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Leonel Marineros

Carara Biological Reserve

Atlantic and Pacific slopes from sea level to
about 1,500 m elevation (Vaughan 1983,
Vaughan et al. 1991). Due to deforestation, only
29% of the original habitat existed in 1977 and
by 1993, 9,100 km* (20% of the original), all in
protected areas (Marineros 1993). Today, in
Costa Rica, the Scarlet Macaw is found princi-
pally on the Pacific slope, in three major areas.
These are the Osa Peninsula with an estimated
200 to 400 individuals (Stiles & Skutch 1989),
Carara Biological Reserve (CBR) and surround-
ing areas with at least 219 individuals (Vaughan
et al. 1991), and Palo Verde and Barra Honda
National Parks with 15 individuals (Slud 1964,
Vaughan et al. 1991).

Study site

The study site is found in the Pacific Central
region of Costa Rica and covers approximately
560 km? (Figure 22.1). According to Tosi (1969),
there are four life zones in the region: tropical
dry forest with transition to humid (from the
north to the southern coast of the Tarcoles
River), tropical humid forest (the Pacific coast to
the Terraba River), premontane and montane
forest (Turrubares, Altos de Aguacate Moun-
tains) and tropical wet forest (Candelaria).
Gomez (1986) classifies the vegetation types as:
tropical rain forest, which occupies 90% of CBR,
and lowland evergreen seasonal forests, which
occupy 10% of CBR near the coastal highway
and on the margins of the Tarcoles River.

Beginning in pre-Colombian times, man de-

The Turrubares River is very important for the Scarlet Macaw
Ara macao since both nesting and food trees are found along
the river banks. The tallest tree in the photograph is a Ceiba
Ceiba pentandra which is used by the Scarlet Macaw for
nesting. This is nest number 11.
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stroyed much of the forestry resources and
wildlife in the region. It is difficult to find forest
remanents larger then 40 ha in size, except in
the Guacilillo Mangrove Reserve (GMR), the
Turrubares Protected Zone (TPZ), and CBR
(Cifuentes et al. 1983). Currently, the principal
economic activities of the region include exten-
sive livestock raising, subsistence agriculture
and tourism at Guacalillo, Tarcoles, Herradura,
Jaco, Esterillos and Quepos beaches (Direccion
General de Estadisticos y Censos 1987, Vargas
1992),

The climate of the region is defined as humid
and hot with the mean annual temperature
oscillating between 25 and 30°C (Coen 1991).
The region is protected from the trade winds
and their drying effect by a high mountain
chain to the north (Herrera 1986). As a result,
the area is characterized by a moderate dry
season from November to April and severe wet
to torrential wet season from May to December
with 90% of the annual precipitation. Annual
precipitation varies between 2,487 mm (100
inches) in the lowlands to 3,299 mm (132 inches)
in the higher elevations (Cifuentes ef al. 1983).

The region is irrigated principally by the
Tarcoles, Turrubares, Tarcolitos, Agujas,
Tusubres, Tulin and Parrita Rivers. The most
important mountains in the region are: Turru-
bares (1,756 m), Altos del Aguacate (1,634 m),
Fila Negra (828 m), Lomas Pizote (399 m), Fila
Cangreja (1,305 m), Fila Chires (307 m) and
others of lower elevation (Figure 22.1).

Finally, the region has three nationally pro-
tected wildland areas: CBR, TPZ and GMR. In
addition, the Pro-Green Iguana Reserve (GIR) is
a private reserve (Figure 22.1). These areas
recently became the Central Pacific Conserva-
tion Area. Scarlet Macaws are found in all of
these areas, but the study was carried out prin-
cipally in CBR.

