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Abstract

Heathlands in the northwest of Spain have been traditionally used by domestic herbivores as a food resource. However, their
abandonment in the past decades has promoted a high incidence of wildfires, threatening biodiversity. Sheep and goats exhibit
different grazing behavior, affecting rangelands dynamics in a different way, but the botanical and structural composition may
also affect such dynamics. The aim of this article was to compare the grazing effects of sheep and goats on three different
heathland types: previously burned grass- or gorse (Ulex gallii Planchon)-dominated and unburned heather (Erica spp.)-
dominated shrublands. Two grazing treatments (sheep or goats) were applied in each vegetation type in a factorial design with
two replicates (12 experimental plots). A small fenced area was excluded from grazing in each plot (control treatment). The
experiment was carried out from 2003 to 2006, and the grazing season extended from May to October—-November. Plant cover,
canopy height, and phytomass amount and composition were assessed in each plot. Results showed that goats controlled shrub
encroachment, phytomass accumulation, and canopy height more than sheep in either burned grass— and gorse— and unburned
heather-dominated shrublands. It was accompanied by a higher increase of herbaceous species under goat grazing.
Nevertheless, plant dynamics showed different trends between the three vegetation types studied. Grazing effects were more
important in previously burned grass-dominated heathlands than in unburned heather-dominated shrublands. At the end of the
experiment (May 2006), shrub cover, height, and woody phytomass were significantly higher in the ungrazed enclosures than in
the grazed plots. Small ruminant grazing, especially with goats, is proposed as an efficient tool to reduce shrub encroachment
and woody phytomass accumulation in heathlands, thus reducing fire hazard, although these grazing effects depend on
heathland composition.

Resumen

Los brezales-tojales en el noroeste de Espafia han sido utilizados tradicionalmente por herbivoros domésticos como fuente de
alimento. Sin embargo, su abandono en las dltimas décadas estd promoviendo una alta incidencia de incendios forestales,
amenazando la biodiversidad. El ganado ovino y caprino muestra diferentes conductas de pastoreo, afectando la dindmica en los
pastizales, pero la composicion botdnica y estructural también puede afectar dicha dinamica. El objetivo de este trabajo fue
comparar los efectos del pastoreo del ganado ovino y caprino en tres diferentes tipos de brezales-tojales: pastizales previamente
quemados dominados por vegetacion herbdcea (gramineas) o por el tojo (Ulex gallii Planchon), y no quemados dominados por
el brezo (Erica spp.). Dos tratamientos de pastoreo (ovino o caprino) fueron aplicados en cada tipo de vegetacion en un disefio
factorial con dos repeticiones (12 parcelas experimentales). Una pequeiia drea cercada fue excluida del pastoreo en cada parcela
(tratamiento control). El experimento se realizé del 2003 al 2006, y la temporada de pastoreo se extendié de Mayo a Octubre—
Noviembre. Se evaluaron en cada parcela la cobertura vegetal, la altura del dosel, y la cantidad y composicion de fitomasa. Los
resultados mostraron que las cabras controlaron la invasion de arbustos, la acumulacion de fitomasa y la altura del dosel mas
que las ovejas en cualquiera de los pastizales quemados de grama y tojo, y los pastizales no quemados dominados por el brezo.
Lo que estuvo acompafiado de un mayor incremento en especies de herbaceas bajo el pastoreo caprino. Sin embargo, la
dindmica vegetal mostré diferentes tendencias entre los tres tipos de vegetacion estudiados. Los efectos del pastoreo fueron mas
importantes en los brezales-tojales previamente quemados dominados por las gramineas que en los matorrales no quemados
dominados por el brezo. Al final del estudio (mayo 2006), la cobertura arbustiva, la altura y la biomasa de las lefiosas fueron
significativamente mayores en los matorrales sin pastoreo que en las parcelas pastadas. El pastoreo con pequefios rumiantes,
especialmente con cabras, se propone como una herramienta eficiente para reducir la invasion de arbustos y la acumulacion de
fitomasa lefiosa en los brezales-tojales reduciendo asi el riesgo de incendios, aunque estos efectos del pastoreo dependen de la
composicion del brezal-tojal.
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Heathlands are evergreen shrubland communities adapted to
acidic soils and humid climate conditions and hence charac-
teristic of western Atlantic Europe (Webb 1998). Heathlands
are widespread in the northwest of Spain. In Asturias,
heathlands occur on 21% of the total surface and have been
traditionally used by the local population as a wood and
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hunting resource and by wild and domestic herbivores as a food
resource (Alvarez et al. 2004). This vegetation is characterized
by its low nutritive value for grazing livestock (Hodgson and
Eadie 1986), as the dominant woody species generally have a
low protein concentration and high levels of indigestible cell
wall components (Celaya et al. 2007b; Osoro et al. 2007a).

