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Bed Bug Evolution.

Bed bugs have been
on this planet far longer than first believed!

15-year international research effort led by
Steffen Roth Bergen, Ondrej Balvin.

Paper: Bed Bugs Evolved Before Their Bat Hosts and Did Not
Co-speciate with Ancient Humans.
Steffen Roth et al., 2019 Current Biology 29. pp. 1847-1853.

CAES

cut Agricultural Experiment Stai
Ptth e to Work for Society since 1875




Ancestral Bed Bugs 115 - 122mya
(Cretaceous Period)

Rejected widely held view that bed bugs evolved
on bats. Bed bugs predate bats by at least 30 —
s0my.

Bed bugs started their careers on birds
(dinosaurs); later bats were added to the menu.

A reverse from usual evolutionary track; bed bugs
evolved from being ancient specialists to modern
generalist feeders.

Frequent host switchers, and over time expanded
their host portfolio.

Even as specialist ancestors, bed bugs bounced
between different sub-species of the same host.

Generalist posses' higher level of genetic plasticity
than specialists, enabling better survival
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Management?......Oops!!!
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Genius tries fiery fix in LI parking lot
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HOT WHEELS Three vehxcles go up in flames after a bed -bugged dnver sprayed rubbmg alcohol and lit a cigarette.

By NATASHA VELEZ
and NATALIE O'NEILL

There has to be a better way to
deal with bedbugs.

A squeamish Long Isla i-
dent touched off thi
parking-lot in ly
killed himse hL tried to
rid his renta of the pests
with rubbing alcohol
lighting a cigarette, cops said.

Scott Kemery, 44, of Bridge-
hampton, dumped the flammable
liquid all over the black car’s in-
terior at about 5 p.m. Tuesday

when he saw e b
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Treat bed bugs as a building problem,

a personal problem!
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Bed Bugs Cause Intense Psychological Distress.
The 5 stages of grief...

Denial
Anger
Bargaining
Depression
Acceptance
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Bed bugs were wiped out between1945 & 1950 using DDT

DDT and the advent of home appliances.

Its General Electric — for "Quick-Clan’ Washing!

See this brand-;

Building design
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Then they came back....!




The set up.

1. “Warondrugs”.............. iIndustrialized prison system striking at the poor
creating in many cases, paupers' prisons.

2. Start of world wide web (internet) August 6, 1991.
3. North American Free Trade Agreement (NAFTA)1994.

NAFTA promoters argued it would create hundreds of thousands of new high wage
U. S. jobs, raise living standards in the U.S., Mexico and Canada, improve
environmental conditions and transform Mexico from a poor developing country into
a booming new market for U.S. exports.

What actually happened? It launched a race-to-the-bottom in wages, destroyed
hundreds of thousands of U.S. jobs, undermine democratic control of domestic
policy-making, threatened health, environmental, and food safety standards, and
exponentially increased the rapid international shipping trades.

4. Glass-Steagull Act of 1933 repealed in 1999 freed commercial banks to
engage in the investment industry and weakened anti-trust laws.

The 2008 great recession and lots of bed bugs!


http://www.citizen.org/documents/NAFTA_10_jobs.pdf

2009 bed bug reporting and shipping trade routes.

Sao Paulo
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Description

« Shape: Broadly oval (males are a little narrower than females).
 Color: Brown to tan.

e Size: Apple seed in size.

» Feeding: Piercing sucking mouthparts (bed bugs do not “bite”!).

Adult female.

Beak (a portable straw). Never feed in rows.
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Myth: Bed bug feed in rows, “breakfast, lunch, and dinner.”




Seven Stages of Development.

Eggs.

5 nymph stages; “instars.”

Adults.
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Nymoh Body Form.

! Adult female

s*@;C Adult male

The Connecticut Agricultural Experiment Station

Newly naicnsc nyrmorns zred e czis:

Putting Science to Work for Society since 1875



Clustering beh ViGIRENENCE.

Bed bugs commute.
Repetitive behavior!

N ) Refuge.

/%\ CAES Nightstand with fecal spots.
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What bug are we dealing with?

_ _ Common bed bug Cimex lectularius L.
Eastern bat bug Cimex adjunctus Barber Chimney swift bug Cimexopsis nyctalis List.

sy
T
N
oare )
& 1
\u
‘ )
5
e
” 4 Q“‘

The Connecticut Agricultural Experiment Station

Putting Science to Work for Society since 1875



List of attributes bed bugs use to survive.

