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a b s t r a c t 

We compared animal and vegetation responses of a 13 600-ha area under holistic grazing management 

(HGM) with a similar area under continuous grazing (CGM) in a Patagonian station. Limitations were a 

dry 2012 −2016 experimental period, poorer soils, and grazing of native guanacos (Lama guanicoe) in the 

HGM area. Forage standing crop in this area before the experience was lower and remained so during 

the study: (194 ± 31 HGM vs. 244 ±33 kg dry matter . ha −1 CGM). Six monitoring sites showed similar and 

remarkable (though mostly nonsignificant) vegetation improvements in total cover (10.6% HGM vs. 10.9% 

CGM) and cover of short palatable grasses (21.4% vs. 23.9%, respectively). Species richness showed small 

changes ( −1 vs. −6%), bare soil interpatches decreased ( −11.9 vs. −5.4%), and land function indicators of 

Stability (5.4% vs. 9.9%), Infiltration (12.4% vs. 12.0%), and Nutrient recycling (4.2% vs. 20.6%) increased. 

Tussock cover changed significantly with grazing management, as it decreased −6% (ns) in HGM and 

grew 42% ( P = 0.03) under CGM, probably due to coarse tussock forage consumption in HGM. Sheep under 

HGM were 15% lighter (43.9 ± 0.5 HGM vs. 51.7 ± 0.5 kg . ewe −1 CGM P < 0.001), ewes scored 28% lower 

body condition (1.60 vs. 2.25, P < 0.001), and lambing rates were 36% lower (48.3 ± 2.1% vs . 74.2 ±
1.9%). Rotation ended in 2015 as a consequence of low lambing rates, and sheep body condition and 

reproductive rates recovered to similar values in both areas. Positive vegetation changes in both areas 

may be driven by residual effects of destocking 3 decades ago and show that improvement is possible 

using moderate stocking rates. Although it could be argued that rest periods of HGM may be positive 

in the long term, its negative effects on animal production should be addressed, and fast regeneration 

using intense management in these severely restricted habitats should not be expected. Slow, persistent 

progress under careful management seems achievable under both grazing systems. 

© 2020 The Society for Range Management. Published by Elsevier Inc. All rights reserved. 

Introduction 

Patagonia, with 780 0 0 0 km 

2 is one of the remaining natural 

rangelands in the world, but about a third of the region is de- 

graded, probably due to poor grazing management. Sheep were in- 

troduced in these semiarid lands at the turn of the 19th century 

and have been managed under continuous grazing with no for- 

age supplements ever since ( Cibils and Borrelli 2005 ). High stock- 

ing rates were common at early stages of domestic grazing and 

livestock inventories peaked in 1952 with 21.2 million sheep. As 

a result of reduced forage production, stations destocked or were 

abandoned ( Golluscio et al. 1998 ). 
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∗ Correspondence. Gabriel Oliva. INTA EEA Santa Cruz. Mahatma Gandhi 1322. 

9400 Rio Gallegos. Santa Cruz. Argentina 

E-mail address: oliva.gabriel@inta.gob.ar (G. Oliva). 

Most researchers consider that overgrazing has been the main 

cause of land degradation in arid lands ( Le Houérou 1996 ; Soriano 

1956 ). In this view, adjusting stocking rates to grazing capacity 

should be enough to ensure rangeland regeneration. Some authors 

point out, nevertheless, that the main cause of degradation is not 

stocking rate but continuous grazing itself because it promotes se- 

lectivity and generates pressure on certain landscapes, communi- 

ties, and species ( Teague et al. 2011 ). They argue that a differ- 

ent management, with grouped animals that rotate between pad- 

docks generating intense grazing periods, would reduce selectivity 

and make a better resource use ( Merrill 1954 ; Voisin 1959 ; Teague 

et al. 2008 ). Rotational grazing studies worldwide reviewed by 

Holechek et al. (20 0 0) and Briske et al. (20 08) and a few graz- 

ing studies in Patagonia ( Anchorena et al. 2001 ; Borrelli 2001 ; 

