Clirnzite Cra

\J

narnge in New
nejlzinds;
Tne I r) ications for =
Vector-Borre Disease

11

By Lindsey Worng
Unclergraduzte Trnesis Prasentation
May 15t 2003



Outline

o Global climate change—what is it?
o Disease predictions

o How we are affected locally: a study of
_Lyme disease

o New England—a backyard look at
warming

o Are current climate trends suggestive
of disease prevalence in the future?




To get you thinking...

Global mean surface temperature rose
0.6+2° C over the past 100 years
Continental precipitation increased
5-10% during past 100 years

--Intergovernmental Panel on Climate Change (www.ipcc.ch)
20" Century warmest in millennium;
paleoclimatic data show warming since

19t century unprecedented in 1,000 yrs!
--National Climate Data Center (www.ncdc.noaa.gov)



With changes in temperature and
precipitation, we will likely see effects

Jin...

N

# Frequency and intensity of weather events
(storms/floods) around world

# Sea level rise from thermal expansion of
oceans and melting of ice caps

—->WHO predicts 1.5-3.5° C temperature
increase and rise in global sea level 15-95cm
by 2100

# Also, great potential for climatic zones (and
thus ecosystems and agricultural zones) to
shift toward poles by 150-550km by 2100




4 Primary Categories of Change Due to
Warming (Root et al., 2003)
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1. Density change at particular locations;
change in species range (poleward/higher
elevation)

2. Timing of spring events (migration, egg
laying, flowering)

3. Change in body size and behavior

4. Change in gene frequency (adaptations)

*surveyed >1,400 species and found 81% of studied demonstrated
change in direction predicted by warming




/ 5 most popular Global Climate Models predict \
upsurge In malaria (Martin and Lefebvre, 1995)

Malaria parasite development does not occur
<16° C isotherm; EIP shortens dramatically btw
20° C-27° C (Gilles 1993; Maskell, et al. 1994)

California: 1° C increase—~>1% decrease in

mosquito mean daily survivorship (Reeves, et
al.1994)

Unseasonably warm summer in
Mexico->Dengue vector and disease
distribution shifted to higher latitude/altitude
(1700m) (Koopman, et al. 1991)
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/ Factors essential for existence and \
survival of Lyme

Lyme disease From left to right: The

bacteria. Borrelia black-legged tick adult
burgdon,‘eri female, adult male, nymph,

_ and larva on a centimeter
Black-legged tlck, scale
Ixodes scapularis

Mammals to

sustain blood
meal: white-
footed mouse, R ERILEL LR

white-tailed deer, 1 2

\ humans, eftc. /




Nymphs molt
into adults in early
fall and feed mainly
on large mammals

Adult females
drop off host animals to lay
eggs in Spring

Year 1
Ixodes Lifecycle

Nymphs reemerge and
feed on rodents and other
mammals in late spring
early summer

Eggs hatch into
larvae during summer
and secure blood meal

Larvae molt into
nymphs and
lay dormant

Year 2 from early to
middile fall
until early spring



2-Year Life Cycle of the Deer Tick
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Source: @ Lyme Disease Foundation




Lyme Disease—we’ve heard of
_It, that’s about all...

*s*Most common vector-borne
disease in the U.S.

*** Accelerating number of cases:
1990—7,943
2000—17,730 (1)

--Centers for Disease Control 2001b, 2002; Steere 2001
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The survival of Ixodes ticks is heavily
impacted by weather variables:

o Major summer droughts decrease larval
I. scapularis abundance for the following
two years (Jones and Kitron 2000)

o Slightly drier and hotter temperatures

reduce questing of nymph ticks (Randolph
and Storey 1999)

o Positive correlation b/w summer
moisture and Lyme disease in several
northeastern states (Subak 2003)



Ideal incubation temperature for I.

scapularis larvae is about 24° C (Lindsay et
al. 1995)

Threshold temperatures for egg deposition
by females and larval emergence from egg
stage are approximately 6° C and 11° C,
respectively (Harris 1959)

Rises in minimum nighttime temperature,
10 C across region, may contribute to tick

viability and spread of Lyme disease (New
England Regional Assessment Group 2001)

A warmer December, above 5° C, could
extend the adult breeding season and
increase breeding success (McEnroe 1977).



The Question:

How are temperature and
precipitation changing and could they
have an effect on black-legged tick
populations and the incidence of
Lyme disease in New England?



