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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

6



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.

18



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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Costa Ricg Atlantic slope The ANAI biomonitoring team continue to be the printipa
investigators in this area. During 2008009 we have continued to emphasize ecological monitoring
and inventory work on streams in and near the World Heritage Site, principally in the Yorkin, Coen and
Uren watersheds of the Sixaola/Telire system. ©@mesequence of this work (McLarney, et al. 2009a,
2009b) is that we are much more confident than we were in 2008 in reporting species occurrences from
within the World Heritage Site.

Beginning in 2009, under the terms of a contract with the U.S. Fishk\Véidtife Service, Division
of International Conservation, we have placed particular emphasis on the Uren watershed as the most
threatened component of the larger Sixaola/Telire system due to the combination of proposed
hydroelectric dams and two soliciianhs for open pit mining concessions in the watershed (McLarney, et
al. 2010). A final report on this work will be available in June, 2010.

Three important results of our work during 206@809 are:

1 Confirmation of the presence of 4 species of diadronifialy plus both families of
diadromous shrimp, at elevations of nearly 400 m. in the Uren watershed Sidtfdium
and shrimps up to at least 469 mthe highest altitude at which we have worked in
Talamanca.

1 A preliminary catalog of the diadromous Bhps of the Sixaola/Telire and Estrella
watersheds, which will culminate in a simple laminated guide to the species of the region
(Asociacion ANAI, in prep.)

9 Accelerated training of indigenous parataxonomists and development of Community
Biomonitoring Groups in key watersheds, which will enable us to more rapidly develop our
knowledge of the presence and distribution of diadromous fishes and shrimps in tgié\tla
slope watersheds of La Amistad/Costa Rica.

Darwin Initiative One other major investigative effort, with implications for all 4 sectors of the
World Heritage Site, should be mentioned. In 2006, the Darwin Initiative of the United Kingdom, with
cadlaboration from the Museum of Natural History of London, INBIO, ANAM, SINAC (the protected areas
system of Costa Rica), and 4 universities (Panama, Costa Rica, Autonomous of Chiriqui and Oxford),
fl dzyOKSR | LINRP2SOG Sy aAdGtSREare RENI YA Y EF 2 . .1 asi 00 l¢a
Management of the La Amistad International Park). It aims to provide access to maps and other data for
use by governments and all others concerned with the biodiversity of the La Amistad World Heritage
Site.

The Darwn Initiative La Amistad Expedition is scheduled to continue through 2011. Early efforts
have concentrated on mapping and systematic biological inventory, with emphasis on 4 groups deemed
most likely to yield new discoveries (vascular plants, reptiles héorans and scarab beetles). The
project has issue8 reports, beginning in 2007 (Monro, et al. 2007, 2008, 2009). Among the most
noteworthy results to date are the discovery of 12 vascular plants, 15 reptiles, 3 amphibians and 1
scarab beetle new to smice. The project has also identified a large number of species endemic to
Panama and/or Costa Rica, including 79 species endemic to the La Amistad World Heritage Site.

None of the new species are aquatic, nor does the Darwin Initiative plan investigécused
on aquatic environments. However, the project is important to all concerned with biodiversity in La
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protected area and the extremely limited tue of our knowledge of its biodiversity.

While the potential for new discoveries in the aquatic environment ohingstad is relatively
limited, it would be opportune to complement the Darwin Initiative efforts with systematic evaluation of
aquatic bialiversity in the World Heritage Site. The greatest opportunity might be in the area of benthic
macroinvertebrates, principally insects, but the increasing availability of molecular genetic methods in
taxonomic studies strengthens our belief that fish skioalso be considered. Three genera would seem
to be of particular interest:

1 Rivulusa highly diverse genus (132 species according to Froese and Paulyj2009),
represented in Costa Rica by 5 species on the Pacific slope, but only one on the Atlantic
dope R. isthmensjs(Bussing, 1998) reported from within the World Heritage Site
(McLarney, et al. 2009b). Three of the Pacific species are narrowly endemic (Bussing, 1980),
with R. uroflammeugnown only from the two principal Pacific La Amistad dra@sag
(Grande de Terraba and Chiriqui Viejo), wRileglaucuss known only from the watershed
of the General River, a tributary of the Grande de Terraba in Costa Rica (Bussing, 1998). We
suggest that the general inaccessibility of the Talamanca regiorhmagylimited collection
of Rivuluson the Atlantic slope of La Amistad, and that prospects for new discoveries there
are considerable. The STRI database (STRI, 2010) lists 4 additional Bpédaikisahni, R.
kuelpmanni, R. rubripuncat@ndR. wassmani for Bocas del Toro Province, whkh
rubripunctatusreported from the Sixaola watershed aRd wassmanrfrom the
Changuinola.

9 Bryconamericus A recent revision ddryconamericuRomanValencia, 2000, 2002) erected
the new specie8. gonzaleziandLasso, et al. (2008b) have so identified their specimens
from the upper Changuinola watershed. The locality designations in R¥iaancia (2002)
leave us somewhat doubtful as to distribution of this speciesBwstleropariugo which
we have so far ferred allBryconamericuspecimens, but it seems highly likely that both
species occur in the Atlantic slope La Amistad watersheds. Froese, and Pauly (2009) lists an
additional speciesB. ricae,for various sites in Costa Rica, including one in thénhistad
drainages (Sepeque River in the Sixaola/Telire watershed) and STRI (2007) lists this species
for the Changuinola watershed, but it is mentioned in neither Bussing (1998) nor Roman
Valencia (2002).

1 Rhamdia TheRhamdiacatfishes are notoriously changing taxonomically Silfvergrip
(1996), reduced a total list of over 100 species to 11, of which 2 are definitely found in the
La Amistad watersheds, though there is still discussion over which specific names should
apply to them. The possibility exidtsat application of molecular genetic methods to
Rhamdiamight partially reverse the work of Silfvergrip (1996) in simplifying the genus, with
the possibility of new species for the La Amistad watersheds.
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THE LA AMISTAD AREA AND ITS WATERSHEDS
THBE_A AMISTAD AREA

¢CKS GSNXY a[l !'YAAadlIRé Aa QI NAR2dzAaft & | LILX ASRZ | O
discussion. The binationeh Amistad World Heritage Siis considered to consist of two contiguous
blrGA2yFf t I NJ] aX o ®hiclKexténd forfafirRar didtance bf Y4D Enii 4ldRg e spine
of the Continental Divide at elevations from approximately 1,800 to 3,549 m. (Cerro Kamuk), connecting
two iconic National Parks, Chirripo in Costa Rica in the west with Volcan Baru in tireRasama, and
protecting a combined total of over 4,000 sqg. km. In 1982 the two parks together were named the La
' YAAGFR LYGSNYLFGA2yFE tSFEOS tIFN]JX O2YY2yf& NBTFSNN
Internacional La Amistad). In 1983 the Panamamiortion was added to the Costa Rican portion,
already designated a World Heritage Site, to form the unitary La Amistad World Heritage Site. Since
1982 UNESCO has also designated a larger area around and including PILA as a Biosphere Reserve. The
La Anistad Biosphere Reserve is generally considered to include a buffer zone which encompasses the
following additional areas:

9 Other national protected areas contiguous to PILA: Palo Seco and La Fortuna Forest
Reserves and Volcan Baru National Park in PamduseChirripo, Barbilla and Tapaqti
Maciz de la Muerte National Parkie Hitoy-Cerere Biological Reserve, Oablas and
Pacuare Protectionafies, Rio Macho Forest Reserve and Robert and Catherine Wilson
Botanical Garden in Costa Rica. The Volcanm &z Chirripo National Parks are of
particular importance since they bracket La Amistad along the continental divide and
contain the highest peaks in each country (Volcan Baru, at 3,475 m. in Panama and Mt.
Chirripo, at 3,819 m. in Costa Rica).

1 Four castal/marine protected areasBastimentos National Park and the San San/Pondsak
Wetland of International Importance in Panama and the Gandoca/Manzanillo Wildlife
Refuge and Cahuita National Park in Costa Rica: All four are physically disjunct from the La
Amistad parks, but San San/Pondsak and Gandoca/Manzanillo (both UidESQtated
Ramsar Sites) are contiguous to each other. They protect the lower reaches and estuaries of
the two principal rivers draining La Amistad (the binational Sixaola Rivehand t
Changuinola River in Panama), and will be directly affected by any change in upstream
hydrology or biology. Bastimentos and Cahuita are primarily marine parks which may
provide estuarine, inshore and coral reef habitat for fish and shrimp which alseuhe
rivers of La Amistad.

1 Recognized and unrecognized indigenous territories. In Costa Rica, these include 4
GLYRAISY2dza wSaSNBWSa¢ o0St2y3IAay3a G2 GKS . NAO N
Kekoldi) and 8 Cabecar reserves (Talamaate€ar, Telire, Tayni, Pacuare, Alto Chirripo,

Bajo Chirripo, China Kicha and Ujarras) all of which are duly recognized. In Panama part of

the semiautonomous Ngobdugle Comarca lies within the designated Biosphere Reserve,

as do 3 territories inhabitedolely by indigenous groups, but as yet unrecognized by the

Panamanian governmemtthe Ngobe. dz3f S al yySE¢ Ff2y3 (GKS wiz /
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Naso territory along the Rio Teribe and a Bribri territory along the Rio Yorkin contiguous
with the Talamanc®ribri Indigenous Reserve in Costa Rica. (These latter 3 areas are
largely coterminous with the Palo Seco Forest Reserve.)

If the areas of 4 formally protected areas in Panama and 9 in Costa Rica contiguous to the La
Amistad World Heritage Site are adbti® the World Heritage Site, the additional area of protected
forest in the La Amistad region comes to about 1,600 sqg. km. in Panama and 3,450 sg. km. in Costa Rica.
With a total area of over 9,000 sq. km. the La Amistad block is easily the largesbfywotected forest
in Mesoamerica. For some purposes to this may be added about 400 sq. km. in the 4 coastal protected
areas (both countries combined), and nearly 3,000 sqg. km. of recognized indigenous territories in Costa
Rica. Figure 1 is a map oétbreater La Amistad area showing the relationship of these various
jurisdictions to the World Heritage Site.

While the La Amistad World Heritage Site straddles the continental divide over its entire length,
in both countries the vast majority of the aéncluded in the two La Amistad National Parks is located
on the Atlantic slope, comprising the upper watersheds, down to elevations-#090n., of the
Changuinola, Sixaola and Estrella Rivers, plus minor portions of the extreme upper watersheds of the
Banano and Chirripo Rivers (the latter forming part of the larger Matina River watershed). On the Pacific
slope in both countries the park boundary occurs at much higher elevations 8000 m.), and the La
Amistad Parks protect only extreme headwateeas of the watersheds of the Grande de Terraba River
in Costa Rica and the Chiriqui Viejo River (plus a tiny portion of the Chiriqui River watershed) in Panama.
Table 1 shows the total watershed area, and the area within the World Heritage Site farfaheke
rivers in both countries, along with the areas which stand to be affected by proposed dams in each
watershed.

Please note that the information presented above is based on maps and data some of which are
contradictory, erroneous or unavailahie official form. (For example, we have seen the watershed area
for the Estrella River cited at from 717 to 1,002 sq. km. in various publications.) We do not pretend to
precision in Table 1, but we do believe it serves a useful purpose in putting tieeiahathich follows in
context. Any errors are the responsibility of the authors of this report and not of the many individuals
and institutions who have collaborated in its preparation.
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FLUVIAL SYSTEMS OF LA AMISTAD, WITH COMMENASNIND DAMS

In this section we will discuss the watersheds of the 4 sectors of the La Amistad area (Panama
and Costa Rica, Atlantic and Pacific), including what is known about dam plans for each. Table 1 displays
some of this information in tabular fornfigures 6 are maps of the region showing the location of
most of the proposed dams and outlining their areas of upstream influence (in gray). Figure 7 is a
simplified, black and white map of the entire area designed to dramatize the potential imjpact o
proposed dams on upstream watersheds.

Atlantic slopec Panama

Changuinola/Teribe watersheéigure 2): Our first report to UNESCO (McLarney and Mafla,
2007) dealt primarily with 4 controversial dams in the Changuinola/Teribe watershed which aesnpris
90 % of this sector, located in the Panamanian Province of Bocas del Toro. (The small portion of the
Sixaola/Telire watershed in Panama will be discussed below, under Atlantia;sBasta Rica.) We
prefer to speak of the Changuinola/Teribe wateBiE NJ G KSNJ G KIFy aAyYLX e &/ KIy3
principal tributary of the Changuinola River, the Teribe River is so large, accounting for 28% of the total
Changuinola watershed.

The Changuinola watershed begins on the Continental Divide, which ihaldovision between
Bocas del Toro and Chiriqui Provinces. While the extreme headwaters and most of the tributaries above
the Teribe arise within the World Heritage Site, much of the main channel (67 km.) lies outside the
World Heritage Site, but withirhe Palo Seco Forest Reserve, established in 1983. Prior to that date
much of this area was inhabited by members of the Ngobe ethnia, who continue to promote its
annexation to the Ngobe/Bugle Comarca.

The Teribe joins the Changuinola at El Silencioytbl5 km. above the Caribbean. Similarly to
the case of the Changuinola, much of the main channel above El Silencio (82 km.) lies outside PILA and
within Palo Seco. This narrow strip forms part of the ancestral homelands of the Naso (Teribe) ethnia
who, like the Ngobe along the Changuinola mainstem, have long advocated the establishment of a Naso
Comarca centered around this area. (It is probable that this strip, and the analogous area in Ngobe
territory along the Changuinola, were excluded from theAbzistad National Park, not in deference to
the indigenous communities, but rather to avoid the controversy which would inevitably arise from any
proposal to build a dam in a national park.) Although the Teribe arises in Panama, within the World
HeritagesSite it loops briefly into Costa Rica. This relatively small area (255 sg. km.) comprises the
entirety of the Changuinola/Teribe watershed in Costa Rica.

Below EI Silencio, the Changuinola flows through the Changuinola Valley, dominated by banana
plantations, with its urban center of Changuinola, and then bisects the San San/Pondsak Wetland, which
forms part of the La Amistad Biosphere Reserve. Despite serious agricultural andeldaiac
pollution issues, the lower reaches of the Changuinola anekiensive lateral system of lagoons and
canals comprise an important fishery area.

At present, 4 dams are formally proposed in the Changuinola/Teribe watershed, with two under
construction; others are rumored. Three of these dams, called CGFBARHAMN40 and CHAIL20
(with the numbers standing for the distance above the sea in km.) are planned for the mainstem of the
Changuinola River in Ngobe territory, while the fourth dam, Bonyic, is sited on the Bon (sometimes
referred to as Bonyic) River, tributato the Teribe River in Naso territory. CHA®Nand Bonyic are
under construction, despite continuing protest from the indigenous inhabitants of the area and national
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and international conservation organizations (Thorson, et al. 2007, McLarney, 20Gamsichnd

Mafla, 2006a; Cultural Survival, 2008; Anaya, 2009). None of the Environmental Impact Assessments for
the Changuinola or Bonyic dams (PLANETA Panama, 2005; Proyectos y Estudios Ambientales del Istmo,
20044, b and c) deal seriously with diadroamg related biodiversity issues.

Figure 2 does not show the CHR2RO0 dam, for which we were unable to find geographic
coordinates. Even if CHAMO and CHAIR20 are never constructed and no dams are ever built on the
mainstem of the Teribe, closure of EBN75 would severely compromise the biological corridor function
of the Changuinola River, and cause extirpation or sgadirpation of diadromous fauna in over half of
the Panamanian portion of the World Heritage Site. (This figure holds even withdng iako account
similar losses which have occurred or are expected on the Pacific slope of La Amistad in Panama; see
below).

The only portions of the greater Changuinola watershed within the World Heritage Site which
would not be closed off by dams wiglbe the Teribe River watershed (minus the tributary Bon or
Bonyic subwatershed) and the small Boca Chica Creek watershed, tributary to the Changuinola
downstream of the CHANS site. The latter area, being one of the few areas above €13ARith
relatively flat land and alluvial soil, is in the process of being colozegredictable effect of beginning
dam construction on the middle reaches of the Changuinola.

In terms of total watershed area or area within PILA which would be affected, the Benyids
comparatively insignificant. However, it would destroy a river of extraordinary scenic beauty and great
importance to Naso culture. The reservoir behind Bonyic Dam would extend to within 60 m. of the
World Heritage Site boundary.

In this report we deal mainly with those dams for which we have been able to review some form
of official documentation. This is not to be interpreted as the totality of dams which exist conceptually
in the La Amistad watersheds. This is particularlyoitigmt in the case of the Teribe. In 2000, a
Panamanian government website (ETESA, 2000), in addition to the 3 Changuinola dams and Bonyic,
fAAGSR GLINBTFIOUAOATAGRE AGdZRASAE F2NI y2 fSaa (KIy
River, thenext major tributary to the Changuinola above the CHZANsite.

One scheme which has been unofficially discussed has one of the Teribe dams diverting waters
through a penstock into the neighboring low gradient San San River. This plan would hage sever
impacts both on the San San Lagoon area in the San San/Pondsak Wetland (part of the La Amistad
Biosphere Reserve), and also on two Naso communities along the San San, already embattled in a land
dispute with neighboring cattle interests, with the goverant of Panama supporting the latter
(Mayhew and Jordan, 2010).

/2aiGl wAOlFQa avliftf LER2NIA2Y 2F (GKS ¢SNARo6S 41 G4SN
Heritage Site, is not exempt. A 1979 ICE review of the hydropower potential of the Sixa@a/Teli
g GSNBEKSR oOL/ 9 MpTpo y2iSa aiGKS LI2aaArotsS dziAf
WABSNE Ay /2aiGl wAOFY gKAOK O2dzZ R 6S LI aaSR Ay
take optimum advantage of the hydropower resogyit would be better to think in terms of a
binational project.

Atlantic slope; Costa Rica
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Sixaola/Telire watershe(Figure 3): The majority of this watershed is located in the canton of
Talamanca, Costa Rica, with 23.5% in Panama. Its most whigteeteristic is the broad (up to 10 km.
wide) alluvial Talamanca Valley, which forms just above where the Sixaola River formally ends, at the
mouth of the Yorkin River. The Yorkin watershed is home to the only Bribri population in Panama; like
their Na® and Ngobe neighbors, they have long and so far unsuccessfully sought for their traditional
lands (estimated at 370 sq. km.) to be recognized as a Comarca by the Panamanian government.

Above the Yorkin, the Sixaola divides into 4 major rivers, tigesi being the Telire. The
Telire, Coen and Lari watersheds are all located entirely within Costa Rica, while a small headwater
portion of the Uren watershed, along with the majority of the Yorkin, is in Panama.

Below the Yorkin, the Sixaola forms th@undary between Costa Rica and Panama for 70 km.,
passing by the lower portion of the Talamanca Bribri Indigenous Reserve and large areas of agro
industrial banana plantations in both countries. The extreme lower end of the Sixaola separates two
Ramsamvetlandsg the San San/Pondsak Wetland of International Importance in Panama and the
Gandoca/Manzanillo Wildlife Refuge in Costa Rica. Unlike the Changuinola, the Sixaola does not have an
extensive lagoon system at its mouth, and its fishery significaneery local. However periodic
flooding from the Sixaola plays an important role in the hydrology of the Gandoca Lagoon, one of the
key elements of the Gandoca/Manzanillo Refuge. The same is true to some extent of the San San
Lagoon on the opposite sidd the river, although a dike along much of the Panamanian bank of the
Sixaola reduces the frequency and volume of natural flooding in the San San area.

In the past ICE (the governmenivned Costa Rican electrical power authority) has proposed up
to 16 hydro dams in the Telire watershed above the mouth of the Yorkin (ICE, 1979). As of 2001, the
Durika and BreMatama (Telire River), Bugu (Coen River) and Uren (Sukut River, Uren watershed)
projects are off the table, at least in part because they wo@ddzated within the La Amistad National
Park. (ICE, 2001). The same applies to projects referred to as Sku, Betsu, Uri, Dika, Kivut and Ourut, for
GKAOK f20FGA2ya 0S@2yR at | NJjjdzS blkOA2YyIf [ ! YA&AGL
able to acess. However, in 2007 the Minister of the Environment suggested in a newspaper interview
that ICE might propose changes to the law which would permit development of energy resources in the
National Parks in the future (Dobles, 2007). In fact, a certaogaent exists in the form of a micro
hydroelectric dam on the Genio River in Isla del Coco National Park (Rojas M., no date), which is also a
UNESCO World Heritage Site.

Six of the original 16 dams are currently considered viable projects, includamgdrala, Telire
and Nakeagre on the Telire River, Coen and Cabecar on the Coen River and Lari on the river of the same
name. All are located within the Talamanca Bribri, Talamanca Cabecar or Telire (Cabecar) Indigenous
Reserves. The scope of the origiplains for the Talamanca and Lari dams has been reduced to avoid
direct impacts to the La Amistad National Park, as was done for the Telire dam project in relation to the
Hitoy-Cerere Biological Reserve (although current plans still call for a tunnel padesf Hitoy/Cerere).
However, all of the plans would impact upstream watersheds within the World Heritage Site.

The most worrisome of the dams from a biodiversity conservation point of view is also by far the
largest. The Talamanca Dam, sited ay@@ m. above sea level, would create a reservoir of 37,000 ha.
by flooding the entire Talamanca Valley, formed by the braided and interconnected channels of the
Telire, Coen, Lari and Uren Rivers. It would destroy the communities of Boca Uren, Tsiichyi{eri,
Cachabri, Tsoki, Bajo Coen, Coroma, Sepeque, Shiroles and Suretka, thus displacing over half of the
population of the Talamanca Bribri Reserve (which is in turn the largest concentration of indigenous
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people in Costa Rica). The map (Figush8jvs the area of the proposed Talamanca Reservoir, along
with the approximate location of the Bribri communities which would be flooded.

The Talamanca Reservoir would also destroy the most important agricultural area in the
indigenous territories of Tamanca. Most of the plantains consumed in Costa Rica are grown in the
canton of Talamanca, and the Talamanca Valley has for many years been the single most important
producing area. In recent years the Talamanca Valley has also assumed great impartasoeiae of
cocoa and bananas for the organic market.

From a biodiversity point of view, the Talamanca Dam would completely eliminate access by
diadromous animals to the entirety of the Uren, Lari and Coen watersheds in and out of PILA, plus all but
the lower 3 km. of the Telire River. As Figure 3 and Table 1 show, the only portion of the World Heritage
Site in the Sixaola/Telire watershed which would not be directly affected would be the Yorkin
watershed. Since all of the World Heritage Site in thikii waershed is located in Panama, the
Talamanca Dam would thus close access by diadromous animals to 100% of PIlSixiacdthae
watershed of Costa Rical'he large area and roughly circular shape of the Talamanca Reservoir would
make it particularly déctive as a barrier to movement by species adapted to fluvial habitats.

The other 5 projects would all be located above the Talamanca Dam at relatively high elevations
(280630 m.) and, while they would cause further fragmentation of the Telire, Coéh.amn watersheds,
they would not add anything to the total watershed area cut off by the larger dam. In this respect, they
could be considered potentially less damaging. However, given that (as opposed to the Talamanca Dam
site, located near the highwayhich serves communities located along the Telire) they would be
difficult and expensive to access, it seems likely that they would form a less attractive option without
the counterpart of the larger Talamanca Dam project.

As opposed to the situation thhe Changuinola/Teribe watershed, so far as we know, no
investment beyond initial planning has been made in any of the dams proposed for the Sixaola/Telire
watershed. However, in the long run, in terms of the area and river mileage potentially affaeted,
consider the Sixaola/Telire watershed to be even more severely threatened than the neighboring
Changuinola/Teribe; the potential is for extirpation of diadromous forms in 77% of the watershed.

Estrella watershedFigure 4): Beginning in 2009, avpie corporation (Santuario Indigena, S.A.)
began to enter into negotiations with representatives of the Community Development Association of
the Tayni (Cabecar) Indigenous Reserve, which occupies the buffer zone of the La Amistad Biosphere
Reserve immedtaly downstream from the PILA boundary in the Estrella valley, about the possibility of
exploiting hydropower resources in the Tayni Reserve (Fernandez Marin, 2009). Figure 4 shows the
location of a projected dam on the Estrella River. The legitimattysoproposal has been disputed by
environmental groups based in the Estrella Valley (Machore Levy, 2009) and also by the Costa Rican
lGG2NySe DSYSNIftQa 2FFAOS owiA@SNY aSaSysz wnndgood
diadromous fish and shrips to 100% of the Estrella watershed within the World Heritage Site (gray
area on map).

