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Panama Canal: part of a global network
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Ecosystem Services in the Panama Canal
Watershed

Water: Quality & Quantity Biodiversity Conservation

Carbon Sequestration Rural Populations









Mesoamerican Biological Corridor

-83 -82 -81

-l

-id

-78 -77

7

10

Costa Rica

Mar Caribe

Agua Salud Study Site

Leyenda

[JLagos vy lagunas
Bl Areas protegidas legalmente establecidas]

B ireasProtegidas P ropuestas
Corredares propuestos (Conexiones)

1:3000000

T
oL

Prayeda parm b cansalidaciin delcarredar
Biakigica Wesaamariana

Exie mapatue dieiiada pam reflar b3 ad vidades
ol pragreza dal CEM ¥ na daberia sar ulilimda
cama fug e de infarmackin afical- &l na rellke@

b pasicinalicaldal CEM y na debe ser alilizada sueridan
! 2 4 mal
mra prapizias alicakes. Raliéase parfavaral andento

weh Sie del CEM pam el accezaa b infarmacian
dical
Przparada par:

Lenin Carmks y Migual Balkeslera. I?ﬂ-'f_‘-%‘@'gﬁ},\.

Facha: 01 de dickembre. 2001

Prayeackin: © aa e nadas geagrd ke

L3t prapuesiat @ Meat prezenladat @n2zlz mapa na wan necezaramanta b de Bt agancims
caape@Mes. ni represenlan o paliims alicakes. Las denaminacianes em pkadas 2n 2xie mapa
y Bfarma @n que aparecen prerenadar ks d&as que cantikne na implicn. de pans del Prayecia
Carredar Biakigica Mezaamericana (RLAMTAGGI). y de br agencis caapemmas uick

alguna zabre b candicidn juridia de pakes. Larriariaz. ciudades a zanas. a de sz aularidades.

ni rgzpecla de B delimiacian de suz franle =y a mies.

Océano Pacifico




-83

Mesoamerican Biological Corridor

-2 =81 -5U

-id

-78 -77

10
e

Leyenda

ol

[JLagos vy lagunas

Bl Areas protegidas legalmente establecidas]
B ireasProtegidas P ropuestas
Corredares propuestos (Conexiones)

Agua Salud Study Site

Mar Caribe

2300 mm

1:3000000

Costa Rica

Santos
1470 mm

Prayeda parm b cansalidaciin delcarredar
Biakigica Wesaamariana

Exie mapatue dieiiada pam reflar b3 ad vidades
ol pragreza dal CEM ¥ na daberia sar ulilimda
cama fug e de infarmackin afical- &l na rellke@

b pasicinalicaldal CEM y na debe ser alilizada sueridan
! 2 4 nasional del
mra prapizias alicakes. Raliéase parfavaral andento

‘wab Fke del CEM pam el acoesaa b infarmacian 5 P
dicil Océano Pacifico
Preparada par:
Lenin Carmkes y Miguel Balkesan.
Facha: 01 de dicke mbra. 2001

i e Dogiz) @ B

Prayeackin: © aa e nadas geagrd ke

L3t prapuesiat @ Meat prezenladat @n2zlz mapa na wan necezaramanta b de Bt agancims
caape@Mes. ni represenlan o paliims alicakes. Las denaminacianes em pkadas 2n 2xie mapa
y Bfarma @n que aparecen prerenadar ks d&as que cantikne na implicn. de pans del Prayecia
Carredar Biakigica Mezaamericana (RLAMTAGGI). y de br agencis caapemmas uick

alguna zabre b candicidn juridia de pakes. Larriariaz. ciudades a zanas. a de sz aularidades.

ni rgzpecla de B delimiacian de suz franle =y a mies.

T T




Panama’s Forests are Rich in Biodiversity




Forests and Trees Provide Services for Local People

Living fences provide Construction materials
shade and fodder for

cattle Medicinal plants



Managing Water is Essential for Canal Operations

Too little water leads to draft

restrictions as in the 1997 El
Niho

Too much water puts
Canal infrastructure at
risk as in 2000 (and
2010!)



Panama Canal Water Budget

cubic cubic

km/yr m/sec
Total Runoff: 4.4 139
Lockages™: 2.6 82
Hydroelectricity: 1.2 39
Drinking: 0.27 9
L+H+D = 4.1 130
Total, 1982: 3.3 105

* 37 per day at 191,000 cubic meters per lockage
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Inputs and Outputs in Two Agua Salud Watersheds

Precipitation in focal
watersheds in 1997-98

Stream flow in focal
watersheds in 1997-98



Stream Flow in Mature Forest and Mosaic Watersheds

Ogden et al. unpublished data
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Land cover

Hassler et al. (en imprenta): Ks depende de uso del terreno en los a) 0-6 cm de profundidad y de b) 6-12 cm de profundidad. Clases de cobertura
de terreno estan abreviados con P para potrero, SF5 para bosque secundario joven, SF12 para bosque secundario de 12 anos y SF100 para
bosque de 100 anos. Los parametros de los diagramas de cajas estan explicados en la seccién 2.6. Letras del subindice visualizan el resultado del
test de Kruskal-Wallis: Letras diferentes indican diferencias significativas entre los grupos (p< 0.05).



Soil Organic Carbon Stocks in Regenerating Forests at the Agua
Salud Focal Research Site
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Neumann-Cosel et al. (2011) Forest Ecology and Management
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Breugel M.v. et al (2011) Forest Ecology and Management

Hall et al. (2011) Forest Ecology and Management



Native Species and Secondary Succession Catchments






















Carbon Stocks Across Different Land-use Types in a Rural Landscape

Mature Forest Canal grass Pasture Plantation Succession




Carbon Across Land Uses
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Secondary succession equation in Breugel et al. 2011; Teak common practice (C.P.): calculated with stand data of Bermejo et al. 1998 and allometric equation
of Kraenzel et al. 2003, Teak low maintenance (L.M.): data from Kraenzel et al. 2003, Native species: data from Piotto et al. 2009 online



Carbon Across Land Uses
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Secondary succession equation in Breugel et al. 2011; Teak common practice (C.P.): calculated with stand data of Bermejo et al. 1998 and allometric equation
of Kraenzel et al. 2003, Teak low maintenance (L.M.): data from Kraenzel et al. 2003, Native species: data from Piotto et al. 2009 online



Carbon Across Land Uses
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Secondary succession equation in Breugel et al. 2011; Teak common practice (C.P.): calculated with stand data of Bermejo et al. 1998 and allometric equation
of Kraenzel et al. 2003, Teak low maintenance (L.M.): data from Kraenzel et al. 2003, Native species: data from Piotto et al. 2009 online
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Light Detection and Ranging - LiDAR



Understanding Forest Structure and Aboveground
Biomass in a Mixed Land-use Landscape



Field data
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Barro Colorado Island



Mascaro et al. 2011
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Mas Informacion: http://www.ctfs.si.edu/aguasalud/
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