Fariña et al. 2018 ; Paruelo et al. 1992 ) have shown little evidence 

of the alleged increased production of these systems when com- 

pared with continuous grazing. Teague et al. (2008) pointed out, 
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however, that these reviews mostly encompass fixed rotational 

systems in small plots that are rigid in relation to station-scale 

operations. In comparison, holistic grazing management (HGM) 

that uses short high-intensity grazing periods combined with long 

rest intervals would provide the required flexibility and obtain 

better results ( Savory 1991 ; Savory 2018 ; Savory and Butterfield 

1999 ; Savory and Parson 1980 ). In this system, animals generate 

“mob-grazing” effects that allegedly break ground crusts, allow- 

ing for increased water and nutrient flow while presumably sow- 

ing seeds and adding fertilizer through dung and urine. McCosker 

(20 0 0) summarized the principles of HGM as 1) rest periods to suit 

plant growth rate; 2) stocking rates should match grazing capacity; 

3) grazing planning, monitoring, and management; 4) short graz- 

ing periods in order to increase animal performance; 5) maximum 

stock density applied for a short time period; 6) diversity of plants 

and animals to improve ecological health; and 7) large mob size to 

make herding easier. HGM has been practiced in Zimbabwe ( Abel 

and Blaikie 1989 ), the United States ( Stinner et al. 1997 ), South 

Africa (Du Toit et al. 2009 ), Botswana, Namibia ( McCosker 20 0 0 ), 

Australia ( Massy 2014 ), Argentina ( Borrelli 2016 ), and other coun- 

tries such as Mexico and Mali ( Roncoli et al. 2007 ). 

This paper analyzes a station-scale case study of HGM use in 

Los Pozos, a Patagonian sheep station that has been under contin- 

uous grazing since 1885. The Halliday family own this station and 

decided in 1989 to change the traditional management that used 

high, fixed-animal numbers and adopt a flexible stocking strategy 

that kept numbers approximately 20% below the annual estimated 

grazing capacity. This management helped to reduce range deteri- 

oration, as standing forage crop and residual stubble height of key 

species showed a 20-yr stable trend. Although no detailed vegeta- 

tion and soils monitoring was available at this stage, vegetation vi- 

sually gained in cover, diversity, and frequency of decreaser species 

in comparison with neighboring stations (Oliva personal observa- 

tion). The station with smaller flocks continued to produce lambs 

and ewes at historical numbers, but wool production decreased 

moderately ( Oliva et al. 2012 ). During 2012 and 2016, in an attempt 

to further enhance forage production, half of the station was con- 

verted to HGM. 

The objective of this study was to compare vegetation and ani- 

mal production of the area converted to HGM in relation to the one 

that remained under CGM. The expectations were that HGM would 

induce an increase in total vegetation and palatable species cover 

( Teague et al. 2011 ), plant biodiversity ( Stinner et al. 1997 ), and nu- 

trient cycling, stability, and infiltration ( Savory 2018 ). A moderate, 

initial reduction in animal production was expected due to lower 

quality forage consumption ( Teague et al. 2013 ), but this effect 

would be compensated as sheep changed their diets, got used to 

rotation, and got the opportunity to consume plants that have re- 

grown after being grazed ( Provenza 2003 ). Nutrient cycling in the 

rangeland was expected to improve, and an increased grazing ca- 

pacity would eventually compensate any animal production losses 

( Savory 2018 ). 

Methods 

Los Pozos occupies 27 200 ha in the Dry Magellan Steppe 

( Fig. 1 ), 30 km N of Río Gallegos, Santa Cruz, Argentina (69 °19 ′ W, 

51 °29 ′ S), 150 m above sea level with a rainfall of 240 mm 

(1930 −2019), 7.2 °C mean annual temperature, and strong westerly 

winds. Soils were Xeric Natrargides in the north part of the station 

and Aridic Argiustols in the south, covered by tussock grass steppes 

of Festuca gracillima with short grasses (Poa spiciformis), graminoids 

( Carex spp.), forbs, and dwarf, prostrate shrubs (Nardophyllum bry- 

oides) ( Faggi and Roig 1985 ). Annual aboveground primary produc- 

tion is 980 kg dry matter (DM) ha −1 with 286 kg DM ha −1 of short 

grasses and forbs ( Cibils et al. 2005 ). 

Mean annual rainfall in the area between 1990 and 2018 was 

240 mm, with a slight, nonsignificant temporal negative trend 

( Fig. 2 ). Yr 2002 and 2003 were exceptionally rainy and 1995, 1999, 

and 2016 were dry. This last year marked the end of a dry spell 

that started in 2012 and encompassed the grazing trial. 

