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INTRODUCTION

As explained in the first contribution in this series 
(Eggli & Giorgetta 2015), studies of pollination bi-
ology are an important component towards elucidat-
ing the ecological network in which a plant taxon is 
imbedded, because successful pollination is the pre-
requisite for reproduction, and thus for the temporal 
persistence of the plant taxon at a given locality be-

yond the lifespan of the individuals. Many fascinat-
ing aspects relating to plant-pollinator interactions 
have been discovered over time, leading to the typo-
logical approach of pollination syndromes (Willmer 
2011 and references there cited). A fuller discussion, 
based on an apparent pollinator mismatch in Den-
moza rhodacantha, of the applicability of this “syn-
drome approach” and the recent discussions of its 
validity in view of an apparent continuum between 
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generalized and specialized flowers can be found in 
the first contribution in the present series (Eggli & 
Giorgetta 2015).

Species of cacti are often conspicuous and at 
times dominant elements throughout the vegeta-
tion of the arid and semiarid parts of North and 
South America. The majority of cacti are outcross-
ing (Anderson 2001: 33, Boyle 2003, Mandujano et 
al. 2010), i.e. a vector is needed to transport pollen 
from the stamens of one individual to the stigma 
of another conspecific individual. In recent years, a 
considerable number of pollination biological stud-
ies of cacti has been accomplished (see Schlump-
berger 2012 for an overview), even though the num-
ber is still small considering the species richness of 
the family. The main obstacle towards obtaining a 
more complete picture is the complexity involved 
in the study of plant-pollinator webs (see Chacoff 
& al. 2012 for an example from Argentina). Because 
full-scale detailed pollination biology studies will 
probably remain comparatively few in relation to 
total species numbers due to time and resource con-
straints, observations (including casual observations) 
of visitors are a good and simple proxy. Here, we re-
port our observations with respect to Cereus aethiops, 
a columnar cactus with nocturnal flowers.

Cereus is a well-known and easily recognizable 
genus of 36 species (Anderson & Eggli 2011) and 
belongs to subfamily Cactoideae, tribe Cereae, sub-
tribe Cereinae (Nyffeler & Eggli 2010). The genus 
has a wide distribution in eastern South America, 
extending to the Caribbean. Cereus jamacaru is a 
dominant landscape element in the Brazilian Caat-
inga vegetation, and C. validus is a common com-

ponent of Chaco forest formations in lowland Bo-
livia and N Argentina. Many species of the genus are 
known since the early days of explorations in South 
America, and as a consequence, the application of 
several names published in the early 19th Century is 
not completely resolved, or circumscriptions remain 
sketchy, including wide-spread elements such as C. 
jamacaru, C. alacriportanus or C. validus. The species 
investigated in the present study, C. aethiops, does 
not suffer from these problems, however.

Cereus is diagnostically characterized by medium-
sized to large, nocturnal, pale- to white-coloured 
flowers with a pronounced and seemingly naked 
perianth tube which is shed completely including 
stamens and perianth elements within days after 
successful pollination, leaving only the style, which 
often persists throughout the fruit ripening period. 
Fruits typically dehisce with 1–4 longitudinal slits, 
exposing the pulp that usually contrasts in colour to 
the colour of the surface of the fruit wall.

The flowers of Cereus correspond by and large to 
the sphingophilous syndrome (Faegri & van der Pijl 
1979), although it should be noted that their scent 
is often weak to almost absent, and when present, it 
is only rarely purely sweet-fragrant, as expected for 
sphingophilous flowers, but usually also includes 
some musky “green” components (pers. obs. of sev-
eral taxa in cultivation). In addition, the flowers (esp. 
the perianth tube) are of very firm texture, unlike 
the flowers of typically sphingophilous cacti such as 
long-tubed Echinopsis spp. Hawkmoths were record-
ed as flower visitors for C. alacriportanus cf. (Silva 
& Sazima 1995, as C. peruvianus, visited by Agrius 
cingulatus and Manduca rustica), C. fernambucensis 

Figure 1. Large plant of Cereus aethiops (CA107) with 18 simultaneously open flowers at mid-morning (10:09), 
before the perianth starts to close. All figures by Mario Giorgetta.
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(Locatelli & Machado 1999, visited by Cocytius an-
taeus, as well as a native bee and honeybees in the 
early morning), C. hexagonus (Soriano & Ruiz 2002), 
as well as the Argentinian C. validus (Moré & al. 
2014, as C. forbesii, visited by Manduca sexta, pers. 
comm. M. Moré referring to Diaz 2001). In contrast, 
the flowers of C. repandus are visited by several spe-
cies of bats (Lemke 1985, as C. atroviridis; Nassar & 
al. 1997, Petit 1995 and Petit 2011, as Subpilocereus). 
Petit (1995) also recorded a single visit of an uniden-
tified sphingid for C. repandus.

Cereus aethiops was included in the interaction 
web study of Chacoff & al. (2012, as Cereus sp.). 
Their observation period was limited to 7:00–14:00, 
and during this time, 2 native species of Xylocopa, 
the Andrenid bee Arhysosage bifasciata, and uniden-
tified Bombyliidae (1 visit each recorded) as well as 
honeybees, were found as casual visitors (D. Vázquez, 
pers. comm.). 

Figure 2. Location of the studied invidiuals of Cereus aethiops. a: Topographic map with major roads (map by MG).b: 
3-D-view of the landscape (view generated on the base of Google Earth data; data sources: INAV / Geosystems 
SRL; CNES/Astrium).
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MATERIAL AND METHODS 

The study organism: Cereus aethiops Haworth (Fig. 
1) is the southern-most species of the genus. It is 
endemic to Argentina, where it is a widespread and 
typical element of the cactus flora of the Monte veg-
etation in the foothills of the Andes and the adjacent 
lowlands to the East. The species grows from S Río 
Negro and S Buenos Aires (~ 40° S) to NE Salta (~ 
24° S) between 0 and 1500 masl (Kiesling & Ferrari 
2005, Trevisson & Perea 2009). The shrubby (1- or 
few-stemmed, or with prostrate stems) plants usu-
ally grow at the fringe or under the canopy of Monte 
shrubs and trees, and reach a height of 2 (–2.5) m, 
depending on the degree of support and protection 
provided by the surrounding vegetation. The breed-
ing system of C. aethiops is unknown, but other spe-
cies of the genus, e.g. C. validus or C. jamacaru, are 
self-incompatible (pers. obs. in cultivation by UE).

