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EXECUTIVE SUMMARY

Ly GKA& LILISNI 6S SELIYR FyR dzLJRIFGS 2dzNJ LINBGA 2 d;
Biodiversity and Ecosystem Function of Four Proposed Hydroelectric Dams in the Changuinola/Teribe
Watershed Bocas del Toro, Panama, with Emphasis on Effects Within the La Amistad World Heritage
{AGSE€T GF1Ay3a AyG2 | 002dzyli S@SyiGa 200dz2NNARy3d arayosS
expanding coverage to include all of the La Amistad World Heritagev&iéesheds in both countries
and on both sides of the Continental Divide. This is necessary because it has become increasingly
apparent that, chiefly as a consequence of dam proposals and in direct contravention of one of the
stated purposes for declamnthe La Amistad National Parks, all of the major watersheds within the
World Heritage Site are threatened with multiple species extirpations and consequent secondary effects
which stand to grossly alter the character of ecosystems within the Site arslitheunding protected
areas and indigenous territories making up the La Amistad Biosphere Reserve. For the sake of
convenience, in much of the discussion we divide the La Amistad region into 4 seCwsta Rica and
Panama, Atlantic and Pacific slopes.

While this report focuses on biological events and predictions, we must take note of the
numerous protests against dam plans and associated development which have occurred in all 4 sectors,
based not only on environmental issues, but also reflecting gakib-cultural, indigenous rights and
local economic concerns. Of particular concern are open pit mining plans being developed in Bribri
territory on the very periphery of the World Heritage Site on the Atlantic slope of Costa Rica, and which
are perceivd as related to nearby dam sites.

Results of several important biological investigations in the La Amistad area have been
published since our last report. These include inventories of fish and macroinvertebrates carried out by
University of Costa Rica bigists and sponsored by ICE in the Grande de Terraba River drainage on the
t I OAFEO at21LIS 2F /2adl wAOFX R@GFryOSa Ay ! a20Al OA
Atlantic slope of that country, and an ongoing binational Darwin Inigativentory focusing on the
World Heritage Site, which has already reported numerous new country records and discovered 31
species of animals and plants new to science.

However, perhaps the most immediately significant new investigation is a series onfdries
undertaken by the Smithsonian Tropical Research Institute (STRI) in the portion of the Changuinola River
watershed which would be directly affected by the CHANand CHANA40 dams. Along with important
new species records, the STRI report corirmi KS ! b! L 0A2Y2YyAG2NRAY3 (Sl YQa
monitoring in the Atlantic slope watersheds of Costa Rica andquamtitative surveys in the
Changuinola/Teribe watershed of Panama) of overwhelming dominance by diadromous migratory fish
and shrimp in seams at middle and upper elevations on the Atlantic slope of the La Amistad area.

Unfortunately, the Executive Summary of the extremely long (total 1,081 pages) STRI report
attempts to serve public relations functions by underplaying the significandmdfomy and glossing
over problems and limitations which are acknowledged in the full text. This tendency is extended and
exacerbated in the recently published mitigation proposal by the engineering firm AES Changuinola and
the consulting firm MWH whitdoes however constitute an important new bibliographic resource.

Descriptive sections of the present ANAI report place the rivers which arise within the La
Amistad World Heritage Site in a geographic context of the ca. 10,000 sg. km. La Amistad 8iospher
Reserve, and review the fish and macroinvertebrate taxa known from these watersheds, with emphasis
on diadromous species known to occur within the World Heritage Site.

For each of the 4 sectors of the La Amistad area we analyze all publicly avaflaioiation on
proposed dams and relate it to the threat of species extirpation and related ecological consequences.

For the Pacific slope of Panama, we note that all access by diadromous species to streams within the
World Heritage Site is already blockby existing or nearly completed dams, leading to a hypothesis of
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total or neartotal species extirpation. On the Atlantic slope of Panama, the only significant change

since 2007 is progress toward completion and closure of the GFydhd Bonyic DamaVe report on
proposals for 8 dams on the Atlantic slope of La Amistad/Costa Rica, and plans for one large and several
smaller dams on the Pacific slope of that country. We conclude that if all presently proposed dams are
constructed, 67% of the total watehed area of the La Amistad World Heritage Site will become
inaccessible to diadromous and other upstream/downstream migratory fauna. As maps in this report
suggest, similar figures could be derived for all of the upland protected areas and indigeniagde

in the La Amistad region.

In the following discussion of the biological aspects of the dam threat, we will emphasize the
Atlantic slope watersheds of both countries, for two reasons: 1) More than 90% of the World Heritage
Site is located on tit side of the Continental Divide and 2) Our knowledge of the biology of the Atlantic
slope streams is much more detailed. With these limitations acknowledged, and recognizing also that
the World Heritage Site and contiguous protected areas on the Psldfie for the most part consist of
a high altitude fringe, we must mention that, at the watershed level, the threat (and in Panama, losses
to date) in Pacific slope watersheds is very comparable.

For the Atlantic slope we identify at least 16 diadromopecses (8 fish and 8 shrimps) which
will probably be extirpated from major portions of the World Heritage Site if existing dam plans are
realized, and also discuss implications for potamodromous species (those which perform obligatory
migrations entirelywithin fresh water) and others.

We argue that the ecological effects of predictable species extirpations will not be limited to a
loss of biodiversity at the species level and that, in fact, secondary effects will be more significant. In
addition to notirg the implications of loss of species of seed dispersers and alteration of pregataior
relationships, we draw on a large, long term body of research from Puerto Rico (where rivers have a
similar diadromous fish and shrimp fauna) and elsewhere to showdliomnation of omnivores,
herbivores and detritivores (categories which include all the shrimp and the most abundant fishes of the
La Amistad region) affects sediment dynamics, breakdown of allochthonous vegetable matter, water
and substrate chemistry@al biomass and diversity and structure of the benthic macroinvertebrate
assemblage. We apply the principles of the River Continuum Concept to show that loss of these
GSO02a2aiSY SYyairAySSNRrR¢ g2dZ R KI @S LINE €RadxphiRtady SI G A O
area within and downstream of the World Heritage Site, all the way to the estuaries.

A large body of experience at existing dams worldwide suggests that causes outside the World
Heritage Site (dams) will have negative effects within the Sitielwwill in turn contribute synergistically
to effects occurring downstream. In addition to habitat loss in areas occupied by dam sites, reservoirs
and downstream dewatered reaches, the effects of downstream alterations in flow rate and periodicity,
sediment transport and deposition, temperature, and water chemistry will be exacerbated by biological
impoverishment of the upper reaches of rivers.

In general, we take exception to government policies which permit and facilitate massive
species extirpationand associated ecological impacts within a World Heritage Site, while noting that in
this particular case the threat is to a nearly unigue ecosystem. The faunal assemblage typical of high
gradient streams in the La Amistad area, with high diversity inaver reaches, coupled with
dominance bysicydiungobies and shrimps in the upper watersheds, occurs in only 3 other small areas
in the Caribbean Basin. In large part because of the existence of the World Heritage Site and its
surrounding complex of ottreprotected areas, La Amistad represents our best chance to permanently
protect this unique ecosystem.

The AES/MWH mitigation proposal for the CHAANand CHAN40 dams provides an
opportunity to critique the concept of mitigation as it relates to thistgardar ecosystem. Beginning
with the patently false assertion that the dams will occasion no alteration in downstream habitats and
ecosystems, they propose as the best mitigation for upstream effects an aquaculture system which
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exists only conceptuallynal would be impossible to implement in a way compatible with dam
construction schedules. While this mitigation proposal, like those previously presented in less
developed form in the Environmental Impact Assessments for the Changuinola and Bonyic Dams,
suggests a lack of willingness to sincerely address the problem of upstream species extirpations, the
treatment of aquaculture and other options in it does serve to advance the discussion of mitigation
alternatives and reinforces our conclusion: Based bawalilable information, we conclude that there is
no possibility of significant mitigation for the ecological alterations which would result from completion
of existing dam plans in the La Amistad region.

Recognizing that UNESCO, ANAM, MINAET and a6 atlelved face clearly defined limits to
their authority, we suggest that the threats facing the fluvial and other ecosystems of the La Amistad
area cannot be dealt with solely through implementing policies within jurisdictional boundaries. The
nature d the rivers of the La Amistad area, particularly their diadromous component, and their relation
to terrestrial and marine environments, demands a watershed conservation approach, extending across
all kinds of boundaries.

