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Abstract

In the Andes of Central Chile, flowering commences 1-2 months earlier on equatorial-(north-) facing than on
polar- (south-) facing dopes, and pollinator assemblages also differ between these habitats. In order to understand
the potential influence of these differences on gene flow, we monitored flowering periods and insect visitation
rates to flowers of 60 individuals of Anarthrophyllum cumingii (Papilionaceae) on two equatorial- and two polar-
facing slopes in the Andes of central Chile (33°35' S;70°32' W). Flowering began about 30 days earlier on
equatorial-facing slopes. Flowering periods of individuals on slopes with the same aspect had a mean overlap of
0.52, while those on opposite slopes had a mean overlap of 0.15. On equatorial-facing slopes Yramea lathionoides
(Lepidoptera) accounted for 60% of the visits to flowers of A. cumingii, while on polar-facing slopes Centris
cineraria (Hymenoptera) was responsible for more than 80% of flower visits. Average similarities of visitor
assemblages among individua plants on slopes with the same aspect was 0.83, while the mean similarity between
individuals on opposite slopes was only 0.23. Within slopes fluorescent dyes were dispersed up to 40 m from the
donor plants, but there was no movementsof dyes between individual s growing on opposite slopes, even when they
were separated by less than 10 m. Synchronous blooming and a common pollen vector are necessary conditions
for pollen exchange between individuals. The overall probability of pollen exchange estimated by multiplying the
inter-individual overlap for both factors, was nearly 0.5 for individual s growing on slopes with the same aspect, and
less than 0.04 for individuals growing on opposite slopes. Consequently, at equivalent distances, the probability
of pollen exchange between individuals growing on slopes of opposite aspect is more than 10-times lower than
between those growing on the same slopes. Seed dispersal cannot compensate for restricted gene flow through
pollination, because seeds of A. cumingii were dispersed less than 2 m away from a parent plant. Presumably,
restricted gene flow could enhance genetic divergence between populations on slopes of contrasting aspects. This
factor could be important in contributing to the high diversity and endemism in the Chilean Andes.

Introduction

Most studies on gene flow on plant populations focus
on distance between individuals as the decisive factor
(Levin & Kerster 1969, 1974; Schall 1975, 1980).
Other factors, such as differences in flowering peri-
ods or pollen vectors, could also affect gene flow
in plant populations because pollen exchange can

only occur between simultaneously flowering individu-
als that share a pollinator (Handel 1983). Although
variation in flowering periods (e.g., Ashton 1975;
Hodgkinson and Quinn 1978; Hoefs 1979; Primack
1980, 19853, b; Herrera 1986; Fripp et a. 1986) and
pollinators (e.g. Primack 1978; Linhart & Feinsinger
1980; Price & Waser 1982) frequently occur between
populationsor individualsof asingle species, theinflu-
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ence of these factors on gene flow has rarely been
examined (Handel 1983).

In the Andes of Central Chile, populations of
many plant species that occur on equatorial- (north-
) facing slopes begin their flowering earlier than their
conspecifics growing on polar- (south-) facing slopes
(Arroyo et al. 1981; Reader 1984; Rozzi et al. 1989).
Equatoria- and polar-facing slopes in Central Chile
differ sharply in microclimatic conditions (Armesto &
Martinez 1978; Armesto & Gutiérrez 1978; Armesto
eta. 1979; del Pozo 1985; Rozzi et a. 1989). Because
insect distribution and activity are greatly influenced
by temperature (Heinrich 1974, 1975, 1979; Fogle-
man 1982; Kingsolver 1983, 19854, b; Pivnick & Mc
Neill 1986, Corbet 1990, Herrera 1995), these plant
populationscould also differ intheir insect pollinators.
Likewise, along dtitudinal gradientsin central Chile
flowers in conspecific populations at different eleva-
tions are visited by different insect species, and this
variation has been related to the decrease in temperat-
ure with increasing altitude (Arroyo et al. 1982, 1985,
1987, 1990).

We set out to quantify differences in flowering
periods and pollinator species between popul ations of
Anarthrophyllum cumingii, a common shrub growing
on both equatorial- and polar-facing slopes in the high
Andes of Central Chile. We also estimated pollen and
seed dispersal distances. Finally, we discuss the signi-
ficance of flowering and pollinator differencesfor gene
flow between plant populations growing on opposite
slopes.