Methods: Plants were observed in the field by 
MG during numerous trips to the region of the 
Valles Calchaquíes (Salta province) in the past al-
most 30 years. Detailed observations were then con-
ducted by MG between December and February in 
the three consecutive summers of 2012/13, 2013/14 
and 2014/2015, resulting in a total of 73 observa-
tion hours. The studied plants, their rehydration 
and flowering phenology, and flower visitors were 
documented by a total of 1862 photographs and 16 
videos. Nectar production pattern and nectar vol-
umes were not measured. Nocturnal visitors were 
registered by means of direct observation (including 
photography), and no traps or other devices were 
used. Direct observation of sphingids is difficult, as 
the presence of a human observer close to the flower-
ing plants is an important disturbing factor, and the 
hawkmoths are also deterred by the use of torches 
and the camera flash light. Insect repellents occa-
sionally used by the observer to protect from sting-
ing/biting insects also have a negative impact on 
hawkmoth presence. Fruit set was studied by direct 
observation, and the observation period ended signif-
icantly before fruit ripening started. No pollinator-
exclusion experiments were carried out.

Study site: The study was conducted near the vil-
lage of Angastaco (1850 masl), which is situated in 
the Valles Calchaquíes, Dept. San Carlos, Prov. Salta, 
N Argentina. Two populations were studied (Fig. 2a; 
Fig. 2b; Table 1): The Cerro Negro population (40 
individuals studied) is situated at the foot and lower 
slopes of Cerro Negro, c. 3 km S of the village of 
Angastaco, at an altitude between 1866 and 2257 
masl. The Cerro Bayo population (8 individuals 
studied) is c. 4 km NW of the village of Angastaco, 
at altitudes between 2064 and 2134 masl. Both pop-
ulations consist of many more individuals than those 
studied, and since the distribution of the study spe-
cies is scattered but more or less continuous, popula-
tions cannot be clearly delimited.

The climate of the region is characterized by a 
long dry period from autumn to spring (April to No-
vember) that alternates with a wet period in summer 

Cerro Negro (# / °lat,°long / alt)
CA000 -25.69098, -066.16599 1886 m
CA001 -25.70384, -066.17116 1944 m
CA002 -25.70420, -066.17098 1960 m
CA003 -25.70418, -066.16851 1963 m
CA004 -25.70511, -066.16869 1963 m
CA005 -25.70543, -066.16886 1969 m
CA006 -25.70609, -066.16842 1969 m
CA007 -25.70765, -066.16926 1982 m
CA008 -25.70827, -066.16856 2000 m
CA009 -25.70828, -066.16855 2000 m
CA010 -25.70858, -066.16983 2002 m
CA011 -25.70862, -066.16706 2006 m
CA012 -25.71000, -066.16901 2016 m
CA013 -25.71090, -066.15768 1998 m
CA014 -25.71100, -066.16594 2022 m
CA015 -25.71133, -066.16769 2023 m
CA016 -25.71175, -066.16784 2043 m
CA017 -25.71202, -066.16751 2035 m
CA018 -25.71274, -066.16771 2047 m
CA019 -25.71301, -066.16432 2042 m
CA020 -25.71488, -066.16755 2085 m
CA021 -25.71602, -066.16851 2106 m
CA022 -25.71603, -066.16851 2106 m
CA023 -25.71637, -066.16864 2115 m
CA024 -25.71637, -066.16855 2098 m
CA025 -25.71706, -066.15528 2040 m
CA026 -25.71752, -066.17017 2155 m
CA027 -25.71786, -066.17091 2157 m
CA028 -25.71791, -066.16183 2083 m
CA029 -25.71817, -066.16182 2089 m
CA030 -25.71883, -066.17240 2192 m
CA031 -25.72001, -066.17344 2248 m
CA032 -25.72123, -066.17359 2257 m
CA034 -25.72201, -066.16128 2108 m
CA035 -25.72208, -066.16141 2110 m
CA036 -25.72386, -066.15530 2083 m
CA037 -25.71518, -066.16351 2076 m
CA038 -25.72800, -066.15453 2124 m
CA039 -25.69342, -066.17380 1890 m
CA040 -25.68747, -066.16852 1866 m

Cerro Bayo (# /°lat, °long / alt)
CA101 -25.66007, -066.21768 2134 m
CA102 -25.66088, -066.21310 2113 m
CA103 -25.66235, -066.21478 2104 m
CA104 -25.66331, -066.21276 2100 m
CA105 -25.66381, -066.21125 2095 m 
CA106 -25.66411, -066.21004 2083 m
CA107 -25.66439, -066.21001 2084 m
CA108 -25.66484, -066.20595 2064 m

Table 1. The studied individuals of the 2 populations 
of Cereus aethiops, with coordinates and altitude data.
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(December to March). 80-85% of all rains fall dur-
ing the summer months (November to March). No 
specific climatic data is available for Angastaco (1850 
masl), but data is available from three weather sta-
tions located in the nearby area: Cachi (2435 m, 65 
km to the N), La Poma (3022 m, 107 km to the N) 
and San Carlos (1605 m, 35 km to the SE) (Table 
2, data from Paoli 2003). Mean annual rainfall var-
ies from 95 mm for Molinos (2042 m, 30 km to the 

NW) to 200 mm for Cafayate (1630 m, 46 km to 
the SE) (Paoli 2003). Average maximum summer 
temperatures for San Carlos are given as 22.1 °C for 
January and average minimum winter temperatures 
are 9.3 °C for June (Table 3, data from Paoli 2003), 
and these values are likely also applicable to Angasta-
co.

Associated cacti at the two sites are Tephrocac-
tus molinensis (Spegazzini) Backeberg, T. weberi 

Figure 3. The 3 study periods (yellow background) with daily rainfall (dark blue bars, classified in 3 classes as 
scant, medium and strong, see text) and flowering events (pale blue background).

Locality Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year
Cachi 

1973-90 68 36 15 3 0 1 0 1 0 3 5 30 163

San Carlos 
1977-90 45 15 12 3 0 1 0 0 1 2 7 29 111

La Poma 
1974-90 59 31 14 1 0 2 0 1 0 1 3 27 139

Table 2. Average rainfall amounts (in mm) for 3 climate stations from the vicinity of the study area (data from 
Paoli 2003).