Short grasses, graminoids, and forbs, which constitute 73% of 

the sheep diets in summer ( Posse et al. 1996 ), were harvested 

during peak herbage mass in order to estimate forage on offer 

( Borrelli and Oliva 2001 ), as has been done yearly in Los Pozos 

since 1990 ( Oliva et al. 2012 ). Two or three permanent sites (see 

Fig. 1 ) in each paddock were sampled with 0.2-m 

2 quadrats (9 

or 12 quadrats per permanent site), and forage was clipped to 

1-cm height. Samples were dried, weighted, and considered con- 

sumable forage. Given that short grasses, graminoids, and forbs 

represent about 29% of the aboveground net primary production 

of the Magellan Steppe ( Cibils et al. 2005 ), these assessments 

are roughly comparable with those obtained with methodologies, 

such as double sampling, pastoral value, or range condition ma- 

trix, which include in semiarid regions a utilization factor of about 

30% ( Holechek 1988 ). Total consumable forage was estimated on 

the basis of paddock size and grazing capacity calculated by divid- 

ing this total offer by 513 kg of DM, the estimated ewe equivalent 

(EE). 

The EE is the annual 55% digestibility-forage consumption of a 

49-kg ewe that raises a 20-kg lamb with 100 d of lactation ( Borrelli 

2001 ). This unit is nearly equal to New Zealand‘s EE, 1.54 dry sheep 

units used in Australia or 0.12 animal unit yr used in the United 

States (SRM 1989). 

Five paddocks totaling 13 722 ha in the north (mean size 2 

700 ha) were converted to HGM between 2012 and 2015 (see 

Fig. 1 ). Grazing planning was done by OVIS consultants, the local 

representative of Savory Institute hub, jointly with the producer’s 

family twice yearly in December and March. Mean grazing ca- 

pacity of the area (2012 −2015) was 5 187 EE . yr −1 . Before the 

experiment (20 0 0 −2012) the area had been grazed with a flock 

of 2 478 ewes, and 1 355 hoggets (3 562 EEs) were assigned to 

HGM during 2012 −2013, but in view of low lambing rates only 

2 472 ewes were allocated there during the 2014 −2015 period. 

Sheep were concentrated in a single group and rotated between 

paddocks, generating 2 −3 annual grazing periods in the first 2 yr 

with 70 −140 d of recovery ( Fig. 3 ). In the third yr, plants were 

not visually perceived to be regrowing adequately and only one 

grazing pulse was planned in the growth season with a 200-d rest 

period because HGM was replaced by CGM at the beginning of 

spring. Mean duration of grazing periods was 30 d, with a stocking 

rate of 1.1 EEs . ha −1 (see Fig. 3 ). In order to ensure adequate 

water supply, two additional water holes were bored and movable 

pumps with water tanks were used during the study. 

Five paddocks totaling 12 794 ha south of the station (mean 

size 2 132 ha) remained under CGM as a control group (see Fig. 1 ). 

Total grazing capacity (2012 −2015) of this area was 6 090 EEs. A 

flock of 4 566 ewes and a small number of rams and wethers were 

distributed according to yearly grazing capacity of each paddock, as 

had been done in Los Pozos since 1989. 

Guanacos (Lama guanicoe), a native camelid, shared the graz- 

ing area with sheep in HGM area. In the 1990s they were lim- 

ited to a small 300-animal group in the north area (Halliday per- 

sonal communication), far away from the homestead. Over the 

past 2 decades, reduced hunting triggered an increase of popu- 

lation across the region ( Oliva et al. 2019b ), as well as in Los 

Pozos, where populations grew but still remained mostly in the 

north. Their numbers were assessed using 16 terrestrial transects 

of variable length, totaling 70 km. Guanaco groups were spotted 

using a Bushnell 10 ×25, 1 0 0 0 laser telemeter, and data were pro- 

cessed with Distance Sampling 7.0 software ( Buckland et al. 2005 ). 

Density analysis was stratified by date and used global density 
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Fig. 1. Location of Los Pozos station in Patagonia, southern Argentina. Paddock map shows the northern units that were managed under Holistic (HGM) in gray and the 

south ones under Continuous (CGM) in dotted gray. Big dots indicate MARAS vegetation and soil monitoring plots; small dots are annual forage sampling sites. Homestead 

is marked in the center of the station. 

Table 1 

Date of guanaco assessments, density, standard deviation, and estimated N (distance 

sampling) for northern area of Los Pozos. 