Study area

We chose two adjacent pairs of sopes of opposite
aspect, located at 2500 m elevation in the Andes of
Central Chile(33°35' S; 70°32'W). Onepair consisted
of slopes with northeast- or equatorial- (300 °) and
south- or polar- (180 °) aspects, with slope angle of
27 © and 30 °, respectively. These sopes were separ-
ated by a gorge approximately 100 m deep. The other
pair of slopeshad aspectsof 360 ° and 180 °, and slope
angleof 22° and 29°, respectively, and were separated
by a smooth depression, less than 3 m wide and 2 m
deep. Hence, some of the individual plantsgrowing on
opposite slopes were separated by less than 10 m.
The area has a mediterranean- type climate (sensu
di Castri & Hajek 1976) with some degree of contin-
ental influence (Rozzi et a. 1989), and is covered with
snow from June to September. Vegetation consists of a

floristically rich association of low, often spiny shrubs,
perennial herbs and abundant geophytes up to 3000 m
found above timberline, and known as the subandean
scrub (Arroyoet al. 1983). Thestudy was conducted on
Anarthrophyllum cumingii (H. et A.) Phil. (Papilioni-
aceae), asmall shrub about 0.5 m? in areaand less than
0.2 min height (Rozzi 1990), endemic to the Andes of
Central Chile (Soraru 1974). Thisis one of the dom-
inant species occurring at similar densities on both
equatorial- and polar-facing slopes between 2200 m
and 2900 m. It has orange-yellow solitary flowers, is
partially self-incompatible (Rozzi 1990), and is pol-
linated only by insects (Arroyo et a. 1982). Legumes
are 2 cm long, containing 1 to 5 seeds (Soraru 1974),
probably dispersed by gravity (van der Pijl 1972) over
short distances.

Methods
Flowering phenology

Flowering periodsfor 15 individuals of Anarthrophyl-
lum cumingii were recorded on each of the four slopes.
Every 3 or 4 days, we counted on &l the open flowers
within two fixed 10 x 10 cm areas on the shrub crown.

Pollinators

Flower visitorsand their visitation ratesto flowerswere
determinated by two observers simultaneously mon-
itoring Anarthrophyllum cumingii individuals bloom-
ing on each slope. Observations were usually made
between 9 am and 6 pm, over three aternate 10 min
intervals every hour. For each time interval, we recor-
ded the number of flowersvisited on eachindividua of
A. cumingii and the observed pollinator species. In al,
we observed 1872 flowers on 73 shrubs for 1300 min
distributed among 43 h. To determine whether insect
visitors carried pollen of A. cumingii, we captured 25
individual s of each species that visited more than 10%
of the flowers, and examined them under optical and
scanning el ectron microscopes.

Pollen flow

To estimate pollen dispersal distances, in 1987 and
1988 we studied dispersal of fluorescent dyes (see
Waser & Price1982). Each year, fluorescent dyeswere
dusted on anthers of 50 flowers on two shrubs on each
dlope, using adifferent color for each shrub. Dyeswere



placed on atotal of 800 flowersof 16 A. cumingii indi-
viduals. Over the two years, we collected a total of
1300 flowers from 52 shrubs at various distances from
the source plant and examined their stigmas under UV
light using a magnifying glass.

Estimation of similarities

To calculate similarities in flowering periods and vis-
itor fauna between individual plants, we used the Pro-
portional Similarity Index:

Py =1-05"S|P;; — Pyl
(Colwell & Futuyma1971),
Pij = Nij[Yj.

For flowering periods, N;; is the number of open
flowers on individual j on date ¢, and Y is the total
number of open flowerscounted among all censusdates
onindividual j. For pollinator assemblages, V;; isthe
number of flower visits made by speciesi on individu-
a j, and Y; is the total number of flower visits by
pollinator species recorded on individua ;.

We used this index because we wanted to com-
pare only temporal differences in flowering periods
and species composition without taking into account
differencesin open flower quantities or insect abund-
ances. We calculated Ps between individua plants on
the same slope or on opposite slopes, using only plants
with > 10 open flowers or > 10 pollinator visits, as
the index is sensitive to small sample sizes (Kohn &
Riggs 1982; Rozzi 1990). Values of Ps were subjec-
ted to arcsin transformation, then analyzed by one-way
ANOVA. We evaluated differencesin means with the
Tukey a posteriori test (Sokal & Rohlf 1981).

Seed dispersal

To estimate pod dispersal distances, 400 pods belong-
ing to 20 individuals of Anarthrophyllum cumingii
werepainted with nail-polishin December 1985. Every
3 or 4 daysuntil February 1986, the distances of fallen
podsto source individual swere recorded. Dispersal of
single seeds was estimated by recording the number of
seeds found around shrubs. This was done by digging
1cmdeepinto thesoil, in 10 x 10 cm quadrants, placed
side by side along a 4 m transect leading away from
isolated A. cumingii individuals (morethan 10 m apart
from nearest conspecifics). Four orthogonal transects
were made for each of 20 individuals.
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In February—March 1986 and January—February
1987, two groups of 30 Anarthrophyllum cumingii
seeds were placed next to each of six conspecific
shrubs, to assess biotic dispersal . Onegroup was placed
under awirecagewitha7x 7 mm mesh allowingantsto
pass but excluding birds and rodents. The other group
was placed directly on the ground. We placed 50 g of
crushed oats and 50 g of ‘canary-seeds 25 cm away
from each group of A. cumingii seeds, to assess the
presence of potential dispersal agents.

