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Abstract

The responses of the natural vegetation after clearing and herbicide applications commonly used to facilitate establishment of
newly planted coniferous forests, were studied in the Judean h@ounmins, Israel. Two experimental sites were selected. In each site,
45 quadrats of 12 x 12 m were marked and the existing vegetation was recorded. Total manual clearing of the aboveground veg-
etation was carried out and herbicide treatments, with different intensity and frequency, were applied. The results for both exper-
imental sites showed that disturbance by clearing and herbicide applications produced drastic initial changes in community struc-
ture, diversity and species composition. However, subsequent spontaneous processes tended to restore to dominance the initially
dominant species. Plant cover, species richness and diversity, were significant reduced by herbicide treatments during the first-
two years. However, differences between treatments were no longer significant three and four years following the clearing and
berbicide applications. A general trend toward successional convergence was observed, as quadrats of all treatments tended to
return toward similar composition and structure. This convergence is explained by life-history charatteristics of the dominant
species present at the sites.

Introduction the Judean Mountains is considered to be adapted
 to the common types of disturbances (Litav et al.,
In agriculture and forestry studies, plant clearing 1962; Litav, 1969; Zohary, 1973). Therefore, plant
and the use of herbicides, are commonly used as removal of the aboveground structures by common
tools for management (Putwain & Harper, 1970; perturbation agents would not be expected to con-
Viragh, 1987; Haywood, 1994; Aldrich & Kremer,  siderably affect the structure of the Batha commu-
1997). Ecologists have long recognized the similar- nity. However, what would occur when a new or
ities between natural and some man-made distur- _» unpredictable agent, such as a non-selective herbi-
bances (Bazzaz, 1983). Disturbance experiments % cide, disturbs these communities? Would these
have been used to examine patterns-and to recog- plant communities change to a different composi-
nize key elements in the dynamics of plant com- tion and structure, or returned to one similar to that
munities (Pickett & White, 1985). The aim of some previous the disturbance?
of these studies was to understand the effects of the This relates to the question of convergence/diver-

-

disturbance agents on the dynamic of the vegeta- gence in plant succession. Ecologists haye long dis-
tion, in order to provide management recommen- cussed whether secondary succession is a conver-
dations, * ¢ gent or a divergent process (Van Hults, 1978; Peet

In Israel, disturbance of the natural vegetationby ° & Christensen, 1980; Inouye & Tilman, 1988; Leps
shrub clearing, burning, heavy grazing and brows- "~ & Rejmanek, 1991). In field studies, both conver-
ing of domestic livestock, and by cultivation has ‘ gence (Prach, 1985; Hattton & West, 1987) and
been practiced since Neolithic times (Naveh, 1967, . divergence (Glenn-Lewin, 1980; Pineda et al.,
1990). This period of time has probably allowed 1981; Christensen & Peet, 1984), as well as mixed
certain plant species to developed regeneration patterns (Rejmanek et-sl., 1987; Inouye & Tilman,
Strategies, adapted to these common types of per- 1988; McLendon & Redente, 1990) have been
turbations. In particular, the Batha community reported. Several community aspects such as
(dwarf shrubs, grasses and herbs associations) in resource availability at the sites (Inouye ez al., 1987;
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Inouye & Tilman, 1988; Carson & Pickett, 1990),
niche widths of the dominant species at different
stages (Christensen & Peet, 1984), initial coloniza-
tion events (Glenn-Lewin, 1980; D’Angela et al.,
1988) and the previous history of the area (Facelli &
Pickett, 1990; Myster & Pickett, 1990) may deter-
mine whether different sites converge or diverge.

The Jewish National Fund (JN.F, the Forest
Service in Israel) has been utilizing herbicides in
the forests under its management, to facilitate
establishment of newly planted coniferous
seedlings. Casual observations indicated that
clearing and the application of herbicides in the
preparation of forest plantations drastically
reduces biomass and diversity of the herbaceous
vegetation in the first years. The subjective
impressions created by the effect of the herbicides
have caused several public confrontations between
foresters and conservationists in Israel. However,
no quantitative data was available on the magni-
tude of the effects of the herbicide applications on
the plant communities. Further, the mechanisms
and causes of variation in the short term of the
Batha community, in response to clearing and her-
bicide applications, had been little studied. Indeed,
few studies have considered successional path-
ways after disturbance in newly planted forests of
Eastern-Mediterranean communities.

The aim of the present study was to analyze the

changes in natural vegetation after disturbance by

aboveground plant removal and herbicide applica-
tions in newly afforested areas in the Judean
Mountains, and provide quantitative data to solve
the public confrontation between foresters and
conservationist in Israel.

The questions posed in this study are: 1) how is
the structure and composition of the Batha plant
community affected by pre-afforestation distur-
bances such as plant removal and herbicide appli-

" cations? 2) Do the community responses to the ini-

_ tial disturbance result in convergent or divergent

secondary successional pathways? 3) Is the
dynamics of species in the post-disturbance penod
associated with life history attributes?

Materials and methods

‘ The study areas

Two experimental sites were set up in newly forest-
ed areas in the Judean Mountains. The first site was

set up in September 1989, near Moshav Yishi (34°
58’ E, 31° 50’ N) located at an elevation of 220 m
above sea level, on Rendzina soil on Eocene chalk
(Soil names follow Dan et al., 1970). The climate is
Mediterranean, with a mean annual temperature of
19.8°C (Max. 24.9°C and Min. 14.7°C) and 493 mm
annual rainfall falling mostly in winter (National
Meteorological Service). The rainy season begins in
October-November and ends in April-May. At least
six months of dry weather characterize the region.

