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Abstract We monitored the cover and seed bank rgytroduction
sponse of shrubs, perennial herbs, and ephemeral plants
to experimental exclusion of both the principal rodefnvironmental stress and climatic variability have tradi-
herbivore, Octodon degysand its vertebrate predatorsionally been cited as the primary determinants of spe-
from 1989 to 1994 in a semiarid Chilean mediterraneeies richness and plant abundance in arid and semiarid
site. Although both richness and species compositionzaines (Noy-Meir 1973; Beatley 1974; Ludwig and Whit-
the plant community at the study site were largely detéord 1981). In the last decade, however, a number of
mined by abiotic factors (mainly rainfall and soil nutristudies have shown that small mammals can have signifi-
ents), predator and herbivore exclusion had significaraint effects on the plant community (Huntly and Inouye
effects on the relative abundance of several plant speci®88; Whickler and Detling 1988; Brown and Heske
Experimental exclusion of herbivores was associaté890; Martinsen et al. 1990; Swihart 1991; Samson et al.
with increased cover of some shrubs and a perendif®2; Heske et al. 1993). These effects may be a direct
grass, and decreased cover and seed densities of sexesalt of plant consumption by small mammals, or an in-
ephemerals, especially those exotic or restricted to ardmect consequence of physical disturbance due to their
underneath shrubs. Herbivores apparently reduced shratitvities (Contreras and Gutiérrez 1991; Whitford
through browsing and indirectly affected herb cover an@93). Further, these effects may be mediated by preda-
seed densities by opening up areas under shrubs anmia; which may indirectly affect plant composition and
modifying physical and chemical conditions of the soibundance by changing the density and/or behavior of
Plant responses to predator exclusion were less clearall mammals (Jaksic 1986).
Nevertheless, higher cover of some shrubs and ephemerPrevious studies of Chilean mediterranean-type eco-
als in the presence of predators suggests tritrophic effesststems suggested a major role of predation on small
through changes in small mammal densities and/or faorammals (e.g., Jaksic etal. 1979, 1981, 1992, 1993),
aging behavior. and a major effect of small mammal herbivores on plants
(Fuentes and Le Boulengé 1977; Jaksic and Fuentes
Key words Herbivory - Predation - Tritrophic effects - 1980; Fuentes etal. 1983, 1984). However, few long-
Ephemeral plants - Chilean semiarid z:ane term field experiments have been conducted in the tem-
perate Neotropics, and such studies are necessary to as-
sess the generality of patterns largely derived from stud-
ies conducted in the Northern Hemisphere (Davidson et
al. 1985; Brown etal. 1986; Brown and Heske 1990;
JR. Gutiérrez[(]) - S. Herrera Samson etal. 1992; Heske etal. 1993, 1994). Since
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suggesting a major role of predation. Numbers and so@-m from each other, and randomly assigned to treatments as fol-
vival of the principal small mammal specig3. (degus 0Ws:

andPhyllotis darwin) were significantly higher on pred-1. Four plots had low (1.0 m high) fencing buriedd0 cm into
e ground with enlargements of the 2.5-cm mesh cut in the chick-

ato_r exclusion plots (Mese_rve etal. 1996). Herein we C’e% ire (yieldingc. 5-cm diameter holes) at ground level every 2
scribe the cover and soil seed number responsesmojielding a total of 159 5-cm holes for each plot, to allow access
shrubs, perennial herbs, and ephemeral plants to thet@xl small mammals and predators (hereafter referred to as con-

perimental exclusion of both the principal herbivore (tHe! plots or +D +P plots).

_ our plots had high (1.8 m high) fencing buried 40 cm, a 1-m-
?]-egéjg_ilgg4)\/ertebrate predators over a 6-year perﬁ?&ﬁ overhang, polyethylene netting. (15-cm mesh) overhead,

and 5-cm holes in the fencing to exclude predators, but allow
small mammal access (including degus;—Dplots).

3. Four plots had low (1.0 m high) fencing buried 40 cm deep to
exclude the principal small mammal herbivore, the degu, but not

Materials and methods other small mammals or predator(+P plots).
) 4. Four plots had high (1.8 m high) fencing buried 40 cm deep,
Research site overhangs and netting that excluded both degus and predéiors (
—P plots).

