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Abstract

Development and seasonal changes in dry matter allocation of sporophyte of an endangered species Ophioglos-
sum namegatae M. Nishida et Kurita (Pteridophyte; Ophioglossaceae) distributed in the Watarase Retarding
Basin, Tochigi Prefecture, Japan were investigated comparing with closely related allies O. petiolatum. The
sporophyll of O. namegatae dispersed spores at mid-May and died back in the end of June when Phragmites
clump canopy completely closed. These events in O. namegatae were 0.5 month and 2 months earlier than in O.
petiolatum , respectively. Changes in dry matter allocation coincided with these events. A canopy removal experi-
ment clarified early die-back of above ground organs of O. namegatae was not concerned with reduction of rela-
tive light intensity caused by canopy development of Phragmites communis population. Development of above-
ground parts of O. namegatae was affected by daily maximum atmospheric temperature, while rhizome and root
were contrastively correlated with daily minimum of subterranean temperature. Total individual numbers dis-
tributed in the Watarase Retarding Basin was estimated as 2,811,600, assuming on (1) total habitat area was es-
timated as 66 ha, (2) mean number of local populations in 25 mX25 m quadrat was 39, and (3) one clone consisted
of two ramets.

Key words : dry matter allocation, endangered species, Ophioglossum namegatae, Ophioglossum petiolatum,
the Watarase Retarding Basin.
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Fig. 1. Study area of the Watarase Retarding Basin and Utsunomiya University in Tochigi Prefecture, Japan.
Site A:old Yanaka village. Site B:the first reservoir. Site C:the second reservoir. @ : distribution site of
Ophioglossum namegatae.
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Fig. 2. Survey sites at the Watarase Retarding Ba-
sin. 2 mX2 m guadrats ( I and I ) ,1 mX50 m belt
transect (A-B) and 25 mX50m quadrats were
set at Site A.
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Fig. 3. Seasonal changes in habitat of Ophioglossum namegatae at the Watarase Retarding Basin. a, Field
fire “Yoshi-Yaki” in Japanese (17 Mar. 2002) ; b, A local population of O. namegatae (16 Apr. 2000) ;
¢, Old Yanaka village at one month after Yoshi-Yaki in which arrows show 2 mX2 m quadrats, a center
line shows 1 mX50 m belt transect (16 Apr. 2000) :d, Site C one month after Yoshi-Yaki (22 Apr.
2000) ; e, Habitat view of site C covered with dense thicket of Phragmites population in summer (15
Sept. 2001) ; f, Habitat view of site A during late-November through next Yoshi-Yaki (20 Nov. 1999).
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Fig. 4. Seasonal growth patterns of a sporophyte of
Ophioglossum namegatae. a, A single fertile
frond with five adventitious roots (Roo) (13 Apr.
2000) ; b, A single frond beginning to disperse
spores with a rhizome (Rhi) bearing four adven-
titious roots (24 Apr. 2002) ;c, A clone with
three ramets, in which the oldest ramet is left
side and newly formed one at the right side (10
Aug. 2000) ;d, Winter clone growing newly
formed buds (4 Nov. 2000). All bars show 2 cm.
Tro=trophophyll ; Spo=sporophyll ; Phy=phyllo-
mophore ; Rhi=rhizome ; Roo=root.

5 Tw5 (Chen and Chiang 1972 ; Mesler
1973), b #\F Y 2 D“oot bud”iF& X 4~11
eml 27 U 72RO 2 589 8mn ik 12 B T &
N, ZOXIEHORE/SZ—vidarva/nnry
Z V) THME XN T % (Chen and Chiang 1972) .
Fig. 4 c 127”9 “root  bud”ldFEEGMIZ K D 2R &
Niz—20ra—VIZFT 5K TH 5 Z LIZHD
X, IhoaI A4y bELTHR-7, KEE (Tro)
OFIZE I/ NF YA BLTanF Y20
ZFRZHIZHEMLZZE DD D, EMOE S IZHW
T3 0.6~dm& ZEE B KEP 572, F72, 4 b
ABXUBIZETFZ b ANFYRYONTHA X
DEE, ZhEh 322519 um B KU 31.7£2.0
um TH O, WHH - FEH (1969) 2k BaTHA X
28~30 um (2L L 7=, 7245, WA BLARZE AR vy AR
W B LU FRICBT 23t Y 2) DOlfg
TH A ZORFIE, ThZFh 314221 um B LV