Banano watershedFigure 4): A single dam proposed for the Banano River, below the PILA
boundary but within the Rio Banano Protected Zone, would close 79% of the 24 sq. km. headwater area
of the Banano River watershed within the World Heritage Site to access by diadsdauma. (Note the
distinction between the Banano River and the Bananito River, which is bracketed by the Estrella and
Banano watersheds, but which has no drainage area within PILA.)
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Matina watershedFigure 3): This large watershed is representedliA Bhly by a small
headwater area (58 sq. km.) of the tributary Chirripo River system, adjacent to Chirripo National Park.
While another Matina system tributary, the Pacuare River, has for some years been the locus of great
controversy over dams proposéy ICE, we know of no dam plans for the Chirripo watershed nor for
the portion of the Matina watershed below the mouth of the Chirripo. This high altitude area (lowest
point 1,700 m.) may not have any streams habitable by diadromous animals. (Sinceahmgjority
of the Matina watershed and all tributaries with proposed dams, is located outside PILA, this watershed
is not included in our overall calculations of affected watershed areas in Table 1 and elsewhere.)

Pacific slope Costa Rica

Grande @ Terraba WatershefFigure 5): Damming has long been a controversial topic in the
Grande de Terraba watershed (the largest watershed in Costa Rica, and the only one draining the Pacific
slope of La Amistad/Costa Rica), not because of potential effedtseedorld Heritage Site, but owing
to social issues, including displacement of indigenous andimdigenous communities. Castro (2004)
cites 26 dam projects 17 private and 9 publig in this watershed, but we have collected information
only for thoseon the lowermost reaches of streams flowing out of the World Heritage Site. This
includes one major ICE project, initially known as the Boruca Dam, and 6 private hydropower initiatives
on tributaries which join the Grande de Terraba River downstreameof@ project site.

Ly AdG&a 2NAIAYEFE F2NXI FANRG LINRPLRASR Ay GKS M
of the Grande de Terraba River, was designed to provide power for a bauxite mining project which
ultimately failed to materialize. THargest public works project in the history of Costa Rica, it would
have created the largest reservoir lake in Central America behind a dai2623@. high, inundating
260 sqg. km., including the entire Rey Curre Indigenous Reserve (Brunka ethnia) atopgriidns of 3
other indigenous reserves (Brunka, Teribe and Guaymi ethnias) and private lands in the General Valley.
This dam, if built, would have eliminated all access by diadromous animals to the entirety of the World
Heritage Site on the Pacific pof Costa Rica.

In its more recent versions, the Boruca project has been a centerpiece of the present Costa
WAOlFY 3A2@0SNYyYSyiQa SySNHe LRftAOe>Y FAYSR |G R2dzmf A
years. The current smaller but still contresial version is known as the Diquis Dam. Located on the
General River, which joins with the Coto Brus River to form the Grande de Terraba, it would be 179 m.
high and flood 60 sg. km., still including part of Rey Curre and other indigenous reserves, whil
displacing about 1,100 people.

As Table 1 shows, the affected area within PILA in the General watershed would be relatively
small and concentrated at altitudes above 2,000 m. However, note that more than a third of the whole
Grande de Terraba waterstién and out of Protected Areas and Indigenous Reserves would be affected
(gray area in Figure 5), including 100% of the watershed within Chirripo National Park and roughly half of
3 contiguous indigenous reserves bordering the World Heritage Site.

TheDiquis Project would not directly affect up and downstream movement of animals in the
Coto Brus subwatershed, which accounts for almost a third of the Grande de Terraba watershed in and
out of the World Heritage Site. However, 6 of 10 smaller, privatesdalanned for tributaries to the
Coto Brus would block access to nearly a quarter of the area of PILA in that watershed, at altitudes as
low as 900 m.
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Overall, with construction of the Diquis Dam and as few as two of the dams planned for the Coto
Brus waershed, 55.8% of the total Grande de Terraba watershed would be closed to access by
migratory aquatic animals. Altered flow downstream would also affect the TefS#rpe Ramsar
Wetland, located where the Terraba reaches the Pacific, with consequeatisipn diadromous
animals migrating through or using that area as nursery grounds.

While, as noted above, from an aquatic biodiversity conservation standpoint, the portion of the
World Heritage Site lying on the Pacific Slope in Costa Rica is rglsglmportant than its Atlantic
slope counterpart by virtue of its small size and uniformly high altitude, it is also true that we have
virtually no knowledge of the headwater streams in that area.

Pacific slope Panama

Chirigui Viejo, Piedras/Gii and Chirigui watershedBigure 6): These three watersheds, which
reach the Pacific within a straight line distance of less than 50 km. from each other, are best understood
Fa F dzyAlGo 'y AYUSNFOGAGS YI L) L2 DévBddmedty ! b! aQad ¢
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dams are smaller than most others described here, most if not all would be large enough to block
upstream movement of migratory fish.

Of the three watersheds, the Chiriqui Viejo, with 68 sg. km. in the World Heritage Site, is the
most important in terms of this discussion. The map (Figure 6) shows only the lowermost dam (Burica)
on the Chiriqui Viejo; individual treatment of 13 dam sites invlaershed is beyond the scope of this
paper. As the gray area on the map indicates, access by diadromous fauna to the World Heritage Site in
this watershed is or shortly will be totally eliminated. Another effect, once the Bajo de Minas and Baitun
dams with water rights owned by the Mexican investor Carlos Slim) are completed, will be the total
RSAGNHZOGAZ2Y 2F tFylF Yl Q& -aiNmBstidaSd\écedidnal Gsolrde Sfgdeald ¥ 4 A Y
importance to Chiriqui Province.

The Chiriqui Viejo ahChiriqui watersheds are separated by the Chico River watershed, which
has no watershed area within the World Heritage Site, although the Piedras River, tributary to the Chico,
drains part of the Volcan Baru National Park, a component of the La AmisighBie Reserve. A total
of 11 dams are planned for this watershed. Access by diadromous fauna to the Volcan Baru Park stands
to be totally eliminated, since the majority of the park lies within the Chiriqui Viejo watershed.

The Chiriqui River has gra tiny area (17 sg. km.) within the World Heritage Site, and it, along
with neighboring portions of the La Fortuna Forest Reserve (also part of the La Amistad Biosphere
Reserve) has been inaccessible to diadromous fauna since well before the contopeosigked by the
Changuinola/Teribe dams on the Atlantic slope began. This is the consequence of dams constructed
earlier on the mainstem of the Chiriqui River (total of 19 existing or proposed dams in the watershed as
a whole). The map (Figure 6) showdy the lowermost dam.

Among the 4 quadrants of the La Amistad region, the Pacific slope in Panama, which happens to
be the quadrant with the most present economic importance for tourism, is currently the most
drastically affected in terms of aquatiodiversity. It is highly probable that within a short time after
this report is completed, 100% of the diadromous fauna in the Pacific slope watersheds of the World
Heritage Site in Panama will have been extirpated by dams. This serves as a watnigatiicularly
unfortunate because we are only belatedly realizing that the fish fauna of this area is very different from
that of the other 3 quadrants. (See discussion below.)
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Conclusion

In terms of damage/threat to aquatic biodiversity, mainégrce of diadromous fauna and river
corridor function, we may rank the 4 quadrants of the La Amistad World Heritage Site as follows, from
most to least impacted:

1 Pacific slopg Panama: Almost certainly a total loss within the World Heritage Site andjor m
portions of the watersheds outside it, based on dams existing and in late stages of construction.

1 Pacific slope Costa Rica: Its future depends on the status of one major project (the
Boruca/Diquis Dam), completion of which seems likely, and 6 anmall/ate initiatives. The
result of completion of these projects would be a 37% loss within the small World Heritage Site
area and extensive damage to a major portion of the downstream watershed, including portions
of several indigenous reserves.

9 Atlantic slopec Panama: Two dams presently under construction would cause extirpation of
diadromous fauna within the World Heritage Site in the upper Changuinola watershed, plus the
much smaller Bon watershed, with similar damage in the Palo Seco Forestdrasdtwo
indigenous territories. Eventual emergence of dam plans elsewhere in this quadrant,
particularly on the Teribe River, cannot be ruled out.

9 Atlantic slopeg Costa Rica: Based on existing dam plans the potential exists for total extirpation
of diadromous fauna in nearly 100% of this area. However dam plans are not nearly as
advanced here, and this quadrant may represent the best opportunity to preserve biodiversity
and riverine corridor function in and downstream of the La Amistad World Her8ége

If all the proposed dams identified in this report were to be completed, the only areas within the
La Amistad World Heritage Site in Panama which would still be accessible to diadromous fish and shrimp
would be in the Atlantic slope Yorkin and Terisatersheds (excepting the Bon subwatershed, tributary
to the Teribe). In Costa Rica, all that would remain on the Atlantic woulddserirall high altitude
portion of the Banano watershethe Chirripo watershed above 1,700 m., and some small portébns
the Grande de Terraba watershed on the Pacific slope. Overall, within the World Heritage Site, this
amounts to a 67% reduction in watershed area accessible to marine migrants compared to natural levels
and a 55% reduction in the La Amistad watershexla ehole. The black and white map, Figure 7,
dramatizes this effect by showing the portion of the binational World Heritage Site where species
extirpations would occur in black. Note that a decision to construct even a single dam on the Teribe
River manstem would eliminate the entirety of the large white area separating the two major black
areas, resulting in loss of access by diadromous animals-80%&of the area.

Given the inadequacy of available maps in the upper watersheds it is impossibledrasaly
how many stream miles would be affecteHowever we previously calculated that the CHANand
Bonyic dams together would block access by diadromous animals to some 700 miles ( 1127 km. ) of
perennial streams (McLarney and Mafla, 200Extrapdating on the basis of watershed area, this leads
to a conclusion of 4,000 km. of perennial streams affected, with well over half that length located within
the World Heritage Site.

Damage within other protected areas, indigenouse®es and some privaieownedlands
would be significant in both countries. It is not inconceivable that these effects, combined with
downstream impacts from the dams, could cause complete extirpation of some diadromous species in
the entire binational La Amistad area.
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THE AQATIC FAUNA OF LA AMISTAD
FISH

Introduction and Overview

The work of the Asociacion ANAI Stream Biomonitoring Program in the Sixaola/Telire and
Estrella watersheds (including the Panamanian portion of the Sixaola/Telire) has led to a virtually
complete list of fresh water and diadromous fish and macroinverteds@éxcluding primarily estuarine
AaLISOASE 6KAOK KFE@S ySOSNI I LIISEFNBR Ay 2dzNJ FNBaKgl
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species associateditl estuaries and the lower reaches of rivers.) We have identified 46 species of fresh
water fish (15 of them considered to be diadromous) reported for these two river systems draining the
World Heritage Site; this includes all of the species indicatethése watersheds by Bussing (1998). Of
these 46 we have confirmed the presence of 24 species (7 of them diadromous) within, or immediately
downstream of the La Amistad National Park (Asociacion ANAI, 2007; McLarney and Mafla, 2006b, 2008;
McLarney, et al2009a, 2009b). (Some of our sampling sites are located precisely at the PILA boundary;
absent the existence of physical barriers at the boundary it is to be presumed that fish found in these
locations also inhabit significant stream reaches within PILA.)

Our list of freshwater fishes from the Changuinola/Teribe watershed of Panama is derived from
a variety of sources, including the early survey work of Goodyear, et al. (1980) sporadic investigations by
the University of Panama (personal communicatidon,Jorge Garcia), the work in 20P608 of 5 Naso
and Ngobe parataxonomists trained by the ANAI team (Asociacion ANAI, 2007; Mafla, et al. 2005;
McLarney and Mafla, 2007, 2008) and information from the Smithsonian Tropical Research Institute
(STRI) websit(STRI, 2010), supplemented by their 2008 inventory work on the Changuinola mainstem
and tributaries above the CHARM dam site (Lasso, et al. 2008 a, b and c¢). Based on synthesis of this
data, we count 42 species of freshwater fish, including 13 diadtenspecies for the watershed as a
whole. Of these, 25 are found above the CHANIam site, thus effectively within PILA; 19 species,
including 8 diadromous species, have been confirmed from within the World Heritage Site boundaries in
the Changuinola/Tigbe watershed. (These numbers should not be taken to be exact, since they reflect
certain taxonomic inconsistencies among the authorities cited.)

Detailed fish collection records for the Banano River watershed are not available, but the
ichthyofauna of this river should be very similar to that for the Estrella. Fish diversity, if any, in the
portion of the Matina/Chirripo watershed in PILA, locasdibove 1700 m. would almost certainly be
low and comprised primarily of diadromous species.

In general, the fish species lists for the 3 main Atlantic watersheds (Table 1) are very similar, but
3 differences are worthy of mention:

1 The Changuinola/Tide watershed list includes one additional diadromous species, due to
documentation of the presence @obiesox nudusAlthoughD ® Y daigdzix@nds from
Honduras to Venezuela, it has not been collected from the greater Talamanca region of
Costa Rica.

1 The machacaBrycon guatemalensjisnative to most Atlantic drainages from Guatemala to
western Panama is, for unknown reasons, absent from the watersheds between the Estrella
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and the region east of Almirante in Panama. However it is a prominent meohtiee
fauna of the Estrella River watershed, where it is an important food fish. While stenohaline
and confined to fresh water, it is highly potamodromous (migratory within fresh water), and
would likely be severely impacted by dams on the Rio Estelta tributaries.
9 The alert reader will notice differences between the two country lists for the non
diadromous gener&ryconamericus, Poecilia, Rivulus, Rhamdia, Amphilapidis
AstatherosThese differences, which will be further discussed in thewdn appropriate,
FNBE y2YSyOf | GdzNIf | yRk2NJ NBadzZ & FNRY NBOSyli
significant differences in diversity.

On the Pacific slope, we were not able to obtain fish diversity information for the Chiriqui Viejo
watershed. It is not safe to assume what one might conclude from looking at the+ttegd the native
fish fauna of this watershed is similar to that of the neighboring Grande de Terraba watershed in Costa
Rica. Bricefio and Martinez (1986) offer a list of 36 spéaiglhe nearby Chiriqui River, of which only 2
coastal species appear in the inventory of 33 species for the Grande de Terraba cited below (Rojas and
Rodriguez, 2008). Even allowing for some confusion due to nomenclature and the inclusion in the
Chiriquisurvey of a large number of essentially marine species, this is a remarkable difference for two
rivers separated by a straight line distance of 119 km. In this regard, it should be noted that while
Bussing (1976) assigned the Grande de Terraba and etowitersheds, representing the southern
extreme of the Costa Rican Pacific, to the Chiapas/Nicaraguan Ichthic Province, the dividing line
between that province and the Isthmian Province follows the national boundary with Panama.

In any event, it shoulde assumed that diversity, particularly of diadromous fish, in the Chiriqui
Viejo watershed (and thus effectively in the entire Pacific slope area of the World Heritage Site in
Panama) has been irreversibly reduced through damming of the mainstem doamstthe World
Heritage Site. A further threat to native biodiversity in the headwater area of this watershed is the
introduction of the exotic rainbow trout@ncorhynchus mykijssWhat we have only belatedly realized is
that this critically imperiledduna may have been uniqgue among the La Amistad drainages.

Our list of species for the Grande de Terraba watershed (Table 3) is drawn partially from
examination of the range maps in Bussing (1998) supplemented by one recent study (Rojas and
Rodriguez, 208). Given that only high altitude areas in the headwaters of Pacific slope watersheds are
included in the World Heritage Site, the proportion of these species which actually inhabit PILA should
be much lower than for the Atlantic slope, and could approzeto. The species most likely to occur are
the diadromousSicydium salvirfbased on its ability to surmount natural vertical barriers) and the-non
diadromousRivulus uroflammeusyready known from altitudes of up to 1,100 m. in the watershed
(Bussing1998).

In the pages which follow, we emphasize diadromous species documented from within or very
Ot2as G2 GUKS 22NIR ISNARGIFIS {AGS Fa GK2aS aLISOASa
severe population reduction and probable extirpat@inove future dams in the watersheds draining
PILA. We base our determinations of diadromy for the most part on the Global Registry of Migratory
Species (GROMS, 2009), supplemented by our own observations in the La Amistad area. We also
discuss two potamdromous species which might also be adversely affected by dams. This material
updates the treatment of individual species in McLarney and Mafla (2007). We give detailed treatment
to species found on the Atlantic slope, and more cursory treatment tdiPatope fish.
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ATLANTIC SLOPE SPECIES

Family Anguillidae (freshwater eels)
Anguilla rostrata(American eel, anguila del mar)

The anguillid eels are distributed almost worldwide (although none are known from the
eastern Pacific, including the Pac#lope of Mesoamerica), and provide the best known examples of
catadromous fishesA. rostratahas an enormous rangeextending from Greenland to some
undetermined point in the Caribbean; it may be near the southern terminus of its range in Talamanca
andBocas del Toro. Due to its large size (up to 1.2 m. long), ample distribution, and commercial
importance in North America it is the exception among the diadromous fishes of Mesoamerica in that
its life cycle is relatively well known. Although Americals spend most of their lives in fresh water,
sexual maturity is not achieved until they embark on a long journey from the rivers of the western
hemisphere to the Sargasso Sea, off Africa, where they reproduce in waters 500 m. deep or more.
(Vladykov, 1964 (Some authorities believe thAt rostratafrom Mesoamerica reproduce in the
Caribbean; see Tesch, 1977.) Following the spawning act, the adults die.

Anguillid eels hatch as transparent, ribbbrk 1 S I NI S oa3fl aa SStaég 2NJ
cariied by oceanic currents to the coast of the Americas, a journey which takes about a year. After
some months in estuarine environments they become opaque, assume the form of small eels (elvers),
and enter river mouths. The males remain small, and do eotuwre far above the estuary, but the
larger females may journey far up rivers. Bussing (1998) reportsstratal & St S@F GA2ya (2 H.
a0l 3aylryd 6FGSNBE 2N NAGSNE 2F Y2RSNI GS OdzZNNByd @St
have on seeral occasions captured eels in strong rapids, and at altitudes of up to 80 m. (McLarney and
Mafla, 2006b, 2008; McLarney, et al. 2009a, 2009b). We have verifiable repértsostratafrom the
Teribe and Bon rivers; in the Teribe watershed at leastfitund well within PILA, and has been
reported from altitudes of up to 300 m. in the Bon (Mafla, et al. 2005; McLarney and Mafla, 2007).

As a largely nocturnal species, the American eel is relatively little known by the majority of the
population inPanama and Costa Rica. However it is common enough to be a minor source of food in
the Teribe, where it is taken at night on hook and line.

Eels have some ability to travel overland, and have been seen to scale or travel around dams
on some occasions.h&y may also use subterranean channels, as evidenced by their existence in
karsticsinkholes in Yucatan, Mexicoefigonal communication, J.J. Sdtier-Soto). Navigation in the
still waters of reservoir lakes does not appear to present a problem. Howeseel out of water is
energetically costly and exposes the eels to predatérstostratahas become rare in inland North
America, and was recently considered by the US Fish and Wildlife Service as a candidate for
endangered listing (Bell, 2007). Tdeverity of any impact té. rostratafrom dams in Talamanca and
.20Fla RSf ¢2NR ¢2dxZ R RSLISYR 2y (KS &AA3IYyATFTAOFIyOS:
However in North America, the main cause of reduction of eel populations is considdredtte
proliferation of dams on the principal rivers (Jenkins and Burkhead, 1993).

Family Atherinidae (silversides, pejerreyes)

Atherinella chagres(sardina plateada)
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We have seen no evidence of diadromy in this species, and Bussing (1998) @ieas it
exclusively fresh water fish. The majority of species in the Atherinidae are marine; on the Costa Rican
Caribbean slope and elsewhere the family is represented by species which live in lowland streams and
others which inhabit the littoral zone, sbi$ surprising not to encounter a diadromous species. This
20aSNDFGA2Y A&d SOK2SR o0& alO52¢glff ompyyov a! GKSNRAY
surprising that various forms of diadromy are not well reported for the family . . . Adsti&fined,
RAIFIRNRYe R2Sa y20G aSSYy (42 200d2NJ Ay tyeé GKSNAYAROD

We includeAtherinella chagresh this section because it was treated as a diadromous species
by AES and MWH (2009) and because, athough Bussing (1998) cites a maximum altitude of 60 m., both
the ANAI and STRI teams have encountered it in the Changuinola mainstem at locations above the
CHANT/5 dam site and we have taken it within PILA in the Sixaola/Telire watershed (Lasso, et al. 2008b;
McLarney and Mafla, 2006b; McLarney, et al. 2009 blus TfA. chagresivere diadromous,
construction of proposed dams would threaten it with extirpations within the World Heritage Site in
both countries.

AES and MWH (2009) cite Zaret and Paine (1973) in support of apparent amphidromous
behavior byA. chagesiin the vicinity of the Panama Canal, but also mention the long term existence of
a reproducing population above the dam forming Lake Gatun in the same area. However, we note that
Lake Gatun, as part of the Panama Canal system, is porous to marinessggeven werd. chagresi
well documented as diadromous, its presence there can scarcely be cited as proof of adaptation. In
terms of the discussion of which this report forms p&t.chagresis perhaps most useful as a
reminder of how little we relly know of the life histories of the fresh water fishes of Mesoamerica.

Family Gobiesocidae (clingfishes)
Gobiesox nudugclingfish, chupapiedra cabezon)

G. nuduss one of the few fresh water representatives of a principally marine family, and
shouldnot be confused with gobies of the gen8ydiuia | £ 82 Ol f f SR & OKdzLJ- LJA SRNJI
common and widely distributed in the La Amistad watersheds. AsSidffdium, G. nudusas the
pelvic fins modified into a thoracic sucking disc by means of vithitings to the rocky substrates
where it is typically found.

The known range dB. nudugxtends along the Atlantic coast from Honduras to Venezuela,
where it is known from rivers between 25 and 580 m. in altitude (Bussing, 1998). In 9 years of
intensve sampling we have never found a Gobiesocid in Talamanca, nor have we heard verbal reports
of their existence. However, for some time we have received anecdotal reports of a chupapiedra
cabezon in the Changuinola/Teribe watershed. This informatiorcavafirmed in 2007 with repeated
sightings of a Gobiesocid, presuma@lynudusby qualified parataxonomists in the Teribe River,
within and downstream of PILA (personal communication, M. Bonilla). Subsequently the STRI
Inventory of the Changuinola maiesh above the CHANS damsite demonstrated its presence in the
Changuinola watershed above the Teribe (Lasso, et al. 2008b). So far we are not aware of any other
sites, but it is likely that this small, secretive fish is more widely distributed.

There areno published studies of the reproduction of any of the freshw&ebiesoxspecies.
| 26 SOSNE IAQPSY GKS FrLYAfEeQa YIENARYS FFFAYAGASAZT |y
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below 25 m. altitude, while larvae are unknown from the uppermyé is not unreasonable to posit
that G. nuduss amphidromous, and it was so considered in the STRI inventory.

.dzaaAy3a omppy o OFada az2yYS R2dzod 2y | YLIKARNRY®
the sea, this small fish that inhabits even thibutaries of Lake Arenal, would have a very long

YAINI GAZ2Y (2 | OKAS@PS (KAa SyRo®E | 26 SHSNE ! 9{ I YR
successful adaptation to impounded watersheds, since Lake Arenal was a natural lake before it was
impoundeR (2 F2NX I f I NHSNJ afl 1S¢2 6KAOK akKzdzZ R LINELIS

records forG. nudusn the Arenal watershed above Lake Arenal appear to date from prior to
impoundment of Arenal Reservoir in 1973 (personal communication, W. Bussitigjle it is not
known ifG. nudugpersists in the upper Arenal watershed, other diadromous fishes, nofailyus
pichardi,have disappeared since the dam was built.

If G. nuduss in fact amphidromous, the eventual effect of dams could be condtkerin
addition to blocking downstream movement by larval fish, upstream migration by adults could also be
precluded, since (unlike in the caseSitydiumand some other gobigghere are no reports of
Gobiesoxusing the thoracic sucker to scale vertisatfaces.

Family Gerreidae
Eugerres plumier{estrombal, mojarra prieta)

This species is included on the basis of the capture of 2 specimens by the STRI inventory
expedition in the mainstem of the Changuinola River above the CFAMM site (Lasso, et al. 2008b)
at an altitude of over 100 m. Bussing (1998) mentions recortteeafapture of this species in the San
Juan River at elevations of up to 31 m. However, while weHimdumierto be common in estuarine
habitats in Talamanca, we have never taken it in 9 years of intensive fresh water sampling in the
region.

The @casional occurrence afarinetop carnivores (notablZentropomusnd Caranxn the
Atlantic watersheds of La Amistad) is well documented; the general assumption is that they are not
obligate migrants, but rather opportunistic hunters wandering beyond their normal range in pursuit of
prey. The same could apply in the case ofittvertivorousk. plumieri We include this species here
because we are unable to confirm either this behavior or possible diadromy and as an example of how
much we have yet to learn about the biology of the rivers of La Amistad.

Family Haemulidae (gruntgoncadores)
Pomadasys crocrburro grunt, Atlantic grunt, ronco, roncador)

This large species (up to 355 mm. long) is important in artesanal fisheries in all of the Atlantic
watersheds of the World Heritage Site, where it inhabits streams of all sizasd out of PILA, up to
an altitude of at least 250 m. (Mafla, et al. 2005). Cervigon (1993) reports capture of this species at a
depth of 120 m. in the Caribbean off Venezuela but, while it is common in estuaries in Talamanca, we

have never observed in a marine habitat.