Results
Flowering periods

Flowering periods of the four Anarthrophyllum
cumingii populations extended from October to Janu-
ary (Figure 1). Flowering began in early October on
both equatorial-facing slopes, and 25 days later on
polar-facing slopes. Flowering overlap at the popu-
lation level was more than 0.5 between populations
within slopes with the same aspect, but less than 0.5
between those of opposite aspect (Table 1). Temporal
distributionsof flowering periodsdiffered significantly
between populations on slopes of opposite aspects,
but did not differ between the two polar-facing ones
(Table1). Temporal distributionsalso differed signific-
antly between populations on equatorial-facing slopes,
but the magnitude of the differencewas|ower than that
found between opposite slopes.

Flowers of individuals growing on the equatorial-
facing dope of the smaller depression experienced
severe predation by moth larvae. This may explain
the lack of flowering peak in the phenology curve of
this population which contrasts with the characteristic
leptokurtic curves of the other three A. cumingii popu-
lations (see Figure 1). The intense predation made the
census of open flowers very difficult and decreased
dragtically the actual numbers of flowers counted.
Therefore we omit this population from the analysis
at the individual level, for phenology and pollinators.

Considering the phenology of each individual,
flowering periods varied significantly between popu-
lations in respect to the average day that individu-
as. (1) started to flower (FF = 12.6; P < 0.01),
(2) presented the maximum number of opened flowers
(F = 10.8; P < 0.01), (3) exhibited the last opened
flower (F = 7.4, P < 0.01), and (4) the duration of
their flowering periods(F' = 4.4; P < 0.01). All these
differences were significant only between pairs grow-
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Table 1. Mean overlap of the flowering periods of Anarthrophyllum cumingii populations
growing on equatorial- (Eq.) and polar- (Po.) facing the slopes of gorge (1) and thedepression
(2). Below each similarity value the maximal difference between accumulated frequency and
the statistical significance of the difference according to Kolmorogov-Smirnov’s test (Steel

& Torrie 1980).

Compared pair of populations

Eql-Eq2 Pol-Po2  Egl-Pol

Eql-Po2 Egq2-Pol  Eq.2-Po.2

0.564 0.647 0.163
0.430 0.254

P <0001 ns

0.837
P < 0.001

0.146 0.327 0.346
0.423

P < 0.001

0.440
P < 0.001

0.854
P < 0.001

Gorge

020
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Depression
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Relative proportion of flowers open
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Figure 1. Proportion of total flowers produced that were open on
each census date in the Anarthrophyllum cumingii populations on
equatoria- (solid circles) and polar- (open circles) facing slopes, in
each of two sites (Gorge and Depression).

ing on slopes with opposite aspect (Table 2). Shrubs
growing on equatorial-facing slopes began and had
their peak flowering, on the average, about 30 days
earlier than shrubs on polar-facing sopes. Individu-
als on equatorial-facing sl opes finished flowering only
10 days earlier than those on polar-facing slopes, and
so the duration of their flowering periods was longer
(Table 2). Mean overlaps of flowering periods between
individuals growing on slopes with the same aspect
were about 0.5, that is significantly higher than those,
of about 0.15, between individuals growing on slopes
with oppositeaspect (F' = 18.9; P < 0.001) (Table 3).

Pollinators

Flowers of A. cumingii were visited by one humming-
bird and five insect species, one lepidopteran and four
hymenopterans. Three of these species accounted for
less than 1% of the visits to flowers. The lepidopteran
Yramea | athoni oi des (Nymphalidae) and the hymenop-
terans Centris cineraria (Anthophoridae) and Hypod-
inerus caupolicanus (Vespidae) each represented more
than 10% of thetotal visits. Pollen grainsof A. cumingii
were found on the bodies of individuals of these three
species, athough the densities of pollen grains carried
were much lower on butterfliesthan on hymenopterans
(Rozzi 1990).

Visitation ratesto A. cumingii flowers by each pol-
linator species varied between opposite slopes. During
November, the month when flowers bloomed simul-
taneously on both dopes, the greatest proportion of
visits to flowers were made by Y. lathonioides on
equatorial-facing dopes, but from C. cineraria on
polar-facing ones (Figure 2). During November, sm-
ilarities between insect visitor faunas were around
three times higher between visitor populations with
the same aspect than between populations on opposite
slopes. Similarity was greater between plant popula-
tions on the polar-facing slopes, and the lowest sim-
ilarities occurred between these populations and the
equatorial-facing population of the deep gorge. Simil-
arities of visitor assemblagesto individual plantswere
also significantly greater between individuals growing
on slopeswith the same aspect (F' = 18.3; P < 0.001)
(Table 3).

