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SummarySummarySummarySummarySummary

The Central Pacific Conservation Area contains one of Costa Rica’s two viable, but threatened
Scarlet Macaw Ara macao populations. For 14 years (1990–2003), we monitored the size of this
population. Non-linear models fitted to 1990–1994 observations revealed seasonal and long-
term changes in population size. The peak of annual population size occurred in August, with a
cyclic range of about 90 birds between the lowest and highest points of the annual cycle. The
best model also revealed a decline in population size of approximately eight birds counted per
year or 4% of the total population per year (1990–1994). Young-to-adult ratios calculated for
the month of August during this study fluctuated around a baseline that averaged 6.1% a year
(1990–2003). These ratios exceeded 8% for three different years (1995, 1996 and 2000). All
three of these “good” recruitment years occurred after management began, and two of them
were associated with zealous anti-poaching efforts that ultimately could not be sustained. After
intensive management practices began in 1995, the August counts increased by about 37 indi-
viduals in two years (1995–1996) to an average 243 individuals, which remained almost constant
up to 2003. Management practices included creation of a local conservation organization that
coordinated environmental education, artificial nest construction, networking among stakehold-
ers and with governmental authorities, and artificial and natural nest protection. Although
Scarlet Macaw conservation efforts have been inconsistent since 1997, our study demonstrates
that collaborative conservation by local stakeholders increased the population of this threatened
species in 1995–1996, and from 1996 to present the population has sustained itself.

IntroductionIntroductionIntroductionIntroductionIntroduction

At least 44 (30%) of the 146 species of New World parrots are threatened, and the
remaining 102 species are experiencing declines in numbers due to habitat destruction,
consumption, and exploitation for the pet trade (Collar and Juniper 1992, Collar
2000). The Association for Parrot Conservation (APC) and The International Union
for the Conservation of Nature (IUCN) Parrot Conservation Action Plan recommend
monitoring psittacine populations (Snyder et al. 1987, 2000, Beissinger et al. 1994).
However, long-term monitoring studies are rare for psittacine populations because
they are logistically and financially difficult to achieve.

Scarlet Macaw Ara macao is classified as threatened (Appendix I) under the
Convention on International Trade in Endangered Species (CITES), and numbers have
declined within their present range (Wiedenfeld 1994, Iñigo-Elías 1996). In Costa
Rica, the two remaining viable Scarlet Macaw populations have been estimated at
700 individuals in the Osa Conservation Area, and 330–400 individuals in the Central
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Pacific Conservation Area (Stiles and Skutch 1989). Here, we present results from an
intensive monitoring study (1990–2003) and a conservation management experiment
with monitoring (1995–2003), and we assess the impact of conservation management
activities on the Central Pacific Scarlet Macaw population.

Study area and populationStudy area and populationStudy area and populationStudy area and populationStudy area and population

The Scarlet Macaw population that we studied occupied a 560 km2 mosaic of natural
forest in the Central Pacific Conservation Area, Costa Rica. The area included altered
habitats (cattle pasture, annual or perennial crops, and early stage successional forest)
and several hundred human dwellings (Fallas 1995, Marineros and Vaughan 1995).
The 5,500 ha Carara National Park (9°40’N, 84°40’W) formed the core of the Scarlet
Macaw’s range. Other protected areas included Turrubares Protected Zone (33 km2),
Guacilillo Mangrove Reserve (11 km2) and Punta Leona Private Wildlife Refuge
(0.3 km2) (Figure 1a). Four life zones in the study area included tropical dry forest to
humid forest transition, tropical humid forest, premontane forest and tropical wet
forest (Tosi 1969).

A portion of the Scarlet Macaw population moves daily between nocturnal roosting
sites in Guacilillo Mangrove Reserve and feeding and nesting areas in other parts of
the range (Marineros and Vaughan 1995). Macaws in the area fly as single birds,
pairs, triplets (parents with one offspring) and quadruplets (parents with two off-
spring) along three flyways (North, Central and South) (Figure 1b). Biological
research on the natural history of this population has focused on diet (Marineros
1993, Marineros and Vaughan 1995, Nemeth and Vaughan 2004, Vaughan et al. in
press), nesting (Marineros and Vaughan 1995, Vaughan et al. 2003a) and chick move-
ments and behaviour (Myers and Vaughan 2004), while social research has focused
on ecotourism (Vaughan 1999), environmental education (Vaughan et al. 2003b) and
local conservation strategies (Vaughan 2002).