There is nothing published on the reproductionPofcrocrar any other species édfomadasys.
Since the family Haemulidae is principally marine, wihilerocrds found chiefly in rivers and
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estuaries, and because no one has difsd the larvae, we accept its listing as amphidromous in the
Global Registry of Migratory Species (GROMS, 2009), but it could be catadromous. In either case a
probable consequence of damming would be its disappearance from the upper watershed, ingiuding
PILA.

CastreAguirre, et al. (1999eport the existence of a landlocked population in a reservoir lake
(Miguel Aleman or ElI Temascal) in Veracruz, Mexico. However, one of the authors of that text affirms
that P. crocradoes not usually adapt in thiway in Mexico (personal communication J.Jnitbér -

Soto). The conservative stance is to continue to assumeRthatocrds an obligate diadrome in
Talamanca and Bocas del Toro.

Family Mugilidae (mullets, lisas)
Agonostomus monticoldmountain mulle, sarten, lisa, tepemechin, mechin)

A. monticolas by far the most abundant fish of edible size in the fresh waters of Talamanca
and Bocas del Toro, and is thus of major importance in the diet of the inhabitants. It is more abundant
in swift flowing rnvers and creeks than in those of lower gradient, but it is found in every stream of the
region up to the first natural barrier. Bussing (1998) ckemonticolaat up to 650 m. elevation in
Costa Rica, and Cruz (1987) found it in small tributaries & G500 m. in Honduras. It has appeared
in 100% of the visual inventories made in the Changuinola/Teribe watershed, and in nearly every fish
sample carried out by the ANAI Biomonitoring Team in the Sixaola/Telire and Estrella watersheds
(McLarney and M#d, 2006b; 2008a; McLarney, et al. 2009a, 2009b). It has also been reported from
the Grande de Terraba (Rojas and Rodriguez, 2008) and Chiriqui (Bricefio and Martinez, 1986)
watersheds, making it the only diadromous fish present in streams draining loptbssbf the World
Heritage Site. On the Atlantic slope, it is probably the second most abundant fislsiafidium

Surprisingly for such a widely distributed (on both coasts from the southern United States to
Venezuela and Colombia), abundant, visdoe highly valued fish, there is not general agreement as
to whetherA. monticolas amphidromous or catadromous. Anderson (1957), who found pelagic
monticolalarvae off Florida, considered it catadromous, as did Aiken (1998), Bussing (1998), Erdman
(1972,1976), and Thomson (1978), based on observations in Jamaica, Costa Rica, Puerto Rico and
Florida, respectively. Phillip (1983) reported finding ripe and running females in the sea off Trinidad,
which would support the argument for catadromy. Cru28a) who studied both species of
diadromous mullets in Honduras, thought monticolamight be either catadromous or
amphidromous.

For whatever reason, McDowall (1998) in his text on diadromy and a later publication on
amphidromy (McDowall, 2007) dif2 § Ay Of dzZRS t KA f f A LIQ #Hor&sGlas®Nad | G A2y X
the effect that ripe adults have always been taken in fresh water. Loftus, et al. (1984), also cited by
McDowall, went further and claimed that adults of any stage have never been talsatt water and
NB LJ2 NIi SR & LINE 6 | viof irSRuerta Ritamrigersifelie Aondiititolashown to be
amphidromous it would be the first confirmed case of amphidromy in the Mugilidae; all those
members of the family which have been well studied are either catadromous or completely marine.
(However, see the following account fawturus picharid) Gilbert and Kelso (1971) and Gilbert (1978)
attempted to summarize life history information @ monticola.
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In Costa Rica, at least (and probably in Panama) the situation is more complicated because
FOO2NRAY3I (2 . dzihdohogt@musppahrrydifferanteasbBsyofittie $ear, which may
indicate thatA. monticolareproduces several times during the year or it may be that there is more
GKFy 2yS aLISOASas SIFOK gA0GK F RAFTFSNBYG NBLINEBRdAzOU
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Costa Rica and Panama, the great morphological variation and the irregular seasonality of its
migrations suggest the possibility of different reproductive ®ges, possibly including both
catadromous and amphidromous populations, as suggested by Marcy, et al. (2005).

Be it amphidromous, catadromous or bothgonostomuss one of the few fish which appears
in almost all samples and visual inventories fronenmsy creeks and brooks in Bocas del Toro and
Talamanca at all elevations below natural barriers, penetrating to the uppermost headwaters (as also
observed by Cruz, 1987 in Honduras and Kenny, 1995 in Trinidad). It would be vulnerable to
extirpation abovevhatever dant, and the possibility of a range of reproductive behaviors within the
species would make any effort to mitigate damage by providing passagg@mostomugspecially
difficult.

Joturus pichard{hogmullet, bocachica, bobo, cuyamel)

The boboor bocachica, found from sea level up to at least 600 m. elevation (Bussing, 1998), is
at once the largest fresh water fish in upland Mesoamerica, and the preferred table fish. For this
reason, among others, it has become scarce over much of its rangbgdtlantic slope from
Veracruz, Mexico to San Blas, Panama, plus Cuba, Hispaniola and Puerto Rico). There is general
agreement that, whilel. pichardimay still be found in most streams of the Estrella and Sixaola/Telire
watersheds (where dams are nptesently a factor) in Talamanca its abundance has declined greatly
over the last 30 years.

Surprisingly, considering the growing population of Bocas del Toro and the high esteem in
whichJ. pichardis held as a food fish, it does not appear to be camably rare there. During a visit to
the upper Changuinola watershed in 2005, we found evidence of its apparent abundance in the form of
ANBIG ydzZyoSNE 2F aUGNFXOlaé¢ oYFENJa €tSTa 2y NrOla 6K
its diet). Base@n all available anecdotal information from Costa Rica, Panama and other countries, it
appears that the Changuinola/Teribe watershed is home to one of the strongest extant populations of
J. pichardiand is thus important to the loagerm viability of thespecies. There, as elsewhere, it lives
in or near the strongest rapids.

The gaps in our knowledge of the reproductive biology of this important species are enormous.
As in the case gkgonostomus monticolano one has observed the spawning acfopchardi Darnell
(1962), Diax/esga (2007) and Erdman (1984) considered dhpichardis probably catadromous,
based on studies in Mexico, Colombia and Puerto Rico, respectively. Cruz (1987) who dedicated
several years to the study of this species am#luras, opined that botld. pichardand Agonostomus
monticolaare amphidromous, laying their eggs in rivers. However, he subsequently found ripe female
J. pichardin Honduran estuaries. Recently Villalobos and Molina (no date) found ripe females in th
Sarapiqui River, Costa Rica in October of 2005, but were unable to find them from November on,
supporting the popular concept of an annual migration by adugiichardio the lower reaches of
rivers and/or estuaries. Any attempt to draw conclusiondasided by the fact that no one has
collected larvae od. pichardior juveniles less than 60 mm. long in fresh or salt water.
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Our own observations, supported by anecdotal information from inhabitants of Talamanca and
Bocas del Toro, show that pichadli is scarce or absent from rivers during the last months of the year,
but that both adults and juveniles reappear from January on. We have also encountered segregation
by size, with juveniles in creeks and the largest adults in the major rivers (Mclatra¢y2009b). This
suggests that, in addition to an annual reproductive migration, they move from stream to stream
during their life, as they grow.

Information on dam effects from Mesoamerica is largely anecdotal. Anderson, et al. (2006)
associated amall dam on the Puerto Viejo River in north central Costa Rica with the disminution of
pichardiin that river. Bussing (1998) cites personal communication (H. Arraya) to the effect that
Joturus pichardias disappeared from the tributaries of Lake®al, Costa Rica since it was dammed in
1973, and suggests that similar effects may occur on other dammed rivers in Costa Rica. Chris Lorion of
the University of Idaho/CATIE (personal communication) and Vormiere (20077?) both report the
absence of this smies from the Reventazon River watershed above the Angostura dam, whereas
McLarney (unpublished observations) found it to be common there in 1968. However, there is
documented precedent for the disappearance of this species above dams from Puerto Bicar(Er
1984; Kwak, et al. 2007). We assume thatichardivould disappear from any river above a dam,
including in the World Heritage Site.

Family Gobiidae (gobies, gobios)
Awaous banangriver goby, chuparena)

The gobiid genuawaousis almost univesally distributed in tropical and subtropical regions;
Awaous transandeanushe Pacific geminate speciesAfbanand inhabits Pacific slope streams of
Mesoamerica from Costa Rica to Peru (Bussing, 1998) and may ascend into the La Amistad World
HeritagesSite in tributaries of the Grande de Terraba and/or Chiriqui Viejo rivers.

On many islands, such as Hawaii and the smaller West Indian istamasusspp. are the only
fish which inhabit some fresh water rivers and creeksbanana universally distbuted in the rivers
of Talamanca and Bocas del Toro, is known from the entire Caribbean and southern Gulf of Mexico. It
reaches 180 mm. in length, and is of minor importance as a food fish. Although low in abundance at
most sites, the population ok bananais well distributed from near sea level up to nearly 500 m.
altitude within the World Heritage Site (Mafla, et al. 2005; McLarney and Mafla, 2006b; McLarney, et
al. 2009b).

la y20SR 0@ YSAGK 6Hnnov: ¢gKAES (GKS D206AARIS
their biological cycle and the parameters and evolutionary processes that lead to such diversity are
L322 2 NI @ dzy RSNA 2 2 R ®éAwdoysjn 8pikedf bérlg well kndvilh oniidkcéntinans itk
in many islands, much of the available information is conjectural. Yerger (1978) thought that
bananaspawned in the sea, which would make it catadromous, but Bussing (1998) posits amphidromy,
2LAYAY3 GKIFIG a¢KSe LINRPolFofe NBLNRBRIzOS ySI N GKS
RSOSt 2L Ay LISt 3IA0O 61 G§SNRE DE

The best studied species Afvaous(A. guamensisf the western Pacific islands) is

' YLIKA RNR Y2 dza @ 932 oOomMdppcy YR YAR2 FyR 1 SIF020]
adult fish normally migrate downstream to the spawning grounds, which are situated in general in the

44

Q)¢
(V)



firsta KIff2¢ NIFLARA SyO2dzyiSNBR dzZLJAGNBFY FTNRBY (GKS N
over 4 weeks in estuaries.

Be it amphidromous or catadromous,Aif bananaequires access to salt water to complete
its life cycle it would probably disappealbove the proposed dams; there is precedent in Puerto Rico
(Holmquist, et al. 1998; Kwak, et al. 2007).

Sicydiumspp. (titi, chupapiedra)

There is not agreement on the number of specieSiof/diumwhich ascend streams draining
into the Gulf of Mexicand the CaribbeanBussing (1996), reviewing Brockmann (1965) thought it
probable thatSicydium antillarunof the northern coast of South America was synonymous with
Sicydium altumbut reserved the latter name for the Costa Rican population. At the sane he
dividedS. altuminto 2 species, designating the new spe@ésydium adelumHowevelS. adelunis
not recognized by all authorities. Lasso, et al (2008b) ref&i@ttiuncaptured in their inventory
work in the Changuinola watershed $ alum. According to Bussing (1996, 1998) at lower elevations
the 2 species nearly always occur together, but whef@aaltumis reported at elevations of up to
1200 m. in Costa Ric8, adelums known only to 90 m. This leaves open the possibility $hatitum
occurs at altitudes below the level of the CHABIdam site (ca. 100 m.) in the Changuinola/Teribe
watershed, but not within the World Heritage Site. In discussing the Atlantic slope watersheds draining
the La Amistad World Heritage Site we wafler simply toSicydium

While there is some doubt about the taxonomic identitySi¢ydiunon the Pacific slope of
Mesoamerica (Brockmann, 1965), it is probably safe to assign any individuals from the La Amistad
Pacific watersheds (Grande de TerrabariGui Viejo and Chiriqui Rivers) &cydium salvini

In the Changuinola/Teribe, Sixaola/Telire and Estrella watersi&cgliums the most
abundant fish wherever there is rocky substrate. Despite its small size (up to 140 mm.) it is often
dominantin terms of number of individuals and biomass. Lasso, et al. (2008b) Siaydiunto
comprise 62.5% of their total fish collections (comprising a total of 15 species) in the Changuinola
watershed above the CHARb dam site during the dry season; it cobtited from 39 to 77% of
biomass in individual samples. Our dry season investigations in the Sixaola/Telire and Estrella
watersheds (McLarney and Mafla, 2006b, 2008; McLarney, et al. 2009a, 2009b), show that proportional
abundance increases with altitudad gradient. Even in some moderately diverse sampld2 (6
species)Sicydiuntomprises 785% of individual fish. Naso and Ngobe parataxonomists trained by
ANAI arrived at similar visual estimates for several sites on the mainstem and tributaries of th
Changuinola and Teribe Rivers (Mafla, et al. 2005; McLarney and Mafla, 2006). Sogdalhis
nearly omnipresent, occurring in smaller numbers in rivers and creeks with lower gradients and finer
substrate materials.

Thanks to their strong thoracidiskSicydiumB2 6 A S& Ay 3ISYySNIt | NB Oz2y
a0ItS Fyed 3aANIYRASY(G 20SNI 6KAOK 61 S Néntipészaneolor 6/ 2 &
of Hawaii, is documented to regularly surmount a set of waterfalls 300 m. high, witml@ertical

drops; Englund and Filbert, 1997). In Bocas del Toro and Talarsaeydiums normally the only fish

found above natural barriers such as waterfalls where, along with diadromous shrimps, it is the

principal consumer of benthic algae.
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Thee are no published studies of the reproductive behavio®oéltumor S. adelumbut
Sicydium antillarunand S. punctatunof Dominica (Bell and Brown, 1995; Keith, 20@3)plumierof
Puerto Rico (Erdman, 1961, 1988),stimpsondf Hawaii (Tomihamd,972) andS. taeniuru®f Tahiti
(Schulz, 1943) have been shown to be amphidromous, and most authorities share the assumption with
McDowall (1988) that all sicydiine gobies are diadromous.

We know that the larvae . altum/adelund 1 y2 6y f Z2QE Dt & LIS¥FRaliA RSASt 2
period in estuaries and that at certain times of year they migrate up the rivers of Talamanca in
enormous numbers, many times moving together with larvae of shrimp and other fish. Apparently
they are londived and continue groimg as they migrate upstream. It is normal to encounter the
largest individuals at the highest altitudes, with smaller individuals near the sea (and over fine
substrates).

It is probable thass. altum/adeluntould climb at least some of the proposed damsre the
humidity adequate. However, it also appears that reservoir lakes could constitute an insuperable
obstacle for adults and postlarvae ascending and almost certainly for newly hatched individuals
descending. The latter argument is supported by éssertion of Balon and Bruton (1994) that for free
embryos of amphidromous fishes the time taken to descend to their estuarine feeding site is critical.
Research in Japan &hinogobiugiobies (Moriyama, et al. 1997; Tsukamoto, 1991), and one non
gobiine amphidromous fistP{ecoglossus altive)iglguchi and Mizuno, 1998) demonstrates that the
survival of drifting embryos is inversely related to the time of transit (as determined tandesfrom
the sea and current velocity). Lyons (2005) related the presence/abseisieydiungobies in Mexico
and Central America to the length and velocity of rivers; in slow moving rivers traversing wide coastal
plains,Sicydiumare rare or absent.

These conclusions are coherent with the natural absence, in Talamar&iaydfunin a few
fluvial systems characterized by coastal lagoons with very little current (McLarney and Mafla, 2006b,
2008; McLarney, et al. 2009a, 2009b). And it is suffit@eakplain the disappearance 8icydium
above dams in Puerto Rico and Guadeloupe (Benstead, et al. 1999; Fievet, 1999; Fievet, et al. 2001a,
2001b; Holmquist, et al. 1998; Kwak, et al. 2007). Thus it is reasonable to suppose that alteration of
flow regimes by large dams in the PILA watersheds would cSigaliunto disappear from upstream
river reaches. Although to the lay observer, the disappearance of large, edible fishes satiras
pichardiand Agonostomus monticolmight be more alarming, theisappearance oicydiun{along
with the shrimps) could have the most profound ecological consequences. (See sections on shrimps,
and secondary effects of species extirpations, below.)

Family Eleotridae (sleepers)
Gobiomorus dormitoi(Bigmouth sleeper, mdfish, guavina, bocon)

This large predatory fish is more abundant in the lower watersheds, but has been reported in
the World Heritage Site up to at least 100 m. altitude (McLarney, et al. 2008, 2009), and to at least 543
m. in Puerto Rico. (Bacheler, et al. 2004) (The si@iddiomorus maculatusf the Pacific slope is
known from the Chiriqui and Grande de Terraba watersheds but probably does not ascend to the
higher elevations where PILA begins on that slope.) In general, larger specin@raoofitorare
found in the uppe reaches, with juveniles largely confined to lower altitud€s.dormitoris an
excellent food fish, often targeted by local fishermen.
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While amphidromous behavior cannot be ruled out, Nordlie (1981) and Gilbert and Kelso
(1971) consider thafs. dormita is catadromous, reproducing in the lower reaches of estuaries. Darnell
(1962) thought thats. dormitorwas normally catadromous, but under some circumstances capable of
reproducing in fresh water, as did Greenfield and Thomerson (1997). Three authers=pavted on
putatively landlocked populations:

1 McKaye (1977) and McKaye, et al. (1979) reported on a population in Lake Jiloa, an isolated
crater lake in Nicaragua, where apparent reproductive behavior was observed. However,
the suggestion has been madhat the Lake Jilo@obiomorusare genetically distinct from
diadromousG. dormitor(personal communication, P. Esselman).

1 Bacheler (2002) and Bacheler, et al. (2004) reported a landlocked population in Carite
Reservoir in Puerto Rico. However, no ygofithe-yearGobiomorusvere taken, and it
has been questioned whether the Carite population is actually reproducing in fresh water
(Neal, et al. 2001 and 2004; Greathouse, et al. 20@6lgormitorhas been extirpated
from several rivers above dams ind?to Rico (Kwak, et al. 2007), and does not occur in
other Puerto Rican reservoirs, including some on the same river as Carite.

9 CastreAguirre, et al. (In Press) mention the occurrenc&otlormitorin Miguel Aleman (El
Temascal) Reservoir, Veracruz Xite, along with two other species of normally
diadromous fishRPomadasys croctand Dormitator maculatus We are not aware of any
reason to doubt that these are truly landlocked populations.

On the basis of 1 to 3 occurrences at widely separated latstibhe future establishment of
viable fresh water populations @. dormitorin the La Amistad region cannot be ruled dBitit even if
the Nicaraguan and/or Puerto Rican populations are ultimately verified as landlocked, naturally
reproducingG. dormitor the infrequency of the occurrence suggests that unknown but very special
conditions in the habitat or the genetic makeup of the isolated population are involved. Statistically,
the odds would appear to be against its persistence above any dams whichbmigbnstructed in the
La Amistad watersheds.
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OTHER FISHES OF CERNC

Emphasis here is on those species deemed most likely to be negatipelgted by the
construction of dams in the watersheds draining the World HeritagecSitanely those diadromous
or possibly diadromous species which are known from within the PILA boundaries on the Atlantic
slope, where there is a greater mileage of Ergtreams within the park and also a greater knowledge
of the fish fauna. There are 5 other categories of fish which merit mention:

i Potamodromous species

Potamodromy was defined by Myers (1949) as referring to those obligate fresh water species
whichmust undertake considerable migrations within fresh water in order to complete their life cycle.
Such behavior is of course fully as susceptible to disruption by anthropogenic barriers such as dams as
is any form of diadromy. Little mention was madgoftamodromy in our previous report (McLarney
and Mafla, 2007) because it dealt exclusively with the Changuinola/Teribe watershed, where there are
no confirmed potamodromous species. However, the potamodromous macBagagn
guatemalensigs an importantlement in the fish assemblage of the Estrella River watershed in Costa
Rica (McLarney and Mafla 2006b, 2008; McLarney, et al. 2009a, 2009b), where it is an important food
resource, and its potamodromous congerBrycon behreaeccurs in the Grande de Taba
watershed draining the Pacific slope of the World Heritage site, vBhitgriatuluss reported from the
Chiriqui River (Bricefio and Martinez, 1986). Rojas and Rodriguez (2008Bfcaattteado comprise
over half of individual fish and fish bionsis limited sampling at 4 stations on the Grande de Terraba
River.

It must be noted thaB. guatemalensimhabits the lakes of Nicaragua, from which it moves
into tributaries to spawn, and has survived, and even thrived, in the impounded Lake Ar€oatin
Rica. But survival &ryconspp. above or below dams in the La Amistad area should not be assumed.

Potamodromous behavior has also been observed for at least two other genera known from
the World Heritage SiteAstyanax aeneugerforms a mass#& annual upstream migration in
Guanacaste (Lopez, 1978), though this may be triggered more by water levels than by reproductive
behavior. The hepapterid catfisRhamdia nicaraguensfg/hich may or may not occur in the La
Amistad area; the taxonomy &handiais cloudy) was described by Alfaro (1935) as making long mass
spawning migrations in the Meseta Central of Costa Rica. The point here is that, in the absence of
studies of these fish in the La Amistad area, we cannot rule out potamodromous moveshénts
aeneusand other characins, the twBhamdiaspecies known from PILA, or other species of the La
Amistad area.

M Cryptic diadromous species

Tables 2 and 3 list several diadromous species known from the watersheds of the World
Heritage Site, but not morted from within PILA. In most cases, these are species of low altitude, low
gradient streams which we would not expect to see above 100 m. However, allowances must be made
for two small, cryptic flatfishes (pez hoja or lenguado) of the families Ehatiaidae Citharichthys
spilopteru$ and AchiridaeTrinectes paulistanyswhich spend most of their time hidden in sandy
substrates, and are among the most difficult of fishes to detect or capture. They may be more
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abundant than is appreciated. Thilcycle of these fishes is not completely known, but eggs of both
genera are known to be pelagic, which leads to a hypothesis of catadromy.

Both species are known from the lower reaches of the Atlantic slope watersheds of PILA and,
based on occurencesdm Costa Rica and the southeastern United States (Bussing, 1998; Gilbert and
Kelso, 1971; Gunter and Hall, 1963; Swingle, 1971; Tucker, 1978) it would not be surprising to find
occasional specimens of these species or their congeners within PILA inreantgs of the largest
rivers, particularly the Changuinola.

On the Pacific slope, Rojas and Rodriguez (2008) forindctes fonsecensis altitudes of up to
55 m. in the Grande de Terraba River, but did not report any Paralichthyid flatfishes. ét1p#ipirez
(1985) reportedCitharichthys gilbertfrom an altitude of 640 m. in the Pacuar River, tributary to the
General River, (Grande de Terraba Watershed) upstream of the Diquis DanAesiteus mazatlanus
and Achirus lineatudave been reported from the lower reaches of the Chiriqui River (Bricefio and
Martinez, 1986) and could be present in the Chiriqui Viejo.

9 Euryhaline facultative wanderers

Eugerres plumierfirst recorded from the inland waters of the World Heritegjée by the STRI
inventory team (Lasso, et al. 2008b) may properly fall in this group, but is here described with the
diadromous species. Other representatives of this group are principally large top carnivores normally
found in the inshore oceans and asries, but which occasionally undertake long upstream voyages,
presumably in the pursuit of prey. The Teribe River is known locally for the particular frequency of
these occurrences, but euryhaline facultative wanderers may occur in any accessible. sTieamost
frequent and conspicuous fishes of this group are the snoBkstfopomuspp.), but we also have
reliable reports of jack€Qaranxspp.) from the Teribe River near the PILA boundary.

While facultative wandering is clearly not essential to ti@ntenance of populations of these
fishes in Talamanca and Bocas del Toro, it may contribute to the total size of their populations and the
growth of individuals. Construction of dams on the rivers below the PILA boundary could result in the
eliminationof 2-5 species in these two genera from the faunal list for the World Heritage Site.

T ¢abSéé¢ ALISOASaA

Recent advances in taxonomic methods have led to the splitting of at least one species from
the La Amistad watersheds. Since 2001, in our work in thel&iXalire and Changuinola/Teribe
watersheds, we have routinely assigned all individuals of the distinctive characidBgmosnamericus
to the widely distributedB. scleroparius However we have become aware that RoAvaencia
(2000, 2002), has deshedd a new and superficially similar speciggjconamericus gonzalegivritten
asgonzalezoin RomanValencia, 2002) which appears to be endemic to eastern Atlantic Panama
(Bocas del Toro Province), including the Changuinola/Teribe watershed, pBxdnda watershed of
Costa Rica. As nearly as we can determine from published data, the ranges of the two species overlap,
so that it is highly probable that some of aiir. @ & Of foMBheJovieR Sizdoka watershed are
actuallyB. gonzaleziIn Paama, Romast | f SY OAl ownnu0O fAaida 020K &ALISOA!
we presume is the Bonyic (Bon) River, tributary to the Teribe.

