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Abstract:  The genus Zamia (Zamiaceae: Cycadales) holds its greatest diversity in Colombia and 

most of its species are highly threatened by different factors. One of the most relevant and frequently 

ignored aspects for the establishment of effective conservation programs, is its highly specialized 

reproductive biology. Despite the importance of pollination for the viability of the Zamia populations, 

there are no studies about the pollination process for these cycads in Colombia. Herein we describe 

the pollination process of Zamia incognita A. Lindstr. & Idárraga, in a natural population from the 

Magdalena Medio valley in Colombia. We found Pharaxonotha beetles in the male cones where they 

complete all phases of their lifecycle. Cones produce heat, which generally follows a circadian pattern 

and its magnitude and extent, are positively correlated with the elongation of the cones and pollen 

shedding; therefore, the increment in cones temperature seems to play an important role in attracting 

the beetles to the cones. By following marked beetles with fluorescent dyes as well as by direct 

observations of the beetles on and into female cones, remaining at pollination droplets for a long 

period, we confirmed that Pharaxonotha sp. is the effective pollinator of Zamia incognita. We suggest 

that the pollination droplets may serve as reward to the pollinators. We also discuss the relationships 

of this Zamia species with other insects like Eumaeus butterflies, Atta ants, flies and Meliponinae 

bees. 

Key words: cycad pollination, Erotylidae, plant thermogenesis, plant-insect interactions.  

 

Introduction  

The pollination in Zamiaceae was considered to be anemopholus until the 80ôs end. However, this 

was a misconception due to a generalization of most Gymnosperms condition, and it has been 

reassessed by extensive evidence of insect pollination (e.g. Donaldson 1997, Norstog et al. 1986, 

Suinyuy et al. 2009, Tang 1987a, Terry 2001, Terry et al. 2005, Vovides 1991, Vovides et al. 1997, 

Wilson 2002). During most of the XX century, entomophilous pollination was thought to be restricted 

to Angiosperms, and it has been considered as a key interaction that had played a pivotal role in 

promoting the overwhelming diversity of the interacting groups (Gorelick 2001, Norstog 1987). 

Pioneering studies in Zamia pollination challenged this paradigm (e.g. Norstog et al. 1986, Tang 

1987a) and now we know that pollination in all the Zamiaceae genera relied on highly specialized 

relationships with insects, most of them beetles (Donaldson 1997, Norstog et al. 1986, Suinyuy et al. 

2009, Tang 1987a, Terry 2001, Terry et al. 2005, Vovides 1991, Wilson 2002) and secondarily thrips 

(Terry 2001). 

The cycads exhibit an array of complex traits to attract insects: the female and male cones have 

differential attractants for feeding preferences; the pollinator life-cycles are coupled with plant 

phenology; and they volatilize their odors and have thermogenesis (Donaldson 1997, Norstog and 

Fawcett 1989). These features are shared with some beetle-pollinated angiosperm families (e.g. 

Cyclanthaceae: Eriksson 1994; Annonaceae: Gottsberger 1999; Arecaceae: Henderson 1986) and 

they are considered evolutionary convergences related to cantharophily (Norstog 1987, Terry et al. 

2005). Due to the similarity of these cycad-insects interactions across different continents, and 



because most of the pollinator species belong to the not related beetle superfamilies Curculionoidea 

and Cucujoidea, it is now believed that the insect pollination has been independently evolved in 

different Zamiaceae genera (Suinyuy et al. 2009, Terry et al. 2004, 2005, Wilson 2002). 

These specialized associations indeed have important implications in cycad species conservation, but 

the pollination process has been frequently undervalued in cycad conservation programs, in part due 

to the scarcity of information. Both insects and cycads are unable of long-term survival in nature by 

themselves (Norstog et al. 1986, Stevenson et al. 1998), and the overall specialists that depend on a 

few species are more vulnerable to extinction than generalist species (Bond 1994, Terry et al. 2004, 

2005, Vovides et al. 1997). Despite the crucial role that pollination mutualism plays in conservation 

and its evolutionary significance, little is known about the pollination systems in cycads. Within the 

genus Zamia the pollination process has been only studied in Zamia furfuracea Aiton (i.e. Norstog 

and Fawcett 1989, Norstog et al. 1986) and Zamia pumila L. (i.e. Tang 1987a), species pollinated by 

beetles of the genera Rhopalotria Chevrolat (Belidae) and Pharaxonotha Reitter (Erotylidae). 

