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Abstract: 
 
Heliconia is a genus of large, heliophilic herb that can commonly be found in areas of 
natural or anthropogenic disturbance. Some species of this genus impound phytogenic fluid 
and rainwater in the upturned bracts of erect inflorescences. Within these aquatic 
impoundments, communities of invertebrates are commonly found. Previous studies have 
found that the most common inhabitants are mosquitos (Culicidae), soldier flies 
(Stratiomyiidae), pomace flies (Drosophilidae), and hover flies (Syrphidae). This study was 
conducted to determine temporal variation in the composition of these communities in a 
western Ecuadorian lower montane rainforest, something no other study has examined. A 
total of 20 bracts were sampled from 6 inflorescences, and the pH and nectar contents of 
the bract fluid were measured. The fluid was found to be consistently moderately basic 
(pH=8), with no measurable nectar content. Seven families of invertebrates were recorded, 
with the most abundant being Culicidae, Psychodidae, and Drosophilidae. Culicidae and 
Drosophilidae fit previously reported studies, but no previous studies have reported 
Psychodidae being present in the bracts. Stratiomyiidae and Syrphidae were barely 
represented. Species richness roughly increased with bract age. Abundance followed three 
rough peaks and then declines, possibly from a Culicidae cycle. That we already know the 
nature of Heliconia bract communities is sometimes taken for granted, but the results of 
this study underline that there can be much variation present, and more research needs to 
be done to have a complete picture.  
 
 
 
 
 
 
 
 
 
 
 
 
 



 2 

Introduction: 
 
 Species in the genus Heliconia are found from New Guinea across the Pacific Ocean 
to the Neotropics. This large herb, in the family Heliconiaceae, is well known for the 
colorful, ornithophilous inflorescences it produces (Berry and Kress, 1991). Prized for their 
beauty, Heliconia species are often found in gardens and other human-dominated 
landscapes (Aristizábal et. al. 2013). In nature, Heliconia species, as the name would 
suggest, are fast growing, heliophilic pioneer species, often found near clearings 
(anthropogenic or natural). The bracts of erect inflorescences commonly contain fluid, 
which is primarily secreted by the plant, but may also be augmented with impounded 
rainwater (Bronstein 1986; Seifert 1982). These aquatic impoundments are typically 
present for 8-12 weeks, and thus provide a steady, reliable environment for obligate 
aquatic organisms (Seifert 1980).  
 Within these aquatic impoundments, a number of species have been noted. Dipteran 
larvae are prevalent in the bracts, though they may also contain coleopteran, heteropteran, 
and other larvae. It has been noted that younger bracts tend to be dominated by several 
genera of mosquito larvae, while older bracts tend to contain more non-mosquito dipteran 
larvae and non-dipterans (Hogue 1993). Bracts open at a rate of roughly one per week, 
which results in a set of differently aged bracts, and hence a communally heterogeneous 
inflorescence (Seifert 1980; personal observation). Suggestions have been made that 
Heliconia bracts could harbor vertebrates such as tadpoles (Reece 2010 unpublished), 
although no data documenting such a phenomenon has been found by the author.  
 A number of conditions within the bracts may affect the ability of the organisms to 
establish and survive. Detritus, which accumulates as the bracts age, has been shown to 
inhibit the ability of certain species to survive, but enhance that ability in others (Seifert 
1980; Seifert 1982). Acidity, as well as nectar leaked into the water from the flowers, may 
also affect communities, although the author is not aware of any research regarding such 
effects. The amount of detritus present and the volume of fluid present in the bract change 
as the bract ages. Thus, age is often a predictor of the composition of the aquatic 
community, which has been shown to be temporally dynamic (Richardson and Hull 2000).  
 This study examines the temporal variation in the composition and dominance of 
the communities within the bracts. A number of such studies have previously been 
conducted, but none have examined Heliconia bracts in Western Andean montane 
rainforest. The goals of this study were as follows: 1) Determine the pH of the fluid within 
the bracts, and if it changes between day and night; 2) determine the nectar content of the 
bract fluid, if it is measurable; 3) survey and record the organisms present within the 
bracts; 4) determine how the composition and dominance of the bract aquatic communities 
varies temporally.  
 