Similar changes may eventually occur with some of the taxonomically challenging genera
represented within the World Héage Site, such @&ivulusandRhamdia In the event that such
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changes occur and contribute to the erection of species with limited distributions, the threat of loss of
species viability through fragmentation, or disruption of possible potamodromousviahiay
anthropogenic barriers such as dams would be more serious than hitherto supposed.

9 Pacific slope diadromous species

Occurrences on the Pacific slope of several of the diadromous genera, and one of the species
found in the Atlantic slope La Amistactersheds are mentioned above. While because the PILA
Boundary does not extend much below an elevation of 900 m. on that slope there is less potential for
Pacific diadromous species to enter the World Heritage site, their presence cannot be ruleddut, a
susceptibility to extirpation above dams but below the protected areas is a concern. This ichthyofauna
is much less studied. Rojas and Rodriguez (2008) report 7 fish species from the Grande de Terraba for
which diadromy is known or may be surmisefiwe take the Chiriqui River as a surrogate for the
Chiriqui Viejo (See discussion above) we count 10 such species from waters draining the Pacific slope of
the World Heritage Site in Panama (Bricefio and Martinez, 1986). Based on known behavior and
altitudinal records from other watersheds, the diadromous species most likely to be found in the
headwater streams of the Pacific slope of PILA include one species known from the Atlantic slope
(Agonostomus montico)aand 4 congeners of Atlantic slope specksnjadasys bayanus, Pomadasys
panamensis, Awaous transandearauml Sicydium salvii
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MACROINVERTEBRATES
BENTHQOS

The macroinvertebrate fauna of the La Amistad watersheds has been relatively little studied.
The most completeollections are those made by the ANAI Stream Biomonitoring Program during the
period 20002009 in the Estrella and Sixaola/Telire watersheds (McLarney and Mafla, 2006b, 2008 and
McLarney, et al. 2009a, 2009b), using conventional benthic macroinvertetaaipling methods,
supplemented by a smaller number of collections made from the Changuinola/Teribe watershed by
parataxonomists associated with the ANAI program. During this period, the ANAI team has identified 17
orders and 108 families in the two watéexds. Much more cursory investigations in the
Changuinola/Teribe watershed yielded a count of 12 orders and 40 families. Most of these collections
have been made outside PILA, at elevations-200 m., so it is likely that some of the taxa collected do
not occur within the World Heritage Site.

Other relevant work on the Atlantic slope includes collections made by the STRI team (Lasso, et
al. 2008b) in the Changuinola River and some of its tributaries above the-C3dd¥n site (13 orders,
55 families ad 94 genera), and the earlier studies of Flowers (1991) who collected representatives of 75
insect taxa, many of them unidentified, belonging to 9 orders, in the lower Teribe watershed.

On the Pacific slope the most relevant work is that of Umdiialobos and Springer (2006) who
monitored 14 sites in the Grande de Terraba watershed, at altitudes-@828 m., of which 6 were
located upstream of the Diquis Dam site. While we have not been able to obtain taxa counts from this
study results for the BMWER Biotic Index suggest taxa diversity comparable to that of the Estrella,
Sixaola/Telire and Changuinola/Teribe watersheds of the Atlantic slope at high altitude sites near the
World Heritage Site boundary, grading to significantly reduced diversity,deininance by tolerant
forms at the lowest altitude station sampled.

The best reference for the Panamanian Pacific slope is Flowers (1991). Although, based on
earlier observations (Flowers, 1979, 1981), he documented virtual elimination of the bemihiz 6f
the upper Chiriqui River in the area flooded by the Fortuna Dam, streams tributary to the Fortuna
Reservoir in the Fortuna Forest Reserve yielded 101 insect taxa, representing 9 orders.

In addition to making the first major benthic collectidinem the Teribe and Chiriqui
watersheds, Flowers (1991) collected from two neighboring areas in western Panama (the Guabo River
watershed in the Palo Seco Forest Reserve and a series of lowland streams draining to the Chiriqui
Lagoon between Chiriqui Gram@nd Almirante). Perhaps the most interesting result of his work is the
ANBFG SGFNRFOoATAGE FY2y3a F2dz2NJ O2yGA3Idz2dza o6 G SNAKSR
2yS 2F GKS RNIAYF3S | NBI aodé ¢ KA adaedema/dei Ga GKF G 0
unusually vulnerable to extirpations from limited, local impacts.

Predictably, the great majority of all aquatic macroinvertebrate taxa which have been identified
from the La Amistad area are insects, which do not exhibit diadromous beh@his does not mean
that this component of biodiversity in the World Heritage Site and its watersheds would not be affected
by downstream dams. There are 3 areas of concern:

1 Without a doubt, the composition of the benthic macroinvertebrate assemblagedvbe
drastically altered and its diversity reduced within the confines of reservoir lakes created by
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dams in the La Amistad watersheds. While the total area affected would be relatively small,
as Lasso, et al. (2008b) point out it is probable thatgteatest diversity of benthic
macroinvertebrates occurs at the middle elevations where most large dams are proposed.
Thus the possibility exists of localized extirpations of narrowly endemic species.

1 The structure of benthic macroinvertebrate assemblaigethe river mainstems for varying
distances downstream of dams would inevitably be altered. (See discussion of downstream
effects of dams, below.)

1 The least obvious, but possibly most important effect would be the alteration of benthic
macroinvertebratespecies composition resulting from the extirpation of diadromous shrimp
and fish with which benthic fauna interact. Among the studies which have elucidated the
effects of diadromous species of benthic grazers, both shrimp and fish, on benthic
macroinvertdrates in Central America and the West Indies are those of Barbee (2002,
2004); Greathouse, et al. (2006); March, et al. (2001, 2002) and Pringle and Hamazaki (1997,
1998). The importance of such interactions in maintaining biodiversity is discusseditvelow
the section on secondary effects of species extirpations.

It is particularly difficult to assess or predict the threat from dams to insect diversity due to two
interrelated factors; the enormous taxonomic diversity of this group and our limited knogéeof that
diversity in most tropical areas, including La Amistad. In the case of insects there is a very real risk of
eliminating species before we know they exist.

The situation is somewhat less complex with respect to some of the major non insapsgrb
aquatic macroinvertebrates. Within this grouping the most relevant animals in terms of dam effects are
the shrimps. With the possible exception of crab and snail species which may exist in the lower reaches
of the major rivers draining PILA, thalp macroinvertebrates in the La Amistad region which exhibit
diadromous behavior are shrimps of the families Atyidae and Palaemonidae, discussed immediately
below. As we will show in following sections, in addition to their importance as numericabcoots
G2 0A2RAGSNRAGE Ay (GKS 22NIR I SNAGF3AS aridsSsz GKS
which interact with other animals and with the physical environment in ways which are critical to
maintaining ecological integrity in the upperaches of the La Amistad watersheds.
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SHRIMPS
Overview

If the threat to benthic macroinvertebates represented by proposed dams is little understood
and difficult to quantify, in the case of the Atyid and Palaemonid shrimps (not normally considered as
GoSYiKAOE RSALIAGS GKS friy FeGerelthoughiHblth@sT195PKs8ggestéd® A R S0
that some species dflacrobrachiumare capable of completing their life cycles entirely within fresh
g1 GSNE a2 FIN Fa Aad 1yz2e6y Fff 2F GKS aFNBakK gl G4SN
amphidromous, though the possibility of catadromy exists). As we will show in othierseof this
report:

1. Experience in other areas suggests that populations of diadromous shrimps would be
drastically reduced and probably extirpated above dams, including within the World
Heritage Site.

2. The contribution of diadromous shrimps to biomasgrapical streams is
underappreciated. As Bright (1982) pointed out, in some tropical streams shrimp may
even account for the majority of secondary production. This is most often the case on
islands or above natural vertical barriers, where fish are wsrde or even lacking.

3. Apart from their contribution to secondary production and to biodiversity at the species
level, the diadromous shrimps play keystone roles in the fluvial ecosystems of the La
Amistad area. Pringle (1996) and Pringle et al. (1999pacoertheir role to that of large
GSNNBAGNAFET aYS3IFKSNDAP2NBag 6Sda (GKS o0Aazy
grasseating mammals of the African plains) defined by Os@anith (1992), pointing out
that in headwater streams they are amongtheNBS &G 062 RASR FyAYIlFf a&a |
O0SKI @S |a WYSAI2YYAP2NBaQ ¢ dandmulliceliek NI & LIS C
Ff3art @SaASGlraGA2y s 2NAHFYAO YR AY2NHIYAO YI {
could be ecologically catastrophic.

Here we will attempt to recount what is known about the Atyid and Palaemonid shrimps of the
La Amistad watersheds, beginning with the admission that they are little studied and poorly known. This
Ad RdzS Ay LI NI (G2 0G§KS 7T IQvial edoldy, igenaraiNignorédintk NB G KS a2
biomonitoring studies, whether these focus on fish or benthic macroinvertebrates.

The only study of which we are aware which attempted to inventory fresh water shrimp in
streams of the Atlantic slope of the La Amistada is the STRI inventory of the Changuinola River and
its tributaries above the CHARb dam site. There Lasso, et al. (2008b) found 5 species of diadromous
shrimp. The great majority of their samples (97 % of individuals) were made up of 3 species, th
Palaemoniddacrobrachium heterochirusnd an unidentifiedvlacrobachiunmsp., plus the Atyidtya
scabra. Two additional specie§/acrobrachium carcinu@alaemonidae) anBotimirimsp. (Atyidae),
were present but extremely rare.

In the case of the ANAtream biomonitoring program, we have routinely recorded the

presence or absence of Atyid and Palaemonid shrimps in our fish and macroinvertebrate samples
(McLarney and Mafla, 2006b; 2008, McLarney, et al. 2009a, 2009b), as have the Naso and Ngobe
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parataonomists who have carried out visual surveys in the Changuinola/Teribe watershed in and
downstream of the World Heritage Site (Mafla, et al. 2005; McLarney and Mafla, 2006b, 2008). In the
great majority of cases, both groups have recorded the presencko#ien high abundance, of

members of both families. However, only in 2009 did we begin to pay attention to the shrimp in our
samples at the levels of genus and species, leading to publication of a laminated field guide to the
diadromous shrimps of Talamea (Asociacion ANAI, in prep.).

In 2009, we made selective collections of large adult shrimp from 12 of a total 29 fish sampling
sites (2 in the Estrella watershed and 9 in the Sixaola/Telire, plus 1 site in the Hone Creek watershed,
which does not drim PILA). These individuals were identified to species with the assistance of Yorlandy
Gutierrez of the U. of Costa Rica. Based on this survey, we identify 4 species of diadromous shrimp
(Atya scabra, Macrobrachium carcinus, Macrobrachium heterochmdi$lacrobrachium olfer3ias
definitely inhabiting the watersheds of the Atlantic slope watersheds draining the World Heritage site.
According to Gutierrez (personal communication), the following additional species should be present:
Macrobrachium acanthws (largely limited to sites near the coast, where we did not collect) and two
small Atyidsicratya poeyiandPotimirim glabrd which were probably overlooked in our preliminary
samples.

Until recently there have been no studies of diadromous shrimg$reams draining the Pacific
slope of La Amistad. However, between 2006 and 2008, ICE commissioned a study of these animals in
the Rio Grande de Terraba watershed, with samples taken from sea level up to an altitude of 1075 m.
(Lara, 2009). This studgvealed the presence of 10 species of Palaemonidae and 4 species of Atyidae.
Of these, 4 Palaemonids and 2 Atyids were found at altitudes near or above the level of the proposed
Diquis dam on the General River, tributary to the Grande de Terraba. igteshrecorded shrimp
occurrence was foMacrobrachium diguetifound at up to 765 m.

Following are brief comments on native Atyid and Palaemonid shrimp species which occur or
may occur in the watersheds draining the Atlantic and Pacific slopes of thid Weritage Site, based
principally on the STRI, ANAI and ICE surveys plus the work of @edefgon (1986), who reviewed
specimens in the National Museum of Costa Rica and provided the following list of species of
diadromous shrimp from Costa RicasHbuld be noted that, for unknown reasons, Ced€daoregon
concentrated on the larger shrimps, and makes no mention of the 3 genera of small Aorids,(
MicratyaandPotimirim):

1 Atlantic slope only:Macrobrachium acanthurus, Macrobrachium heterochirus,
Macrobrachium olfersi, Macrobrachium carcirarsgl Macrobrachium crenulatum
(Palaemonids)

1 Both slopes:Atya scabra, Atya crassand Atya innocougAtyids)

91 Pacific slope onlyPalaemon graciligMacrobrachium panamense, Macrobrachium
tenellum, Macrobrachium digueti, Macrobrachium occidentale, Macrobrachium
hancockand Macrobrachium americanurfPalaemonids)

Supplementary sources include a variety of publications and records gleaned from the Internet
(cited under the individual species accounts) plus Page et al. (2008), who offered a list of Atyid species
GKAOK dakKz2dzZ Ré 068 LINBaSyid 2y GKS 1itryiAO at 2L 2
Panama), and which included 3 species not alreadytimeed -
Potimirim mexicana, Potimirim potimiriendJongaserréi 1 KS € F G SNJ ft AAGSR | & & dzy
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For each species we discuss, within limitations posed by available information, the probability
that it occurs within the World Heritage Site. We cdesithat any Atlantic slope species which has
been documented at elevations of > 100 m. (which includes all the sites monitored by the STRI team)
has a good chance of being found in PILA. We also include notes on habitat preference, reasoning that a
preference for high gradient, rocky streams makes it more likely that a diadromous species will
penetrate to higher elevations.

ATYIDAE ATLANTIC SLOPE:

Atya inocougbasket shrimp) has been reported from one low elevation site in the La Amistad
watersheds the Sixaola River at California, within the San San/Pondsak Ramsar Wetland (Panama)
(Global Biodiversity Information Facility, 2009)..inocouss a generalist which inhabits swift, rocky
streams as well as low gradient coastal rivers (Felgenhauefbelé, 1983; Fievet, 1999; Fryer, 1977).
It has been reported at elevations of up to 800 m. in Guadeloupe (Fievet, 1999; Fievet, et al. 2001a;
Fryer, 1977) and at over 1,000 m. in the Bayano River, Panama before closure of the Bayano Dam
(Felgenhauer anébele, 1983). It is one of the diadromous species reported as strongly affected by
dams in Puerto Rico (Holmquist, et al. 1998).

Atya scabrgcamacuto shrimp or burra) is probably the most widely distributed Atyid, inhabiting
both the Atlantic and Padif Oceans. In fresh water, it is characteristic of the fastest rapids in rocky
streams and is found to the very headwaters of small streams (Darnell, 1956; Fryer, 1977; Fievet, et al.
2001b; Sanchez Palacios, et al. 2007). It is known to altitudedezisatl50 m. in Guadeloupe (Fievet,

1999; Fievet, et al. 2001a) and 800 m. in the Caribbean drainages of Colombia (Escobar, 1979). In the La
Amistad regionA. scabras documented from above the CHAM dam site in Panama (Lasso, et al.

2008b), from witlin the World Heritage Site in the Sixaola/Telire watershed of both countries at

altitudes of up to 182 m. and in at least some swift streams of the Estrella watershed (ANAI, unpublished
data).

Jonga serrei While Page, et al. (2008) indicated tlatrreishould be present on the Atlantic
coast of Central America, we have not been able to locate any records. Fievet (1999) found it to be a
species of sluggish waters in Guadeloupe, where it does not normally ascend to beyond 20 m. altitude.
Thus, altlough it may be present in the Atlantic drainages of the La Amistad area, it likely would not be
directly affected by dam closures.

Micratya poeyio 6 dzZNNA G 03 RSAONRAROGSR 0 edcaBiSTbandanceyt T 0 | &
according to Gutierrez (psonal communication) but so far we have only found it near the coast in the
Hone Creek watershed, which does not drain La Amistad. It is characteristic of small, fast streams
(Fievet, 1999; Fryer, 1977) and has been reported at altitudes of up to 2B0Gnadeloupe (Fievet,
1999; Fievet, et al. 2001a). Both Fievet (1999, 2000) in Guadeloupe and Holmquist, et al. (1998) in
Puerto Rico reporil. poeyias a species impacted by damming.

Potimirim glabra, Potimirim mexicanand Potimirim potimirim The hree species dPotimirim
possibly found in the Atlantic slope La Amistad watersheds are discussed together because it is more
FNBIjdzSy i GRotinigh®RIdA § SWI dKS € AGSNI GdzNBE GKIFYy NBFSNByYy
only documentation foa Potimirimsp. in the La Amistad watersheds is that of Lasso, et al. (2008b) for
several individuals of an unidentified species from the Changuinola watershed above therGldam
site. P. glabrais reported by Fievet (1999) to prefer medium to fastiing water over rocky substrates
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in Guadeloupe, and Lasso, et al. (2008b) foRotmirimsp. only in the main channel of the

Changuinola River, but Abele and Blum (1977) considered it a habitat generalist, found in both flowing
and stagnant waters in therlas archipelago of Panama (Pacific Ocean). Fievet (1999) and Fievet, et al.
(2001a) foundP. glabraat altitudes of up to 250 m. an@. potimirimat up to 100 m. in Guadeloupe.
Holmquist, et al. (1998) founid. glabraandP. mexicando be stronglympacted by dams in Puerto

Rico.

Cedefio Obregon (1986) reported one additional Atyid spegitys, crassafrom the
Atlantic slope of Costa Rica, but we have been unable to find any records, in or out of the La Amistad
drainages.

PALAEMONIDAFATLANTIC SLOPE:

Macrobrachium acanthurugiver shrimp or cinnamon river shrimp) occurs in Talamanca,
according to Gutierrez (personal communication) and has been documented by the ANAI team in the
Hone Creek watershed, but so far not from the La Amistatersheds. This may be due to its being
apparently restricted to the lower reaches of streams, near the sea. Fievet (1999) did not report it
above 5 m. altitude. Gamba (1982) fouxd acanthurusat considerable distances from the sea in
Venezuela, bubever at altitudes above 20 m. Similarly, in Nuevo Leon, Mexico Almaraz and Campos
(1996) found this species at distances of up to 360 km. above the coast, but not at high althides.
acanthurushas been reported from Bocas del Toro Province (San HRiden) (Global Biodiversity
Information Facility, 2009), but not from the La Amistad watersheds.

Macrobrachium carcinugig claw river shrimp or langostino) is the largest fresh water shrimp
of the Central American Caribbean and is frequently consungethlives of the region. It has been
documented for all 3 of the principal watersheds draining the Atlantic slope of the World Heritage Site
(Estrella, Sixaola/Telire and Changuinola/Teribe), including within PILA in the Sixaola/Telire watershed of
both sta Rica and Panama (ANAI, unpublished data) at altitudes of up to 182 m., and above the CHAN
75 dam site in Panama (Lasso, et al. 2008b). It has been documented to altitudes above 600 m. in
Guadeloupe (Fievet, 1999; Fievet, et al. 2001a). Bowles, @08I0) have documented. carcinusat
distances of up to 320 km. from the sea in Texas, and consider that it has considerable ability to climb
0KS RIYa 2Nf6SYarS tNKIERSBNID2 A NB S LI NGAOdzZ F NI & GK2aS
sucessfully negotiate bottonrelease reservoirs of the type normally built today.

Macrobrachium crenulaturhas been documented from 3 sites in drainages located east of the
Changuinola River in Bocas del Toro Province (Global Biodiversity Informatidp, R&€iB), but has so
far not been reported from Costa Rica or from the La Amistad drainages of Panama. Fievet (1999)
reports it from altitudes of up to 200 m. in Guadeloupe, where it inhabits pools and shallow, rocky areas.

Macrobrachium heterochiru®anded shrimp or cascade river prawn) has been reported from
the Sixaola/Telire watershed in Costa Rica and Panama, including sites within the World Heritage site
(ANAI, unpublished data) at up to 182 m., and from the Changuinola watershed above th&/&HAN
aA0S o6[lraaz2zr SG Ftd® wnnyov gKSNB AlG ¢l a GKS Yz2ai
previously been reported from 3 sites in the Changuinola/Teribe watershed below the-T-Hddm
site. It seems to prefer high gradients, with thgper limit on its distribution imposed by its inability to
withstand streams which dry up during drought periods (Hunte, 1978). It has been reported to altitudes
of 450 m. in Guadeloupe (Fievet, 1999), 470 m. in Venezuela (Abele and Kim, 1989; Gampand982)
535 m. in Vera Cruz, Mexico (Mefuatiz, et al. 2001). AES and MWH (2009) cite its presence in Gatun
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Lake, Panama as evidence of its adaptability to adapt to impounded conditions; however as part of the
Panama Canal system Gatun Lake is very pdoommarine migrants, and this assertion should be
discounted.

Macrobrachium olfergipopeye shrimp or bristled river shrimp) has been reported from the
mainstem of the Changuinola River and 3 of its tributaries below the €13AMm site (Global
Biodiverdty Information Facility, 2009), but so far not from above that point, near the PILA boundary.
However, the ANAI biomonitoring team (unpublished data) has found it in rocky streams of both the
Estrella watershed of Costa Rica and the binational Sixadil@/Teatershed to elevations of nearly 100
m. While we have not yet documented it from the World Heritage site, we do have records from just a
few km. below the PILA boundary in the Tscui River (Costa Rica) and the Dacle River (Panama). Gamba
(1982) repoted M. olfersiat altitudes of up to 140 m. in Venezuela.

Numerous individuals of an unidentifiddacrobrachiumsp. reported from the Changuinola
watershed above the CHARb dam site (Lasso, et al. 2008b) probably belong to one of the species
discussed love. (ldentification of juvenile and small adult Palaemonid shrimp can be difficult to
impossible.)

Based on the available information we consider that on the Atlantic slope within the World
Heritage Site the Palaemoni#acrobrachium carcinusnd Macrobrachium heterochirypossibly plus
Macrobrachium crenulaturand Macrobrachium olfersare threatened by dam construction. The
comparable list for the Atyids includédya inocous, Atya scabra, Micratya poagd at least 2 of the 3
Potimirimspp.

ATYIDAE PACIFIC SLOPE:

Lara (2009) lists the following species for the Grande de Terraba watershed, with the maximum
altitude to which each has been found:

Atya inocoug, 65 m.

Atya margaritacea; 465 m.
Atya scabra; 65 m
Potimirim glabrac 135 m.

Lara found all of the Atyid species to be associated to some degree with rocky substrates, and
found none to be abundant. Among the Atyids, he distinguigheidocouss preferring high quality
water. (We note that Hobbs and Hart, 1982, cited by Lab@92consideA. margaritacedo be a
synonym ofA. scabra.However, we follow Lara in treating the two species as distinct.) Page, et al.
(2008) also listatya crassas present on the Central American Pacific coast, but we have been unable
to find anyreference to this species in the La Amistad area.

PALAEMONIDAEPACIFIC SLOPE:

Lara (2009) lists the following natitacrobrachiumspecies from the Grande de Terraba
watershed, with the maximum altitude to which each has been found:

Macrobrachium americanumg550 m.
Macrobrachium diguett 765 m.
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Macrobrachium hancocki110 m.
Macrobrachiunoccidentaleg 625 m.
Macrobrachiumpanamense; 125 m.
Macrobrachiunrathbunaeg 85 m.
Macrobrachiuntenellum¢ 135 m.

Macrobrachium americanurfCauque river prawn) andacrobrachium hancockiave each
been documented from 2 sites in the Chiriqui Viejo watershed, which drains the Panamanian portion of
the Pacific slope of the World Heritage site (Global Biodiversity Information Facility, 2@08)(2009)
associatedM. rathbunaeand M. tenellumwith muddy and sandy substratdd. diguetiwith roots and
submerged vegetation and the oth&tacrobrachiumspecies with rocky substrates. He associadted
hancockiwith good quality water.

The list is completed by the natialaemon graciliand Palaemon hancockplus
Macrobrachium rosenbergaative to the IndePacific, and introduced to Costa Rica for aquaculture
purposes (Howell, 1985). All three of these species seem to be confileel toast (Lara, 2009); if this
is the case, they would not be directly affected by dam closures.

SUMMARY:

Probable effects within the World Heritage site of dams on diadromous shrimps are likely to be
more severe on the Atlantic slope, due to geodnapeasons dictating a probable higher diversity of
shrimp species within PILA on the Atlantic slope. (Here we will make the convenient, but not necessarily
correct assumption that no shrimp species in addition to those discussed here will be discovigred
La Amistad watersheds.)

The probable number of diadromous shrimp species in the La Amistad Atlantic slope watersheds
is 12, including 7 Atyids and 5 Palaemonids, but could be as few as 9, pending secure documentation of
Jonga serreand proper idefification of up to 3Potimirimspp. Of these, 4 have been securely
documented within the World Heritage site, and another 4 are highly probable based on documentation
from near the PILA boundary and known altitudinal distribution from other localesin Agading
identification ofPotimirimspp., the total number of diadromous shrimp species inhabiting the Atlantic
slope sector of the World Heritage Site, and thus facing at least drastic population decline, and probable
extirpations, within and below thPILA boundary is 8 to 10. (Two speciesga serreand
Macrobrachium acanthuruare likely confined to low altitudes and would thus not be directly affected
by dam closures.)