1. Quiescent with extended inactivity

2. Thigmotactic

3. Touch sensitive

Retreats regardless of danger

Flat profile
Camouflage coloration

Desiccation resistant

12. Complex pheromone communication

13. Mostly photophobic

15. Host switching to survive
16. Compulsive beak cleaning

17. Capacity to investigate

18. Capacity to learn

19. Track host behaviors 1.e. resting patterns

p” Multi-stimulus host seeking

21. Efficient directed movement

22. Air current sensitive
23. Excellent climbers except when upside down
24. Inbreeding resistant

itchhiking behavior

26. Prey for other building insects
27. Freeze and/or flight response

28. Peaking behavior to furtively reconnoiterer

29. Use of exuvae for protection

30. Dependent on human construction

“Human anxiety and fragility
32. Adult & nymph metabolic differences

33. Pesticide resistance

34. Apparent torpor

35. Traumatic mmsemination controls gene flow

36. Genetic plasticity

37. Population uniqueness impeding gene flow

38. Hybrid vigor
49" Fermatesof]

offen control mating
40. Male influence on female fecundity

41. Males mating with fifth instar proto-females

42. Bullying behavior
43. Males mate guard females
44. Females egg guard

45. Eggs laid on live insects and carried

46. Aggregating in high locations

47. Heat response difference that is hunger dependent
48. Use of feces for refuge locating

49. Avoidance of water, easily drowned
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Thigmotaxis.

Bed bugs are driven by a need to touch
a solid surface such as a crack.
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Recently fed 15t instar nymph
inside the exuviae (shed skin) of
an older nymph.
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Hybrid vigor. In bed bugs, increased fertility.

Egg production. Harlan cross

Ridge cross

Harlan control

Ridge control
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Individual egg laying behaviors
by females.
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Predation. Bed bugs are a food source for many building insects.

Cockroaches hunt bed bugs.

Eaten!

Peeking behavior.
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“Cockroaches, those nuisances to ships, are plentiful at St.
Helena: and yet, bad as they are, they are more endurable
than bugs. Previous to our arrival here in the Chanticleer,
we had suffered great inconvenience from the latter, but the
cockroaches no sooner made their appearance than the
others entirely disappeared. The fact is that the cockroach
preys on them, and leaves no signs or vestige of where they
have been: so far it is a most valuable insect.

Webster WHB. 1970. Narrative of a voyage to the Southern Atlantic
Ocean in the years 1828, 29, 30 performed in the H. M. sloop Chanticleer. First pub.
1834, ol | (Page 373). Dawson of Pall Mall, London.




ARTICLE ) %\
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Unique features of ;Q;ﬂ()t%al human ectoparasite

identified thro\vgﬁ sgqUencing of the bed bug genome

Joshua B. Benoit!, Zach I «@e )ar.
Richard W. Haganl, Heman

Klaus Reinhardt3, Amanda Dolan? Monica Poelchau®, Emily C. Jennings', Elise M. Szuter!,

Jare, Ja¥endra Nath Shukla®, Fang Zhu®7, M. Mohan®, David R. Nelson®, Andrew J. Rosendale’, Christian Derst'0,
Valentina Resnik'l, Sebastian Yernig'!, Pamela Menegazzi'?, Christian Wegener'?, Nicolai Peschel'?, Jacob M. Hendershot!, Wolfgang Blenau'®,
Reinhard Predel'®, Paul R. Johnston'3, Panagiotis loannidis'®, Robert M. Waterhouse'>'®, Ralf Nauen'”, Corinna Schorn'”, Mark-Christoph Ott",
Frank Maiwald', J. Spencer Johnston'4, Ameya D. Gondhalekar'8, Michael E. Scharf'®, Brittany F. Peterson'8, Kapil R. Raje'®,

Benjamin A. Hottel'®, David Armisén?®, Antonin Jean Johan Crumiére?©, Peter Nagui Refki2®, Maria Emilia Santos2°, Essia Sghaierzo,

Severine Viala?®, Abderrahman Khila29, Seung-Joon Ahn?! Christopher Childers®, Chien-Yueh Lee®>22, Han Lin>22, Daniel S.T. Hughes%3,
Elizabeth J. Duncan??, Shwetha C. Murali?3, Jiaxin Qu?3, Shannon Dugan?3, Sandra L. Lee?3, Hsu Chao?3, Huyen Dinh?3, Yi Han%,
Harshavardhan Doddapaneni23, Kim C. Worley?3, Donna M. Muzny?3, David Wheeler?®, Kristen A. Panfilio2®, Iris M. Vargas Jentzsch2®,
Edward L. Vargo'®, Warren Booth?”, Markus Friedrich?®, Matthew T. Weirauch?®, Michelle A.E. Anderson?, Jeffery W. Jones?S,

Omprakash Mittapalli3o, Chaoyang Zhao39, Jing-Jiang Zhou3!, Jay D. Evans32, Geoffrey M. Attardo33, Hugh M. Robertson34,

Evgeny M. Zdobnov'®, Jose M.C. Ribeiro3®, Richard A. Gibbs?3, John H. Werren®, Subba R. Palli®, Coby Schal3® & Stephen Richards?3
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Blood feeding.
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Sexual competition and mate guarding.

Male mating with a proto-5t" instar female nymph.

%e,\c,@m% ..
(?@% Male competition.
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Tapping.

Meal No. 2.

Meal No. 1.

o
o

Sibling 1stinstar nymphs with no
access to a host. One on left
had fed on an older nymph that

T had been given a blood meal. It had
“\*‘@’/CAES also had a previous meal.

The Connecticut Agricultural Experiment Station

Live 1stinstar nymph after feeding on an adult.
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Pesticide resistance by behavior.