Our previous report to UNESCO virasupport of a petition soliciting the declaration of La
Amistad as a World Heritage Site in Danger; this has not yet occurred. In the interim it has become clear
that the threat presented by proposed dams extends beyond the Changuinola/Teribe watémnshed
Panama. It is binational in nature and has the potential to grossly alter the natural character of the
World Heritage Site and other areas on both sides of the Continental Divide.

At this point, in recognition of the greater severity of the thresg recommend that the
UNESCO World Heritage Committee reopen the discussion of possible listing of the binational La
Amistad World Heritage Site as a World Heritage Site in Danger, in the context of considering all
alternatives for the protection of itsibdiversity. We would also strongly suggest to UNESCO, the two
national governments and all other concerned parties that all discussions related to this threat take
place in a context which recognizes the ultimate impossibility of protecting the biodivarsl
ecosystem integrity of the La Amistad World Heritage Site without taking into account entire
watersheds, from the Continental Divide to the sea.



RESUMEN EJECUTIVO

En este documento expandimos y actualizamos nuestro pR@oOdzy Sy 12 at 2aAo6f Sa
sobre la biodiversidad acuatica y la funcion de ecosistemas de las cuatro represas hidroeléctricas
propuestas en la cuenca hidrolégica Changuinola/Teribe, Bocas del Toro, Panama con énfasis en el Sitio
de Patrimonio Mundial LaYAA 4 G Ré¢ = O2y daARSNI yR2 f23& &4dz054a24a 2 OdzN
presentado en febrero del 2008 y expandiendo el area de andlisis a toda la region de Patrimonio
Mundial en las cuencas de ambos paises y a ambos lados de la divisién continentalsdeEzsgo se
hace necesario porque esta llegando a ser obvio que mayormente como consecuencia de la propuesta
de construccién de las represas, y contraviniendo directamente el propésito de la formacion de La
Amistad como parques nacionales, la mayor catide cuencas en este Sitio de Patrimonio Mundial
estan siendo amenazadas con la extirpacion de un gran nimero de especies y con consecuentes efectos
secundarios que alteraran el caracter de sus ecosistemas, de las areas protegidas y de territorios
indigeras aledafios que en su conjunto forman la Reserva de la Biosfera de La Amistad. Para facilitar
algunos aspectos del andlisis, dividimos la region de La Amistad en 4 seCtosts Rica y Panama,
Vertientes Atlantica y Pacifica.

Mientras este informe serdoca en sucesos y predicciones biolégicas, debemos considerar
también las numerosas protestas que se estan llevando a cabo contra los planes de construccion de las
represas y el desarrollo asociado a ellas en los 4 sectores; protestas basadas no sgézts ae
proteccion del medio ambiente sino también en la validez sodltural de los planes, y su impacto
contra la economia local y los derechos de los indigenas. De particular preocupacion son los planes
mineros a tajo abierto que estan siendo de®llados en el territorio Bribri en la periferia misma del
Sitio de Patrimonio Mundial sobre la vertiente atlantica de Costa Rica, que son percibidos como planes
relacionados a la construccién de las represas.

Desde la presentacion de nuestro ultimoairhe, se han publicado resultados de importantes
investigaciones bioldgicas en el area de La Amistad. Estos incluyen inventarios de peces y
macroinvertebrados llevados a cabo por biélogos de la Universidad de Costa Rica con el apoyo de ICE en
el drenaje @l Rio Grande de Terraba en la Vertiente Pacifica de Costa Rica; progresos en las
investigaciones de monitoreo de la Asociacion ANAI en la Vertiente Atlantica de ese pais; y el inventario
binacional de la Iniciativa Darwin que se enfoca en el Sitio daraio Mundial que viene reportando
numerosos nuevos records y descubriendo 31 especies de plantas y animales nuevas para la ciencia.

Sin embargo, quizas la investigacion mas significante es una serie de inventarios llevados a cabo
por el Instituto de Imestigacion Tropical Smithsonian (STRI) en la porcién de la cuenca del Rio
Changuinola que puede ser directamente afectada por las represas-THANHAN40. Ademas de
registrar la existencia de nuevas especies, el informe de STRI confirma la afieheiguipo de
monitoreo de ANAI (basado en el monitoreo de las cuencas en la Vertiente Atlantica de Costa Rica y las
encuestas no cuantitativas en la cuenca Changuinola/Teribe de Panamd) de la existencia de una
abrumadora dominancia de peces y camaroni@slidbmos (migratorios) en rios y quebradas en
elevaciones medias y altas de la Vertiente Atlantica del area de La Amistad.

Desafortunadamente, el resumen ejecutivo del extenso informe de STRI (con un total de 1,081
paginas) intenta cumplir mas funcionesméaciones publicas al reducir la importancia de diadromia y al
pasar por encima problemas y limitaciones que son reconocidos en el texto completo del informe. Esta
tendencia es extendida y exacerbada en la propuesta de mitigacion recientemente puplicdda
firma de ingenieros AES Changuinola y la firma consultora MWH que constituye, sin embargo, un nuevo
recurso bibliogréafico importante.

Secciones descriptivas del presente informe de ANAI ubica los rios que surgen en el Sitio de
Patrimonio Mundial L&mistad en un contexto geogréfico de cerca de 10,00bdena Reserva Biosfera



La Amistad, y revisa los taxones de peces y macroinvertebrados de esas cuencas con énfasis en especies
diadromas que han sido identificadas en el Sitio de Patrimonio Mundial.

Para cada uno de los 4 sectores del area de La Amistad analizamos toda la informacion publica
disponible sobre las propuestas de construccion de las represas y la conectamos con la amenaza de
extirpacion de especies y las consecuencias ecoldgicas reldagnRara la Vertiente Pacifica de
Panama, anotamos que todo el acceso de las especies diadromas a los rios y quebradas dentro del Sitio
de Patrimonio Mundial esta actualmente blogueado por las represas existentes o casi terminadas, lo
gue nos lleva a ap@r la hipotesis de extirpacion total o casi total de las especies. En la Vertiente
Atlantica de Panama, el Unico cambio significativo desde 2007 es el progreso hacia la culminacion de las
represas CHANS y Bonyic. Informamos sobre 8 de las represapygstas en las cuencas de la
Vertiente Atlantica de La Amistad/Costa Rica y sobre los planes existentes para construir una represa
grande y varias represas pequefas en la Vertiente Pacifica de ese pais. Concluimos que si todas las
actuales represas progstas son construidas, 67% del total del area de las cuencas hidroldgicas del Sitio
de Patrimonio Mundial La Amistad llegara a ser inaccesible a diadromos y a otro tipo de fauna
migratoria rio arriba o rio abajo. Como lo sugieren los mapas en este infoomeentajes similares
pueden ser estimados para todas las areas protegidas y los territorios indigenas en la region de La
Amistad.

En la discusion sobre los aspectos bioldgicos de la amenaza de las represas, enfatizaremos la
situacion de las cuencas EnVertiente Atlantica en los dos paises, por dos razones: 1) Mas del 90% del
Sitio de Patrimonio Mundial esta ubicado a ese lado de la Divisién Continental de aguas y 2) Nuestro
conocimiento de la biologia acuatica de la Vertiente Atlantica es muchoetdtado. Con el
reconocimiento de estas limitaciones y reconociendo también que el Sitio de Patrimonio Mundial y las
areas protegidas contiguas en la Vertiente Pacifica en su mayor parte consisten de una franja de gran
altitud, mencionaremos que, alval de cuencas, la amenaza (y en Panama las perdidas a la fecha) en
las cuencas de la Vertiente Pacifica es muy comparable.

Para la Vertiente Atlantica identificamos al menos 16 especies diadromas (8 de peces y 8 de
camarones) que probablemente seranigxados de la mayor porcién del Sitio de Patrimonio Mundial si
los planes existentes de construccion de las represas son ejecutados, y también discutimos las
implicancias para las especies potamodromos (animales obligados a migraciones largas en@guas dul
para completar su ciclo de vida) y otras especies.

Sostenemos que los efectos ecoldgicos de las predecibles extirpaciones de especies no estaran
limitados a la pérdida de biodiversidad a nivel de las especies y que, de hecho, otros efectos secundarios
seran alin mas significativos. Ademas de considerar las implicancias de la pérdida de especies de
dispersores de semillas y de la alteracién de las relaciones de predamtesss, nos basamos en una
abundante informacion acumulada tras un largo periodondestigacién en Puerto Rico (donde los rios
tienen una fauna similar de peces y camarones diadromos) y en otros lugares para mostrar como la
eliminaciéon de omnivoros, herbivoros y detritivoros (categorias que incluyen todos los camarones y la
mayor cantidd de peces de la regién de La Amistad) afecta las dinamicas de sedimentacion,
descomposicion de materia vegetal al6ctona, la quimica del agua y los suhdiratoasa de algas y la
estructura del ensamblaje de macroinvertebrados benténicos. Aplicaagsihcipios del Concepto
RSt /2ylGAydz2z RSt wN2 LI NI} Y2E0GNF NI |jdzS f I LISNRARI
profundos efectos negativos en los sistemas fluviales del area de La Amistad, rio abajo del Sitio de
Patrimonio Mundial, y hastms estuarios.

