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program are several components, each with
separate yet linked learning objec ves:

 Host family stays for the dura on of the
program
 Spanish language study
 the Costa Rica studies course (the core course)
 the environmental analysis course
 the ecology course
 the directed independent study.

Overview
The FCRE reserve and field sta on is a 60 hectare
(150‐acre) property located on the southwest coast
of Costa Rica, con guous with the well‐known
Hacienda Barú Na onal Wildlife Refuge (330 ha),
near the coastal town of Dominical. Originally
lowland rainforest, the property was progressively
cleared for ca le farming in the 1950's and 1960's.
Since 1993, the property has been the subject of
restora on and sustainable forestry eﬀorts.
Ownership of the property was transferred to Pitzer
College in 2005, which manages the site as a
biological reserve and logis cal base for Claremont‐
wide undergraduate ecological research and
educa on.
The FCRE is a unique resource – we know of no
other tropical field sta on and reserve operated by
a liberal arts college. This uniqueness allows us to
focus on facilita ng faculty‐undergraduate research
collabora ons in a way that simply does not occur at
other graduate student‐oriented tropical field
sta ons.
The FCRE also serves as a cri cal locale for Pitzer
College’s semester study abroad program in Costa
Rica. The Pitzer in Costa Rica semester program
combines a community‐based, cultural immersion
educa onal model with intensive ecology and
environmental analysis components designed to
provide students with a deep engagement with the
host culture and language, coupled with an in‐depth
understanding of the local ecology and a chance to
explore important local and na onal environmental
ini a ves and issues. Embedded within the
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Using the Firestone Center as a biological field
sta on, the Tropical Restora on Ecology Course
provides a field‐intensive explora on of the
terrestrial and aqua c ecology of the neo‐tropical
region, with an emphasis on the tropical biodiversity
of Costa Rican organisms and their habitats and the
importance of their conserva on. Students are
asked to keep a field journal as a record and a way
of synthesizing their observa ons in nature. The
first half of the course focuses on terrestrial ecology
and covers types of tropical forests, as well as the
ecology of major taxonomic groups found in tropical
systems. The second half of the course focuses on
aqua c and marine tropical systems and the use of
organisms to help determine water quality. Both
sec ons cover prac cal methods of data collec on
and analysis. Field and laboratory work are focused
on the forest and streams of the Firestone property
with addi onal visits to contras ng ecosystems.
Taught on‐site at the FCRE by faculty of The
Claremont Colleges and locally based faculty, the
Environment, People and Restora on course is

designed to explore special topics in rela on to the
rich cultural and ecological resources available at
the Firestone Center, its neighboring communi es,
and local regional protected areas. Topics may
include the following: Pre‐Columbian human/nature
rela onships, indigenous cultural use of art as
storehouses of cri cal knowledge of the natural
world, conserva on policy and governance,
agroecology, and protected areas. Again, the course
takes full advantage of the Firestone Center as a
cri cal milieu in which to conduct the
research. Field trips include visits to local public
schools, agroecological farms, famers’ markets, and
mee ngs with local and na onal public policy
oﬃcials.

restora on eﬀorts on the flora and fauna of the
Firestone Center to a study of leaf cu er ants or an
inves ga on of local water quality and its eﬀect on
the ecology (and human popula on) of the region.
The following report captures a selec on of past and
ongoing collabora ve research projects at the FCRE.
We must acknowledge the extraordinary
commitment and support of various Claremont
faculty in overseeing the various research projects,
most notably, Cheryl Baduini, Paul Fauls ch, Warren
Roberts and Diane Thompson, and Cheryl Margoluis
in Costa Rica.
— Donald McFarlane, Professor of Biology and
Research Director, FCRE

The Directed Independent Study Project provides an
opportunity for students to explore one topic in
depth. Ecology projects range from monitoring