R - 3 RN

HH05E 15

2002 £ 10 H

482+92um THY, FFNF Y 2 DT YA
AT B D05 ZFD 15D D E TLAER
BREMDP STz, DLEOKR» S, EWOR S B LU
JafH 4 RNHDE b AT YAV ETRv T NS
Y2 EMBEICKAT S Z S RNETH B, HEER
(Phy) 1ZE & 2~55mTh D, M LIZTEH§ 55
iItREERET S,

20004E 3 H19 H® 2 v B x 4%, Mirh o 2E 134
ERA QWIS HIZ L, 3 H TIChE THEL 2
(Fig. 4a), ZO#, RTHEIK 13O 725, 5
Hebmicla % #cAi L 72 (Fig. 4b), 2 ¥ OME
REED S 6 A Fanci FEidsihz, 7~10 A
DO, FHTERE LT T3k L UHRIT R & A2 i
ABoNnh o (Fig 4c), BHEDI AL TH
R A IO (Fig. 4d), Ikvannit v 2
LB L faTHch B & Ot EEBOREIE S 2 I
&, ThZh 05 y ABXU 2 » Hih 572,
KIZ, PANFY R OEEE AR E e
INNF Y 2D OE & IR L 2R R % Fig. 518
T, Khowgsd, #EAO F xoNFr 2 (BT
Fx) (A), FROaIvu Nty (BTae
a/N) (B), 3 vBERX (Ex), B (Roo), T3
(Rhi), fH%E{k (Phy), K#E % (Tro), b K Ulle
+3#E (Spo) #mRT.

- EEADFEIE M 2 T5 A 11 HIZ 19.4%,

AiOO%*
80%
60%
~
- 404
.8
]
5]
S 204
<
0%
BIUO%*
80%
60% | N
40% .
20% | :
0% Lo .
2 2 2 Q2 2 2 9 9 Q@ Q@ 9 Q = =
S & & & & & & © 5 & © S © b5
S oS s s S EEEoie
SNy ooy s L s s L DL s
- N ®m g e N~ W e QO e N e I~

Date

Fig. 5. Seasonal changes in dry matter allocation
of Ophioglossum namegatae in the Watarase Re-
tarding Basin (A) and O. petiolatum in the U-
tsunomiya University (B). Ex=the exposed quad-
rat ; Tro=trophophyll ; Spo=sporophyll ; Phy=
phyllomophore ; Rhi=rhizome ; Roo=root.
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Fig. 6. Seasonal changes in height of Phragmites
communis (a) and relative light intensity of un-
derstory at Site A, B and C in the Watarase Re-
tarding Basin (b).
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Fig. 7. Cut-off plot of Phragmites communis clumps on May 5, 2001 (a) , on Jul. 6, 2001 (b) .
¢, Withered plant of Ophioglossum namegatae on Jun. 22, 2001 ; d, O. petiolatum on Jul. 6,
2001.
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Fig. 8. Changes in height of Phragmites communis
and relative light intensity of understory meas-
ured in the plots of cut-off treatment and control
at Site C during 26 Apr. ~6 Jul. 2001.
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Table 1. Correlation analysis between dry matter allocation of different organs and atmospheric/subterranean
temperature at the Watarase Retarding Basin and Utsunomiya University. Numbers in parentheses are par-
tial correlation coefficient by partial correlation analysis. ® Temperature at 1.2 m height ;> Temperature at