Date Density 

guanacos.km 

−2 

Standard 

deviation 

Estimated N (HGM 

paddocks) 

May 2014 6.6 1 1 789 

September 2014 7.4 1.1 2 023 

January 2015 8.7 1.3 2 358 

October 2015 13 2 3 539 

January 2016 12.4 1.9 3 372 

Mean 9.6 1.5 2 616 

with a half-normal detectability function and cosine expansion se- 

ries. Estimations during the grazing management study were per- 

formed in May 2014 and January 2015 and showed that 7.5 in- 

dividuals · km 

−2 , equivalent to 2 056 guanacos, grazed the HGM 

area. Guanaco populations continued to grow after the north area 

returned to CGM in September 2015, reaching 12.7 individuals ·
km 

−2 between October 2015 and January 2016, with an estimated 

population of 3 455 guanacos (see Table 1 ). 

Vegetation and soil monitoring plots were set up in three dif- 

ferent paddocks (see Fig. 1 ) under HGM and three paddocks under 

CGM following the MARAS protocol ( Oliva et al. 2019a ). Vegeta- 

tion cover was analyzed in 500-point line transects, patches and 

interpatches (bare soil areas) were identified in a 50-m Canfield 

line, and land function analysis (LFA) was visually analyzed in 10 

plots assessing 1) aerial cover for rain interception; 2) basal cover 

of patches; 3) litter cover, origin, and degree of incorporation; 4) 

cryptogam cover; 5) soil erosion; 6) deposited materials; 7) micro 

topography; 8) soil crust type and disturbance; 9) surface crust re- 

sistance; and 10) slake test, which estimates integrity of soil aggre- 

gates in water. Indicators were combined to estimate land function 

indices of stability, nutrient recycling, and infiltration ( Tongway 

1994 ). Two monitoring sites (one in north and one in south area) 

were installed in 2009 and the rest in 2013. All were evaluated in 

autumn of 2018, with a mean period of reassessment of 5.8 yr in 

HGM and 5.0 yr in CGM. 

One-hundred ewes from the HGM flock and a similar number 

from a CGM paddock were weighted and assessed for body condi- 

tion scores ( Russel et al. 1969 ). 
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Fig. 2. Rainfall (bars) in Rio Gallegos airport meteorological station, 20 km from 

Los Pozos, between 1990 and 2018. Dotted line at 239 mm is the mean value of this 

period, and full line is a linear regression (y = −1 905 ×+ 273,4; R ²= 0.05; P = 0.229 

ns). 

Yearly lambing rate (%) was estimated as the number of lambs 

marked (January) versus ewes bred (May of previous year). 

Five paddocks under HGM and five under CGM were com- 

pared, but given the spatial segregation they did not constitute 

true replications. The differences are presented using descriptive 

statistics and cannot undoubtedly be attributed to the grazing sys- 

tem but also to geographic areas. Differences in cover (final-initial) 

between reassessed monitoring plots within each grazing treat- 

ment were examined using the paired “t”” test ( n = 3). Animal live 

weight differences were analyzed with 1-way analysis of variance 

(ANOVA) ( n = 100). Body condition scoring is a categorical vari- 

able, and differences between treatments were assessed using the 

Fig. 4. Total grazing capacity based on annual field estimations of forage availabil- 

ity (gray area) and station stocking rate (line) in ewe equivalents . yr −1 in Los Pozos 

station from 1990 to 2018. Shaded area shows the grazing systems trial period. 

Kruskal–Wallis test. All tests were run using INFOSTAT ( Di Rienzo 

et al. 2011 ) and a significance level of P < 0.05. 

Results 

Mean stocking in the 1990 −2017 period was 8 569 EEs . yr −1 , 

20% below the estimated grazing capacity (10 721 EEs · yr −1 , Fig. 4 ). 

Overgrazing only took place in extraordinarily dry periods between 

1999 and 20 0 0 and 2015 and 2016. 