— Michael Ballagh, Associate Vice President for
Interna onal Programs

3

FIRESTONE CENTER FOR RESTORATION ECOLOGY

F I R E S T O N E

C E N T E R

F O R

R E S T O R A T I O N

E C O L O G Y

als have been trapped and 57 diﬀerent species have
been iden fied and recorded.
An analysis of abundance and species richness in these
areas was also expected to aid in determining what
characteris cs of a habitat, i.e. the presence of water
or tree density, significantly predict bu erfly visita on.
It was hypothesized that both the height at which a
trap is placed and its loca on would have a significant
eﬀect on abundance and species richness.
Traps were set up at four sites, with a site in four dis‐
nct habitats on the reserve: riparian forest, recovering
pastureland, bamboo forest, and secondary forest.
The traps were constructed according to the Tropical
Ecology, Assessment, and Monitoring (TEAM) Ini a ve
bu erfly monitoring protocol produced by the Center
for Applied Biodiversity Science at Conserva on Inter‐
na onal.

Abundance and diversity of fruit‐feeding
Nymphalid bu erflies

In general, bu erflies appeared to show no preference
for secondary forest, characterized by increased shrub‐
bery and older growth, over areas dominated by a
nonna ve species, bamboo, or more open grassy are‐
as. The least disturbed habitat analyzed, the riparian
forest, was visited by the lowest number of bu erflies.

Nymphalid bu erflies are a diverse tropical group that
have shown promise as an ‘indicator’ of habitat health.
Since 2005, changes in the number of fruit‐feeding
Nymphalid bu erfly individuals and species have been
recorded during the summer research season at the
Firestone Reserve. Currently, well over 1000 individu‐

Species richness was also the lowest in the riparian
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Figure 1. Eﬀect of habitat and trap height on Nymphalid bu erfly abundance (Mean±SE; n=3) □=lower trap, = upper trap.
4

forest, which may suggest that many Nymphalid host
plants do not grow in these areas. The second highest
species richness was observed in the bamboo forest,
which did not have the diversity of vegeta on ob‐
served in the riparian forest. Greater species richness
in the bamboo forest suggests that the types of plant
species present are more important in maintaining
bu erfly diversity than the number of plants plant
species. Bamboo appeared to support a greater
number of species than the variety of vegeta on
observed in the riparian forest. The secondary forest
and recovering pastureland had the greatest number of
species collected.

Students: Emily Haber (2006, 2007), Alexandra Binder
(2008), Marissa Garwin (2009), Paloma Medina (2012)
— Don McFarlane
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Abundance and Diversity of Frogs
Frogs are a diverse group in the Neotropics, but they
are notoriously sensi ve to environmental change,
and have suﬀered many ex nc ons in recent years.
The Firestone property is unusual in the Barú area,
in that it contains several permanent streams that
flow, even in the dry season. In addi on, Diane
Firestone created four large ponds at the top of the
property. Since 2005, a series of summer student
projects have focused on quan fying the diversity of
species on the Firestone Reserve. This work has
included “frog‐logging” – automated recording of
the unique ma ng calls of diﬀerent species, and also
studies of the popula on density of our poison dart
frogs.

To date, twelve diﬀerent types of calls have been
recorded at the Reserve ponds. Of these, eight calls,
matching six species, were iden fied and confirmed
in the field. The red‐eyed tree frogs (Agalychnis
callidryas) are the dominant anuran ac ve in the
early evening. This species is replaced by the
hourglass tree frog (Hyla ebraccata) and the small‐
headed tree frog (Hyla microcephala) as the
dominantly ac ve anurans later in the evening. Also
6

