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Figure 1- The spatial distribution of the Iris bismarckiana in Israel. The white spots
mark areas where Iris bismarckiana populations can be found.
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Figure 2 — The Nazareth Iris Reserve and its environs.
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1 7%2v .(Rabinowitz 1981) .nompna °01791R7 27 217947 0922 N1DOXHD ,NPDINR 7¥19N

J12R 0771 9D DY 117N NN 02XN AN

5713 917°3 1727 N1PD°XO0 ,DINIRA 2NN VDY Va2 2°n HW MNT7IT 01000 a1 han
.(Rabinowitz 1981 »5%) nmipni 701921817

Table 1 — Sorting of rarity types in nature by geographical extent, habitat
specifications, and population size (following Rabinowitz 1981).
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Figure 3 — An aerial photograph from 2002. Areas A and B are delineated in black.
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Table 2 — The Prickly Burnet coverage percentage in the study area.
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Figure 4 — Aerial photographs from different years of the reserve. Area B, whose
Prickly Burnet coverage was digitized, is delineated by a blue line. The Prickly Burnet
bushes are marked by red lines. (a) A 1960 photograph, (b) a 1990 photograph, (c) a
2002 photograph.
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Figure 5 — Locations of the cross sections.
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Table 3 — The total lengths of the part of the cross section covered by Prickly Burnet
and the part without such cover, and the corresponding Iris numbers.
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Figure 6 — The measured morphological parameters of the Iris plants.
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Table 4 — Summary of the morphological parameters that were measured in Irises

within and outside the Prickly Burnet coverage.
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Table 5 — Summary of the morphological parameters measured in Irises in the control

plots (with grass coverage) and the plots where the grass was depressed.
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Figure 7 — The length to width ratio of leaves as a function of the height of the Prickly

Burnet.
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Figure 8 — Locations of the research plots in the reserve by treatment type. Grass
control in red, caterpillar extermination in black, grass depression in blue, Prickly
Burnet control in orange, Prickly Burnet cutting in pink, Prickly Burnet burning in

turquoise.



30

29999357 "INn 4.2

%919 NN 4.2.1

MOIXP 7790 MO QY W NOIXP 7702 TRD 0WAY TART ,DPNIR WD 703 77N NP amwn
w1 °3 Xon a7ava nmn L(7eRnaa B nuwy A now 3 1R ARD) DO TAwYa WY IR 997
AT M3 IR LDPTNIRT PR TR 932 01RT 2V DPTIN NYOHYW NMOw 1100 001w MANN ORIN
DD .ATAwY NMIPRRY IwhwY NNIXIP A0 AT 02 NPhhh wihw 00000 awtw 11100

21900 92 K9H mphma 1017 1721 72w 2002 20282 17PN INKRY WRII

NDMW 07 77°07 NMIPYAY I 2O 2R 220007 MPYaT DRXPT DR ORI 8 R
mpon .2002 1noa Ay phaRpa a7°00 19w (71900 93 RDH) NP A°0n Oa 00
DY NN WWIRNAY 2O 1990 WD NR? LNWIT PO 07 DY NOpIan o782 100wl
MNIY TR AYAWYT WAL 0°R27T 0°O7IN2 ,77°07 N 2Py .212297 5y 25% 115772 HRTINN
2y 77007 P20 .2002 1Noa YR NPIRpa 37°07 203 .25% HRTNNNA NPT AW DO A2
77°02 WRIT 210007 AT 219000 TWNT LYPIPT 2102 Yan KDY DOV DRI 1ATA DOYRIp
NYIPO2Y NP NAIT N0 MI°T ,TPAWY 21277 0N 70w MY WIDNW D00 .0
TN OMIT DPNAWY NTAWI? NART MR CNw2 awvl awva 17 (71200 95 R99)
2003-2004 v 7777 SwWTIN2 72007 7Y Ap90 92 70010 21T NI .00V "an 2e1awyh
0°%¥ 20 2°AwY W AW 272 .2% 15012 1A7-9R H¥0 noonn vt 2.5-2 23 0on Nrva
597 073 200 5w N 1IN0 2R 11217 90T 219072 M0012 .25% 112°72 DRTINRN2 0PN 27 T