Carara Biological Reserve

Carara Biological Reserve is found in the
central part of the Pacific Region of Costa Rica
(84° 35'W, 9° 47'N), between Puntarenas and
San Jose Provinces, 40 km southwest of the city
of Orotina. It is bordered on the north by the
Tarcoles River and on the west by the Costanera
Sur highway (which passes in front of the
administration center of CBR). Carara Biological
Reserve was created in 1978 by Executive

Decree No. 8491-A. It is 4,700 ha in size and 95% -

is forested. Boza (1984) indicates that CBR has
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Population Size and Recruitment

very diverse vegetation types, including
swamps, oxbow streams, gallery forests and
primary vegetation. Carara Biological Reserve
is situated in an overlapping zone between
tropical dry and wet forests and thus has tree
species characteristic of both regions. The pri-
mary forests occupy the greatest area of the
reserve, especially in the central area and to the
west and southeast. They are generally found
on soils which have between 20% to 60% slope
(Boza 1984).

Scarlet Macaw population size
and recruitment

Understanding population size and age struc-
ture is a necessary first step for wildlife man-
agement (Robinson & Bolen 1989). The Scarlet
Macaw population at CBR perhaps presents a
unique opportunity to study such aspects, as a
major part of the population “migrates” daily
between CBR (and surrounding areas) where
they feed, court, reproduce and rest, and GMR
where they roost at night. Between March, 1990
and October, 1993, an average seven monthly
(morning from 5h00 to 7h00 and late afternoon
from 15h00 to 18h00) counts have been carried

out from a vantage point which permits obser-
vation of all flyroutes. Birds were recorded by
flock size in relation to four basic categories:
singles, pairs, trios or groups of four. The latter
two categories are thought to represent a pair of
adults accompanied by one or two offspring
(Munn 1992). A Leopold 20x50 Spotting Scope
with a tripod and Nikon 10x25 binoculars were
used as well as a standard data sheet.

Flyroutes and population census

Three general flyroutes are chosen by the
Scarlet Macaw population moving between
CBR and GMR: 1) near and along the Tarcoles
River, 2) over the Quebrada Bonita stream, and
3) close to the Pacific Ocean (Figure 22.2). A
total of 304 morning and afternoon counts were
made in 44 months (x = 6.9 counts/month),
ranging from a single count in October of 1990
to 19 counts in April of 1990 (Marineros 1993).
Highest monthly counts are presented in Table
22.1. In general, the yearly pattern represented
is broken into three phases: 1)lowest numbers of
individuals in January and February, including
most single birds in the population; 2) grad-
ually increasing numbers in March and April,

Table 22.1
Highest Population Counts Made of the Scarlet Macaw Ara macao Population
(March 1990 - November 1993)
Between Carara Biological Reserve and Guacalillo Mangrove Reserve, Costa Rica

| R R R |
HIGHEST SCARLET MACAW COUNTS 1990-1993

CARARA BIOLCGICAL RESERVE, COSTA RICA

i
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JAN FEBR MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

1990 74 167 162 219 171
1991 66 88 102 155 174 125 161
1992 57 48 90 104 162 189 159 191 209 164 143 114
1993 48 30 69 110 122 137 116 150 151 156

184 151 122 109 &9
165 145 145 63 74

T

Cl1gg0
1991
J1992
M 1993
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Population Size and Recruitment

3) somewhat stable, and high (even maximum)

counts in May, June, July, August and Septem-

ber, and 4) reducing numbers in October,

November and December.

A possible biological explanation of the var-
iance in monthly Scarlet Macaw census is the
following;:

e October, November and December coincide
with the initiation of the nesting season
(Vaughan et al. 1991) and the onset of the dry
season, whereby some birds remain in CBR
and the surrounding region to prepare the
nesting site, the large number of loose groups
and single birds seen can be either immature,
single or unmated adults.

® In January and February, many birds are nest-
ing and males may guard females during
incubation, thus low numbers fly to roost in
GMR.

® By March and April, unsuccessful nesting
macaws are being reincorporated into the
population and the first triplets or quadrup-
lets of adult macaws with their young are
observed (3-4 March 1992 and late April —
Vaughan et al. unpubl.).