abundant are the giant toad (Bufo marinus), the
Smokey Jungle Frog or Central American bullfrog
(Leptodactylus pentadactylus), and the common nk
frog (Eleutherodactylus diastema).
The genus Eleutherodactylus is a diverse one, and
there are undoubtedly several species at the
Firestone Reserve. Future work will focus on
resolving the complexi es of this genus.
— Donald McFarlane
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One of the hallmarks of the water studies at FCRE is the
consistency with which it has been monitored; water
quality has been con nually monitored in the three main
streams on the property and in the Baru River since
October 2005 (Fig. 1). Each semester, students in the
Tropical Restora on Ecology class learn about physical
and biological variables that can be measured to
determine water quality, and they are responsible for
interpre ng the results of the assessments. We
repeatedly measure fecal coliform and E. coli bacteria
levels in our streams because they are indica ve of
overall health and potability. They are present in the
intes nes of warm‐blooded animals, and will end up in
streams if they are being used by these animals, in
addi on to low background levels of these bacteria in
soil, vegeta on, and the water itself. We also measure
temperature, pH, dissolved oxygen, and turbidity
(clarity), and, occasionally, the nutrients, nitrate,
ammonia, and phosphate. Addi onally, natural packets
of leaves in streams are collected at select sites to assess
macroinvertebrate content, larvae of insects that
populate streams and feed on the leaf material
(Hilsenhoﬀ 1988). Par cular groups of taxa are pollu on
sensi ve and when present, indicate a healthy waterway.
Others are more pollu on tolerant and can help iden fy
a degraded system.

Water Quality Studies at the
Firestone Center for Restora on Ecology
and in Surrounding Communi es
“Somos los guardianes de nuestros recursos hídricos”
“We are the keepers of our water resources”
Assessing and promo ng water quality in our local
streams and rivers has always been a high research
priority since the incep on of our program at the
Firestone Center for Restora on Ecology (FCRE). Water
quality in streams tends to be a direct reflec on of
natural and human‐induced ac vi es occurring
upstream and within the watershed, the area of land
that influences streams through runoﬀ. In this way,
streams act as a drain for processes occurring in the
forest. Thus, water assessment of our streams has
con nued to be used as one of the proxies to help us
gauge the restora on eﬀorts at the FCRE.
Outside of a few urban areas, much of rural Costa Rica
comprises small towns and communi es that do not
have organized municipal government systems that can
oversee water provision and access to clean drinking
water. In many cases, water provision is run and paid
for by Community Based Drinking Water Organiza ons
(CBDWOs). In some of the rural areas surrounding the
FCRE, about one in five people obtain their household
water directly from local streams (Walsh 2006).
Similarly, water delivered to the facili es at the FCRE
comes directly from one of the streams, on the
property, the North Creek (Fig. 1). Thus, there has
always been a direct applica on to assessing water
quality in our everyday lives: Higher water quality in
our streams means higher quality water for drinking
and use in local schools, homes, and businesses.

Since October 2005, we have had 15 class groups
par cipate in our water monitoring program each
semester. Some of these students (more than one
dozen) have con nued their studies of water monitoring
at FCRE and in the surrounding communi es for directed
independent study projects (DISP), summer research
funded by Keck Research grants or the Mellon
Founda on, and for senior thesis research.
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domes cated animals.

To date, here is a summary of the trends we con nue
to measure repeatedly in the FCRE watershed; Water
sampling sites at the top of the property, in the areas
of highest relief where the Terciopelo and North Creek
streams originate, tend to have the highest water
quality, typically with li le or no E. coli bacteria, lower
water temperatures, neutral pH, and very few
nutrients. They have high counts of stonefly, mayfly,
and caddisfly larvae, macroinvertebrates that are
pollu on sensi ve. As one moves to sampling sites
further downstream, water quality degrades, although
not always. The water becomes warmer, and we
observe greater numbers of midges, true fly larvae
which are pollu on tolerant. We also typically
measure higher nutrients, par cularly in the Cacao
stream which drains several farms upstream with