“Full meteorological data is available under request

form the National Meteorological Service.

‘The second site was established a year later, in
September 1990, near Moshav Matta (35° 03’ E,
31° 43’ N) located at an elevation of 620 m above
sea level, on Terra Rossa soil on Cenoman hard
limestone (Dan et al., 1970). The climate is also
Mediterranean, with a mean annual temperature of
17.5°C (Max. 22.4°C and Min. 12.7°C) and 537
annual rainfall (National Meteorological Service).
Both areas were located on north-facing slopes.

- The two sites differed in biotic and abiotic charac-
teristics, such as edaphic conditions, temperature

and rainfall. However, a Batha-type plant commu-
nity was developed in both areas, with differences
in species composition.

Experimental design

The study was conducted in two areas of 0.7 ha,
where 45 quadrats of 12 x 12 m were respectively
marked. The pre-planting operations (clearing of the
perennial vegetation) in Yishi and Matta site started
respectively, in October 1989 and October 1990.
The clearing of the aboveground biomass, was car-
ried out in 36 quadrats, according to the common
Jewish National Fund (J.N.F) practice (using shov-
els and hoes), while 9 quadrats remained uncleared.

- The herbicide used in the experiment was simazine
- (2-chloro- 4 ,6-bis(ethylamino)-s-triazine). It is a

soxl-actmg triazine herbicide with presumed non-
selective effects (Ivens, 1989).

- The quadrats were arranged in respect of a ran-
domized block design with five treatments and
nine blocks as replicates (Greig-Smith, 1983). The
treatments were: A) Clearing + simazine treatment
in autumn before planting, with standard dose (5
kg/ha) a,nd again next autumn with the same dose
(Octobér 1989/1990 at the Yishi site and October

A ,1990/1991 at the Matta site). B) Clearing +
-simazine treatment only before planting, with one

standard dose (5 kg/ha). C) Clearing + simazine



treatment applying half of the standard dose (2.5
kg/ha) before planting and the remaining amount
(2.5 kg/ha) in autumn of the next year. D) Clearing
only, no simazine treatment. E) Control. No clear-
ing, herbicide applications or planting operations.

Controls quadrats (E) could not be included
within the blocks randomization since the area was
planned as a forest and planting was not carried
out on them. However, they were contiguous with
the experimental area along its border, and includ-
ed similar environmental heterogeneity.

The different herbicide doses were manually
applied on the quadrats with a back sprayer. The
herbicide was sprayed before the rainfall season
started and remained 7 days on average on the soil
surface, before being washed by the first rains.

The Yishi site was planted in November 1989
according to the common IN.F practice, with six
months old saplings of Pinus brutia Ten. The
Matta site was planted in November 1990, with
one-year old saplings of Pinus pinea L., P. brutia
and Cupressus sempervirens L. Full details and
results of tree establishment and growth are pub-
lished elsewhere (Sternberg, 1994).

Sampling

Plant cover and composition were estimated by the
interception point method (Mueller-Dombois and
Ellenberg, 1974). Within the inner 10 x 10 m of
each quadrat, ten fixed transects of ten meters
Iengths were placed at one meter distance between
them. In each transect, every 20 cm a point was
read, adding up to 50 points per transect, and a total
of 500 points per quadrat. A point was read using a

slender bar positioned exactly vertically to the -

ground. An outer belt 1 m wide within each quadrat
was not sampled in order to femove direct edge
effects. Vegetation was regularly recorded on 10-15,
#4-19, 12-17 and 19-24 April in 1990 to 1994
fespectively, during the peak season of primary pro-
duction. i

Species nomenclature follows Feinbrun-Dothan
& Danin (1991). '

Data analysis

- #ach observation in the analysis consisted of the

“

" {mean of ten transects per quadrat. The relative
- cover of each species in a quadrat, was transformed

by the arcsine square-root transformation (Sokal &
Rohlf, 1995). Analyses of Variance (ANOVA) wereé
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used to determinate differences among treatments.
The analyses were carried out in respect to a ran-
domized block design with five treatments and
nine blocks as replicates. The Tukey HSD (honest-
ly significant difference) test was used to compare
differences of means among treatments for all pairs
of combinations (SAS Institute Inc., 1990; Tukey,

© 1953). Species richness was estimated for each

treatment by counting the total number of plant
species intercepted in each quadrat and averaging
over the nine replicates. Similarities in species
composition among treatments was tested using
Sorensen’s similarity index (Greig-Smith, 1983).
Species diversity was -calculated from the cover
values using the Shannon-Wiener index (Pielow,
1975). Differences in species diversity means, were
tested with the T-test (Magurran, 1988).

A Raunkiaer’s life forms analysis was done for
all the survey seasons at both experimental sites.
The analysis was based on the relative cover of
each life form presented at each quadrat. ANOVA
and Tukey HSD tests were used to analyze the data.

A classification of individual species into herbi-
cide response groups was derived by considering
the number of times a species was significantly (p
<0.01) more abundant in the areas where simazine
was applied in site pairs. Three groups were recog-
nmd. . .

H+: Species in which significant differences in
response to herbicide applications were usually
due to higher abundance on the treated areas.
H-: Species in which significant differences in
response to herbicide application were usually
due to lower abundance on the treated areas.
Ho/Hx: Species which showed either no signif-
icant response, or a mixed response to herbicide
applications, i.e., in some cases were signifi-
cantly more abundant where simazine was
applied and :n other cases less abundant.