Because of its low productivity, progressive abandonment of
livestock grazing on heathlands in the past decades has led to
high accumulations of woody phytomass, increasing fire
incidence and endangering biodiversity (Ministerio de Medio
Ambiente 2008). Appropriate management of livestock grazing
in these communities should provide both environmental and
economic benefits (Rook et al. 2004; Hadjigeorgiou et al.
2005). Osoro et al. (1999) suggested that sheep and goats are
better adapted than cattle to the nutritionally poor vegetation
of the heathlands.

The effects of sheep and goat grazing on heathlands are not
always consistent in Europe. In northern heathlands, continu-
ous herbivore overexploitation has endangered the stability and
survival of these plant communities (Anderson and Yalden
1981; Thompson et al. 1995; Britton et al. 2005), whereas in
the north of Spain, grazing with small ruminants has been
proved to be an efficient tool for controlling shrub encroach-
ment, decreasing woody phytomass and thus reducing fire
hazard (Rigueiro-Rodriguez et al. 2005).

Foraging behavior of sheep and goats differ (Gordon 2003),
the latter being a browser species well adapted to feed on
shrubby vegetation, while sheep prefer to graze herbaceous
species (Clark et al. 1982; Aldezabal 2001). Therefore, sheep
and goat grazing can direct heathland succession toward
different community composition and structure. Goats con-
trolled encroachment of shrubs, such as heather and gorse
species, more than sheep, promoting grass growth (Radcliffe
1986; Celaya et al. 2007a). Previous grazing history, fire, and
environmental gradients can shift the outcome of vegetation
succession (Vandvik et al. 2005).

We hypothesized that goats could control woody phytomass
more effectively than sheep because of their tendency to
browse. Shrub control could also be affected by initial
botanical and structural composition and previous manage-
ment (i.e., burning or grazing). The objective of this study was
to compare effects of sheep and goat grazing on three different
heathland types (grass, gorse, or heather dominated) and to
assess how the initial composition affects vegetation succes-
sional trends under grazing.

METHODS
Study Site

The experimental field was located on the top of San Isidro
Mountain, in the Asturias region of northwestern Spain (lat
43°21'N, long 6°53'W). Elevation at the site varied from 850
to 950 m. Average annual temperature was 10.2°C, with a
mean temperature of 4.7°C in January and 16.8°C in August.
Precipitation occurred mainly from October to January, with
an annual mean of 1557 mm during 2002-2006.

The experimental field contained pronounced slopes and
shallow soils. Soil pH (3.92) and concentrations of available
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calcium (6 mg/kg), magnesium (25 mg/kg), and phosphorus
(2 mg/kg) were very low compared to more structured soils in
the region.

The dominant plant community in this region is heather-
gorse, which occurs on 14% of the Asturias region (Alvarez et
al. 2004). Vegetation occurring in the experimental field is an
association Halimio alyssoidis—Ulicetum gallii (Diaz Gonzélez
and Ferndndez Prieto 1994). Heather species are Erica cinerea
L., E. umbellata L., Calluna vulgaris (L.) Hull, and Daboecia
cantabrica (Hudson) C. Koch. Gorse (Ulex gallii Planchon), a
thorny woody legume, is also very common. Other character-
istic woody species are Halimium alyssoides (Lam.) C. Koch,
Genistella tridentata (L.) Samp, and Lithodora prostrata
(Loisel.) Griseb. The most abundant herbaceous species are
grasses such as Pseudarrbenatherum longifolium (Thore) Rouy
and Agrostis curtisii Kerguélen.

