompson and Willson 1979 Herrera 1984,
Takanose and Kamitani 2003) , ANFFFE CHIE SR EL
72 PRPIMEARATEDFEFERHHIZ, T OffED
KBICE > T/ KEOHED B3R E%
FIATE 2R LG ERAS B LT0HI LD
Dol KFICEY 2T 2RBRNBRERLBEHDOS
L AMNFE T XN 5 EHIZ e 3 R U Hypsipetes
amaurotis (Brown-eared Bulbuls) .7 3 Turdus
naumanni (Dusky Thrushes) . > 1@\5T. pallidus (Pale
Thrushes) , X 1 Zosterops japonicus (Japanese White-
eyes) D 4FE T3 % (Takanose and Kamitani 2003) , 231
SO DY Y VRV MERATEOTE TR 1055
TREED H 5, L LEDS, 2o BEE LR
FEOON—PELUTHIATERE) D ERAELH
7 S, Bl E s ETH 5,

—HT Hravsy ravi)x 552/ ¥
HECHEEMEPELR-> Tl 5 KEFED
Eo B, READOBHOCHIHICL-TE
FCREDIFIHIN D ATRESE D E 2 517z, 7L (B
53,015m) OEILH T A TIE 914Fay
Lagopus mutus japonicus (Japanese rock ptarmigan)
MHaAIIy IAvRA )X o5/ X ATEE
DHEER T Martes melampus melampus (Japanese
marten) 4 3 a Mustela erminea nippon (Ermine)
Wra<wr )Xy o9</)XFOREE XY 2 Vulpes
vulpes japonica (Japanese Red Fox) 23354 </ %D
BEZZNZFNFAL TV A ERESHTICE>TH
SPIZENT0S (BR 2006), %72, FEH 5252014
FE~20184ED SAERNCF U 3D Dl (15
#1,670m, 1,770m, 1,870m) TfFo72h AT+ 5
TSI, Y ¥ 727 < Ursus thibetanus japonicus
(Japanese black bear) . =& ¥} Cervus nippon
centralis (Japanese deer) . ¥/ %, A /3 Sus scrofa
leucomystax (Japanese wild boar) . / 743 Capricornis
crispus (Japanese serow) . /\¥ 7 FH I X Corvus
macrorhynchos (Jungle crow) . ¥ 323k Streptopelia
orientalis (Eastern turtle dove) 234 > a5 DRHE
% S F1Capricornis crispus (Japanese serow) &
RV Syrmaticus soemmerringii (Cooper pheasant) 7327 1
VA ) XDREER XFVANL I/ XORELE R
KB ENFNRHLCOBTER TP TETNS
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(Takahashi and Takahashi 2019 #f&),

BOEFT DR FIIRE D FE L HFLEIC K-
T E 7 BEEP BRI HRE P FE L BHIC
Ko TGEIRINPLT WV EZNS (Herrera and Pellmyr
2002, Gagetti et al. 2016) , KIFFE TR RE LY
VIBRVMERATED S S MWV EFEL T 7l
1Z. U FIVEE (Mao et al. 2014) #& s 59</) % T
Hotz N EEILOMmFAE Ty 2D TI<
JXDOREERNALCORIEDS, 2 DR RIZIH
PG O FETHRELBIRLPT VW ET LT
e —3 LTz,

ARTROR L IZREO (Fraysy) BEEA (s
A/ ¥) A (S99 </%) K (arEE)DX
AT IN " LT T AT O 24T -
RBRTDHE KV 7 2/ —FREDOOHEDY
ADERDTH D, MO REIZ, AHDPBERTH
HENELEERZIZEALER T e s, RHEIiC
HENTOERY 72 /) — VBTV R ToU R ED
tFrhkL3T5L#E 2 5017, Willson and Whelan
(1990) i3 MY RFE D B2 AL S TE IR EL
CELEFEAAEEZHE T2 B RAD
WEREDPLFL70, HEI R (F1 212, BED
P L) 2 FEHKT B0, DI3OEFEF 0B, &Il
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