Avoidance behavior.

Healthy Harlan line, 3 weeks
after exposure to Bifenthrin
treated filter paper.

Movie of Irvington, New Jersey The filter paper was
line, dying 24 hours after treated in the center with the outer
exposure to Bifenthrin. edge untreated.

The filter paper was
treated in the center with the outer

edge untreated. ﬁ \% CAES
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Snake Oils and More.

Y

ACTIVE INGREDIENTS
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Problem sources.

Downsizing, hoarding, and clutter.
Myth: “Dirty people have bed bugs!”
Anyone can have bed bugs, clean or dirty.
It's all about “clutter” obscuring viewing.

Bed bug refuge. .
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Bulky waste pick up and scavenging.

Boston Health Department
uses ketchup to
deter mattress scavenging.
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Hoarding

el pegiy | ACHUINES

Family History il
ml %

Executive Fungtioning

Edsell-Vetter et al.
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International Entomology Meetings, Vancouver, Canada. 2018

Climbup® bed bug interceptors have a measure
of control against small bed bug populations.
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Integrated Pest Management (IPM).

Public Education - Bus poster

GIVE BED BUGS THE BOOT.

DON'T PANIC.

COMMUNICATE
COOPERATE

HELP
(203) 974 8600
WINW.CT. IIIIWBEIIBIGS

Caulk Cracks &
Crevices along
wall zones.

DALE UNA I’ATAI]A A LOS CHINCHES.
NO TE ASUSTES.

WWETEIIWBEIIBIHIS

CimeXa™ Sjlica Gel

AYUDA
(2031971 8600

Bed bug resistant furniture.
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Suggested strategies.

IDENTIFICATION!!!

Target treatments on cracks and crevices
If worried, clothing can be put into a dryer (High temp. for 20 minutes).

At the minimum, have a dryer on premises.

Vacuum using a crevice tool removes refuge detritus, insects, and eggs.
Repeat every 10 days to intercept insect’s biology if not using pesticides.

Do not wash and clean refuges while treating. Bait insects using their own natural odors.
Use bed bug interceptors, metal beds/frames, box spring covers (not mattress covers).
Keep tidy to reduce hiding places.

Caulk cracks and crevices.

Professional duties?....... have an extra set of clothes on hand.

Do not use over the counter (OTC’s) pesticides.

Use competent dog teams in routine preemptive inspection practices.

Work with Connecticut family-owned Pest Management Professionals with experleng%\

Heat treatment as a last resort. CAES
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Award given to Judith R. Dicine (2016).

»

The signing of Public Act “Act Concerning the Rights and Responsibilities of Landlords
and Tenants Regarding the Treatment of Bedbug Infestations”
Govenor Dannel P. Malloy
2 PM Tuesday October 11, 2016
Govenors’ Office
210 Capital Avenue
Hartford, Connecticut

Public Act No. 16-51: An act concerning the rights and responsibilities
of landlords and tenants regarding the treatment of bed bug infestations.

The Connecticut Agricultural Experiment Station
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BED BUGS MEET THE LAW

An Explanation of Public Act 16-51,
the New Landlord-Tenant Bed Bug Law

Judith R. Dicine, J.D., Supv. Ass’t State’s Atty.
State of Connecticut, Division of Criminal Justice

Office of the Chief State’s Attorney — Housing Matters

Presented at Bed Bugs Meet the Law, CCABB Forum X

Frank H. Netter School of Medicine, Quinnipiac University, November 8, 2016



The Landlord-Tenant

Bed Bug Legislation
CT Bed Bug Public Act 16-51

v Establishes a framework to identify and treat bed bug
Infestations Iin residential rental properties, including public
housing but excluding detached, single-family homes.

v'|t sets separate duties and responsibilities for landlords and
tenants, including notice, inspection, and treatment
reguirements.

VIt also gives landlords and tenants remedies when the other
party fails to comply with these duties and responsibllities.



 Tenant’s (T’s) obligation to report

(Section 1.(b)(1) of the Act).

T shall promptly notify the Landlord (LL) orally or in writing when T knows
or reasonably suspects the T's unit is infested with bed bugs (BB).

 Landlord’s (LL’s) obligations and entry rights upon report by T of BB infestation in T’s unit

(Section 1.(b)(1) of the Act, cont.)

* Not later than five (5) business days after receipt of said notice from T, LL shall inspect
or obtain an inspection by a qualified inspector, of the T's unit and any contiguous unit
LL owns, leases or subleases.

« IMPORTANT NOTES (see also slide 15 below):

* LL or qualified inspector may only enter the T's unit and any contiguous unit to it that
LL owns, leases or subleases with T's consent, a court order or under
circumstances of emergency per the Act and CGS §47a-16.

 If T unreasonably refuses entry after 24 hours or more notice, LL and qualified
Inspector are prohibited from entry unless it is required under circumstances of
emergency. Otherwise, LL must petition a court and obtain an order for entry per
CGS §47a-18.
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Dr. Gale E. Ridge

Associate Scientist OV AT
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New Haven, Connecticut ‘
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Gale.ridge@ct.gov
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