The levels of fecal bacteria in our streams and in the
water delivered to the facili es are confounded by two
variables. First, during the rainy season, par cularly
during very heavy rain events, turbidity or sediment
levels rise in the streams, presumably due to runoﬀ and
with it, comes higher levels of bacteria, because they are
physically a ached to the sediment (P. Haesloop, DISP,
Fall 2006). We have observed that turbidity (runoﬀ) in
streams running through secondary recovering forest
takes longer (more than 7 days) to recover a er heavy
rain events (greater than 25 cm of rain) than in streams
running through a primary rainforest adjacent to the
FCRE property (Hacienda Baru). Secondly, on average,
bacteria levels during the warm dry season tend to be

Fig. 1. A map of the watersheds and their drainages on the property of the Firestone Center for Restora on Ecology (FCRE),
Baru, Costa Rica. (Created by Robert Warren, GIS Specialist)
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disparity in bacterial levels (fecal coliform and E. coli)
in drinking water among communi es (J. L. Fall 2007,
Marsh Spring , K Dobbin Fall 2011). Water that is
provided by the municipal government and by well‐
funded, organized ASADAS has the greatest quality
with very low to no fecal bacteria. Poorly funded and
loosely organized ASADAS deliver the lowest quality
of water, and in many cases, unpotable, by
government standards (K Dobbin Summer Mellon
research) where tolerance levels for E. coli is zero per
100 mL sampled.

significantly greater, at least by an order of
magnitude (factor of 10X) compared to the same
sites measured during the rainy season. This is
par cularly pronounced at degraded sites, as in the
Cacao stream on the FCRE property and in the Baru
river adjacent to the center. On average nutrient
loads tend be low in our streams, however, we have
measured spikes in phosphates at par cular sites,
possibly associated with human or animal related
ac vity upstream. Compared with the stream that
runs through the primary rainforest at the adjacent
Na onal Wildlife Refuge, Hacienda Baru, the streams
at the FCRE that run primarily through secondary
forest tend to have, on average, greater fluctua ons
in physical and biological variables, indica ng the
possibility that the stream running through the more
“mature” forest is more stable.
In addi on to the focus of the research on
streams at the FCRE and at Hacienda Baru,
many of our students have looked outward to
measure the quality of drinking water in the
surrounding communi es of Baru, Platanillo,
Tinamastes, Dominical, Ballena Marino,
Ha llo, and Matapalo. Platanillo, Tinamastes,
and Dominical receive government municipal
water, whereas Baru, Balleno Marino, Ha llo,
and Matapalo are run by local water
organiza ons, called ASADAS
(Administradoras de Sistemas de Acuedutos y
Alcantarillados Sanitarios; Administra ve
Associa ons for Water and Sewer Systems),
run by the community. Our students have
determined that there is a great amount of
10

Complimentary to the water studies in local
communi es, our students have made eﬀorts to
par cipate in educa ng local school children about
conserva on and preserva on of water resources.
We have regularly conducted workshops with
students and teachers from local elementary schools,
including the Baru Elementary School. We take
students into the forest and collect natural leaf
packets with them, and then bring them back to the
Ecology lab at FCRE to look for macroinvertebrate
larvae. All of this is conducted in Spanish, further
promo ng cultural immersion for our semester
abroad students. The local elementary school kids
learn how to use a microscope to iden fy larvae, and
they learn which groups are found only in “healthy
streams”. Our hope is that they come away from the
experience with a greater apprecia on for their local
streams and for healthy drinking water.
— Cheryl Baduini

Table 1. A summary of water studies conducted by students and researchers at the Firestone Center for Restora on Ecol‐
Project
type
Senior
thesis

Semester

Study Title

Student

Fall 2005

The influence of rain on turbidity and runoﬀ in tropical streams of
primary versus disturbed rainforests

Augus ne Porter

Fall 2005

Stream health and the development of Dominical, Costa Rica

David Goldman

Summer
2006

A compara ve assessment of water quality between two tropical
streams in primary and secondary rainforest systems

Jenny Aleman‐
man

Summer
2006

An assessment of nutrients between two tropical streams in primary
and secondary rainforest systems