The greatest diversity of the genus Zamia is in Colombia (Haynes 2009, and additional recently 

described species in Calonje et al. 2010, 2011, Galeano et al. 2005, Lindström and Idárraga 2009), 

and most of its species are highly threatened by habitat degradation and destruction (Galeano et al. 

2005). In spite of the significance of the tight relationship with insects for the Zamia populationôs 

viability, there is not any study about the pollination process for the Colombian cycads and their 

pollinators are entirely unknown. Herein we describe the pollination process in a wild population of 

Zamia incognita A. Lindstr. & Idárraga, a recently described species endemic to Magdalena Medio 

valley in Colombia. We present a morphological description of the larva, pupa and adult of the 

pollinator, and we included information of the cones thermogenesis, natural history, and interactions 

with other insects. 

 

Material and Methods 

Study system: Zamia incognita A. Lindstr. & Idárraga occurs in few of the Magdalena Medio valley 

rainforests, mainly over karst rocks. The species is diagnosed by the broad, obovate, glossy leaflets, 

and short obovate megastrobilus with indistinct peduncle (Lindström and Idárraga 2009). Cones 

emergency usually takes place between November and January (Lindström and Idárraga 2009). Its 

estimated population size comprises more than 4000 individuals and natural regeneration has been 

recorded (Aristizábal et al. 2011). This species is considered threatened (VU) (Lindström and Idárraga 

2009), although it has not been officially categorized according to IUCN criteria.  

Field studies were carried out on a natural population located at the Distrito de Manejo Integrado de 

los Recursos Naturales (DMI) ñCa¶·n del R²o Alicanteò, which is located in jurisdiction of Maceo, 

Puerto Berrío and Yolombó municipalities (Antioquia), approximately at 06Á33ô51.2ôôN; 

74Á54ô38.02ôôW, 500 m. The life zone is Tropical wet forest (T-wf), with karstic formations mostly 

of limestone, where occur endemic fauna and flora in the forests associated to the caves (Cáceres et 

al. 2010). Observations on this Zamia incognita population were conducted between 2010 and 2015, 

although systematic experiments and observations were carried out between August 2014 and April 

2015. 



Cones development: Male and female cones were marked to follow their development. Cones height 

and diameter were measured approximately every 30 days in October, November and December of 

2014. Descriptions of cones in different developmental stages found in the population were also made, 

and photographs were taken. All this information was related with other information about insect 

visitors and thermogenesis. 

Insect visitors, behavior and pollinator abundance: Insect visitors and their behaviors were 

monitored during the morning (08:00- 12:00), afternoon (13:00 ï 17:00), and evening (19:30-23:00). 

The insects found within the cones, were collected for posterior identification. These insects were 

collected in 70% Ethanol, and deposited in the Colecciones Biológicas de la Universidad CES 

(CBUCES; national record of collections 209). The kind of cone (male or female), as well as 

development stage, were recorded. To address the variation in the abundance of visitors/pollinators 

among different developmental stages of male cones, we collect two cones for each microstrobilus 

stage: pre-dehiscent (before pollen shedding), dehiscent (pollen release), and post-dehiscent (after 

pollen shedding). We dissected the cones and recorded the number of specimens and life-cycle stage 

(larva, pupa or adult) of the insects, for each male cone. 

Dispersion Experiments: The pollen dispersion distance and the ability of insects to disperse the 

pollen were determined by marking pollen-shedding male cones with fluorescent dyes (Fig. 1A,1B) 

(Kearns and Inouye 1993). Eleven randomly selected dehiscent male cones in the zamia population 

(resource cones) were marked with different colors: two green, one violet, three yellow, two red, one 

aqua, one blue, and one orange. Male cones from the same plant or neighbor one (less than 0.2 m) 

were marked with the same color. To find the tracks left by dye-coated beetles, female and male cones 

in different stages were examined under UV light, looking for the dyes presence during four nights. 

When dye traces were found in male or female cones, the straight distance from the resource cone 

was measured. The cone developmental stage was also recorded and its height and diameter were 

measured. 