Locality Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year

Cachi 
1973-88 18.5 17.7 16.9 14.0 11.1 9.6 10.0 11.3 13.0 15.9 17.6 18.4 14.5

San Carlos 
1978-88 22.1 21.4 20.5 16.5 12.7 9.3 10.7 13.0 15.0 19.2 21.0 21.9 16.9

La Poma 
(no years 

given)
14.5 14.2 13.1 10.4 7.1 4.8 4.3 6.5 8.9 11.5 13.3 14.3 10.2

Table 3. Average temperature values (in ºC) for 3 climate stations from the vicinity of the study area (data from 
Paoli 2003).
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(Spegazzini) Backeberg, Tunilla soehrensii (Britton 
& Rose) D. R. Hunt & Iliff agg. (the correct iden-
tification of these plants is currently unresolved, and 
the name is here used in a wide circumscription), 
Acanthocalycium thionanthum (Spegazzini) Backe-
berg, Denmoza rhodacantha (Salm-Dyck) Britton & 
Rose, Echinopsis atacamensis (Philippi) H. Friedrich 
& G. D. Rowley, Gymnocalycium saglionis (Cels) 
Britton & Rose, G. spegazzinii Britton & Rose, Paro-
dia aureicentra Backeberg and P. microsperma (F. A. 
C. Weber) Spegazzini. Other succulents present are 
Portulaca pilosa Linné, P. cryptopetala Spegazzini, P. 
grandiflora Hooker, P. oleracea Linné, Talinum polyga-
loides Gillies ex Arnott, Deuterocohnia haumannii A. 
Castellanos, and Jatropha excisa Grisebach. All these 
species except E. atacamensis have diurnal flow-
ers. The flowers of E. atacamensis open during the 
evening and persist into the next morning or even 
the next night, but Viana & al. (2001) did not re-
cord any nocturnal visitors, while Schlumpberger & 
Badano (2005) found evidence for at least occasional 
hawkmoth visits in their study area near Cachi, Salta. 
Other nocturnally flowering taxa in the area are Ni-
cotiana glauca and an unidentified species of Solana-
ceae.

RESULTS
Climate & rainfall: Angastaco is characterized by 

a pronounced micro-climate that is dryer than the 
immediate surroundings. Based on personal observa-
tions, summer rains can be pronounced and locally 
heavy in the Valles Calchaquíes region, while the im-
mediate surroundings of Angastaco to a distance of 
c. 20 km remain sunny and dry. Rainfall can be very 
local even within these immediate surroundings, and 

vary significantly from heavy rains to no rain at all 
within a distance of 5 km. During the peak of the 
rainy season, days with uniform cloud cover and 
continuous rain in the whole region also occur. Since 
there is no weather station at Angastaco, and equip-
ment for rain measurements was lacking, daily rain-
fall was classified into three classes—scant, medium 
or strong (Fig. 3). “Scant” refers to rains only wet-
ting the soil surface, while “strong” refers to strong 
to torrential rains of several hours that penetrate 
deeply into the soil. 

Spatial characterization of the populations: An 
analysis of the spatial arrangement of the study in-
dividuals (Fig. 4) shows that the plants are predomi-
nantly located along the small drainage valleys that 
lead from the mountain base towards the main val-
ley. The plants are not confined to the lowest points 
along these valleys, but can also occur on small eleva-
tions within them. A sandier dry valley to the E of 
the drain ravine in the Cerro Negro population with 
numerous individuals is devoid of C. aethiops.

The plants grow in a highly random scattered pat-
tern with 50–200 m distance between individuals 
within subpopulations. About 85% of all individuals 
grow in close association with well-developed shrubs 
or small trees, and only few plants are situated in 
completely open conditions. Nurse shrubs include 
Bulnesia schickendantzii Hieronymus ex Grisebach 
(Zygophyllaceae), Cercidium praecox (Ruiz & Pavón 
ex Hooker & Arnott) Harms, Acacia macracantha 
Humboldt & Bonpland ex Willdenow and Zuccagnia 
punctata Cavanilles (all Fabaceae).

Growth phenology: Plants of C. aethiops de-
hydrate significantly during the dry period: stems 
progressively loose turgor causing the ribs to shrivel 
and loose volume. Entire stems become irregularly 

Figure 4. 3D-view of the population at the foot of Cerro Negro to show the location of the study plants, mostly 
confined to shallow valleys (source of data as in Fig. 2b).
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curved towards the ground, and acquire a greyish-
pink-brown colour, and plants look decidedly miser-
able at the end of the dry season (Fig. 5a). Detailed 
observations of individual CA006 in the summer 
2014/15 show that the first slight rainfall events dur-
ing December and early January do not have a sig-
nificant visible effect on the water status of the plant, 
but that recovery of the original volume starts within 
24 hours after a strong rainfall event (Fig. 5b, Fig. 
6a, b). Within 6 days, the stem diameter increases 
to the maximum value (= full turgor) (Table 4, Fig. 
7, Fig. 8). The increase in diameter is accompanied 
by a rapid swelling of the ribs (Fig. 9), resulting in 

an almost 4-fold increase in volume compared to 
the volume at the dehydrated state at the end of the 
dry season (Table 4, Fig. 7). Turgor increase even 
at times causes local rupturing of the stems, as evi-
denced by Fig. 10. The increase in stem volume and 
thus recovery of turgor is accompanied by a signifi-
cant and easily observed colour change (Fig. 5a, b), 
and the greyish-pink-brown colour of the dry season 
is rapidly replaced by the characteristic blue-green 
colour of growing plants. As a result of increasing 
turgor, shrivelled and down-curved, and in one case 
slightly buckled, stems of dehydrated plants return 
to their original straight shape within 3 days (Fig. 

a b
Figure 5. Rehydration to full turgor of Cereus aethiops CA006. a: 5th January 2015, before the first significant 
rainfall event. b: 19th January 2015. The flower bud opened in the following night.

Figure 6. Rehydration to full turgor of Cereus aethiops CA006. a: 12th January 2015, already partly rehydrated 
(compare with Fig. 5a); b: 5th February 2015; the flower remained unfertilized and only the dry pericarpel re-
mains on the plant.

a b
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Date 2015 Bud (cm) Stem Ø (cm) Volume Rainfall
05.Jan 13:11 1.2 2.7 1.00

06.Jan - - -

07.Jan - - -

08.Jan - - -

09.Jan - - -

10.Jan - - -

11.Jan 14:40 5.0 2.7 1.00

12.Jan 14:38 5.5 2.8 1.17

13.Jan - - -

14.Jan 13:17 8.3 3.6 2.54

15.Jan 13:58 10.0 3.7 2.71

16.Jan 14:21 11.7 3.9 3.05

17.Jan 12:05 13.0 4.4 3.90

18.Jan 12:17 13.5 4.4 3.90

18.Jan 19:54 15.1 4.4 3.90

19.Jan 12:19 16.5 4.4 3.90

19.Jan 20:23 17.9 4.4 3.90

Figure 7. Graphical representation of growth data of Cereus aethiops CA006 from Table 4.

