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Natural 

History





“The good missionary, Bernardo Zea, who passes his life 
under the torments of mosquitoes, has constructed himself, 
near his church, upon a scaffolding of palm trunks, a little 
room in which he can breathe more freely.  We mounted 
there in the evening by the help of a ladder, to dry our 
plants and to write up our journey.  The missionary had 
noticed with exactness that the insects abound mostly in 
the lower layer of the atmosphere, that which is near the 
soil, up to 12 to 15 feet in height.”  

Baron Von Humboldt.

Bates, M. 1949. The Natural 
History of Mosquitoes. McMillan 
Co. Binghamton, NY.
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So what is the difference?

…and does natural history 

have a role to play?



Fossil Record

From an ancient sanskrirt text (1000 B.C. to 600 A.D.).  It reads:

“Masakah (Mosquitoes) are of five kinds: Samudra, Paraimandala, Hastimasaka, Krishna, 
Parwatiya.  Their bite causes swelling on the part bitten, itching.  As for the Parwatiya, it 
has similar qualities to life-taking insects.”

46-million year old 
fossils in shale.  
Placed in the 
modern genus 
Culiseta.

The oldest 
mosquitoes are 
from mid-
Cretaceous 
(100mya) 
(Borkent and 
Grimaldi, 2004)



Reaumur

Rene Antoine Ferchault de Reaumur (1683-
1757).  Early entomologist, wrote about 
watching mosquitoes feed and oviposit; 
documented life history of mosquitoes.  



Linneaus

Carl von Linne (Linneaus, 1707-
1778) named the family (Culicidae), 
first genus (Culex) and first species 
(pipiens).  That is all he named, but 
his system opened the door for 
species level systematics.   He 
based his species description on 
Reaumur



Malaria, Ross, and the birth 

of the Culicidologist

Ross (1898) drawing of malarial 

oocytes…bird malaria, but still



Suddenly, species 
mattered…

Giovanni 
Grassi, 
showed 
Anopheles
were the 
vectors



The Species Sanitation Concept: 

Watson and Swellengrebel

“Know the vector, know the threat”—Motto of 
the Watler Reed Biosystematics Unit

Bradley, D. J. 1994.  Watson, Swellengrebel and Species Sanitation: Environmental and 
Ecological Aspects.  Parassitologia 36: 137-147.



The Hygiene Commission of the League of 
Nations.  Nicolaas Swellengrebel is one of the 
people standing. 

Applications: Elimination of 

Malaria in Europe



Harrison G. Dyar, along 
with Frederick Knab
and Leland Howard, 
wrote a taxonomy of 
mosquitoes in North 
America (btw, free at 
Google Books)

Taxonomy was Natural 
History

An excerpt from their book, describing 
the natural history of Psorophora

And of Ps. ciliata.



Ecology Replaces Natural 

History



Is natural history important 

now?

Isn’t ecology the same thing, 

but better?

Three cases to ponder: Invasion 

and response (Ae. albopictus, 

Ae. aegypti), ecophylogenomics, 

natural history for pest 

mosquitoes 



Small Differences in 

Performance



*Prefers urban or dry habitat (Mogi et al. 1988; Rodain and Fonteille,  1998).  

*More abundant in the dry season (Mogi et al. 1988).  

*In laboratory: better desiccation survival (Juliano et al. 2002; Costanzo et al. 2005).  



* Prefers wetter, suburban environments (Mogi et al. 1988, Rodhain and Fonteille, 
1998).

* More abundant in wet season (Mogi et al. 1988).

*In laboratory: lower desiccation survival (Juliano et al. 2002; Costanzo et al. 2005).







Hypotheses for 

Decline

2. A. albopictus is a larval superior competitor

1. A. albopictus came with a predator/parasite

Unlikely, no difference in predator/parasite susceptibility 
(Juliano, 1998)

Many studies suggest this is possible



Inputs

Eggs and larvae

Biotic detritus

Predators

Water (rain) and 
micronutrients



Studying 

Competition



Inter- versus 

Intraspecific 

Competition

If INTER is stronger than INTRA for at least one, then one 
species wins (can be asymmetric with a superior competitor 
always winning, or dependent upon initial conditions)

If INTRA is stronger than INTER for both, then stable 
coexistence 



• Metaänalysis

• Quadrants = outcomes of Lotka-Volterra competition equations 
based upon λ’ (finite rate of increase) in interspecific versus 
intraspecific competition.

• Variation attributed to quality of nutritional inputs

Juliano, 2010.  Coexistence, Exclusion, or Neutrality?  A Meta-analysis of Competition 
Between Aedes albopictus and Resident Mosquitoes.  Israel Journal of Ecology and 
Evolution 56: 325-351.