Experimental Design
The study used a factorial design of two grazing treatments (sheep
or goats) and three vegetation types (grass, gorse, or heather
dominated) with two replicates. Two years before the experi-
ment, in the spring of 2001, a heathland area of approximately
5 ha was superficially burned, and four adjacent 1.2-ha paddocks
were established. Every second pasture was grazed during the
autumn-winter (September—January) of 2001 and spring-au-
tumn (May-October) of 2002 by sheep (randomly assigned) and
every other field by goats, leading to gorse- or grass-dominated
shrublands, respectively. In the spring of 2003, two surrounding
unburned (heather dominated) areas were incorporated with the
previously burned pastures for a total of six pastures: two burned
and goat-grazed (grass dominated), two burned and sheep-grazed
(gorse dominated), and two unburned and ungrazed (heather
dominated). Each of the six pastures was divided into two fenced
0.6-ha paddocks. Sheep or goat grazing treatments were
randomly assigned to paddocks. In addition, a 4 X 4 m enclosure
was fenced inside of each paddock to provide an ungrazed
control. These enclosures were placed in the middle of the
paddock to minimize nutrient fertilization by animal excretion.
Grazing began in May 2003 with four Gallega ewes
(mean = SE, 37.5+0.90 kg) or four Cashmere goats
(34.4+0.84 kg) in each paddock. Thus, stocking rate in
2003 was 6.7 animals - ha™', although it was increased to 10
animals - ha ™! (six per paddock) in subsequent years (2004 and
2005). All animals were nonlactating adult females. Flocks
grazed from May to October-November depending on weather
conditions, except in 2005, when stock was removed at the end
of August because of a severe summer drought (33 mm rainfall
during July—August compared to a mean of 127 mm during the
same months in 2003, 2004, and 2006).

Plant Sampling

Botanical composition (relative species cover) and canopy
height in the grazed plots were assessed using the point-quadrat
method (Grant 1981). Three hundred vertical contacts were
recorded along three permanent transects per plot from 2003 to
2006. Observations were recorded during May, August, and
October 2003; May and October 2004; May, August, and
October 2005; and May 2006. On the ungrazed control
enclosures, plant cover and canopy height were determined
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Table 1. Initial plant cover, canopy height, and phytomass amount and composition in the three vegetation types studied (grass-, gorse-, and
heather-dominated shrublands) prior to the establishment of sheep or goat grazing treatments (N = 12).

Grass dominated

Gorse dominated

Heather dominated

Sheep Goat Sheep Goat Sheep Goat SEM P-value'

Cover (%)
Heather 0.5 1.0 0.5 1.0 395 40.3 2.10 <0.001
Gorse 147 13.7 26.2 27.8 14.8 20.0 4.28 0.062
Other shrubs 0.2 0.0 0.2 0.3 4.8 1.2 1.59 0.056
Herbaceous 37.8 46.3 29.5 23.7 6.8 9.3 3.28 <0.001
Dead matter 34.8 34.0 34.2 33.2 325 27.3 2.02 0.129
Bare ground 12.0 5.0 9.5 14.0 1.5 1.8 2.82 0.019
Height (cm) 55 4.7 5.9 9.3 22.6 24.8 2.54 <0.001

Phytomass
Total (kg dry matter-ha™") 8524 8286 9982 13022 18421 19023 2781 0.025
Heather % 18.9 274 11.1 15.2 70.7 69.5 3.98 <0.001
Gorse % 514 43.9 67.6 72.2 17.1 17.4 5.45 <0.001
Other shrubs % 0.1 0.2 0.0 0.2 4.0 3.0 1.72 0.074
Herbaceous % 29.6 28.5 21.2 12.5 8.2 10.1 3.22 0.002

"P-value for difference among vegetation treatments (grass dominated, gorse dominated, and heather dominated). Livestock and the livestock x vegetation interaction were not important

sources of variation for all variables (P> 0.10).

using the same method at random 50 vertical contacts per
enclosure in June 2006.

