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Abstract. The influence of types of disturbance (hereon referred to as treat-
ments) on natural vegetation was determined on richness and diversity of peren-
nial grasses in semiarid rangelands of Argentina (40° 39'S, 62° 54Y). Studies were 
performed in adjacent areas which received different treatments: (1) untreated con-
trol; (2) burning; (3) herbicide application (shrub control); (4) Old Field 1 or (5) Old 
Field 2 (areas previously subjected to mechanical soil disturbance for 25 years; Old 
Field 1 liad been exposed to a more severe grazing than Old Field 2 previous to 
cropping); and (6) overgrazing. During 1984-1992, annual aboveground biomasa was 
determined per perennial grass species within each treatment after clipping per-
manent plots (n=30). Grasa species richness and diversity were higher (p<0.05) on 
the Control than on sites receiving a more severe or continuous grazing (Old Field 1 
and Overgrazing). With a few exceptions, the Control, Shrub Control and Old Field 
2 treatments had a similar (p>0.05) perennial grass species richness and diversity. 
Changes in grass species diversity arnong years within each treatment were due to 
changas in both richness and relative biomasses of the studied species. The declin-
ing trends in grass species richness or diversity during 1984-1992 liad equal slope in 
all treatments, indicating that the reduction rate of these variables ovar time was 
the sama independent of disturbance type. Principal Coordinate Analysis showed 
that the similarity of species composition was greater among years within any treat-
ment than mnong treatments in any given year. However, more than 69% of all 
perennial grass species were desirable perennial grasses in all treatments and years. 

Key words: Argentina grasslands, rangeland disturbances, perennial grasses, 
species richness and diversity. 

Resumen. Se determinó la influencia de tipos de disturbios (desde aquí en más 
llamados tratamientos) de la vegetación natural sobre la riqueza y diversidad de 
grarníneas perennes en pastizales semiáridos de Argentina (400 39'S, 62° 540). Los 
estudios se efectuaron sobre áreas adyacentes que recibieron diferentes tratamientos: 
(I) control no tratado; (2) quema; (3) Aplicación de herbicidas (control de arbustos); 
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(4) Campo abandonado 1 o (5) Campo abandonado 2 (áreas expuestas previamente a 
disturbio mecánico del suelo durante 25 años); el Campo abandonado 1 había sido 
expuesto a un pastoreo más severo que el Campo abandonado 2 previo a su cultivo; 
y (6 ) Sobrepastoreo. Durante 1984-1992, se determinó la biomasa aérea anual por 
especie de gramínea perenne dentro de cada tratamiento después de cortar parcelas 
permanentes (n=30). La riqueza y diversidad de especies de gramínea fueron mayores 
(p<0.05) en el Control que en sitios que recibieron un pastoreo más severo o continuo 
(Campo abandonado 1 y Sobrepastoreo). Con unas pocas excepciones, los tratamientos 
Control, Control de arbustos y Campo abandonado 2 tuvieron una riqueza y 
diversidad de especies similar (p>0.05). Los cambios en la diversidad de especies de 
gramíneas entre años dentro de cada tratamiento fueron debidos a cambios en la 
riqueza y biomasa relativa de las especies. La tendencia decreciente tanto en la 
riqueza como en la diversidad de especies de gramíneas durante 1984-1992 tuvo la 
misma pendiente en todos los tratamientos. Esto indica que la tasa de reducción de 
estas variables en el tiempo fue la misma independientemente del tipo de disturbio. 
El análisis de coordenadas principales mostró que la similitud de composición de 
especies fue mayor entre años dentro de cualquier tratamiento que entre tratamientos 
en cualquier año dado. Sin embargo, más del 69% de todas las especies de gramíneas 
perennes fueron gramíneas perennes deseables en todos los años y tratamientos. 

Palabras clave: pastizales de Argentina, disturbios en pastizales naturales, 
gramíneas perennes, riqueza y diversidad de especies. 

Concern is increasing about the effects of range improvement prac-
tices on species richness and diversity (33, 44). Cooperrider (9) pointed 
out that range improvement projects typically emphasize increasing live-
stock forage while reducing plant species diversity. Other studies have 
reported that both selective and non-selective grazing or soil disturbance 
associated with grazer activity can potentially increase or decrease plant 
species diversity (25). Furthermore, grazers may interact with other pro-
cesses operating at different spatial and temporal scales (e.g., fire, drought, 
species interactions) resulting in scale dependent effects (10, 22). How-
ever, range improvement practices (e.g., woody plant control, appropri-
ate grazing management) can be designed and planned to maintain or 
increase plant species richness and diversity (35,17). Maintaining 
biodiversity, a concept which includes species richness and diversity, is a 
desirable goal for range managers. Primary production may be more re-
sistant te and recover more fully from disturbances (e.g., drought) in more 
diverse plant communities (34, 43). Biodiversity components can also in-
fluence structural and fiinctional attributes of grassland ecosystems (2,43), 
but factors affecting biodiversity components in rangelands remain poorly 
understood (44). 

Effects of various management alternatives on perennial grass stand-
ing crop have been examined in the south of the Phytogeographical Prov-
ince of the Monte (13). In this region of Argentina, however, information 
is lacking on grass species richness and diversity measured during sev-
eral consecutive years on fields disturbed at different times in the past, 
or on fields all disturbed at approximately the same time. In this paper, 
we use the Simpson diversity index as a measure of plant species diver- 
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sity. Our objective is to report on nine years of grass species richness and 
diversity sampling in six areas with different disturbance histories previ-
ous to the sampling period, but undisturbed during the sampling period. 
This information is important in answering questions on long-term dy-
namics of recovery of semi-arid vegetation after disturbance. 

MATERIALS & METHODS 

Study site. Research was conducted at the field site of the Experi-
mental Farm of Patagones (400  39'S, 62° 54'W; 40 m a.s.1.) which is lo-
cated 22 km north of Carmen de Patagones. This site is within the Phyto-
geographical Province of the "Monte" (6). Long-term (1901-1950) mean 
annual values are 331 mm for rainfall, 14.6°C for temperature, 60% for 
relative humidity and 13 km h-1  for wind speed. Absolute minimum (Au-
gust) and maximum (January) temperatures are -7.6 and 43° C, respec-
tively. A meteorological station at the study site provided various climatic 
parameters during 1984-1992 as shown in Fig. 1. Regional topography is 
typically a plain. In ninety one percent of samples (n=44), soil texture 
was from sandy to sandy loam in all disturbance types (hereon referred 
to as treatments). Soil physical and chemical characteristics, determined 
following Allison et al. (1), were similar at all study sites (Table 1). 