Before the experience (1990 −2011), forage herbage availability 

(which determines grazing capacity per ha) was lower in the north 

area that was used in the HGM experience in relation to south por- 

tion of the station that remained under CGM: 163.3 (8.5 SE) kg 

DM 

. ha −1 versus 240.5 (15.5) kg DM 

. ha −1 , respectively. During the 

grazing experience, forage availability in a per-ha basis continued 

being lower in the north HGM area (194 [31 SE] kg DM ·ha −1 ) in 

Fig. 3. Paddocks, stock movements, number of days of rest, duration of grazing periods, and instantaneous stocking rates used during grazing periods in five paddocks of the 

HGM treatment between March 2012 and September 2015. Areas in black indicate grazing periods divided in weeks (white lines). Periods under CGM previous and after the 

study are in gray. Shearing and lamb marking dates are shown in dotted lines. Triangles show dates of weight and body condition assessment. Guanaco silhouettes indicate 

dates of guanaco evaluation. 
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Fig. 5. a, Annual estimation of forage availability (kg dry matter · ha −1 ) in south (full line) and north (dashed line) areas in Los Pozos station from 1990 to 2018. b, Detail 

of 2012 −2018 period including the grazing systems trial (shaded), in which the north area was subjected to HGM. Bars represent standard error of the means. 

relation to the south, CGM one (244 [33] kg DM ·ha −1 ). Between 

2014 and 2016, drought intensified and standing crop fell to simi- 

lar values in both treatments. All the stations recovered in a similar 

way after the grazing systems trial with 2017 rains ( Fig. 5 ), but in 

2018 north and south returned to historical differences in forage 

standing crop. 

Total cover increase was similar under HGM (10.6%) and 

CGM (10.9%), but this increment was only significant under CGM 

( P = 0.049; paired "T" test). Cover of plant functional groups of 

short palatable grasses (21.4 HGM vs. 23.9% CGM) and dwarf 

shrubs (50.2% and 19.9%, respectively) increased, but these incre- 

ments were not significant in any case. Instead, in the Tussock 

functional group the response to grazing treatments differed, as 

cover decreased nonsignificantly between time periods under HGM 

( −5.6% ns) and increased significantly under CGM (42.2% P = 0.026) 

( Fig. 6 ). P. spiciformis, the key forage species showed remarkable 

60% and 48% increases in CGM and HGM, respectively (data not 

shown), although both these differences were nonsignificant. Di- 

versity measured as plant species richness showed small and non- 

significant changes ( −1 HGM vs. −6% CGM). Bare soil interpatches 

decreased ( −11.9 HGM vs. −5.4% CGM), and the size of vegeta- 

tion patches increased clearly (55.3 HGM vs. 60.3% CGM data not 

shown), but these differences were nonsignificant. Land function 

indicators (LFA) of stability (5.4% vs. 9.9%), infiltration (12.4% vs. 

12.0%), and nutrient recycling (4.2% vs. 20.6%) increased in a simi- 

lar nonsignificant way in both treatments (see Fig. 6 ). 

Animals were significantly lighter during 2013 and 2014 un- 

der HGM in relation to those under CGM: 43.9 (0.5 SE) versus 

51.7 (0.5) kg.ewe −1 , respectively ( P < 0.05) ( Fig. 7 ). Body condi- 

tion scores were also lower in HGM than in CGM at both sam- 

pling dates: 1.60 versus 2.25, respectively (Kruskal–Wallis test; P 

< 0.001). In 2016, after the study ended, animals of the north 

area (former HGM) were still lighter but their body condition in- 

creased and scored slightly better than those of the south one (al- 

ways under CGM): 2.79 versus 2.67, respectively (Kruskal–Wallis 

test; P = 0.028) (see Fig. 7 ). 

Given that stocking rates were adjusted to forage availability, 

each ewe had a similar forage allowance and obtained similar lamb 

marking rates before the grazing management study (1990–2011) 

north 89.3% (2.1 Standard Error) and south 89.5% (1.9) ( Fig. 8 ). 

Production per ha in this period was, on the other hand, only a 

third in the north area of the farm in relation to the south: 0.10 

± 0.01 versus 0.30 ± 0.01 lambs ·ha –1 · yr –1 , respectively. During 
the grazing trial, lamb marking rates remained similar to histor- 

ical values during 2012 (but fell sharply in 2013 −2014 to lower 

values under HGM (48.3% [2.1] HGM vs. 74.2% (1.9) CGM). Lamb 

production during this period fell to 0.06 (0.02) HGM vs. 0.23 

(0.03) lambs ·ha −1 · yr −1 CGM. Lambing rates increased in the two 

areas after the rotation ended between 2015 and 2016 to 67.4% 

(5.6) in the north (previously HGM) and 70.7% (3.7) in the south 

(that was always under CGM), even when the animal stock de- 

creased less than the grazing capacity during the worst part of 

the drought (see Fig. 4 ). During 2017 −2018 drought receded, for- 

age DM reestablished, and both areas returned to previous values 

of lambing rates: 82.7% (5.3) in the north area and 96.0% (7.5) in 

the south area. 