Una gran cantidad de experiencia acumulada en existentes represas a nivel mundial sugiere que
las causas fuera del Sitio de Patrimonio Mundial (represas) tendran efectos negativos dentro del Sitio lo
gue en su momento contribuird sinergéimente a efectos que ocurriran rio abajo. Ademas de la
pérdida de habitat en las areas ocupadas por las represas, reservorios y trechos de desague, los efectos
por la alteracion del flujo de agua rio abajo, en cantidad y periodicidad, transporte y dépate



sedimentos, temperatura y alteracion quimica del agua, seran exacerbados por el empobrecimiento
biolégico de las areas altas de los rios.

En general, objetamos las politicas gubernamentales que facilitan y permiten la extirpacion
masiva de especsey sus impactos ecolégicos asociados en el Sitio de Patrimonio Mundial, mientras
observamos que en este caso particular la amenaza es a un ecosistema casi Unico. El ensamblaje de
fauna tipico de rios de gradiente alta de La Amistad, con su gran diveesidaus partes bajas,
acompafiada con la dominancia de gol&isydiumy camarones en las cuencas altas, ocurre solamente
en otras 3 areas pequefias en la region del Caribe. En gran parte por la existencia del Sitio de Patrimonio
Mundial y su conexién dms areas protegidas aledafas, La Amistad representa nuestra mejor
oportunidad para proteger permanentemente este ecosistema unico.

La propuesta de mitigacion AES/MWH por las represas GHANCHANL40 nos ofrece una
oportunidad para criticar el concepte mitigacion en lo que se refiere a este ecosistema en particular.
Empezando con la afirmacion evidentemente falsa de que las represas no ocasionaran alteraciones al
habitat y ecosistemas rio abajo, propone como la mejor mitigacién para efectos aghasa sistema
de acuacultura que sélo existe conceptualmente y que seria imposible implementar de manera
compatible con el programa de construccion de las represas. Mientras que esta propuesta de
mitigacion, al igual que las anteriormente presentadaga@ma menos detallada en las Evaluaciones de
Impacto Ambiental para las represas Changuinola y Bonyic, sugiere la falta de voluntad para enfrentar
sinceramente el problema de extirpacion de especies aguas arriba, la propuesta de acuacultura y otras
opciones en ella sirven para adelantar la discusion sobre alternativas de mitigacion, y refuerza nuestra
conclusién: Basados en toda la informacién disponible, concluimos que no existe ninguna posibilidad de
mitigacion efectiva para contrarrestar las altem@s ecoldgicas que resultarian de la ejecucion de los
planes existentes de construccion de las represas en la region de La Amistad.

Reconociendo que UNESCO, ANAM, MINAET y todas las demas organizaciones involucradas
enfrentan limitaciones de autoridad, ssideramos que las amenazas que confrontan los ecosistemas
fluviales del &rea de La Amistad no pueden ser enfrentadas solamente con politicas dentro de los limites
jurisdiccionales. La naturaleza de los rios del area de La Amistad, particularmente snamamp
diadromo y su relacién con ambientes terrestres y marinos, demanda un enfoque de conservaciéon de
cuencas que se extienda mas alla de los limites y fronteras existentes.

Nuestro informe anterior a UNESCO fue escrito en apoyo a la peticiaectizacion de La
Amistad como un Sitio de Patrimonio Mundial en peligro, la cual no ha sido promulgada aun. En este
interin, ha llegado a ser evidente que la amenaza presentada por las represas propuestas se extiende
mas alla de la cuenca Changuinolaiberen Panama. Es binacional por naturaleza y tiene el potencial
de alterar tremendamente el caracter del Sitio de Patrimonio Mundial y de otras areas en ambos lados
de la Divisién Continental de aguas.

En estas circunstancias, reconociendo la severitald amenaza, recomendamos que el
Comité de Patrimonio Mundial de UNESCO reabra la discusion para la identificacion del Sitio binacional
de Patrimonio Mundial La Amistad como un Sitio de Patrimonio Mundial en Peligro, en el contexto de
considerar todasas alternativas posibles para proteger su biodiversidad. También sugerimos
enfaticamente a UNESCO, a los dos gobiernos nacionales y a las demas partes interesadas que toda
discusién relacionada con esta amenaza se lleve a cabo en un contexto que ret¢amoposibilidad
de proteger la biodiversidad y la integridad ecoldgica del Sitio de Patrimonio Mundial La Amistad con
propuestas que no tomen en cuenta las cuencas en su totalidad, desde la Division Continental de aguas
hasta el mar.
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INTRODUCTION

The present report expands and builds on our 2007 report, cited above, with 4 major
differences:

1. Itadds a summary of scientific investigations and publications, and a brief chronicle of other
relevant events which have occurred since the 2007 report wagared. In addition to the
updating function, we use this as an opportunity to dispute misleading statements in the
mitigation proposal for the CHARb and CHANA40 dams, recently published by proponents
of the dams (AES and MWH, 2009).

2. The 2007 report waalmost entirely focused on effects of dams in the Changuinola/Teribe
watershed of the La Amistad World Heritage Site in Bocas del Toro Province, Panama. The
present report expands the area of coverage, acknowledging and analyzing the threats
implied bydams proposed for all of the La Amistad watersheds, in Panama and Costa Rica.

We conclude that if all the dams for which details have been made public are completed,

near or total extirpation of the diadromous fauna will occur over 67.1% of the La Aimista

World Heritage Site. This clearly conflicts with one of the purposes for the creation of PILA,

Fad FNIAOdzZ F SR o6& ! f@FNITR2 ompydpd F2N G§KS t I
a significant sample of the biological diversity of one of thieast faunal and floral zones

GKAOK aidAft NBYFAya tFNBSte dzylt GSNBER Ay GKS

3. We have had the opportunity to incorporate results from a more complete literature search,
particularly with respect to documented effects of ecosystem alteratiabove high dams
and reservoirs in the tropics. Beyond numerical loss of species level diversity, we point out
GKFG a2yYS 2F GKS aLISOASa GKNBFGSYySR I NBE Of St
initially defined by Paine (1969). We concur Wit dzf S~ S&G Ff ® ownnpov GKI
disappearance of a strongly interactive species can lead to profound changes in ecosystem
O2YLRaAGA2Y > aGNHOUOGIdINE yR RAGSNEAGEE YR (UK
that have lost one or more strongly inteta@ species are destined to undergo profound
RSANI RIGAZ2Y YR AAYLEATFTAOFGAZ2Y 2@0SN) GAYSdE
context of what we here identify as a unigue assemblage of fish and shrimp inhabiting the
Atlantic slope drainages of¢hLa Amistad area.

4. We have also expanded our documentation of beldam effects beyond what appeared in
the previous report, to more forcefully make the case for treating the rivers of the La
Amistad region as altitudinal biological corridors. We argué, theyond the explicit
commitment to preserve biodiversity, UNESCO, together with ANAM and SINAC, as
stewards of the La Amistad International Peace Park, have an obligation to oppose measures
which would reduce or eliminate corridor function in rivers iagsin the World Heritage
Site.

Our concerns for the La Amistad region echo those stated in global terms by Pringle (2001), who
203SNWSR UKIFO AaLYONBlIaay3Ites oAa2f23A0FE NBaASNBSa
alterations in hydrologicannectivity within the greater landscapélydrologic connectivitis used here
in an ecological sense to refer to watgediated transfer of matter, energy and/or organisms within or
0SGsSSy StSyYSyida 2F (GKS KeRNRt23IAO0 0OeOf So¢

She goes onto note thatméan & N5 a SNIIS 4 ¢ 6FrY2y3a GKSY G4KS [ !
the surrounding complex composing the La Amistad Biosphere Reserve) are concentrated in upper
gl 6 SNEKSRa FyRZ |a adzOK Gyl e KF@S Ayidl OdsoLKé&aaAOol
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some native species, yet hydrologic disturbances in lower watersheds may cause extirpation of

migratory species, cascading trophic effects, and genetic isolation ... many reserves are in danger of
0SO2YAYy3A LRLWZA FGA2Y ndtaddveidp a Rorefpedidtive Anddrstardidof foW 6 S R 2
GKS®@ N3 'TFSOGSR o0& KeRNRt23IAO FftGSNIXGA2ya GKIFQ
LINBaSyd NBLER2NIL Aa G2 o0S3IAy (G2 LINRPGARS (iKeofd G LINBRA
events similar to those which concern Soule, et al. (2005) and Pringle (2001).