Monte vegetation is a steppe scrub dominated by microphyllous, 
xerophytic shrubs 1 to 3 in high (15). Perennial grasses are dominant 
within the herbaceous layer. In this study, perennial grasses were classi-
fied following Cano (7) according to their degree of acceptance by live-
stock as desirable Wromus brevis Nees, Koeleria permollis Nees, 
Pappophorum subbedbosum Arech., Piptoehaetium napostaense (Speg.) 
Hack., Poa lanuginosa Poir., P. ligularis Nees ex Steud., Sporobolus 
cryptandrus (Torr.) A. Gray, Stipa clarazii Ball, S. papposa Nees and S. 

Table 1.- Physical and chemical characteristics between 0-30 cm soil depth in the 
samples were taken for analysis in the whole, yet untreated, Control+Burnt+Shrub 
Control ama. Each value is the mean ± 1 SE of n=2-7. Single values come from n=1. 

Disturbance 
type pH OM (%) HCO3 (me 1') 1320, (ppm) le(ppm) 

Control+Burnt+ 
Shrub Control 7.10 ± 0.08 1.40 ± 0.12 2.30 ± 0.75 14.70 33.70 ± 4.75 
Old Field 1 6.80 ± 0.10 1.60 ± 0.02 2.50 ± 0.80 12.50± 11.84 40.25 ± 0.25 
Old Field 2 7.10 N.D.° 2.00 N.D. 30.00 
Overgrazed 7.04 ± 0.02 1.50 ± 0.21 2.00 t 0.65 13.10 t 3.97 34.10 ± 2.75 

° Not Determined 
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Fig. 1.— (a) Mean monthly maxi-
mum and mínimum, and 
mean monthly air tempera-
tures, (b) mean monthly soil 
temperatures at 0.05-0.5 cm 
depth; temperatures were 
taken at 0.05, 0.10, 0.20, 0.30, 
0.40 and 0.50 cm depth, and 
averaged over the 0.05-0.50 
cm soil depth range, (c) mean 
monthly maximum and raini-
mum , and mean monthly 
relative humidities, (d) mean 
monthly pan evaporation and 
(e) daily rainfall during 1984-
1992 at a meteorological sta-
tion located at the study site 
in the Phytogeographical 
Prov ince of the Monte. 
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tenuis PM.); intermediate (Aristida pallens Cav., A. spegazzinii Arech., A. 
subulata Henrard, A. trachyantha Henrard, Stipa speciosa Trin. & Rupr., 
grazed when desirable species are not available); or undesirable [Sporobolus 
rigens (Trin.) Desv., Stipa ambigua Speg., S. brachychaeta Godron, S. 
trichotoma Nees, only grazed when a better forage is not availablel Except 
for the warm-season Sporobolus, Aristida and Papphophorum species, 
which show the reproductive developmental phase from mid to late sum-
mer, ah l other Ca  perennial grasses resume growth in fall, stay vegetative 
during winter, and flower and set seed during spring and early summer 
(18). 

The plant community in the study area was characterized (n=20 
stands) on 1 November 1977 by usiiag Braun Blanquet's (36), abundance- 

• dominance/sociability index. Species with the highest index were 
Chuquiraga erinacea D. Don (mean=2.3), Condalia microphylla Cav. 
(mean=1.1), Schinus fasciculatus (Gris.) I.M. Johnston (mean=1.1), Lycium 
chilensis Miers ex DC. var. minutifolia (mean=1.1) and islands of Geoffroea 
decorticans (Gil!. ex Hook. & Am.) Burkart (mean=4.4) for the shrubby 
layer; Baccharis ulicina Hook. & Am. (mean=1.2) for the forb layer, and 
S. tenuis (mean=4.4), S. clarazii (mean=2.3), P. ligularis (mean=1.2) 
and P. napostaense (mean=1.2) for the grass layer. The community was 
then classified asan open shrubland of Ch. erinacea and C. microphylla 
with islands of G. decorticans within a continuous herbaceous layer of S. 
tenuis (13). AH study areas were similar in initial vegetation structure 
and botanical composition, topography and soil, supporting our assump-
tion that areas representing different treatments were sufficiently simi-
lar in site characteristics to interpret any differences between them mainly 
as resulting from treatments rather than site effects. 
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Table 2.— Disturbance history and sampling of the study area 

Date 	 Disturbance history and sampling 

Before 1951 AM study area was grazed by cattle and sheep 
1951-1975 	Cultivation of wheat was made in two areas (Old Field 1 and Old Field 2) 

which were 1 km from one another. Grazing was allowed on these areas 
once every two years. 

1975-1993 	Old Field 1, Old Field 2, Control, Shrub Control, and Burnt areas were 
excluded from domestic herbivory. 

1977-1978 	Shrub Control and Burnt arcas were exposed to either herbicides or burning, 
respectively. 

1981-1993 	An additional, severely overgrazed area (Overgrazed) was excluded from 
herbivory. 

1978-1983 	Budget contraints prevented data collection 
1984-1992 	Species richness and diversity were measured in ah l disturbance types. 

Treatments. Several disturbances (treatments) were imposed on 
areas which had been exposed to continuous grazing by cattle and sheep 
before 1951 (Table 2). Trees and undergrowth were deared in 1951 from 
two fenced areas which were at least 1 km apart. Surfaces of these areas 
were 4.6 (Old field 1) or 15.1 (Old field 2) hectares. Before fencing in 1951, 
Old field 1 was closer than Old field 2 to a watering point for cattle. Thus, 
since grazing effects on vegetation can be associated with distance from 
water (16, 45), the smaller area supported heavier grazing than the larg-
est, more distant area before cultivation. Both of these areas were then 
cropped with wheat during 1951-1975; grazing was allowed on these ar-
eas once every two years (Table 2). During this period (1951-1975), an 
area (95 hectares) between both Old Fields was kept uncleared and grazed 
by cattle and sheep. Access of domestic herbivores was then excluded 
from both Old Fields, and the area in between, during 1975-1993 (Table 
2). The 95 ha area, however, was exposed to three different disturbances 	• 
between December 1977 and March 1978: one site of 34 ha remained 
untreated (Control); another site of 37 ha was burned (Burnt), and herbi-
cides were applied on a 24 ha third site (Shrub control) (Table 2). 