MethodsMethodsMethodsMethodsMethods

Scarlet Macaw observations

Between March 1990 and August 2003, flocks of Scarlet Macaw were counted during
daily flights to and from their nocturnal roosting area (05h00–07h00 and 16h00–
18h00, respectively). Between two and 51 counts per month were made between
March 1990 and December 1994. Beginning in 1995, counts took place exclusively in
August. Count data included date and time of observation, flyway (North, Central or
South), flock size (number of birds per group observed) and composition of flocks
(either single, pair, trio or quartet). A total of 939 counts were made from 1990–2003
by 14 different observers trained by the senior author, using a standardized data
sheet. This included 555 counts for 56 contiguous months between March 1990 and
October 1994 during the intensive monitoring phase of this study. A total of 171
August counts were made from 1990 to 2003, with no counts during 1998 and 2001.

Seasonal and annual variation 1990–1994

From 1990 to 1994, flocks of macaws were counted from the point referred to as “rice-
field”. By 1994, vegetation obscured a portion of the South flyway, so subsequent
counts were made from a point referred to as “bridge” (Figure 1b). In 1995 and 1999,
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Figure 1. (a) Study area in Central Pacific Costa Rica.

we made simultaneous counts from the rice-field and the bridge to establish the
following conversion factor: Bridge = 80.85 + 0.92 × Rice (R2 = 0.723) (Figure 2). We
applied this conversion to the rice-field counts prior to 1995 so that they were compa-
rable to all subsequent counts from the bridge. We used the uncorrected rice-field
counts from 1990 to 1994 to describe seasonal and annual variation in macaw
numbers. Counts were summarized as monthly averages of the daily observations.

Within-year fluctuations during 1990–1994 were modelled as cosine curves
(Bulmer 1974) with additional terms for linear and quadratic effects of time. Six
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models were used to describe seasonal and annual variation for counts taken con-
tinuously from 1990–1994 (Table 1). Mallow’s Cp statistic (Draper and Smith 1998)
guided the interpretation of the model of best fit to the observations Criterion
(Anderson and Burnham 2001).

Effects of management since 1995

A regional Scarlet Macaw workshop held in October 1994 developed a macaw conser-
vation strategy to minimize macaw chick poaching, enhance habitat for the species and

Figure 1. (b) Flyways used by the Scarlet Macaw during daily movements, Central Pacific
Conservation Area, Costa Rica.
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Figure 2. Comparison of simultaneous Scarlet Macaw counts from rice-field and bridge
locations, Central Pacific Conservation Area, Costa Rica.

educate the local community. A legally constituted local Scarlet Macaw conservation
organization (Association for Parrot Protection, or LAPPA) was formed to coordinate
all macaw conservation activities with stakeholders (ranchers, park officials, scientists,
local community members and ecotourism managers). Activities included environ-
mental education, meetings with stakeholders, promoting economic incentives in the
region based on macaws, artificial nest-box construction, and protection of natural and
artificial nests (Vaughan 2002).

Average August counts and yearly young-to-adult ratios in the counts were used to
compare the status of the macaws before (1990–1994) and after (1995–2003) outreach

Table 1. Multiple models for monthly mean Scarlet Macaw counts (1990–1994) (n = 555 counts).

Model idea Model P RSS R2corr s2 Cp

Constant y = b0 1 84,922 0 1572.63 122.19
Linear trend y = b0 + b1*t 2 78,878 0.07 1488.26 111.93
Annual cycle Y = b0 + b2*cos(2 p*b3*(t − b4)) 4 31,322 0.63 614.16 19.51
Linear trend + cycle Y = b0 + b1*t + b2*cos(2*p*b3*(t − b4)) 5 24,660 0.71 493.20  8.00
Quadratic trend + cycle Y = b0 + b1*t + b2*cos(2*p*b3*(t − b4)) + 6 24,656 0.71 503.18  9.99

b5*t2

Cubic trend + cycle Y = b0 + b1*t + b2*cos(2*p*b3*(t − b4)) + 7 24,652 0.71 513.58 11.98
b5*t2 + b6*t3

P, number of parameters in model; RSS, residual sum of squares of deviation between model and observa-
tions; R2corr, fraction of variation explained; s2, residual variance; Cp, Mallows Cp statistic (Draper and Smith
1998).
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and management activities were initiated. The yearly young-to-adult ratios were
derived from the August count data with trios and quartets considered an adult pair
with one or two offspring (Munn 1992, Toyne and Flanagan 1997, Myers and
Vaughan 2004), and a flock of two considered a pair of adult birds. We calculated the
ratio of young to adults as: young/adult = (2Q + T)/(2Q + 2T + 2P + 1S), where Q is
the number of quartets, T is the number of trios, P is the number of pairs and S is the
number of single birds. We used t-tests to compare changes in counts and young-to
adult ratios before and after initiation of management. Alternative explanations for
response to management were evaluated via Mallow’s Cp statistic (Draper and Smith
1998).