LuAnna Dobson

Summer
Keck

Fall 2006

The rela onships between turbidity levels and Escherichia coli con‐
centra ons with respect to land uses in the Baru River Watershed of
Costa Rica
A compara ve assessment of water quality in tropical streams locat‐
ed in primary and secondary rainforest

Patrick Haesloop

DISP

Emily Schultz

Summer
Mellon

Summer
2007

A study of stream flow and measurements of sediment load in the
Terciopelo Creek of the Firestone Center for Restora on Ecology in
southwest Costa Rica

Sam Sco

Summer
Mellon

Fall 2007

Compara ve potable water sampling among four communi es in
Southern Costa Rica

Janelle Mirabeau and
Leanna Guillermo

DISP

Summer
2008

Use of leaf pack experiments in determining stream health in primary
vs. secondary rainforest ecosystems in southwest Costa Rica

Alison Zenel

Summer
Mellon

Summer
2008

Hydrological Eﬀects of Rain on Tropical Streams

Benjamin Milam

Summer
Mellon

Spring
2009

Assessment of water potability in rela on to water sources in the
Southwestern Costa Rica

Marsha‐Gail Davis and
Maria Harwood

DISP

Spring
2010

An assessment of the Matapalo ASADA and its eﬀec veness in its
delivery of drinking water to the community

Briana Levin

DISP

Fall 2011

Water quality disparity in rural southern Pacific Costa Rica

Kris n Dobbin

DISP

Summer
2012

The Promise and Peril of Community Water Management: Under‐
standing ASADAS in rural southwestern Costa Rica

Kris n Dobbin

Summer
Mellon

Summer
2007

DISP
Guz‐

Summer
Keck

Directed Independent Study Project (DISP)
Literature Cited:
Welsh, K. 2006. Assessing Access to Potable Water in Rural Communi es in Costa Rica. Tropical Resources
Bulle n 25: 66‐71.
Hilsenhoﬀ, WL. 1988. Rapid field assessment of organic pollu on using a family‐level bio c index. J. N. Amer.
Benthol. Soc.: 7(1): 65‐68.
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Global‐Local Research at the
Firestone Reserve: Preda on in
aposema c poison‐dart frogs
Global‐Local Connec ons
Global‐Local projects specifically address the
complex interplay between very local, community
impacts of water quality problems in the Barú
district, and the global influences that drive land‐
use decisions and trajectories in that area. These
include rural‐urban migra on pa erns, interna onal
economic dynamics, and regional conserva on
strategies, all of which contribute to a shi ing
pa ern of land ownership and perceived land values
in the Barú area.
Techniques and datasets developed from Global‐
Local studies are being re‐integrated into The keck
Science Department’s “Tropical Ecology” (Bio176)
course, which annually serves some 30 students
drawn from the 5 Claremont Colleges, as well as
Pitzer’s “Tropical Restora on Ecology” course that is
a key component of the Pitzer in Costa Rica
semester program. By making the data open access,

and distributed through the Claremont Libraries GIS
ini a ve, it will be accessible to and form the basis
for wider integra ve studies in the context of Senior
Theses, as well as a template for poten al Fulbright
and Watson project development.
Stream Invertebrates
The use of macroinvertebrates (both on the bo om
or dri ing in the water column) is advantageous for
measuring stream health, partly because the
taxonomic knowledge of these organisms is be er
than other aqua c groups, such as algae or
mesofauna ( Jackson and Sweeney 1995 ).
Moreover, their sensi vity varies according to
numerous environmental factors, both bio c and
abio c. Consequently, their community structure
has o en been used as an indicator of the general
condi ons of a river's aqua c environment.
Knowledge about the benthic macroinvertebrates of
Central America is making rapid progress (Fernández
and Domínguez 2001 ).
We have been sampling stream invertebrates using
Leaf Packs; a protocol developed by the Stroud
Water Resaerch Ins tute. Leaf li er provides an
important ecological role in the structure and
func on of stream ecosystems. Leaves fall from
trees or are blown by the wind and form natural
packets in streams. These natural “Leaf packets”
12

