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Abstract
Free-ranging ticks are widely known to be restricted to the ground level of
vegetation. Here, we document the capture of the tick species Amblyomma

 in light traps placed in the forest canopy of Barro Colorado Island,tapirellum
central Panama. A total of forty eight adults and three nymphs were removed
from carbon dioxide–octenol baited CDC light traps suspended 20 meters
above the ground during surveys for forest canopy mosquitoes. To our
knowledge, this represents the first report of questing ticks from the canopy of
tropical forests. Our finding suggests a novel ecological relationship between A.

and arboreal mammals, perhaps monkeys that come to the ground totapirellum 
drink or to feed on fallen fruits.
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Introduction
Increasing interest in tick-borne diseases in the Neotropics and 
particularly in Panama during the last decade has fuelled studies 
on tick biology, behavior and distribution in this region1–3. These 
studies have focused on tick species associated with humans and 
domesticated animals, likely due to their role as vectors of disease 
agents1,2,4. However, basic knowledge about tick natural history still 
remains largely unexplored, especially for those taxa that thrive in 
tropical forests. The tick species Amblyomma tapirellum5 predomi-
nates over Amblyomma cajennense as the primary human tick para-
site in lowland forest ecosystems of central Panama and Darien6. 

Adults of A. tapirellum have Baird’s Tapir (Tapirus bairdii) as their 
primary host, but also opportunistically feed on other wildlife and 
domesticated mammals6,7, and also humans (Table 1). A. tapirellum 
is one of the most common species collected with a cloth dragged 
through the understory vegetation, but it is not known to be found in 
arboreal mammals (Table 1), and in addition, a recent survey of tick 
occurrence on Panamanian birds found no evidence that this species 
feeds on birds (Miller et al., in prep.). Here, we report A. tapirellum 
collected from mosquito light traps placed in the canopy of old-
growth lowland tropical forest on Barro Colorado Island (BCI) in 
central Panama. To our knowledge, this is the first report of ticks 
being collected in the canopy of Neotropical forests and highlights 
the potentially complex ecological relationships of Neotropical 
ticks, which as a group, are potential vectors of zonootic diseases 
in undisrupted forest habitats.

Methods
Centers for Disease Control and Prevention miniature light traps 
(CDC-LTs) baited with CO

2
 (dry-ice) and 1-octen-3-ol were placed 

in areas of old-growth forest on BCI, in the Panama Canal (9.16457 
N; -79.86347 W), which has served as a field station for studies 
of Neotropical flora and fauna for over 100 years. Six traps were 
placed in the forest canopy (20–30 meters off the ground) and six 
in the understory (1.5 meters off the ground) for seven consecutive 
days, every other month, from August 2009 to July 2010 (Figure 1).

When our field team first discovered the presence of ticks on the 
outside of CDC-LTs, recognizing that this was a novel occurrence, 
we carefully reviewed and modified our field protocol to ensure that 
our observance of host-seeking ticks in the forest canopy was not 
an artifact of our field methods. To wit, each morning when the 
traps were lowered, field members, including the senior author, first 
checked carefully for the presence of ticks on the exterior of each 

Table 1. Reported hosts for Amblyomma tapirellum (Dunn, 1933) in Panama.

Order Family Species References

Artiodactyla Bovidae Bos taurus Linnaeus 1758 Fairchild et al. 1966

Chiroptera Phyllostomidae Carollia perspicillata Linnaeus 1758* Fairchild et al. 1966

Perissodactyla Equidae Equus caballus Linnaeus 1758 Fairchild 1943

Perissodactyla Equidae Equus caballus Fairchild et al. 1966

Carnivora Felidae Felis silvestris catus Linnaeus 1758 Bermúdez et al. 2010

Primates Hominidae Homo sapiens Linnaeus 1758 Fairchild 1943

Primates Hominidae Homo sapiens Fairchild et al. 1966

Primates Hominidae Homo sapiens Bermúdez et al. 2012

Pilosa Myrmecophagidae Myrmecophaga tridactyla Linnaeus 1758 Fairchild et al. 1966

Artiodactyla Cervidae Odocoileus virginianus Zimmermann 1780 Bermúdez et al. 2010

Artiodactyla Tayassuidae Pecari tajacu Linnaeus 1758 Fairchild 1943

Artiodactyla Tayassuidae Pecari tajacu Fairchild et al. 1966

Perissodactyla Tapiridae Tapirus bairdii Gill 1865 Fairchild 1943

Perissodactyla Tapiridae Tapirus bairdii Fairchild et al. 1966

Perissodactyla Tapiridae Tapirus bairdii Bermúdez et al. 2010

* This record is doubtful as the sample could have been pulled from the body of the collector

