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The natural history of these islands

§
! :t is emminently curious and well deserves
\ ' attention....Both In space and time, we

seem to be brought somewhat near to

¢ that great fact - that mystery of
M mysteries - the first appearance of new
| beings on this earth,
b 1
50 g Charles R. Darwin




E _I.- |.'| & |'F_
[ w28 By sty

a :_- o, -‘.: ]'-.lr :F

i,

= e wgp F
R et L g
T ¥ -t -.-'."‘-|-l:l 'I"
T i BT .
" b 2 A .F.l::'_}:. W
-2 4 g = e
o g N A g -
P, i o L -
et ot s '-.'JL'-.
g b sl B i
x [ . 1
- : LE in T L o K L
e L L m r Lyt
.: e DT E - '_'_I Iels
= P | 4-1-‘-‘__"1 i e
T o e rr. —'-I. 1 i ."--"‘-1
v ; l: _:L.- |'-"-J l—r_ H ol ]
L B Ty " P Fr
gt = [} W = [
1 5, -‘ Foiw i e T r -.l\.-.-
Ly L £ Bile jo =
A Lk
=L 1 o F _'I.:‘."l il
,-- " .- .'ﬂ. _ll.' :
5 2 -
L4 N




e
I‘-i‘ '&ﬁvf;ﬁ%'

.,r-\.-“ i
g

e ||-I

I""'

e "
- | B =
i
aa b
s
-
-
i
F
*.
e
L
|
.'..
%
b}
Fily
i










Galapagos Islands in Crisis

Development of the tourism industry and a boom in
fishing more than tripled the local population in the past
15-years.

The number of tourists visiting the Islands has quadrupled
over the same period and is now 223,000/year.

Nearly 30,000 local residents.

A World Heritage Site “At Risk” (2007-2010): Declaration
by UNESCO & the Ecuadorian Government.
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The Galapagos Initiative:
A Scientific Partnership & the Galapagos
Science Center

* University of North Carolina at Chapel Hill
Office of the Provost
Office of the Vice Chancellor for Research
College of Arts & Sciences
Renaissance Computing Institute
Center for Galapagos Studies
Galapagos Science Center, San Cristobal Island
* Universidad San Francisco De Quito, Ecuador
* Galapagos National Park




Mission — Galapagos Science Center

* Improve the scientific understanding of the social,
terrestrial & marine sub-systems of the Galapagos Islands.

* Understand the linkages among human population,
tourism, human & ecological health, and environment to

address the twin challenges of economic development &
resource conservation.

* Provide NC students and faculty scientists with world-class
opportunities & facilities in this unique natural [aboratory.

* Translate research technologies and findings to industry,
government, conservation NGOs, and to the classroom.

* Apply the “Galapagos Model” to other settings around the
globe, including, the State of North Carolina.




Galapagos Science Center - Facilities

® Research & Teaching Laboratories

Microbiology & Molecular Biology
Marine Ecology

Terrestrial Ecology

Spatial Analysis & Modeling

Community Classroom
Conference Room
Faculty, Student & Staff Offices

IT Server & Communications and Terraces for outside
teaching & physical experiments
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Galapagos Initiative: A Broad Agenda
Across the Sciences

* Research
Population, tourism & migration Student Internships
Marine Turtle Ecology Alumni Programs
Invasive Species Visiting Scholars & Post-Doc Programs
Conservation & Evolutionary Biology Symposiums & Workshops on Special
Food Security Topics and Research Methods
Water, Hygiene & Sanitation Student Lab & Teaching Assistants

Health, Nutrition & Medicine

Climate & Environmental Change .
* Community Engagement

Science in the Schools: Science &

* Education
Conservation Fair

UNC Study Abroad — Undergraduate

Education during Summers & Spring Technical Assistance to the Municipal

Semesters Government

UNC & USFQ Collaborative Teaching Health & Medicine
Graduate Student Theses, Dissertations & Water, Hygiene & Sanitation
Undergraduate Honors Theses Small Businesses & Tourism

Sustainable Energy & Conservation




Water Studies

* Drinking water quality
Evaluating sanitary quality of tap
water through treatment and
distribution

e Recreational water quality

Evaluating if human sewage
discharge is affecting recreational
water quality and levels of antibiotic

resistant bacteria




Participatory Pilot Program on Water Quality
on San Cristobal Island
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Drinking Water Quality

E. coli MPN at Study Sites
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Mote: Horizontal line indicates WHO Guideline for drinking water.

All tap water samples collected in 2013 on San Cristobal exceeded the
World Health Organization (WHO) guidelines for drinking water
quality (0 MPN/100mlL)
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Presentation Notes
Testing E. coli levels in taps at varying distance to treatment plant

Method used – IDEXX colilert test – most probable number (MPN)/100mL

According to the “World Health Organization (WHO) Guidelines for Drinking-water Quality” (2011), E. coli detection at any level in a 100 mL sample is above health-approved standards (World Health Organization, 2011).  All E. coli concentrations projected in Figure 1 are geometric averages of multiple water samplings.  As can be seen in Figure 1, no sites met this sanitation standard suggested by WHO for domestic water quality.


Drinking Water
Quality

* Water leaving
treatment plant was
negative for
coliforms and E. coli

* However, water
qguality degraded
immediately in
distribution system

E. coli MPN per 100 mL
in Domestic Water
from Buildings Sampled

& 5-18

* Potential 8%
. . @ ©-1
contamination from @ i

B sewage Pipsline’
- Domestic Water Pipeline*

I T T T T T T T 1
0 0125 025 0.5 Kilometers

leaky sewage pipes?

Geometric averages for E. coli concentrations (MPN/ 100
mL) of domestic water samples collected within Puerto
Baquerizo Moreno.
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Presentation Notes

*This is not the full extent of sewage pipelines that exist in Puerto Baquerizo Moreno.
**The straight, lowest green line in the image above is not a pipeline.  It is the border of the pipeline shapefile. The green lines in the town show the main domestic water pipelines of Puerto Baquerizo Moreno.  There are additional small domestic pipelines not projected.



Recreational Water Quality

e Compared beaches with and
without sewage discharge
e 71 samples total

« Measured concentrations of
Enterococci using
Enterolert® kit

* E. coli was isolated from
samples using M. coli blue
media the tested for
antibiotic resistance using
Kirby-Bauer disk diffusion
method:

 Ampicillin
» Ciprofloxacin
« Tetracycline

_Playa Mann

| Human Use at Beach

© Swimmers, no pipe

# Sewage pipe

A Beach near pipe,
boat traffic

5 il B Land drainage

L — e Gentamicin
& L =t  Trimethoprim/

BaselayerDataSourc: SRI - Sulfamethoxazole
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Presentation Notes
Designed to compare sites with and without sewage impacts

E. coli was isolated from samples using M. coli blue media

Kirby-Bauer disk diffusion

Tested for following antibiotics:
Ampicillin
Ciprofloxacin
Tetracycline
Gentamicin
Trimethoprim/ Sulfamethoxazole  

Tested 5 beaches and the mouths of two sewage outflow pipes


Recreational Water Quality

Percent of E. coli
Isolates at Each
Sample Beach

|:| Susceptible to all

tested antibiotics

Resistant to
one antibiotic

Resistant to
two antibiotics

Resistant to
three antibiotics

Resistant to
four antibiotics

* Beac h es Resistant to all five
without
Sewa ge 0 90 180 360 Meters

tested antibiotics
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Presentation Notes
More red= more resistance 
Discuss spatial relationships, where is town? 

Carola pipe looks far from town, but it is a site of direct sewage pumping 

Land drainage from populated area
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