Table 4. Diameter and volume increase of a stem of Cereus aethiops CA006 and growth rate of a flower bud of the 
same stem, in relation to rainfall amount (graphical representation see Fig. 7, flower bud development see Fig. 
12).

Figure 8. Rehydration to full turgor of Cereus aethiops CA006, exemplified by stem colour and diameter. Photo-
graphs from left to right taken on 11. Jan., 12. Jan., 14. Jan., 15. Jan., 16. Jan. and 17. Jan.
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11). The curved stem illustrated in Fig. 11 shows the 
incredibly rapid turgor change that must occur and 
that results in significant reversal of the down-curved 
shape within 17 hours after the start of a heavy rain-
fall event.

Flowering phenology: Flowering phenology ap-
pears to be strictly linked to the time of the first 
rainfall event that terminates the dry season (Fig. 3). 
The first flowers open 38–45 days after the first rain-
fall event, and neither the amount of this rain (scant 

Figure 9. Schematic representation of the diameter 
increase of a stem of Cereus aethiops (CA006), and 
the associated change in rib configuration.

2.7 cm
11. Jan

4.4 cm
17. Jan

Figure 10. Upon rehydration, turgor pressure rarely in-
creases beyond girth strength of the stem, and longitu-
dinal fissures appear (study individual CA010).

Figure 11. Rehydration to full turgor of Cereus aethiops CA037, showing a partially buckled stem. a: 11. January 
2015, 15:15; b: 12. January 2015, 15:29; c: 14. January 2015; 14:35; d: 25. January 2015, 18:21; only a small 
decrease in diameter of the fully hydrated stem indicates the place of former buckling.

a b

c d
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or medium in the study years) nor the time of year 
when it arrives (varying from 8. Dec. to 1. Jan. in 
the study years) has a visible influence.

The development of flower buds to anthesis has 
been studied for individual CA006: a flower bud 
was first observed on 5. Jan. 2015, i.e. almost a 
full month after the first rainfall event on 8. Dec. 
2014. It measured 1.2 cm in length at that time, 
and reached its full length on 19. Jan. 2015 when it 
opened in the evening (Table 4, Fig. 12). Growth of 
the flower bud, as evidenced by its length, is large-
ly independent of rainfall events, and almost linear, 
with three vaguely distinctive phases (0–5 cm, 5.5–
13 cm, 13.5–18 cm; table 4) with increasing growth 
speed. The transition from phase 1 to phase 2 is co-
incident with the first large rainfall event (night of 
11./12. Jan., followed by rain for several hours on 12. 
Jan.).

Large plants, i.e. with a main stem with several 
branches, can produce 60–70 flowers per season. An-
thesis is strictly nocturnal, and each flower lasts for 
a single night only. On large plants (e.g. individual 
CA107, Table 4), as many as 18 flowers open simul-
taneously in a single night. The flowering period 
usually covers a period of 5–10 days (Table 4), and 
the largest number of flowers opening together are 
usually observed in the middle of the flowering pe-
riod. Plants within sight distance and growing under 
the same ecological conditions (altitude, exposition, 
soil texture, water availability, shading from nearby 
mountains, etc.) usually flower synchronously, but 
the flowering time of groups of plants that experi-
ence different conditions (e.g. individual CA031 
from 200 m higher and in a more shaded place) can 
be delayed as much as 2–3 weeks.

The day of anthesis is indicated by a significant 

swelling of the upper part of the flower bud, i.e. the 
part above the tube made up by the perianth ele-
ments, and the transition between perianth tube and 
perianth elements is becoming progressively softer to 
the touch during the course of the day. Sometimes, 
the tips of the stigma lobes become visible at the 
extreme flower tip (Fig. 12 p.p.). Anthesis proper, 
i.e. the unfolding of the perianth elements, starts at 
sunset, which is at 20:15 on the imaginary horizon. 
Anthesis start is under light control, as evidenced by 
plants growing in places that experience early shade, 
where anthesis starts earlier (around 19:45). Earlier 
anthesis is also observed on overcast days.

The flower opening process from closed bud to 
completely open perianth, takes place within c. 90 
minutes (Fig. 13, repeat photography covering 104 
min.), but the perianth is sufficiently open after 30 
minutes to allow pollinator access. The unfolding of 
the perianth elements happens sufficiently rapid to 
be clearly visible by direct observation. Wind, which 
is frequent during the sunset time and night, helps 
with the unfolding by interfering with individual 
perianth elements, to loosen them from the tight 
folding in the bud. Anther dehiscence is concurrent 
with the start of the perianth opening process. No 
scent was noted during the first hours of anthesis 
throughout the study period in the many hundred 
flowers observed. Whether scents not detectable by 
the human nose are present remains uninvestigated, 
and whether scent is produced later during the an-
thesis is unknown for lack of observations (observa-
tion periods always ended before 2:00).

The flowers remain open for the whole night, 
and for a couple of hours into the following morn-
ing. A plant at a place where the sun appears around 
7:00 still had almost fully open flowers by 9:30 that 

Figure 12 (a) above and (b-k) facing page. Growth of a flower of Cereus aethiops CA006 from bud (a, 5. January 
2015) to anthesis, b-j photographed daily between 11. and 19. January 2015 (except 13. Jan.) just after midday 
(between 12:05 and 14:40) (see Table 4 for measurements). The two pictures per row have the same scale.

a
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subsequently rapidly started to wilt. By noon, flow-
ers are usually completely closed, with limp pendent 
perianth elements.

The flowering period of a single plant spans a pe-
riod of 4–10 days, where some flowers open every 
consecutive night. A peak in the number of flowers 
is observed around the middle or in the second half 
of the total flowering period (Table 5). As many as 
18 flowers can open simultaneously on richly flower-
ing large plants. 