Discussion 

This HGM study was generated by producers with flexible man- 

agement at a station scale, and planning was led by the local hub 
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Fig. 6. Percent change (Final-Initial/Initial . 100) of total vegetation cover, short 

palatable grasses, tussocks, dwarf shrubs, plant species richness ( n ° of species), land 
function indicator indexes of nutrient recycling, stability, infiltration, and interpatch 

(bare soil areas) length in MARAS monitoring plots in HGM (black) and CGM (gray) 

paddocks. Lines represent standard error of the mean. Asterisks indicate significant 

change (initial vs. final). 

Fig. 7. a, Live weight in kg and b, body condition scoring for 100 ewes from north 

(black) and south (gray) areas of Los Pozos in 3 dates. Sheep in north area were un- 

der HGM during 2013 −2014, and the rest were under CGM. Asterisks indicate sig- 

nificant differences P < 0.05 for analysis of variance (live weight) or Kruskal −Wallis 

(body condition) analysis. Lines indicate standard errors. 

of Savory Institute. It is not a true experiment because of its un- 

replicated nature, but this is common to most of the previous anal- 

ysis of HGM ( Peel and Stalmans 2018 ; Teague et al. 2011 ; Weber 

and Gokhale 2011 ). As Savory (2013) himself points out, the only 

possible outcome of these studies are the “results obtained.” As an 

advantage, areas under different grazing regimes shared managers 

and had similar livestock, something that is not usual in adja- 

Fig. 8. Lambing rates % (lambs obtained/ewes mated) between 2001 and 2017 in 

north (dashed line) and south (line) areas in Los Pozos. Vertical lines are standard 

errors of the mean. During 2012 −Sept 2015 (gray area), HGM was applied in the 

north, while the south remained under CGM all the time. 

cent station comparisons ( Earl and Jones 1996 ; Jacobo et al. 2006 ; 

Teague et al. 2008 ). Several limitations can be on the other hand 

pointed out: The experimental period was very dry. The north area 

shows Xeric Natrargides with shallower sandy A horizon in relation 

to the more productive Aridic Argiustols, which show a deeper, 

more fertile topsoil that dominates in the south. The area was se- 

lected to be subjected to HGM, expecting that it would enhance 

forage production. Guanaco grazing also interfered with rest pe- 

riods, which are the main strategy of HGM in order to improve 

rangelands. Grazing periods were relatively long and not as in- 

tense as recommended ( McCosker 20 0 0 ; Teague et al. 2008 ) be- 

cause only five paddocks were available to plan the movements. 

Finally, HGM was not compared with traditional CGM but with im- 

proved CGM, as Los Pozos had previously kept stocking rates well 

below grazing capacity for 25 yr (see Fig. 4 ). This set high initial 

standards of individual animal production, vegetation cover, and 

biodiversity from which the HGM should have improved. 

Vegetation and Soil Responses 

Some holistic and rotational GM applications have reported in- 

creases in forage productivity in relation to CGM ( Cumming 1989 ; 

Earl and Jones 1996 ; Goodloe 1969 ; Ferguson et al. 2013 ; Norton 

2003 ), although reviews by Briske et al. (2008) , Holechek et al. 

(20 0 0) , and Hawkins (2016) found no differences in most cases 

or even showed an inverse trend. In Los Pozos standing crop re- 

mained comparatively lower under HGM in 2013, but as drought 

increased, both treatments reached values only comparable with 

the 1989 and 1999 droughts (see Fig. 5 ). The entire station recov- 

ered vigorously when rains returned in 2017, but north and south 

areas were back to their initial differences in 2018, a close-to- 

normal rainfall year, showing no obvious residual effects of HGM. 

The setup of vegetation monitoring plots was not timely be- 

cause two of them were installed previously and the rest once 

the grazing systems experience was already in place. Additionally 

reevaluation was postponed until the drought receded, implying 

that HGM sites were also subject to a considerable CGM period. 

The design was nevertheless similar for both grazing systems, and 

it aimed at detecting long-term change in “slow” ( Reynolds et al. 