At the same time, using similar criteria, species
were classified by their response to clearing. Three
clearing response groups were recognized: C+, C-,
and Co/Cx. Chi-square tests were ‘carried out
between the different response groups of both sites, -
in order to identify a distinctive trait that could
unify these groups. Life forms of the species pre-
sent in each group were considered in the analysis.
Since the expected frequencies in some of the cells,
were quite small, the chi-square distribution could
not serve as a reliable approximation. Thus, com- .
puter simulations estimated the p values. Under the
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assumption of independence between the response
groups, 10000 random samples were drawn and the
proportions of samples having a calculated chi-
square were taken as an estimate for the unknown p
values. Species with different responses to simazine
(H+/H-) and clearing (C+/C-) were contrasted.

Results
Vegetation characteristics at the sites

During the study a total of 178 species were record-
ed at the Yishi site and 166 species at the Matta site.
Relative plant cover in the control quadrats (treat-
ment E) at the Yishi site was comprised by 46.8%
of annual species and 53.2% by perennial species,
mostly chamaephytes. At the Matta site, relative
plant cover of annual species was 42.8%, while
perennials cover was 51.2%. The undisturbed
quadrats (control-treatment E), provided a refer-
ence of the fleristic characteristics of the site previ-
ous to the clearing and herbicide operations and
characterized the natural vegetation developing at
the sites. Dominant species at the Yishi site were
represented by dwarf shrubs such as Sarcopoterium
spinosum (L.) Spach (ca. 28%) and Majorana syri-
aca (L.) Rafin. (ca 10%), annual grasses such as
Avena sterilis L. (ca. 11%), perennial grasses such
as Hyparrenia hirta (L.) Stapf (ca. 8%) and annual
legumes -such as Vicia palaestina Boiss. and
Trifolium purpureum Loisel. (ca. 5% and 4%,
respectively). At the Matta site, dominant species
included a tree and a shrub species (Quercus cal-
liprinos Webb, ca. 6%, and Pistacia lentiscus L.,
ca. 5%, respectively), dwarf shrubs such as S. spin-
osum (ca. 24%) and Cistus -creticus L. (ca. 9%),
annual grasses such A. sterilis (ca. 12%) and
Hordeum spontaneum C. Koch (ca. 7%) and annu-
al legumes such as Trifolium stellatum L. (ca. 5%).

Effects of treatments on species richness

Changes in species richness due to the herbicide and
clearing treatments, are shown in Fig. 1, At the Yishi
site (Fig. la), simazine applications significantly
reduced species richness in quadrats where high
doses were applied (treatments A and B) during the
first and second year after planting (Fg40=950,p
<0.001 and F, 45= 11.50, p < 0.001, respectively).
The Tukey HSD test showed no significant differ-

Mean No of sp. per quadrat
o

c388883838

ences among the cleared and uncleared controls and
the low simazine dose treatment in the first year (D,
E and C respectively). During the second year,
cleared quadrats with no herbicide (D), showed sig-
nificantly higher species richness than all remaining
treatments. Quadrats with the highest herbicide
doses (A), had significantly lower species richness
than all other treatments. During the third and fourth
year after planting, differences among the simazine
treatments and the cleared and uncleared controls
were small and not significant (p > 0.05).

At the Matta site a similar pattern was observed
(Fig. 1b). Significant differences between treat-

. ments were noted during the first and second years

(F4,40=1.65,p <0.0001 and F 49 =3.92,p <001,
respectively). The Skg/ha simazine treatments had

c3B8858838
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Fig. 1. The effects clearing and simazine treatments on
species richness at (a) Yishi site and (b) Matta site.
Treatments: A (n) Clearing + simazine treatment before and
a year after planting (5 kg/ha); B (w) Clearing + simazine

" treatment only before planting (5 kg/ha);

C (m) Clearing + simazine treatment before and a year after
planting (2.5 kg/ha), D () Clearing with simazine treatment
omitted; E (m) Control (no-clcaring' nor simazine treat-
ments).Treatments were compared using one-way ANCOVA
and a subsequently HSD test. ** indicates P < 0.01, *** P <
0.001. Treatments bearing the same letter are not signifi-
cantly different at P < 0.05.



fewer number of plant species during the first two
years after planting, relative to cleared and
uncleared controls. The clearing only treatment (D)
had higher species richness than control, but differ-
ences were not significant. In the third year after
disturbance operations, differences among simazine
and cleared quadrats were small, and not significant
(p > 0.05). However, they remained significantly
higher than undisturbed quadrats.

Effects of treatments on Sforistic composition

Floristic composition lists between pairs of treat-
ments were compared for both research areas dur-
ing all survey seasons. High similarity indexes
between treatments (Sorensen similarity index)
were obtained for both sites (Table 1). Treatment E
(control) is compared only with treatment D
(clearing only) due to the type of disturbance. At

69

the Matta site, a general trend of increasing floris-
tic similarity between treatments with time was
observed (from 73.7% in 1991 to 95.5% in 1993),
while at the Yishi site the increase was less pro-
nounced (from 82.8% in 1990 to 85.9% in 1993),
but with also relatively high similarity indexes.

Effects of treatments on species diversity

The effects of different treatments on species diver-
sity are presented in Table 2 and 3. At the Yishi site,
surface disturbance and removal of perennials
caused an increase in species diversity that was sig-
nificant for three years after the treatment (Table 2,

-D-E). Herbicide applications on cleared surfaces

caused a decrease in species diversity, proportional
to the dose of simazine, that remained significant
for two years after the treatment (A, B, C <D, Table
1). In the fourth year, similar diversity values as in

Table 1. Comparison of Sorensen's similarities indexes (%) between pairs of treatments at the Yishi and Matta experimental sites.