Aerial phytomass was harvested in five randomly located
quadrats of 0.2 X 1 m per plot using pruning shears. Samples
were sorted into four botanical components: heather species (E.
cinerea, E. umbellata, C. vulgaris, D. cantabrica), gorse (U.
gallii), other shrubs (G. tridentata, H. alyssoides, L. prostrata),
and herbaceous species (mainly the grasses P. longifolium and
A. curtisii). Samples were dried in a forced-air oven at 80°C for
24 h and weighed as dry matter (DM). Field sampling was
conducted in May, August, and November 2003, June and
October 2004, June and August 2005, and June 2006.
Ungrazed control enclosures were sampled at the end of the
experiment (June 2006) by cutting phytomass in one randomly
allocated quadrat of 0.2 X 1 m in each enclosure.

Data from the four control enclosures in each vegetation type
were pooled (200 point-quadrat contacts and four phytomass
quadrats) for the analyses because of their smaller size.

Statistical Analysis

Initial (May 2003) pretreatment differences in plant cover,
canopy height, and phytomass data were examined by
factorial two-way analysis of variance (ANOVA) for the main
effects of vegetation type (grass-, gorse-, or heather-dominat-
ed shrubland) and livestock species (sheep or goat) and their
interaction.

Vegetation data during the experiment (2003-2006) were
evaluated using a mixed model for repeated measures with the
PROC MIXED procedure (Littell et al. 1998; SAS Institute
1999). Cover and height were measured nine times, and
phytomass was measured eight times. The model included
livestock species (L), vegetation type (V), sampling time (T),
and the LXV, LXT, VXT, and L XV XT interactions as
fixed effects. Paddocks were the experimental units and used as
subjects in the repeated measurements analysis. Different
modeling approaches (compound symmetry [CS], heteroge-
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neous CS, antedependence, Toeplitz, heterogeneous Toeplitz)
were fitted to the covariance structure, and the best model for
each dependent variable was selected according to the finite-
sample corrected Akaike information criterion (Littell et al.
1998; Wang and Goonewardene 2004). Some of the dependent
variables showed variance heterogeneity among vegetation
types (e.g., heather cover percentage). In that case, a group
effect was specified to set a covariance structure for each
vegetation type (SAS Institute 1999). A Tukey test was used to
examine pairwise differences between vegetation type means.
Vegetation data at the end of the experiment (May—June 2006)
were analyzed with factorial two-way ANOVA to test for the
differences between sheep, goats, and no grazing (control
enclosures) and their interactions with vegetation type, checking
post hoc mean differences with a Tukey test. The smaller size of
the control enclosures (one 4 X4 m fenced enclosure per
paddock) necessitated a smaller sample and reduced accuracy
compared to grazed paddocks. Correspondingly data from
enclosures were pooled for each vegetation type (four enclosures)
prior to analyses. Percentage data (cover and phytomass) were
angular transformed before performing the analyses (Zar 1999).

RESULTS

At the beginning of the experiment (May 2003), botanical
composition (cover), canopy height, and phytomass differed
(P <0.05) between vegetation types (Table 1). At that time, no
differences (P> 0.10) were found between grazing treatments.

Vegetation Cover

After pooling the three vegetation types, shrub cover (live
plants) increased from 34 * 8.4% in May 2003 to 55 =2.1%
in May 2006 under sheep grazing, while it increased from
35 £8.9% to 39 = 3.2% under goat grazing (P < 0.001). Given
the initial differences between vegetation types, shrub cover
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Table 2. Effects of livestock species (L), vegetation type (V), time (T), and their interactions on plant cover, canopy height, and phytomass (N = 12).