Dispersal of fluorescent dyestransported by pollin-
ators from source plants varied between 0 and 40 m
(Figure 3). But, it is important to note that dyes
were dispersed only between flowers on plants within
each dope, and not between flowers of A. cumingii
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Table2. Averageday (4 standard deviation) in whichindividuals of Anarthrophyllum
cumingii started to flower (Beginning), presented the maximum number of opened
flowers (Peak), exhibited the last opened flower (End), and duration of their flowering
periods (Duration = End-Beginning), in the populations of the equatorial- (Eq.) and
polar- (Po.) facing slopes of the gorge (1) and the depression (2). Correlative vaues
were assigned to each day starting with the same day 1 for dl individuals, defining
as day 1 the in which the first opened flower was observed in any of the A. cumingii

individuals of the studied populations.

Slope Flowering

Beginning Peak End Duration
Eq.1 84+110a 220+151a 585+ 144a 501+ 16.0a
(n =15)
Po.1 36.0+142b 473+125b 695+152b 335+ 19.8ab
(n =13
Po.2 391+ 7.8b 459+ 103b 676+ 154b 285+ 18.6b
(n =15)

Table 3. Mean similarities (based on Proportional Similarity Index,
see Methods) of flowering periods (Pf) and pollinator assemblages
(Pp) between Anarthrophyllum cumingii individuals growing on the
equatorial- (Eq.) and polar- (Po.) facing slopes of the gorge (1) and the
depression (2). In each column rows followed by the same letter do
not differ significantly. A global estimation for the mean probability of
pollen exchange between individuals was estimated multiplying Pf by

Pp.

Aspect Similarity

of slopes  Compared Flowering  Pollinators ~ Global
slopes Pf Pp Pf x Pp

Equal: Eq.1-Eq.1 0.462a 0.761a 0.352
Po.1-Po.1 0.530a 0.886a 0.470
Po.1-Po.2 0.565a 0.857a 0.484

Opposite: Eq.1-Po.1 0.151b 0.248b 0.037
Eq.1-Po.2 0.141b 0.219b 0.031

shrubs growing on opposite slopes. Dyes were most
often found on the stigmas of other flowers in the
source shrubs or in shrubs <3 m away from the
source. However, asignificant proportion of dyeswere
transported to distances longer than 10 m, mainly on
equatorial-facing slopes. Remarkably, athough some
source individuals growing on slopes with opposite
aspect were separated by <10 m, no fluorescent dye
was ever found to be dispersed from equatorial- to
polar-facing shrubs, or vice-versa (see Figure 3).

Seed dispersal
Of the painted pods 88% remained on the shrubs even

after deshisence. The others dispersed to <1 m, but
none of these contained seeds. Over 90% of Anarth-

rophyllum cumingii seeds were found within 0.5 m of
the parent shrub, and the longest dispersal distance
recorded was 2 m.

In al the treatments and for the two years of
study, seeds of A. cumingii seeds remained untouched,
but crushed oats and ‘canary seeds’ were completely
removed during the first 10 days. We observed ants,
birds and rodents collecting or eating oats and ‘ canary
seeds' . Therefore, A. cumingii seeds appear not to be
dispersed biotically.

Discussion

Flowers on individuals of Anarthrophyllum cumingii
on equatorial- and polar-facing dlopeslacked any obvi-
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Figure 2. Proportion of visits to Anarthrophyllum cumingii flowers
effected by Yramea lathonioides (Y.l.), Centris cineraria (C.c.) and
Hypodinerus caupolicanus (H.c.), on equatoria - (1) and polar-
(N) facing slopes, in each of two sites (Gorge and Depression), in
November 1985.

ous phenotypical differences. Although in some cases
they were separated by only afew meters, they differed
in their pollinating agents. Equatorial-facing slope
plantsreceived mostly lepidopteranvisits, while polar-
facing individual swere visited mainly by hymenopter-
ans. Thisquestionsthe * pollination syndrome’ concept
(sensu Faegeri & vander Pijl 1979), and suggeststhat it
should be used with caution, becauseinsect visitorsare
often determined not only by floral features, but also
by avariety of local conditions, such as microclimate
(see Herrera 1995).

Differencesin pollinator assemblages could effect
differences in the genetic structure of populations.
Neighborhood sizes might belarger on equatorial- than
on polar-facing slopesdueto thelonger distancesflown
by butterfliesascompared to bumbl ebees (Rozzi 1990).
More than 90% of flights of hymenoptera pollinators
were among flowers of the same A. cumingii individu-
al, and less than 1% of the flights between flower vis-
its included distances longer than 10 m. In contrast,
individuals of the butterfly Y. lathonioides did most of
their flights between flowers of different individuals of
A. cumingii, and more than 10% of the flights between

04k Equatoriol- facing

Proportion of stigma with fluorescent dye

016 Polar-facing
Q.12 1
.08 :
Q.04 :
. L
o) le] 20 30 40 50

Distance (m)