Field Site and Methods: 
 
Field Site: 
 
 Fieldwork was conducted at Un poco del Chocó Biological Field Station in the 
western Andean foothills, Pichincha Province, Ecuador (N 00°03.229‘, W 078°50.588‘). The 
study site was 1220 meters above sea level and was classified as lower montane rainforest. 
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Average daily temperature was 18°C, with temperature ranging between 16°C and 26°C 
(Nicole Büttner, personal communication). Fieldwork was conducted during the beginning 
of the dry season, from June-July 2013.  
 
Methods: 
 
 Six inflorescences of the same species were identified and collected, for a total of 20 
surveyed bracts. The Heliconia species sampled was identified by the author as a local 
morph of Heliconia stricta. The inflorescences contained 3-6 bracts each. Each bract was 
drained of fluid using a 3 mL pipette, and then the inflorescence was cut and brought back 
to the lab. Each bract was repeatedly flushed with purified water in order to collect all 
aquatic organisms present. Each bract was then carefully dissected to ensure that all 
organisms present were collected. Organisms were preserved in 70% alcohol, then sorted 
and identified to the most specific level possible by the author, using online guides and 
photographic keys.  
 Five other inflorescences were chosen for the pH study. One bract on each 
inflorescence was chosen randomly and the pH was measured for each bract, at 12-hour 
intervals, for 5 days, using Macherey-Nagel pH-Fix strips. Nectar content was measured 
using the fluid drained from the collected inflorescences, via a B&S Eclipse refractometer.  
 Given that there can be a time delay of 7-10 days between the opening of each bract, 
analysis was chosen for individual bracts rather than for whole inflorescences. 
Inflorescence ages were estimated based on the author’s knowledge, the amount of damage 
to the bracts, and the amount of detritus present. Inflorescence age was then laid on a 
timeline, and individual bract age was calculated for each bract. Comparisons of community 
composition were then made between bracts based on age. Given the distinct differences in 
flower morphology between the terminal bract and the other bracts, terminal bract data 
was analyzed independently.  

Scatterplots were used to examine the patterns present in species richness and 
abundance for all bracts and within inflorescences. In the analysis of individual 
inflorescences, the data for bracts were averaged based on the age of the bract. Analysis 
using only the data from individual inflorescences was used to confirm the pattern. The 
same was done for patterns of organism abundance. Organism abundance was divided 
between Culicidae and non-Culicidae abundance, transformed to percentages, and analyzed 
on a scatterplot. Dominance within the bracts was also calculated, with the genera of 
Culicidae plotted against each other to see if patterns held true to other studies. 
Psychodidae and non-Psychodidae were also plotted against each other.  
 
Results and General Observations 
 
Acidity: 
 

All tested bracts were consistently moderately basic, day and night (mean pH=8). 
Rainwater collected and tested was neutral (pH=7).  
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Nectar Content: 
 
None of the water tested showed any measurable sucrose content. 
 
Aquatic Communities: 
 

A total of 1,468 organisms were collected from the 20 bracts and 6 terminal bracts 
sampled. Seven families and 8 genera were identified, with 4 genera remaining 
unidentified. All organisms were Dipterans, with the exception of one Coleopteran genus.  
 
Table 1. Families and genera represented within Heliconia stricta bract aquatic 
impoundments. 
Family Genus Individuals 

Psychodidae Clogmia 204 
  Unknown 1 4 
  Unknown 2 2 
Culicidae Wyeomyia 828 
  Culex 178 
Drosophilidae Drosophila  64 
  Unknown 1 
Stratiomyiidae Neopachygaster 2 
  Merosargus 1 
Chrysomelidae Cephaloleia 5 

Syrphidae Copestylum 3 
Chironomidae Unknown 1 

 
Species Richness 
 

Total species richness roughly increased as bract age increased, though the 
correlation was somewhat weak. 