Grass dominated Gorse dominated Heather dominated P-values
Sheep  Goat  Sheep  Goat  Sheep  Goat SEM L V LxV T LXT VXT LxXVXT
Cover (%)
Total shrubs 36.0 27.5 48.8 39.7 59.2 54.5 2.86 0.002 <0.001 0.717 <0.001 <0.001 <0.001 0.110
Heather 0.9 1.3 1.0 1.6 40.3 36.7 2.97 0.535 < 0.001 0.474 0.006 0.088 <0.001 0.012
Gorse 35.0 26.2 47.6 38.1 15.2 17.0 414 0.108 <0.001 0.315 <0.001 <0.001 <0.001 0.013
Other shrubs 0.0 0.0 0.1 0.1 3.7 0.8 1.10 0.271 0.074 0.319 0.006 0.374 0.018 0.666
Herbaceous 18.4 33.4 15.9 17.4 5.4 10.1 298 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.091
Dead matter 31.3 34.7 29.0 324 33.8 32.8 1.23 0.057 0.082 0.138 <0.001 0.153 <0.001 0.114
Bare ground 14.4 4.4 6.3 10.5 1.6 2.6 1.73 0.394 <0.001 0.003 0.253  0.102 0.001 0434
Height (cm) 10.0 7.3 12.1 13.5 22.5 21.8 2.52 0.766 < 0.001 0.717 <0.001  0.002 <0.001 0.119
Phytomass
Total (kg dry
matter - ha™") 11213 10116 14482 12863 21464 19512 1634 0.250 < 0.001 0.966 <0.001 0102 0.155 0.302
Heather % 18.3 12.1 7.6 12.0 65.9 67.8 6.20 0.988 < 0.001 0.211 0.006 0.366 0.316 0.601
Gorse % 63.5 50.5 7.7 74.6 234 20.1 3.86 0.053 <0.001 0.506 <0.001 0.050 0.262 0.996
Other shrubs % 0.0 0.0 0.0 0.1 5.1 1.5 1.83 0.595 0.032 0.730 0.989 0489 0.998 0.674
Herbaceous % 18.1 374 14.7 13.3 5.6 10.6 3.05 <0.001 <0.001 0.001 0.001 <0.001 0.719 0.007

increased during the experimental period in both burned grass-
and gorse-dominated vegetation (from 15%=1.9% to
40+ 5.7% and from 28 +1.6% to 48 = 5.1%, respectively)
but decreased in unburned heather-dominated (from
60*x2.7% to 52 £ 3.9%; P <0.001 for vegetation type X time
interaction; Table 2).

Little heather presence was observed in burned plots
(Table 2). In unburned plots, its heather cover decreased
slightly under sheep grazing (from 39 *+3.2% in 2003 to
36 =2.5% in 2006), while a more marked decrease was
observed under goat grazing (from 40 +4.0% to 32 * 3.2%;
P <0.05 for livestock species X time interaction).

Gorse cover increased more (P <0.001) under sheep (from
19+2.6% to 40*7.6%) than under goat grazing (from
20+2.6% to 25+4.9%) and in burned than in unburned
plots (P <0.001). The differences between sheep and goats
were higher in the burned plots (P<0.05 for livestock
species X vegetation X time interaction; Fig. 1).

Presence of other shrubs (G. tridentata, H. alyssoides, L.
prostrata) was negligible in burned plots (< 0.5% cover). In the
unburned plots, their mean cover varied (P<0.01) from
3.0£1.9% in 2003 to 2.2+1.4% in 2004-2005 and to
3.6 +1.9% in 2006 without differences (P> 0.10) between
grazing treatments.

Inversely to woody species, cover of live herbaceous plants
decreased more (P<0.001) under sheep grazing (from
25+6.1% in 2003 to 12*+2.2% in 2006) than under goat
grazing (from 26 +=6.9% to 24 +4.5%). In all vegetation
types, treatments, and years, herbaceous cover decreased from
spring to autumn, showing differences (P <0.001) between
vegetation types over time (Fig. 2).

Inversely to live plants, dead matter cover increased from
spring to autumn (P <0.001; Table 2). In burned plots, cover
of dead matter decreased across years, while in unburned
heather-dominated plots, it increased (P <0.001 for time X
vegetation type interaction; Table 2). The percentage of bare
ground decreased during the experiment in gorse-dominated,
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remained nearly constant in grass-dominated, and increased in
heather-dominated vegetation (P <0.001), with no differences
(P>0.10) between livestock species (Table 2).