In our previous report, following the introduction we devoted two pages to discussing:

1 Generalized effects of dams as barriers to up and downstream movement of @aquati
animals, particularly fish and shrimp, with emphasis on the generally underappreciated
effects of dam/reservoir complexes on upstream river reaches.

1 The particular significance of these effects in fluvial systems characterized by diverse and
abundant di@romous animals, with emphasis on the Changuinola/Teribe watershed.

1 Predictions re the effects of dams on the La Amistad rivers, drawing on experience in other
parts of the world, particularly the West Indies.

This material is repeated in lightly edited form below, for those who may not have read
McLarney and Mafla (2007). Many readers of the present document will not need to be convinced of
the legitimacy of concern for the biotic health of the rivers of taeAimistad World Heritage Site if
projected dam plans are realized. The arguments adduced in our earlier report and the analogies from
experience in places like Puerto Rico and Guadeloupe are equally applicable to the watersheds of the
Atlantic slope of & Amistad in Costa Rica, and in general terms to the Pacific slope watersheds of both
countries as well. Some readers may wish to skip ahead to the succeeding sections which are made up
of mostly newer material, including:

1 Descriptions of the watershedsd biota which would be affected by the proliferation of
dams in the watersheds which drain the La Amistad World Heritage Site.

1 Areview of related events in the La Amistad area since our last report, including recent
publications.

1 A more thoroughly desioped section on secondary effects of species extirpations, including
possible effects on neighboring ecosystems.

9 Articulation of the unique character of the ecosystems represented by the Atlantic slope
rivers of the La Amistad area.

1 Presentation of thease for conservation of the rivers of La Amistad as altitudinal biological
corridors, in and downstream of the World Heritage Site.

1 Brief comments on mitigation methods for diadromous assemblages.

1 Recommendations to UNESCO and other relevant agencies.

Ourcomments here reflect our concern for the La Amistad area as an irreplaceable repository of
biodiversity, which is both our area of expertise and the principal reason for the declaration of a
binational World Heritage Site. However, we would like to tdks opportunity to emphasize that,
insofar as the discussion is about the pros and cons of constructing hydro dams on the rivers of La
Amistad, all involved need to be cognizant of a variety of related social justice and-wscro
microeconomic issuesThese important concerns have been and will continue to be raised by other
individuals and organizations.

12



DAMS AS BARRIERS, AND THE IMPORTANCE OF DIADROMY

Any obstruction placed in a flowing stream will function to some degree as a barrier to up and
downstream movement by aquatic animals, and thus to some degree fragment the ecosystem. Even
porous rock dams placed in small streams in order to temporarily impound water for uses such as
irrigation or recreation may require fish and other animals toengbextra energy and expose them to
predators. At the opposite extreme high dams can function as nearly absolute barriers, dividing a river
into two isolated segments, separated not only by the dam, but by a third and extremely different
environment in tke form of a reservoir lake. The degree to which these effects may be mitigated is
variable; here we will argue that in the situation presented by the watersheds of the La Amistad World
Heritage Site, mitigation adequate to protect biodiversity upstreamroposed dams is wetligh
impossible. This is especially true in the case of the Changuinola (Panama) and Telire (Costa Rica)
watersheds which potentially face the effects of multiple dams in sequence, thus likely negating even
the slight possibility ofong term survival of some diadromous species in the system were there only
one dam and reservoir.

In defending this argument, we will need to introduce some very specific vocabulary anent the
modes of movement of aquatic animals. Some fishes and nmgumtia invertebrates are relatively
sedentary; they tend to spend their entire lives within a fairly restricted area (though long involuntary
movements may occur under conditions of extreme weather or as a consequence of anthropogenic
disturbance). Thesey AYFf a4 I NBE ISYSNI YRANDAPANERINBR 22 Ko & I ¢ ¥
individuals or involuntary movement may play an important role in dispersal of populations.

Some forms of voluntary movement, even over long distances, are not properly referasd
GYAIANI G2NEE D ly SEIFYLXS 62d R 0SS GKS 2LII2NIdzyArai
rivers in pursuit of prey. This presumably accounts for the documented occasional presence of large
marine fishes such as snook¥htropomuy jacks Caanx), and most recently GerreidEgerrey
(Lasso, et al. 2008b and c) well inland on rivers of both slopes of La Amistad. This behavior, probably
0S40 RSAONAOGSR & aFlOdzZA G GABS 6 yRSNAY3IE 0alO524!
tkSasS &ALISOASAT a2YS LRLWA I GAz2ya SEAAG 6A0GK2dzi SOSN
defined by Northcote (1979) as:

GY20SYSyld NBadzZ GAy3a Ay |y FEOGSNYFGA2y 0SGsSSy
a movement away from one habitat followed byedurn again), occurring

with regular periodicity (usually seasonal or annual), but certainly within

the life span of an individual and involving a large fraction of the breeding

population. Movement at some stage of this cycldiiectedrather than a

random wandering or a passive drift, although these may form part, or one

£fS3 2F | YAINI GAZ2Y DE

In other words, true migration is voluntary movement essential to the maintenance of species
and populations. In fresh water fishes, true migration may iwéldd into two categories, as first
defined by Myers (1949Potamodromyrefers to migrations carried out totally within fresh water.
Diadromyis applied to those animals which are obliged to migrate between fresh and salt waters in
order to complete thé life cycle. Potamodromy is of major importance in very large rivers such as the
Amazon, Mississippi or Mekong, but is relatively uncommon in the La Amistad region, where the best
known examples are fishes of the characid geBrygon which are importat elements of the fauna of
the Pacific slope watersheds, but missing south of the Estrella River on the Atlantic. The possibility of
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undetected potamodromous behavior by smaller fishes exists. For example another characid,
Astyanax aeneusne of the conmonest obligate fresh water fishes of all the La Amistad watersheds,
has been shown to be potamodromous in Guanacaste, Costa Rica (Lopez, 1978). However, most of
the emphasis here will be on diadromous fish and shrimps.

Some proportion of diadromous anals exists in most of the fresh waters of the world, even
at locations far from the sea. An extreme example is provided by 5 species of catfishes which have
0SSy akKz2gy (2 aLlk ey Ay KSIRgelFIGSNI adiNBlyYa 2F (GKS !
nursery area (Borges Barthem, et al. 1991). However, diadromy is especially prevalent on islands and
isthmuses, such as Mesoamerica, where river systems are necessarily short. In the case of
Mesoamerica, including the La Amistad watersheds, the predom@ahdiadromous forms is also
due to the periodic isolation, over geologic time, of the isthmus from the larger continental land
YIda8a 2F b2NIK FyR {2dziK ! YSNAOI o lra | O2yaSldzs
defined by Myers (1966) and N&ir (1966) as stenohaline fishes (fishes with a narrow range of salinity
G2t SN yOS0 adaNROiGfte Ayid2t SNIYyd 2F alfd 6FGSNE Aa
majority of the freshwater fishes due to their inability to travel byisal 6 I 4§ SNJ 2 NJ 2 G KSNJ YSI y
1998). As a consequence, euryhaline fishes (able to tolerate a wide range of salinities), most of them
of marine origin, have had a competltlve advantage and Mesoamerican rivers contain an unusually
large proportionoff NSaKgl G6SNJ FAaKSa o0Said RSAONAROSR Fa SAGKS
water but able to move through and survive in saline environments) or diadromous. (We here refer
mainly to fishes; much of the same terminology and arguments apply to samstaceans and
molluscs, and we will also refer to shrimps in developing our argument.)

Studies directed by us since 1999 in the Sixaola/Telire and Estrella watersheds of Costa Rica
and Panama, which drain the Atlantic slope of the La Amistad Worlthgerbite (McLarney and
Mafla, 2006b, 2008; McLarney, et al. 2009a), plus the more recent inventory efforts of a Smithsonian
Tropical Research Institute (STRI) team (Lasso, et al. 2008b and ¢) and information compiled by
indigenous parataxonomists residimgthe Changuinola/Teribe watershed (Mafla, et al. 2005;
McLarney and Mafla, 2008, 2009a) have resulted in a fairly complete list of the fresh water fish species
of the Atlantic slope watersheds of the La Amistad area. Nearly half of a reporediditesh water
species move regularly between fresh and salt water and at least 14 exhibit true diadromous behavior.
(McLarney and Mafla, 2006b) This information, supplemented by other sources (Bussing, 1998; STRI,
2007; Goodyear, 1980; STRI, 2010, persomahmenication, Dr. Jorge Garcia, U. of Panama) forms the
basis for the information on the Atlantic slope watersheds in Table 2.