210°37 MY YW 7n-IR1N2D PWTINA MY awibw 93 0% nphn 937 1050 229mh 1N

apran npbn 4.2.2

MRy Mphn 12 1mR B-Y A 77aws onuw cawn IR 222 .2002 57302 w1 mpona navna
171991 AW D170 SN2 IR WRSW 2 MPYAT DR DY 1001wl aun 5x5 HTaa ovo1Ra
WIDW? QOO 273 POOON 1TAD YAPI MIPYNT DT LIUPIP prIvy Y9017 2100 NIMan MTNK KR
TWORY 1A% MNP MMN MPYITT .3WA DA VA0 XYY IR DITAT 02 ORIN DY DImvawn
NOIXIP 77°02 WY A TOW1 12K 2°PWR D DY DNWN 2019007 1AN0 MPYIT LoNIw 27 2pvn
IXW MIPOIT LUPIPA PRIV YO0 NINg 9D DY MPR YAIR N2 NMIXp whwh miphnm 1ano
Yawh 100 Wy a1 PIPW 9012 DWW YRR Yo0nT 201902 YR 0 TR 7OW 70 2°nh
TIN2) 77°0Y MU0 DPIPOM NN AT Q201K 190N 1IBNNY DDV TR 32w T2 MpOnT DX
7 I10°1 RD IR MPYT 902 AnYT 0ONnY 1501 K17 P07 20X 1w A0 7w (721232 R 7700
YIPWH MPhNT N0 7awya wya B nowa .omTmipn 20pwn By ax uyw avRd mphn RXixnt

TR 922 Y¥I2 07N TR D30 70 20919007 WX NMIPYAT LI00 Mphn SW apItnt aniTa NIviap



31

TP R? AWV MR O3 .O2°01R DW AT 901 DY DR Oan TR 95w A0 YRR P0w0un

07117 Q201K 21907 MPYA MPYR K1Y 107

MpYra 230187 M 4.2.3

-1,2003 ,2002 2°awi 5w 2°2R7 SWTIN2 MTI01 770 MY WIW1A Y¥aNg NIPYR2 DO01KRT M00)
DN MANONTT ROWS DO DA 02 909K ¥n 22WTINa Y¥ang 37w nmay 2y .2004
MY 90 omipn 191 2002 n1wa .mN9% 2O DONRXA AP0 1IN9I2 PAATY 120 o3 N
DOMAXT 2172) 77907 0P MAXT 2P LMD AN D32 0K 2°IUNI0T X TIN M0 MPLa
DOUNIDT TN AT TN 2omaxa 9o 191 2004-1 2003 ohawa L3N [N 72 37000 pry ol

N2 PIRT TPV TR N2 2007 79Y 2mM0 ,mhxa 0°5Yn 1907 (0°o0n

D°0oPIT 2°37N7 MIMRa nwnanwn RTK nwwa GPS > "9on nown My 7w 1903
D°RIN2 1D AW AN HW OPDIR P72 IRY NOOM 02 TAR 2P WO NIWORAY DN 2P09pR w3
vopn .awnn? man (Rover) 11 uopm (Base) 0°02 vhpnn N2 naavnn (9 T1R) ovawn
INY NN T TP .MTTAN 932 0W DT NN AYIAR TP Y 07ava 92 qwna 2Xm 0°027
MY 92 qwn? 29017 070 2¥ NYTAN MDA DW .NMIpR 190 DI DY 001K 070N 12020V
TPX 0 DT D3 HW 0T CLID NTOTAY WAwm 19T MTIPIA 2w T0IT UYpna 0010
DOUYPAN .7V NTIPI DY ,UPRRN NIVIR NIPNIN 1Y TR VA N2AXT T OV AWV mUwa IR
VOPAN QPO WM .OTP1A PONDT NN W DX 72T TRY DPUINYR 77182 07002 DWPn

.AWnn? N9 N2vm Dmpnn D2 7010



32

Rover Receiver

Operator

)

Base Receiver —
" .?" ,!
1% VN
\.
)y 1
T~

’&F.‘
e Computer

s
w

|
t

.