® In May, June, July, August and September,
most birds have fledged and triplets and qua-
druplets (parents with one or two young) are
observed.

Recruitment

Recruitment, or the number of new individ-
uals added each year to a population (defined
more strictly by Robinson and Bolen (1989) as

A Geographic Information Systems
(known as GIS) satellite photo of
Carara and surrounding areas. In
this photo of Costa Rica, the color
infrared photography shows dense
vegetation (such as tropical forests)
as deep red. As the density dimin-
ishes, the color changes to shades of
lighter reds and pink, green and
even tan. Dead vegetation, such

as dry grass, will appear as

green or tan.
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those reaching breeding age), is one of the most
important measurements of its general health or
state (Bailey 1984). Monthly censusing of the
Scarlet Macaw population provides an index of
changes in population size. Young macaws with
their parents annoted as triplets and quadrup-
lets divided by the total number of macaws
censused on any count would give a general
estimate of recruitment (Munn 1992). Although
young macaws flying with adults were
recorded as early as 4-5 March (P. Herzog, pers.
comm.) and late April (Vaughan et al. 1991),
trios or quadruplets of macaws were highest
during the months of July through October.
Trios or quadruplets of macaws declined in
December, probably coinciding with the begin-
ning of the next nesting season, and were vir-
tually absent from the population in January.
Recruitment rates were calculated from trip-
lets and quadruplets data from the following
dates: 30 June 1990, 219 individuals and 21 juve-
niles resulted in 9.5% recruitment; 26 July 1991,
161 individuals and 10 juveniles resulted in a
6.2% recruitment; 30 July 1992, 156 individuals
of which 13 were juveniles resulted in a 10.2%
recruitment rate (Vaughan et al. unpubl.). While
all estimates are within the range of reproduc-
tive rates calculated by Munn (1992) for
macaws, the Scarlet Macaws are very suscep-
tible to the adverse effects of poaching, nest
destruction and competition which reduce the
current level of recruitment (Munn 1991). How-
ever, until poaching is controlled for the CBR
Scarlet Macaw population and subsequent
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Food Habits in CBR

base on diet, an important aspect to consider in important for conservation purposes to note
any habitat enhancement or reintroduction  that the Scarlet Macaw population in CBR feeds

effort (Wiley ef al. 1992). Likewise, it is very outside of the reserve.

Table 22.2
List of Tree Species Eaten by the Scarlet Macaw Ara macao
in the Carara Biological Reserve and Surrounding Areas, Costa Rica
(Information is presented by month and season)

Observation months
dry season [ wet season
Plant species Reference Part J F M A M J 4 A S O N D
Anacardium excelsum Oo,CV fr/s e ———————
Aspidosperma spuceanum O _ ==
Bernoullia flammea 0,C fr/s -
Bursera simaruba @) fr =
Bravaisia intergerrima @) ? =
Bromelia sp. V ? =
Brosimum alicastrum O,CV fr/s - e
Brosimum utile * C fr/s =
Cedrela odorata @) s
Ceiba pentandra O fr/s,b E———
Clarisia biflora 0 ? -
Enterolobium cyclocarpum  O,C\V fr/s ==
Epidendrum sp. O z -
Erythrina sp. L 6 fl =
Ficus sp. O,CV fr =
Hura crepitans eV s,b - T E————
Inga vera V 7 o
Licania platypus O _ =
Lonchocarpus acuminatus O 7 =
Ochroma pyramidale 0,C fl - =
Pithecellobium saman 0,C fr/s =
Pouteria sp. O 7 -
Sapium jamaicense O ? =
Scheelea rostrata o.CcV fr e —
Schizolobium parahybum O,CV _ T, = =
Spondias mombin CV 7
Tabebuia rosea O fr/s - =
Terminalia oblonga OCV s =
KEY:
* Fruits and Scarlet Macaw feathers were found under the tree in March of 1993.
O = observed in this study b = tree bark
C = commented by local pecople fr = fruits
V = Vaughan et al. 1991 s = seeds
fr/s = fruits or seeds | = leaves
fl = flowers ? = unknown
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Local Movement Patterns