The study area is located in Parque Nacional Fray Jorge (V{,°40
30°38S) c. 100 km south of La Serena and 400 km north of Sangi- ; ; :
ago, Chile, near the coast. This 10000-ha park contains semi%@p‘%i\\;\gﬁg (té?gégﬁﬁcnésorbggnsgenpg: c(i)?tclj%réu(g)resence or absence) and
thorn scrub vegetation, and isolated fog forests (on coastal MOUN—rheq ‘procedures for monitoring plant community changes

tain ridges), which have been protected from grazing and distifsre ysed. To determine shrub and perennial herbaceous cover
bance since 1941. The climate is semiarid mediterranean wj '

90% of the mean 85 mm annual precipitation falling in winttzggrr permanent parallel fines (each 75 m long) located 15 m apart

For statistical purposes, the experiment is a 2x2 factorial de-

hs (Mav-S ber): h dd e used in each plot; each line had 150 points at 50-cm inter-
g(r)r;t nf)r(méllyr-aiﬁ?z;ﬁr;]eae:)ihslugrgg?és;nrgm) Sa?]rdegvg:)r/nyggr innll.g Is. These lines were sampled every 4 months in 1989 and every
(32 mm), 1991 and 1992 were wet (233 m’m, and 229 mm, resp onths from 1990 on, using the point intercept technique (Mu-

) er-Dombois and Ellenberg 1974). To measure the cover of an-
B\égll}’zéégn?;)was close to average (77 mm) and 1994 was a {J[}iis and geophytes, the point intercept technique was applied to

The plant community of the study area (Quebrada de las Va ten randomly located 1.5-m-long segments (subdivided into 30

; : ; . X nts at 5-cm intervals) along the permanent lines every month
240 m elevation) is characterized by spiny drought-deciduous ing the growing season (winter-spring seasons). Twenty Soil
evergreen shrubs 2—3 m in height, with an herbaceous understaoé}hpms per plot were randomly collected every 4 months begin-
and generally unvegetated sandy areas between shrubs. The gy april 1989 using a 35.4-@mollecting tube (3 cm diame-
ing season of the most abundant shrubs extends from AUQUSEIXs cm depth). Previous sampling to 6 cm demonstrated that less
December (spring season). This community has been termedfi,"1 004 of the seeds are found in the 4—6 cm interval (Meserve
For“el(/lla ~Ch||enzl5';Adesmi%4gedg?|{l}]]—PrdOUSt.|a ptunkg]]agsocgj 1981b). Samples were returned to the laboratory, separated by me-
ion (Mufioz and Pisano )- € dominant SNrub SPELIEpanical sieving, and identified to species whenever possible using
chilensis(Zygophyllaceae, 30% coverd. bedwellii (Papilionac-

- h seeds collected from plants in the field as a reference.
eae, 5% cover), anlaccharis paniculatgAsteraceae, 2% cover) ““ gy single and dc?uble within-subject repeated measures anal-

are evergreenChenopodium petiolargChenopodiaceae, 20%, s of variance (rmANOVA; PROC ANOVA; SAS 1988) were
;:ove(;) IS tﬁ suf'f[jutm(t)se perdennlql ﬁhr“b fW'tE pber5|stent JO"aé@ed to analyze plant cover and soil seed number responses to the
ound In the understory and periphery ot shrubs, Bnolistia e tments (von Ende 1993). Between-subject factors were preda-
pungengAsteraceae, 6% cover) is a drought-deciduous species;dh ‘anq herbivory (degus); within-subject factors were year and
complete account of plant species composition and abundancg, g, Between- and within-subject interactions were also exam-

theste IS pro(;nded 'B Gutl(?rtrhez et alli (19933)'I blage inclilgd: Plant cover data were arcsine squared-root transformed pre-
ear-round members of the small mammal assemblage INCIYfs to statistical analysis. Due to increased sampling effort for