Within individual inflorescences, bracts increased dramatically in the number of 
species, then began slowly decreasing after the second bract. 
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Figure 1. Temporal variation in bract species richness (some values averaged, n=1-3). 

 
Figure 2. Variation in species richness between bracts of an individual inflorescence (some 
bracts averaged, n=1-6). 
 

The pattern within the terminal bracts was less clear. There was no clear correlation 
between the age of the bract and the number of species present.  
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Figure 3. Temporal variation in species richness within the terminal bracts of Heliconia 
stricta.  
 
Abundance: 
 

The pattern of total organism abundance was more complicated than that of species 
richness. When examined on a linear timeline, three obvious peaks in abundance and 
subsequent dramatic declines were obvious. The greatest of these peaks was the first, 
occurring at 3 weeks. The two subsequent peaks occurred at 8 and 11 weeks, and each was 
smaller than the preceding peak.  

The organism abundance patterns were not uniform between groups. When 
converted to percentages (Culicidae vs. non-Culicidae) of the total organisms present and 
plotted on a linear timeline, a largely negative relationship emerged. Culicidae was present 
in large numbers from the very beginning, while non-Culicidae organisms were extremely 
scarce until the bract was 6 weeks old. At that point, it became obvious that there were 
several distinct peaks in Culicidae and non-Culicidae abundance, and the peaks in one 
group occurred as the abundance of the other group was at its lowest, resulting in a series 
of opposing peaks and crashed in abundance.  
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Figure 4. Temporal variation in the abundance of organisms within bract aquatic 
impoundments (some values averaged, n=1-3).  

 
Figure 5. Temporal variation in the percentage of organisms present within bract aquatic 
impoundments that are Culicidae (some values averaged, n=1-3.  = non-Culicidae,  = 
Culicidae) 
 

Within individual inflorescences, organism abundance rose from the first two bract, 
peaked in the third, and subsequently declined in the fourth and fifth bracts. This pattern 
was born out in an individual analysis of each inflorescence, rather than an average of all 
the bracts (data available upon request).  
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Figure 6. Intra-inflorescence patterns of aquatic organism abundance (some values 
averaged, n=1-6). 
 

As with species richness, the pattern within the terminal bracts differed from the 
other bracts. Abundance peaked at the second week, crashed by the fourth week, and held 
relatively constantly low through week 10.  
 

 
Figure 7. Temporal variation in terminal bract aquatic organism abundance. 
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Dominance: 
 

 
Figure 8. Temporal variation in community dominance by two Culicidae genera (some 
values averaged, n=1-3; .  = Culex spp.,  = Wyeomyia spp.) 

 
Figure 9. Temporal variation in community dominance by Psychodidae vs. non-
Psychodidae (some values averaged, n=1-3; .  = non-Psychodidae,  = Psychodidae) 
 

Wyeomyia spp. proved to be numerically dominant over Culex spp. in almost all of 
the bracts. However, Culex was more dominant in the older bracts, where the genus’s 
abundance exceeded Wyeomyia’s.  

Psychodidae was far more numerically dominant in the bracts than any other family, 
and in fact had far more individuals than all the other families put together except for in 
limited cases, where the numbers were almost even.  
 
General Observations: 
 