The recent work of the STRI team in the upper Changuinola and of the ANAI team in the
Sixaola/Telire and Estrella watersheds oseveral years provide an indication of the importance of
diadromous fishes in the Atlantic slope watersheds of the La Amistad area:

Lasso, et al. (2008b) specify which of the species they collected in the Changuinola watershed
above the CHANS dam siteare diadromous, but say nothing about their significance relative to the
total fish assemblage. Using their raw data, we calculate that (summing all fish from all sites during
both wet and dry season sampling) while only 7 of 15 species are unarguadigrdous (See
discussions below abouitherinella chagresand Eugerres plumieli. 83.1% of a total sample of 3,724
individual fish and 82.4% of fish biomass were composed of diadromous species.

ANAI biomonitoring data from 16 fish samples at 11 sitethe PILA boundary in the
Sixaola/Telire and Estrella watersheds during 22089 show 13,234 of a total 18,691 fish captured
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(70.8%) as belonging to 8 diadromous species. Ptiops of diadromous fishes in individual
collections ranged from 22.8 td&690%; in all but 5 instances diadromous fishes formed the majority of
the sample.

Two principal factors contribute to the dominance by diadromous fish in both cases:

1 At almost all sites, the single most numerous fishes, usually by a wide margiheare t
diadromousSicydiungobies.

91 All of the other diadromous species are lafgedied fishes; the only nediadromous fish
which normally reach comparable sizes are Rleamdiacatfishes, which accounted for
only 0.3% of individual fish in the ChanguindlaLJt Sa ® ¢ KS O2YOoAylF A2y 2
ydzYSNRdzaé¢ | yR afl NBSaidé¢ SyadaNBa R2YAYylFIyOS 27

It may seem counterintuitive that the relative importance of diadromous fishes increases with
altitude but, although every individual of a diadroo®species must pass through the entire length of
its home river below the World Heritage Site at least once, the greater total diversity of fish and/or
a0 NOAGE 2F FRdzAZ Ga 2F RAFRNRY2dza &4LISOASA Ay R2gya
will take the most recent year of data collection (2009) as an example. In a total of 24 IBI samples from
a wide diversity of streams in the Sixaola/Telire and Estrella watersheds downstream of the PILA
boundary, we counted 13,302 fish of which 3,86@28r1% were of diadromous species (including
Eleotrisand Microphis which have not been recorded from altitudes above 100 m.)

At the opposite extreme, above natural vertical barriers within the World Heritage Site we
usually findSicydiunto be the only fish present. The same applies, in general to the shgnhey are
present at all sites, more abundant further upstream, and dominant above natural barriers. These
numbers serve to underscore the particular importance of the World bigeitSite in preserving the
diadromous component of the biota of the rivers of La Amistad.

Since 2008, we have accumulated some information on diadromous fishes and shrimps of the
Pacific slope but, while we suppose that the dominanc&isydiumand shrinps represents the
natural situation in high altitude rivers of that slope, we can cite no collection data in support of this
assumption. Information on Pacific slope streams will be presented in following sections, as
appropriate.

Diadromy may be separad into 3 categories, about which there is a certain amount of
misunderstanding in the literature with respect to the category of amphidromy. The reader interested
in this discussion is referred to McDowall (2004) and references therein. In Table8 2iaddhe rest
of this paper, we follow the categories established by Myers (1949) and McDowall (1988):

 Anadromousf A A KSa alLJ da (GKS YlFI22NAGe 2F GKSANI fAQS
NBELINE RdzOS¢ 0a052¢!l ff 3 wmgyapaddmoustish&saebaé i 1y 20Y
Pacific salmongdncorhynchuswhich constitute a major commercial resource in North
America and northern Asia. Although anadromy is by far the best known form of
diadromy, it is little developed in the tropics. Most tropicabdromous fish, such as the
pipefishes (Syngnathidae), do not ascend far above tidewater.
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 CatadromouF A aKS&a NB (KS 200SNES 2F FylFIRNRBY2dzA al
GKSANI t A@Sa Ay FTNBAK gFGSN) I YR YAedamplasS (2 (K
are the freshwater eels (Anguillidae) of almost worldwide distribution, including the
Atlantic slope watersheds of the La Amistad region.

1 Amphidromoudishes comprise a third and much less known category, although
amphidromy is the dominant forraf diadromy in the tropics and on many islands.
l YLIKARNRY® 61 & FANBUGU RSTFAYSR 6& a@SNB 6mdndo
g1 GSNE IyAYlIfa 6KAOK NS 206fA3SR (2 &LISYyR GA
period. It remained an obsceitand often misunderstood category (sometimes treated as a
subset of catadromy) until McDowall (1987, 1988, 2004, 2007) published the definitive
works on the subject.

The normal pattern of amphidromy begins with eggs laid in fresh water, sometimesaafte
downstream migration by the breeding adults. (In some cases, doubt about where this migration
terminates blurs the line between amphidromy and catadromy.) The newly hatched larvae are carried
by the current to the marine environment where, after aveéopmental period of varying duration,
they begin a long upstream migration as advanced larvae or juveniles, continuing to develop as they
migrate.

A peculiar habit of some amphidromous animals is to migrate in mixed groups. Perhaps the
bestknownmg A FSadGF GA2Y 2F | YLIKARNRYE A& GKS adAavYaoOKSe
and Kelso, 1971), in which large masses of larval and juvenile gobies (Gobiidae) and palaemonid
shrimps, sometimes mixed with other types of fish and cructaceans and dole&f @ OF f f SR & G A
migrate upstream together.

All forms of migratory behavior, diadromous or otherwise, are subject to disruption when
rivers are dammed. This may take various forms:

1 Upstream migrants, even large, strong swimming fish, may be styinyi¢loe physical
barriers posed by dams, penstocks and dewatered river reaches.

1 Downstream migrants may be killed passing over drop structures or through turbines.

9 Passive downstream migrants, such as many larval forms, depend on river currents, and
may shk and perish in the slow moving to stagnant waters of reservoir lakes.

1 Freefloating sac fry of some amphidromous fishes and shrimps may die of starvation if
they do not reach estuarine waters quickly enough; a reservoir lake may slow their
progress andause up to 100% mortality.

1 Some actively swimming species depend on currents to orient themselves and may wander
aimlessly, with consequent high mortality, in impoundmemitde lured into flows
associated with dam operations which have no outlet.

1 Animalsattempting to surmount barriers may be unduly exposed to fishing pressure,
predation, desiccation and other threats.
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EFFECTS OF DAMS ON DIADROMOUS ANIMALS IN MESOAMERICA AND THE CARIBBEAN

In this section we review literature to suggest the probable @fef dams, and especially
fF NBES RIFIYa Ay (GKS [ !'YAadFrR NBIA2YI 6AGK SYLKI &A
defined as those > 15 m. high (ICOLD, 1998; World Commission on Dams, 2000) a definition which
applies to all but a fe& of thedams discussed herd he only published studies on the effects of dams
on diadromous animals in Mesoamerica are those of Anderson, et al. (2006, 2007) referring to
relatively small dams in the Sarapiqui watershed of north Atlantic Costa Rica. Howeean w®fit
from experience in the larger West Indian Islands, where the rivers are similarly short, and where the
mix of fish and shrimp species is similar to that of the Mesoamerican mainland, although with an even
higher proportion of diadromous species

In Curacao, Debrot (2002, 2003) implicated dams (along with associated water diversions) in
the disappearance of diadromous fishes and shrimps over much of the island. In Guadeloupe, Fievet
(1999) and Fievet, et al. (2001a, 2001b) found total or et absence of diadromous fishes and
shrimps in rivers upstream of dams.

The best test case is Puerto Rico. While in most of Latin America, pressure for construction of
hydroelectric dams is only now reaching its peak, Puerto Rico, being a Commoruieaéhnited
States, is already saturated with hydroelectric dams (3 times more large dams per unit area than the
continental United States, according to Greathouse, et al. 2006b). Holmquist, et al. (1998) found that
all native fishes and shrimps wergtigpated upstream of large dams with no spillway discharge in
Puerto Rico and observed total or neatal absence of diadromous fishes and shrimps in rivers
upstream of dams with spillways theoretically passable by fish and shrimp. Kwak, et al. §2007) i
survey of Puerto Rican streams, found no native fishes at any site upstream of a large reservoir.