            Amendments from Version 1

We are grateful to the three reviewers who thoughtfully provided 
comments to our article. We believe that their comments are 
valuable and helpful for improving our manuscript. Please find 
detailed responses below; especially, we want to highlight that 
we have added additional detailed information about how CDC 
light traps (CDC-LTs) were installed, sampled, and re-installed 
following sampling on a daily basis. We believe these changes 
have improved our article and will also avoid reaching erroneous 
conclusions.
We want to emphasize that our primary aim with this article was 
to begin a discussion about whether or not ground-dwelling tick 
species could make it all the way up to the Neotropical forest 
canopy, and under what circumstances this phenomenon could 
occur. We are aware that there is a lot of speculation in our 
article, yet it is the product of what we observed in the field while 
conducting this study. In fact, speculation was the reason why 
we decided to submit this work under the Observation Article 
category rather than as a Research Article and, therefore we 
wanted to set the stage for other people to think about it, and 
perhaps, conduct more formal research on our observation

See referee reports
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A. cajennense, three of A. oblongoguttatum, three of A. tapirellum, 
and two of Haemaphysalis juxtakochi (as an outgroup) to build the 
tree in MEGA48 with group support evaluated via 500 bootstrap 
replicates (Figure 2). Mean Kimura 2 parameter (K2P) genetic 
distance between all five canopy collected ticks and the reference 
library specimens of A. tapirellum was 0.1% (maximum K2P dis-
tance 0.6%), well below the typical 2% threshold for interspecific 
distances for most barcoding studies9. Specimen data, sequences, and 
sequencing trace files for the five canopy-collected ticks and the 13 
reference specimens are archived in the BOLD barcoding database 
(dx.doi.org/10.5883/DS-TICKSCAN) and are available on the online 
global database of DNA barcode sequences (http://boldsystems.org). 
Genbank accession numbers for the five canopy ticks generated in this 
study are: KF370887–KF370891, whereas the Genbank numbers for 
the adult reference library are: KF200081, KF200091, KF200097, 
KF200098, KF200101, KF200103, KF200105, KF200119, 
KF200124, KF200130, KF200133, KF200135, KF200159, 
KF200160,    KF200171.

Interestingly, ticks were only extracted from CDC-LTs set up at the 
canopy level, no ticks were collected from traps at the understory, 
and only a few canopy traps were positive for ticks (Table 2). Our 
findings are unexpected because CDC-LTs are not commonly used 
to collect ticks, but rather blood-sucking insects such as mosqui-
toes, sand flies and biting midges. However, they reinforce the 
notion that ticks use CO

2
 to locate their hosts10. Other Amblyomma 

Figure 1. Left side: the set up of one Centers for Disease Control and Prevention miniature light trap in the forest canopy of Barro Colorado 
Island (BCI). Right upper side: the dorsal view of the scutum of one female (left) and one male (right) of Amblyomma tapirellum collected from 
the forest canopy at BCI. Right lower side: image of an adult of Ateles geoffroyi panamensis (Black Spider Monkey) walking freely around the 
Smithsonian Tropical Research Institute field station at BCI.

CDC-LT. This was done while the trap was suspended. Any ticks 
were immediately removed, placed in ethanol and labeled with 
appropriate metadata (date, trap number, etc.). Subsequently, the 
netting containing mosquitoes was secured in a plastic box for pro-
cessing in the indoor laboratory space of BCI. The umbrella and the 
cylinder containing the fan mechanism of each trap were also taken 
back to the lab, but the igloo cooler was sealed in a white garbage 
bag and re-suspended in the mid-canopy (free from by-passers and 
foliage) during the day. In the evening, CDC-LTs were carried pre-
assembled in Rubbermaid-style plastic boxes to the field and were 
quickly re-assembled in each field site, with loading of the solid 
CO

2
 as the final step. At no time were either canopy or understory 

CDC-LTs placed on the ground while they were being serviced in 
the field. Ticks were counted by trap and preserved as vouchers as 
part of the ectoparasite - cryological collection of the Smithsonian 
Tropical Research Institute (STRI).