ground surface.* P<0.05 ; ** P<0.01 ; *** P<0.001

Correlation coefficient

Subterranean Atmospheric
Organ temperature temperature
Daily Daily Diurnal Daily Daily Diurnal
maximum minimum range maximum minimum range
O. namegatae
Root 0.310 0.741%% —0.713%*%(0.000)  0.4192 0.4192 —0.084 2
Rhizome —0.500% —0.735% 0.454*%(0.000) —0.512%(0.000)2 —0.449%(0.436%)2  —0.015(0.299)2
Phyllomophore ~ 0.179  —0.591*  0.806** 0.0392 —0.5232 0.761%*(0.000) 2
Trophophyll 0.053  —0.710%*  0.823%* —0.289(0.982##%)8  —(,754**2 0.555%2
Sporophyll 0.320 0.200 0.083(0.000) 0.363 2 0.046 2 0.448(0.000)2
O. petiolatum
Root —0.448* —0.106  —0.728%%* —0.175(0.313)P 0.108(0.306)b —0.411%(—0.295)P
Rhizome —0.256 —0.385*  0.231 —0.595%#(—0.149)> —0.635%*(—0.339)>  0.481%(0.335)P
Phyllomophore —0.181  —0.394 0.466* —0.250P —0.415b 0.443 P
Trophophyll —0.249 —0.589% (875 0.377b 0.345P —0.228 b
Sporophyll 0138 0319  —0.386 —0.367" —0.612%b 0.655%+0
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Hidh 123 1) 5200042 H 14 H % 5 [A4- 12 A 4
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#i R % Appendix 1 1289, B3 AMOD 1.2 m

ik LU OEREZ L, TBIZT RO 1.2 m @&,
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Fig. 9. Seasonal change in subterranean tempera-
ture at 5 mX5 m experimental plot (A) and the
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coded with Ondotori Jr. a=Yoshi-Yaki on 17
Mar. 2002 ; b=Buds of Ophioglossum namegatae
were sprouting on 25 Mar. 2002.
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in Fig. 5.
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Appendix 1. Daily mean, daily maximum and daily minimum temperature at the Watarase Retarding Basin
and Utsunomiya University measured between 14 February and 10 December 2000.

Subteranees e
Daily Daily Daily Daily Daily Daily Daily Daily Daily
h mean maximum ~ minimum ~ mean maximum  minimum ~ mean maximum  minimum
Mont temperature temperature temperature temperature temperature temperature temperature temperature temperature
(C) (C) (0) (C) () (C) (C) (C) (C)
Watarase R. B.
Feb. 2.0 13.9 —8.2 2.9 5.8 1.1
Mar. 6.8 20.7 —17.5 6.5 22 1.2
Apr. 12.3 24 0.2 13.4 27.4 2.8
May 18.4 36.3 6.9 19.1 28.5 11.5
Jun. 214 33.9 14.2 214 27.3 17.1
Jul. 26.3 36.8 18.5 25.1 30.2 20.7
Aug. 27 35.6 19.6 26 29.1 22.7
Sep. 23.2 39.1 12.3 23.3 28.7 16.9
Oct. 16.2 28.6 4.2 17.2 21.8 12.3
Nov. 9.9 21.1 —4 114 15.4 5
Dec. 3.6 18.3 —4.7 5.3 8.4 3.3
Utsunomiya U.
Feb. 1.5 13.6 —17.9 2.4 10.4 —0.3 14 14.2 —8
Mar. 6.8 25.6 —5.3 7.6 23.7 0.3 6.6 23.2 —6.3
Apr. 13 30.9 0 14.1 27.2 4.3 12.3 24.1 —1.2
May 18.4 33.2 7.4 21.1 36.5 12.5 18.6 32.7 6.9
Jun. 20.9 32.6 12.8 23.6 35.1 17.9 21.7 32.8 13.2
Jul. 25.7 37.2 17.7 28.1 38.5 21 26.1 34.7 17.3
Aug. 25.9 34.4 20.3 28.8 36.9 23.5 26.5 34.1 20.4
Sep. 22.2 34.7 12.3 24.6 33.7 18.3 22.6 30.2 13
Oct. 15.8 25.7 6.2 17.8 25 11.1 16.2 27 5.2
Nov. 9.6 20 —1.8 11.1 15.9 4 9.8 21.3 —2.3
Dec. 3.6 12.2 —3.1 3.9 7.2 1.5 3.3 13.6 —3.7
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Appendix 2. Individual numbers/ni, area (') and estimated individual numbers at Site A, B and C in the Wata-
rase Retarding Basin.