“Our interpretation of these data raises some concern that 
larval competition alone may not account for the extremely 
rapid disappearance of A. aegypti.”

Kaplan, L. Kendell, D., Robertson, D. Livdahl, T. and Katchikian, C. 2010. Aedes aegypti and 
Aedes albopictus in Bermuda: extinction, invasion, invasion, and extinction.  Biological Invasions 
12 (9): 3277-3288.



Hypotheses for 

Decline

2. A. albopictus is a larval superior competitor

1. A. albopictus came with a predator/parasite

3. A. albopictus is a superior adult competitor

Unlikely, no difference in predator/parasite susceptibility 
(Juliano, 1998)

Many studies suggest this is possible, but hard to see how 
this worked fast enough to explain the patterns in the field 
given the context dependence of superiority

What do adults compete over?  Probably not blood, but 
maybe for mates



Evidence for 

Interspecific Mating 

Competition

• Both species males will attempt 
copulation with other species females

• Male A. albopictus render female A. 
aegypti permanently sterile (Tripet et al. 
2011)

• Models suggest asymmetric mating 
competition (“satyrization”) can extirpate 
competitors (Ribeiro and Spielman, 
1986).



Evidence for 

Satyrization: 

Natural 

Selection 

After the 

Invasion

Bargielowksi I, Lounibos LP, Carrasquillla MC. Evolution of resistance to 
satyrization: Evidence of reproductive character displacement in populations of 
invasive dengue vectors. PNAS 110 (8): 2888-2892.  

Bargielowski et al. 2013 
found populations of A. 
aegypti with a history of 
exposure (allopatric) to A. 
albopictus more resistant 
to satyrization than 
sympatric populations.



Bargielowski and 
Lounibos 2014 
found resistance 
to satyrization 
could be selected 
over 4-5 
generations

Bargielowski, I.; Lounibos, L. P. 2014. Rapid 
evolution of reduced receptivity to interspecific 
mating in the dengue vector Aedes aegypti in 
response to satyrization by invasive Aedes 
albopictus. Evolutionary Ecology 28 (1): 193-
203



Mapping Natural History onto 

Mosquito Phylogenies

Mosquitoes are 
a good group to 
examine the role 
of ecology in 
species 
evolution, but 
we need to 
know a lot about 
their natural 
history, 
especially larval 
natural history

Soghigian, J., Notarangelo, M. and Livdahl, TP.  2016.  Molecular 
phylogenetics of the mosquito tribe Aedini.  AMCA poster.



Why larval natural history?



Adults are actually ecologically similar



Blood Feeding



Aquatic habitat is a 
requirement for mosquito 
development, but…

1. Habitats are remarkably 
diverse

2. They often defy 
characterization

3. Very few species have 
been well explored

4. Plenty of “niches” both 
with regards to habitat 
diversity and within 
habitat behavior

Laird, M. 1988.  The Natural History of Larval Mosquito Habitats. Academic 
Press Inc. San Diego, CA.



Adult 

habitats
In North Carolina

3 locations

3 transects/location

5 sampling points: 
Forest, forest edge, 
edge, grassland 
edge, grassland.

Trap adult, host-
seeking mosquitoes



Adult 

habitats
In North Carolina

3 locations

3 transects/location

5 sampling points: 
Forest, forest edge, 
edge, grassland 
edge, grassland.

Trap adult, host-
seeking mosquitoes



Assemblages Differ Due 

to Vegetative Habitat 

Over 200m

Reiskind, MH, Griffin, RA, Janairo, MS, and Hopperstad, KA. 2016. The Scale of Habitat Fidelity in Highly 
Mobile Insects: The Case of Forest and Field Mosquitoes. In review.



Reconstruct the ancestral 

ecology and understanding 

the role of habitat in 

speciation

Mansonia dyari Mansonia titillans



Natural History and the Pest 

Mosquito



Mosquito Control 

Personnel Are Vast 

Storehouses of 

Natural History 

Knowledge



…BUT

• Knowledge is local and personal

• Often lost with the retirement, only to be 
relearned by other folks

• As for the early culicidologists, lacks 
rigor, replication, measurement; 
anecdotal





The Future of Mosquito 

Natural History: What can we 

do that Swellengrebel could 

not?• Quantitative 
methods 
(statistics, 
GIS,predictive
models) using “Big 
Data”

• Couple 
observations with 
theory

• Tool box for 
control: pesticides, 
SIT(s), GMMs

Monaghan et al. 2016.  On the seasonal occurrence and 
abundance of the Zika virus vector mosquito Aedes aegypti in the 
contiguous United States.  PLOS Currents: Outbreaks.  