We discuss 14 native species of diadromous shrimps (4 Atyids and 10 Patendooumented
from the Grande de Terraba watershed which drains the Pacific slope of PILA in Costa Rica. Only 2 of
these are documented from the watersheds draining PILA on the Pacific slope of Panama, but most or all
may be present there. Of the 14¢ific slope species, K( americanum, M. digueti, M. occidentale, M.
panamense, M. tenellum, A. margaritacead P. glabrd are documented from above the Diquis dam
site on the General River, where they would probably face local extirpation if the daomssucted. All
of these species except. panamensandM. tenellumwere also documented for the Coto Brus
watershed(Lara, 2009).
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SECONDARY EFFECTS OF SPECIES EXTIRPATIONS OR DRASTIC POPULATION DECLINES ABOVE DA|

The most obvious biologicaffect of damming the rivers of the La Amistad area downstream
of the World Heritage Site boundaries, and the one which most clearly contravenes the conservation
purposes for which the two La Amistad National Parks were established, would be simple almeric
loss of biodiversity. As we have shown above, on the Atlantic slope alone at least 8 species of fish and
8 species of diadromous shrimps are severely threatened with multiple extirpation events in the
Changuinola, Telire, Estrella and Banano watersh@dghe Pacific slope an unknown number of fish
and shrimp species were presumably extirpated from the Chiriqui Viejo (and possibly Chiriqui)
watershed by dam construction undertaken before scientists, conservationists and local residents
began to questia the propriety of damming rivers downstream of a World Heritage Site. A similar
number of species are threatened in the Grande de Terraba watershed below, and possibly within the
La Amistad National Park. While taken by itself the loss of these creataurd the high proportion of
total animal biomass they represent ina srgnlflcant portlon (potentlally the great majority) of the
22NIR | SNRGE aAGS 62dd R 06S OFGFAGNRLKAOZ AG Aa
Aa  O2 yguhichin ﬁwl% €ase implies that the consequences of multlple species extirpations
cannot be considered in isolation. Although the nature and extent of these effects cannot be predicted
with precision, and there are no relevant studies from the La Amistad wetdssthemselves, we have
sufficient information from other areas to predict the general outlines of expected, and even more
drastic, change with confidence.

Predatorc prey relationships

With regard to top carnivores (principally fishes, includkmgulla rostrata, Pomadasys crocro,
andGobiomorus dormitar G KS AYYBRBENVESSTESHMEA 2F SEGANLI GAZYya
proliferation of prey species, notably those smaller fishes which presently (with the exception of the
Bryconamericusharaciny appear to make up a small portion of fish numbers and biomass in PILA.
Removal ofA. rostrata, P. crocrand G. dormitorfrom the system might be partially compensated in
this respect were it to facilitate increased piscivory by the few relatively laogediadromous fishes
present in PILA (principally tlithamdiacatfishes, but possibly also includiAgtatheros bussingi
Even absent this compensatory effect, the overall impact of predator removal in PILA would probably
be minor compared to well knawvphenomena for other parts of the world (for example, the selective
harvest of predatory fishes for human use, for the simple reason that the abundance of top carnivores
in streams of the La Amistad area located at altitudes of over 100 m. is relatwely |

Frugivores

Before moving on to a consideration of omnivores and herbivores, one special case merits
consideration:

The potamodromous machacBriycon guatemalensiss known on the Atlantic slope of the La
Amistad region only from those watersheagrth of Cahuita National Park (in the present context,
Estrella, Banano and Matina/Chirripo). Its ledsgown congeneBrycon behreashabits the Pacific
slope watersheds of La Amistad. Both species, but espeBiajlyatemalensjsare known to be
frugivores as adults (Bussing, 1998). The research of Horn (1977) and Banack, et al. (2002) in the
Sarapiqui watershed of northern Atlantic Costa Rica showedBhgtiatemalensiplayed a critical role
in the dispersal of tree seeds, particulafigudigs, upstream and downstream of their point of origin.
Il 2N} Ol f Odzf I GSR aly SadAYrdS 2F Y2NB GKIFy KFEF |
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(2009) forBrycon hilariiwhich was found to be responsible for 50% of seed dispersal for 8 tree species

along a river in western Brazil.hus the possible extirpation 8. guatemalensiabove dams in the

Estrella watershed could result in alterat®to terrestrial forest ecosystems in a little studied portion

of the World Heritage Site.

Omnivores, herbivores and detritivores

General considerations

Because in the tropics fish and shrimps are typically the main consumers of both allocthonous
(leaf and fruit drop) and autocthonous (algae) vegetable matter, a role generally played by insects in
temperate ecosystems, the most fegaching effects of extirpation or drastic reduction in populations
of diadromous animals in the World Heritage site wdkdthose resulting from loss of members of the
often overlapping categiores of omnivores, herbivores and detritivores, inclédjogostomus
monticola, Joturus pichardi, Sicydigpp. and possiblgobiesox nuduamong the fishes, plus all of the
shrimps. (All of the Atyids are clearly detritivores; while many of the Palaemonids function
opportunistically as carnivores, they are best considered as omnivores.)

Were this suite of fish and shrimp to be extirpatalobve dams in the La Amistad area, the
most immediately perceived effect would be the absence of the Mugilid fiahesonticolaand J.
pichardi both large, easily observed species highly valued locally as food fish. However, the loss of the
Sicydiungobies and the shrimps would be more fiaaching, for the simple reason that these animals
inhabit high altitude streams above natural barriers (waterfalls) where even the Mugilids, prodigious
leapers naturally adapted to life in torrential streams, have penetrated. Thus, in terms of
watershed area occupied, they are by far the dominant relatively large bodied aquatic animals in the La
Amistad region.

Below we will describe the results of investigations which elucidate the functional roles of
herbivoraus and detritivorous fish and shrimps in stream ecosystems similar to those of the La Amistad
area, and outline the probable effects of elimination of such animals from portions of the La Amistad
watershed, especially within the World Heritage site. B&dur general thesis was stated succinctly
08 DNBIFIGK2dzaS YR /2YLXi2y oHnnTOY G2KSY GKS&asS 7Tl dz
such as dam building, there can be dramatic effects on primary producers and standing stocks of
2NBI yA O Yhichivéwalid add titaRresearch cited here (Barbee, 2002; Greathouse, et all.
2006a; March, et al. 2001, 2002 and Pringle and Hamazaki, 1997, 1998) has only begun to scratch the
surface of effects on associated aquatic and terrestrial fauna.

Effects in Igh altitude streams

The discussion which follows will focus on effects which, in the La Amistad area, would likely be
most profound in areas above natural barriers (waterfalls) closed to migration by diadromous animals
other thanSicydiumand shrimpsyhich can climb vertical faces. On the Atlantic slope, such barriers
may be found at elevations from below the lowest altitudes in the World Heritage site (ca. 90 m.) to
over 1500 m. in some watersheds. On the Pacific slope much of the World HerimageSista Rica
lies above such natural barriers; the lowest altitudes along the La Amistad National Park boundary are
at around 900 m. Discussion of natural barriers related to the corresponding area in Panama is moot,
since anthropogenic barriers havkdly eliminated any diadromous fauna there.
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While the presence of diadromous shrimp and fish is well documented for the Grande de
Terraba watershed below 900 m, including in three indigenous reserves, the question might be raised
as to whether any diadmous animals ascend to within the World Heritage Site on the Costa Rican
t I OAFTAO at 2L ¢CKS FIFOG A& GKIG ¢S R2y Qi (y26z |
observations, yields fragmentary knowledge:

1 The maximum altitude so far reportedrfa diadromous shrimp on the Pacific slope of the
La Amistad area is 765 m., for the Palaemdnatrobrachium digueiin the Grande de
Terraba watershed. (Lara, 2009). However, Lara (personal communication) considers that
shrimps may eventually be fourad higher elevations.

1 Atyainocousknown from both slopes of the La Amistad area, was recorded above 1,000
m. in the Rio Bayano, Panama prior to closure of the Bayano Dam (Felgenhauer and Abele,
1983).

1 Parataxonomists associated with ANAI report obsegr@icydiumand other diadromous
fishes in abundance at elevations of around €00 m. in the Rio Uren watershed of Costa
Rica (personal communication, M. Bonilla). Bussing (1998) repiatdium altunirom
altitudes to at least 1,180 m. in other partf @osta Rica.

1 TheAwaousgobies do not appear to have climbing abilities comparabgitydiumand
A. bananaof the Atlantic slope of the La Amistad area @ndransandeanusf the Pacific
slope are reported only up to 300 and 120 m. respectivelygiBgs1998). HoweveA.
staminiusis reported from altitudes of
B pnn Y® AY | FéFAA 0932 MppcULO® 93204 NBO2N
suggesting tha#\. staminiums capable of moving upstream over extremely high
gradients, with probhle vertical barriers. Thus we reserve the possibility that
transandeanusnay eventually be found in Pacific slope waters of the World Heritage Site.

1 Bussing (1998) reporsgonostomus monticolixom altitudes of up to 650 m. in other
parts of Costa Ra.

1 The highest reported altitude for a fish in Costa Rica pertains to alimmintomous species,
Rivulus isthmensisyhich has been reported from 1,500 m. in other parts of the country
(Bussing, 1998). (Since this species, found throughout the Atldopie satersheds of La
Amistad, with various congeners on the Pacific slope, is also found at sea level, and is
known to disperse through river systems during storm events, fragmentation of its range
by dams may be a threat.)

The point of citing all theskgures is to emphasize that we cannot predict the maximum
altitudinal occurrence of any of those species capable of surmounting vertical barriers. For obvious
and understandable reasons, few biological inventories have been carried out in the higthealtitu
fluvial systems of the La Amistad World Heritage site and surrounding areas. Until data are available
from high altitude sites above barriers, it is prudent to think in terms of access in assessing dam threats
on either slope; any large dam on a riveainstem (and many small dams) will preclude access by
diadromous animals to the entire upstream watershed.
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While diadromous and nediadromous omnivores, herbivores and detritivores undoubtedly
have important roles to play in the function of fluviabsgstems at all altitudes, they play keystone
roles in the fiskpoor systems of swift, high altitude streams. The role of Atyid shrimps is particularly
important at such sites, where predatory fish are generally absent and their other potentially
signifi@ant aquatic predators, the omnivorous Palaemonid shrimps, occur in reduced numbers. While
the citations which follow will draw on a variety of taxa across a range of altitudes the emphasis, in
terms of the work cited, but also in terms of its implicatidosthe La Amistad World Heritage site, will
be on high altitudes and those animals (shrimps Siydiungobies) which are clearly capable of
surmounting natural vertical barriers.

In very general terms, the effects of benthic omnivores, herbivoresdatritivores in streams
can be grouped in 5 categories. Such animals may act on 1) sediment dynamics, 2) breakdown of
allocthonous vegetable matter, 3) water and substrate chemistry, 4) algal biomass and diversity and 5)
structure of the benthic macroinveebrate assemblage. Each of these categories will be discussed
separately below. Since none of the relevant research has been done in the La Amistad watersheds,
and very little in Mesoamerica, most of the phenomena reported will be from other areparticular
Puerto Rico, where stream fish and shrimp assemblages are very similar with the notable exception
GKFEG TEf yriAodS aFfNBakK ol GSNE FAAK AYy tdzSNI2 waoOz
has sometimes contradicted most of the corgins presented here (Feminella and Hawkins, 1995;
Steinman, 1996). However, it is widely held that the dynamics of tropical streams, which tend to be
dominated by omnivores, are very different in regard to processing of allochthonous organic and
inorganc materials. Therefore, we will discuss only work carried out in the tropics.

1. Sediment dynamicsAmong the earliest work showing a causal relation between
benthic animals and sediment dynamics was that of Power (1984, 1990), who showed that the
herbivarous loricariid catfistAncistrus spinosuatentionally cleared sediment from portions of stream
ddzoadNFXidSa Ay 6SAGSNYy tlIylLYl o Ct SOTSNI 6mdppc 0 T2 dz
sediment in streams of the Venezuelan Andean foothilemvthe herbivorous characoid fish
Prochilodus mariawas excluded. Barbee (2002) working on a small river in-gedtal Costa Rica,
found that density oBicydium salvis I & dy S3AF GA PGSt & O2NNBf ISR 6AGK &A
She acknowledggthat this could simply reflect avoidance of sedimented habitat, but hypothesized
GKFG AG RSY2Yy &GN} GSR GKFG a3aINITSNBRE NBRdAzOS aArf i f
Greathouse and Pringle, 2005) noted that in a stream in Puerto Riloay lewaterfall where
predatory fishes reduced populations 8icydium plumied 4 KA 01 fF8SNAR 2F FAYS
L22faé¢ S6KSNBIA aNROla Ay LkR2fta Fo20S GKS 41 4GS
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The first published work suggesting that shrimps also affect sediment dynamics was that of

t NAYy3atS YR KSNJ I a3a20AF0Sa Ay tdzSNIi2 wiailO2o t NAy 3

shrimp exclosures for 2 wks were place outside of cages, sttyichp removed 100% of the sediment

O2OBSN) gAUGUKAY | on YAY®d 20aSNBIGA2Y LISNA2Z2RDE { dz0 &

exclusion experiments experienced slow and steady accumulation of sediments under base flow

conditions and a largegepwise increase in sediment weight following a storm. No measurable

sediment accrued in the presence of natural densities of shrimp under base flow conditions. Shrimp

NI LARf& NBY2@0SR aSRAYSyida GKIFG | OONMzRiBo (RaleNdty 3 G KS

al. 2001; Greathouse and Pringle, 2005; March, et al. 2002; and Pringle, 2005) verified their

experimental conclusions.
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Subsequently, Greathouse, et al. (2006a, 2006c) determined that in the same Puerto Rican
streams, under natural conibns sediment deposition was greater in pools above dams where

RAIRNRY2dza FyAYlFIft&a KFR 6S8SSy SEGANLI GSR FyR GKFEG 6
AY GSYLRNINE RSLRAAGAZ2Y 2F FAYS YIGSNkinfess¢ GKI G &
GKFyYy | RIF& | FOSNINBOGdz2NYy G2 ol asS Ft2é gKSNBlLa ylI i

longer.

However, in a stream located on an island off southern Brazil, Silveira and Moulton (2000),
Silveira (2002) and Moulton, et al. (2004yc®f dzR S R { KMadrobiadhiinNdifefshdd o
Potimirimglabrdd o6& GKSYaSt @Sa | LI NByidfe R2 y20i NBY20S o
al. (2004) attributed this surprising result to their selection of shallow riffle habitats for their
expaiments, whereas previous experimental studies had been carried out in deeper water, mostly
pools, where natural sediment accumulation in the absence of animal life would be greater. Without
suggesting any causative mechanism, we would also note thas WigiBrazilian studies were carried
out at near sea level, all of the other studies cited here (with the exception of the work of Barbee,
2002, located at 50 m. altitude) were carried out at relatively high elevations, more nearly
corresponding to conditins in the portions of the La Amistad watersheds potentially impacted by
dams.

Benthic fishes and Palaemonid shrimps both disturb sediments, intentionally or otherwise, and
so affect rates of sediment deposition. However, Atyid shrimps are adapted tovbwithin gravelly
substrates, and are thus presumably much more effective bioturbators (Pringle, et al. 1992), whose
burrowing activity can result not only in resuspending surface sediments, but in flushing fine materials
from the interstices of the stmbed. Extirpation of diadromous fish and shrimps from the upper
reaches of streams in the La Amistad area would effectively remove most of the bioturbators, resulting
in greater retention of accumulated sediments at high altitudes, with unpredictablsigotficant
effects on sedimentation patterns, channel dynamics and biotic interactions both within and
downstream of the World Heritage Site.

2. Breakdown of allochthonous vegetable matteFhis is the area where the real and
supposed differences betwedhe dynamics of tropical streams and their more thoroughly studied
temperate counterparts are most often cited. Bass (2003a), citing Bass (2003b), Dudgeon and Wu
OMpPPPL I wk YANBT YR tNAYy3IES omphpy oI FyR ¢dzNYySNJ OH
breakdown of leaf litter, facilitated by shredders in temperate streams, must be brought about largely
08 YAONROGS& Ay OGNRLAOIET &A0GNBIFIYato LNR2ya SiG Fftod o
high temperatures of the tropics encourageaiditter decay through increased and continuous
YAONROGALFE FOUAQGAGRE @ CKAA GASE A& &dzZLLR2NISR o8&
smaller size of individual insects, in tropical streams. However, it perhaps fails to takeciotmtzihe
condition of high altitude streams, such as many of those in the La Amistad World Heritage Site, where
large shredders (Atyid shrimps) may be among the dominant benthic life forms.

I NRPgtzZ SO Ftd ounnm0O | O] yhedote S BnfdRandefofSletrital dzOA G &
LINPOSaaAy3a Ay GNBLAOFE €1 GAGAdZRSEET OAUAY3 5dzRIS2Y
2F GKS y2iGA2Y GKIFIG aYAONROALFE LINRPOSaaiAy3a Aa NILAR
potentiallyreslzE GAy 3 Ay | £Sad AYLRNIFIYGd NR{S F2NJ YI ONRAY
However, they also prefaced their own work with the shrimdyga lanipesand Xiphocharis elongaten
a Puerto Rican stream by noting the lack of experimental data on daredh tropical streams.
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The experimental work of Crowl, et al. (2001) and March, et al. (2001) in Puerto Rico,
established the importance of shrimps, both shredders (Atyidae) and scraper/filterers (Xiphocarididae
and Palaemonidae) in acceleratingfldacay rates in high altitude tropical streams. Rosemond, et al.
(1998), working at lower elevations in northern Atlantic Costa Rica, expanded the list of
Y ONRPO2yadzYSNAR (G2 AyOfdzRS FAaAKIE y2aAy3 GKFd aray i
analog dza NRfS (2 AyaSOi aKNBRRSNAER Ay Ylyeé GSYLISNIGS
Crowl, et al. (2001), Greathouse and Pringle (2005), and Pringle, et al. (1999) concurred that shrimps
affect leaf decomposition rates.

Greathouse and Pritgy (2005) attempted to synthesize viewpoints like those just cited by
applying the River Continuum Concept (Vannote, et al. 1980) (RCC) to Puerto Rican streams. They
y20SR 0(0KIG GKS w// LINBRAOGA GKIG &0 KDutdhsld® L2 NI A 2 Y
shredders decreases downstream because of a decline in availability of coarse particulate organic
YFGGSNEZ YR FT2dzyR GKAA& LINBRAOGAZ2Y | LILIX AOFo6fS (2

If we consider these observations in the context of the La Amistad area, thegutito be
largely applicable. At lower elevations, coarse particulate matter may be relatively scarce and
abundance of shredders is low to moderate. The scarcity of coarse particulate matter appears to be to
a considerable degree due to the abundanéehrimp, particularly shredders (Atyidae) above natural
barriers where shrimp predators are largely absent. Thus we can predict that the extirpation of
diadromous shrimps from the streams of the La Amistad area would have drastic ecosystem effects
through altering the dynamics of processing of fordstived materials at all elevations, both in and
downstream of the World Heritage Site.

3. Water and substrate chemistryMost of the chemistry determinations associated
with the studies reviewed here haveén peripheral, or have had to do with chloropkg]ldiscussion
of which properly belongs in the next section on algae. However, a few studies have looked at carbon
and nitrogen chemistry in situations with and without shrimp.

Crowl, et al. (2001) detenined that in a Puerto Rican stream dissolved organic carbon
(DOC) and total dissolved nitrogen (TDN) increased significantly in pools where gtienfafipes
and Xiphocaris elongadawere present, as compared to pools where shrimp were artifickitjuded.
DOC concentrations in pools with shrimp exceeded those in pools without shrimp by factors of as much
as 1.7. Similarly, Greathouse, et al. (2006c¢) reported significant reductions in carbon and nitrogen in
Puerto Rican stream substrates with iityPalaemonid and Xiphocarid shrimps present, as compared
to sites where shrimp were excluded.

t NAYy3t S S Ffd Ompdpdd I ofdindre okggnicmdieSilind wi 02X &
five-fold more nitrogen accrued in shrimp (Atyidae and Xiphoodaie) exclosures than in controls. By
reducing the quantity of fine particulate organic material and associated nitrogen in benthic
environments, omnivorous shrimps potentially affect the supply of this important resource to other
N2 LKAO f S dRchtbiotse, etlaR (B0SGA)SVEIE unable to demonstrate a pattern for the C: N
ratio in pools in dammed vs. undammed streams.

Lack of convincing C: N data notwithstanding, these results together show that Atyid and
Xiphocarid shrimps reduce concentratiasfsorganic carbon and nitrogen in small areas (exclosure
experiments), thus making it available over a wider area (pool experiments). They may thus be
expected to have a positive effect on the productivity of upland tropical streams, such as those found
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in the La Amistad World Heritage Site.

4. Algal biomass and diversityBoth shrimps and fishes have been widely shown to
affect algal assemblages in diverse tropical streams. Moulton, et al. (2004), Silveira and Moulton
(2002) and Silveira (2000) showeatlthlorophyHla decreased with shrimpacrobrachium olfersi
andPotamirim glabrainclusion in their experiments on a small stream situated on an island off
southern Brazil, even though at this site the shrisgaliment relationship confounded expectatign
Souza (2000) working at an upstream site on the same stream, showek.thktbrahad strong
negative effects on periphyton growth.

Multiple experiments in Puerto Rican streams show shrimp effects on algal biomass and
species composition (Crowl, @k 2001, Greathouse and Pringle, 2005; Pringle, et al. 1999). The best
summary of the results of this work is that of March, et al. (2002) who compared high and low altitude
exclusion experiments. At a high altitude site exclusion of shrimps (prilyditgdl sppand Xiphocara
elongatg increased chlorophyll and algal biovolume. Under these conditions the algal assemblage
was dominated by filamentous green algae. Similar effects were not observed at a low altitude site,
but this was attributed to abndance of competitors in the form of snails.

These experimental approaches are complemented by the observations of Greathouse
(personal communication, cited in Greathouse, Pringle and McDowell, 2006) in natural situations. She
NELR2NISR (®WSGfaNBESt R Va2KFR KAIK £S@Sta 2F SLIAEALU
did not. Taken together, these experimental and field studies suggest the particular importance of
shrimp in managing algal assemblages above natural barriers in the La Amistesheds, where
other algivores (snails and fish other th&8icydiun are likely to be absent.

With regard to algae, fish play as important a regulatory role as shrimps. One of the first
papers to report on fish/algae relationships in a tropical streaas that of Power (1984) who
described how the Loricariid catfigincistrus spinosutetermined the location and abundance of
benthic algae in a central Panamanian stream. Barbee (2002) demonstrated a similar relationship for
Sicydium salvim KA OK aUNF O] SR FYR RSLINBaaSR GUKSANI Ff3IFf NE
RAAGNAOGdzASR 2y GKS &A0dNBIFY 0SR NB3IINRfSaa 27 fA3IKID
concluded that in the westentral Costa Rican stream where she vearlan insectRrotoptila a
caddisfly) was perhaps more important. (But see the following section r8ityelium/Protoptila
NBfFGA2YyaKALIDO DNBIFK2dzaS FyR t NAy3ftS ouwnnpov 02y
algivorous gobiesSycidium plumi&) in the middle reaches of Rio Mameyes (Puerto Rico) is an
important factor in maintaining low standing stocks of chlorophy ®

Algivorous fish have the same effect as shrimps on the composition of the algal assemblage:
Flecker (1996) showed that theerbivorous characoid fisRrochilodus mariaeeduced abundance of
diatoms and facilitated the growth of nitrogefixing cyanobacteria in streams of the Andean foothills
of Venezuela. Pringle and Hamazaki (1997, 1998) studied a diverse assemblags of fistiver in
Y2NIKSNY ' dflrydAdo /2adl wiAiOlF FyR 02y Of dzZRSR GKIF G &
maintaining the dominance of the blegreen algd.yngbyawhich is relatively resistant to scouring
during high discharge. In the almee of fishes, algal assemblages are dominated by easily erodible
RAFG2Y O2YYdzyAlASar 6KAOK dzyRSNH2 RNI YIFGAO ¥Ff dzOi dz

CertainlySicydiunspp. are important in determining the nature of algal assemblages in
streams of tle La Amistad watersheds, as are at least two other diadromous herbivore/omnivore
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fishes,Agonostomus monticoland Joturus pichardin streams below vertical barriers. While we lack

guantitative observations on algivory in the La Amistad area, the enasrabundance dbicydiunat

YIye ardSazr FyR GKS FTNBIljdsSSyoe 2F aaONI LISaé¢ 20aSND
reflecting the abundance aF. pichardispeak to high significance. Doubtless the roles described above

for algivorous fishes in Vermeela, Puerto Rico and northern Atlantic Costa Rica apply in and

downstream of the La Amistad World Heritage Site.