Figure 3. Dispersa distances of fluorescent dyes from 4 source
(donor) individuas of Anarthrophyllum cumnigii, 2 growing on
equatoria- (solid circles and squares) and 2 growing on polar- (open
circles and sguares) facing slopes. The X axis indicates distances
of receiving flowers from the source individuals. The Y axis values
correspond to the proportion of examined flowers that received dyes
coming from each of the 4 source individuals. Results for receiv-
ing flowers located on the equatoria facing slope are showed in the
upper graph, and for receiving flowers on polar facing slopes are
represented in the bottom one.

visits to flowers were over distances longer than 10 m
(Rozzi 1990). The longer distances flown by butter-
flies may account for the longer dispersal distances of
fluorescent dyes recorded in populations growing in
equatorial-facing slopes (see Figure 3). These differ-
ences in flight behavior among pollinators (see also
Schmitt 1980; Waser 1982), together with smaller pol-
len loads carried by butterflies (Courtney et al. 1982;
Wiklund et a. 1981; Jennersten 1984; Murphy et al.
1984; Rozzi 1990), could determine variation in the
quantity and quality of pollination and seed produc-
tion (Waser 1983; Oshawa & Namai 1987), which
could be significant for the reproductive success in
Andean zones of ‘high environmental stress' (Arroyo
et al. 1988).

Although panmixis constitutes an ideal model for
natural populations (Schaal 1975), it has been shown
that genetic cohesion of populations could be main-
tained under extremely low gene flow levels (Slatkin



& Maruyama 1975; Slatkin 1985; Varvio et al. 1986).
How low gene flow levels must be to permit genet-
ic differentiation and speciation will depend on the
intensity of selective pressures leading to divergence
(Ehrlich & Raven 1969, Mascie-Taylor et al. 1986),
ecological factors, and the biology of the organisms
(Loveless& Hamrick 1984). Althoughin thiswork we
did not measure effective gene flow levels, we evalu-
ated ecological factors that affect gene flow. Overlap
in flowering periods and pollen vectors are both neces-
sary conditions for pollen exchange between indi-
viduals. Both overlap indices can be multiplied to
obtain a global estimate of the probability of pollen
exchange (Table 3). The product of both indices of
overlap was higher than 0.4 for individualsgrowing on
dlopes with the same aspect, but was less than 0.04 for
those growing on slopes with opposite aspect. Con-
sequently, pollen exchange between individuals grow-
ing on slopes of opposite aspect would be more than
10 times lower compared to that between individuals
on sopes of the same aspect. Pollen flow islikely to be
the principal component of gene flow in populations
of A. cumingii, because estimated pollen dispersal dis-
tancesweremuch greater than seed dispersal distances.
Thus, a reduction of pollen flow could severely limit
gene flow.

Three characteristics in the A. cumingii system
couldfavor areductionin geneflow, potentially leading
to genetic differentiation and speciation. First, differ-
encesin flowering periodsand pollinator specieswould
be maintained from year to year, because they are
related to microclimatic differences between opposing
dopes (Rozzi et al. 1989, Rozzi 1990). These hab-
itat differences may be a general phenomenon over
broad areas with mountainoustopography asin central
Chile. Supporting this generalization, the magnitude
of the displacements of flowering periods between
A. cumingii populations on opposite slopes reported
here are similar to those recorded by Arroyo et al.
(1981) for the same species between equatorial- and
polar-facing slopesinthesameareain 1978-1979. Dif-
ferences in pollinator assemblages between opposite
slopeswere also consistent through 1986-1988 (Rozzi
1990). Second, the long-term maintenance of these
phenological and pollinator differenceswould determ-
ine a high level of endogamy that would generate low
intra-popul ation and high inter-popul ation genetic vari-
ability (Brown 1979 in Soltis & Bloom 1986). The
contrast between intra- and inter-population genetic
variability should be more pronounced in self com-
patible species (Hughes & Richards 1988; Abbot &
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Gomes 1989; Clay & Levin 1989), and Anarthrophyl-
lumcumingii isapartly self compatible species (Rozzi
1990). The degree of self compatibility associated
with reduced gene flow may produce a subdivision of
the population to subpopulations, decreasing effective
population sizes and increasing homozygosity (Ker-
ster & Levin 1968; Schaal 1975; Varvio et a. 1986;
Bos & Haring 1988). Third, microclimatic differences
between slopes may determine changes in ‘selective
pressures and favour speciation through disruptive
selection (Nevo et a. 1982), which in turn would be
promoted by a reduction in gene flow (see Barton &
Charlesworth 1984; Mascie-Taylor et a. 1986). If the
speciation mechanisms are operating, and flowering
and pollinators differences increase the probability of
genetic differentiation, thiscould contributeto the high
levels of plant diversity and endemism in the Chilean
Andes (Arroyo et a. 1984, 1988), and possibly other
mountain regions of intermediate latitudes.