Flower visitors & pollination: Two hawkmoths 
species were recorded at night visiting C. aethiops 
flowers: An individual of Manduca sexta was photo-
graphed on the cactus individual CA012 in the night 
of 21. Jan. 2014, around 20:40, i.e. at a time when 
anthesis was not yet complete (Fig. 14). Wing-span 
of the insect was c. 12 cm, and it moved swiftly from 
one flower to the next in search of nectar. Visits 
lasted for less than 10 seconds. The wings continue 
to move during the visits and wings and body are 

soon densely covered with pollen. Manduca sexta re-
mained present during the whole observation period, 
and accidental collisions of insects with the observ-
er’s head were not infrequent. Likely, more than one 
individual was present, but direct observations were 
not possible due to vanishing daylight. 

An individual of Erinnyis lassauxii was observed at 
the same plant in the night of 23. Jan. 2014, around 
21:00, i.e. again before anthesis was fully complete 
(Fig. 14). The insect has a wing-span of 9–10 cm, 
and flower visitation behaviour is similar to that of 
Manduca sexta, i.e. wing movements continue dur-
ing the short visits so that bodies and wings are soon 
pollen-covered. Only a single individual of Erin-
nyis lassauxii was observed, and it appears that this 
sphingid is more rapidly scared by the presence of a 
human observer. 

In addition, Rachiplusa nu (Noctuidae) was ob-
served in considerable numbers and several times 
(Fig. 16). These insects are active from early dusk 

Figure 13. Anthesis of a flower of Cereus aethiops CA012 from first signs of opening (top left, 20:01) to full anthe-
sis (bottom right, 21:55).

20:01 20:10 20:14

20:18 20:22 20:26

20:31 20:40 20:51

21:07 20:16 21:55
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Cerro Bayo: CA107 Cerro Negro: CA012

Date # flowers weather # flowers weather
15. / 16. 2 Variably cloudy, pleasant, evening 

with slight rain

16. / 17. 3 Clear, hot 0 Variably cloudy, pleasant, night 
with rain

17. / 18. 6 Clear, hot 8 Strongly cloudy, warm, evening 2 
2 hours drizzle

18. / 19. 4 Overcast, cool 8 Clear, very warm

19. / 20. 8 Clear, pleasant, very dry wind 5 Clear, hot

20. / 21. 7 Slightly overcast, pleasant 10 Clear, hot

21. / 22. 18 Clear, very warm 12 Clear, hot

22. / 23. 12 Slightly overcast, very warm 9 Clear, hot

23. / 24. 6 Clear, very warm, stormy wind 4 Clear, hot

24. / 25. 2 Strongly cloudy, very warm, 
repeated strong thunderstorms

Table 5. Flowering chronology of 2 plants of Cereus aethiops from the 2 study populations.

Figure 14. Flower of Cereus aethiops CA012 visited by the hawkmoth Manduca sexta (photographed 21. January 
2015, 20:43).
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Figure 16. Flower of Cereus aethiops CA012 visited by the noctuid moth Rachiplusa nu. One individual is sessile 
on the perianth tube, a second is just approaching in flight (photographed 20. January 2015, 00:13).

Figure 15. Flower of Cereus aethiops CA012 visited by the hawkmoth Erinnyis lassauxii (photographed 23. Janu-
ary 2015, 21:05).
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Figure 17. A flower of Cereus aethiops CA107 starting to close at 10:27 is visited by an unidentified solitary bee 
that collects pollen.

Figure 18. Empty dry fruit casks collected from under the canopy of Cereus aethiops CA007 on 15. December 2014.
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well into the night and have a wing-span of 3 cm. 
They land on various plant parts, including the 
perianth tube, but were never observed to contact 
the anthers or stigma lobes during their visits. The 
observed insects usually settle down in a solitary 
manner, and it is likely that these are females wait-
ing for males to arrive for subsequent mating. Since 
Rachiplusa is not to be considered a pollinator, no 
further studies were conducted.

During the early morning hours, before the flow-
ers start to close, several different solitary bee species 
could be observed as visitors, collecting pollen and/
or nectar (see Fig. 17 for the most commonly ob-
served bee), but no identification as to species was 
attempted.

Fruiting phenology: Successful pollination of 
a flower is visible within about 24 hours after the 
end of the anthesis, when the pericarpel is starting 
to swell. Concurrently, the perianth tube and peri-
anth elements loose their colour, become increas-
ingly limp, and abscise completely within 2–3 days, 
leaving only the style on the pericarpel. Fruit set 
has been observed to be almost 100% on 40 plants 
studied (data not tabulated). Even flowers where no 
visitors were observed during the observation periods 
(presumably because the observer’s presence fright-
ened them), did set fruit, indicating that pollinators 
remain active during the second half of the night. 
Only for one study plant (CA012), fruit set was sig-
nificantly lower: from 60 flowers that opened in the 
2013/14 flowering season, all appeared to have been 
fertilized and fruits started to grow. After 2 weeks, 
young fruits abscissed, and only 6 fruits reached ma-
turity.

Fruit ripening occurs during early autumn, but 
no direct observations were made. Fruits are known 
to split lengthwise when fully ripe, to expose the fu-
nicular pulp with the imbedded black seeds. Fruits 
appear to remain on the plants for some time, and 
completely empty dry casks were recorded under the 
canopy of one study individual (individual CA007, 

12 fruits set in Jan. 2014, 8 empty casks found in 
Dec. 2014, and 1 dry cask remained attached to the 
stem; Fig. 18). 

Seedling establishment: Establishment of new 
plants was not specifically investigated, but general 
observations show that recruitment of new individu-
als is probably very low. Among the slightly more 
than 40 plants studied, there were only 2 individuals 
where a young seedling plant had established under 
the canopy of the mother plant. 

Herbivory: Damage through herbivory is fre-
quently observed, either on stem parts (Fig. 19), or 
on spent flowers or young fruits. No direct obser-
vations have been made, but it the presence of bite 
marks suggest that the locally common rodent Oc-
todontomys gliroides is involved. This rodent often 
constructs its extensive and often branched burrows 
under cacti (esp. opuntioid species), and reportedly 
feeds on their fruit, as well as more rarely on their 
stems, especially towards the end of the dry season 
(pers. obs. communicated by local inhabitants).