Low head dams in Puerto Rico (much smaller than those proposed for the La Amistad area), did
not always result in extirpation, but invariably causedeseweduction in numbers of diadromous
Atyid and Palaemonid shrimps (Benstead, et al., 1999). Greathouse, et al. (2006a, 2006b) reviewed the
AAlbdz- A2y Ay tdzSNI2 wAaO2 YR RSGSNNYAYSR GKFG RFEYA
extirpation of upstrey” LJ2 LJdzf F A2y & 2F YAIANI G2NEB Tl dzyl o€ | 265
or in one case a diadromous fisedbiomorus dormitgrabove dams was usually linked to alternate
migratory pathways, including leaks characteristic of older dams; successfoduegion of
L2 LJdzf F GA2ya | 06203S RFEYa ¢l & y20 RSY2YyailiNrGSRo ¢
FOO0OS&aa 2F YAINIG2NB oA20F G2 wnnn aloe (Yo 27F
YI aaodé

KSe

KS
Outside the West Indies, particuladirong negative effects of dams on amphidromous fauna

have been described for Japan (Han, et al. 2007; Katano, et al. 2006; Miya and Hamano, 1998), Brazil

(OdinetzCollart, 1996), Guam (Concepcion and Nelson, 1999), New Zealand (Joy and Death, 2007;

McDowall, 2000), Australia (Gehrke, et al. 2002), Texas (Horne and Beisser, 1997) and the United States

in general (Bowles, et al. 2000). Taxa mentioned in these studies which also occur in the La Amistad

region include the fish generanguilla, Agonostomuswaous, Sicydiungand Gobiomorugplus
palaemonid Kacrobrachium and atyid Atya, Micratyaand Potimirinm) shrimps.

Information on dam effects from Mesoamerica is largely anecdotal, although Anderson, et al.
(2006, 2007) suggested that dams much smaller than those proposed for the La Amistad area
negatively impacted fish diversity, including diadromous species, inatapigui watershed of
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northern Atlantic Costa Rica. Bussing (1998) cites personal communication (H. Arraya) to the effect
that Joturus pichardnaas disappeared from the tributaries of Lake Arenal, Costa Rica since it was
dammed in 1980. Chris Lorion betUniversity of Idaho/CATIE reports the absence of this species
from the Reventazon River at Turrialba, Costa Rica, above the 35 m. high Angostura Dam, whereas
McLarney (unpublished observations) found it to be common there prior to dam constructiok.2LgrQ a
observation was confirmed in an unpublished student paper; Vormiere (2007) recdrgézhardand

the relatedAgonostomus monticolap to the Angostura dam on the Reventazon, and up to the
smaller, private Tuis Dam on the Tuis River, tributanhtoReventazon below the Angostura Dam, but
was unable to find these species above either dam.
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EVENTS SINCE 2008

1. Social, Political and Legal Events

Much has happened relevant to discussion of proposed dams and conservation of biodiversity in
the La Amistad World Heritage Site since the first UNESCO mission visit and presentation of our first
report (McLarney and Mafla, 2007) in February, 2008. Otbensand we hope will do a more thorough
job than wehavein reporting and commenting on events in the social, political and legal spheres.
However, some degree of summary is necessary to place the rest of the present document, including the
news about sientific investigations which follows, in context. It will be convenient to frame this
RAaOdzaaArzy Ay GSN¥Xa 2F n & SdraramdandTaswvalRiNg Atlanycindi KS &
Pacific slopes.

PanamaAtlantic slope Our previous report foused almost exclusively on 4 dams proposed in
the Changuinola/Teribe watershed, which drains most of the Atlantic slope of the Panamanian portion
of PILA, and this remains the sector where the dam controversy is most heated. Construction is
underway onwo of the damg; CHAN/5 on the mainstem of the Changuinola River and Bonyic, on the
Bon or Bonyic River, tributary to the Teribe River. These dams, and related indigenous and human rights
issues, have been the subject of much discussion locally, inréss pnd in international venues. Thus
far, questions raised by Panamanian and international conservation organizations, the indigenous Ngobe
and Naso inhabitants of the affected area and international bodies from UNESCO to thénm@ecan
Commission o Human Rights have been largely ignored by the Panamanian government; the apparent
response is to accelerate the pace of work on the GHBIEnd Bonyic dams.

PanamaPacific slopeThe attention given to dams in Bocas del Toro Province has served as a
stimulus to antidam efforts in adjacent Chiriqui Province, which contains the Pacific slope of the
Panamanian portion of the World Heritage Site. Among the 4 sectors of the La Amistad area Chiriqui is
unigque in two respects: 1) It is the only sector whidesl not contain indigenous territories located
directly downstream from the World Heritage Site, in the buffer zone of the La Amistad Biosphere
Reserve. 2) It is the only sector with existing hydroelectric dams.

If we devote relatively little space ©hiriqui in this document, it is because it is the one sector
where most of the damage is already done. Existing or nearly completed dams on the Chiriqui and
Chiriqui Viejo Rivers effectively block all access by diadromous animals to the Pacific Blidgeiof
Panama. Nevertheless, about 40 additional dams of varying size exist, are under construction or are
proposed in Chiriqui Province. This activity, which also affects neighboring watersheds in Chiriqui which
do not drain the World Heritage Sitea$ sparked protests including a press release from the Congress
of Cattlemen and Producers of Chiriqui Province (Encuentro de Ganaderos y Productores, 2008),
declaring solidarity with the Naso and Ngobe affected by dams proposed for the Atlantic slope, and
NE2SOlhAy3I a dzyO2y i NRff SR KeRNRBSEt SOGNRO SELI yaArzy
LI N} YSGSNE & & & gKAOK R2Sa y20G alF ONAFAOS 2dzNJ NA G

An event which affected all sectors, but was particularly well attended by concerned parties
from the Pacific slope of Panama, was the annual conference of REDLAR (The Latin Amef@an Anti
Network), held at Boquete, in Chiriqui Province, in April, 2009, at which Bill McLarney and Maribel Mafla
of ANAI, along with Hugo Sanchez of Fundacion Nassented on the importance of diadromy and the
effect of dams on natural communities with a diadromous component.
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Costa Ric®acific slope At the time of the UNESCO mission visit, the government of Costa Rica
was still proceeding with plans for theige Boruca Dam project, on the Grande de Terraba River, which
drains all of the World Heritage Site on the Pacific slope of Costa Rica. Controversy over this project was
focused primarily on the displacement of human communities, including in sevdigéhous Reserves
(Bribri, Brunka, Cabecar, Naso and Ngobe ethnias) and associated economic issues, and did not refer to
the La Amistad National Park.

Since then, the project has been scaled down in size, and is now called the Diquis project. This
hasnot satisfied all land tenure concerns, and protest continues. From the point of view of La Amistad
and diadromy, the Diquis dam proposal, combined with several smaller private dam projects, is no
different from the larger Boruca Dam. Granted that theaaof the World Heritage Site affected would
be small and located at altitudes above 900 m., a significant portion of the watershed at lower
elevations within the indigenous reserves and the La Amistad Biosphere Reserve would be affected, and
we feel thatthe arguments presented below re corridor function and the River Continuum Concept
obtain in the Grande de Terraba watershed.

Costa Ric#\tlantic slope As of February, 2008 this was the sector where there was the least
discussion of damelated issues However, this has changed since ANAI obtained and circulated details
of plans from ICE (the Costa Rican Electrical Institute) for 6 hydroelectric dams to be located in the
Talamanca Bribri, Talamanca Cabecar and Telire Indigenous Reserves on 4rivittsanshich form the
Sixaola, and which would affect all of the World Heritage Site in the Sixaola/Telire watershed in Costa
Rica (plus a small portion in Panama) (ICE, 2001). We have also documented plans for a private
hydroelectric dam planned for thepper Estrella River, in the Tayni Indigenous Reserve, which would
affect 100% of the World Heritage Site in that watershed (Fernandez Marin, 2009; Machore Levy, 2009;
Rivera Mesen, 2008).

Public awareness of the Sixaola/Telire watershed dams coincidedhe revelation of
applications for three open pit mining concessions (based on possible deposits of silver, copper, nickel,
gold, molybdenum, chrome and zinc) in the area. The Uren and Yuani projects (essentially one project,
but divided into two proprties for legal reasons) in the Uren River watershed and the Dueri project,
located in the Coen River watershed, all within the Talamanca Bribri Indigenous Reserve, would together
occupy 60,000 hectares. Both project areas border directly on the Lagdhwsirld Heritage Site.