the rodents Qctodon degugdegu), Akodon olivaceugolivaceous e rennial plants after 1989, only data from 1990-1994 were ana-
field mouse), andPhyllotis darwini(leaf-eared mouse). Other ro-jy ;64 for treatment effects. Because the start and extent of the
dents such aSligoryzomys longicaudatulong-tailed rice raf), oroying seasons for ephemerals differed between years, we used
Abrothrix longipilis (long-haired field mousef\brocoma bennetii gy one cover valuelyear, selecting the month in each year when
(chinchilla rat), and the marsupihylamys elegangnouse 0pos- yhe"maiority of species reached their peak cover. Seed sample data
sum) were sporadic and/or uncommon in occurrence (Meserve, gte ooled within plots. AP values for within-subjects analyses

al. 1995, 1996). The three commonest small mammals have diffgkie 'yynh-Feldt adjusted, a procedure that corrects for devia-
ent feeding nichesOctodon deguss an herbivoreP. darwinia = yj5nq in the spherecity assumption of the variance-covariance ma-
granivore-herbivore, anékodon olivaceusn omnivore. A S€C- iy (yon Ende 1993), and considered significans0.05. To de-

ond, less abundant species is present for each of these t.hreetéFFh'ine treatment effects at the community level, rmANOVAs
phic specializationsAbrocoma bennetti, Oligoryzomys longicauiyere ryn on total cover and seed numbers of shrubs+perennial
datusandAbrothrix longipilis respectively; Meserve 1981a). herbs and ephemeral plants (annuals+geophytes). We also calcu-
. The mlore pr‘lgntmelnbt veétegrate prgdatorsdlrg:lludedc_@peoty- lated Shannon-WieneH() diversity indices per treatment per year

0 cunicuiana, 1yto alba, Bubo virginianuandsslaucidium na- —sing gbundances derived from cover values for both groups of
num), and the culpeo foxAseudalopex culpagyssmall mammals b4 nis “plant species were also grouped according to the life-forms

are major prey for most of them (Fulk 1975; Jaksic etal. 1998hfineq by Raunkiaer (Whittaker 1975), which considers the rela-
Predator concentrations within the park are particularly high, Q%'n of the perennating tissue to the ground surface
cause it is one of the only significant areas of undisturbed semiarld-l-o determine treatment effects at the species level. rmANOVAs
scrub in north-central Chile. were run on plant species. Because of the large number of rare
species, only those with cover >1% and present in the plots for at
least 4 years were included in the analyses. This considerably re-
Methods duced the number of analyses. Scheiner (1993) recommends that
when more than one response variable is measured, the most ap-
During January—March 1989, sixteen 75x75 m plots (0.56 happriate method of analysis is usually multivariate analysis of
were delineated in homogeneous habitat within the valley at legatiance (MANOVA). However, the low number of replicates used
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in our study and the high number of levels of within-subject fatreatments seem to have a long-term effect on species
tors (time and plant species) seriously restrict the power of MAlyersity of perennials, which is only evident in 1994
OVA (von Ende 1993), thus precluding its use here. (Fig. 1) with greater diversity irD than in +D plots.
Among life-forms, only chamaephytes showed a mar-
ginally significant degu effectH, ;,=4.70; P=0.0511)

Results
Perennial plants 5
Numbers of perennial plant species were 17 in 1989, 15 4 | (a) Nasselia pubifiora 2
in 1990, and 20 for 1991-1994. Total perennial cover on
the control plots ranged from 59 to 67% in 1989, 34
50-64% in 1990, 48-62% in 1991, 48-62% in 1992,
47-63% in 1993, and 39-58% in 1994. These figures are 2
similar to those (58—-60% cover) reported for the same
site 50 years earlier (Mufioz and Pisano 1947). 17
To date, there have been no significant treatment ef- 0
fects on overall perennial cover (Table 1). However, 15 ' '
(b) Proustia pungens
o~ * P
Perennials £ 104 o
—i— +D+P 5
—5— -D+P 3
—&- +D-P f—é
) —g— -D-P 8 54
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Fig. 1 Shannon-Wiener's indexH() for perennial plants on Fig.2 Seasonal plant cover (meantl SE) trendsadfassella
degu+predator openrD +P), degu-exclusion{D +P), predator- pubiflora, b Proustia pungensandc Senna cummingibn preda-
exclusion ¢D —P), and degu+predator exclusior)—P) plots tor-open ¢P) and predator exclusiorP) plots