At the end of the experimental period (May 2006), cover of
all examined botanical components, except for other shrubs,
differed between sheep, goat, and no-grazing treatments
(P <0.01). Vegetation type also affected (P < 0.05) all variables
except dead matter and bare ground (Table 3). Heather cover
was greater (P < 0.001) in the ungrazed enclosures (27 = 14.2%)
than in sheep or goat-grazed plots (13 * 4.5%). Gorse accounted
for 61 +13.5% cover in the ungrazed enclosures compared to
40+ 7.6% under sheep and 25 *4.9% under goat grazing
(P <0.01). Conversely, cover of herbaceous plants was lower
(P <0.01) in the ungrazed enclosures (2 = 1.4%) than in sheep
(12+2.2%) and goat-grazed plots (24 =4.6%). Dead matter
and bare ground percentages were lower in ungrazed than in
grazed plots (P < 0.001).

Canopy Height

After pooling the three vegetation types, mean canopy height
increased more (P<0.01) over time under sheep (from
11.3+3.6 cm in 2003 to 17.3 = 1.6 cm in 2006) than under
goat grazing (from 12.9 = 4.1 cm to 14.7 = 2.2 c¢m). In general,
it increased from year to year in both grass- and gorse-
dominated plots, whereas it decreased in heather-dominated
plots (P <0.001; Fig. 3). At the end of the experiment, canopy
height ~was higher (P<0.001) in wungrazed plots
(41.4 = 1.9 cm) than in grazed plots (16.0 = 1.4 cm; Table 3).

Phytomass

During the experimental period, phytomass was greater in
unburned heather-dominated vegetation than in burned gorse-
and grass-dominated vegetation (20488, 13673, and
10664 kg DM -ha™ !, respectively; SEM = 1155; P<0.001;
Table 2). After pooling vegetation types, phytomass tended
to increase over time wunder sheep grazing (from
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Figure 1. Changes in gorse cover (least squares means == SEM) from 2003 to 2006 under sheep or goat grazing on (A) grass-, (B) gorse-, and (C)

heather-dominated shrublands (M: May; A: August; O: October).

12309 =2265 kg DM-ha !in May 2003 to 15854 =2050
kg DM-ha™! in June 2006), while a decreasing trend was
found under goat grazing (from 13444 +2373 kg DM -ha ™"
to 11457+ 1764 kg DM-ha !5 P = 0.102; Fig. 4). Woody
phytomass (heather, gorse, and other shrubs all together)
increased more under sheep (from 10316 *+2402 kg
DM -ha™" in 2003 to 14918 1998 kg DM -ha™"' in 2006)
than under goat grazing (from 11 541 +2459 kg DM -ha ' to
9459 +2057 kg DM -ha™'; P<0.05).

With regard to phytomass composition, the proportion of
heather was as expected higher in heather-dominated plots
(67%) than in grass- (15%) and gorse-dominated plots (10%;
SEM = 4.4; P<0.001); it decreased over time (from
35+7.6% in 2003 to 29 = 8.9% in 2006; P <0.01) with no
(P >0.10) treatment or vegetation type effects (Table 2). Gorse
made up 76%, 57%, and 22% of the total phytomass in gorse-,
grass-, and heather-dominated vegetation, respectively (SEM =
2.7; P<0.001), and increased more over time under sheep
(from 45+9.8% to 61*12.6%) than under goat grazing
(from 44 =10.2% to 50 +10.3%; P = 0.05). Other shrubs
accounted for small percentages of total phytomass, being
higher (P <0.05) in heather-dominated plots (3.3%) than in
burned plots (<0.5%; SEM = 1.40). The proportion of
herbaceous phytomass was higher in grass- (28%) than in

gorse- (14%) and heather-dominated vegetation (8%; SEM =
1.7; P <0.001); it increased over time under goat grazing (from
17+ 3.8% to 22 £7.2%) and decreased under sheep grazing
(from 20 =4.3% to 6 £1.1%, P<0.001), with the greatest
differences arising in the grass-dominated vegetation (P <0.01
for time X treatment X vegetation interaction; Fig. 4).