The original applications for mining concessions, which are still pending, were made in the name
of ADITIBRI (the governing body of the Bribri tribe), apparently without the knowledge of the Bribri rank
and file; the ensuing comversy led to the deposition of the president of ADITIBRI. The proximity of the
mining concession sites to some of the proposed dam sites in the Sixaola/Telire watershed has not
escaped notice. (MINAE, 2008 a, b; MINAET, 2009 a, b, c).

The eventseported here, plus publicity about events in Panama and informal exchanges with
Panamanian indigenous groups concerned with dam proposals have placed dams and related social and
environmental issues in the forefront of concerns in the canton of Talamainibés time.

Perhaps the most significant daraelated development in the Atlantic slope indigenous
O2YYdzyAlASa 2F 020K O2dzyiNAS& aAYyOS Hnny KI a
t F NJjdzSé0 |Y2y3 GKS b 32 adgénous comunities. NJaditindally, lwiile /|
there has not generally been overt hostility to the protected areas of La Amistad, and land invasions
have been sporadic and opportunistic, the attitude among the indigenous inhabitants of the La Amistad
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area ha been that el Parque is not intended for them but apparently for thaeilined benefit of
people from outside the area. It is seen by them as territory where they are legally denied use, and they
lack a clear perception as to the intended utility objacting such a vast area.

However, as the dam controversies have evolved, protected area advocates and biodiversity
conservationists on the one hand and indigenous communities on the other have perceived common
cause. The World Heritage Site haséasingly become seen as a source of benefits which accrue to
the indigenous communities located downstream. This is perhaps a fragile coalition, which could
dissolve if the dam issues are resolved one way or another. However, insertion of the diadroey is
into the larger discussion has served a vital environmental education function. The indigenous
communities are increasingly able to see beyond the convenience represented by coalitions of activists
not all of whom necessarily share all the same ing&seand to perceive the protections afforded the
National Parks as a service which benefits them, independently of any controversies which may exist.

In our opinion, this constitutes a window of opportunity for UNESCO, the natural resources
agencies oboth countries and the conservation community in general. If we are successful in
preserving the integrity of the rivers of La Amistad, with their diadromous fauna intact, we will have won
permanent support for the concept of National Parks and Worldtaigei Sites and reduced the threat
to these protected areas from inappropriate use or invasion by their indigenous neighbors. If we fail,
the probability of locally generated problems increases for the future.

2. Biological Investigations

As in the case dhe social, political and legal developments reported above, most of the aquatic
biological investigations carried out in the La Amistad watersheds duringZlllBare best reported
by geographic sector. There is still no significant ecological resieeaimt carried out in the La Amistad
area, but there have been several contributions to our knowledge of species distributions in and
downstream of the World Heritage Site. Here we will present broad outlines of the work carried out,
with some of the prigipal conclusions. For detailed information on species distributions and ecological
interactions, see other sections of this report.

Panama We are not aware of any new biological information which has been generated from
the Pacific slope of La Amidi®@anama, with the possible exception of some records from the Darwin
Initiative expeditions (described separately below). However, some of the most significant inventory
information gathered during 2008009 was the result of an expedition mounted by Bmithsonian
Tropical Research Institute (STRI) in the Changuinola watershed on the Atlantic slope. There Lasso, et al.
(2008a, 2008b, 2008c) inventoried fish and aquatic macroinvertebrates including shrimp, as well as a
large suite of terrestrial plantand animals in the area which would be directly affected by the CFAN
and CHAMNL40 dams. The results take up 1,081 pages, spread over 3 volumes (one of which, here
designated as Lasso, et al. 2008c, is a 49 page Executive Summary.) Before goiegaibtotte
contents of the STRI report, it is necessary to note that there are serious differences between the
Executive Summary and Vol. 2 of the text, which apparently reflect a desire to use the Executive
Summary as a public relations document. Te tito examples:

1 The Executive Summary plays up the fact that electrofishing (the principal fish survey
method used) is a nondestructive method which permits the return of captured animals
unharmed to the water. This is true, but the report notes thafiah and shrimp collected
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were preserved for the STRI collection, a practice which was not well understood or
received by the local populace and, in the given instance, obviates the advantages
described.

f The Executive Summary states that the STRItednha KS G Fdzf f O22LISNI GA2Y
people. However, in the full text Lasso, et al. (2008b) offer an apologetic note re not being
FofS G2 aryLtsS 4G Fift LIXFYYySR aAadSa oSOl dzaS
presence due to the tension and tiisst provoked by the various development projects in
GKS F NBI o¢

The treatment of diadromy is a more serious problem, both in the main text and in the
Executive Summary. Lasso, et al. (2008 b) properly attribute diadromy to the shrimps in general and to
8 species of fish (includigtherinella chagreswhich according to all other sources we have found, is
NEAGNROGSR (2 FNBaAK ¢l GSNDLX odzi Ffgleada ljdza tAFe A
references consulted for these species thay watersheds and not on data collected in this study where
F2N) y2yS 2F (GKS alLlSOASa KlFLa alfAyAadage G2t SNIyOS o
because it confounds salinity tolerance with migratory behavior, but is unfortunatelyalypi an
unwillingness, throughout the report, to treat diadromy as an issue related to dam construction and
operation. And nowhere in the report, despite the presence of 40 tables and charts in the fish section
alone, is there any indication of the réilee importance of diadromy in quantitative terms. (The
proportions of species numbers, individual abundance and biomass for diadromous fishes cited above
appear nowhere in the STRI report, but are calculated by us from their raw data.)

w»

With these limitdions acknowledged, and allowing for relatively small sample sizes, the
STRI report is a valuable contribution to our knowledge of the biology of the Changuinola watershed
above the confluence of the Teribe River. Of particular value is the first ligtimigich we are aware of
the diadromous shrimp fauna of the upper Changuinola watershed. As for the fish sample, it produced
one totally unprecedented record(igerres plumiergenerally considered to be a marine species).
{ ¢wL Q& G20l dssuppassen the ligt soinfiledby JNAIpersonnel and-#iAed
parataxonomists, (14 species in roughly the same reach of the Changuinola, and 15 species in a similar
reach of the Teribe) (Mafla, et al. 2005; McLarney and Mafla, 2006b) and becausectieeghle to use
capturebased methods they have also provided valuable data on habitat use and size distribution
within that portion of the Changuinola which would be directly affected by the GHA&hd CHANA40
dams.

While Lasso, et al. (2008b) cite statistical tests (accumulation curves) in support of the assertion
that their fish inventories approach completeness, we do not share their confidence. We would note
that the total of 3794 fish collected by the STRI teéar3 samples is extremely low compared to results
recorded by the ANAI Biomonitoring Program in more than 300 samples during a 9 year period in the
neighboring Sixaola/Telire watershed. Excepting a few very small high altitude streams with extremely
low fish density, all of our individual samples are in the range 0f2000 individuals, with a normal
range of 608800 (McLarney and Mafla, 2006a, 2008; McLarney, et al. 2009a, 2009b).

Since the ANAI team has never been able to sample with electrofighargn the

Changuinola/Teribe watershed we cannot exclude the possibility of extremely low total fish numbers in
the Changuinola watershed upstream of the CHAINsite. However, the species records of the two
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teams (STRI and AN#adined parataxonomisijssuggest that neither team can claim to have exhausted
the species list for the upper Changuinola watershed. On the one hand, Lasso, et al. (2008) recorded
Gobiesox nudysvhich the ANAI team found in the Teribe watershed, but not above the mouth of the
Teribe in the Changuinola watershed. On the other hand, the ANAI team recorded two primary fresh
water speciesAstyanax orthoduand Archocentrus nigrofasciatyérom the upper Changuinola/Teribe
watershed which the STRI team failed to find. BaseddnlAM) & & dzNIB@Sea Ay GKS | 2NJ A
PILA, we would consider that yet another obligate freshwater speRigsjus isthmensiprobably

inhabits the Changuinola watershed within the World Heritage site, though only a small minority of our
records fa this wetland species are from frdlwing streams. And our data show 5 additional fresh
water species from lower elevations within the World Heritage Site in the adjacent Sixaola/Telire
watershed.