A: Clearing -+ simazine treatment before planting and a year after
ing (5 kg/ha), C: Clearing + simazine treatment before planting

omitted, E: Control (no clearing nor simazirie treatments)

(5 kg/ha). B: Clearing + simazine treatment only before plant-
and a year after (2.5 kg/ha), D: Clearing with simazine treatment

Yishi site Matta site
Pair of treatments 1990 1991 1992 1993 1991 1992 1993
A-B 84.8 71.6 86.5 85.7 711 749 95.8
A-C 83.3 83.4 86.1 88.5 72.9 75 95.1
A-D 81.6 74.9 84.1 875 1.7 712 97.2
B-C 83.2 84.1 88.9 85 76.1 . 722 95.8
B-D 81.5 81.6 88.2 86.7 71.1 71.4 98.6
C-D 82.6 82.7 88.6 88.8 75.9 76.3 979
D-E 824 78.5 83.1 79.4 71.5 74.1 88.5

Table 2. Shannon-Wiener diversity index (H') for different treatment at Yishi site in 1990/93. T-test for H? index, between pair of
treatments. A: Clearing + simazine treatment before planting and a year after (5 kg/ha). B: Clearing + simazine treatment only
before planting (5 kg/ha), C: Cleating + simazine treatment before planting and a year after (2.5 kg/ha), D: Clearing with
simazine treatment om#ted, E: Control (no clearing nor simazine treatments).* indicates P < 0.05, ** P < P01, *** P <0.001
and NS, not significants .- . ¥

*1990 1991 1992 1993

Treatment A B C D B|A B C D E|A B ¢ D E|A-B Cc D E
H'index 296 2.98 329 334 301|248 290 292 322 2.56{3.19 329 3.17 3.25 2.77] 3.02 326 3.14 322 2.69
Pairoftreatments - T  Significance T  Significance T  Significance T  Significsnce
AB 0.129 NS 3:530 s 0.859 NS 0.243 NS
A-C 2,113 . 3.441 - 0:222 NS 0.558" NS
AD 2649 . 7.602 wor 0.560 NS 0.606 NS
B-C 2268 . 0.166 NS 1.060 NS 0.280 NS
B-D 2.825 . 3.714 - 0.384 NS 0342 NS
CD | 0.407 NS 3.076 * 0.791 NS 0.076 NS-
D-E . 3715 - 7392 snn 5.047 e - 1.662 NS
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Table 3. Shannon-Wiener diversity index (H") for different treatment at Matta site in 1991/93. T-test for H’ index, between pair

of treatments. Key legends as in Table 2.

1991 1992 1993
Treatment A B C D E |A B cC D E |A B C D E
H'index 2.14 221 2.51 2.80 2.10|2.01 1.88 2.18 252 2.11(2.74 2.80 2.85 2.87 2.18
Pair of treatments T Significance T - Significance T Significance
A-B 0.301 NS 0.622 NS 0.579 NS
A-C 1.706 NS 1.151 NS- 1,193 NS
A-D 2.828 * 2.581. * 1.240 NS
B-C 1.284 NS 1.276 - NS 0.772 NS
B-D 2.368 * 2.379 * 0.884 NS
CD 1.267 NS 1472 NS 0.204 NS
D-E 3.757 iad 2.001 NS 4.896 hidd

the third year were recorded, but the difference
between the cleared and uncleared controls was no
longer significant.

At the Matta site, a similar pattern for species
diversity was observed (Table 3). Species diversity
was increased by the clearing and reduced by the
herbicide treatments operations during the first
two years. Significant species diversity differences
were observed during the first season between

 turbance operations, plant cover was similar in all

treatments that received high doses of herbicide -
and the no-simazine control treatment (A-D and -

B-D), as well as between the cleared and uncleared
treatments (D-E). During the second year a.gener-
al decrease of species diversity was observed.
Significant diversity differences were found
between high-simazine and no-simazine plots. In
the third year higher diversity values were noted
among all treatments, but significant differences in
diversity: was found only between the clearing
treatment (D) and the uncleared control (E), not
between simazine treatments.

Plant cover

At the Yishi site, in the first year, removal of peren-
nial vegetation and associated srface disturbance
caused a significant increase in’ total plant cover
(including herbaceous plants), compared with the
uncleared control (D-E, Fig. 2a). Simazine applica-
tions at any dose on disturbed areas, significantly
reduced plant cover (A, B, C), back to levels simi-
lar to those found in undisturbed control (E).

In the second year after the treatment, total plant
cover was similar in the uncieated control and in
cleared sites with moderate or¥ no simazine appli-
cations doses, but was significantly lower in sites
which had received a high simazine dose in both
years (A). In the third and fourth year after the dis-

treatments and no significant differences were
noted. v

At the Matta site, the clearing operations signif-
icantly - reduced pla.nt cover compared to the
uncleared control in the first year. Simazine appli-
cations in the cleared sites, further significantly
reduced plant cover (Fig. 2b). These differences’

1991 1992 1993 -

Cover (%)

1893

Year o
Fig. 2. The effects clearing and simazine treatments on plant
cover at (a) Yishi site and (b) Matta site. Treatments: A @,
B (w), C (m), D (m) and E (m). Key to cleanng and simazine
u'eatments as in Fig. 1.



remained significant during the second year. In the
third year, no significant differences in plant cover
among treatments were found.