5. Structure of the benthic macroinvertebrate assembladée relation of
diadromous shrimp and fish to benthic macroinvertebrate diversity abundance is extremely
complex. Several of the diadromous fishes of the La Amistad area are carnivorous and may consume
large quantities of aquatic insects. The omnivorous Palaemonid shrimps also feed on benthic insects,
as do the two diadromous Mudgllfish of the regionAgonostomus monticoland Joturus pichardj
which may ingest insects intentionally and/or incidentally in the process of scraping algae off rocks.
However, the relationship of predatory/omnivorous fish and Palaemonid shrimps tinioen
macroinvertebrate assemblages cannot be described simply in terms of predator/prey dynamics, nor
can any general statements about effects on benthos be made. The best which can be done is to
describe various relevant findings in Costa Rica and Piécto

Apparently contradictory findings abound: Pringle and Hamazaki (1997) who conducted
exclosure experiments in a northern Atlantic Costa Rican river with a diversity of fishes and shrimps,
NELR2NISR GKIFIG aCAakKSa airdaynN KMORWRIYS RNFSR dz® S RJIGSAEY @S
But later the same two authors (Pringle and Hamazaki, 1998), working on the same river, concluded
GKIFIGdG acrakKSa AKAFTFGSR & & @& 0SYGKAO AyaSod O02YYdzyA
significanteffed 2y O02YYdzyAl& O2YLRAAGAZ2YE D w2aSY2y Rz Si
SELINAYSyia 2y GKS aly$S adaNBFY G GKS &aFY$S GAYS |
resulted in significantly higher densities of small invertebrates inhabiting leaf phibst. of these
were collectord  § KSNBENBR X y2yS 6SNB AKNBRRSNEI¢ gKAOK &adza3a
and Atyid shrimps.

In Puerto Rico, March, et al. (2001) reported that exclusion of Atyid, Palaemonid and
Xiphocarid shrimps at high and l@akitude experimental sites resulted in significantly less and more
insect biomass, respectivelyHowever, a year later, two of the same authors published a paper
0al NOKEZ SG If® HanuHo 02y Of dzZRAYy 3 (K| (gaificantly I KA 3IK |
affect total insect biomass but significantly decreased mobile baetid mayflies (Ephemeroptera:
.FSGARIFSUOU YR AYONBFaSR aSaairfsS OKANRBY2YARAa 654 LI
altitude site. Subsequently, Greathouse, et(@8D06a) clarified this somewhat by focusing on high
AN RASY(d tdzSNIi2 wiOly adaNBlFyYa +Fo20S FyR 0St26 RIY
non-decapod invertebrate taxa in pools showed significant, or marginally significant, differences in
biomassbetween dammed (lacking diadromous macroconsumers) and undammed (with shrimp and
Sicydiund aAA0Sa¢ o

Perhaps the most novel finding was the apparently symbiotic relationship bet&egdium
salviniand a Glossosomatid caddisfly in a stream in west central Costa Rica suggested by Barbee
OHNNHUL O { KS K& L} (i K SRrckoptifadtcedsKalalfjal resdtcas) & the qidlitoot t A G | G S
algal resources, possibly through the removal of fine béhthia A £ G ® ¢

Attempting to apply this to macroconsumer effects on the diverse aquatic insect fauna of the
La Amistad region leads to only very general predictions. Cearthimltwo groups interact, ana ithe
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high gradient streams typical of the World Hage Site, we would expect that eliminating the
macroconsumer group would result in significant change in the abundance and diversity-of non
decapod invertebrates. With or without damming, there is clearly a need for research into
macroconsumer/benthos teractions in the La Amistad area, in and out of the World Heritage Site.

Conclusion Flecker (1996), in describing his work with the herbivorousiisbhilodus mariae
Ay +#Sy ST dSt I = 02NNR6SR GKS 02y OSLidbyIanesaebadh2 88 aiSY
(1994) to describe the contribution of migratory benthic detritivores to stream ecology. The aptness of
this description has been borne out by multiple subsequent studies in the natural laboratory that is
Puerto Rico.

Most of the stulies reported here to suggest possible effects of extirpation of diadromous
fishes and shrimps in waters of the World Heritage site are controlled experiments based on use of
exclosures or enclosures. However, Greathouse, et al. (2006a, 2006c) wereadlyatile to verify
many of the experimental results from Puerto Rico through direct observations and measurements on
dammed and undammed streams, taking advantage of the fact that dams and reservoirs have resulted
in the extirpation of diadromous shrimméd Sicydiunpopulations from many, but not all freowing
A0NBlFYa Ay tdzSNI2 wAalO2 61 2tYljdziads SiG o mphpyz Y
SELISNARYSyiago CKSANI FAYRAY3Ia O2yFTANYXY (KBonSI NI ASN.
iNAGNBFY SELSNAYSY(GlIf 62Nl GKIFIG RAFRNRY2dza & KNAX YL
species composition, quantity and quality of benthic organic matter, quantity of epilithic fine
sediments, leaf decomposition rates, and abundanceanddma2 ¥ 0SY G KA O A Y @SNIi So6 NI

¢tKS FASETR ad0dzRASA 2F DNBIFGK2dzaSs S Fftd onnncO
streams with no large dams, pool epilithon above dams had 9 times more algal biomass, 20 times more
fine benthic organic matterfPOM), 65 times more fine benthic inorganic matter (FPIM), 28 times
more carbon, 19 times more nitrogen and 4 times more4##8 OF L2 R AYJSNISONI S oA 2"
Dammed/undammed comparisions were less dramatic in riffles on high gradient streams and on low
gradh Sy d &a0NBIFYas odzi aAYAEFIN LI GGSNya 206Gl AySRo® L
A0NBlIY SELISNAYSy(Gagod

Previously, Greathouse and Pringle (2005) had demonstrated that the River Continuum
Concept (Vannote, et al. 1980) or RCC, commonly@radlto elucidate longitudinal changes in biotic
O2yRAGAZ2Yya If2y3 GSYLISNIGS adNBlYa a3ISYySNIffe | LILJ
{LISOAFTAOFffe&sY GOGNBLIAOIE AyadzZ NI FYyR O2Faidlt adaNBt
Islands andisia have abundances of snails and algivorous gobies at low and mid elevations and high
AKNAYL) I 6dzyRFyOS |162@S 6l GSNFIffa GKFEG of201 dzLiad
demonstrated by Hunte (1978) for Jamaica, Lyons and Schneider (1990) faattiefinsula of Costa
Rica and Craig (2003) for Polynesia (among others). In general, based on our observations, the RCC
would seem to apply to the Atlantic slope streams of La Amistad (and probably the Pacific slope
streams as well).
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UNIQUE CHRACTER OF LA AMISTAD FLUVIAL ECOSYSTEMS AND THEIR RELATION TO OTHER
ECOSYSTEMS

Importance of high altitude streams

20K 0EPIEYOEGNAYIE YR awWABSNI / 2y GAydzdzye O2yO0S
section are relevant to discussion of known andgille links of fluvial ecosystems in La Amistad to
other ecosystems in and out of the World Heritage Site. However, first we would like to make the case
for the unique character of the fluvial ecosystems of the Atlantic slope of the La Amistad World
Heritage. The amount of information available does not allow us to so much as form an opinion about
the ecosystems of the Pacific slope, beyond noting that the fish assemblage of the Chiriqui and Chiriqui
Viejo watersheds downstream of the World Heritage itPanama appears to be substantially
different from that of the neighboring Grande de Terraba system which drains the Pacific slope of La
Amistad in Costa Rica. It is probable that migratory fauna within the World Heritage Site on the Pacific
slope of Paama have already been extirpated; so it is likely that we will never be able to offer an
opinion on the particular qualities of the upper reaches of the rivers there.

As we begin to attempt to describe the unique qualities of the rivers of La AmisBatas del
Toro and Talamanca, we find we must take exception to the dismissive attitude apparent in some of
the statements in the AES/MWH mitigation document (AES and MWH, 2009), which appear to us to
reflect the viewpoint of persons committed to dam consttion, rather than an objective assessment
of what is known and not known about the ecosystems in question.

2SS gAff 0S3AAY SAGK GKS YAatSIRAy3I adalaSySyida a
estudio de bioversidad realizada en el rio Changaipolr el STRI fue la escasa presencia de peces y
OFYI N2ySa Sy SaS (NI} Y2 RSt NR2dé 6hyS 2F GKS Yzali
out by STRI in the Changuinola River was the small numbers of fish and shrimp in this reach of the
river b YR a{S NBLR2NIINRY YSy2a SalLlSOASa 6mT0O |jdzS f |
OMTO GKIFYy SELISOGSR o6nHOLLO® Ly GkKAa OlF&asSz (KS aSEL
species found by prior investigators in the Changuinola bel@aOHAN’5 dam site. (STRI, 2010;
Goodyear, et al. 1980) Inspection of the results obtained by Adifsbd Ngobe parataxonomists in
the same reach of the Changuinola would have revealed a similar number of fish species (15), which is
also similar to rests from the neighboring Teribe and Sixaola/Telire watersheds (Mafla, et al. 2005,

McLarney and Mafla, 2006b).

In the same report, the unnamed authors cite 8 different references showing that the widely
recognized general pattern of diminishing fidikrersity as one ascends watersheds and streams
become smaller applies in the Neotropics. This suggestsassume incorrectly, and perhaps
unintentionally¢ that Lasso, et al. (2008b and who provide the basis for the AES/MWH argument,
carried out lierature research only after completing their field research. In any event, the results of
the STRI team inventory are in no way surprising to anyone familiar with the rivers of the Atlantic slope
of La Amistad.

The relatively low total numbers of fisimé shrimp reported in Lasso, et al. (2008b) are to a
RSINBS &dzNLINRAAY3IAS odzi aleée tAGGES Fo2dzi GKS aAYLR
above 100 m. elevation. One of the most common misunderstandings about biodiversity is that sites
with greater biodiversity as expressed in taxa counts, or with greater apparent productivity, are per se
GY2NB AYLRNIFIYyGé GKFIYy fSada RAGSNES 2N LINPRAzOGA DS
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to the fallacy that the tropics are more importathan the temperate zones or the arctic, that the

rivers of the Amazon Basin are more important than those of Mesoamerica or, in this case the
implication that the (largely unprotected) lower reaches of rivers such as the Changuinola are
somehow more imprtant than the upper reaches in PILA.

It is well known that if we use risk of extirpation/extinction as a criterion for prioritizing
biodiversity conservation efforts, many of the priority taxa will be those with restricted ranges, often
found in smallrelatively undiverse ecosystems, which are themselves at risk of destruction by virtue of
their small size. In addition, to dismiss the importance of small, high altitude rivers ignores the River
Continuum Concept (Vannote, et al. 1980, Greathouse aimg/le, 2005), by offhandedly dismissing
the possibility that restricting access to high altitude areas could significantly impact downstream river
reaches. This leads AES and MWH (2009) to a further irrelevant statement:

oPor este motivo, no existerazones técnicas objetivas que permitan sostener que los peces y

camarones de la cuenca alta del rio Changuinola pudieran constituirse en el Gnico soporte tréfico (ni el

mas importante) del ecosistema terrestre que contiene al rio Changuinola en la zdtaAelLa

biomasa de peces y camarones en la cuenca alta se presume como extremadamente baja para sustentar

fl oA2YlFa&l RS {(Fy AYLERNIFYyGS S02aAaGSYF GSNNBaidNB
supporting the statement that the fish arghrimp of the upper Changuinola River could constitute the

only trophic support (nor the most important) for the terrestrial ecosystem containing the Changuinola

River in the area of PILA. We presume that the biomass of fish and shrimps in the uppehadisr

extremely low to sustain the biomass of this important terrestrial ecosystem.)

Apart from the fact that this assertion seems to make the value judgement that the terrestrial
SOz2aeaidsSya 2F GKS 22NI R | SNARGI Sefs dotsd, § appeiBto beA Y L32 NI
refuting a statement that, to our knowledge, has never been made. Certainly our previous report
(McLarney and Mafla, 2007) summarizing the ecosydtased arguments against dam construction in
the Changuinola/Teribe watersRe R2S&a y2d Of FAY GKFG GKS NAGSNI Aa ¢
forests of PILA. We will reaffirm that, independent of taxa counts and biomass determinations, aquatic
systems in the La Amistad area at altitudes of > 100 m. are important in mangtaiva overall
biological integrity of the La Amistad region, within and outside protected areas.

Before going on to describe the unigue character of the river systems of Talamanca and Bocas
del Toro and then to suggest possible negative impacts of darstieiction on biodiversity and
ecosystem health in La Amistad beyond directly affected river reaches, we would like to comment on
2yS Y2NB LINBRAOGAGS adraSYSyid 6KAOK FLIWISEFNER Ay !9
peces y camarones en la ¢wa alta del rio Changuinola es mucho menor a la reportada para la zona de
LINR & SO0 2 v¢ 6LG A& FaadzySR KIFd GKS o0A2YlLaa 2F FA
Ad YdzOK fSaa GKIFYy GKFG NBLI2 NI S Rfers 2 1@ réashDf tHeNP 2SOl |
Changuinola and some of its tributaries located roughly between 100 and 200 m. altitude, surveyed by
Lasso, et al. (2008 a, b and c). We are in cautious agreement with the authors of the mitigation proposal
up to a certain point.There is no lack of local and worldwide precedent for assuming that the diversity
of fish, and to a lesser extent, shrimp will decline at higher altitudes in watersheds such as the
Changuinola. This decline may be abrupt above natural barriers to figament. To the extent that
the animals excluded by barriers (fish) tend to be the larfpestied members of the fluvial fauna, the
effect on total animal biomass may be negative. However, no data exist to support extrapolation from
this reasonable assuption to a prediction that total animal biomass will continue to decline as altitude
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increases. Objective discussion of the possibilities requires that the following factors be taken into
account:

1 The single most important contributors to fish biomasshe STRI inventory area (Lasso, et
Ffd Hnnyoo 6 SNB Sidydusc prediseyztilk dnlj BiRasgatdeéof 0
surmounting natural barriers such as waterfalls. It would not be surprising if the density of
Sicydiungobies were higher in high altile stream reaches where aquatic predators are
absent.

1 The same argument holds for the shrimps.

1 AES and MWH (2009) say nothing about macroinvertebrates other than shrimp in this
context. While insects as individuals can be viewed as having negligitriadsiothey can
collectively be of great importance. There isapriorireason to assume lesser abundance
of larval insects and other small benthic macroinvertebrates at higher altitudes, and the
absence of predatory fish suggests the possibility otiradly greater abundance.

In the following sections we will take these factors into account, along with the unarguable
reality that detailed knowledge of high altitude fluvial systems in the La Amistad region is severely
limited.

Unigueness of La Amistdldivial ecosystems

Rivers draining into the Caribbean and southern Gulf of Mexfoom Puerto Rico to Mexico to
Venezuelg have in common a preponderance of diadromous fauna, with the fish gexegaillg
AgonostomusGobiomorusand Sicydiumand the shrimp#tyaandMacrobrachiumuniversally
distributed. On the islands of the Caribbean, primary and secondary fresh water fishes are few, with a
preponderance of endemics with severely limited distributions. The extreme case is represented by
Puerto Rico, which has no native purely freshwater species (Lee, et al. 1983). As compared to the
islands, mainland rivers exhibit much greater diversity due to the presence of a substantial coterie of
primary and secondary fresh water fishes.

The riversof the Caribbean coast of Mesoamerica and northwestern South America thus share a
fish fauna comprised of a mix of purely freshwater species derived from both South and North American
elements with diadromous species found throughout the Caribbean. Afiva fauna is similar but
somewhat less diverse due to the absence of the family Xiphocarididae on the mainland.

Among the coastal drainages extending from eamsttral Mexico to western Venezuela, four
relatively small areas stand out as havirgjrailar and distinctive ichthyofauna (Lyons, 2005; SvWedo
and Acero, 1990). They are:

1 A small area between the cities of Tuxpan and San Andres Tuxtla in Veracruz, Mexico.

1 North-central Honduras between the city of Puerto Cortes and the mouth of ibhe R
Platano.

1 The Talamanca/Bocas del Toro region of Costa Rica and Panama.

i Streams draining the Sierra Nevada de Santa Marta in Colombia.
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What these areas have in common ichthyologically is an unusually, and often spectacularly high
abundance oBicydiungobies in their frequent switlowing, rocky river reaches. While numerous
other diadromous fish and shrimps are fairly evenly distributed along the entire Giagtiunspp.
are scarce or lacking in watersheds outside these areas. What unites tleeseggographically is high
relief in close proximity to the sea, where the presence of coastal mountain ranges gives rise to
relatively short, swift, high gradient rivers. Ten years of inventory work in the Sixaola/Telire and
Estrella watersheds (McLapand Mafla, 2006b, 2008; McLarney, et al. 2009a, 2009b) permit us to
describe the general distribution of lardgmdied aquatic fauna in one of these areas (Talamanca/Bocas
del Toro) as follows:

9 During periodic migrations of podrvae ofSicydium altumddelum together with other
diadromous fishes and shrimps, the lower river reaches crossing the narrow coastal plain
may be numerically dominated by small individuals of diadromous forms. At other times,
primary and secondary freshwater fishes are morsown, but usually with an admixture
of large individuals of diadromous forms and facultative, mostly predatory, marine
wanderers. The latter group may be present as a consequence of their pursuit of
migratory diadromous posarvae.

1 As one ascends the washeds, or wherever there are high gradient reaches with rocky
substrates, the proportional abundance of diadromous taxa, espe8afydiunincreases,
while some strictly fresh water species begin to drop out of the biota. Both numerical
dominance andverage size dbicydiumincrease with altitude. In streams above 100 m.
altitude, while species diversity may still be relatively higisydiunmmay account for 90%
or more of individual fish in samples.

1 Above the natural barriers frequently created baterfalls, most fish species are
excluded, giving rise to a biota in which the only ldbgdied forms may b&icydiumand
shrimps, both of which can climb moist vertical surfaces. Under these circumstances, with
aguatic predators and most competitors éxded, Sicydiunmay reach extraordinary
levels of abundance.

¢KS LI GOGSNY RSAONAROSR 02@0S O63ANBF GSNI LINR L2 NI A 2
increases) is perhaps counterintuitive. Certainly the typical situation (including in the La Amistad
watersheds) is that the number of diadromous species decreases with altitude and distance from the
sea, as described for streams of the Panama Canal water€tmas$¢rcio TLBG / UP / STRI, 2009) and
elsewhere (Angermeier and Karr, 1983; Horwitz, 1978; Watee, 1985). But as we have already
seen in the discussion of the results of the STRI inventory in the middle Changuinola watershed (Lasso,
et al. 2008b), this relationship does not necessarily apply in terms of proportional abundance of
species, individals or biomass.

As we have noted above, free embryos of Sicydiine gobies need to reach their estuarine
nursery areas rapidly or risk dying of starvation (Moriyama, et al. 1997; Tsukamoto, 1991). Lyons
(2005) points out that this need is not met in the jorédty of the Atlantic coastal area between Mexico
and Colombia, where the typical geography includes a broad coastal plain, traversed by slow,
meandering rivers. As research in Puerto Rico shows (Holmquist, et al. 1998; Greathouse, et al. 2006b,
2006¢) he same mortality effect may result from inserting a stretch of sflmwing water, in the form
of a dam impoundment, into an otherwise swilbwing river.
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Similar constraints apply to shrimp; although postlarvae and adults of some species may be
more able thanSicydiungobies to take advantage of short windows of opportunity to climb dams
under favorable flow conditions, delays in reaching the estuary can be critical. Lewis and Ward (1965)
and Choudhury (1971) have shown that larvaélatrobrachium casinus(and likely other
amphidromous shrimps) die after just a few days in fresh water. Diadromous shrimps are everywhere
severely reduced and often extirpated above dams. To give an idea of the numerical importance of
blockage of shrimp migrations, cadsr the findings of March, et al. (1998). They compared passive
downstream transport of larval shrimp in dammed and undammed rivers of the Caribbean National
Forest in Puerto Rico. Even though the low dams (< 15 m. high) characteristic of this area are
somewhat porous to shrimp, they estimated the loss of shrimp larvae to dams and associated water
withdrawals at 15.3 million individuals/day.

In following sections we will point out how the unig8é&ydiunshrimp assemblage in the high
altitude rivers ofthe La Amistad region may affect terrestrial ecosystems and its role in maintaining
intact River Continua regionally. Here we would like to point that while similar associations (but with
arguably differenSicydiunspecies) exist in 3 other widely septed areas along the Gulf of Mexico
and Caribbean coast, the largest such area is that comprised by Talamanca and Bocas del Toro.
Moreover, because of the existence of a complex of protected areas centering around the La Amistad
World Heritage Site, it ithe one with the best longerm prospects for preserving this unique
assemblage and ecosystem.

Terrestrial gstems within the World Heritage Site

This section will necessarily be largely speculative but, given the extreme importance of the La
Amistad World Heritage Site as the core of the largest block of forested land and concentration of
protected areas in Mesoamerica, and the acknowledged exthemigh biodiversity of that area, it can
scarcely be omitted from any discussion about management of the rivers which flow through it. The
importance of the terrestrial ecosystems of La Amistad is accented by recent discoveries of new species
by the STRkam (Lasso, et al. 2008a) and by the ongoing work of the Damitiative team (Monro, et
al. 2007, 2008, 2009). We are sure that all involved would acknowledge that these discoveries
represent the proverbial tip of the iceberg, and that much more remm&o be learned. Application of
the Precautionary Principle, then, would strongly suggest the inadvisability of actions which could
eliminate elements of biodiversity through local extirpation, or even species extinction, before we are
aware of their eistence.

We will concede that, insofar as aquatic species are concerned, the likelihood of discovering
new species is low (though it cannot be precluded, particularly with respect to the insect fauna), with
the possibility of new diadromous species partirly low. However, as we have pointed out above,
the aquatic faunal assemblage structure of high altitude streams in the La Amistad drainages is both
unique and threatened. Further, we will assert that, contrary to the position implied by AES and MWH
(2009), the streams which drain the La Amistad World Heritage Site have an integral relationship to the
terrestrial ecosystems through which they flow, whether or not we have progressed very far toward
defining this relationship.

Let us start with the assoption that the 3 principal components of the aquatic fauna at high
elevations in the World Heritage Site, and especially above natural barriers to upstream movement, are
fish (especiallpicydiungobies), Atyid and Palaemonid shrimps, and benthic macediabrates, with
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aquatic larvae of insects which are terrestrial as adults dominating the latter group. We can then ask
what might happen were two of the three principal components (diadronfsiegdiumand shrimp)
removed.

We have already seen thatyen though the diadromous fish and shrimp found above barriers
are not always quantitatively significant predators on benthic macroinvertebrates, their elimination
can cause major changes in the composition of the benthic macroinvertebrate assemhlage.
commonly reported result of exclusion of grazers sucBiagdiumand Atyid shrimps is a shift from
active, mobile forms to sessile forms, especially Chironomidae (March, et al. 2002; Pringle and
Hamazaki, 1998).

The best known benthic macroinvertebratesemblage for the La Amistad area is that of the
Changuinola watershed upstream of the CHANdam site. Of 11,865 natecapod aquatic
invertebrates collected by the STRI team (Lasso, et al. 2008b) in that area 10,364 (87.3%) were larvae
of insects belonigg to orders which without exception transform into flying adults. (This does not take
into account 3,130 individuals of the order Coleoptera, many of which metamorphose into flying
adults, while others are aquatic throughout their life.) Effectivelyntheround 90% of the nedecapod
GFljdzt GAO0¢ YI ONRPAYDBSNISONFriSa Ay GKS YARRES [/ Kl y3dz
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Of the >10,000 insects in the samples which were destined to emerge as flying adults, only 313
(2.6% of he total macroinvertebrate sample) belonged to the order Diptera, which includes the
Chironomidae. Clearly if, as a consequence of extirpation of diadromous fish and shrimp, the benthic
macroinvertebrate fauna of the river, presently dominated by Ephempen@, Coleoptera and
Trichoptera (78.8% of the total sample) were to shift toward dominance by Chironomidae (a not
dzy 02 YY2y O2yRAGAZ2Y AYy KSIFI@Afeée ASRAYSYGSR NAGDSNAEZ
the La Amistad area) it would represeart enormous change in both the terrestrial and aquatic fauna,
over and above the loss of fish and shrimp species.

We can only guess what other consequences might follow, but consider this: Adult
chironomids are normally much smaller than those of nafghe taxa representing the other 9 insect
orders found. As flying adults they often exhibit unique behavior, forming swarms rather than flying
about as individuals. Among the groups of insectivorous animals inhabiting the World Heritage Site are
birds, bats, reptiles and other insects (notably the aquatic Odonata). What might be the effect on
these predators of a drastic shift in prey size and behavior? Clearly we are confronting the possibility
of effects up to and including endemic species extigratvhich are not only unintended, but which
might go unperceived.

Possibilities are suggested by the work of Chan, et al. (2008) in tropical forests of Hong Kong.
They found the seasonality of aquatic insect abundance to match that of insectiioregsinterior
bird species. Given that these bird species are morphologically adapted to exploit larger, solitary and
less mobile prey, changes to stream bed composition leading to fewer large insects and highly mobile
swarms of smaller ones could caugduced availability of preferred prey, leading to alterations in the
bird assemblage.