-When disturbed, the organisms on the surface retreat deep into the flower parts. This 
reaction is most efficient in Culicidae larvae, and appears to be triggered by movement, 
primarily, and changes in CO2 and light, secondarily. 
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-The organisms in the bracts seem capable of tolerating the extreme loss of fluid, at least 
for short periods of time, and then the renewal of the environment. 
-Two Culicidae larvae were observed traveling over the dry bract and rachis after the bract 
of emptied of water. This phenomenon has only been mentioned once, to the author’s 
knowledge, by Seifert 1982. However, Seifert specified that the larvae travel over wet 
bracts, not dry bracts, and did not mention the utility of such an ability. This could possibly 
be used to search for more favorable conditions in the event of severe depletion of 
resources such as food or fluid. More research on the conditions under which this is 
undertaken is necessary.  
-Larvae were not identified in any standing pools of water around the station, raising the 
question of whether certain Dipterans search preferentially for Heliconias rather than for 
any supply of standing water.  
-Culicidae colonized bracts extremely quickly. In a non-sampled inflorescence, larvae were 
present within a day of a newly-opened bract filling with fluid. 
-Where Wyeomyia and Culex were found together, the former was consistently smaller and 
less numerous. However, this is possibly due to less favorable conditions for the genus in 
older bracts, where Culex was most often found, as opposed to interspecific inhibition by 
the latter.  
 
Discussion and Conclusions 
 

Previous studies of Heliconia bract communities have found that in terms of non-
Culicidae Dipterans, the dominant families are Drosophilidae, Syrphidae, and 
Stratiomyiidae (Seifert 1982). Drosophilidae was found to be the third most abundant 
family present, which is consistent with this pattern (Pipkin et. al. 1966; Seifert 1982; 
Hogue 1993). However, the results of this study were surprising in that very few Syrphidae 
and Stratiomyiidae were recorded. Only a few individuals were found. Most interesting, a 
family that was not found to be mentioned in the literature, Psychodidae, was found to be 
the dominant members of the non-Culicidae community, and even to numerically exceed 
Culicidae at times (Seifert 1982; Aristizábal et. al. 2013). Likewise, Chironomidae was not 
previously mentioned as being present, though it was found here to be represented by only 
a single individual. All of this was very surprising, given that adult Syrphidae and 
Stratiomyiidae do not appear to be rare in the study area. Perhaps these families 
preferentially seek other species of Heliconia. Despite the assertion in the literature that 
Syrphidae and Stratiomyiidae are dominant members of the bract communities, this study 
found very little evidence in support of it. 

There were differences in the Culicidae composition as well. Only 2 genera, 
Wyeomyia and Culex, were found, while another often-mentioned genus, Trichoprosopon, 
was missing. However, Seifert 1980 observed strict spatial partitioning between the 
genera, which was somewhat supported by this study. Here, Wyeomyia and Culex were not 
commonly found together. Wyeomyia was observed to be dominant in the younger and 
intermediate bracts, with Culex becoming dominant, or at least sharing, the oldest bracts. 
This is extremely similar to the pattern observed by Seifert 1980. However, pupae, which 
were often extremely numerous, were not used in this analysis as a result of the difficulty 
in identifying them. Therefore, without this data, a clear conclusion cannot be drawn. 
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Coleopteran diversity was not well surveyed, as many Coleopterans are non-aquatic, 
and this study focused only on the aquatic communities. However, one Coleopteran family 
was found to be represented by mostly aquatic larvae, the family Chrysomelidae. This is 
consistent with previous studies (Seifert 1982).  

Species richness was found to increase with increasing age of the bracts. The 
correlation was too low (r^2=0.49) to use the line as a good predictor of species richness. 
However, while there was certainly variation that lowered the value of the correlation, 
there was a clear increase in species richness with time, and therefore, it can be concluded 
that such a pattern exists, even if the exact magnitude is debatable. 

Abundance data show three clear peaks and subsequent crashes. A negative 
relationship between Culicidae and non-Culicidae organisms is evident from these data, but 
cause is not. Given the almost constant numeric superiority of Culicidae, and the far greater 
number of Culicidae pupae than any other pupae found, the difference may not be as a 
result of the interplay of Culicidae/non-Culicidae relationships, but rather as a solely 
Culicidae cycle. In other words, the high percentages of non-Culicidae individuals present 
may not represent an actual dramatic increase in their absolute numbers, but rather simply 
the result of the Culicidae crash. Though Wyeomyia and Culex have not been found to form 
instar cohorts, a large number of Culicidae pupating and leaving the bract may cause the 
number of organisms present to crash before more eggs can hatch (Seifert and Barrera 
1981). This may be especially true if a microsite requirement for oviposition or larval 
hatching and recruitment is negatively density dependent (Yee and Willig 2007; Seifert 
1980). More research will be needed to know for sure the cause and nature of this cycle.  