Burning was performed on 3 March 1978 when maximum and mean 
air temperatures were 23.5 and 14.4° C, respectively, mean relative hu-
raidity was 49%, mean wind speed was 22 km Ir', and dry weight of fine 
fuel load was 438-±56.5 kg ha4. At this time, mean regrowth height was 
12 cm for perennial grasses; shrubs were at the maturation and dissemina-
tion stage of development. One year after burning, ?_50% of plants of G. 
decorticans , C. microphylla , L. chilensis , Ch. erinacea , Larrea divaricata 
Cav. and S. fasciculatus had produced basal regrowth. 

Digiuni (13) has already reported details of chemical shrub control 
in this study. Briefiy, an aerial application of Tordon 213 (2 1 ha-1) and 
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2,4,5-T (41 ha-1) was performed on 29 December 1977 At this time, mini-
mum, maximum and mean air temperatures were 13.6, 21.2 and 18.7°C, 
respectively, mean air relative humidity was 58%, mean wind speed at 4 
m height was 14 km h-1, accumulated rainfall during December was 108.2 
mm and shrubby vegetation was at the reproductive developmental stage. 
Immediately after their application, herbicides produced death or total 
defoliation with no basal regrowth in C. microphylla, G. decorticans, L. 
chilensis and L. divaricata, and less than 50% defoliation in Ch. erinacea. 
Sixteen months later, regrowth had not been produced by 80-90% of C. 
microphylla and G. decorticans plants. The remaining plants, however, 
and those of L. chilensis, Ch. erinacea and L. divaricata were less than 
50% defoliated. Lack of manpower prevented study of shrub recovery 
afterwards. 

Another adjacent site (168 ha) had been severely overgrazed until 
1981 (2.5-4.5 ha/cow equivalent), and it was then excluded from domestic 
herbivory until 1993 (Overgrazed) (Table 2). In 1981, visible signs of se-
vere overgrazing by sheep were noticeable in this paddock: basal area of 
perennial grass tussock had been grazed to the soil surface and bare soil 
percentage cover was large with almost no litter cover (Giorgetti, pers. 
comm.). None of the treatments was grazed during 1981-1992. 

Sampling procedures. Unfortunately, change of research scien-
tists at the Experimental Farm of Patagones in 1978 and economic con-
straints precluded data collection on all treatments during 1978-1983. 
During 1984-1992, maximum aboveground standing crop was obtained 
in all treatments by hand clipping live plus recently dead herbage by 
late December or early January, when major perennial grass species 
reached maturity. At harvesting time during this period, perennial 
grasses were clipped to 3-5 cm stubble height on each of 30 randomly 
distributed, permanent plots (0.5 x 0.5 m) in each treatment. Because 

á 

	

	treatments were unreplicated, the results will be treated as a case study, 
with statistical inferences applying only to the study area in order to 
avoid misinterpretation (26). Since there is only one large-scale plot for 
each treatment, the sampling quadrats within each plot are pseudo-
replicates and not true replicates. Perennial grasses were separated by 
species, dried in a forced draft oven at 70° C until constant weight, and 
weighted. 

Principal coordinate analysis was used to detect possible perennial 
grass species associations among years and/or treatments. With this pur-
pose, biomasses of each of the 19 perennial grass species were averaged 
over the 30 quadrats, and its relative contribution to total biomass was 
calculated giving a proportion vector for each treatment and year. The 
Morisita-Horn (41) index was then calculated for any pair of proportion 
vectors as follows: 
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where (p, ,,,,, P,„) and (p„,...,P,u,) corresponded to any combination of treat-
ment and year for species (k) 1 through 19. This index takes int,o account 
species dominance: it detects greater association between vectors shar-
ing a dominant species than between those which aliare species of simi-
lar importance. Vectors are represented as points within a space where 
distance among them represents a measure of their association; closer 
points then represent a greater association. 

Species richness refers to the number of perennial grass species 
sampled within each quadrat and is expressed for each treatment and 
date. Species diversity, which includes both richness and evenness or 
equitability of species'relative biomass components, was calculated for 
each quadrat within each treatment and year, using the Simpson's index 

(1.4pik2) where p is the relative biomasa of species k (41, 3). 

Simpson's index was used since it is implicitly considered in the 
algorithm of the association index of Morisita-Horn. Species present at 
any one treatment and year will be referred as botanical composition. 
Species composition will refer to relative biomasses of each species. 

Statistical analysis. Statistical comparisons for grass species rich-
ness or diversity were made between the Control versus any of the other 
disturbance types using the non-parametric Dunnett's test (46). Con-
trasts were also tested between pairs or groups of treatments that had a 
similar disturbance history in most periods but differed in one treatment 
factor in one period. With this purpose, Scheffes contrasts were applied 
on rank averages (46) to test the following comparisons: Old Fields ver-
sus ah others, Old Field 1 versus Old Field 2, and Overgrazed versus 
Control+Burnt+Shrub Control. These analysis were performed using 
BMDP New System for Windows, Version 1. Changes in grass species 
richness or diversity with time (years) within each treatment were tested 
using linear regression analysis (37) to detect any trend over years. Re-
gression hines were compared between treatments, and data were pooled 
if they were not significantly different (p>0.05 ). When regression unes 
were significantly different (p<0.05), slopes of these limes were tested for 
equality following the procedure of Neter & Wasserman (37). Briefly, a 
95 percent confidence interval for the difference between any two slopes 
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was constructed; whenever a confidence interval covered that the differ-
ence between any two slopes was equal zero, this suggested that the two 
slopes were the same (37). 