In many animals conspicuous colora on has evolved
to signal their unprofitability to poten al predators.
From firebugs to poison‐dart frogs this aposema c
colora on is believed to facilitate predator aversion
learning and memory reten on. Strong
experimental evidence supports this no on, but
most experiments have been conducted using
model predators suitable for laboratory se ngs.
Poison‐dart frogs have been largely regarded as
model systems for studying aposema sm, since
brightly colored species have evolved mul ple mes
within this family. Birds are considered the main
poten al predator selec ng for aposema c
colora on, although accounts of preda on on
poison frogs are scarce. Indeed, only recently have
studies directly examined poison dart frog avoidance
by predators in natural condi ons. This study
showed that aposema c clay frog models have less
marks of avian preda on than cryp c models, 23%
of all marks were caused by uniden fied predators.
Yet in the other three studies using frog clay models
to assess preda on on aposema c poison frogs 3‐
79% of the marks were not a ributable to avian
predators. Furthermore, a bill mark on a clay model
does not guarantee that a bird iden fied a clay
model as a poten al prey and a acked it; it is also
possible that frugivorous birds confound them with
ripe fruit where bright colora ons works as a signal
of profitability.

provide food and habitat for a mul tude of stream
macroinvertebrates, mostly the larvae of insects and
freshwater shrimp. We are able to manufacture a
Leaf Pack ar ficially by gathering leaves alongside
streams and placing them in mesh bags. In 2‐ 3
weeks me, the Leaf Packs are collected, and the
number and types of macroinvertebrates that
colonize the packs are determined. This informa on
can be used as an indicator of overall habitat health
and for water quality, as a rela ve measure of
pollu on.

Ms Willink’s previous work examined Dendrobates
granuliferus, a poison dart frog with a striking

– Cheryl Baduini
Global‐Local Collabora ons
Ms. Beatriz Willink, a graduate student at the
University of Costa Rica, has been a guest researcher
at the Firestone Center since 2010‐2011. Having
recently completed her Master’s degree, she has
developed a further collabora on with the Firestone
Center that extends Claremont faculty interest in
the ecology of poison dart frogs in the Firestone
Reserve.
13
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varia on in dorsal color along a la tudinal axis (Fig.
1). While most known popula ons, in southwestern
Costa Rica, exhibit bright red aposema c colora on,
D. granuliferus at the northernmost part of its
distribu on displays a dark green colora on.
Moreover, a number of poorly studied popula ons
between these two extremes exhibit intermediate
colora ons including bronze, yellow and brown
tones. My research has focused on tes ng whether
preda on is one force influencing this drama c color
varia on and thus promo ng divergence in an ‐
predator strategies among morphs. I have found
tremendous diﬀerences in behavioral elements that
aﬀect conspicuousness, sugges ng that the red and
green popula ons use aposema c and cryp c
strategies respec vely. However, a key predic on to
this hypothesis is that at a given site the local color
morph is the best protected against predators. To
test this predic on preda on experiments were
conducted with clay frog models, se ng 200 models
of each color at each type of popula on (Fig. 2). As
in the studies men oned above, only a frac on of
the marks found on the clay were readily iden fied
as preda on a empts by birds (Fig. 3). The next
goal to iden fy the animals that prey on clay frog
models and find out whether they are a acking
frogs, foraging for ripe fruits or feeding from clay.

Fig.1 Map of Costa Rica with representa ve popula ons of
three color morphs of Dendrobates granuliferus. The north‐
ernmost red popula on is at the FCRE.