Downstream effects of natural barriers
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It is virtually certain that the existence of large numbers of a8idydiungobies in reaches of
the World Heritage Sitevers above natural barriers, where they face greatly reduced predation
pressure and competition for resources, contributes to the unusual abundarseydiunin river
reaches below barriers, in and out of the World Heritage site. The same may apyiyd and
Palaemonid shrimps.

While scientific studies are lacking it is also highly probable that downstream d&iftydium
FYR AKNAYLI S33a FyR fFNBFS YR LISNA2RAO dzLJAGNBI Y
major importance imaintaining populations of aquatic predators, including high value, economically
important food fish, in the lower reaches of the La Amistad rivers. It should be noted that in the past
the titi migration formed the basis for a subsistence fishery infiateca. Economically important
fisheries based on the postlarvaeSitydiunspp. or other amphidromous gobies, first documented for
Dominica by Atwood (1791) have had historical importance in many countries and persist in some
tropical island river systesa Such fisheries have been documented for the West Indies in general
(Clark, 1905), Jamaica (Aiken, 1985, 1988), Dominica (Bell, 1994), Puerto Rico (Erdman, 1961, 1984),
Guadeloupe (Fievet and LeGuennec, 1998), Hawaii (Titcomb, 1977; Ego, 1956)litheeBI{ilaylor,
1919; Montilla, 1931; Blanco and Villadolid, 1939; Acosta, 1952, Manacop, 1953, Blanco, 1956),
Reunion (Aboussouan, 1969), Madagascar and Mauritius (Catala, 1982), New Zealand (McDowall,
2004), Tasmania (Fulton, 1984) and north Atlantist& Rica (Gilbert and Kelso, 1971). Bell (1994)
summarized many of these fisheries and documents their decline or disappearance in most localities.

To give an idea of the potential magnitude, in terms of biomass, of movements along river
corridors by laval and posfarval diadromous fish and shrimp in the La Amistad area, we cite two
examples from Puerto Rico:

1 Erdman (1961) observed upstream migrationSwlydium plumiein the Aiasco River,
which on the average took two days to pass an observation point. Based on point counts
and measurement of the 2 migrating columns (typically one on each side of the river) a
single migration was estimated to consist of about 90 million indadsl

1 March, et al. (1998) estimated numbers of downstream migrant shrimp larvae in
undammed streams of the Caribbean National Forest and used those calculations to arrive
at an estimated figure of 15.3 million shrimp larvae/day lost in dammed riveheisame
area.

The River Continuum Concept (Vannote, et al. 1980; Greathouse and Pringle, 2005) predicts
that all biological activity in the upper reaches of a watershed will have an effect downstream. In the
particular unique case of high elevation stnes above anthropogenic barriers, we have cited studies
demonstrating local effects of elimination of diadromous fauna on the composition of the benthic
macroinvertebrate assemblage, sediment accumulation, processing of allochthonous matter, water
and subsrate chemistry and algal assemblage composition. (See references in section on secondary
effects.) We need not enter into a speculative discussion of how these effects might play out to assert
that they have physical and biological consequences downstrelaith would be replicated in the
event that La Amistad streams are dammed.

On site and downstream effects of dam/reservoir complexes

Overview and reservoir effects
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Here we must begin by taking vigorous exception to the following statement in ABS\&iH
(2009):

G9a ySOSalNAR2 RSadGlFOFN)ljdzS F3dz-ra Fola22 RSt aAridaAz
afectado por la obra ya que tanto los peces como los camarones encontraran todos los biotopos

necesarios para completar suciclode viéla, &SI+ Sy | 3dz+ RdzZ O0S 2 Sy St YI I
out that downstream of the Changuinola | dam none of these groups will be affected by the work

because both fish and shrimp will encounter all the biotopes necessary to complete their febeyl

in fresh water or in the sea.)

This may be an accurate reflection of what the authors wish were true, but it is entirely
incorrect, and reflects a failure to review the abundant literature on downstream effects of high dams.
(An excellent overvig is provided by Ahearn, et al. 2005.) The truth is nearly diametrically opposed,
and may be stated as follows: For a considerable distance below any dam, including Changuinola | (=
CHANYT/5) all forms of aquatic life, as well as some terrestrial speciésgstems, will be profoundly
affected and in many cases, threatened. Some of the effects on downstream trophic structure are
described byCortes.et al. (1998), Pettset al.(1993), Ward and Stanford, (1979) and Webb and
Walling, (1993).

To this musbe added 1) inevitable short term impacts occurring during dam construction and
2) the substantial effects above the dam resulting from the conversion of a reach of free flowing river
(lotic environment) to the lentic environment of a reservoir lake. Wahthese dam site effects are
summarized in Collier, et al. (1996) and McCully (1996).

We are not aware of any comparably egregious examples of wishful thinking related to other
dams proposed for the La Amistad area, but there is a natural tendenttyegrart of dam proponents
to minimize the negative environmental impacts of dam projects and/or to overestimate the capability
to mitigate these effects (See following section on mitigation.) An honestheosifit assessment of
any dam proposal must as&wledge some degree of negative environmental impact to the affected
river system, both up and downstream of the dam site.

So far as we know none of the dams or reservoirs presently existing or proposed for the
waterways draining the two La Amistad Nai#b Parks are within the parks (although the reservoir
created by the Bonyic Dam is projected to reach to within 60 m. of PILA). Thus technically the dams,
NEaAaSNB2ANE YR R2gYyAGNBFY NAGSNI NBlF OKSa larkB y2aG
Services or of UNESCO. However, we would argue that just as the entities responsible for promoting or
permitting dam construction on the rivers downstream of the World Heritage Site have a responsibility
to maintain biodiversity upstream, within theagks, so do the national and international agencies
involved in park management bear responsibility for delivering the benefits of conserving the
protected area to the river and its users downstream of the World Heritage Site.

Here we apply the River Ciimuum Concept (Vannote, 1980; Greathouse and Pringle, 2005) to
elucidate that argument. If effects of human activities downstream of the World Heritage Site threaten
major and not altogether predictable ecosystem damage withinShe including loss aépecific
portions of the biodiversity the area was established to protect, then it should be the responsibility of
ANAM, MINAET and UNESCO to attempt to prevent foreseeable damage. In the specific cases of the
Changuinola/Teribe, Sixaola/Telire and Grade Terraba watersheds draining the La Amistad World
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San San/Pondsak Wetland (Panama) and the Gandoca/Manzanillo National Wildlife Refuge and
Terrala-Sierpe mangrove wetland (Costa Rica)l of them UNESCG@esignated Ramsar wetlands

dependent not only on the quality of water received from the World Heritage Site and other protected

and unprotected areas upstream, but on maintenance of the biatitinouum along the entire length

of their respective rivers.

The economic, social, cultural and environmental effects of converting a reach of free flowing
NAOBSNI G2 | NBASNIB2ANI afl1S¢ FINB Ylyes fdt;R y204 fAY
which were discussed at some length in McLarney and Mafla (2007) and which are the subject of an
abundant literature need not be repeated here. (The reader interested in local effects such as
greenhouse gas generation and enhancement of human géeactors, as well as cumulative global
scale effects of dams and reservoirs, is referred to Rosenberg, et al. 2000, and other articles in a special
issue oBioSciencelevoted to hydrological alterations.) Suffice to say that between a dam and the
highpool level of its reservoir the principal biological effects of impoundment are the replacement of
an area of fluvial and riparian terrestrial habitat with an artificial habitat and the introduction (in
conjunction with the dam and any dewatered reachedalihmay exist downstream) of a discontinuity
in the natural function of the river as an altitudinal biological corridor. The first effect (loss of fluvial
habitat) is proportionally more severe in the tropics, since lakes are not a natural feature of most
tropical areas, and there are few native animals preadapted to take advantage of the altered habitat.

Downstream effects

Effects downstream of dams would seem to merit more discussion here. Some of those effects
may be due to fragmentation gfopulations. Independently of any need to migrate, any time a
population is divided into two or more segments, all segments will be more vulnerable than the
original population. This was demonstrated by DeMarona and Albert (1999), who documented
reductions in species diversity and changes in relative abundance both up and downstream of a dam
constructed in 1994 on the Sinnemary River, French Gujandver with a low incidence of diadromy.
Downstream effects of fragmentation may be exacerbated by dgwlsipendent effects due to the
tendency of fish to accumulate below barriers. This can lead to greater susceptibility to disease
(Moring, 1993; Welcomme, 1985), and predators (Barlow and Bock, 1984; Elson, 1962; Feldham and
Maclean, 1996; Kennedy and ®re1988), including humans (Aass and Kraabol, 1999; Harris, 1984).

The nature of other downstream dam effects is to a large degreespiteific, depending on
both the physical and biological condition of the undammed river and the design of theuartiiam.
Even were final plans for all the proposed La Amistad dams available for inspection, our expertise does
not permit indepth comment and the sheer number and diversity of dams proposed would render the
task of analyzing problems dam by dam ingti@al in this context. We can offer some general
information:

Most downstream biological effects of dams can be described under 5 categatégatering,
alteration of flow, sediment transport or temperature regimes and changes in water chemisttige |
OrasS 2F aAy3aftsS RIYa GKSasS S¥F¥SOdGa vYre o0S OFGS3a2NR
proposed, whether in sequence (as on the Changuinola River), or dispersed throughout a watershed (as
in Talamanca), we must consider effects at the landstaye (Poff and Hart, 2002). Below we will
discuss each of these categories and attempt to place them in the context of the La Amistad area at
both local and landscape levels.
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Dewateringoccurs when, for engineering reasons, electrical generatingtiegilieed to be
located some distance downstream of the dam. In such cases it is often convenient to pass a large
LRNIA2Y 2F GKS AYLRdzyRSR NAGSNRa @2f dzyYS GKNRBJIAK |
leaving a parallel reach of natural riverdodry or with greatly reduced flow. In addition to the loss of
yet another section of fluvial habitat, such diversions serve to magnify the barrier effect of the dam. A
number of the dams proposed for the La Amistad area incorporate this feature. Amgdetsal. (2006)
suggested that one of the long term consequences of dewatering by small dams on the Puerto Viejo
WABSNI AY y2NIK OSydaNrt /2aidl wilOl gAftf 0SS AYLI OGa
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Flow ratealteration capability is built into all large dams. Most dams have the capacity to
increase or decrease flow volume and velocity at any moment, for purposes of electricity generation or
water level control. This same capability can be used to ensure a certain minimal flow deemed to be
necessary for the maintenance of desired biological condition downstream. This is the basis for the
NEfl GAGSt e ySg 02y 0SLIi eretal @D, Richte®aytTopas)2007)F t 2 g a ¢ o
Within limits, dams can also be made to mimic natural changes in periodicity of flow, which can be
crucial as cues for migratory and other behavior. However, in practice even when environmental flow
plans existhey may not be consistently implemented, especially if they conflict with uses for which
dams are designed (in the case of all the La Amistad area dams, electrical power generation).

Even in the absence of changes in flow rate, alteration of curratiems by dams can have
negative effects on downstream biota. For example Fievet and LeGuennec (1998), in Guadeloupe,
document the attraction of great numbers of migratory postlarSaydiungobies to canals leading to
a hydroelectric facility, but whitdo not provide access to the river above the dam.

While we were able to find no published studies showing effects of flow rate alteration by
dams on downstream biota in tropical streams, an example from Vermont and Massachusetts, USA,
illustrates the ptential: Bain, et al. (1987) studied fish community structure in two naturally similar
| 2yySOGAOdzi wAGBSNI GNRAOGdzl I NAS&asx 2yS NB3IdzZA SR o6& R
abundant (>90% of all fish) and diverse (nine species) group off@halpecies and size classes were
restricted to microhabitat that was characterized as shallow in depth, slow in current velocity, and
concentrated along stream margins. This group of fish was reduced in abundance in the regulated river
and absentattB & (0 dzReé &AGS 6AGK GKS INBIFGSad Ft2¢ ¥Ff dzOhdz
example of how flow alterations act on the following category of effects, sediment transport.

Sediment transport Every river has a natural sediment transport and déjmn regime, to
which its biota is adapted. Where human populations are high, land disturbance typically increases the
rate of sediment transport. Dams and their associated reservoirs can sometimes compensate for this
LINE Ot SY f 20 f {L84 £0 &F 28NS NIAAO/SH &l 88 SORMNG Sy i dzy GAf G KSANI
global scale, impacts on downstream river reaches and inshore marine environments resulting from
dams depriving rivers of natural sediment loads are of greater concern. Some ohexjoences are
summarized by Williams and Wolman (1994) and Vorosmarty, et al. (2003).

Altered sediment transport regimes downstream of dams can affect not only riverine species,
but are also documented to occasion loss of floodplains with associsddnd and terrestrial
biomes. In addition to physical damage to riparian areas, riparian vegetation may be altered. For
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example Nilsson and Berggren (2000) suggest that the diversity of riparian plant communities in Europe
has been reduced through interption of transport of waterborne seeds by multiple dams. More
generalized treatments of this type of effects are provided by Magilligan, et al. (2003), Shafroth, et al.
(2001) and Tockner and Stanford (2002).

Damage to river deltas on the fresh watestuary interface may also occur (Rosenberg, et al.
1997) as a consequence of sediment starvation, as has been documented (Meade, 1995) for the
Mississippi River Delta in the Gulf of Mexico. Effects on estuaries have been summarized by Olsen, et
al. (200® G{GFNDIFGA2ye 2F 20SlIy o0SIFOKSa Aa y20KSNJ L
California rivers by authors from Grant (1938) to Willis and Griggs (2003).

In virtually all cases, dam managers will prefer to manage sediment in a way whichgsrol
the useful life of the dam and reservoir; this may or may not be optimal in terms of maintaining natural
conditions downstream. In tropical rivers such as those of the La Amistad area the effect on sediment
transport regimes of bioturbation by diadmous shrimps, and the possible downstream consequences
of their extirpation above dams (Cowl, et al. 2001; Greathouse and Pringle, 2005; Greathouse, et al.
2006c¢; March, et al. 2002; Pringle, et al. 1992; Pringle and Blake, 1994; Pringle, et al. 188991s a
which has largely been ignored.

Temperature regimedownstream are nearly always altered by dams; depending on design,
they may raise or lower water temperatures downstream. When lentic habitats are inserted into the
natural continuum of a rivethey function as solar water heaters. Where dams discharge surface
water, as do many small dams, this can result in elevated temperatures downstream. Most modern
large dams, presumably including those contemplated for the La Amistad region, are designed
discharge at or near the bottom under normal flow conditions (hypolimnetic dams), so that some of
the sediments which normally occur behind dams are continually flushed. This typically results in
lowered river temperature downstream.

Either outcomelgeating or cooling) can significantly alter the ecology of the river below; here
we will focus on the consequences of temperature depression, which would appear to be of more
O2yOSNY Ay 2dzNJ I NBI @ OEGNBYS SEI YAX SAY | NGBS LINBSdzB K
United States which now support only cold water fishes exotic to the region (Brooker, 1981; Krause, et
al. 2005; Olden, 2004). A combination of sediment sequestering and temperature impacts occurs in
the Colorado River of the southwesteUS, where a suite of regional endemics, some of them officially
listed as Endangered, are threatened by the conversion of a naturally warm, turbid river to a cold, clear
one downstream of major dams (Clarkson and Childs, 2000; Minckley and Deacon, A%@t)lar
effect has been observed on the commercially valuable Murray Kadullochella peeliiin rivers of
Australia (Todd, et al. 2005). A spectacular example of wholesale alteration of an ecosystem by
downstream temperature alteration is descrith®y Lehmkmuhl (1974), for the Saskatchewan River in
Canada, where a hypolimnetic dam reduced a benthic insect assemblage comprising 12 orders, 30
families and 75 species, to one composed of a single family (Chironomidae). Other examples of
downstream tenperature effects on biota are provided by Ward and Stanford (1979) and Webb and
Walling (1993).

Depending on many factors, negative effects of temperature change have been documented at
distances of over 40 km. downstream of hypolimnetic dams (Ward, 198%He extreme case of the
Glen Canyon Dam on the Colorado River, USA, Stevens, et al. (1997) calculated a distance of 939 km.
for full recovery (in practice prevented by other dam/reservoir complexes downstream).
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An excellent recent review of downstneathermal effects by dams is offered by Olden and
bl AYLFY 0HnwMn ODegpiezhe gldhal &opé &f thérmadalteration by dams, the prevention
or mitigation of thermal degradation has not entered the conversation when environmental flows are
discus§ Rdoé / SNIFAyte& GKAA A& OdiNNBydGfte GKS OFaS Ay

Changes in water chemistiyevitably occur in reservoir lakes, and are passed on downstream.
Especially below new dams, chemical alterations, including methylation of toxic mercury (Fearnside,
2001; Kelly, et al. 1997; Verdon, et al. 1991) can be due to processes such as déwmgfos
terrestrial vegetation in the reservoir, which may also alter nutrient cycling processes (Pringle, 1997;
Rosenberg, et al. 1997). More typically alterations of water chemistry come in the form of discharge of
deoxygenated water from the bottom difie reservoir. In extreme cases, discharges for the purpose of
generating electricity or regulating flood waters have killed fish for miles downstream and rendered
significant stream reaches abiotic for months at a time (Caufield, 1985; Goldman, 1979).
Deoxygenation could be a serious concern for the native fauna of the turbulent rivers of the La Amistad
region, some species of which are adapted to continuous-saturation levels of dissolved oxygen.

Other changes in downstream water chemistry mayb&voked by alteration of natural flow cycles.

The classic example is that of Ahearn, et al. (2005) who compared two adjacent rivers in California (the
Mokelumne with 10 dams, and the undammed Cosumnes) and found dramatic differences in
metabolism of nitogen, phosphorus and silicon (as well as differences in flow periodicity, sediment
transport and temperature).

Even absent the barrier effect of dams and reservoirs, the factors just described have the
potential to affect both diadromous and nesiadromaus fauna downstream, setting off a chain of
effects extending from the estuary and the beaches to the headwaters. While compensation for some
effects is possible, it is unrealistic to expect that any large dam will not have profound effects on the
River ©ntinuum. In the case of multiple dams within a watershed, we agree with the conclusion of
Anderson, et al. (2007), based on research in the Sarapiqui watershed of north central Costa Rica that
G¢CKSNBE A& | ySSR T 2-8hésolgd dstguenceofhydopowerK S o6 A A Y
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MITIGATION

The following section is an expanded version of our earlier discussion of mitigation for
proposed dams ithe Changuinola/Teribe watershed (McLarney and Mafla, 2007), and reaches the
same conclusion: that no satisfactory environmental mitigation is possible for proposed large dams.
When the scale is expanded to include proposed dams on other watershedstatpither could
impact as much as 67% of the World Heritage Site, the effect is to reinforce that conclusion.

Fish passage strategies

The barrier effect of dams as they affect diadromous fauna is most subject to mitigation where
the species in question are large bodied, and where low species diversity is involved. The Pacific
salmons provide the best example. There is comparativély diiversity of behavior among the 7 or
so species and all are relatively large animals. In the North American portion of their range they
normally do not share streams with other diadromous taxa. In additionQtheorhynchuspecies are
well studied, and their commercial importance justifies both further research on their behavior and
investment in costly mitigation technologies. Even so, mitigation of dam effects through facilitation of
migration around dams and reservohias had a spotty record (Francfort, et al. 1994; Orsborn, 1987;
Petts, 1984). In all cases, survival of migrants has been negatively impacted (National Research
Council, 1996; Ferguson, et al. 2005; Williams, et al. 2005). Helfman (2007) providedlantexce
overview of the roles of lack of adequate life history information, poor design, shoddy construction,
neglect, and prioritization of public relations over actual conservation goals in the history ef dam
related fish passage structures designed fociffi@salmons and other fishes.

Successful use of fish passage strategies to mitigate the barrier, habitat loss and fragmentation
effects of dams on diadromous animals in the tropics is much less likely, for 3 reasons:

1 The diversity of species and magpry behaviors far exceeds that in the salmon streams of
the North Pacific. A successful mitigation strategy for one species might be totally
ineffective, or even harmful, for another.

9 For most tropical diadromous species, life histories are at bestiptetely known,
rendering mitigation efforts speculative at best. In the La Amistad region, with the possible
exception of the catadromouanguilla rostrateon the Atlantic slopgfor not one of the
species of diadromous fish and shrimp discussed hemngalbave a complete life history.

As an indicator of the state of knowledge, consider that Cruz (1987), after years of
investigation, was reduced to postulating that prejuveniledatfirus pichardnigrated
upstream in the center of large rivers, clogethe bottom, simply because this was the
only place he was unable to sample.

1 Inthe particular case of amphidromy, the dominant form of diadromy in Mesoamerica, the
principal migratory stages are larvae and very young juveniles with little to no locamnotiv
capacity and which may be very sensitive to manipulation.

Few serious attempts at providing fish passage for tropical diadromous species have been
made, but an effort was made in Guadeloupe, where amphidromous palaemonid shrimp of the genus
Macrobrachimm are commercially important. One difficulty facing the project was the different
climbing regimens displayed by the 3 shrimp species concerned. A design which was ultimately
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partially successful foXiphocaris elongatéa noncommercial Atyid) andacrobrachium faustinum
did not facilitate passage by another small Atyiicratya poeyiFievet, 1999). As described by Fievet
(2000) the results were biologically marginal and economically inefficient.

To our knowledge, the only apparently successful igppbn of fish passage technology to
mitigation of dam effects in the tropics occurs on Cocos Island, located in the Pacific Ocean off Costa
wA Ol @ ¢tKSNBE w22lad 6y2 RIGS0UTI 20aSNBSR adz00S4aafTd
structure at anCE hydroelectric facility on the Genio River by 5 species of diadromous fish including
two members of a genus restricted in the La Amistad area to elevations below that of proposed dams
(Eleotris pictaand Eleotris tubularis two endemic congeners of spes of concern in our context
(Gobiesox fulvuand Sicydium cocoengiand one species found throughout the La Amistad area
(Agonostomus montico)aplus an unidentifieddacrobrachiumshrimp. Adults of all 6 species
(representing the total known diadromsuauna of the island) were observed to pass upstream
GKNRdAK | FAaK fIFRRSNE GeLIS adNHOGdz2NBE Ay
didzRe G4SOARSYOALF RS jdzS fI LI FYATFTAOIF OAsdg @
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type of work pemits the development of infrastructure in harmony with the surrounding ecology) is
overstated.
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The utility of the information providetly Rojas (no date) in any discussion of mitigation
methods for dam effects in the La Amistad area is virtually nil for two reasons:

1 The study spanned a period starting before the initiation of dam construction in 2002, and
terminating in 2005. While ding this period the numbers of fish and shrimp passing the
dam site remained steady or increased, there is at yet no proof that demersal eggs and
larvae are successfully passing downstream to the estuary. Thus the sustainability of the
structure as a coresvation strategy has yet to be determined.

91 The crest of the ICE dam on the Rio Genio is at the normal water surface level, so results
are not comparable even with most of what are by generally accepted standards (World
I 2YYA&aArzy 2y 5 lans(g15 mshigh), (et albrde Wikhthe largeRlams
planned for the La Amistad area.

The efficacy of measuring success of fish passage facilities by quantifying upstream passage by
adults is further thrown into doubt by studies in Brazil, where fish paskagjities are mandatory on
new dams. In that country, efforts to facilitate migration by potamodromous fish were tentatively
gualified as successful for some species. However, in some cases what at first blush appeared to be
successful fisipassage failities proved to function as traps, enticing fish away from adequate
reproductive habitat below dams and into unsuitable habitat above them (Pelecice and Agostinho,
2008). Based on a survey of fish passage facilities at dams throughout Brazil, amfydlowome
provisional successes, Agostinho, et al. (2002) considered that the particular reproductive strategies
SYLX 28SR 6@ yS20NRLAOIf FA&KSaAa aYI 1S FTAakK LI aalk3as
LINBASNIIF GA2Yy |t Y yrsitAsBernS t bedpart of tHe baftlenedR; at néha & Be
specific dam sites detailed by Agostinho, et al. (2002) did more than 44% of species known from the
river immediately below the dam ascend fish passage facilities.
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(fish ladders, elevators or tragndtruck operations). . . are usually of limited effectiveness for various
reasons (including the difficulty of ensuring safe downriver passage for many adglts anNE 0 ® £
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facility is not an adequate means oftigation for the Changuinola project.)
Artificial rearing of migratory species

Aquaculture as a mitigation strategy scarcely merits mention, but since it was proposed in the
Environmental Impact Assessments for the Bocas del Toro dams (Proyectos y Estudios Ambientales del
Istmo, 2004a, 2004b, 2004c; PLANETA Panama, 2005), and lieroenterpiece of the recent
mitigation proposal for the Changuinola mainstem dams (AES and MWH, 2009) it will be briefly
discussed here.