RESULTS & DISCUSSION 

Species relative contribution to total standing crop biom-
ass. Poa ligularis and S. clarazii contributed the least to total perennial 
grass standing crop in the Overgrazed treatment in our study (Table 3). 
Busso (5) reported that these species are the most preferred by cattle in 
semi-arid rangelands of Central Argentina, and tend to disappear from 
the pastures with heavy grazing. Proper grazing management aids re-
cruitment and persistance of desired species, whereas poor management 
hastens their replacement by other, less desirable species (28). 

Undesirable perennial grasses were mostly found in the Old Field 1, 
which had been heavily grazed before 1951, and Overgrazed treatments 
(Table 3). Species of this group, such as S. ambigua, S. brachychaeta and 
S. trichotoma, are indicative of previous grazing mismanagement condu-
cive to rangeland deterioration (7). Intermediate perennial grasses were 
mostly present in the Old Field 2 treatment (Table 3). These grasses in-
cluded Aristida species (e.g., A. subulata) which may also indicate range-
land overuse (7). Another factor which may have affected the presence of 
species almost exclusively found in the Old Field 1 or Old Field 2 treat-
ment is distance to seed sources Propag-ules were probably destroyed by 
years of cultivation so that botanical composition at both Old Fields was 
very likely infiuenced by distance to sources of new propagules. The im-
portance of distance to seed sources in revegetation of disturbances on 
rangeland was emphasized by Glenn & Collins (20) and Samuel and Hart 
(42). The abundance of seed and other propagules in the soil may be the 
primary control of secondary succession in grasslands (31). 

Disturbance history on grass species richness and diversity. 
Disturbance type comparisons. The Control had a lower (p<0.05) grass 
species richness than the Burnt treatment in 1987, and than the Shrub 
Control treatment during 1985-1987 (Tables 4 & 5). Except for 1991, when 
grass species diversity was lower (p<0.05) in the Shrub Control than in 
the Control treatment, the Control, Burnt and Shrub Control treatments 
had a similar (p>0.05) grass species diversity during 1984-1992 (Tables 4 
& 5). Also, the Old Field 2 and Control treatments had a similar (p>0.05) 
grass species both richness and diversity during 1985-1992, except in 1984 
when grass species richness (p<0.01) and diversity (p<0.05) were lower in 
the Old Field 2 than in the Control treatment (Tables 4 & 5). Our results 
are similar to those of Nolte et al. (38) in the western Rio Grande Plain 
where plant species richness and diversity were similar in ephemeral 
drainages chained (about 40 years earlier) and then root plowed (about 



Table 3.- Percentage contribution of desirable, intermediate and undesirable grass species to total perennial grass standing crop in the 
different treatments during 1984-1992. 	co 

Sp coles Disturban ce 
tYP± 1989 1985 1986 1987 1988 1989 	1990 1991 1992 

Aristida sulmlata 
Control 0 o o o o o o 
Bumt o o o o o o 0 

Shrub control 0 0 0 0 o o 0 
Old Field 1 0 0 o o o o o 
Old Field 2 439 ± 3.34 4.47 ± 9.03 4.40 ± 2.58 6.44 ± 3.39 7.05 s 3.39 3.24 1.70 	4.24 ± 2.31 2.44 4 	1.42 2.53 1.87 
Overgrezed o o o o o o o 

Pa ppophorum subbulbosum 
Control 1.40 ± 0.68 2.22 ± 	1.19 2.90 1.11 3.41 * 1.73 4.07 ± 1.99 0.10 0.10 	0.11 ± 011 0.28 ± 0.20 
Bumt 250 ± 1.27 3.35 ± 	1.81 5.72 ± 9.42 6.93 ± 3.94 7.35 ± 3.87 4.61 2.78 	3.99 	2.17 9.36 ± 2.33 3.50 1.85 

Sbrub control 9.35 3.50 13.44 ± 4.23 11.64 ± 3.64 15.11 ± 4.24 14.88 ± 4.46 5.41 1.87 	5.88 a 2.08 7.06 ± 	1.94 7.83 2.36 
Old Field 1 0.25 ± 0.19 0.45 ± 0.91 1.92 ± 	1.11 2.35 ± 1.43 4.08 * 2.43 2.59 1.59 	2.35 ± 1.67 3.89 * 2.50 1.94 1.52 
Old Field 2 1.61 ± 0.89 229 1.31 3.01 ± 1.70 3.42 I 	1.74 3.73 ± 	1.96 2.53 0.93 	4.10 ± 1.50 2.51 ± 0.93 2.20 0.95 
Overgreeed 7.37 t 2.34 7.85 335 7.59 ± 3.37 10.96 ± 4.12 10.55 ± 4.67 9.11 2.16 	7.66 t 4.15 7.67 2 4.03 8.52 4.42 

Pintor hartium napostaense 
Control 6.39 ± 224 5.93 ± 	1.94 7.24 ± 2.13 6.18 ± 	1.92 7.31 ± 2.63 7.73 2.32 	8.26 ± 9.02 4.80 ± 	1.42 10.17 267 
Burnt 5.71 ± 	1.43 6.49 ± 	1.80 6.78 ± 1.50 8.32 ± 2.00 9.44 2 2.61 7.98 1.95 	8.20 t 2.21 6.53 : 	1.97 6.70 2.14 

Shrub control 4.43 ± 	1.61 3.67 ± 	1.40 4.37 ± 1.54 5.32 ± 1.96 4.51 s 1.88 4.08 1.79 	2.36 ± 1.00 2.72 ± 	1.33 3.40 1.52 
Old Field I 0 0.04 ± 0.04 0 0.14 ± 0.14 0 0 0 
Old Field 2 7.42 t 2.91 5.72 ± 264 5.04 ± 2.09 5.07 ± 2.00 6.48 ± 2.75 9.37 3.01 	9.56 1 2.97 12.33 ± 3.87 16.73 4.50 
Oven:1'228d 27.06 t 3.68 36.03 ± 	5.78 39.36 ± 6.28 44.79 ± 6.92 42.76 a 6.58 40.95 6.69 	39.01 ± 7.23 41.18 ± 	7.33 44.50 7.50 