Table 1 F values for repeated measures ANOVAs of shrub amd month). Within subject P-values are H—F adjusted. Columns Y,
perennial herb plant cover with significant differences in Frayl, and YxM have been omitted from the te hle
Jorge during 1990-1994 (factors aRepredator,D degu,Y year,

Species P D PxD YxP YxD YxPxD MxP MxD MxPxD YxMxP YxMxD YxMxPxD
df 1,12 112 1,12 4,18 4,18 4,18 336 3,36 3,36 12,144 12,144 12,144

Anisomeria littoralis 359 006 066 119 0.21 4.06* 1.06 2.92* 1.28 1.59 0.92 1.72
Baccharis paniculata 0.00 5.64* 1.21 0.28 0.75 1.57 0.11 0.67 0.53 0.93 1.85 1.04
Chenopodium petiolare 0.00 3.16 0.05 1.79 120 0.69 201 0.83 8.12** 0.39 1.40 0.37
Nassella publifora 0.17 006 065 031 238 1.64 4.09* 3.95* 3.43* 0.77 1.14 1.33

Proustia pungens 538 022 019 060 138 0.74 3.31* 0.48 2.68 0.49 0.77 1.36
Senna cummingii 226 015 043 177 053 0.88 4.75** 043 0.94 1.30 1.26 0.52
Chamaephytes 0.02 470 062 190 0.40 0.54 2.05 0.47 3.57* 0.99 1.09 1.13
Hemicryptophytes 0.16 0.02 0.06 022 139 0.87 1.77 216 1.60 0.87 1.12 1.63
Phanerophytes 0.00 0.03 0.28 050 2.07 1.35 1.06 0.25 2.02 0.74 0.95 1.95
Total cover 048 057 028 241 046 251 1.22 0.29 1.66 0.50 1.00 0.71

* P<0.05, ** P<0.01



OECOLOGIA 109(1997) © Springer-Verlag 401

5
(a) Nassella pubiflora —m— +D 100 4 (a) Ephemerals _m 4D
4 - —&— -D
80 -
3 60 —
: 40
g 7 SENES
= @
% 1 T T T 3 0 T T
o bt
= c
€ 304 © 100 —&— +D
[(1—!1 o (b) Annuals 5— D
25 80 —
20 | 60
15 40 —
10 - 20 -
5 i T I I 3 ‘ T
Mar Jun Sep Dec
(c) Ephemerals
Fig. 3 Seasonal plant cover trends (meanzl SEpdfiassella 3 -
pubifloraon degu-opentD) and degu-exclusion-D) plots andb
Chenopodium petiolaren deguxpredator interaction plotsym- 3
bolsas in Fig. 2 2
T
Table 2 F values for repeated measures ANOVAs of ephemeral T
plant cover with significant differences in Fray Jorge during
1989-1994 (factors ard predator,D degus,Y year,M month). 0 : : | | | ,
\(;vrgirt]tlgdsfl:giﬁ?hz-\{:tlﬁgs are H-F adjusted. Column Y has been 1089 1990 1991 1982 1993 1984
Species p D PxD YxP YxD YxPxD -4 Yearly plant cover trends (meantl SE)aoéphemeral and

b annual plants on the degu-opefD( and degu-exclusion-D)
di 112 112 1,12 560 560 560 plots. ¢ Shannon-Wiener's H’) for ephemeral plants on
Adesmiatenella  5.47* 052 0.19 3.40* 0.64 050 deguxpredator interaction plosymbolss in Fig.
Camissonia dentata 0.25 0.70 0.29 0.66 3.24* 0.54
Moscharia pinnatifida 0.44 4.16 1.40 0.47 223 2.25

Therophytes 0.04 245 020 1.83 6.46* 0.72 podium petiolareshowed a significant monthxpreda-
Geophytes 0.09 0.00 0.00 1.47 1.86 1.19 torxdegu interaction, having higher cover either in-he
Total cover 0.05 168 0.15 1.72 6.09* 0.44

—P or-D +P plots (Fig. 3b). There were other significant
* P<0.05, ** P<=0.01 timextreatment interactions, but because of their unclear
trends they will not be discussed here.