Figure 22.3
Area Occupied by the Scarlet Macaw Ara macao in the Central Pacific Region, Costa Rica
Based on 395 Interviews in 133 Localities
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Choices of Natural Nest Sites in CBR

Table 22.3

Characteristics of Nests Utilized by the Scarlet Macaw Ara macao
in the Carara Biological Reserve and Surrounding Areas, Costa Rica (N = 34)

Nest Tree Species HN CcO DR RP NE
N1 Zanthoxylum setulosum 9,8 Alive NE High Trunk
N2 ? ¥ Dead S High Trunk
N3 ? ? Dead S High Trunk
N4 Ceiba pentandra 20 Dead A High B
N5 Schizolobium parahybum 15 Alive A Low BB
N6 Schizolobium parahybum 15 Alive A Low Knot
N7 Ceiba pentandra b Alive NE Medium BB
N8 Ceiba pentandra 15 Dead A High B
N9 ? 18 Dead A High B
N10 Ceiba pentandra 30 Alive NE High BB
N11 Ceiba pentandra 35 Alive N Medium BB
N12 Sterculia apetala 40 Alive SW High BB
N13 ? 25 Alive E Low Knot
N14 2 ? 7 4 ? ?
N15 Schizolobium parahybum 20 Dead A High BB
N16 Schizolobium parahybum 18 Dead S High BB
N17 2 10 Alive E High Trunk
N18 Sterculia apetala 13 Alive N High Trunk
N19 Schizolobium parahybum 36 Alive W High Knot
N20 Astronium graveolens 30 Alive N Medium Trunk
N21 Schizolobium parahybum 18 Alive N High Knot
N22 Astronium graveolens 21 Alive E High Knot
N23 Avicenia germinans 11 Alive S High BB
N24 Rhizophora mangle 23 Alive NE Medium BB
N25 Rhizophora mangle 10 Alive N High Knot
N26 Rhizophora mangle 8,5 Alive S High Trunk
N27 Schizolobium parahybum 27 Alive W High BB
N28 Schizolobium parahybum 14 Alive N High Knot
N29 Hura crepitans 26 Alive E Medium BB
N30 Terminalia oblonga 9 Alive N High Trunk
N31 ? 17 Alive W ? Trunk
N32* ? 28 Dead NE ? BB
N33* ? 32 Dead A ? BB
N34* ? 32 Dead S ? BB
KEY:

? = Unidentified

HN = Height to Nest

CO = Tree Condition

DR = Direction Nest Facing
RP = Risk of Being Poached
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NE = Where Nest is Found on Tree

A = Looking Upwards

TB = Upper Part of Trunk Broken
BB = Branch Broken

* C. Potter pers. comm. 1991
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Location of Nest Sites in CBR

KEY
o MACAW NESTS

: Figure 22.4
Location of 34 Scarlet Macaw Ara macao Nests
in Carara Biological Reserve and Surrounding Areas
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Ecotourism vs. Poaching

The visitors spent an average US$112 per
person a day enroute to CBR, this included
hotel, meals, tour agency and/or car rental,
reserve entrance fee, etc. (Figure 22.5), and
amounted to about US$4,480,000 in foreign rev-
enue in 1993 for Costa Rica from CBR foreign
visitors. The hotels (41.4%) and travel agencies
(26.2%) receive the majority of the economic
benefits from ecotourism. Many hotels and tour
agencies in Costa Rica are owned by foreigners.
It has been estimated that up to 55% of develop-
ing countries tourism profits return to devel-
oped countries (Boo 1990). However, Costa
Ricans who own hotels, restaurants, gas stations
and stores and work in these establishments are
the ones benefitting most from tourism to CBR.