It is interesting to note, however, that populations
on contrasting dopes show little, if any phenotyp-
ic variation. If this pattern reflects a lack of genet-
ic differentiation, how do A. cumingii populations
remain undifferentiated despite a major reduction in
gene flow? Ehrlich and Raven (1969) suggested that
gene flow is subordinated to other factorsin maintain-
ing genetic cohesion within species. Adaptative genetic
combinations could be maintained in popul ationsinde-
pendent of gene flow levels. Long-lived plant species
with complex development are genetically very con-
servative (Loveless & Hamrick 1984), probably dueto
onthogenetic constraints. A. cumingii is a long lived
species, and the situation described in thiswork would
provide an ideal test of this hypothesis as an alternat-
ive to speciation mechanisms that emphasize genetic
differentiation.

Acknowledgements

We thank P. Feinsinger, J. Silander, and two anonym-
ous reviewers for very helpful comments on the
manuscript. L. Eaton and P. Sanchez for many valu-
ables suggestions to the development of this study.
The ‘Club Deportivo’ of the ‘Universidad de Chil€’
provided facilities at Farellones. This study was sup-
ported by athesisfellowshipto R. Rozzi fromthe‘ Fac-
ultad de Ciencias Biologicas of the ‘Pontificia Uni-
versidad Catélica de Chile' and by the FONDECYT
project 881177. Final manuscript preparation was sup-
ported by FONDECYT project 1950461, and for the



178

final written version Ricardo Rozzi was supported by
a Fulbright fellowship and facilities of the Laboratory
of Dr John Silander, at the Department of Ecology and
Evolutionary Biology, University of Connecticut.

References

Abbott, R. J. & M. F. Gomez. 1989. Population genetic structure and
outcrossing rate of Arabidopsis thaliana (L.) Heynh. Heredity
62: 411-417.

Armesto, J. J. & Gutiérrez, J. 1978. Unahipotesis sobre ladiversidad
de especies arbustivas en la region mediterranea de Chile. Ann.
Museo Historia Chile 11: 49-54.

Armesto, J. J. & Martinez, J. 1978. Relations between vegetation
structure and slope aspect in the mediterranean region of Chile.
J. Ecol. 66: 881-889.

Armesto, J. J., Gutiérrez, J. & Martinez, J. 1979. Las comunidades
vegetales de la region mediterranea de Chile: distribucion de
especies y formas de vida en un gradiente de aridez. Medio
Ambiente 4: 62-70.

Arroyo, M. T. K., Armesto, J. J. & Villagran, C. 1981. Plant pheno-
logical patterns in the high Andean Cordillera of Central Chile.
J. Ecol. 69: 205-223.

Arroyo, M. T. K., Primack, R. & Armesto, J. J. 1982. Community
studies in pollination ecology in the high temperate Andes of
Central Chile. I. Pollination mechanisms and atitudinal vari-
aion. Am. J. Bot. 69: 82-97.

Arroyo, M. T. K., Armesto, J. J. & Primack, R. 1983. Tendencias
atitudinales y latitudinales en mecanismos de polinizacion en
la zona andina de los Andes templados de Sudamérica. Rev.
Chilena Historia Natural 56: 159-180.

Arroyo, M. T. K., Marticoreng, C. & Villagran, C. 1984. Laflorade
lacordilleradelos Andesen e areadeLagunaGrandey Laguna
Chica, Il Region, Chile. Gayana, Bot. 41 (1-2): 3-46.

Arroyo, M. T. K., Armesto, J. J. & Primack, R. 1985. Community
studies in pollination ecology in the high temperate Andes of
Central Chile. Il. Effect of temperature on visitation rates and
pollination possibilities. Plant Syst. Evol. 149: 187-203.

Arroyo, M. T. K., Squeo, F. & Lanfranco, D. 1987. Polinizacion
bitticaenlosAndesde Chile: avanceshaciaunasintesis. Pp. 55—
76. In: Forero, E., Sarmiento, F. & LaRotta, C. (eds), Simposio
de de ecologia de lareproduccion einteracciones planta/animal.
Anales del IV Congreso L atinoamericano de Botanica

Arroyo, M. T. K., Squeo, F.,, Armesto, J. J. & Villagran, C. 1988.
Effects of aridity on plant diversity in the northern chilean
Andes. results of a natural experiment. Ann. Missouri Bot.
Garden 75: 55-88.

Arroyo, M. T. K., Rozzi, R., Squeo, F. & Belmonte, E. 1990.
Pollination in tropical and temperate high elevation ecosystems:
hypotheses and the Asteraceae as a test case. Pp. 21-31. In:
Winiger M., Weismann U. & Rhekert J. (eds.), mounts Kenya
Area: Differentiation and Dynamics of a Tropical Mountain
Ecosystem, Geographic Bermensia, African Studies Series A8.

Ashton, D. H. 1975. Studies of flowering behaviour in Eucalyptus
regans F. Muell. Austr. J. Bot. 23: 399-411.