Herbivore damage is also caused by the locally 
herded goats. Goats have been observed repeatedly 
to feed on flowers of various cactus species, but also 
on cladodes of Opuntia sulphurea and other opunti-
oid species. Free-standing individuals of C. aethiops 
have also been observed to be attacked by goats, 
breaking older stems when they stand on lower 
branches to reach the flower buds. Goat herbivory of 
developing buds (Fig. 20) directly interferes with re-
productive output. Sometimes, whole plants are mu-
tilated as branches break under the weight of goats 
(Fig. 23).

Finally, substantial herbivore damage has been 
observed in recent years caused by the leaf-cutter 
ants Acromyrmex lobicornis. These ants are well-
known from lowland regions (where they are consid-
ered a pest in agriculture), and are widespread (Bren-
er & Ruggiero 1994), but in the Valles Calchaquíes 
their occurrence at higher elevations appears to have 
started only during the past 30 years. Over the past 

Figure 19. Herbivory damage on a stem of Cereus ae-
thiops CA106, most probably attributable to the ro-
dent Octodontomys gliroides, as evidenced by the visible 
teeth bite marks.

Figure 20. Herbivory damage by domestic goats on 
a flower shortly before anthesis of Cereus aethiops 
CA037.
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Figure 21. Herbivory damage by leaf-cutter ants on the 
spent perianth of a flower of Cereus aethiops CA007, 
photographed 24. Jan. 2014, 17:51.

Figure 22. Herbivory damage by leaf-cutter ants on 
the fertilized pericarpel of a recently open flower, on a 
stem of Cereus aethiops CA007, photographed 25. Jan. 
2015, 19:36.

Figure 23. Cereus aethiops CA037 a: in its pristine half-turgescent state on 17. Jan. 2014, and b: with extensive 
herbivory damage by domestic goats, photographed at the very start of the rehydration process on 12. Jan. 2015. 

a

b
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5-10 years, these ants have been a common sight 
throughout the study region, and they were observed 
to feed extensively on developing, open or wilted 
flowers and even young fruits of various species of 
cacti. Acromyrmex lobicornis have been observed on 
C. aethiops (CA007) for the first time in Jan. 2014, 
where they rapidly consumed the perianth of a re-
cently closed flower (Fig. 21). In Jan. 2015, ants 
were active on the same individual, but this time also 
consumed the growing pericarpel of a wilted flower 
whose perianth they already consumed some days 
ago (Fig. 22). Ants were seen to remain active at least 
during the first half of the night (observations ended 
23:00).

DISCUSSION
Spatial characterization of the populations: Ce-

reus aethiops predominantly grows under the canopy 
of nurse shrubs. A similar pattern has been observed 
for Gymnocalycium spegazzinii in the study region, 
and is reported for many cactus species, growing 
in N America (e.g. Suzán & al. 1994, Muro-Pérez 
& al. 2012, Cares & al. 2013, Holland & Molina-
Freaner 2013) and in Bolivia and Argentina (López 
& al. 2013). It is generally assumed that the more 
favourable climatic (decrease in temperature, in-
crease in humidity) and soil (increased nutrient levels 
and humidity) conditions are the reason for higher 
establishment rates of cactus seedlings in the shade 
of the nurse in comparison with open conditions. 
However, the presence of roosting sites for seed-dis-
persing birds might be a component at least as im-
portant. Associations with nurse trees are, however, 
by no means universal for cacti, and some species 
show higher establishment rates in open conditions 
(Reyes-Oliva & al. 2002). Since the dispersal vectors 
for the seeds of C. aethiops remain unknown, the rea-
son for the observed predominance of plants under 
nurse shrubs/trees remains unknown as well. Likely, 
seed dispersal vectors are birds, and if they perch 
predominantly on the nurse species, there will be an 
increased “seed rain” under the canopy of the nurs-
es. A likely candidate for seed dispersal is the finch 
Phrygilus atriceps (reported from altitudes of > 3000 
m in the literature, but locally common and easily 
observed in the study area). This bird is frequently 
observed to feed on fruits of the cacti Echinopsis wer-
dermanniana, E. atacamensis and E. tacaquirensis in 
Bolivia, but also occasionally on Denmoza rhodacan-
tha in the study area (pers. obs.). Seed dispersal by 
ants is a further hypothesis, but since ant’s nests are 
mostly located in the open in gravelly places in the 
study area, the contribution by ants to the establish-
ment for C. aethiops under nurses is probably negli-
gible. A further possible vector to consider are local 
small rodents, such as Octodontomys gliroides, de-
scribed above as herbivore. Finally, the predominance 
of C. aethiops along valleys could also be explained 
by seed dispersal by running water. From personal 
observation, some flowing water is present in most 
of the dry valleys after local heavy rains. The fruits 

ripen during late summer / early autumn, and the 
dry period only ends 7 to 9 months later, when seeds 
are already dispersed (as shown by the empty dry 
fruit casks observed under study individual CA007). 
A short-term seed bank covering the dry period is 
thus implied. No count of seedling and juvenile in-
dividuals was made, but young individuals are com-
monly seen, and so recruitment rates appear to be 
adequate. Only in 2 cases juveniles were located di-
rectly under the canopy of an individual of C. aeth-
iops.

Growth & rehydration phenology: Plants of C. 
aethiops show a remarkable and pronounced desicca-
tion behaviour, and the fully turgescent stems loose 
about 75% of their volume during the dry season. 
The shrivelled stems acquire a typical greyish-pink-
brown colouration (vs. vividly blue-green (about 
hexadecimal #1B7677) in young growing stems, 
and olive-green (about hexadecimal #6B8E23) in 
older stems). Similar colour changes accompanying 
increased desiccation are known from other cacti. 
Whether the colour change is due to adding com-
pounds with brownish/pinkish colour, or by a reduc-
tion in chlorophyll content, has not been investigat-
ed.

Towards the end of the dry season, the stems of 
the desiccated plants often assume curved positions, 
or even start to buckle (Fig. 11a). Rehydration is an 
unexpectedly rapid process, and first increases in tur-
gescence and thus volume are visible within 24 hours 
after a significant rainfall event. Rehydration to full 
turgescence is completed within 5–7 days (Fig. 11a-
d). Even buckled stems can rehydrate almost com-
pletely (Fig. 11d, an insignificantly smaller diameter 
on the fully hydrated stem indicates the place where 
it buckled). This behaviour is remarkable since it 
implies that the woody vascular cylinder returns to 
full conducting ability despite the previous buckling. 
The rehydration behaviour also shows that turgor 
pressure is the main force responsible for the over-
all shape of plants. The woody central cylinder adds 
little to stability, except at the base of older stems.