"no Iigutars  
Control 24.14 ± 3.89 15.92 ± 3.65 19.70 ± 3.56 14.15 2 3.35 17.89 t 9.23 24.31 4.33 	24.48 t 4.87 2228 * 3.98 23.38 4.31 
Burnt 17.51 ± 3.31 13.78 ± 2.87 19.91 ± 3.56 18.85 2 3.62 25.49 t 4.74 35.60 5.58 	99.29 ± 5.28 34.29 ± 5.29 37.95 5.56 

Shrub control 93.87 ± 4.42 23.95 ± 	3.43 27.80 ± 3.88 30.03 ± 4.10 33.44 ± 5.13 46.63 5.71 	51.39 4 6.06 99.83 ± 5.85 49.34 5.86 
Old Field 1 3.27 a 	1.51 3.97 ± 	2.31 6.92 ± 3.26 7.25 ± 2.91 9.64 ± 4.28 10.82 4.44 	11.71 ± 4.61 14.12 2 	5.01 14.05 4.50 
Old Field 2 o o o o 0 0.44 ± 0.32 1.18 2 0.82 2.39 1.66 
Overgrazed 1.46 ± 0.95 0.63 ± 0.51 1.46 ± 1.46 0.80 4 0.80 1.40 ± 1.15 2.71 1.63 	4.84 ± 2.91 4.98 ± 3.24 3.69 258 

Stipa ambigua 
Control O O O O o o O 
Bumt o o o o o o o 

Shrub control o o o o o o o 
Old Field 1 27.50 ± 5.39 17.91 t 	5.02 15.02 ± 4.62 12.18 2 4.24 7.36 ± 3.84 5.73 3.48 	16.12 ± 5.49 8.44 4 4.33 19.11 525 
Old Field 2 0.27 ± 0.27 0 0.04 2 0.04 0 o o o 
Overgra2ed O o o o o o o 

Stipa braeltychaela 
Control 0 o o o o o 0 
Burnt O O O O o o o 

Shrub control 0 0 0 0 o o o 
Old Field 1 9.80 t 3.91 7.01 2 3.58 1.74 t 	1.05 2.87 ± 	1.99 8.04 t 3.75 0 6.80 4 3.78 
Old Field 2 o o o o o o O 
Overgrazed O O O O o o o P0
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Table 3 leontinued) 

Species Disturbance 
type 1984 1985 1986 1987 1988 1989 1990 1991 1992 

Stipa elarasii 
Control 37.48 ± 9.90 37.92 	± 	4.41 26.72 3.21 31-70 * 4.09 41.60 ± 4.38 32.13 ± 4.56 32.74 ± 9.25 34.37 ± 3.99 37.56 ± 4.86 
Burnt 39.91 * 3.70 35.54 ± 	3.72 27.71 ± 3.52 38.76 ± 4.66 37.97 ± 4.86 24.98 3.90 26.65 4.30 32.32 ± 517 3503 ± 4.56 

Shrub control 25.99 ± 4.02 23.21 	y 	3.37 17.95 ± 2.83 18.90 ± 3.67 20.10 ± 4.29 11.94 ± 3.20 19.67 ± 3.14 16.52 a 3.90 18.70 ± 4.17 
Old Field 1 3.38 ± 1.02 4.83 	± 	1.87 7.57 2.44 11.01 ± 3.55 12.64 ± 3.86 6.18 ± 2.81 8.73 ± 2.89 11.46 I 3.65 14.60 ± 4.22 
Old Field 2 3.77 ± 1.66 3.27 	± 	1.29 5.08 ± 1.89 4.35 ± 	1.63 7.44 * 3.23 9.85 * 	3.15 6.71 ± 2.37 15.03 ± 4.17 20.11 I 5.21 
Overgrazed 8.02 ± 1.74 5.24 	1.64 4.45 ± 1.70 5.70 ± 	1.74 7.82 ± 3.84 6.79 ± 3.04 9.94 ± 2.32 4.14 ± 	2.08 6.66 ± 2.92 

Stipa papposa 
Control 6.88 a 	1.50 7.09 ± 	1.97 6.06 ± 1.79 4.14 ± 	1.39 4.29 * 	1.33 1.91 ± 0.94 0.73 ± 0.38 0.63 ± 0.43 0.95 ± 061 
13umt 11.45 ± 3.02 12.05 ± 	3.23 9.37 ± 2.58 9.04 ± 2.61 6.46 * 2.57 5.90 ± 	1.88 7.61 ± 2.75 6.96 ± 2.75 5.72 ± 2.57 

Shrub control 14.76 2.90 16.87 	± 	3.16 19.28 ± 3.22 15.03 ± 3.15 13.45 t 3.41 14.69 * 3.87 12.56 ± 3.59 9.21 ± 2.94 12.01 ± 3.70 
Old Field 1 7.10 ± 2.97 5.11 	t 	1.76 9.87 ± 3.63 14.78 ± 4.60 14.66 ± 4.98 18.87 ± 6.09 14.37 ± 4.89 9.94 * 4.21 11.34 ± 4.38 
Old Field 2 0.96 ± 0.70 0.29 ± 	0.29 0.62 ± 0.36 024 ± 0.29 1.01 ± 0.58 2.31 ± 	1.20 1.73 ± 1.11 2.57 ± 	1.43 0.80 * 0.57 
Overgrazed 14.27 ± 3.47 13.80 	± 	4.51 18.16 ± 6.44 13.54 ± 5.14 13.59 ± 5.50 16.19 ± 6.74 16,37 ± 6.27 18.66 ± 6.47 11.38 ± 5.16 

Stipa knuts 
Control 21.15 * 2.14 25.96 ± 2.57 32.93 ± 3.27 33.27 ± 3.71 19.05 ± 3.21 26.98 * 9.34 26.78 ± 3.54 30.00 ± 	3.59 24.25 ± 149 
Saint 21.59 ± 	3.14 21.79 * 	2.73 22.21 ± 2.62 11.27 ± 	1.48 8.35 ± 1.30 12.18 ± 2.42 915 ± 2.01 7.80 ± 2.09 6.62 ± 2.38 