2007 ) variables that should not be erased by a period of contin- 

uous grazing in these perennial-dominated rangelands. A general 

and remarkable vegetation improvement was registered in both 

grazing systems: cover grew 10 −35%, bare soil and standing dead 

decreased, and key forage species increased: 49% under HGM and 

60% under CGM ( Fig. 6 ). The general trend may be a residual effect 

caused by the 50% destocking 3 decades ago ( Oliva et al. 2012 ). 
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Moderate stocking rates under CGM have induced similar long- 

lasting increases in vegetation cover in semiarid regions ( Naeth 

et al. 1991 ; Noy-Meir et al. 1989 ), including the Magellan Steppe, 

where Oliva et al. (1998) documented increases of 30% vegetation 

cover after 5 yr of CGM with 0.20 EEs ·ha −1 · yr −1 . 

One of the two statistically significant changes in the MARAS 

monitoring plots was observed in tussock cover that increased sig- 

nificantly under CGM and decreased nonsignificantly under HGM 

(see Fig. 6 ), and this reduction should be monitored in the future. 

F. gracillima is the dominant tussock with 22% cover, but it pro- 

duces poor-quality forage and accumulates senescent foliage. Posse 

et al. (1996) found that sheep under CGM only included about 4% 

of tussocks in their diets and preferred instead short grasses such 

as P. spiciformis that, in comparison, offers 7 −8% crude protein and 

62% digestibility in a whole-plant diet analysis versus 2% of crude 

protein content and 40% digestibility for F. gracillima ( Lara and Cruz 

1987 ). 

HGM uses short grazing periods to force animals to graze items 

of lesser quality ( Teague et al. 2011 ) removing dead, oxidized mate- 

rials that shade growth points and may, in view of Savory (2018) , 

actually kill plants. Grazing is expected to release trapped nutri- 

ents and induce regrowth, but F. gracillima was probably unable 

to activate meristems after grazing as in other perennial grasses, 

such as Festuca pallescens in Patagonia ( Bertiller and Defossé 1990 ) 

and Agropyron spicatum in the United States ( Caldwell et al. 1981 ) . 

F. gracillima is sensitive to grazing ( Faggi 1985 ), and demographic 

models show that under CGM at high stocking rates their popu- 

lations may disappear in the midterm ( Oliva et al. 2005 ), mainly 

because they induce tussock subdivision and tiller mortality in dry 

years. 

Exclosures and rest periods in arid lands usually increase diver- 

sity ( Oba et al. 2001 ), and Stinner et al. (1997) found that 95% of 

the farmers who applied HGM perceived increases in biodiversity. 

Furthermore, in a neighboring site of the Magellan steppe, graz- 

ing exclusion has induced a 30% increase in richness from 16 to 21 

species in a 5-yr period ( Oliva et al. 1998 ). However, no changes 

in species richness (see Fig. 6 ) or Shannon index (data not shown) 

were observed in this study. Nevertheless, this lack of CGM versus 

HGM differences in plant diversity may be attributed to the short 

duration of HGM implementation ( ∼2.5 yr) and/or to the favorable 

starting point: 26 species in the south and 24 in the north area. 

In the Magellan Steppe, vegetation is structured in a hetero- 

geneous pattern ( Aguiar and Sala 1999 ) with patches that act as 

“sinks” of resources that may be disorganized by grazing ( Bisigato 

and Bertiller 1997 ). HGM has induced decreases in bare soil in rela- 

tion to CGM in some studies ( Teague et al. 2011 ), but the opposite 

trends in others ( Fariña et al. 2018 ). No significant treatment ef- 

fects were detected in Los Pozos, as monitoring plots started with 

small interpatches (25 cm in north and 35 cm in south) that de- 

creased in both treatments (see Fig. 6 ). At the same time, vegetated 

patches increased markedly ( + 58%; data not shown). 

Restoring land function is another objective of HGM, as graz- 

ing periods are supposed to break soil crusts, increase infiltration, 

mobilize nutrients, and favor stability ( Savory 2018 ). In this study, 

land function indexes for nutrient recycling, stability, and infiltra- 

tion increased 8 −19% (see Fig. 6 ), but no treatment differences 

were detected. 