Life forms

At the Yishi site, clearing drastically decreased the
relative cover of chamaephytes in the first year.
Most of the space released was taken up by a sig-
nificant increase in therophytes (Fig. 3a). With one
exception, the difference in therophyte relative
cover between cleared and uncleared treatments
remained significant until the forth year. Significant
reductions in therophytes relative cover due to the
second simazine application were observed in the
second year, but disappeared in the subsequent
years. Chamaephyte relative cover was not affected
by simazine. :
Clearing treatments enhanced geophyte presence
during the first seasons, showing significant differ-
ences between the disturbed and the control areas

1990 1991 1902 1993

Cover (%)

1991 1982 1993

Year s

Fig. 3. The effects clearing and simazine treatments on cover

of therophytes at Yishi and Matta sites (a and b, respective-
ly). Treatments: A (q), B (w), C (%), D (m) and E (). Key to
clearing and simazine treatments as in Fig. 1.
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(1991: F4 40=3.94,p > 0.01, 1992: Fa40=2.85,p
> 0.05). During the first three seasons significantly
higher geophytes values were obtained in the herbi-
cide treatments (13% relative cover in treatment A
compared to 7% in D). In the last season this effect
was still apparent but no longer significant.

Hemicryptophytes and phanerophytes (minor
elements in these communities) showed no signif-
icant differences between treatments in all survey
seasons. :

At the Matta site, significant differences between
treatments in the relative cover of life forms were
seen only during the first year. Chamaephytes cover
decreased, while therophytes cover significantly
increased in cleared areas with no herbicide appli-
cation (D). Hemicryptophytes-cover significantly
increased (Fy 49 = 5.33, p > 0.01) in the first year in
cleared sites compared to controls (A, B, C, D > E).
Geophytes significantly increased in the first year
(F4,40=4.95, p > 0.01) in sites where high simazine
doses were sprayed, compared to areas where herbi-
cide was not applied (A, B > D, E).

Responses of individual species

The cover of many individual species showed sig- -
nificant responses to the clearing and/or simazine
treatments. A cross-classification of species into
herbicide and clearing response groups, based on
the results of 1990, 1991, 1992 and 1993 for the
Yishi and Matta site is shown in Table 4.

At Yishi, many species of therophytes, geo-
phytes and hemicryptophytes showed positive

‘responses to clearing, while some chamaephytes

showed the expected negative response. A large
group of species showed a negative response to
simazine with a positive or no consistent response
to clearing. The simazine sensitive species were
mainly annuals of the Papilionaceae, Gramineae
and Asteraceae families, but also some hemicryp-
tophytes. There was a small but substantial group
of species that increased in response to simazine,
mostly therophytes and geophytes.

‘At Matta, fewer species showed consistently
significant responses to either clearing or simazine
treatments.

The comparison between the herbicide

increased (H+) and reduced (H-) groups showed a .~

higher number of species that were negatively .
affected (H-) by simazine applications. No signif-

icant association was found between life forms and
herbicide response groups (x?: 4.158; df: 3;p >
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0.235). The chi-square test analysis between the
clearing increased (C+) and reduced (C-) groups,
showed significant life forms differences (x2:
21.55; df: 3; p > 0.001). A higher number of thero-
phytes, hemicryptophytes and geophytes were
enhanced by the removal of aboveground struc-
- tures of perennial vegetation, while chamaephytes
tended to be negatively affected by clearing.

Three dominant plant species, with different
responses to the treatments, were selected from the
individual response analysis in order to character-
ize the general vegetation dynamics.

The annual Ainsworthia trachycarpa Boiss.
(Umbelliferae) is a simazine-enhanced species,

which showed a clear correlation between the inten- -

sity and type of disturbance and its. relative cover

(Fig. 4a). During 1990 and 1991 an increase.in 4. -

trachycarpa cover was observed, particularly in the
herbicide treatments. At the same time, an opposing
response process was noted in A. sterilis, a simazine

1880 1801 1892 1983

Cover (%)

1980 1891 1992 1993
Year e

I
Fig. 4, Changes in cover of Ainsworthia trachycarpa (a),
Avena sterilis (b) and Sarcopoterium spinosum (c), at Yishi
site, Treatments: A (0), B (¢), C (&), D (§) and E (®). Key
to clearing and simazine treatments as in Fig. 1.

“sensitive annual grass, which however did increase

in the clearing treatment D (Fig. 4b). During the last
two seasons the process at the herbicide sites
reversed; A. trachycarpa cover decreased, and that
of A. sterilis increased. By 1993, the relative cover
of A. trachycarpa and A. sterilis in simazine sites
had returned close to, but not quite reached the val-
ues in control sites. S. spinosum, the dominant
dwarf shrub species of these communities, was neg-
atively affected by the clearing operations (Fig. 4c).

-Recovery was somewhat faster in the sites where

simazine has been applied, but was far from com-
plete in any of the treatments in the fourth year.

Discussion -

The clearing and herbicide applications had a major
impact on the dynamics of early successional com- -
munities in newly planted forests. The clearing and
simazine applications opened new sites, released
competition from dominant species and increased
spatial beterogeneity. This permitted the coloniza-
tion and establishment of species that were favoured

‘by the disturbance operations (Denslow 1985;

Pickett & White 1985; Halpern 1988). The signifi-
cant increase in species richness and diversity
observed in the cleared treatment (D), during the
first years at both experimental sites, was probably
related to the increase in resources availability (i.e.,
light and water) .as perennial dominants were.
removed (Armesto & Pickett, 1985). Annuals and
geophytes, competitively suppressed by perennials,
could establish themselves, thus increasirig the
number of species at these sites. During the fourth
season at the Yishi site, spatial heterogeneity was
reduced as general cover of the dominant species
increased. Consequently, significant differences in
species diversity between the cleared and uncleared
control (D-E) were no longer evident.

In the sites where simazine was applied species

richness and diversity was significantly reduced

during the first two years (Tomkins & Grant, 1977).
The herbicide treatment initially suppressed many
simazine-sensitivé species (mainly annuals of the
Papilionaceae, Gramineae and Asteraceae families,
but also some hemicryptophytes). The increase in

"species richness and diversity and the disappearance

of significant differences among treatments during
the third and fourth years, was an indication of the
resilience capability of these communities after dis- -
turbance (Noy-Meir & Walker, 1986).