Shmb control 6.77 ± 	1.24 11.25 	± 	1.80 12.75 t 2.53 9.72 ± 2.30 6.89 t 	1.90 4.56 ± 	1.46 4.91 ± 1.69 4.85 1.32 5.92 * 2.36 
Old Field 1 4202 5.97 45.90 ± 	6.94 98.84 ± 7.72 43.94 7.25 41.90 ± 7.17 52.47 ± 7.78 96.24 ± 7.23 4328 ± 	7.44 44.24 ± 7.00 
Old Field 2 54.24 5.35 34.11 	± 	3.98 30.37 ± 4.38 23.38 ± 9.87 21.31 t 4.04 47.29 * .78 45.06 ± 5.52 41.67 ± 5.27 32.81 ± 5.68 
Oveugrozed 29.81 ± 2.72 23.93 * 	3.52 17.32 ± 2.87 14_00 ± 3.37 10.51 ± 2.60 8.50 ± 3.55 8.51 a 3.62 5.11 ± 	1.99 12.72 ± 4.35 

Stipa tricholoma 
Control 0.06 ± 0.06 0.37 ± 	0.37 0.20 ± 0.20 1.11 ± 	1.11 0.81 ± 0.81 0.91 ± 0.91 0.70 ± 0.70 1.20 ± 	1.16 0.97 ± 0.97 
Burnt O O O 0 0 O 0 0 0 

Shrub control 2.31 t 	1.73 1.99 z 	1.80 0.68 ± 0.68 0.78 t 0.64 1.10 t 0.81 2.58 ± 	1.32 0.56 ± 0.42 1.49 ± 	1.26 2.10 ± 1.92 
Old Field 1 O O 0.49 ± 0.49 0 0 0 0 0 0 
Old Field 2 0 0 0 0 0 0 0 0 0 
°v1:111azed 9.07 ± 2.02 3.44 * 	224 1.44 * 	1.14 0.76 ± 0.76 1.40 ± 1.40 01.01± 0.010.58± 0.581.39± 1.02 

Othergrasses 
Control 2.50 ± 0.76 4.60 ± 	1.20 4.86 ± 1.37 6.03 ± 2.05 4.98 ± 1.70 5.93 I 	1.74 6.20 t 145 6.44 ± 	2.62 2.73 ± 0.85 
Burnt 7.33 ± 	1.67 7.06 t 	1.50 8.29 ± 1.39 6.83 ± 	1.25 4.94 ± 1.33 9.34 ± 2.22 6.12 ± 2.10 7.75 ± 	1.76 5.47 ± 1.80 

Shrub control 2.52 ± 0.68 5.61 	± 	1.55 5.53 ± 1.48 5.12 t 	1.65 5.62 ± 	1.91 10.12 ± 3.07 967 ± 3.11 8.32 ± 3.29 5.71 ± 2.44 
Old Field 16.68 * 	1.81 15.27 a 4.50 7.63 ± 3.59 2.16 ± 	1.44 5.98 ± 3.10 0 0.49 t 0.97 1.78 ± 	1.74 0.71 ± 054 

OH Field 2 27.32 ± 3.58 49.92 ± 	4.32 51.46 ± 599 56.79 ± 4.93 52.99 ± 5.66 25.43 ± 5.05 28.15 ± 5.23 22.28 ± 4.29 22.45 ± 4.27 
Overgrazed 8.94 * 3.16 10.27 t 3.08 1027 ± 3.08 9.52 ± 328 11.96 * 9.98 18.40 I 5.04 18.66 ± 5.77 17.69 ± 	5.71 11.12 ± 3.79 
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30 years earlier) and in untreated rangeland. Fulbright (17) reported that 
plant species richness and diversity within a patch created by woody plant 
control may be similar, lower, or greater than plant species richness and 
diversity on nonmanipulated rangeland following treatment depending 
on various factors including the treatment method, composition of the 
plant community before treatment, soil series, and rainfall before and 
after treatment. Maintenance of biodiversity allows primary productivity 
to recover more fully from and be more resistant to disturbances such as 
drought (34, 43), a common environmental stress in our study region (5). 
Recent evidence has also shown that plant species diversity and the com-
positional and production stability of grassland plant communities are 
positively related (24). 

Grass species richness reached lower values in the Old field 1 than 
in the Control treatment (p<0.05) during 1986-1992, and in the Over-
grazed than in the Control treatment (p<0.01) during 1988-1992 (Tables 
4 & 5). Comparisons between the Old field 1 or Overgrazed treatment 
versus the Control for grass species diversity followed the same pattern 
than that reported for grass species richness, except that differences 
(p<0.01) between these treatments were noticed earlier (1984-1992 for 
Old field 1, and 1986-1992 for Overgrazed) (Tables 4 & 5). Treatments 
were not only individually compared with the Control. Contrasts were 
also made between pairs or groups of treatments that had a similar dis-
turbance history in most period but differed in one treatment factor in 
one period. For example, and except in 1984 when grass species richness 
was greater (p<0.05) in the Old field 1 than in the Old field 2, grass spe-
cies both richness and diversity reac,hed higher (p<0.05) values in the 
Old field 2 than in the Old field 1 treatment during 1987-1992 for species 
richness and in 1985, 1986, 1989 and 1991 for species diversity (Tables 4 
& 5). Also, values were higher (p<0.05) in the Control+Burnt+Shrub Con-
trol than in the Overgrazed treatment during 1986-1992 for grass species 
richness, and from 1985-1992 for grass species diversity (Tables 4 & 5) 
(32). In Missouri tallgrass prairie sites or (39) in Mediterranean grass-
lands plant species diversity or richness, respectively, decreased when 
grazing was very heavy for many years. In the Nylsvley Nature Reserve 
in South Africa, low animal stocking densities over two decades have re-
sulted in high species diversities in several plant communities (14). When 
grazing is moderate, however, species diversity is greater than on ungrazed 
sites (24), which supports specific predictions of the intermediate distur-
bance hypothesis and the generalized model of Milchunas et al. (35). Simi-
larly, Noy-Meir (39) obtained a higher mean species richness and diver-
sity at sites grazed (burnt or unburnt) mostly moderately than at those 
kept ungrazed on Mediterranean grasslands. In sub-humid grasslands, 
theoretical models also predict greater plant species diversity under mod-
erate grazing than under ungrazed conditions (35). The increase in both 
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Table 4.- Species richness and Simpson species diversity index of perennial grasses on 0.5 x 0.5 m plots in the different treatments during 	o * 
1984-1992. Each value is the mean t 1 SE of n=30. L 