At the end of the study (June 2006), total phytomass was
greater in ungrazed than in grazed plots (27675 +=2714 kg
DM-ha ' and 13655+1450 kg DM-ha !, respectively;
P <0.01). No differences between grazing treatments were
found in the percentages of heather, gorse, or other shrubs
(P>0.10). The proportion of herbaceous phytomass was
affected by the treatment X vegetation type interaction
(P<0.001). In grass-dominated vegetation, such percentage
was much higher (P < 0.001) in goat-grazed plots (45.0%) than
in sheep-grazed and ungrazed plots (7.9% and 12.1%,
respectively; SEM = 1.55). Lower differences between goat
and sheep treatments were found both in heather- (8.2% vs.
2.8%; SEM = 1.09; P<0.05) and in gorse-dominated
vegetation (14.2% vs. 8.0%; SEM = 1.09; P = 0.105). In these
two vegetation types, intermediate herbaceous percentage
values were observed in ungrazed plots, and consequently no
differences (P> 0.05) between any grazing treatments were
observed.

A)  Grass-dominated B) Gorse-dominated C) Heather-dominated
60
§ 50 Sheep Goat
g 40
[&]
5 130
[e]
3
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@
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MAO M O MAO M

2005 2006 2003 2004 2005 2006

Figure 2. Changes in herbaceous cover (least squares means = SEM) from 2003 to 2006 under sheep or goat grazing on (A) grass-, (B) gorse-,

and (C) heather-dominated shrublands (M: May; A: August; O: October).
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Table 3. Effects of grazing treatment (Tr; sheep, goat, or no grazing) and vegetation type (V; grass, gorse, or heather dominated) on plant cover and

canopy height at the end of the experiment (N = 15).1

Grass dominated Gorse dominated Heather dominated P-values
Sheep  Goat  Ungrazed Sheep Goat  Ungrazed  Sheep Goat Ungrazed SEM Tr v

Cover (%)

Heather 15 3.5 15.5 1.5 3.2 10.5 36.2 31.8 55.5 2.40 <0.001 <0.001

Gorse 48.5 26.8 66.5 54.0 36.8 80.5 16.0 12.7 35.0 5.50 0.001 <0.001

Other shrubs 0.0 0.0 0.5 0.3 0.0 0.0 55 1.7 3.0 2.23 0.432 0.010

Herbaceous 16.2 36.8 5.0 12.8 21.7 1.5 6.2 14.8 0.5 5.10 0.001 0.023

Dead matter 225 28.7 12.5 25.7 29.3 7.5 33.7 35.2 6.0 4.70 <0.001 0.530

Bare ground 11.3 4.2 0.0 5.7 9.0 0.0 2.5 3.8 0.0 2.39 <0.001 0.115
Height (cm) 14.0 9.5 39.7 16.5 15.8 45.2 21.3 18.9 39.2 3.62 <0.001 0.126

The grazing treatment X vegetation type interaction was not an important source of variation for all variables (P> 0.05).

DISCUSSION

Goats were able to control shrub encroachment better than
sheep on grass-, gorse-, or heather-dominated vegetation. These
results agree with those obtained in partially improved
paddocks located in the same experimental farm and managed
with other breeds of sheep (Gallega), goats (Celtiberic), or
mixed flocks on both previously untreated or mechanically
cleared heathland areas (Celaya et al. 2007a). In the previously
mentioned work, differences in the dynamics of woody plants
between the three flock types were restricted mainly to gorse
rather than to heather. In addition, in the current study,
differences between sheep and goats were greater on previously
burned paddocks, with gorse as the dominant shrub, than on
unburned paddocks dominated by heather species. A greater
control of Ulex europaeus by goats than by sheep was also
observed in Galicia, northwest Spain (Sineiro 1982), and New
Zealand (Radcliffe 1986). A direct consequence of the greater
control of the shrubs and particularly of gorse in the paddocks
grazed by goats was the increased abundance (cover, height,
and mass) of grasses compared to sheep-grazed plots, similar to
that observed in the previously mentioned works. Shrub control
is known to increase the availability of soil nutrients and light
for herbaceous species (Clément and Touffet 1990; Peltzer and
Kéchy 2001).