SINRT 9OMT NIV S0NR0 Y - 9 R

Figure 9 — Schematic diagram of the Global Positioning system
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Figure 10 — A plot with the Iris locations data from the three mapping seasons.
Locations of the plants are represented by circles with different colour for each season.
The circles at the corners of the plot mark the metal pegs that are used to mark its

location.
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Table 6 — The number of plants in the plots in the three research seasons.

vy nphn 790 Mphn
2ORX "5oR 2ORX M5oR
"on o
2004 | 2003 | 2002 | npbm | W | 2004 | 2003 | 2002 | mpbnmo | 9w
87 74 90 13 | npea 84 102 82 1 | nopea
46 49 126 16 | nmpea 58 75 63 3 | N2
90 57 63 19 | nmpoa 28 39 51 8 | nmpea
101 121 152 22 | nMpea 20 21 15 10 | n9po2
149 191 205 15 | a%m 62 61 41 2 273
20 77 77 18 | ovm 50 53 43 4 23
103 102 135 21 | avm 103 135 103 7 273
10 24 33 24 | avm 56 22 22 12 273
30 183 216 14 | mawy 23 45 37 5 | mew
24 30 42 17 | mawy 130 51 128 6 | Mo
45 138 100 20 | moawy 65 75 31 9 | mew
58 114 74 23 | mawy 50 21 26 11 | moow
324 301 431 nTPe2 219% 190 237 211 nTIPes 21
282 394 450 2°%nT 215%e 271 271 209 213 212°0
157 465 432 mawy 210 | 268 192 222 DY 2120
763 1169 | 1313 anpale | 729 700 642 Y 2%

MP5M2 DM 219012 OPIPWH NP0 VDT NPT - 7 mhaw
Table 7 — The statistical significance of the differences in the plant numbers in the
plots.

QMY | 9D0Rh wNRn

790 mphn

0.10705 | 0.0586 nIxP

0.28485 | 0.46665 WY Mphn
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Figure 11 — Demonstration of the term "flowering site" and the sorting to success or
failure in a schematic plot. A flowering site is the location of a flower or a group of
flowers appearing in the plot in 2002 or 2006 at a distance of less than 30 cm apart. a —
flowering in the plot in 2002 before the removal of the Prickly Burnet. b- flowering in
the plot in 2006. ¢ — Superposition of the two maps for the purpose of calculating the
numbers of successes and failures in the plot. A success is defined as appearance of a
flower in 2006 at a site in which there was no flower in 2002 or any addition to the
number of flowers in the site in 2006 compared to the number in 2002. A failure is a

reduction or a steady state in the number of flowers in the site.
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Table 8 — The number of flowers in the Prickly Burnet treatment plots and their control
plots in the years 2002, 2003, 2004 and 2006.

2006 2004 2003 2002
18 0 7 5 NP2
75 4 2 14 DY/ /2

TN DI AMMIDT DR MNP DX 172 0°INKRT D0R NID02 TNNA TUIWS M Nw)
N7 072 NMPR 21900 MPLna 22K (2) ,07P02 MPhna 2ok (1) :M¥ap ¥2IRD N0 793N

2150 MPYn2 2R (4) ,ATAREY MPIKIp 7700 7132 wotw mphna R (3) T 7700
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Table 9 — The number of successes (see definition in the text) in the various flowering

site groups.
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Figure 12 — (a) A photograph of an Iris bismarckiana flower and its main components.
(b) Schematic plots of a pollination unit.
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Figure 13 — The Nazareth Iris Reserve (NIR) and Mt. Yona (MTY) populations on the
eastern slopes of the Nazareth hills.
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Table 11 — The sample size, number of seed settings, number of failures (in

parentheses the number of abortions).

bl L]
RCP LCP | nmypoa | nmonxy RCP LCP | nmpo2

16 16 34 12 24 23 52 QAT

15 10 5 2 16 7 6 muwmn

1 6 29 10 8 16 46 79I ON

1) 1) (0) () 1) 1) (6) (m¥em)

0.94 0.63 0.15 0.17 0.67 0.30 0.12 oI YR
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Table 12 — The results of the statistical testing of the seed setting rates and the seed

numbers samples.