No. Numbers/m’ m Estimated No. Numbers/m o Estimated
(A) numbers numbers
1 1500 7.6 11400 22 70 0.2 14
2 540 54 2916 23 60 0.3 18
3 810 8.6 6966 24 330 1.3 429
4 960 13.5 1296 25 100 0.8 80
5 270 8.5 2295 26 180 1.0 180
6 120 1.5 180 27 150 0.6 90
7 760 1.7 1292 28 130 3.9 507
8 1260 15.6 19656 29 80 3.7 296
9 180 1.7 306 30 150 0.4 60
10 230 0.5 115 31 520 3.4 1768
11 100 0.5 50 32 200 0.4 80
12 760 12.1 9169 33 320 2.4 768
13 140 0.2 28 34 260 0.4 104
14 440 5.0 2200 35 300 0.7 210
15 150 0.3 45 36 310 0.2 62
16 50 0.9 45 37 280 2.2 616
17 64 0.4 25.6 38 80 0.8 64
18 140 0.4 56 39 330 11.5 3795
19 50 0.7 35 40 200 2.1 420
20 100 1.3 130 41 150 0.8 120
21 40 0.3 12 42 170 4.6 782
(B)
46 300 1.0 300 a—-12 120 1.5 18
47 250 9.5 2375 a-13 60 1.3 78
48 300 8.4 2520 a-14 15 0.2 3
49 500 4.1 2050 a-15 35 0.8 28
a-1 20 0.2 4 a—16 150 2.1 315
a2 40 0.6 24 a-17 20 0.3 6
a-3 70 0.9 63 a—18 50 0.8 40
a—4 100 1.4 140 a—19 20 0.5 10
a—b 30 0.5 15 a—20 30 0.5 15
a—6 20 0.5 10 a—21 20 0.9 18
a7 130 1.5 195 a—22 130 2.0 26
a-8 50 0.9 45 a—23 20 0.2 4
a9 20 0.5 10 a—24 120 0.9 108
a—10 20 0.5 10 a—25 20 0.5 10
a-11 120 1.9 228
(C)
50 150 2.2 330 b-19 10 0.7 7
51 300 4.1 1230 b-20 30 0.7 21
52 400 3.1 1240 b-21 45 0.9 40.5
53 30 0.3 9 b-22 20 0.7 14
b-1 20 0.1 2 b-23 15 0.7 105
b-2 30 0.3 9 b-24 20 0.1 2
b-3 20 0.5 10 b-25 10 0.2 2
b—4 20 0.5 10 b—26 15 0.1 1.5
b-5 10 0.5 5 b—27 30 0.6 18
b-6 20 1.0 20 b—28 40 0.8 32
b—7 20 0.4 8 b—29 20 0.2 4
b-8 30 1.0 30 b—-30 40 0.5 20
b—9 50 0.4 20 b—31 70 04 21
b-10 20 0.4 8 b—32 300 1.3 390
b-11 20 0.4 8 b—33 300 2.7 810
b-12 15 0.2 3 b—34 13 0.1 1.3
b-13 50 1.0 50 b—35 20 0.2 4
b-14 15 0.1 1.5 b—36 300 2.0 600
b-15 35 0.2 7 b—37 50 0.6 30
b-16 50 0.2 10 b—38 180 2.3 414
b-17 30 0.4 12 b—39 100 1.9 190
b-18 10 0.2 2