Rapid rehydration of desiccated cacti has also 
been described for the sympatric Tephrocactus moli-
nensis (Eggli 2004), where volume changes become 
also visible within 24 hours after a rainfall event, and 
rehydration is complete in 7 days. Similar behaviour 
has been described for the N American Opuntia basi-
laris, Carnegiea gigantea and Ferocactus acanthodes 
(Nobel & Loik 1999) or Agave deserti (Nobel 1988). 
Detail studies of these and other species revealed that 
the main root system survives the dry period more 
or less intact, and water uptake starts almost im-
mediately when moisture becomes available (Nobel 
& Loik 1999, Nobel & Sanderson 1984, North & 
Nobel 1992). Additional roots (“rain roots”) start 
to develop within “a few hours” (Kausch 1965 for 
Opuntia decumbens), and can reach 2 mm within 8 
hours and 6 mm in 24 hours (Nobel & Sanderson 
1984, for Ferocactus acanthodes). The increase in vol-
ume is accompanied by the return of physiological 
activities (stomatal opening, net CO2 uptake) within 
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24 hours for several study species (Nobel 1976 for 
Agave deserti, Green & Williams 1982 for Echinocere-
us). Additional studies are cited by Nobel (1988). Ce-
reus aethiops shows an overall similar phenology, and 
it is to be expected that the same mechanism, i.e. the 
production of rain roots, is responsible.

Flowering phenology: The initiation of flower 
buds appears to be triggered by the first rainfall event 
that terminates the dry season. Subsequent growth of 
the flowers until anthesis appears to be largely inde-
pendent from further rainfall, and flowering starts 
38–45 days after the first rainfall event. The growth 
rate recorded in a single flower of a single individual 
suggest that flower elongation occurs in three phas-
es—phase 1 with slow elongation, followed by an ac-
celeration (phase 2) starting with the first major rain-
fall event, and a further acceleration (phase 3) in the 
last 3 days before anthesis. Early flower development 
is thus likely based on stored water in the still des-
iccated plant (as evidenced by the stable stem diam-
eter (Table 4, Fig. 7), and more rapid development is 
coincident with the first major rainfall event. Since 
comparative data from other years is absent, the re-
lationship between stem water content (measured as 
stem diameter) and flower bud growth remains ten-
tative, however.

The popular belief that the anthesis of night-
flowering cacti is governed by the lunar cycle (with 
flowering occurring at full moon) is not supported 
by our data: While the start of the flowering season 
coincides with full moon in 2014 and 2015, it does 
not in 2013. Moreover, as detailed above under “Re-
sults”, the timing of flowering of scattered individu-
als can differ by as much as 2–3 weeks. An influence 
of the lunar cycle on the timing of flowering there-
fore appears to be unlikely.

Flower visitors & pollination: The flowers of 
C. aethiops conform to the classical sphingophilous 
syndrome as to timing of anthesis (nocturnal), size 
(large and conspicuous), shape (infundibuliform 
with nectar hidden in a long tube) and colouration 
(white or palish colours), but differ in their rather 
massive construction, and the absence of scent (at 
least scents detectable by the human nose, and at 
least during the first half of the night). Despite these 
minor deviations, the expected nocturnal pollinators, 
i.e. sphingids, could be observed:

Manduca sexta is a widespread sphingid through-
out the Americas (see map in Moré & al. 2005, 
CATE 2009). It depends on Solanaceae and esp. Ni-
cotiana as feeding resource for its caterpillars. Man-
duca sexta is also a regular visitor of Nicotiana glauca 
flowers (pers. obs. MG) (these are open day and 
night, and are visited by hummingbirds during day-
light hours), but exploits many additional taxa with 
flowers of similar size. For Argentina, its presence 
has been recorded for the whole N of the country 
(to San Luis in the S) (Moré & al. 2005). Erinnyis 
lassauxii has a scattered distribution from Mexico 
and the Caribbean to S America (see map in Moré & 
al. 2005, CATE 2009). In Argentina, its occurrence 
is scattered and extends to Córdoba and Tucumán in 

the south (Moré & al. 2005). The ecology of Erin-
nyis lassauxii is only incompletely known. Its cater-
pillars feed on Euphorbiaceae species and other plants.

For both sphingid species, the typical hovering 
at the entrance to the flower could be documented, 
and since wing movements continue during the feed-
ing bouts, the insects rapidly become pollen-dust-
ed. Since the stigma lobes are located in the same 
place as the bulk of the anthers, pollination is easily 
achieved. Interestingly, only M. sexta has a probos-
cis of apparently suitable length (c. 98 mm, Moré & 
al. 2014: table 3) to easily exploit the cactus flowers 
(overall length c. 180 mm before anthesis, of which c. 
90 mm accounts for the perianth tube, see Fig. 12j). 
E. lassauxii (proboscis length c. 40 mm, Moré & al. 
2014: Table 3) would have to crawl deeply into the 
open flower to reach the nectar. 

As far as observed, the flowers of C. aethiops are 
unscented, or they produce scents that are not de-
tectable to the human nose. While scent is recog-
nized to be a key signal to attract hawkmoths over 
long distances (Raguso & Willis 2002), the humidity 
gradient surrounding open flowers (i.e. transient in-
creased air humidity relative to the surrounding con-
ditions) has recently been recognized as alternative 
signal used by hawkmoths to detect suitable flowers 
(Arx & al. 2012; Arx 2013). This might apply to our 
study species as well.

It is notable that individuals of both sphingid 
species were observed arriving at the flowers before 
they were fully open. This could indicate that the 
animals have a previous memory of the location of 
the plants and the likely opening of flowers, and that 
competition for resources mandates „early arrival“. 
Conversely, the opening flowers already produce a 
suitable signal (olfactory but not detectable by the 
human nose, or humidity gradient) that attracts the 
sphingids. Since no sphingid visits were observed 
in the first half of the night on flowers that later set 
fruits, sphingids may have continued visiting the 
flowers throughout the night. Whether sphingid 
flower visitation patterns follow the “trap-lining” be-
haviour (Willmer 2011: 67) remains uninvestigated.