The differences found between sheep and goat grazing in
heathland dynamics are likely the result of their different

grazing behavior. Celaya et al. (2007b) observed higher
percentages of gorse in goat diets than in sheep diets across
the grazing season. Similarly, in different scrub—pasture
associations of New Zealand including burned shrublands, a
higher diet selection of gorse (U. europaeus) by goats than by
sheep was observed (Clark et al. 1982; Radcliffe 1986).
Differences between sheep and goats for heather selection have
been found to be lower than for gorse in Spanish heathlands
(Bartolomé et al. 1998; Celaya et al. 2007b).

Nevertheless, sheep grazing reduced shrub cover, height, and
mass compared to the ungrazed enclosures. Increases in sheep
stocking density lead to reductions in heather cover (Anderson
and Yalden 1981; Alonso et al. 2001), though the intensity or
extent of such effect is also affected by season and length of
grazing (Grant et al. 1982; Gallet and Roze 2001).

Independent of livestock species, plant dynamics also
differed between the studied vegetation types, mainly between
burned and unburned vegetation. Fire is known to strongly
affect species composition in heathlands (Hobbs and Giming-
ham 1987; Vandvik et al. 2005). In the present work, shrub
cover and canopy height increased over time on both burned
grass- and gorse-dominated vegetation, whereas they decreased
on unburned heather-dominated paddocks, suggesting that
grazing effects on vegetation depend on the successional stage
of the plant community (Hobbs and Gimingham 1987; Welch
and Scott 1995), which in turn affects the grazing behavior of
small ruminants (Baumont et al. 2000). In addition, trampling
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Figure 3. Changes in canopy height (least squares means + SEM) from 2003 to 2006 under sheep or goat grazing on (A) grass-, (B) gorse-, and (C)

heather-dominated shrublands (M: May; A: August; O: October).
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Figure 4. Changes in phytomass amount and composition from 2003
to 2006 under sheep or goat grazing on (A) grass-, (B) gorse-, and (C)
heather-dominated shrublands (M: May; J: June; A: August; O: October;
N: November). Phytomass accumulation in the ungrazed enclosures in
2006 is shown. Vertical bars show SEM for total phytomass.

effects on shrub cover were presumably more pronounced in
heather-dominated vegetation than in previously burned grass-
or gorse-dominated vegetation.

Although goat grazing reduced gorse encroachment, pro-
moting a higher herbaceous presence in the burned shrublands,
sustainability of such management would be very limited in
terms of livestock production because of the low nutritive value
of available vegetation. New spring shoots of gorse have high
protein content, but protein levels quickly decrease during
summer (Celaya et al. 2007b), together with a thorn hardening
that limits animal intake and mobility. Palatability and nutrient
content of native grasses growing in these shrublands is also
quite low, and thus animal nutritive requirements would not be
fully satisfied in burned shrublands even in nonlactating
animals, as proved by their negative live-weight changes for
most of the grazing season (B. M. Jauregui, U. Garcia, K.
Osoro, and R. Celaya, unpublished data, 2003-2006). Fur-
thermore, this gorse-dominated vegetation represents a high
risk for recurrent fires (Nufiez-Regueira et al. 1996). On the
other hand, the scarce presence of heather after burning could
negatively affect goat performance. Sheep and goats prefer
heather rather than gorse for most of the grazing season
(Celaya et al. 2007b). It has been recently observed that tannin-
containing heather has anthelmintic properties in goats,
reducing parasitic infection and improving animal welfare
and performance (Osoro et al. 2007b).

IMPLICATIONS

Goats were more efficient than sheep as a management tool to
control an excessive accumulation of woody combustible

62(2) March 2009

material and enhance the herbaceous cover, which should
reduce fire risk. Nevertheless, such control depended on the
initial composition of the vegetation. Goat grazing was more
effective at early successional stages after a fire. In previously
burned heathlands, the control of gorse encroachment by goats
declines once gorse plants develop thick stems and hard thorns.
Gorse can attain dominance after few years in the absence of
grazing or even under sheep grazing.
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