Perhaps the most significant difference between 81ERI and ANAI experiences in terms of the
dam controversy is our records of the catadromous Americanfagj\illa rostrata from the Teribe.
(Mafla, et al. 2005) (We also have unconfirmable verbal repors ofstratain the Changuinola above
the Terike in past years.) Whil&. rostratahas no official listed status in Panama or any other country,
the species is in worldwide decline, it has been proposed as a candidate for protection in the United
States (see species accounts below) and is certaindgaes of concern in terms of global biodiversity
conservation. Taken together, the STRI and ANAI results suggest the need for further fish inventory
work in the upper Changuinola watershed.

Mention should also be made of the discovery by the STRI téamveral plant and animal
species which may be new to science. (Lasso, et al. 2008a, 2008b). While none of the new species are
FljdzZt GAOT 6S aS0O2yR (KS OZhé@sutisoiitis\itudy vedl that iezae S G | f
just beginning to nderstand the biodiversity of the Bocas del Toro region. It is extraordinary that in this
short inventory, which has covered less than 4% of the Changuinola River watershed and much less than
1% of all the forests in the province of Bocas del Toro, foeciep of epiphytes have been found which
FNE LINPoOolofte yS¢g (2 aOASyOSs +a ¢Sttt +ra G2 ySg |

The STRI reports served as the basis for publication in May, 2009 of a 171 page document (AES
and MWH, 2009)ugygesting mitigation methods to reduce damage to populations of some of the
diadromous species of the upper Changuinola watershed from construction of the 3 dams presently
proposed for the Changuinola mainstem. This report (which was not circulatedeatimber, 2009)
includes copious bibliographic references for all of the fish species and 2 of the shrimps encountered by
Lasso, et al. (2008b). In this respect it will form an invaluable reference for all concerned with the
aquatic biota of the Atlantislope of the La Amistad area for many years to come.

AES and MWH (2009) represents an advance over the STRI reports in that it acknowledges that,
although as Lasso, et al. (2008b and c) note, biological investigations on fish and shrimps of the
Changuinta/Teribe watershed beyond the level of species inventory are almost completely lacking, it is
reasonable to assume that several of the fish species and all of the shrimps collected are diadromous in
the Changuinola. This reveals doubts about the exigt@fidiadromous behavior in the Changuinola
watershed expressed in the STRI reports (Lasso, et al. 2008b and c) to be a specious concern. From that
admission AES and MWH (2009) draw the logical and correct conclusion that any plans to build dams on
the Clanguinola imply an obligation to take specific measures to protect the diadromous fauna. While it
is gratifying to see unanimity of scientific opinion on this point, the proposal advanced fails to convince
in terms of the mitigation strategies suggested.
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AES and MWH (2009) fail to take account of the possibility of additional diadromous species
in the watershed. In view of the extensive bibliographic research carried out, the failure to
cite ANAI reports (Mafla, et al. 2005; McLarney, et al. 2006b,)2@0&cords of the
catadromousAnguilla rostratain the Changuinola/Teribe watershed is puzzling.

Mitigation measures are proposed for only 3 fish and 2 shrimp species, out of a total of 8
fish species recognized in the report as diadromous and 5 diaaltershrimps identified by
Lasso, et al. (2008b). Since rarity of individual species is often cited in support of
conservation measures, their justification of the omission of 5 diadromous fish species on
the basis of their relatively low abundance in th&€RI samples is questionable.

The possibility that the CHARb dam would have any effect on diadromous and other
species in the river downstream is simply dismissed. This flies in the face of copious
research in other watersheds throughout the world (aadl sample of which is cited further

on in this report) which shows that large dams always occasion significant alterations of the
biotic community downstream.

The strategies proposed utterly fail to take into account the importance of maintaining the
Rier Continuum and biological corridor function of the Changuinola River. No reference is
made to the large body of research (cited elsewhere in this report) suggesting that the free
movement of diadromous fauna between estuary and headwaters is esstntial
maintenance of biotic integrity and ecosystem function over the complete altitudinal range
of riverine systems, in this case including portions within the World Heritage Site. Rather,
mitigation is treated as a species level concern, independenttg etblogical context.

Virtually no reference is made to the importance of the La Amistad National Park, Biosphere
Reserve or World Heritage Site, suggesting a desire to address species level concerns while
avoiding protected areas issues.

The mitigatiormeasures proposed rely almost exclusively on aquaculture methods which,

especially for the 3 fish species discussed (and to a lesser extent for the shrimps) have yet to

be developed. Statements such as this oneMfgonostomus monticod &a { SNI  ySOSal NJ
desarrollar anticipademente los protocolos tecnicos que permitan la repra@fueci

Ol dzi A OSNARA2 LI N¥ Saidl SaLISOASPE oLlG ¢Aff 06S y
protocols which permit the reproduction in captivity of this species.) not only ovktioe

difficulty (or even impossibility) of developing such methods, they are completely unrealistic

in terms of planning. Based on worldwide experience in development of aquaculture

methods for new species, implementation of the above suggestion coudly imultryear

delays in completion of the CHAM project.

¢ KS NBLRNI O2yidlAya 2LIAYAaldA Scydivospplzbidae 6 A Sa &
could adapt to the lotic conditions of reservoirs on the Changuinola, using them as a

substitute for estuarine habitat. While there is no relevant research on either of the two
Sicydiunspecies which may occur in the upper Changuindlaftum and possibhys.

adelum), research on otheBicydiunspecies and related amphidromous gobies in both the

Caribbean and the IndBacific has consistently shown that prolonged exposure to fresh
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water retards development and causes mortality of larvae @l Brown, 1994; Keith,
2002 and 2003; Lindstrom and Brown, 1994).

The general impression left by AES and NWH (2009), the valuable bibliographic content
notwithstanding, is of a belated and hurried effort (as evidenced by frequent misspellings) to theal wi
an unanticipated issue (protection of diadromous species in a larger context of biodiversity
conservation) and a failure to reconcile this need with the goal of constructing hydroelectric dams on
the Changuinola River. Considering that the authorsiefreport (No individual authors are listed or
acknowledged.) are the company chiefly responsible for construction of dams on the Changuinola (AES)
and the consulting firm (MWH) hired as liaison between AES and the responsible environmental
authorities (AM\M), it is not surprising that the thrust of the intellectual effort is toward justifying dam
construction, and not conserving the biotic resources of the Changuinola River watershed and the
protected areas within it.

Costa Rica Pacific slope ICE hasesponded to concerns over the Boruca/Diquis dam project by
sponsoring three valuable investigations of aquatic fauna in the Grande de Terraba watershed. Results
(reported in greater detail elsewhere in this document) provide the first organized lstifigh and
shrimp fauna for this watershed.

Rojas and Rodriguez (2008) sampled fish at 4 stations along the Grande de Terraba at altitudes
of 15145 m., reporting 36 species, representing 26 genera and 14 families. Excluding 11 marine species
which ener rivers as facultative wanderers, 4 of these species are definitely diadromous and 2 others
are probably so. Interestingly, all 6 probable diadromous species, plus 6 of the marine facultative
wanderers, were found at an altitude of 145 m., the highdsevation sampled, corresponding to the
level of the proposed Diquis Dam. It is thus highly probable that extirpations of diadromous fish would
occur in the Grande de Terraba watershed below the World Heritage Site, if not within it. The same
would apply b the potamodromoudBrycon behreagalso found up to at least 145 m.

The abundance of diadromous fishes in the Grande de Terraba was extremely low; the 6
probable diadromous species together accounted for only 2.0% of a small total sample of 98defish. T
low total abundance of fish may reflect a barrier to diadromous fish posed by the highly polluted lower
reaches of the Grande de Terraba where it passes through a major concentration of pineapple
plantations; 4 of the 6 probable diadromous species wetad only at the highest site. However, the
potamodromousB. behreaavas by far the most abundant species, found at all sites.

Results of a more intensive inventory of the diadromous shrimps of the Grande de Terraba
watershed directed by Dr. Ingo Wehrann of the University of Costa Rica were recently published
(Lara, 2009). The UCR team visited 65 sites in the watershed from sea level to 1075 m., finding 9 species
of Palaemonids and 4 species of Atyids. Of these species 4 are documented froresatiglter than
that of the proposed Diquis Dam. Lara (2009) also represents a first contribution to an understanding of
the ecology and habitat preferences of some of these species in Costa Rica.

ICE also supported a study of benthic macroinvertebratgscted by Dr. Monika Springer of
the U. of Costa Rica, in the Grande de Terraba watershed (Uxilal@bos and Springer, 2006).
Results demonstrate intact benthic assemblages at their highest altitude sites, nearest the World
Heritage Site and genehalgood conditions overall, but with significantly reduced diversity and
dominance by pollutiosiolerant forms at the lowest site sampled (in the town of Palmar Norte).
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