Barton, N. H. & Charlesworth, B. (1984). Genetic revolutions,
founder effects, and speciation. Ann. Rev. Ecol. Syst. 15: 133—
164.

Bos, M. & van der Haring, E. 1988. Gene flow in Plantago II.
Gene flow pattern and population structure. A simulation study.
Heredity 61: 1-11.

Clay, K. & D. A. Levin. 1989. Quantitative variation in Phlox:
comparison of selfing and outcrossing species. Am. J. Bot. 76:
577-588.

Colwell, R. K. & Futuyma, D. J. 1971. On the measurment of niche
breadth and overlap. Ecology 52 (4): 567-576.

Corbet, S. A. 1990. Pollination and the weather. Israel J. Bot. 39:
13-30.

Courtney, S. P, Hill, C. J. & Westerman, A. 1982. Pollen carried for
long periods by butterflies. Oikos 38: 260-263.

del Pozo, A. 1985. Zonacion microclimética del matorral: Efecto de
losmanchones de arbustos. Master Thesis, Facultad de Ciencias,
Universidad de Chile.

di Castri, F. & Hajek, E. 1976. Bioclimatologia de Chile. Ediciones
de laUniversidad Cat6lica de Santiago.

Ehrlich, P.R. and P. H. Raven. (1969). Differentiation of populations.
Science 165: 1228-1232.

Faegri, K. & van der PFijl, L. (1979). The principles of pollination
ecology. Third edition. William Clowes and Sons Limited, Lon-
don.

Fogleman, J. C. 1982. Temperature effects in relation to the patterns
of distribution and abundance of three species in the Drosophila
affinis subgroup. Ecol. Entomol. 7: 139-148.

Fripp, Y. J,, Griffin, A. R. & Moran, G. F. 1986. Variation in adlele
frequencies in the outcross pollen pool of Eucalyptus regnans
F. Muell. throughout aflowering season. Heredity 59: 161-171.

Handel, S. 1983 Poallination ecology, plant population structure, and
gene flow. In ‘Pollination Biology’: 163-211. L. Real (ed.).
Academic Press, Orlando, Florida.

Heinrich, B. 1974. Thermoregulation un endothermic insects. Sci-
ence 185: 747-755.

Heinrich, B. 1975. Energetics of pallination. Ann. Rev. Ecol. Syst.
6: 139-169.

Heinrich, B. 1979. Bumblebee economics. Harvard University Press.

Herrera, C. M. 1986. Flowering and fruiting in the coastal shrulands
of Doflana, south Spain. Vegetatio 68: 91-98.

Herrera, C. M. 1995. Microclimate and individual variation in pol-
linators: flowering plants are more than their flowers. Ecology
76: 1516-1524.

Hodgkinson, K. C. & Quinn, J. A. 1978. Environmental and genetic
control of reproduction in Danthonia caespitosa populations.
Austr. J. Bot. 26: 351-364.

Hoefs, M. 1979. Flowering plant phenology at Sheep Mountain,
southwest Yukon Territory. Can. Field-Naturalist 93: 183-187.

Hughes, J. & Richards, A. J. 1988. The genetic structure of sexual
and asexua Taraxacum (dandelion). Heredity 60: 161-169.

Jennersten, O. 1984. Flower visitation and pollen efficiency of some
North European butterflies. Oecologia 63: 80-89.

Kerster, H. & Levin, D. A. 1968. Neighborhood size in Lithosper-
mum caroliniense. Genetics 60: 577-587.

Kingsolver, J. G. 1983. Thermoregulation and flight in Colias butter-
flies: elevational patterns and mechanistic limitations. Ecology
64 (3): 534-545.

Kingsolver, J. G. 1985a Therma ecology of Pieris butterflies
(Lepidoptera: Pieridag): a new mechanism of behavioral ther-
moregulation. Oecologia 66: 540-545.

Kingsolver, J. G. 1985h. Thermoregulatory significance of wing
melanization in Pieris butterflies (Lepidoptera: Pieridae): phys-
ics, posture and pattern. Oecologia 66: 546-553.

Kohn, A. J. & Riggs, A. C. 1982. Sample size dependence in meas-
ures of proportional similarity. Marine Ecol. Progress Ser. 9:
147-151.

Levin, D. & Kerster, H. 1969. Density-dependent gene dispersal in
Liatris. Am. Nat. 103: 61-74.



Levin, D. & Kerster, H. 1974. Gene flow in seed plants. Evol. Biol.
7: 139-220.

Linhart, Y. B. & Feinsinger, P. 1980. Plant humminghbirdinteractions:
effects of island size and degree of specialization on pollination.
J. Ecol. 68: 745-760.

Loveless, M. D. & Hamrick, J. L. 1984. Ecologica determinants of
genetic structure in plant populations. Ann. Rev. Ecal. Syst. 15:
65-95.