ResultsResultsResultsResultsResults

Seasonal and annual variation 1990–1994

Of the six competing models describing variation in counts from 1990 to 1994, the
fourth model, which incorporated a linear trend plus cyclic variation, best fitted the 56
monthly averages, as indicated by the Cp statistic (Table 1). The linear trend estimates
a loss of 8.2 birds per year from 1990 to 1994 (Figure 3).

The coefficients of the cosine cycle quantify the annual oscillation derived from
count observations. The frequency of oscillation is 0.995, which is consistent with an

Figure 3. Model of best fit for average monthly counts of Scarlet Macaw population, Central
Pacific Conservation Area, Costa Rica (1990–1994) (n = 550 counts).
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annual cycle. The amplitude of oscillation is 45.0 birds, so that the range of cyclic
variation is approximately 90 birds. Phase shift of cyclic seasonal change within a
year is used to locate the start of the observed cycle relative to the zero point of the
time series. The peak of each annual cycle occurred near or on 4 August of each year
(Figure 3).

Effects of management since 1995

Four competing models were used to describe population trajectories in response to
management (Table 2). The no-change scenario is eliminated from possibility because
of the Cp criterion, but the remaining three models are indistinguishable from each
other. Macaw numbers observed in August counts increased following management
(Figure 4), but a clear differentiation among the three change hypotheses is not
revealed by the data.

August young-to-adult ratios

We attempted to fit models (Table 2) to the young-to-adult ratios. None of the change
hypotheses was superior to the no-change model. Thus, it appeared that an average
of 6.1% of the adult birds were “recruited” annually to the population. However,
after management began, markedly higher recruitment occurred with ratios in excess
of 8.0% in 1995, 1996 and 2000 (Figure 5). The frequency of years with high
recruitment before management (0 of 5 years) differed  from those observed following
management (3 of 7 years), but not significantly (x2 = 2086, P = 0.09). All three of the
“high” recruitment years occurred following intensive management efforts, and two
of these years were associated with zealous anti-poaching efforts that would have been
very difficult to sustain over the long term (Figure 5).

DiscussionDiscussionDiscussionDiscussionDiscussion

Seasonal and annual variation 1990–1994

The APC and IUCN Parrot Conservation Action Plan recommend monitoring
psittacine populations to determine long-term population trends (Snyder et al. 1987,
2000, Beissinger et al. 1994). However, cyclic or seasonal count variation has been

Table 2. Multiple models for mean August Scarlet Macaw counts (1990–2003) (n = 171 counts).

Model idea Model P RSS R2corr s2 Cp

No change between years y = b0 1 5100.7 0 463.70 12.32
Linear trend y = b0 + b1t 2 2562.8 0.5 256.28 4.21
Quadratic trend y = b0 + b1t + b2t2 3 2432.1 0.52 270.23 5.69
Switch to new equilibrium y = b1 + (b2 − b1) e(t − b3)/b4/ 4 2008.5 0.61 251.06 6.00

(1 + e(t − b3)/b4)

P, number of parameters in model; RSS, residual sum of squares of deviation between model and observa-
tions; R2corr, fraction of variation explained; s2, residual variance; Cp, Mallows Cp statistic (Draper and Smith
1998).
b1, the coefficient for the first equilibrium; b2, the coefficient for the second equilibrium; b3, the coefficient
which indicates the time when the equilibrium switched; b4, the shape of the switch.
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Figure 5. Average young-to-adult ratio based on August counts in Scarlet Macaw population,
Central Pacific Conservation Area, Costa Rica (1990–2003) (n = 171 counts).

Figure 4. Model of best fit for average August counts of Scarlet Macaws population, Central
Pacific Conservation Area, Costa Rica (1990–2003) (n = 171 counts).
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documented in several macaw species: A. manilata (Bonadie and Bacon 2000), A.
ararauna, A. chloroptera and A. macao (Renton 2002), as well as other psittacines
(Chapman et al. 1989). Though research settings and other circumstances are highly
varied, there is a need to standardize methods of population assessment to interpret
and strategize for conservation practices.