Following clearing, tall annual species, such as
A. sterilis were probably recruited from the seed
bank and gained dominance due to reduced com-
petition with perennial vegetation (mainly dwarf
shrub species). In sites where simazine was
applied (A, B, C) herbicide-enhanced species such
as A. trachycarpa gained dominance. Recruittent
from seed bank, and reduced competition from
herbicide-sensitive species (e.g. 4. sterilis), in the
absence of perennial and other annual plants, were
likely to be responsible for this phenomenon.
However, these changes in plant composition were
mostly transient. As.the influence of clearing and
of the herbicide decreased, species dominants pre-
vious to the disturbance were restored to their pre-
vious dominant position. S. spinosum, the main
dwarf shrub species of these communities, regen-
erated vegetatively and became dominant once
again. Grasses were recruited by seed rain from the
adjacent non-herbicide quadrats, while legumes
were restored from persistent seed banks. The high
floristic similarity indexes between treatments
found at both sites, also indicated that the distur-
bance operations did not change the qualitative
characteristics of the community. However, impor-
tant temporal changes in the quantitative propor-
tions of the species present at the sites were noted.

The tree saplings, three and four years after
being planted, have on average a height of half a
meter (Sternberg, 1994). Their presence at the time
this study ended had no important influence on the
natural vegetation. Full details on the effects of
clearing and herbicide treatment on coniferous
seedling establishment and growth will be present-
ed elsewhere, but we can briefly mention that
seedling mortality significantly increased with
decreasing intensities and frequencies of simazine
applications. In plots where treatment A was
applied (standard management practices), seedling
survival rates were on avefage around 65%, com-
pared to 20% survival in sites where the herbicide
was not applied (treatment D).

The characteristic of resilience in the disturbed

sites was determined by the life history attributes -

of the dominant species (Noble & Slatyer, 1980;
Armesto & Pickett, 1985). Plant morphology traits

such as bud position allowed plant species to over- -
come the disturbances. For example, chamae-

phytes (the main life form at these communities)
have their perennating buds close to the soil sur-
face. Thus, they are able to resprout after the
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removal of aboveground structures. The storage of
resources into roots and remaining stems allowed-
high re-growth rates and a rapid reoccupation of
the area. S. spinosum recovery was an example of
this process. Geophytes and hemicryptophytes
also overcame disturbance as their buds were
located underground or close to the soil surface.
The herbicide-sensitive species (H-, Table 4) were
able to recolonize sites where simazine was
applied three and four years after its application,
overtaking other species that were originally
enhanced by the herbicide, and to re-establish their
dominance. The main mechanisms involved in this

- phenomenon included seed rain of herbicide-sen-
‘sitive’ species from adjacent non-herbicide plots

(treatment D and E), germination from persistent
seed banks (mostly legumes) (Russi ef al., 1992)
and the gradual decomposition and disappearance
of the herbicide form the soil (Koehler, 1983).
Annual grasses (also herbicide-sensitive) charac-
terized by high growth rates and high reproductive
resource allocations were able to outcompete and
displace the simazine favoured species.

The results for both experimental sites showed a
general trend toward successional convergence
among treatments, as community properties
become more similar with time (Glenn-Lewin &
van der Maarel, 1992). The life history attributes
enabling the dominants to survive in the seed bank

_or reproduce vegetatively after disturbance were

relevant in determining the successional conver-
gence observed in the experimental sites. These
traits are considered common in plants of the
Mediterranean region, with a long history of expo-
sure to disturbance (Naveh, 1975, 1990).

The present study provides meaningful insights
into the early stages of the dynamics of the natur-
al vegetation in newly planted Mediterranean
forests after disturbance by clearing and simazine
applications. The current pre-afforestatfon man- -
agement of these areas appeared to have drastic
effects on community composition in the fifst two

- years, but the resilient characteristics of the natur-

al vegetation allowed a substantial recovery, in the
following two years. The transitory disturbance of
the native plant communities may be justified by
the need to ensure a high establishment rate of

“planted trees (Sternberg, 1994). Thesé piedictions

on community dynamics are relevant ogly until the
interference between the planted trees ahd the nat-
ural vegetation becomes an important factor,
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Table 4. Classification of species by significant responses (p < 0.01) to herbicide/clearing disturbance at Yishi and Matta site.
H-, C-: Abundance usually reduced by herbicide effects and clearing respectively. H+, C+: Abundance usually incressed by her-
bicide effects and clearing respectively. Ho/Hx, Co/Cx: response to herbicide/clearing not detected or not consistent between