having higher cover in the degu exclusion plots (23%
vs. 16%). Ephemeral plants

For species, there were several significant differences
in shrub cover due to treatment effe@soustia pungens During the 1989 and 1990 growing seasons 26 ephemer-
had greater cover in predator-exclusion plots (8% vs. 5%l)species were recorded, 53 in 1991, 55 in 1992, 46 in
whereaBaccharis paniculat§2.2% vs. 0.7%) had great-1993, and 50 in 1994. Total ephemeral cover in control
er cover in degu-exclusion plotdassella pubiflorgGra- plots decreased from 27.6% in 1989 to 14.8% in 1990,
mineae),Proustia pungensand Senna cummingiiCaes- peaked at 80.0% in 1991, decreased in 1992 (54.0%),
alpiniaceae) showed a significant monthxpredator interaad again in 1993 (26.2%), having a small increment in
tion. N. pubifloraand S. cummingiihad higher cover in 1994 (37.4%). Number of species and plant cover fol-
the predator-open plots while the opposite was tru@.fotowed the rainfall pattern (Gutiérrez et al. 1993a).
pungensThese differences were larger in September (earResults for significant rmANOVAs are summarized in
ly spring) and December (early summer) (Figs. 2aNc). Table 2. Total cover of ephemeral (annuals+geophytes)
pubiflora also showed a significant monthxdegu witand annual plants showed a significant yearxdegu inter-
higher cover in the degu-exclusion plots (Fig. 8&eno- action having higher cover in the degu-open plots in
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Table 3 F values for repeated measures ANOVAs of plant specigdéithin subject P-values are-# adjusted. Columns Y, M, and
seed densities with significant differences in Fray Jorge duriygkM have been omitted from the ta»le
1989-1994 (factors ard® predator,D degu,Y year, M month).

Species P D PxD YxP YxD YxPxD MxP MxD MxPxD YxMxP YxMxD YxMxPxD
df 1,12 1,12 1,12 560 5,60 5,60 224 224 224 10,120 10,120 10,120

Chenopodium petiolare 0.58 0.66 0.35 212 1.00 2.27 0.50 0.12 297 2.40* 0.49 0.83
Cryptantha dolichophylla 0.58 0.17 7.79** 0.65 0.86 2.94* 219 154 1.49 1.45 0.51 0.60

Cuscuta micrantha 0.31 130 0.02 3.98** 3.56** 0.28 1.15 0.86 1.67 1.16 1.75 0.64
Descurainia cumingiana 0.33 0.00 4.19 2.89* 267 2.35 3.86* 3.08 1.32 2.33 2.23 3.13*
Erodiumspp. 0.08 7.04* 0.03 058 4.99* 0.10 0.04 0.75 0.28 0.50 1.54 0.38
Moscharia pinnatifida 2.37 5.02* 148 024 222 0.22 247 179 0.88 1.51 0.94 0.51
Plantago hispidula 0.86 092 040 110 0.72 214 1.40 0.10 0.59 0.71 0.30 2.84*
Schismus arabicus 232 005 0.01 321* 083 0.92 133 139 142 211 1.27 1.57
Therophytes 0.32 526 0.00 024 120 1.78 0.12 059 0.21 0.59 0.97 0.64
Chamaephytes 0.40 065 038 225 108 231 0.39 0.09 3.19 2.42* 0.51 0.84
Geophytes 096 058 0.13 053 042 1.19 129 1.04 1.29 0.82 1.30 0.90
Hemicryptophytes 0.00 055 068 037 0.29 0.67 0.15 0.27 2.15 0.56 0.58 151
Phanerophytes 0.36 158 0.12 063 0.84 0.70 1.07 1.03 0.17 0.43 0.83 0.59
Total 0.06 029 035 211 267 3.59* 0.19 0.39 1.29 2.38* 0.50 0.81

* P<0.05, ** P<0.01

1991 and 1992 (Fig. 4a, b). However, unlike the caseedfects. Cover was higher in the degu-open and in the +D
perennials, treatments have not affected species diversRyplots (Fig. 5c, d).
of ephemeral plants (Fig. 4c).