2opr SMDen IR NP IR PR MR
p W p W 51900
NP 7w 1
1.000 0.746 NP mIv-n
NP 7w 2
0.033 0.002 LCP mmnw
NP2 AR 3
<0.001 <0.001 RCP v
RCP 71mw 4
0.165 0.083 LCP v
NP mv-aa 5
0.507 0.094 LCP m1r-a
NP2 -0 6
0.247 <0.001 RCP m11-7
LCP mv-11 7
0.364 0.020 RCP mv-a7
LCP 7w 8
0.116 0.059 LCP naran
RCP 7w 9
0.018 0.061 RCP -3
NP2 MR 10
0.059 <0.001 LCP 1mxn
NP2 MR 11
0.005 <0.001 RCP 1mxn
LCP 7mxn 12
0.300 0.002 RCP 7myn
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Table 13 — The number of seeds in the undamaged fruits produced by each of the

treatments.
TR 73 7
RCP LCP napea oIy RCP LCP napea
14 16 4 14 5 9 7
25 24 11 19 5) 10 8
28 25 17 12 12 8
34 30 23 17 16 19
38 32 30 18 28 28
39 37 19 48 31
41 40 25
41 46 29
42 31
44 31
o4 32
60 39
40
44
38.3 31.3 17.0 16.5 24.8 20.5 16.8 xR
12.3 9.7 10.1 3.5 12.5 15.2 10.8 PN NYwe

Table 14 —The number of ovules in the broken flowers and buds.
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b37 0 7T 52 nEea on rat)
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96 32 33 31 2

76 26 25 25 3

84 28 27 29 4
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Table 15 — The number of flowers in the various research seasons in the plots where

the impact of the Prickly Burnet's impact was studied.

2007 2006 2004 2003 2002 a =R apen
1 2 0 0 0 NP2 1
28 12 0 0 1 [l g} 2
6 7 0 2 2 NP2 3
0 2 0 0 0 a) i 4
10 11 0 1 2 9w 5
9 3 0 0 6 bRl 6
7 2 0 0 0 a) i 7
3 5 0 3 3 NP2 8
16 6 0 1 2 bRl 9
2 3 0 2 0 NP2 10
35 22 1 0 2 9w 11
50 22 3 0 1 a) [} 12
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Abstract

The Nazareth Iris (Oncocyclus (Siems.) Baker Iris: Iridaceae ) is a rhizomatous
geophyte endemic to a few small and isolated populations in northern Israel and
Jordan. The plant is dormant during the summer and grows a 30-50 cm tall leaf fan
during the winter. In the spring one flower may appear. The Iris has two different
production systems. Vegetative growth is through the rhizome extensions which are
developed towards the end of the growing season, resulting in clones of genetically
identical ramets. Sexual reproduction occurs via pollination of the flowers by the Ucera
bee (Eucera spp). The sexual reproduction is known to have low fruit set and small
numbers of seeds per fruit, probably due to the plant's self incompatibility and the weak
plant-pollinator interactions. This study was initiated following reports by the Israel
Nature and Parks Authority wardens of a continuous decline of the Iris plants in a
nature reserve dedicated to the species' conservation (the Nazareth Iris Reserve). This
research studied processes in Iris population including reproduction and competition
and tested the effectiveness of various management options in boosting its current state.

The Nazareth Iris Reserve has an area of 13 hectares on the eastern slopes of the
Nazareth hills. The reserve was declared in 1963 after a long time in which the area
was used by locals for goat grazing, gathering of edible wild plants and, in part of the
reserve's area, for traditional agricultural tilling. Since its declaration all activity in the
reserve except of hiking and occasional grazing was prohibited. The wardens of the
Nature and Parks Authority who manages the reserve reported of a decline in the Iris
plant numbers and flowering rates in the last two decades. Three aerial photographs of
the reserve taken at times around its declaration and up to date were analyzed using a
GIS system. This analysis and visual inspections in the area reveal that the sparse
woody plants' coverage (mostly Prickly Burnet, Sarcopoterium spinosum) at the time
of declaration has grown in the former agricultural fields by more than 100%. This
finding points at the Prickly Burnet as a probable competitor to the Iris in the reserve.
Other possible competitors are herbaceous plants and caterpillars of Ocnogyna Tiger
Moth (Ocnogyna loewii).