Animal Responses 

Sheep under HGM weighed 8 kg (15%) less and scored 28% 

lower body condition (see Fig. 7 ). The decrease in animal indi- 

vidual production is common under high stock density ( Teague et 

al. 2008 ), even if yearly stocking rate is kept constant, but should 

be transient until animals adapt and expand the menu of species 

they consume, a process that Provenza (2003) estimates could take 

up to 3 yr. In the Los Pozos this adaptation was not observed, 

and differences in weight and body conditions between grazing 

systems persisted even when yearly stocking rates were similarly 

adjusted to forage availability. Recommended forage allowance in 

the Magellan Steppe is 500 kg DM 

−1 · yr −1 · ewe −1 ( Borrelli 2001 ), 

and during 2014 −2015 paddocks under CGM were grazed using 4 

566 EEs, with a forage allowance of 540 kg DM 

−1 · yr −1 · ewe −1 . 

In turn, HGM used 2 472 EEs, with a forage allowance of 798 kg 

DM 

−1 · yr −1 · ewe −1 . HGM area had approximately 2 057 guanacos 

( = 3 085 EEs; Sarasqueta 2001 ) leading to a total stocking of 5 557 

EEs, only somewhat higher than grazing capacity, estimated at 5 

187 EEs. 

Animal condition may have suffered due to planning decisions 

on winter movements as HGM flocks shifted between great pad- 

docks in a 13 0 0 0-ha area, but this is most probably due to poor 

diet quality as shown in other studies (Heitschmidt and Taylor Jr 

1991 ). Differences of animal body condition and live weight de- 

creased or reversed (see Fig. 7 ) when the north area returned to 

CGM in 2016, in the worst part of the 2012 −2016 drought and with 

guanaco numbers that continued to grow from 2 056 (mean 2014- 

2015) to 3 455 (mean October 2015 −January 2016). 

Poor body condition may explain 25% loss of lambs in HGM in 

relation to CGM ( Fig. 8 ). Ewe body condition is known to influ- 

ence lamb weight ( Iglesias et al. 2005 ) because lambing takes place 

with low temperatures ( Coronato 1999 ) and ewes rely on body 

reserves for lactation. Poor body conditions have generated great 

winter mortalities in other HGM experiences in Patagonia ( Cibils 

and Fernández 2014 ). In addition, lambs may die if they are de- 

tached from their mothers during stock movements. Lamb produc- 

tion during the drought and HGM fell to half the historical level 

in the north paddock reaching 0.05 lambs.ha −1 yr −1 in 2014, and in 

view of that the drought persisted. In September 2015 producers 

decided to stop the rotation and continue with CGM with sheep 

distributed in the paddocks according to their grazing capacity. 

Implications 

In extensive dryland grazing systems, adequate stocking rate 

and rest are two of the few range management tools available 

( Heady and Child 1994 ). HGM generated rest periods in rangelands 

that have probably been grazed for over a century with good re- 

sults, but the response was not distinguishable from the improve- 

ments registered in adjacent CGM paddocks with moderate stock- 

ing rates. Dry 2012 −2015 conditions in an environment that was 

already arid in the context of most HGM applications may have 

inhibited responses: Hawkins (2016) analyzed 103 studies of HGM 

and found no effect on plant basal cover or biomass where rainfall 

was < 500 mm. Guanacos were also a complication in this study, 

but wild animals and drought are real-world factors that any graz- 

ing plan should take into account in Patagonia. 

Degraded rangelands in Patagonia retained the capacity to re- 

generate using moderate, flexible stocking rates, under both types 

of management, and this is good news. HGM seems to be a safe 

option from the rangeland point of view, given that stocking is 

kept below grazing capacity. More benefits would probably arise 

from HGM rest periods in the long term, especially in wetlands or 

highly impacted areas. However, animal production issues have to 

be solved in order to sustain this type of management in a com- 

mercial station. 

The Halliday family considers that difficulties sheep experi- 

enced may be the consequence of a long CGM history and that, 

over time, it would be possible to select animals that adapt more 

readily to these movements. They plan to reestablish rotation with 

better fences and water infrastructure, using forage supplements 

and smaller flocks with longer grazing periods during the perinatal 

stage, as shown in other Patagonian examples ( Paruelo et al. 1992 ). 
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Our study indicates that it is not realistic to expect fast regenera- 

tion by means of intense management in severely restricted habi- 

tats, such as the Magellan Steppes, but slow, persistent, long-term 

progress under careful management seems, on the other hand, fea- 

sible. 
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