Within the individual inflorescences, both species richness and abundance peaked 
in roughly the third bract, although the pattern was much more obvious in abundance. 

The terminal bracts showed very little in the way of clear patterns. No pattern was 
strong enough to draw any solid conclusions. The differences between the communities 
present in the terminal bracts and the other bracts may be due to time, but it seems more 
likely that the significantly different flower morphology would play a part. The terminal 
bracts are far less open than the other bracts, limiting the amount of fluid and resources 
present and perhaps making oviposition difficult (Yee and Willig 2007).  

The acidity test results were consistent with data previously published by Bronstein 
1986. She, too, found the bracts to be permanently moderately acidic, with a pH extremely 
close to the pH measured here.  

Nectar is an energy-rich substance that has the potential to increase the 
attractiveness of the bract environment by increasing the available resources, but here 
there was no evidence found that the bract fluid included nectar. 

Unfortunately, the difficulty in identifying organisms may have caused errors in the 
conclusions set forth here. The author, not an experienced entomologist, performed the 
identifications, and this could be a large source of error. However, the author was highly 
aware of this, and identified the organism only to the level of which he was certain, and 
only when he was quite certain that the identity was accurate. Therefore, the author stands 
by the accuracy of the identity data.  

Furthermore, it is possible that the ages of the bracts were not entirely accurate. The 
indicators used increase with bract age, allowing a rough estimate, but it is possible that 
some ages were inaccurate, resulting in inaccuracy in conclusions.  
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Certainly the amount of data plays a part as well. In many cases, lack of data resulted 
in only a single replicate for a bract of a certain age. This means that if any of the bracts 
were anomalous, the conclusions could be rendered invalid. As a result of this, the data are 
highly susceptible to stochastic factors that could change the community. More data, with 
far more inflorescences sampled, would be extremely useful in drawing stronger 
conclusions about the aquatic communities of Heliconia bracts in this area.  

The Heliconia individuals surveyed were found, while not far, not extremely close to 
each other. Other species of Heliconias were also present, and at least one species also had 
the ability to impound fluid. Individuals of this non-surveyed species often occurred close 
to each other and in clumps. This may affect the pattern of species richness and abundance 
in the bracts as opposed to the pattern observed in the Heliconias surveyed (Seifert 1975). 
 
Conclusions: 
 

Certainly, error and difficulty in performing the study reduce the conclusions that 
can safely be drawn. However, several points do stand out. Species richness increased with 
increased bract age, as a result of non-Culicidae Dipteran colonization of the bracts. 
Organism abundance followed several well-defined peaks, possibly as a result of a 
Culicidae colonization and pupation cycle. The terminal bracts did not seem to follow any 
well-defined pattern. The bract environments as a whole were constantly moderately basic, 
and lacked any measurable nectar content. Perhaps most strikingly, the composition of the 
communities did not follow previously reported results. Psychodidae was the dominant 
non-Culicidae Dipteran family, with Syrphidae and Stratiomyiidae barely represented. 
Despite major studies of Heliconia communities dating back more than 40 years, there still 
remains much research that must be done to truly understand these communities. 

 
Further Directions 
 

Despite the work that has already gone into understanding the nature and 
functioning of Heliconia bract communities, further research still needs to be done. Many 
questions still remain to be answered. Briefly outlined here are some as yet unanswered 
research questions that may prove intriguing to enquiring minds. 