The following species showed significant yearxtreat-
ment effectsAdesmia tenell§Papilionaceae) had higherSeeds
cover in predator-open plots, with the largest differences
observed in 1992 (Fig. 5alCamissonia dentatdOn- Sixty-three taxa were identified in the soil seed bank,
agraceae) had higher cover in the degu-open plots pariostly to species levek(75% of those encountered),
ularly in 1991 (Fig. 5b)Moscharia pinnatifida(Astera- and numbers of species per year have ranged from 33 to
ceae) had marginally significant degiF(;,=4.16; 52 over 6 years. The soil seed bank was relatively less
P=0.0639), yearxdegu F(s=2.23; P:0.0633§, and diverse during 1989 and 1990, but thereafter a significant
yearxpredatoeregLF&,veo):Z.55;P:0.0604) interaction increase occurred due to the herbaceous growth that
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—o— +P Fig. 7 Yearly seed density/im(meantl SE) of Cuscuta micra-
8 —— -P ntha, b Erodiumspp. in degu-opentD) and degu-exclusion-D)
plots
6 —
47 the degu-open plots (12659 vs. 10209 seedjs/hhis re-
5. sult parallels that described for plant cover.
Among individual species, seed densitiesEafdium
spp. (Geraniaceae, 231 vs. 66 seefsand Moscharia