— Beatriz Willink

Referenc
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Tropical Forest Restora on at the
Firestone Center for Restora on Ecology
Background
As deforesta on con nues, so does our need to
understand the ecological processes underlying
ecosystem recovery so that we can restore degraded
landscapes. Although plan ng na ve trees in tropical
biomes is common prac ce, such planta ons are
typically aimed at maximizing produc on‐‐o en at
the expense of crea ng diverse and complex
ecosystems. At Firestone Center for Restora on
Ecology (FCRE), we are undertaking an experimental
restora on with two overarching goals: 1) maximize
na ve tree diversity at a landscape scale (beta
diversity), and 2) experimentally manipulate
resources and local diversity to be er understand
the rela onship between species‐evenness (the
number of individuals of each species present in a
plot) and produc vity (biomass produced by an
ecological community or ecosystem).

To prepare plots for restora on, we manually
removed (non‐na ve) bamboo from 16 12x12 m
plots (a total of >2300 m2). We planted 256 na ve
tropical tree seedlings, 16 in each plot, at a 3m
plan ng interval. We selected seven species for our
focal study. To maximize con nuity with the
surrounding landscape, species were only included in
our study if they were present in adjacent reserves
or nearby restora on eﬀorts, and if they could be
purchased from local growers who used seeds
collected in the region. We chose species that reflect
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both fast‐growing, light‐loving strategies (early
emergent or canopy species), as well as more shade‐
tolerant, sub‐canopy species. All species produce
wood considered valuable to local Costa Ricans for
harvest. We planted seven species in each plot, but
the rela ve abundance (evenness) of species varied
among plots. Addi onally, we added nutrients to the
root base of trees in half of these plots, to test the
role of nutrient availability/limita on in tree success,
and ul mately community diversity and produc vity.
In addi on to monitoring tree growth, we are
measuring pollinator diversity, insect herbivory, and
li er decomposi on rates to be er understand the

experimental plots) may, in fact, “spillover” into the
matrix, ul mately crea ng a large, con nuous,
restored tropical forest. During January 2013, we
es mated non‐bamboo species richness in the
regions between plots so we will be able to
document shi s in species composi on in the
surrounding landscape that were ini ated by our
treatments.
Future plans
With approval from FCRE, I plan to con nue to
monitor seedling growth, as well as document new
colonists in our plots. During summer 2013 we hope
to repeat our bu erfly surveys, herbivory surveys,
decomposi on measurements, and poten ally pit‐
trap insects to survey diversity. My hope is to bring
two Colby students with me for several weeks to
help collect these data. Quan fying these aspects of
the community at the early stages of the restora on
eﬀort provides us with baseline measurements to
which we can compare data in coming years as
succession proceeds.
— Cathy Collins (Colby College)

species interac ons and ecosystem processes crucial
to successful restora on.
Ini al results and observa ons
Of the 256 tree seedlings we planted, 97% of them
were alive and well nine months a er plan ng.
Some have grown over 1.5 meters in nine months.
Our success rate is substan ally higher than most
reported restora on eﬀorts. Interes ngly, the 10 m
“matrix” of bamboo that existed between plots
appears to be dying. We suspect this is due to the
fact that in many cases, we removed a large
propor on of a single clonal plant while clearing the
plots, stressing the remaining plant and removing
much of its structural support. Regardless, it appears
that our “islands” of restored forest (our
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The Barú Petroglyphs
One of the unique features of the Firestone Reserve
is its inves ture of ancient aboriginal rock art, which
takes the form of petroglyphs inscribed into the
faces of boulders in the upper part of the property.
To date 43 separate petroglyphs have been
iden fied, and carefully mapped into the Firestone
Geographic Informa on System database.
Unfortunately, li le is known about the exact age, or
significance of the petroglyphs.