Two Scarlet Macaw nests found along the
main nature trail of CBR may have 30 or more
tourists from different travel agencies observing
them at any one time. Apparently this level of
activity is not causing major problems as the
nest continues to be occupied. If they are the
only macaws seen by the tourists, their eco-
nomic value would be very high, perhaps close
to the more than US$4.5 million generated.
However, given that the Scarlet Macaw popula-
tion of CBR is at most 219 birds, dividing the
1993 figure of US$4,480,000 by the known Scar-
let Macaw population would give US$20,457
per bird per year. A Scarlet Macaw can live
approximately 30 years and if tourism to CBR
remained stable in numbers and expenditures,
each bird would be worth US$613,710 for eco-
tourism in its lifetime. Munn (1992) studied
macaws in Peru and, based on tourists expendi-
tures in 1990 around Manu National Park, con-
cluded that a macaw can generate between
US$750 and US$4,700 a year as a tourist attrac-
tion, and between US$22,500 and US$165,000 in
its lifetime.

However, through admission fees, CBR
receives only about 1% of what a visitor spends
in a day (Marineros et al. 1993). In 1993, the
Costa Rica National Chamber of Tourism
funded salaries of three park guards for CBR,
mostly to attend tourists, but discontinued this
policy in 1994. As a result, in what amounts to
perhaps the first conflict between the tourism
industry and the understaffed and underbud-
geted National Parks Service, the Minister of
Natural Resources, Energy and Mines has
threatened to close CBR to tourists in 1994
unless the tourism agencies assist in providing
personnel for CBR (Harris 1994).
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A macaw poacher searching for young macaws in a nest found

in a Sura tree on a farm located outside o\ Carara Biological
Reserve.

Poaching

Perhaps the only direct benefit several local
inhabitants receive from the Scarlet Macaw
population at CBR is by stealing an undeter-
mined number of young macaws from nests in
and around CBR and selling them as pets to
Costa Ricans and foreigners (Vaughan & Liske
1991). The Scarlet Macaw trade in Costa Rica is
not well understood. However, of 34 nests
found, 56% showed signs of being poached
yearly, leaving only nests along the CBR nature
trail and in areas of difficult access to CBR or
not yet discovered by macaw poachers. The low
recruitment rate is an indicator that there is low
reproductive success, and poaching is sus-
pected as a major factor.

The poaching and sale of macaws is against
the Costa Rican Wildlife Law (No. 7317), which
stipulates that commercialization of endan-
gered wildlife species (such as the Scarlet

Leonel Marineros
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Christopher Vaughan

Education Programs

Socioeconomic

The socioeconomic outreach program is
slowly taking shape, coordinated by CBR
employees. It consists of several sub-programs:

Education programs for local communities
(grade schools, high schools and adults) have
begun which teach the importance of the Scarlet
Macaw and other species within their eco-
system. This includes a general educational
plan such as booklets, audiovisual aids, radio
programs, posters and visits to CBR. The initia-
tion of an innovative program in the Tarcoles
grade school is planned, where the students will
“adopt” several active Scarlet Macaw nests in
their community and try to ensure that the birds
fledge in 1994. Though several students and
their families earn extra money by climbing
trees to poach macaws, our plan is to “reward”
their school for nest protection by purchasing
library books, pencils and other supplies. The
Scarlet Macaw must become a symbol of CBR
and the local county of Jaco to give it more edu-
cational, touristic and conservation importance.’

A typical dwelling from the Pacific Central region of Costa
Rica.

Education programs for the visiting public
teach about the biology of the Scarlet Macaw
and its survival problems. This is presently
done in an informal way with tour guides. In
1994, a visitors center will be installed in CBR to
highlight the tropical forest ecosystem and its
biota, especially the Scarlet Macaw. Interpreta-
tion is also planned at selected macaw nesting
trees along the nature trail near the present
administration building.
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Education program for park guards although
presently carried out informally, will provide
basic training about legislation and rules within
CBR related to making arrests, first aid, human
relations, basic Scarlet Macaw biology, in order
to protect the visitors and the biota.