0 T T T T
1989 1990 1991 1992 19]93 19|94 pinnatifida (2128 vs. 1350 seeds/mwere higher in the
‘ degu-open plots. Several timextreatment interactions were
E{géﬁbéeeasfgj ;‘?ﬁg gﬁr?wsigé/igar;aen%nciécﬁiE%%E grlgsbcigf% rg;gaa' detected among ephemeral species, reflecting the conse-
i ) . " " quences of varying precipitation. A yearxpredator interac-
ator-open tP) and predator-exclusion) plots tion was detected fo€uscuta micranthdCuscutaceae),
Descurainia cumingianéCruciferae), an&chismus arab-
icus (Gramineae). These three species had higher seed
started in 1991. Total seed densities ranged from 15@Ehsities in the predator-exclusion plots (Fig. 6a€c).
to 41832/md, considerably higher than in 1973-197#icranthaand Erodiumspp. had a significant yearxdegu
(10740-23930/ Meserve 1981b). These densitiesnteraction. Both species had higher seed densities in the
however, are well below the maximum value (ovelegu-open plots (Fig. 7a, b). Other species also showed
100000/m) reported for Sonoran Desert soils (Reichmasignificant timextreatment interactions, but because of
1984). their unclear trends they will not be discussed here.
Seed densities were highly variable between years as
well as within years but were closely associated with
plant cover patterns. Higher seed densities were foundiacussion
the wet years of 1991 and 1992, and in the samples taken
in early summer and early autum. Lowest seed densidthough both richness and species composition of the
were found in late winter (i.e., at the time of ephemenalant community at the study site were largely deter-
plant emergence). mined by abiotic conditions (mainly rainfall and soil nu-
Significant rmANOVA results for seed analyses ateents, Gutiérrez et al. 1993a, b), our results indicate that
summarized in Table 3. For total seed density, therertebrate predator and herbivore (degu) exclusion had
were significant yearxdegu, yearxpredatorxdegu, asidnificant effects on the relative abundance of several
yearxmonthxpredator interactions. Chamaephytes adant species.
showed a significant yearxmonthxpredator interaction. Cover of some chamaephytes (eAnjsomeria litto-
Despite these interactions, no clear patterns could beralis (PhytolaccaceaeBaccharis paniculata, Chenopo-
tablished. Seed densities of annual herbs were highedium petiolarg and of the perennial grab&ssella pubi-
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flora was higher in the degu-exclusion pld@s.petiolare items for Sonoran and Chihuahuan desert rodent
is the most abundant species among the chamaephgtasivores (Inouye et al. 1980; Samson et al. 1992). Our
(10—20% cover, Gutiérrez et al. 1993a) and comprisesrepults suggest that although degus consEmeicuta-
to 60% of the diet of degu at the site (Meserve 1981aum, the herbivore effects may be offset by the genera-
All of these species produce herbaceous green stemstand of more favorable microhabitat for weed propaga-
branches during the growing season. Degus experimigon as a result of degu activity. Positive influences of na-
tally exposed to both new and mature leaves of differéive small mammals on the renewal of their plant foods
species of Chilean mediterranean shrubs prefer nemwe been previously reported for this same ecosystem
growth, and do not discriminate between different shrg@ontreras and Gutiérrez 1991; Contreras etal. 1993).
species (Simonetti and Montenegro 1981). This foragiSged densities @uscuta micrantha, Descurainia pinna-
behavior of degu may in part explain why cover @&, andSchismus arabicusere higher in predator-exclu-
woody shrub species did not show any significant chargien plots.
when degus were excluded. These results support the hypothesis that, in general,
Ephemeral plants are a highly variable resource liee presence of degus and the absence of predators do
tween years, depending in turn on the amount, frequenog have detrimental effects on the seed bank or on
and timing of rainfall at the site. Cover varied from 15%phemeral plant cover. Unlike North American deserts,
in dry years to 80% in wet years. Meserve et al. (198dhilean ones together with the neighboring Argentine
showed that at La Dehesa, a mesic mediterranean $itente Desert have few granivorous rodents, and a great-
near Santiago, degus consumed relatively more forb amdproportion of herbivorous and insectivorous species
grass foliage and seeds than at Fray Jorge, where sli@lbnz 1977, 1982, 1984; Mares and Rosenzweig 1977,
foliage, seeds, and conductive tissue were considerat®y8; Meserve 1981a, b; Morton 1985; Brown and
more important in their diets. Both rainfall and the pre®jeda 1987; Torres-Mura etal. 1989; Vasquez etal.
ence of ephemeral plants are more predictable in centra95).
than in northern Chile. Degus in semiarid north-central Apparently, degu effects on the plant community are
Chile may be more dependent on predictable resoursgengly correlated with the availability of plant species
such as perennial plants and hence, ephemeral spdoi¢lse different localities thus far studied. At Fray Jorge,
demonstrated no positive responses to degu exclusior2-H3 years of drought are quite frequent, thus periodically
fact, total cover of ephemeral plants and cover of tlmvering the biomass of ephemeral plants. On the other
forbs Camissonia dentataand Moscharia pinnatifida hand, shrub cover plus perennial grasses has changed
was higher in degu-open plots. Degus build burrows \iary little over the last 50 years in spite of the high vari-
shrub patches, and develop conspicuous runways as aldity and general decline in rainfall during this period
sult of their linear movements in the open areas betwd&utiérrez etal. 1993a). Hence, although shrub tissues
shrubs (Jaksic 1986; Lagos et al. 1995), which remainciontain more complex polysaccharides than herbaceous
the field for several years. The soil disturbance produgadnts (e.g., cellulose), which are important plant defens-
by degu activity may contribute to increased micro-scae against herbivores, they constitute a more reliable
spatial heterogeneity and opening up areas under busfoex] for degus in this ecosystem. Veloso and Bozinovic
thus creating areas apt to be colonizd by subordinét®93) showed that degus have a high physiological and
competitors or exotic herbs (Le Boulengé and Fuentasrphological plasticity of the digestive system that al-
1978). In addition, degus deposit feces around the ws them to consume plants with different water, fiber,
trances of their burrows (Jaksic et al. 1979). Rodent fad nutrient concentrations. Another factor that may ex-
ces are important sources of soil nutrients (Moorheadptin why degus have a greater effect on shrub species
al. 1988) and burrow entrances may act as traps for liitestead of the presumably more nutritious ephemeral
burial. This combination results in increasing rates of daants may be related to biological featurs of this rodent.
composition and organic matter turnover under shrubgically, at Fray Jorge degus produce a single litter
(Steinberger and Whitford 1983), perhaps facilitating tleach year, with conception concurrent with the arrival of
establishment of some annuals suchvaspinnatifida winter rains (Meserve etal. 1995). Combined with a
which is restricted to the rich-nutrient areas under bushesg gestation period (90 days), and production of large,
(Gutiérrez etal. 1993b). Further research is neededhighly precocious offpring (Woods and Boraker 1975),
verify this. this results in an intrinsic delay in the adjustment of re-
Except for the shrul®C. petiolare seed densities allproductive rates in response to extrinsic events such as
other species responding to the treatments were annuatseased plant productivity triggered by high rainfall.
For instance, seed densitiesErbdiumspp. E. cicuta- Although Rojas et al. (1977) and Zunino and Saiz (1991)
rium, E. malacoidegsandE. moschatuiwere higher in emphasized rapid reproductive responses to increased
degu-open plots. These species are widespread wdwtibage production in central Chile, this is not the case
native to Europe that were probably introduced to Chile Fray Jorge. Only by the end of 1992, after the second
by the Spanish (Armesto and Vidiella 1993). Foliage agdar of high herbage production, did degu numbers start
seeds ofE. cicutariumhave been noted as importanb increase, reaching maximum numbers in March 1993
food items for degus in central Chile (Meserve 1981@jeserve et al. 1995) at a time when emphemeral plant
Meserve et al. 1984) and they are among the main famer was almost nil. Hence, degu effects due to herbivo-
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ry may be protracted. Interestly, cover of ephemerals Byde CE von (1993) Repeated measures analysis: growth and oth-