The petroglyphs are all located high up on the ridge
of the property, and are intermingled with
Amerindian grave sites. From this
loca on, the ridge has an ocean
and river view, assuming that the
original inhabitants stripped oﬀ the
tree cover, which seems likely. The
petroglyph forms are abstract in
nature, consis ng primarily of
spirals, meanders, and circles.
There is no evidence of the
dis nc ve carved stone spheres of
the Diquís culture, centered to the
southeast of the Firestone
property around the Térraba river
drainage.
The first record of agriculture in
Costa Rica, based on tubers, dates
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to around 1000 BC, a me called the Aguas Buenas
cultural phase. This lasted un l around 700 AD when
it was replaced by the more sophis cated corn‐
based culture called the Chiriquí phase. The
presence of a ceremonial corn‐grinding metate at
the Firestone site es the petroglyphs to this phase,
which lasted un l around 1500 AD. By 1522, the
Spaniard González Dávila recorded that there were
no indigenous people in the area – the local tribes
had mysteriously disappeared. We may infer that
the Firestone petroglyphs are therefore between
500 and 1300 years old. A er the area was
abandoned, the forest grew back and the
petroglyphs seem to have been buried in forest soil,
un l the deforesta on and soil erosion of the 1970’s
exposed them again.
Recent student‐led research has focused on finding
and mapping the loca ons of the petroglyphs,
together with some simple experiments into ways to
protect them from the erosive eﬀects of sun and
rain.
— Donald McFarlane

Site: FCRE 32
Site Descrip on: Located in the banana planta on near the border of Hacienda Baru. Sits on an incline facing south‐
west.
Mo f Descrip on: Mo fs included spirals, several circles, meanders and cupules. Many of the mo fs are very clear
and deep while others are faint and harder to make out without proper ligh ng.
Condi on: Very good –excellent.
Rock Measurement:
H: 64 cm L: 110 cm
Panel Measurement:
L: 76.2 cm W: 106.68 cm
Orienta on: Rock is on a downward slope in a southwestern direc on facing the border of Hacienda Baru.

The rock is 110 centimeters wide and has a height of 64 centimeters. Located 6 meters northwest of the trail, it is on a
downward slope in a southwestern direction facing the border of Hacienda Baru.. The motif faces southwest. Motifs
included spirals, several circles, meanders and cupules. Many of the motifs are very clear and deep while others are
faint and hard to make out without proper lighting.
Date: April 8th, 2008
Recorders: Roxy Cruz de-Hoyos, Kyla Van Maanen, Julia Carr
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research students carried out detailed topographic
surveying of the whole property, in challenging
physical condi ons. This work resulted in an
outstanding base map which was published in the
Journal of Maps as an example of the successful
fusion of mul ple mapping techniques and
technologies. It now forms the founda on of our
Geographic Informa on System (GIS). GIS
technology allows the user to compile, store,
manipulate and analyze a wide range of spa al data.
At the FCRE, we use our GIS system as the principle
archive of data for many of the past and on‐going
research projects. The GIS ini a ve was also the
basis of a mul ‐ins tu onal faculty workshop,
“Pu ng Inter‐College Undergraduate Research
Aﬃlia ons on the Map; a Firestone Reserve
Workshop” which was supported by the Mellon
Founda on.

Geographic Informa on Systems
Ini a ves at the Firestone Center for
Restora on Ecology
The Firestone Reserve is characterized by steep
terrain, three precipitous ravines and thick, tropical
vegeta on. When the property was acquired in
March 2005, the best available map data was the
1:50,000 topographic na onal map series (Ins tuto
Geogr´afico Nacional) with a 20 m contour interval.
Our ecological research on the reserve required
reliable mapping of the topography at a resolu on
of 10m or be er ‐ several orders of magnitude
be er than could be extracted from the 1:50,000
maps.
Over the course of 3 years, teams of summer
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Interdisciplinary research at the FCRE faces
challenges of coordina on and integra on across
and between mul ple Claremont campuses,
departments and faculty. GIS has become our
principal tool for integra ng this research,
supported in large part, through training, data
acquisi on, and hos ng, by the Libraries of the
Claremont Colleges. Almost of our research has a
significant spa al component ‐ fine scale species
distribu ons, soil characteris cs, watershed
evalua ons, land ownership – and this has and will
con nue to be linked to our con nuing small‐scale
topographic mapping and high resolu on satellite
imagery through the GIS system.
—Warren Roberts
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Behavioral ecology of Spiders
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