Statistical testing of the spatial distribution of the Iris relative to the Prickly Burnet's
aerial coverage revealed a significant impact of the Prickly Burnet on the Iris plants. It
was clearly shown that the Iris plants tend to grow outside the Prickly Burnet bushes.
Moreover, the smaller number of leaves and the larger length-to-width ratio measured
in leaves of Irises growing within the Prickly Burnet are significantly different than the
corresponding morphological characteristics of Irises growing in open areas. This
finding points to a competitive exclusion of the Iris by the Prickly Burnet through
deprivation of light or other resources. Similar impact but with a much smaller
magnitude was observed in the Irises growing within tall grass cover.

A few options for an active management of the Nazareth Iris in the reserve were
studied during three field seasons. In the spring of 2002 the locations of all the Iris
plants (more than 1000 plants) and flowers in 24 research plots, each of an area about
25 m?, were recorded using a GPS-RTK system with a quoted accuracy of 5 cm. Due to
field constraints the actual mapping accuracy was about 30 cm. The impact of removal
of the Prickly Burnet, depression of the grass cover and extermination of the Ocnogyna
Tiger Moth caterpillars was tested in the spring of 2003 and 2004. The number of
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flowers in the plots where the Prickly Burnet was treated was also determined in 2006.
The precision of mapping using the GPS-RTK system enabled an accurate analysis of
the flowering patterns in the plots and it may enable future analysis of the propagation
of the Iris plants into areas hitherto empty of Irises. However, due to the field
constraints, this analysis did not fulfill the expectation that every single plant would be
followed throughout the field seasons. Analysis of the data was carried out using a GIS
system and it showed an increase (not statistically significant however) of the number
of Iris plants in the plots from which the Prickly Burnet was removed. A decrease in
the number of plants was observed in the plots where the grass cover was depressed,
probably due the activity of moles (Nannospalax ehrenbergi) which seemed to be
especially attracted to these plots and ate the rizhomes of many Iris plants.

The natural sexual reproduction was studied in the Nazareth Iris Reserve's population
and in the stable population of Mt. Yona, 1.5 km from the reserve. Sexual reproduction
enables adaptation of plants to changing environmental conditions and may be crucial
for a species' survival. Seed setting rates in both sites were similar (12% and 15% in
Mt. Yona and the reserve, respectively). The pollination experiment revealed that
artificial pollination in the reserve by pollen from reserve donor flowers significantly
increased both the seed setting rates and the number of seeds per fruit. Artificial
pollination of flowers by remote pollen source (pollen from the reserve used to
pollinate in Mt. Yona and vice versa) proved to be more effective than pollination by
pollen from flowers within each site, significantly increasing seed setting and seed
numbers in both sites. A self pollination experiment and sampling of the natural
pollinator numbers in the flowers were also carried out. The number of ovules in
broken buds and flowers that were found during the field work was counted. The
pollination experiments were large in both their complexity and the number of flowers
involved. Their results add to our knowledge of the seed setting rates and the numbers
of seeds per fruit produced by natural pollination which were not known until now. In
addition, this thesis documents in the first time the phenomenon of seed setting
abortion as a self incompatibility process.

The conclusions of this thesis lead to the following management recommendations: (1)
Treatment should be expanded to areas around the plots which favorably reacted to it.
(2) The research plots where the Prickly Burnet was removed should be tracked before
making decisions regarding the rest of the reserve. (3) Depression of grass cover should
not be applied. (4) To increase the seed production in the reserve, artificial pollination
should be carried out. Use of pollen from a remote site is preferable however, care must
be taken that the pollen donors will not be from a site too far away from the reserve
because of the possibility of such pollen changing the gene pool in the reserve in
directions others than the natural evolutionary processes of adaptation to the local
conditions.
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