	

Species richness 	 Simpson species diversity index 	 1 u , . 
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Year Control Burnt Shrub 	Old 	Old 	Over- Control Bumt Shrub 	Old 	Old 	Over- 	•-< 
o 

	

Contol 	Field 1 	Field 2 	grazed 	 Control Field 1 	Field 2 grazed 	P 
1 

1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 

4.6 
4.3 
4.3 
3.9 
3.7 
3.6 
3.4 
3.5 
3.4 

± 0.3 
± 0.2 
± 0.2 
± 0.2 
± 0.2 
± 0.2 
± 0.2 
± 0.3 
± 0.2 

4.7 
4.5 
4.8 
4.8 
3.6 
3.5 
3.6 
3.5 
3.2 

± 0.2 
± 0.2 
± 0.2 
± 0.2 
± 0.2 
± 0.2 
3 0.2 
± 0.2 
± 0.2 

4.9 
5.2 
5.2 
5.0 
3.9 
3.5 
3.6 
3.7 
3.2 

± 0.2 
± 0.2 
± 0.2 
± 0.2 
± 0.2 
± 0.2 
± 0.2 
± 0.2 
± 0.2 

4.4 ± 0.3 
3.5 ± 0.3 
3.2 ± 0.3 
2.9 3 0.3 
2.6 ± 0.2 
2.0 t 0.2 
2.1 ± 0.2 
2.2 ± 0.2 
2.2 ± 0.2 

3.5 ± 0.2 
4.6 t 0.2 
4.3 ± 0.2 
4.5 t 0.3 
3.9 ± 0.2 
3.5 ± 0.2 
3.4 ± 0.2 
3.5 ± 0.2 
3.4 ± 0.2 

4.1 
3.9 
3.6 
3.4 
2.7 
2.1 
2.2 
2.2 
2.3 

± 0.2 
± 0.3 
± 0.2 
± 0.3 
± 0.2 
± 0.2 
± 0.2 
± 0.2 
t 0.2 

3.0 ± 0.2 
2.8 ± 0.2 
3.0 ± 0.2 
2.7 ± 0.1 
2.6 ± 0.1 
2.7 ± 0.1 
2.4 ± 0.1 
2.6 ± 0.1 
2.5 t 0.2 

3.0 ± 0.2 
3.0 ± 0.2 
3.2 ± 0.2 
2.8 ± 0.2 
2.5 ± 0.2 
2.7 t 0.2 
2.5 ± 0.1 
2.5 ± 0.1 
2.2 ± 0.1 

2.7 
3.0 
3.1 
2.9 
2.5 
2.3 
2.2 
2.1 
2.1 

± 0.1 
± 0.2 
± 0.2 
± 0.2 
± 0.2 
± 0.2 
± 0.2 
1 0.1 
± 0.1 

2.1 ± 0.2 
1.9 ± 0.2 
1.8 3 0.1 
1.8 ± 0.2 
L8 t 0.2 
1.5 * 0.1 
1.7 ± 0.1 
1.7 t 0.1 
1.7 ± 0.1 

2.2 
2.7 
2.6 
2.6 
2.3 
2.1 
2.2 
2.4 
2.3 

± 0.2 
± 0.2 
± 0.2 
± 0.2 
± 0.2 
± 0.2 
± 0.1 
± 0.2 
± 0.2 

3.1 ± 0.2 
2.3 ± 0.2 
2.0 t 0.1 
L9 ± 0.1 
1.9 3 0.1 
1.7 ± 0.1 
1.6 * 0.1 
1.7 3 0.1 
1.7 ± 0.1 

cl 
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1984 	ns 
1985 	ns 
1986 	ns 
1987 	ns 
1988 	ns 
1989 	ns 
1990 	ns 
1991 	ns 
1992 	ns 

ns 	ns 
ns 
ns 

++ 
as 	ns 
ns 	ns 
ns 	ns 
ns 	ns 
ns 	ns 

ns 
ns 

* 
* * 

* * 

* * 

* * 

* * 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
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Table 5.— Scheffes contrasts and Dunnett's test mi species richness or 
Simpson species diversity 

Scheffes contrasts4 	 Dunnett's test° 
Year 	C 1 	C 2 	C 3 	Burnt Shrub 	Old 	Old 	Over- 

Control Field 1 Field 2 grazed 
Species richness 

Simpson species diversity index 

1984 	* * 	ns 
1985 	ns 
1986 	* * 
1987 	ns 	ns 
1988 	ns 	ns 
1989 
1990 	ns 	ns 
1991 	ns 
1992 	ns 	ns 

ns 	ns 
ns 	ns 
ns 	ns 

ns 
ns 	ns 
ns 	ns 
ns 	ns 
ns 
ns 	ns 

ns 
ns 
ns 
ns 
ns 
ns 
ns 

* * ns 

Cl: Old Fields versus ah l other treatments; C2: Old Field 1 versus Old Field 2; C3: 
Overgrazed versus Control + Burnt + Shrub Control; ns = p > 0.05; *. p < 0.05; " ". p < 
0.01. 
b  ns = p> 0.05; + = p < 0.05, Disturbance type > Control; + + = p <a01, Disturbance type 
> Control; * = p < 0.05, Disturbance type<Control; * * = p < 0.01, Disturbance type < 
Control. 

species richness and diversity under moderate grazing has been attrib-
uted to the generation of greater habitat heterogeneity. The mosaic of 
habitat patches generated by herbivory and non-grazing activities likely 
increases the diversity of colonization and establishment opportunities 
for several species that are otherwise excluded from the community by 
the strong competitive effects of the matrbc dominants (24). In fact, Huntly 
(25) reponed that both selective and non-selective grazing or soil distur-
bance associated with grazer activity can potentially increase or decrease 
plant species diversity. Furthermore, grazers may interact with other 
procceses operating at different spatial and temporal scales (e.g., fire, 
drought) resulting in scale dependent effects (32, 10, 8, 22, 39, 24). 
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Herbivores can mediate species diversity through differentially uti-
lizing plants variously suceptible to defoliation; the capacity of competi-
tive dominants to exclude other species is decreased, and gaps available 
for occupation by other species are created (2, 24). Initial conditions, cli-
matic regimes, intensity and duration of grazing impact, and grazer se-
lectivity for specific food items can also be important determinants of 
either increases or decreases in plant species diversity in response to graz-
ing (23, 35). Thus, when reporting the effects of grazing on species rich-
ness and diversity we need to be aware that different herbivory types or 
management conditions may have different effects on these community 
components (e.g., see 24). Systems managed with cattle within the Phy-
togeographical Province of the Monte typically involve year-round graz-
ing with minimal or no grazing management (5). In other rangelands 
managed for livestock production, however, grazingis often seasonal. Thus 
differences in the temporal and spatial patterns of grazing may differ 
considerably among studies and contribute to the observed differences in 
vegetation responses. 