treatments and years. # Significant all years,

 Yishi site
H+ Ho/Hx ) H-
C+ Ainsworthia trachycarpatt Andrachne telephioides Alopecurus utriculatus
Erodium cicutarium Carthamus tenuis Anagallis arvensis
Erodium malacoides Daucus carotatt Biscutella didymat
Geranium robertianum Dianthus strictus Hordeum bulbosum
Mercurialis annua -Hordeum spontaneum Nigella arvensis
Ononis pubescens Linum pubescens Pimpinella cretica
: Notobasis syriaca Silybum marianum
Ranunculus asiaticust# Thrincia tuberosa
Sinapis alba .
B Vicia palaestina
C0/ Cx Anchusa strigosa Alcea acaulis Alopecurus arundinacea
Conyza canadiensis . Hirschfeldia incana Anthemis hebronica
Colchicum stevenii Anthemis pseudocotula
Nigella arvensis Asteriscus spinosa
Ononis reclinata Avena sterilis#
Plantago afra Bromus fasciculatus
Scilla automnalis crocodylium
. Theligonum cynocrambe Crepis sancta
.. Torilis tenella# crupinastrum
' ’ Heptatera crenata
Helichrysum sanguineum
Lotus peregrinus
Phagnalon rupestre#
Pisum sativum
Poa bulbosa
Trifolium campestre
Trifolium constantinopolitan. .
. Trifolivum lappaceum
Irifolium
Vicia ciliata
. Vilpia myuros
C- Chiliadenus iphionoides
Majorana syriaca
Microméria nervosa
Sarcopoterium spinosum#
+ Matta site
B+ Ho/Hx H-
C+ Ainsworthia trachycarpa Carlina curetum Anagallis arvensis
Medicago orbicularis Arrhenatherum palaestinum
- ‘Mercurialis annua
N Piptatherum holciformei#
CoCx Poa bulbosa Avena sterilis#
Bromus fasciculatus
Helianthemun salicifolium
- # Lagoecia cuminoides
’ Phagnalon rupestre
- Pisum fulvum
¢ - Aegilops peregrina
Daucus carota

Sarcopoterium spinosumit




The results also showed the importance of adja-
cent non-herbicide plots in the relative fast recov-
ery of both experimental sites, since they provided
seed rain sources of herbicide-sensitive species.
Although not particularly covered in this study, we
believe that on a larger scale, the inclusion of non-
herbicide strips within large afforested areas, or the
local application of herbicide only around planted
trees, could increase edge effects and provide fur-
ther sources for seed rain, enabling a faster restora-
tion of the areas. Further studies including larger
areas than covered by the present study and poten-
tial of herbicide secondary effects such as the con-

tamination of underground water levels (Glenn. & .. . -
Angle, 1987; Stearman & Wells, 1997) or changes

in the invertebrate community (soil macro and
microfauna) (Prasse, 1985), may provide a wider
view of the effects of herbicide applications on
ecosystem functioning in afforested areas of the
Mediterranean region. '

Acknowledgements

The authors would like to thank Liat Hadar and
Barbara Tagliacozzo Sternberg for field work and
technical assistance, and Barak Danin for comput-
erizing help. This study was conducted within the
framework of a joint Jewish National Fund (JN.F)

— Nature Reserve Authority project, and financed

by the JN.F grant No. 202.

References

Aldrich, R. I. & Kremer, R. J. 1997. Principles in weed man-
agement. Iowa State University Press. Second ed. Ames,
USA.

Armesto, J. J. & Pickett, S. T. A. 1985. Experiments on dis-
turbance in oldfield plant communities: impact on
species richness and abundance. Ecology 66: 230%40.

Bazzaz, F. A. 1983. Characteristics of population in relation
to disturbance in natural and man-modified ecosystems.
Pp. 259-275. In: Mooney, H. A. & Gordon, M. (eds),

Disturb: d Ecosystems. Co ents of response. -~ - - fountains
N 14 -mpon___ AR Magurran,A 1988. Ecological diversity and its measure-

Springer-Verlag. Berlin.

Carson, W. P. & Pickett, S. T. A. 1990, Role of resources and -

disturbance in the organization of an old-field plant com-
munity. Ecology 71: 226-238.
Christensen, N. L. & Peet, R. K. 1984, Convergence during

secondary forest succession. Journal of Ecology 72: 25-36. :

D’Angela, E., Facelli, J. M. & Jacobo, E. 1988. The tole of
the permanent soil seed bank in early stages of a post-

agricultural succession in the Inland Pampa. Vegetatio’

74: 39-45.

75

Dan, J., Yaalon, D., Koyumdjisky, H. & Raz, Z. 1970. The
- soil association map of Israel (1:1,000,000) Israel Journal
of Earth Sciences 21: 29-49,

Denslow, J. S. 1985. Disturbance-Mediated coexistence of
species. pp. 307-321. In: Pickett, S. T. A. & White, P. S..
The ecology of natural disturbance and patch dynamics.
Academic Press Inc. New York.

Facelli, J. M. & Pickett, S. T. A. 1990. Markovian chains and

. the-rale of history in succession. Trends in Ecology and
Evolution 5: 27-30.

Feinbrun-Dothan, N. & Danin, A. 1991. Analytical Flora of
Eretz-Israel. Cana Publishing Ltd, Jerusalem.

Glenn-Lewin, D. C. 1980. The individualistic nature of plant
community development. Vegetatio 43: 141-146.

Glenn-Lewin, D. C. & van der Maarel, E. 1992. Patterns and
processes of vegetation dynamics. In: Glenn-Lewin,

-+ D.C, Peet, R. K. & Veblen, T: T. (eds), Plant succession.

" " Theory and prediction. Chapman & Hall. London.

Glenn, S. & Angle J. S. 1987. Atrazine and simazine in
runoff from conventional and no-tillage corn watersheds,
Agricylture Ecosystems.and Environment 18: 273-280.

Greig-Smith, P. 1983. Quantitative plant ecology. pp. 23-24,
46-47. University of California Press. Great Britain.

Halpern, C. 1988. Early successional pathways and the resis-
tance and resilience of forest communities. Ecology 69:
1703-1715. .

Hatton, T. J. & West, N. E. 1987. Barly seral trends in plant
community diversity on a recontoured surface mine,
Vegetatio 73: 21-29.

Haywood, J. D. 1994. Tenth-year results of herbaceous weed

control in a loblolly pine plantation. South African
Journal of Applied Forestry18: 105-107.