year was always greater in degu-open plots except for€r time-dependent measures. In: Scheiner S, Gurevitch J (eds)
1993. Perhaps this was when direct negative effect ofThg ﬂeﬁ'gﬁ an$ al?alys'lslgf fg?'og'ca' experiments. Chapman
. L L and Hall, New York, pp -
herbivory overrode indirect positive effects of degu aguentes ER, Le Boulengé PY (1977) Predation et competition
tivity. dans la dynamique d’une communauté herbacée secondaire du
Yearly and seasonal cover and seed bank responses d¢hili central. Terre Vie 31:313-326

; ntes ER, Jaksic FM, Simonetti JA (1983) European rabbits
plant Species to degu removal are Clearly related to pI‘lglﬁ‘?\/ersus native rodents in central Chile: effects on shrub seed-

growth pulses (i.e., larger differences were observed be-jings. Oecologia 58:411-414
tween degu-open and degu-exclusion plots in wet yeaugntes ER, Otaiza RD, Alliende MC, Hoffmann AJ, Poiani A
and during growing seasons). In low rainfall years (e.g., (1984) Shrub clumps of the Chilean matorral vegetation: struc-

1990, 1993, 1994) the role of abiotic factors is greater 2“55 Z‘{‘f possible maintenance mechanisms. Oecologia 62:

since plants are limited by rainfall and nutrients; in Wrpy ik cw (1975) Population ecology of rodents in the semiarid
small mammal numbers are low, and thus, numbers ofshrublands of Chile. Occ Pap Mus Texas Tech Univ 33:1-40
their predators. In high rainfall years (1991-1992) abidtulk GW (1976) Owl predation and rodent mortality: a case study.

ic factors remain important until populations of consum-_Mammalia 40:423-427

. . . z WE (1977) Comparative ecology of small mammal commu-
er organisms and/or their predators become high eno éﬂﬂities in California and Chile. Ph D dissertation University of

such that they start to exert an effect. Higher cover of california, Berkeley

some shrubs (e.gRroustia pungensand Senna cum- Glanz WE (1982) Adaptive zones of Neotropical mammals: a
mingii) and ephemerals (e.d\, tenellg in plots contain- CMOAr\nI?gr?gvr\]/ :fssme(etzgpﬁ?r;emagg :\r%?ci)tltgl p?rt]t%rgjt-hlr;nll/l;res
ing predators, suggest a positive mdlre.Ct effect of pl'eda'ica ‘(Special F¥ublications, Pymatuning Labo%)z;tory of Ecology).
tors on plants, presumably by depressing small mammalyniversity of Pittsburg, Linesville, Pennsylvania, pp 95-110
densities and/or altering their foraging behavior. IndireGtanz WE (1984) Ecological relationships of two speciefkii-
effects are generally difficult to detect and usually take donin central Chile. J Mammal 65:433-441

; _ i sutiérrez JR, Meserve PL, Jaksic FM, Contreras LC, Herrera S,
place in the long-term (Heske et al. 1994). If indirect ef Vasquez H (1993a) Structure and dynamics of vegetation in a

fects of either predators or degus are important, We chilean arid thorn scrub community. Acta Oecol 14:271-285

might expect some carryover effects in future years. Gutiérrez JR, Meserve PL, Contreras LC, H. Vasquez, Jaksic FM
. (1993b) Spatial distribution of soil nutrients and ephemeral
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