¢ KS | ljdzt Odztf GdzNB LINR LR alfa Ft2FGSR Ay (GKS 9L! Qa

issues with a speciexiented approach favoring animals of direct interest to human consumers

Agonostomus monticoland Joturus pichardivere discussed, virtually to the exclusion of other

species. AES and MWH (2009) avoid that particular distortion and prioritize therdiawas species

they considered, based on abundance, to be most importAgbfostomus monticola, Joturus

pichardi, Sicydium altum, Macrobrachium heterochandAtya scabréa = ¢ A G K af Saa A YL NI
to be left for later study at the hydrobiologicstiations they propose to establish. However, to propose
aquaculture as a means of maintaining numbers of these or any of the other diadromous species

mentioned here overlooks the inadequate to neristent life history information on these species,

discused above.

It should be noted that establishment of aquaculture facilities to mitigate damage done by
dams is a particularly attractive strategy when the real goal is public relations. A poignant example is
provided by the Elwha Dam on the Elwha RiméiVashington, USA. When this dam was constructed in
MpmMo Al AYO2NLIRNI SR y2 FTA&K LI} aalr3asS FLOAftAGASEAX
hatchery was constructed at the dam, with the goal of supplying artificially reproduced sédmon
stocking elsewhere. In 1922 the hatchery was written off as a failure and closed; the dam remains
(Montgomery, 2003). (Beginning in 2012, some degree of mitigation may be achieved when the Elwha
5I'Y 6S02YSa GKS $2NI RQa date)NEUBdedich,RiaY19ME Y2 @1 f LINR2S

The gap between aspirations and reality in the aquaculture field is illustrated by AES and
a2l Qa ounndv ORA ( Agborbgoyhids mbnficolatiBIbtSrdepigh@rdof vibek at a
hydrobiological station at an I@idroelectric facility in Costa Rica (variously cited in their report as
t ASRN} & .flyoOlra 2N tSyla .ftryOorao a | a@Ffdzoft$S
However, our own investigations in ICE (personal communication, J.R. Rojas) révaalaark on
these two species at Penas Blancas (the correct name) has yet to begin.

Even with adequate biological information and the best of intentions, culture of most species is
inherently difficult and expensive. Practical aquaculture, like othengoof animal husbandry, began
with the search for that minority of species amenable to management in confinement. If aquaculture
methods do not exist for species as widely appreciatediohsrus pichardliit is because their
cultivation so far appears tbe a poor economic proposition. For aquaculture to begin to contribute to
the maintenance of biodiversity in PILA would require simultaneous {yedti research efforts on at
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least a dozen species. And even if successful it could pose a threat teetsdgifrom eventual
NELX I OSYSyid 2F gAfR 3ISy20eL)5a 6A0K aR2YSadAOlI GSR¢

CKS dflyRfE20]Ay 3¢ LIKSy2YSy2y

For most species diadromy appears to be obligate behavior; one of the factors determining
success for most diadromous species is a range oftgdiat different life stages. However, in some
cases natural or artificially induced (through introductions) landlocking occurs, with a naturally
diadromous species able to complete its life cycle by substituting a large body of fresh water for the
estuarine or marine component. This occurs most frequently with anadromous salmonid species giving
rise, for example, to the natural landlocked populations of Atlantic saliBainfo saldrin the
northeastern United States and eastern Canada, or to the sséakintroduction of various species of
Pacific salmondncorhynchusin the North American Great Lakes. McDowall (1988) notes that in
a2YS T YAt A Sdiadr@mousBpedek Batie evolyer! ind become distinct species that are
reproductively isolatd from either formerorstiS EA 8 G Ay 3 RAl RNRY2dza &LISOA S& vé

This gives rise to speculation about the possibilities of serendipitous landlocking as a form of
GFr OOARSY Gt YAGAILIGAZ2YED C2NJ SEI YSitySiuntolid 'y R a? |
utilize reservoir lakes on the Changuinola mainstem as substitutes for the normal estuarine nursery
SY@ANRYYSY(od 2 KAETS GKAA YIFe (GSOKyAOlfte y24 0S5 a
occurrence among the 16 recognized members of a pantedgienus eliminates this possibility from
serious consideration in any discussion of the environmental and biodiversity issues raised by dam
proposals in the La Amistad watersheds.

Four other cases of putative landlocking are raised by AES and MWH: (2009)

1 They cite Castré\guirre, et al. (1999) as reporting the existence of a landlocked
reproducing population dPomadasys crociia a reservoir lake (Miguel Aleman or El
Temascal) in Mexico, located well inland and not far from the Continental DividtroCa
Aguirre, et al. (In Press) add two species to this list, reporting on apparent landlocked
populations in the same reservoir of two additional diadromous speg{eshiomorus
dormitor and Dormitator maculatus The latter occurrence is unusual, sificenaculatus
is generally considered a coastal species, not known from above 12 m. in Costa Rica
(Bussing, 1998).
9 As discussed above, there are reports of landlocked populatio@®biomorus dormitoin
a natural lake in Nicaragua (McKaye, 1977; McKaya, @979) and a reservoir lake in
Puerto Rico (Bacheler, 2002; Bacheler, et al. 2004). For different reasons we suggest that
neither population constitutes definitive proof of the existence of a-saltaining non
diadromous population o&. dormitor. But the more compelling information is the
documented disappearance &. dormitorabove a much larger number of high dams in
Puerto Rico (Holmquist, et al. 1998; Kwak, et al. 2007).
T '9{ YR a2l oOoHnngO AYiSNIGNE:Sox nudadioinstsea@a O My
GNROdziF NB G2 a[F1S ! NBylLté Ay /2adGF wiaOll | &
presumably unaware that Lake Arenal was originally a natural lake which was impounded
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in 1973 by a power dam to form a larger body of water, ArenakR@ir. So far as we can
determine all of the records referred to by Bussing date to before impoundment.

1 The least compelling argument advanced by AES and MWH (2009) is that the presence of
selfsustaining populations of two diadromous shrimpsy@ scalba and Macrobrachium
heterochirug and one possibly diadromous fishtlgerinella chagre}in Gatun Lake,

Panama is evidence of successful adaptations to an entirely fresh water life cycle. Gatun

Lake forms part of the Panama Canal, which is ecologiuatlbyious for having facilitated

the passage of marine organisms between the Atlantic and Pacific Oceans. It thus presents
multiple opportunities for intentional or unintentional movement of the species in

jdzSaidAz2y | yR 20KSNE datun biakeicanndt lagfirRately hdadddeed G A 2 v &
as evidence of successful landlocking.

The doubts expressed above notwithstanding, it is not possible to assert that successful
landlocking of one or more of the diadromous species of the La Amistad Region imaseevoir lake
could not occur. In the event of such an occurrence landlocking might function serendipitously as
mitigation for some portion of the species in question. However, given the number of diadromous
species involved and the number of proposetrdreservoir complexes, this possibility does not merit
serious inclusion in the debate about possible mitigation strategies.

Furthermore, even were it possible to establish a complete range of diadromous species in an
isolated habitat fragment above saniuture reservoir, this would do nothing to address the River
Continuum issues raised above. The contribution to downstream and estuarine ecosystems by the
GSCY¥IAYSSNAYy3Ie | OGABAGE 2F KSNDAG2NRdzAa FTAaK | yR &
larval forms descending from these areas would still be largely eliminated by the combined effects of
the dam and reservoir.

Downstream mitigation

Mitigation of environmental impacts on fish and other animals downstream of dams is a
subject which has #&facted some attention in recent years. Many countries, including Costa Rica and
tFyFYFs £S3Frtte YIYRFGS RIEY RSaA3dy YR YIylF3aSySyl
downstream. Since the principal focus of this paper is on conservation of biodivetkity the La
Amistad World Heritage Site and maintenance of connectivity and corridor function in the rivers of the
area, our treatment of mitigation of direct downstream environmental effects will be brief. We will
note that environmental flows are caltur 4§ SR Fa YA YAYdzy LISNOSydlF3Is 27
be maintained. While this is certainly a step in the right direction, it falls far short of managing to
prevent the multiple potential downstream impacts mentioned in the preceding section. Rigdat
which fail to take into account the particular needs of species inhabiting the regulated river reach may
LI da GKS (GSad 2F a322R AyiuSyluAz2yaés odzi aKz2dZ R y2
biodiversity.

Mitigation at the regional scale

All of the discussion here has been about-siteriver-based mitigation. Some of the
LI NOAOALNF yGa Ay GKS fIFNASN)I RAalOdzaaAirzy KIF @S 2LISyYySR
communication, J. Opperman, The Nature Conservancy). Inpracticd, & ¢2dzf R Ay @2f @S a4 &

84



some of the rivers of the La Amistad area in turn for guarantees of protection of corridor function and a
range of habitats adequate for all diadromous and potamodromous species on other rivers. This
02y OSLI A@GSGEHWSNI2EKI Y Y2iKAYy3IQ 02y O0SLIW ¢6AUK UGUKNEBS

1.

The great diversity of actors, including both governmental and private sectors in both
countries, would tend toward an unwieldy process which could seriously limit

02y aSNBI A 2y Aparinér$both Giling dnd able i 2ontAbitg tR watershed
preservation schemes.

One of the four quadrants of the La Amistad area (Panaacific slope) is already to a
frNBS RSINBS a2FF GKS GloftS¢ o0& @OANILdS 27
Heritage Site watersheds in that quadrant to upstream migrants.

A regionaiscale mitigation proposal would perhaps be more attractive were there other
major threats to the maintenance of diadromy and corridor function in the La Amistad
World Heritage Sé and its downstream watersheds. However, on the Atlantic slope,
which comprises most of the area of concern, watersheds at altitudes above proposed
dams already enjoy fairly good to excellent protection fromsite anthropogenic stresses,
thanks to thei location within PILA and other protected areas. In this context, the

-
£

0K

Gagl LILAYI 2FF¢ 2F LI NLGAOdZ I NJ 6 GSNEKSR | NBI &

other alternatives are not available.

Conclusion

Effective mitigation of environmental pblems caused by damming rivers requires that a
number of conditions be met:

1

Implementation of mitigation measures must be technically feasible, based on present
knowledge: In the particular case presented by the rivers, and especially the diverse biota,
of the La Amistad region it would be far from feasible to meet this condition even were the
multiple research projects necessary to approach the condition already funded and
underway.

Incorporation of mitigation strategies must be economically feasiniéng both the
construction and operational phases of the dam. At best, meeting this condition will
normally require a lengthy process of negotiation, since the purpose of building a dam is
not to enhance natural values. Dam builders and operators atévated principally by

the purpose of the particular dam (in the La Amistad context, generation of electrical
power) and the desire to realize a profit. Modifications to achieve other goals are usually
seen as distractions and added cost items which wowuite nothing to achievement of

primary goals.

¢tKSNBE aK2dzZ R 6S | gAfttAy3aySaa 2y (GKS LI NI

G§KS Nz Sa ¢ LT GKS afA3aKGSald R2dzoid SEAAGA

mitigation strategy will regire the availability of a dedicated, knowledgeable and capable
regulatory force.
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9 If mitigation is to be more than pro forma, there must also be a provision for long term
monitoring to determine whether mitigation goals are being met, and to detect any
problems which may call for changes in dam management.

Ly 3ISYSNIrftsz ¢S FANBS 6AGK (GKS FaaSaavySyd 27F |
YR . I RaRlyY&@KS NBIf ¢g2NIR 2F ftAYAGSR 0dzR3ISGas GA3
priorities andweak implementing agencies, the ideal mitigation measures are often not carried out,

SOSY AF LINRPLISNIe& LXIyYyySRé IyR dao6SOldzaS YAGAILFGAZ2Y
sometimes inherently inadequate, the single most important environmiemiéigation measure for a

new hydroelectric project is good site selection, to ensure that the proposed dam will be largely benign

Ay GKS FANRG LI | OSodé 0[] SRSO YR VAdZAYUSNRB> HnnoL®

Relating this specifically to migratory fish and shrimp, Freeman, étiln no 0 | 8&aSNI G K
growing evidence for effects on stream function of losing migratory fauna implies that these effects
aK2dzZ R 0S SELX AOAGEe&e O2y&aARSNBR Ay RSOAaAA2YaA 2F ¢

It seems to us that Ledec and Quintero (20@3geman, et al. (2003) and most others who
have attempted to analyze the environmental effects of damming rivers at global or regional scales
project an unwarranted confidence in the willingness/ability of national governments at the highest
levels to prigitize biodiversity and other environmental concerns in planning for infrastructure projects
such as dams. In the specific cases of Costa Rica and Panama, while within the national governments,
and especially within those agencies charged with naturalue® conservations, there is no great lack
of awareness of the kinds of concerns expressed here, to all appearances the only goal driving dam
LX I yyAy3a Aa (G2 YFEAYAT S RS@St2LISyd 2F SIOK O2dzy/i
the factorsinfluencing site selection appear to be economic potential, projected energy contribution
and feasibility of construction. Preservation of stream functions, biodiversity conservation and other
environmental factors (along with sociocultural issues) eatea subset of the feasibility conceyne.
they become important to the extent that other actors raise objections or undertake actions which can
lead to delays or unanticipated costs or which reflect poorly on the international conservation image of
the countries. This situation is exemplified by the belated appearance of a totally inadequate
mitigation proposalfor the CHAN’5 dam (AES and MWH, 2009), over a year after construction began,
and apparently at least partly in response to environmentaloeons raised by environmental and
indigenous rights advocates. The obvious reality that the mitigation measures proposed are untested
and could not possibly be set in place until years after scheduled dam closure impugns the seriousness
of the whole mitigition endeavor.

Based on long term familiarity with the biotic resources to be impacted, plus considerable
knowledge of specific dam plans in the Changuinola/Teribe and Sixaola/Telire watersheds, we consider
that the dams proposed for the rivers drainitige La Amistad World Heritage Site in general are
unacceptable at the level of site selection. Thus no adequate mitigation is possible.
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RECOMMENDATIONS

Our previous report (McLarney and Mafla, 2007) was prepared for presentation with and in
support of a petition to UNESCO to place La Amistad on the official list of World Heritage Sites in
Danger (Thorson, et al. 2007). This step has not been taken, and at this time we do not wish to make a
firm recommendation that UNESCO do so. Neither do w8l wi discourage such a step; we are
simply not in a position to suggest which steps might be most effective in arresting what we see as very
serious threats to the biodiversity and ecological integrity which the two National Parks comprising the
La Amistd World Heritage Site were established to protect (Alvarado, 1989).

We would note that the threat has become more serious with the disclosure of multiple dam
plans on the Atlantic slope of the La Amistad area in Costa Rica (complemented by our adem grea
awareness of prexisting similar problems on the Pacific slope of both countries). While the 2008
UNESCO mission necessarily involved the governments of both countries, and some problems in Costa
wAOIF Q& [+ ! YA&adl R bl (Ausdgr of criticisnNahd edgsSimgiBecomRéhgatiohst A S R >
fell much more heavily on the country (Panama) where a clear and direct threat to biodiversity was
identified in the form of hydroelectric dam proposals in the Changuinola/Teribe watershed.

At this time, the scope of the threat is equal in the two countries, though more immediate in
Panama. As we have shown in this report, the potential damage at this time is not just to parts of one
of the major watersheds draining PILA (the Changuinola/Teribe), with plelaultiple species
extirpations in over half of that watershed within the World Heritage Site, but to two thirds of the two
combined national parks, including large portions of all major watersheds, with similar damage in the
other protected areas and diigenous territories forming the La Amistad Biosphere Reserve. We
recommend that, in the light of this information on the increased dimension of the threat, the question
of designating La Amistad as a World Heritage Site in Danger, along with all alesnbé considered
as though this were a new issue.

In considering the complex situation presented by the La Amistad area, we acknowledge two
facts stated in Pringle (2001). Referring to the frequent declaration of Protected Areas in upper
watershedsshe stated that:

f aD2@SNYYSyGa 2Fi0Sy LINRGSOUG &dzOK | NBFa o0SOl dza
potential, scenic value or protection of human water supplies. Ecological and wildlife values
FNE 2FGSy | aSO2yRI NB 0 Sed8bbveiinthe spedfiScase fdzf Ry 2
[F ' YA&aUGlIR GKSNB Aa | OfSFNIe FNIAOdzZ I GSR 02

T dad & & LINRPGSOGAZ2Y YR YIFylF3aSYSyd 2F KeRNRf23
attention that they deserve by eitherconsénii A 2y o0A2f 23A 4G4 2 NJ NB a2 dzN

To which we would add that conservationists and resource managers no longer have the luxury
2F RSTAYAYA aliKS NBaz2dzaNIOS¢ gAGKAY | RYAYAaGN: GAGS
species of the La Amistatiorld Heritage Site, the biodiversity of which they form part, or the
ecosystem within which they function by acting solely within the boundaries of the World Heritage Site
or a larger cluster of Protected Areas. We suggest that UNESCO is in an epositimt to provide
leadership toward implementation of a broader concept of protecting biodiversity in the La Amistad
Area, taking full account of hydrologic connectivity.
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Our fundamental recommendation is that, for the purpose of maintaining the onitstey
biodiversity of the >9,000 sqg. km. area of which the binational La Amistad World Heritage Site forms
the core, hydrologic connectivity needs to preserved, and large dams should not be built on the rivers
draining the area. While one may or may ngtee with one of the founders of the Costa Rican
bldAz2ylf tFN]Ja {eadSyz alNA2 .21 12 GKIFIG aLydSNYyLI G
United Nations environmental organization that is empowered to infringe upon the sovereignty of
individualst 6 Sa Ay SY@ANBYYSyYydlt YFGGSNRE 6.21TF3X mMdpdov
order the implementation of such a recommendation. We therefore respectfully request the UNESCO
World Heritage Committee to carry out whatever actions will, in your judgentergt move the
governments of Costa Rica and Panama, along with other actors, toward the realization of our
recommendation.
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TABLE 1. La Amistad World Heritage Site Watersheds, with Areas Above Proposed Dams.

Areas above dam affected:
Watershed/Country: Total Areq Area in PILA Lowermost Total in PILA
(sq. km.)] (sqg. km.): Dam: (sq. km.)] % (sq. km.) %
Atlantic slope
Changuinola/Teribe 3,445 2,069 1,587 46.1 1,066 51.5
Panama 3,190 1,814CHAN-75 (Gavilan)* 1,443 45.2 990 54.6
Bonyic* 144 100.d 76 100.(
Costa Rica 255 255No Dams () () ® 0.9
Sixaola/Telire 2,752 1,396 Talamanca 2,123 77.1 1,282 91.9
Panama 647 207/No Dams 94 14.5 94 45.4
Costa Rica 2,105 1,189 Talamanca 2,029 96.4 1,189 100.4
Estrella, Costa Rica 717 180 Estrella 308 43.0 180 100.(
Banano, Costa Rica 202 24|Banano 30 14.7 19 79.4
Matina, Costa Rica 1,428 58/[No Dams (0] (0] 0 0.0
Pacific slope
Chiriqui, Panama 1,925 17|Los Afiles ** 782 40.6 17 100.G
Chirigui Viejo, Panama 1,339 68|Burica* 760 56.8 68 100.4
Grande de Terraba, Costa Rica 4,897 255 2,733 55.8 95 37.3
General River 3,294 14{Diquis 2,394 72.7 14 100.4
Coto Brus River 1,603 2416 small dams on tributarigs 339 21.1] 81 33.6
TOTALS:***
La Amistad watershed 15,271 8,323 54.5
World Heritage Site (PILA) 4,067 2,727 67.1
Panama 7,101 2,106 3,070 43.4 1,169 55.5
Costa Rica 8,176 1,903 5,264 64.4 1,483 77.9

* Under construction
** Constructed and operational
*** (Do not include Rio Matina watershed, with 4% of its total watershed in PILA, and several dams in the watershed which do not directly affe
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TABLE 2. Fresh Water Fishes of the La Amistad Watersheds (Atlantic Slope)

Watershed:

Species: Changuinola] Sixaola/ | Estrella:] In PILA: Type of Comments:
Teribe: Telire: diadromy:

1. Known diadromous species
Anguilla rostrata X X X X Catadromy Sensitive species
Microphis lineatus X X Anadromy
Pseudophallus mindii X Anadromy
Agonostomus monticola X X X X Amphidromy? Important food fish
Joturus pichardi X X X X Catadromy? Important food fish
Awaous banana X X X X Amphidromy
Sicydium adelum/altum X X X X Amphidromy Single dominant species in PILA
Dormitator maculatus X X Catadromy?
Eleotris amblyopsis/pisonis X X X Catadromy
Gobiomorus dormitor X X X X Catadromy Important food fish
2. Possible/probable diadromous specieg
Atherinella chagresi X X X X Amphidromy?
Gobiesox nudus X X Probable amphidromy
Eugerres plumieri X ??7? Probable marine wanderer
Pomadasys crocro X X X X Probable amphidromy Important food fish
Citharichthys spilopterus X Catadromy? Possible in PILA
Trinectes paulistanus X Catadromy?
3. Non-diadromous species
Myrophis punctatus X Principally estuarine
Astyanax aeneus X X X X (Possible potamodromy)
Astyanax orthodus X X X
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Brycon guatemalensis
Bryconamericus gonzalezi
Bryconamericus scleroparius
Hyphessobrycon panamensis
Brachyhypopomus occidentalis
Gymnotus cylindricus

Rhamdia guatemalensis

Rhamdia laticauda/rogersi

Rivulus spp.

Alfaro cultratus

Brachyraphis cascajalensis/parismina
Phallichthys amates

Phallichthys quadripunctatus
Poecilia gillii

Priapichthys annectens
Synbranchus marmoratus
Centropomus pectinatus
Centropomus undecimalis

Caranx sp.

Amphilophus (Astatheros) bussingi
Amphilophus (Astatheros) rhytisma
Archocentrus myrnae
Archocentrus nigrofasciatus
Archocentrus spilurus

Oreochromis spp.

Parachromis loiselli

Parachromis managuense

Vieja maculicauda

Mugil curema

Gobionellus fasciatus

XX XXXXXXXXXXXXX X X X X

X X X X

XXXXXXXXXXXXXXXXX

X X X X

X X

X X X X X X X X X X X

X X X X

X X X X X

X X X X X X X

X X

X X X

(Potamodromy)

(Possible potamodromy)
(Possible potamodromy)

Important food fish

Marine wanderer
Marine wanderer
Marine wanderer

Exotic

Exotic

Principally estuarine
Marine wanderer
Principally estuarine
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TABLE 3. Fresh Water Fishes of the La Amistad Watersheds (Pacific slope)

Watershed:

Species: Grande de| Chiriqui Viejo] Possible ir Comments:
Terraba: Chiriqui: PILA:

1. Probable/possible diadromous specig¢s
Pseudophallus starksii X Anadromous
Haemulopsis leuciscus X
Pomadasys bayanus X X Probably amphidromous$
Agonostomus monticola X X X Amphidromous
Awaous transandeanus X X X Amphidromous
Sicydium salvini X X X Amphidromous
Hemieleotris latifasciatus X X Catadromous?
Dormitator latifrons X Catadromous?
Eleotris picta X X Amphidromous?
Gobiomorus maculatus X X Catadromous
Trinectes fonsecensis X Amphidromous?
2. Non-diadromous species
Astyanax aeneus X X X Possibly potamodromoys
Cheirodon dialepturus X
Pterobrycon myrnae X
Brycon behreae X X Potamodromous
Bryconamericus terrabensis X X
Hyphessobrycon savagei X
Pseudocheirodon terrabae X
Roeboides ilseae X
Piabucina boruca X X
Arias seemani X X Primarily estuarine
Cathorops steindachneri X Primarily estuarine
Cathorops tuyra X Primarily estuarine
Nannorhamdia lineata X X Possibly potamodromoys
Rhamdia guatemalensis X X Possibly potamodromoys
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Rhamdia laticauda/rogersi
Pimelodella chagresi
Trichomycterus striatus
Hypostomus panamensis
Oncorhynchus mykiss
Rivulus hildebrandi
Rivulus uroflammeus
Rivulus glaucus
Brachyraphis episcopi
Brachyraphis rhabdophora
Brachyraphis terrabensis
Poecilia gillii

Poecilia mexicana
Poeciliopsis elongata
Poeciliopsis paucimaculata
Poeciliopsis retropinna
Poeciliopsis turrubarensis
Priapichthys panamensis
Synbranchus marmoratus
Centropomus nigrescens
Centropomus viridens
Caranx caballus

Caranx caninus

Lutjanus jordani

Lutjanus novemfasciatus
Eucinostomus currani
Eugerres brevimanus
Astatheros altifrons
Astatheros diquis
Archocentrus sajica
Theraps sieboldii
Oreochromis niloticus
Mugil curema

X X X X

X X X

X X X X X X X

XXXXXXXXXXXXXXXX

X X X X X X X

X

X X

X X X X

Possibly potamodromod
Possibly potamodromod

Exotic

Questionable identity

Marine wanderer
Marine wanderer
Marine wanderer
Marine wanderer
Marine wanderer
Marine wanderer
Principally estuarine
Principally estuarine

Exotic

Principally estuarine
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Figure 1
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