Thermogenesis: Temperatures of 17 female and male cones were monitored for detecting changes 

in temperature during the day. On November, the male cones were selected randomly for taking data 

and the developmental stages were not conspicuously distinguishable, then it was not easy to assign 

them to any of the pre-dehiscent, dehiscent or post-dehiscent stage. For female cones, only the 

receptive ones were measured. On December, the cones were selected at three stages of development: 

pre-dehiscent, dehiscent, and post-dehiscent for male cones; and for female cones, pre-receptive (the 

cone is relatively small, closed and megasporophylls are slightly marked; in general, for 

Gymnosperms this stage is before seminal primordia are completely developed), receptive (female 

cone is open, with an upper crack exposing pollination drops), and post receptive (the cone is closed; 

in general, for Gymnosperms this stage pollination tube develops, fecundation occurs and seed 

complete its development). Temperature sensors were located within the basal third of the central 

axis of male cones (Fig. 1C), and above the second line of megasporophylls in female cones (Fig. 

1D). The sensors, attached to Onset HOBO U12-006 4-Channel Dataloggers, recorded the 

temperature each minute during three days in November and five days in December 2014. The 

ambient temperatures (at shade) near to each cone, were also measured. Data were analyzed and 

plotted in R package software (R Core Team 2015). Thermogenesis periods were defined as a 

persistent rise in cone temperature >1.5°C relative to ambient temperature. 



 
Fig. 1 Methodology. a Male cone marked with green fluorescent dye. b Male cone marked with violet 

fluorescent dye. c Male cone showing the position of the temperature sensor. d Female cone showing the 

position of the temperature sensor. 

 

Systematics: Collected beetles were identified to genus following the Leschen and Skelley (2002) 

and Leschen (2003) taxonomic keys. Observations of external and internal morphology were made 

using a Nikon SMZ 745 stereomicroscope (magnification: 5.6x-50x) and Nikon Eclipse E200 

compound microscope (magnification: 40-400X); dissections were made to observe internal 



characters like genitalia and mouthparts. Because the beetle species seems to be an undescribed 

species, its morphological features are being compared with types, original descriptions and it is also 

being corroborated by Dr. Paul Skelley. A morphological description is being prepared (Valencia-

Montoya et al. in prep.), following Franz and Skelley (2008) and Chaves and Genaro (2005). 

 

Results 

Cones development 

Male cone developmental stages in Zamia incognita can be clearly distinguished by single features 

associated with the pollination process (Fig. 2A-C). In general, there are more than one male cone 

per plant and they mature sequentially (Fig. 3A-C). A single adult plant with several branches can 

have until 20 male cones. Pre-dehiscent male cones are pale-yellowish colored and they delayed 

approximately 16 weeks to start microsparangia dehiscence (Fig. 2A). When pollen shed begins, male 

cones elongated from the base to the apex, opening in the same direction, and microsporophylls are 

separated exposing microsporangia. Dehiscent male cones are slightly reddish colored and they take 

approximately between 1-2 weeks, since elongation starts until male cone falls (Fig. 2B). Late 

dehiscent and post-dehiscent male cones are cream-brownish to grey colored (Fig. 2C). 

 
Fig. 2 Cones developmental stages. Male cones: a Pre-dehiscent. b Dehiscent. c Post-dehiscent. Female 

cones: d Pre-receptive. e Receptive. f Post-receptive. 



Female plants generally have a single cone, and much less usually two or three. In the pre- receptive 

female cones, apical megasporophylls are slightly marked (Fig. 2D). When the female cone became 

receptive to pollen, the upper portion of the cone splits leaving a surrounding conspicuous fissure 

(Fig. 2E). Female cone receptivity lasts approximately 2-4 days. Because receptivity is a short stage, 

may be hard to distinguish between late pre-receptive and early post-receptive stages (Fig. 2F). 

 
Fig. 3 Sequential maturation of male cones in a single plant. a October 2014: cones 1 and 2 are in dehiscent 

phase, while cones 3, 4 and 5 are in pre-dehiscent phase, and cones 6 and 7 had not developed yet. b 

November 2014: cones 1 and 2 had fallen, cone 3 is in dehiscent phase, and cones 4, 5, 6 and 7 are in pre-

dehiscent phase. c December 2014: cones 3 and 4 had also fallen, cone 5 is in dehiscent phase, and cones 6 

and 7 are in pre-dehiscent phase. 

 

Insect visitors, behavior and pollinator abundance 

The most common insects found in the Zamia incognita cones during reproductive period are listed 

in table 1. These insects include those that feed and breed on the cones, as well as those that apparently 

make only brief visits to the cones. Insects were found more frequently in male cones in different 

developmental stages. Adults of Eumaeus cf. godartii (Boisduval, 1870) (Fig. 4) visit pre-dehiscent 

male cones and oviposit on microsporophylls (Fig. 4A). When the larvae emerge they feed on 

microsporophylls tissues and pre-dehiscent male cone central axis making the cone non-viable (Fig. 