The Control+Burnt+Shrub Control+Overgrazed treatments had a 
similar (p>0.05) grass species richness during the whole study period, 
and a greater grass species diversity in 1984 (p<0.01), 1986 (p<0.01) and 
1989 (p<0.05) than both Old Fields (Tables 4 & 5). D'Angela et al. (12) and 
Omacini et al. (40) reported that native rangeland species did not return 
to the community during early successional stages of herbaceous vegeta-
tion after interruption of agricultural activities in agroecosystems of cen-
tral Argentina. This was partially attributed to unusual climatic events, 
such as severe inundations, in their study region (40). 

Variation over time. Grass species both richness and diversity 
declined (p<0.05) over time in most treatments during 1984-1992, except 
in the Old field 2 for species diversity where this variable did not show a 
significant (p=0.317) trend with time (Figure 2). Noy-Meir (39) also found 
that species richness and diversity varied considerably between years 
within each category of grazing and fire treatment in Mediterranean grass-
lands. However, this author reported that the effect of fire on species 
richness and diversity in pairs of adjacent sites was much less consistent 
than that of grazing: in ungrazed areas, a single fire was about as likely 
to decrease species richness as to increase it. Noy-Meir (39) reported that 
in grasslands with a strong perennial component there was a significant 
trend of increased richness in the three years after a single fire in grazed 
areas. This response was attributed to stimulation of germination by fire 
in some Mediterranean herbaceous species (e.g., 21). Economic constraints 
during a few years immediately after treatment application, however, 
precluded us from the possibility of observing this trend. Direct negative 
effects of hot fires on propagule populations of some species may out-
weigh the gap creation and stimulation effects of fire (39). Belsky (4) also 
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Fig. 2.— Determination coefficients (R2) and predictive equations with sigaificance levels (p) for 

species richness (Sr) or Simpson species diversity index (Sd) in perennial grasses on 0.5 x 0.5 
m plots as a function of time (t, years) in the different treatments. Data for various treat-
ments were pooled when their individual regression limes were not significantly different 
(p>0.2 under species richness and p>0.07 under species diversity). Unless otherwise indi-
cateci, each me was fitted te nine data points. Each symbol is the mean of n=30. 

found a tendency for increased diversity in response to fire in East Afri-
can grasslands, but the effect was not consistent over coramunities and 
grazing treatments. 

The Control+Burnt+Old Field 2 treatments for grass species rich-
ness, and the Control+Burnt+Shrub Control treatments for grass species 
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diversity adjusted to the same (p>0.07 in both cases) regression une when 
the tendency of these variables was investigated over time (Fig. 2). The 
Control+Burnt+Old Field 2, Old Field 1, Shrub Control and Overgrazed 
treatments showed different (p<0.05) regression lines in the relationship 
between grass species richness and time (Fig. 2). Regression Enes be-
tween grass species diversity against time were also different (p<0.05) 
among the Control+Burnt+Shrub Control, Old field 1, Old field 2 and 
Overgrazed treatments (Figure 2). Despite being different, regression limes 
depicted in Figure 2 for grass species richness had equal slope. Similarly, 
ah l four regression limes between grass species diversity and time in Fig. 
2 shared the same slope. This means that the reduction rate of grass 
species either richness or diversity over time was the same independently 
of disturbance type from 1984 to 1992. Equal slopes on different regres-
sion limes during this period also means that values for species richness 
or diversity in the investigated treatments were already different in 1984 
(i.e., regression limes had different ordinates through the origin when 
observations were started in 1984). Treatment differences, as previously 
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Fig. 3.- Resulta of Principal Coordinate Analysis after using the Morisita-Horn index. Dis-
tance among symbols either within or among treatments represents a measure of its 
association: a greater association is obtained among closer than distant points. 
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discussed, may then have occurred during the period from establish-
ment of exclosures in 1975 to the time when observations began uninter-
ruptedly in 1984. Houston (27) reported that plant species diversity gen-
erally increases during the early stages of succession and decreases dur-
ing the later stages, with a maximum in mid-succession. The declining 
trend in species diversity over time under all disturbance types in our 
study suggests that the stage of mid-succession had already been reached 
in 1984, after nine years of vegetation exclosure. Judd & Jackson (30) 
and Judd (29) reponed that the climas stage on abandoned farmlands in 
Nebraska and Montana occurred as early as 8 years but it usually re-
quired 10 to 15 years. On the shortgrass prairies of northeastern Colo-
rado, however, Costello (11) concluded that the climas mixed prairie as-
sociation may appear 20-25 years after abandonment but may require 
40-50 years. 

Changes in grass species diversity among years within each treat-
ment (Table 4, Fig. 2) were dueto changes in grass species both richness 
(Table 4, Fig. 2) and relative biomasses (Table 3) of the species. However, 
principal coordinate analysis showed that similarity of the composition of 
grass species was greater among years within any treatment than among 
treatments in any given year (Figure 3). Nonetheless, most (>69%) pe-
rennial grass species were desirable in all treatments and years (data not 
shown). Pappophorum subbulbosum, P. napostaense, P. ligularis, S. 
clarazii, S. papposa and S. tenuis contributed more than 83% to total 
perennial grass standing crop on average for all treatments and years 
(Table 3). Within each treatment, however, relative biomasses of each 
species changed considerably among years (Table 3). Rainfall appears to 
be the major factor in accounting for most of the variation in grass pro-
duction among years in these rangelands (19). 
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