 
-What is the origin of the downward hiding reflex observed in mosquito larvae? 
Which pressures selected for this reflex? 
-Are Heliconia bracts utilized by anurans or other amphibious vertebrates? If not, 
why? 
-Why are the bracts of some Heliconia species filled with fluid? Does more damage 
to the flower occur when the fluid is removed? How does this compare to non fluid 
filled, pendant form species? 
-Are any organisms obligate bract dwellers? Or are all residents merely 
opportunists? 
-Why do Wyeomyia spp. larvae travel between bracts? Which factors (dessication, 
resource availability, etc.) drive this behavior? 
-How are bracts used by outside organisms? Are they utilized for fluid, or does 
predation of the community occur by outside organisms? 
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-How would the bract communities respond to acid rain? Given that the bracts are 
permanently moderately basic, would the conversion (even temporary) to an acidic 
environment affect the organisms? How quickly would the bract recover from such 
a change? 
-How do Heliconia bract communities compare to communities within the bracts of 
other families, such as Marantaceae or Zingiberaceae?  
-Heliconia plants obviously suffer from damage to the bracts and flowers by bract 
inhabitants, but do they derive any benefits, independent of the benefits of the fluid? 
Is there nutrient movement between organisms and the plant? Or do organisms help 
suppress more severe forms of herbivory? 

 
Acknowledgements 
 
I would like to thank my advisor, Nicole Büttner de Vaca, for her incredibly helpful advice 
and guidance, her indefatigable interest in the natural world, her constant help with 
technical design, as well as her provision of necessary supplies. Un poco del Chocó 
Biological Field Station provided access to the field site and facilities for conducting the 
research. I would also like to thank Roberto Wilfrido “Wilo” Vaca Perez and Christian 
Montalvo for their assistance in the field, their knowledge of and passion for nature, their 
advice, and their incredible cooking, all of which were important for the completion of this 
study. 
 
References 
 
Aristizábal, L. et. al. 2013. Entomofauna associated with Heliconia spp. (Zingiberales: 
Heliconiaceae) grown in the central area of Colombia. Florida Entomologist 96(1), 112-119. 
 
Berry, F and Kress W.J., Heliconia: An Identification Guide. Smithsonian Institution Press, 
1991. 

Bronstein, J.L. 1986. The origin of bract liquid in Neotropical Heliconia species. Biotropica 
18, 111-114. 

Florida Medical Entomology Laboratory. (2008). Mosquito id guide. Retrieved from 
http://fmel.ifas.ufl.edu/key/ 

Hogue, C. L. (1993). Latin american insects and entomology. (pp. 59-60). Berkeley, CA: 
University of California Press. 
 
Iowa State University Entomology. (2004, September 11). Family stratiomyiidae. Retrieved 
from http://bugguide.net/node/view/6994 
 
Iowa State University Entomology. (2006, July 16). Subfamily psychidinae. Retrieved from 
http://bugguide.net/node/view/64068 
 

http://fmel.ifas.ufl.edu/key/
http://bugguide.net/node/view/6994
http://bugguide.net/node/view/64068


 14 

Pipkin, S.B. et. al. 1966. Plant Host Specificity Among Flower-Feeding Neotropical 
Drosophila (Diptera: Drosophilidae). The American Naturalist 100(911), 135-156. 
 
Richardson, B.A. & Hull, G.A. (2000) Insect colonisation sequences in bracts of Heliconia 
caribaea in Puerto Rico. Ecological Entomology, 25, 460–466. 

Seifert, R.P. 1982. Neotropical Heliconia insect communities. Quarterly Review of Biology 
57, 1-28. 

Seifert, R.P. & Barrera, R. (1981) Cohort studies on mosquitoes (Diptera: Culicidae) larvae 
living in the water-filled floral bracts of Heliconia aurea (Zingiberales: Musaceae). 
Ecological Entomology, 6, 191–197. 

Seifert, R.P. 1980. Mosquito fauna of Heliconia aurea. Journal of Animal Ecology 49, 687-
697.  

Seifert, R.P. 1975. Clumps of Heliconia inflorescences as ecological islands. Ecology 56(6), 
1416-1422.  
 
Yee D.A. and Willig M.R. 2007. Colonisation of Heliconia caribaea by aquatic invertebrates: 
resource and microsite characteristics. Ecological Entomology 32, 603-612. 