4B). Beetles remains in male cones until they falls. The last instar larvae are more abundant in fallen 

cones where they feed (mainly in cone central axis) and make them hollow. Ants of the genus Atta 

were observed on pre-dehiscent and early dehiscent male cones cutting and carrying 

microsporophylls (Fig. 5A) and on new leaves (Fig. 5B, 5C); they were also observed on mature 

female cones while removing the seed sarcotesta, apparently not touching the megagametophyte (see 

discussion below), the parenchyma of the cone central axis and the megasporophyll axis (Fig. 5D, 

5E). 

An erotylid beetle of Pharaxonotha genus was the most abundant insect found on dehiscent male 

cones (Table 1). We found them in every examined mature male cone, and all the life-cycle stages of 



Pharaxonotha were found associated with Z. incognita male cones (Fig. 6), excepting the eggs, that 

were undistinguishable. Adults and larvae of Pharaxonotha sp. occur when the cones begin the 

elongation period, just prior to pollen shedding, and keep onto or inside the cones until the decaying 

period, after pollen shedding is completed. Adults feed pollen and they usually hide within the spaces 

between the sporophylls of male cones, and they quickly scurry away or drop off when disturbed. 

Beetles mated on microsporophylls, and fights between males (presumable for females) were 

commonly observed. Larvae feed on microsporophylls and on the parenchyma of the central cone 

axis. Pupae were found within microsporophylls and central axis of fallen male cones. Adults are 

more abundant in dehiscent male cones, and larvae in post-dehiscent ones (Table 2). Pharaxonotha 

sp. was the unique insect found in both male and receptive female cones (Fig. 7A). The number of 

Pharaxonotha sp. individuals found in receptive female cones, was fewer than the found in male 

cones (Maximum count = 4 individuals). The beetles go into the receptive female cone through the 

apical fissure and pass the pollination drops while walking throughout the megasporophylls (Fig. 7B); 

we observed beetles staying on a pollination droplet up to approximately 7 minutes. 

 

Table 1 Common insects found on Zamia incognita male and female cones during reproductive time 
 

Insect 
Male/Female cone 

stage 

Insect stage 

found on 

male cone 

Insect stage 

found on 

female 

cone 

Feeds on 

Flight or 

movement 

period 

Maximum 

count 

Coleoptera: Erotylidae: 

Pharaxonotha sp. 

Male cone: 

Dehiscent 

Female cone: 

Receptive 

 

Larva, 

pupa, adult 
Adult 

Adult: pollen 

Larva: male 

sporangia tissue, 

male cone rachis 

Day and Night 

974 adults in 

a dehiscent 

male cone 

Lepidoptera: 

Lycaenidae: Eumaeus 

cf. godartii 

Pre-dehiscent male 
Eggs, 

Larva 
Not found 

Larva: male 

sporophyll tissue 
Day and Night 

13 larvae in a 

pre-dehiscent 

cone 

Hymenoptera: Apidae: 

Meliponinae sp. 1 

Post-dehiscent 

male cone 
Adult Not found Pollen Day only 

4 adults in 

post-dehiscent 

cone 

Hymenoptera: Apidae: 

Meliponinae sp. 2 

Post-dehiscent 

male cone 
Adult Not found Pollen Day only 

3 adults in 

post-dehiscent 

cone 

Formicidae: 

Atta sp. 1 

Pre-dehiscent male 

Seed shedding 

female 

Adult Adult 

Adult in male 

cone: sporophyll 

tissue 

Adult in female 

cone: seed 

sarcotesta, female 

cone rachis 

Day only 

13 individuals 

in pre-

dehiscent  

male cone 

Diptera 
Post-dehiscent 

male 

Larva, 

pupa, adult 
Not found 

Larva: male cone 

rachis 
Unknown Unknown 

 



 
Fig. 4 Eumaeus cf. godartii. a Eggs on upper part of a male cone. b Larvae eating on male cone. c Larva 

eating Zamia leaf. d Pupae under Zamia leaf. e Adult under Zamia leaf. 

 



 
Fig. 5 Atta sp. ants. a On pre-dehiscent male cone. b and c Cutting young Zamia leaves. d and e Removing 

the sarcotesta of the seeds, as well as the parenchyma of the cone central axis and megasporophyll axis. 

 