Mascie-Taylor, C. G. N., Gibson, J. B. & Thoday, J. M. 1986. Effects
of disruptive selection XI: gene flow and divergence. Heredity
57: 407-413.

Murphy, D. D. 1984. Buitterflies and their nectar plants: therol of the
checkerspot butterfly Euphydrias edita as a pollen vector. Oikos
43: 113-117.

Nevo, E., Bar-El, C. Beiles, A. & Yom-Tov, Y. 1982. Adaptative
microgeographic differentitation of alozyme polymorphism in
landsnails. Genetica 59: 61-67.

Ohsawa, R. & Namai, H. 1987. The effect of insect pollinators on
pollination and seed setting in Brassica campestris cv. Noza-
wana and Brassica juncea cv. Kikarashina. Japan J. Breed. 37:
453-463.

Pivnick, K. A. & McNeill, J. 1986. Sexua differences in the ther-
moregulation of Thymelicus lineola adults (Lepidoptera: Hes-
peridae). Ecology 67: 1024-1035.

Price, M. V. & Waser, N. M. 1982. Alternative model sof pollentrans-
fer. Pp. 474-489. In: Jones, CE & Little, RJ (eds), Handbook of
experimental pollination biology. Van Nostrand Reinhold, New
York.

Primack, R. 1978. Variability in New Zealand montane pollinator
assembleges. New Zealand J. Ecol. 1: 66-73.

Primack, R. 1980. Variation in the phenology of natural populations
of montane shrubsin New Zealand. J. Ecol. 68: 849-862.

Primack, R. 1985a. Longevity of individual flowers. Ann. Rev. Ecoal.
Syst. 16: 15-37.

Primack, R. 1985b. Patterns of flowering phenology in communities,
populations, individuals and single flowers. Pp. 571-593. In:
White, J. (ed).), The population structure of vegetation. Junk
Publishers, Dordrecht, Holland.

Reader, R. J. 1984. Comparisons of the annual flowering sched-
ules for Scottish heathland and mediterranean-type shrublands.
Oikos 43: 1-8.

Rozzi, R. 1990. Periodos de floracion y especies de polinizadores en

179

poblaciones de Anarthrophyllum cumingii y Chuquiraga oppos-
itifolia que crecen sobreladerasde exposicion nortey sur. Master
Thesis, Facultad de Ciencias, Universidad de Chile.

Rozzi, R., Malina, J. D. & Miranda, P. 1989. Microclimay periodos
de floracion en laderas de exposicion ecuatoria y polar en los
Andes de Chile Central. Rev. Chilena Historia Nat. 62: 74-85.

Schaal, B. 1975. Population structure and loca differentiation in
Liatris cylindracea. Am. Naturalist 109: 511-528.

Schaal, B. 1980. Measurement of gene flow in Lupinus texensis.
Nature 284: 450-451.

Schmitt, J. 1980. Pollinator foraging behavior and gene dispersal in
Senecio (Compositag). Evolution 34(5): 934-943.

Slatkin, M. 1985. Gene flow in natural populations. Ann. Rev. Ecol.
Syst. 16: 393-430.

Slatkin, M. & Maruyama, T. 1975. The influence of gene flow on
genetic distance. Am. Naturalist 109: 597-601.

Sokal, R. R. & Rohlif, F. J. 1981. Biometry. Second edition. W. H.
Freeman and Company, New York.

Saltis, P. S. & Bloom, W. L. 1986. Genetic variation and estimates
of gene flow in Clarkia speciosa subsp. polyanta (Onagraceae).
Am. J. Bot. 73: 1677-1682.

Soraru, S. B. 1974. Revision de Anarthrophyllum género argentino-
chileno de Leguminosas. Darwiniana 18 (3-4): 453-488.

Stedl, R. G. D. & Torrie, J. H. 1980. Principles and procedures of
statistics. Second edition. McGraw-Hill Book Company, New
York.

van der Fijl, L. 1972. Principles of dispersa in higher plants.
Springer-Verlag, Berlin. Second Edition.

Varvio, S. L., Chakraborty, R. & Nei, M. 1986. Genetic in subdivided
populations and conservation genetics. Heredity 57: 189-198.

Waser, N. M. 1983. Competition for pollination and floral character
differences among sympatric plant species: a review of evid-
ence. In: Jones, C. E. & Little, R. J. Little (eds), handbook of
experimental pollination biology. Van Nostrand Reinhold, New
York.

Waser, N. M. 1982. A comparison of distances flown by different
visitors to flowers of the same species. Oecologia 55: 251-257.

Waser, N. M. & Price, M. V. 1982. A comparison of pollen and
fluorescent dye carry-over by natural pollinators of Ipomopsis
agregata (Polemoniaceae). Ecology 63: 1168-1172.

Wiklund, C., Erikson, T. & Lundberg, H. 1981. On the pollination
efficiency of butterflies: areply to Courtney et al. Oikos 38: 263.