Public relations and community develop-
ment are providing the infrastructure for the
local community to become confident with CBR
and its conservation, and involved in and bene-
fit from the tourism arriving at CBR.

This could include:

« Courses to train local guides.

« How to make arts and crafts.

« Setup and administration of a tourist shop at
CBR by the local communities.

« A protection campaign for the Scarlet
Macaw nests on farms (such as school children
“adopting’’ a nest).

« Promotion of participation of hotel owners
and tour agencies to collaborate in Scarlet
Macaw protection and conservation.

Without local community interest and
involvement in Scarlet Macaw conservation, the
Scarlet Macaw population will decline and
eventually become extinct. Preservation will
happen only if the local communities perceive
an economic incentive for themselves. Fortu-
nately, CBR generates millions of dollars yearly
for Costa Rican businesses (hotels, restaurants,
airlines, tour agencies) through ecoturism.
These businesses must share their profits with
CBR and the local communities. Purchasing
local arts and crafts, paying to see macaw nests,
eating at local restaurants all helps the local
community development. This sort of inter-
action will insure a positive local community
attitude towards CBR so the tropical rainforest
environment and its biota (including the Scarlet
Macaw) will continue to exist and tourists will
visit it. The CBR director and staff must ensure
that this is carried out in an intelligent and
equitable manner. It will not be an easy task,
but it is the only solution.

Ecological research, monitoring and
management program
The key to learning more about the status of
the Scarlet Macaw population and its habitat
over time and conserving it involves continuing
and expanding on several subprograms which
include:
® Monitoring the CBR Scarlet Macaw popula-
tion at monthly intervals over the next decade
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Leonel Marineros

Ecological Research

due to their important plant species that sup-
plement the Scarlet Macaws diet and provide -
nesting and roosting sites. This could include
advising land owners as to which tree species
are important, establishing nurseries for
important tree species, and proposing to
include lands adjacent to CBR within the
reserve or as private wildlife refuges.

e Researching and monitoring Scarlet Macaw
reproduction at natural and artificial nesting
sites in CBR and surrounding areas. To date,
information on characteristics and vulnerabil-
ity of 34 Scarlet Macaw nests has been col-
lected. We will continue to collect data on
nests, especially nesting success. Addition-
ally, monitoring hatching success on the nest
following incubation, and examining and
weighing chicks until they fledge is planned,
to initiate in early 1995 when macaws begin
nesting. A nesting program would also
involve protecting and improving natural and
artificial nesting sites in and around CBR as
proposed by Munn et al. (1991) and Munn
(1992) at Manu National Park in Peru. Artifi-
cial nesting boxes have been attempted in
CBR without success (Marineros 1993), but
the design (wooden nests) was probably the
major problem. Artificial plastic tubes will be
installed near CBR guard stations in late 1994
to provide additional nesting options for the
Scarlet Macaws and added protection.

Semi-artificial nests like these have not been used by Scarlet
Macaws Ara macao in CBR.
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Leonel Marineros

Nest number 27 was found in one of the hills near the town

of Quebrada Ganado. The tree has an improvised ladder which
the local inhabitants use yearly to extract Scarlet Macaws
Ara macao.

Additional studies must be initiated, but will
require more time, economic and human
resources. This would include a long-term
study of CBR Scarlet Macaw population struc-
ture and population dynamics by marking
chicks and following their life cycle over a
number of years. Additionally, it is important to
determine genetic variability of the CBR Scarlet
Macaw population. This could be done by
taking blood samples and tissue samples when
handling chicks or adults.

Recently a plan to use confiscated Scarlet
Macaw chicks and those “purchased” from
macaw poachers, then breeding and raising
them under captive conditions and finally
releasing them or their progeny at sites consid-
ered appropriate for the species has been pro-
posed (E. Muller pers. comm. 1994). This con-
fuses the local community as macaw poaching
has been condemned by the CBR and govern-
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