According to the New England
Regional Assessment Report...

n Current average temperature in New England
1s about 7% C (44° F)

m Average regional precipitation 1s, 107 cm/yr

a Estimates of 0.39° C warming occurred over
the past 100 years in NE and 4% rise in annual
precipitation=> on par with global averages



NERA Estimates

Figure 2.9. Wintertime Temperature Changes

+27.0%
Figure 2.11. Precipitation pattern variability.



My little transect...




Climate Station Latitude Longitude Elevation (m)
Block Island, RI 41°10°N 71°35 W 34
Kingston, RI 41° 29’ N 71°32° W 30
Newport Rose, RI 41° 30’ N 71°21° W 5
Providence T.F. Green

State Airport, RI 41°43’'N 71°26° W 16
West Medway, MA 42° 8’ N 71°26° W 64
East Milton Blue Hill

Observatory, MA 42°13’ N 71°7T’W 192
Worcester Regional Airport, MA 42°16’ N 71°53' W 301
Bedford, MA 42° 29’ N 71°17° W 49
Nashua, NH 42° 47T N 71°29° W 40
Keene, NH 42° 57° N 73°19° W 155
Durham, NH 43°9’N 70°57° W 24
Concord Air, NH 43°12°N 71°30° W 105
Plymouth, NH 43° 47 N 71°39° W 201
Mt. Washington, NH 44° 16’ N 71°18 W 1909
Berlin, NH 44° 27N 71°11°W 284
1st Connecticut Lake, NH 45° 5 N 71°17" W 506




a) Difference Standard  P-value  T-tatistic  b) Mean Standard  P-value
between time error slope error
period means

Mean Temperature (°C) (°Clyr)
Winter -0.358 0.283 0.225 -1.265 0.016 0.004 0.002
0.161 0.067 0.03 24 0.008 0.002 0.005
Mean Min. Temperature
Winter 0.249 0.091 0.016 2.729 0.018 0.005 0.001
0.241 0.186 0.041 2.223 0.014 0.003 0.0004

Mean Max. Temperature

Winter 0.282 0.083 0.004 3.411 0.015 0.005 0.006
0.017 0.088 0.853 0.188 0.001 0.003 0.683
Total Precipitation (cm) (cmlyr)
Winter -0.432 0.031 0.001 -3.941 -0.03 0.001 0.053
0.455 0.065 <0.0001 6.983 0.014 0.003 <0.0001

Evidence of overall temperature (°C) increase across time periods and
precipitation (cm.) decrease in winter (Dec, Jan, Feb) and increase in summer
(Jun, Jul, Aug). a) Positive difference comparison between means of time
periods 1948-1975 and 1976-2002. b) Average rate of change (°C/yr) from
1948-2002. Red is significance for P<0.05.



State

Massachusetts

New Hampshire

Rhode Island

WINTER SUMMER
Mean Min Mean Mean Max Mean Min Mean Mean Max
1.44 -0.051 0.672 0.308 1.452
0.339 -0.303 0.652 0.271 0.125
1.082 0.865 0.928 0.978 1.354
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Table 2. Fifty-year seasonal temperature (°C) increase or decrease by state.
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Kingston, RI.



Lyme Disease Cases by State
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Summer: Latitude vs. Mean Max Temp Change

Temperature Change--1976-2002 vs. 1948-1975

Temperature Change--1976-2002 vs. 1948-1975




i Findings from the data analysis

= Increase particularly in = Increase in summer

MA and RI temperature precipitation; decrease
in last 50 years In winter precipitation

= Increase in summer and = Changes in temp/precip
winter months over last on smaller spatial scale
80 years, except tend also to be smaller
January

= Increase in mean min,
mean, mean max
temperature in all
states, except decrease
In winter maximum
temps



ACKNOWLEDGEMENTS
| gratefully thank and acknowledge. the following individuals for their

guidance, assistance, and. friendship during this project.

Brown University Center for » Jake Kurtis
Environmental Studies » Susan Subak
o Steven Hamburg o Jason Roy
o Caroline Karp o Albert Wessen
o Rachel Morello-Frosch o Lynn Carlson
o Patti Caton
o My Family
UNH and New England o Euge
Regional Assessment Group « Hemal

o Barry Rock
o« Steven Hale
« Jason Allard

e 195 Brown St.
o Disco Inferno

o My friends, you know
Who youlare