Observation
Forty eight adults and three nymphs of A. tapirellum were collected 
from CDC-LTs placed in the forest canopy at BCI (Table 2). All 
adults were identified using standard taxonomic keys6, while all three 
nymphs and one adult male and one adult female were confirmed as 
belonging to A. tapirellum based on a neighbor-joining tree gener-
ated from reference library of mitochondrial DNA barcoding (COI 
gene) sequences from Panamanian ticks (Miller et al., in prep.). We 
selected four individuals of A. geayi, one of A. longirostre, five of  
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Table 2. Samples of Amblyomma tapirellum extracted from CO2 – octenol baited 
Centers for Disease Control and Prevention (CDC) miniature light traps placed 
in the forest canopy of BCI, central Panama. Each row contains information about 
the number of specimens collected in one trap during one night. The number of tick 
positive CDC-LTs out of the total number of canopy traps per month are as following: 
August (5/42 = 0.119), October (4/42 = 0.095), January (1/42 = 0.023), March (1/42 = 
0.023), May (18/42 = 0.418), and July (1/42 = 0.02).

Number of ticks Life stage and sex Collection date

2 1 male, 1 female August, 2009

1 Female August, 2009

2 1 male, 1 female August, 2009

1 Male August, 2009

1 Male August, 2009

2 1 male, 1 female October, 2009

1 Female October, 2009

1 Female October, 2009

2 Females October, 2009

1 Female January, 2010

2 1 male, 1 female March, 2010

2 1 male, 1 female May, 2010

2 1 male, 1 female May, 2010

2 Females May, 2010

1 Male May, 2010

2 Females May, 2010

1 Male May, 2010

3 1 male, 1 female, 1 nymph May, 2010

3 2 males, 1 female May, 2010

2 2 nymphs May, 2010

1 Female May, 2010

2 1 male, 1 female May, 2010

2 1 male, 1 female May, 2010

2 1 male, 1 female May, 2010

3 2 males, 1 female May, 2010

2 1 male, 1 female May, 2010

1 Female May, 2010

1 Male May, 2010

2 1 male, 1 female May, 2010

1 Female July, 2010
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Figure 2. Neighbor-joining tree generated in MEGA 4. Node support (as a percentage) was estimated from 500 bootstrap replicates. Taxa 
indicated with asterisks (*) represent canopy collected ticks from this study; otherwise tip labels refer to Genbank accession numbers.
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species have been previously collected with CO
2
 baited traps11, but 

no study has ever reported host-seeking ticks collected in this fash-
ion from the canopy of a tropical forest. This finding indicates that 
A. tapirellum is not restricted to the ground, but uses both vertical 
strata (e.g., canopy and ground) to seek hosts. The fact that adults 
of both sexes as well as nymphs were recovered from canopy traps 
suggests that A. tapirellum can complete its life cycle in the canopy, 
but this is most likely the result of foresia – the passive movement 
of one organism by another – by hosts moving vertically. Candidate 
vectors for movement into the canopy include two monkey spe-
cies: Mantled Howler Monkey (Alouatta palliata) and Black Spider 
Monkey (Ateles geoffroyi panamensis). These two monkey species 
were often seen near CDC-LTs, and on one occasion, destroyed a 
trap (Figure 1). Yet, at present there are no records of A. tapirellum 
collected from these monkeys or any other arboreal mammals in 
Panama (Table 1). In addition, the majority of ticks were collected at 
the beginning of the dry-wet transition period in May 2010 (Table 2), 
when ground populations of A. tapirellum are quite abundant and 
monkeys may come to the ground to feed on ripe and over-ripe 
fruits12. This possibility suggests that an association between arbo-
real monkeys and ticks is opportunistic, perhaps occurring princi-
pally at the peak of the fruiting season13. However, ticks were also 
collected during August and October of 2009, and so, tick-monkey 
ground interactions could also be the result of monkey behaviors 
such as drinking from terrestrial sources or chasing games14. 
However, we cannot be sure that monkeys are responsible for trans-
porting A. tapirellum into the canopy, nor can we explain why ticks 
were only found on canopy traps and not understory traps; additional 
studies will be required. Fairchild and collaborators6 noted that 
A. geayi and A. varium are practically confined to arboreal sloths. 
Sloths descend to the ground every three to eight days, dig a hole, 
defecate, and climb back up into the trees, a behavior that puts the 
animal at risk if predators are nearby15, and it may also increase 
the odds of getting ground ticks. Our findings highlight the lack of 
information on the basic ecology of some species of Neotropical 
ticks, and argue for an expanded vision of wildlife-tick relation-
ships when planning and conducting disease ecology studies in the 
Neotropics. Future Neotropical tick surveys in forest areas should 
include canopy sampling to better understand the bionomics of 
A. tapirellum and its role in pathogen transmission to wildlife.
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