The sphingid fauna of N Argentina is very diverse, 
and 39 species (including the species of Manduca 
and Erinnyis observed in this study) were reported by 
Núñez-Bustos (2009) from Aguas Blancas at the Río 
Bermejo in N Salta. Although Aguas Blancas has a 
moister climate and thus a much denser vegetation. 
A high diversity of sphingids can be confirmed for 
Angastaco, as many more than the two observed spe-
cies of Sphingidae have been casually observed (with-
out identification attempts), and it is therefore pos-
sible that other species, especially those with a very 
long proboscis such as Manduca spp., Agrius cingu-
lata, Euryglottis spp., also contribute to reproductive 
success of C. aethiops. 

In addition to the sphingids, the nocturnal 
Rachiplusa nu (Noctuidae) was observed as regu-
larly visiting the flowers, usually settling some-
where on the outside surface of the pericarpel or 
the perianth tube, but never touching anthers or 
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stigma. Rachiplusa nu is a common insect in the S 
part of South America, and it is usually considered a 
pest since its caterpillars feed on the leaves of many 
crop plants such as tobacco, quinoa, soybean, etc. 
Rachiplusa nu cannot be considered a pollen vector. 
Further studies would be necessary to investigate the 
role of Cereus flowers as mating sites for Rachiplusa 
nu.

No other nocturnal flower visitors were observed. 
Only 2 species of bats were seen in the region, the 
insectivorous Macrotus sp. (Phyllostominae), and the 
haematophagous Desmodus rotundus cf. (Common 
Vampire Bat; Desmodontinae). Nectar-consuming 
bats, known as pollinators of many nocturnally flow-
ering cacti, do not appear to be present in the stud-
ied populations.

Since the flowers of C. aethiops remain open into 
the early morning hours (a behaviour shared with 
numerous other cactus species with nocturnal an-
thesis), diurnal visitors could also play a role in pol-
lination. Indeed, its flowers are frequently visited by 
several unidentified species of bees, which contrasts 
with the low visitation rates recorded in the study 
of Chacoff & al. (2012). However, stigma contact 
is likely merely fortuitous due to the small size of 
these bees. Reciprocal exclusion experiments have 
not been conducted, and the impact of nocturnal vs. 
diurnal visitors on reproductive success remains un-
known. It is not even clear whether successful pol-
lination / fertilization is possible during the morn-
ing hours, due to the rapid closing and wilting of 
the flowers. If successful fertilization is possible, the 
bees could have a role as supplemental pollinators in 
seasons where sphingids are scarce or even absent. In 
the case of the N American Lophocereus schottii (with 
much shorter flowers, however), Fleming & Holland 
(1998) found that the obligate mutualistic nocturnal 
pollinator Upiga virescens (senita moth, Pyralidae) is 
responsible for 75–90 % of the fruits, and 2 diurnal 
species of halictid bees account for the remaining 
fruits, depending on the closing time of the flowers. 

The flowers of the plants of the same subpopula-
tion of C. aethiops open in close succession within 
4–10 days, with some flowers opening each consecu-
tive night. This deviates remarkably from the pat-
tern observed in other cacti with nocturnal anthesis, 
where nights with mass-flowerings are separated by 
several days or even weeks (e.g. 7–13 days for Penio-
cereus striatus, Suzán & al. 1994, pollination by Hyles 
lineata and Manduca quinquemaculata; 4–10 bursts 
of flowers for P. greggii, Raguso al. 2003). While re-
production rate is high (almost 100%) for C. aeth-
iops, a very low rate of only 5–20% was observed for 
Peniocereus (Suzán & al. 1994). These authors attrib-
uted the low reproduction rate to pollen limitation 
due to low flower visitation rates, and they speculate 
that the scarcity of pollinators is linked to agricul-
tural practices that involve heavy use of insecticide 
sprays in cotton plantations.

Herbivory: Herbivore damage caused by domes-
tic goats, the local rodent Octodontomys gliroides, and 
leaf-cutter ants, has been observed multiple times 

and in all study periods. Herbivory by Octodonto-
mys occurs as a casual event and appears to have no 
significant negative impact on the survival of the af-
fected plants. The impact of their burrowing activi-
ties is unknown, but if they should feed on the living 
roots of C. aethiops, this could have a negative im-
pact by reducing the water-uptake system, and cre-
ating wounds where diseases could enter. Herbivory 
by goats has a more significant effect, as they feed 
on flower buds. This has a direct negative impact 
on reproduction. In addition, plants are often dam-
aged when goats break older twigs when they stand 
on them to reach the buds. Damage is usually not 
lethal, and new stems are produced from the plant 
base during the same or the next growing season.

Herbivory by leaf-cutter ants affects reproduction 
since buds, flowers or fertilized young pericarpels are 
consumed, and it thus has a direct negative impact 
on reproduction. The ants probably also consume de-
veloping fruits (observed for the sympatric Denmoza 
rhodacantha), but the observation period was not suf-
ficiently extended to permit observations. Leaf-cutter 
ants appear to be a novel phenomenon in the study 
area, and they are not known to have been signifi-
cantly present 30 years ago. During the 3 study pe-
riods, damage by leaf-cutter ant herbivory has been 
seen to increase from year to year: While only the 
spent perianth was consumed in the 2012/13 period, 
whole flowers including young developing pericar-
pels were removed in the 2014/15 period. It would 
therefore appear that the leaf-cutter ant population 
has grown during this time, and that competition for 
food has increased. The biology of the ants is only 
insufficiently known, especially as to how they sur-
vive the long dry period, and it is difficult to know 
whether their increased presence could severely 
threaten C. aethiops reproductive capacity in the long 
term.

CONCLUSIONS
Available evidence identifies Cereus aethiops as a 

hawkmoth-pollinated species. Despite the fact that 
individuals occur in a widely scattered fashion in the 
study area, fruit set per individual plant was up to 
100%, and pollinator abundance, while observed to 
be small in number and sketchy in occurrence, is ob-
viously sufficient to insure maximum reproduction. 
Conditions could, however, be variable throughout 
the range of the taxon. While esp. Manduca sexta, 
and to a minor degree Erinnyis lassauxii, are present 
throughout the major part of the range of C. aeth-
iops (Moré & al. 2005, CATE 2009), the S-most 
populations in Neuquén and Río Negro are outside 
the recorded range of these species. Other sphingids 
are, however, extending to Patagonia, and can be ex-
pected as pollinators, probably together with other 
vectors. Pollination by different vectors in different 
parts of the geographical range is known from the 
cactus Echinopsis chiloensis in Chile (hawkmoths in 
the south, diurnal solitary bees in the north, Ossa & 
Medel 2011, Walter 2010).
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