Inouye, R.S., Huntly, N. J,, Tilman, D., Tester, J. R., Stillwell,
M. & Zinnel, K. C. 1987. Old-field succession on a
Minnesota sand plain, Ecology 68: 12-26,

Inouye, R. S. & Tilman, D. 1988. Convergence and diver-
gence of old-field plant communities along experimental
nitrogen gradients. Ecology 69: 995-1004.

' Tvens, G. W, 1989. The UK. pesticide guids. pp. 447-448.

CAB International and the British Crop Protection
Council. UK. )

Koehler, C. W. 1983. Persistence of simazine in a sandy
loam soil, sprayed to control herbaceous vegetation. Rev.
Set. Cienc. Agr. 5: 49-53.

Leps, J. & Rejmanek, M. 1991. Convergence or divergence:

what should we expect from vegetation succession?
Oikos 62:261-264. -

Litav, M., Kupernik, G. & Orshan, G. 1962. The role of com-
-petition as a factor in determining the distribution of
dwarf shrub communities in the Mediterranean territory
of Israel. Journal of Ecology 51: 467-480. .

Litav, M. 1969. Batha communities in the Judean
Mountains. Teva Ve Haaretz 11: 204-212. (In Hebrew).

ment, University Press, Cambridge. .
McLendon, T. & Redente, E. F. 1990. Succession patterns
following soil disturbance in a sagebrush steppe commu-
_.nity..Oecologia 85: 293-300. '

. . Mitelier-Dorsibois, D. & Ellenberg, H. 1974. Aims and meth-

ods of vegetation ecology. Wiley, New York.

Myster, R.W. & Pickett, S. T. A. 1990. Initial conditions; his-
tory and successional pathways in ten contrasting. old
fields. American Midland Naturalist 124: 231-238.



76

Naveh, Z. 1967. Mediterranean ecosystems and vegetation
types in California and Israel. Ecology 48: 445-458,

Naveh, Z. 1975. The evolutionary significance of fire in the
Mediterranean region. Vegetatio 29: 199-208.

Naveh, Z. 1990. Fire in the Mediterranean — A landscape
ecological NFerspectlvc pp. 1-20. In: Goldammer, J. G. &
Jenking, M.J. (eds), Fire in ecosystem dynamics. SPB
Academlc Publishing, Netherlands.

Noble, L. R. & Slatyer, R. O. 1980. The use of vital attribut-
es to predict successional changes in plant communities
subjects to recurrent disturbance. Vegetatio 43; 5-21.

Noy-Meir, L. & Walker, B. H. 1986. Stability and resilience

in rangelands. pp.21-25 In: Joss, P. J.,, Lyach, P W. &
W'ﬂhams O. B. (eds), Rangeland under siege. Australian
Academy of Sciences, Camberra.

Peet, R. K. & Christensen, N. L. 1980. Sucoessmn a popu-

lation process. Vegetatio 43: 131-140.

Pickett, S. T. A. & White, P. . 1985. The ecology of natural =

disturbance and patch dynamics. Academic Press Inc.
New York.

Pielou, E. 1975. Ecological diversity. Wiley. New York. -

Pineda, F.C., Nicolas, J. P. & Galiano, E. F. 1981. Ecological
succession in ohgotxophxc pastires of central Spain.
Vegetatio 44:165-174.

Prach, K. 1985. Succession of vegetation in abandoned
fields in Finland. Annals Botanica Fennici 22: 307-314.

Prasse, I. 1985, Indications of structural changes in the com-
munities of microarthropods of the soil in an agro-
ecosystem after applying herbicide. : Agriculture
Ecosystems and Environments 13: 205-215.

Putwain, P. D. & Harper, J. L. 1970. Studies in the dynamics
of plant population. Il The influence of associated
species on populations of Rumex acetosa L. and R. ace-
tosella in grassland. Journal of Ecology 58: 251-264.

Rejmanek, J. R., Sasser, C. E. & Gosselink, J. G. 1987,
Modeling of vegetation dynamics in the Mississippi
River delta plain, Vegetatio 77: 133-140.

Russi, L., Cocks, P. & Roberts, E. H. 1992. Seed bank dynam-
ics in a Mediterranean grassland. Journal of Applied
Ecology 29:763-771.

SAS.Institute. 1990. SAS/STAT guide for personal comput-
ers. Version 6. Fourth edition. SAS Institute. Cary, North
Carolina, USA.

‘Sokal, R. & Rohlf, E. 1995. Biometry. The principles +nd

- practice of statistics in biological research. Third Ed.
Freeman & Co. New York.

 Stearman, G. K. & Wells, M. J. M. 1997. Leaching and runoff

of simazine, 2,4-d, and bromide from nursery plots.
Journal of Soil and Water Conservation 52: 137-144,

Sternberg, M. 1994. Early successional pathways after dis-

_ turbance with herbicide in herbaceous communities in
= young planted forests. in the Judean Mountains. Ph.D.
Thesis. The Hebrew University of Jerusalem, Israel.

Tomkms D. J. & Grant, W. F. 1977. Effects of herbicides on
species diversity of two plant communities. Ecology 58:
398-406.

Tukey, J. 1953. A problem of multiple compansonx.
Princeton University Press. USA.

Van Hulst, R. 1978. On the dynamics of vegetation: Patterns
of environmental and vegetational change. Vegetatio 38:
65-75.

Viragh, K. 1987. The effect of herbicides on vegetation
dynamics: A five year study of temporal variation of
-species composition in ent grassland plots. Folia

. Geobotanica et Phytotaxonomica 22: 385-403.

Zohary, M. 1973. Geobotanical foundations of the Middle

East. Gustav Fischer Verlag, Stuttgart.