Seasonal changes in breeding behaviour, availability of fruits and other foods, and
physical environment may contribute to seasonal count variation. Our counts varied
seasonally, with the highest monthly average counts and young-to-adult ratios in
August when adult Scarlet Macaw pairs with fledglings rejoined the roosting flock. In
our study, the lowest counts were from January to March when nesting pairs did not
make daily migrations to the mangrove roost, but remained at nest-sites to defend
nests and care for young (Marineros and Vaughan 1995, Vaughan 2002).

The best-fit model (Figure 3, Table 1) shows a loss of 8 macaws per year (1990–
1994) from a closed population of an average of 160 individuals, representing a 5%
annual adult decline. Local stakeholders considered poaching of chicks from the nest
the most serious threat to the Central Pacific Scarlet Macaw population (Vaughan
2002). Of 56 nests in the region, 87% (48) were considered at medium or high
poaching risk (Vaughan et al. 2003b). Researchers estimated an average of 30%
chick poaching rate in 23 Neotropical parrot studies; four had estimates of over 70%
poaching rate (Wright et al. 2001).

Effects of management 1995–present

Although counts of macaws in August definitely changed over 1990–2003, the linear
trend model is questionable because it conflicts with the 1990–1994 results (Figure 3,
Table 1). The quadratic change model is also questionable, not because of the early
decrease but because the increase in population size was not sustained after 1996. The
significant switch to a new equilibrium model is perhaps the most plausible explana-
tion, because it is based on historical knowledge of the intensive management efforts
during the 1995–1996 periods.

The years of highest young-to-adult ratios (1995, 1996 and 2000) were likely years
when many young fledged from their nests and were recruited into the population
(Figure 5). These years also coincided with the maximum number of young observed
(27 young on 18 August 1995, 30 young on 21 August 1996 and 30 young on 8
August 2000). Management was intense during 1995–1996, which might explain the
population increase of an estimated 37 birds. Management included raids of suspected
poachers’ homes by park guards and a local judge, confiscation of poached chicks and
tree-climbing gear, arrests of poachers, newspaper articles denouncing specific macaw
poachers (La Nación 1995), artificial nest-box construction and placement, and active
nest protection (Vaughan 2002). Additional management activities included environ-
mental education programmes (Vaughan et al. 2003a) and extensive networking
among stakeholders (Vaughan 2002). One renowned poacher was incarcerated for an
unrelated crime, possibly increasing the number of chicks recruited into the popula-
tion during the time he was in jail. Unfortunately, in more recent years, poaching was
lessened from a felony to a misdemeanour in Costa Rica, punishment fines were
reduced, and fewer Carara National Park guards were available for protection during
the critical nesting season.
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Importance of ecotourism in Central Pacific Costa Rica

The Central Pacific Scarlet Macaw population is highly significant to the ecotourism
business. Over 40,000 foreign tourists spent US$6 million in 1994 during visits to
Carara National Park; most came to see Scarlet Macaws (Damon and Vaughan 1995).
However, in 1994, over 90% of money spent by tourists did not benefit local commu-
nities (Marineros 1993, Marineros and Vaughan 1995, Vaughan 1999). This has
changed in recent years with the burgeoning tourism field in the Central Pacific,
which now employs more adult Costa Ricans than any other industry. It is to be
hoped that chick poaching will cease when local communities feel that economic gains
are greater from macaw conservation than from poaching (Ferraro and Kramer 1997,
Vaughan 1999).

Sustainability of the Central Pacific Scarlet Macaw population

At present, the Central Pacific Scarlet Macaw population is self-sustained (Figures 3,
4), even with heavy poaching pressure. Once successfully fledged from the nest,
macaws appear to have a high survival rate (Myers and Vaughan 2004). It is fortunate
that adult macaws in Central Pacific Costa Rica are not under the same hunting
pressure as they are in many South American countries (Thomsen 1995). We recom-
mend that protection measures become more stringent, vigilance be kept over known
poachers, artificial and natural nests be concentrated and protected when possible, and
that August counts continue for this macaw population.

A workshop to discuss chick protection strategies among local stakeholders was
held in May 2004. Active protection of nests, environmental education, stakeholder
networking and promotion of economic benefits for locals were the preferred ways to
increase the young-to-adult ratios and thus increase the size of the Scarlet Macaw
population in Central Pacific Costa Rica (Dear et al. 2004). We will continue our
efforts to monitor the population, preserve habitat and work with local people, as
recommended by Snyder et al. (1992) and Collar (2000). We believe that it is possible
to control poaching pressure when adequate resources are available, and timely,
efficient coordination of personnel and anti-poaching efforts is accomplished.
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