
 

 

ABSTRACT 
 

 
MUIZNIEKS, BRITTA DACE.  Population Viability Analysis of Puerto Rican 
Parrots: an assessment of its current status and prognosis for recovery.  (Under the 
direction of Dr. Jaime A. Collazo.) 
 
 Despite 34 years of recovery efforts, the Puerto Rican Parrot continues to face 

a high risk of extinction.  In 2002 the population count was estimated at 20-24 

individuals, similar to post-hurricane Hugo counts (23) and close to the all time low 

count of 17-19 individuals in 1973.  In light of this situation, coupled with discussions 

about establishing a second population in the karst region in north-central Puerto 

Rico, I reviewed cumulative demographic data collected over the past 13 years and 

conducted a population viability analysis to update the status and recovery outlook of 

the species.  I used program Vortex to assess the status of the species and conducted a 

sensitivity analysis to assess the relative importance of selected parameters in the 

demography of the species.  Basic Scenario model projections over 100 years were of 

a declining population (stoc. r = -0.066).  Within 10 years the mean population 

(across extant populations) dropped from 40 to 24 individuals, and within 20 years, to 

15 individuals.  The persistence of the population was 0 and the mean time to 

extinction was 37.4 years.  Sensitivity analyses indicated that almost none of the 

parameter values used in the model scenarios yielded a positive, mean stochastic 

growth.  Low juvenile mortality (32% for age 0-1) produced the only positive average 

stochastic growth rate (r>0.02).  Relative to the Basic Scenario model, the population 

grew only when productivity levels exceeded 2.5.  Productivity levels recorded from 

1990-95 (1.88 young fledged/active nest) and 1996-2002 (1.23young fledged/active 

nest) resulted in a steady population decline with very low persistence (0-3%).  At the 



 

 

average productivity since 1990 (1.56 young fledged /active nest), supplementation 

temporarily boosted the mean population size.  Once supplementations stopped, mean 

population size declined.  The population continued to grow only when 

supplementation was coupled with sustained high productivity (e.g., 2.75 young 

fledged /active nest). 

 To augment the knowledge base of resident avifauna in north-central Puerto 

Rico, I collected information on the general biology of the Puerto Rican Woodpecker.  

The biology of the species was poorly documented, and its nesting habits might 

provide insights into what Puerto Rican Parrots may face when released in the region.  

Woodpecker detections were consistently higher in lower montane/shaded coffee 

plantation sites when compared to sites in karst topography.  Management, past and 

present, in shaded coffee plantations may help explain the high number of detections 

in shaded coffee sites as compared to secondary forests.  Management results in 

higher numbers of dead trees as trees are girdled routinely to “create openings” in the 

shade.  The onset of reproduction during my study was in January, with the majority 

of incubation occurring in February and March.  The average observed clutch size 

was 5 eggs (n=6, SE=0.26), with only one cavity containing 4 eggs.  Nest success 

varied greatly from year to year.  In 1998, only 1 out of 7 active nests successfully 

fledged young, whereas in 1999, 7 out of 9 did so.  Possible explanations for high 

chick mortality, particularly in 1998, were infestation of chicks with ectoparasites or 

dehydration and/or hyperthermia.  There is no evidence, from this study or from 

literature, to believe that the status of the Puerto Rican Woodpecker is in danger.  The 



 

 

value of this study lies primarily on augmenting the knowledge about the natural 

history of another endemic species. 
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INTRODUCTION 
 
 

The establishment of a second wild population of Puerto Rican parrots is 

necessary to meet recovery criteria and to minimize the possibility of extinction of the 

species.  Once abundant and widespread, the only extant wild population of Puerto Rican 

Parrots (Amazona vittata) resides in the Luquillo Mountains.  Presently numbering 20-24 

individuals, it is believed that the Luquillo mountains are suboptimal habitat and that 

parrots may have retreated to them as lowland habitat was developed.  The forests of the 

Luquillo Mountains are extremely wet, and both chicks and eggs have been lost to 

rainwater entering the nest cavity (USFWS 1999).  The invasion of Pearly-eyed 

Thrashers (Margarops fuscatus) in the 1950’s, along with a high density of Red-tailed 

hawks (Buteo jamaicensis), both predators of Puerto Rican Parrots, are additional factors 

limiting the growth of the parrot population.  The lack of population growth beyond 47 

individuals in 1989, despite intensive recovery efforts, makes the establishment of a 

second wild population even more critical (Lacy et al. 1989).  The Rio Abajo 

Commonwealth Forest, in the karst region of the Island, was identified as the most 

desirable location to re-introduce the parrot (Snyder et. al 1987, USFWS 1999). 

The precarious state of the wild population, on the one hand, and better 

information on selected demographic parameters, on the other, prompted me to evaluate 

the status of the species and its prospect for persistence.  Thus, the first objective of this 

study was to compile and summarize available demographic information on the Puerto 

Rican Parrot since 1989.  The second objective was to conduct a population viability 

analysis of the Puerto Rican Parrot.  It has been 13 years since the first Population 

Viability Analysis was conducted (Lacy et al. 1989).  An updated assessment can help 
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guide recovery efforts in the Luquillo Mountains and reintroduction efforts in the karst 

region.   

Although the Draft Recovery Plan (USFWS 1999) promotes the use of 

translocated wild parrots to establish the second population, the recent decline of the 

Luquillo population from 36 to 20-24 individuals rules out this possibility in the near 

future.  The reproductive potential and survival skills of translocated individuals was 

thought to be better in wild-caught adults than in captive-reared parrots.  Thick-billed 

parrot releases from 1986-1992 found that the best survival of release individuals into 

unoccupied habitat was obtained from translocated wild-caught adults (Snyder et. al 

1994).  Collazo et al. (2000) warned against removing and translocating wild birds when 

the population is <125 individuals and recommended that releases in the karst region rely 

on captive-produced parrots.  The establishment of a new wild population in the karst 

should not be obtained at the risk of compromising the wild population in the Luquillo 

Mountains.  The success of the releases in the karst will depend on the ability of the 

Luquillo and Rio Abajo Aviaries to produce sufficient young to meet the demands of 

supplementing the wild population in the Luquillo Mountains as well as providing 

adequate numbers of individuals for releases in the karst.  In both cases, the genetic value 

or makeup of captive-produced individuals will have to be assessed.  This assessment 

might effectively reduce the number of birds suitable for release, hence, underscoring the 

importance of aviary practices that lead to high productivity. 

The karst region, particularly the Rio Abajo Forest, has been evaluated with 

regards to food and nest cavity availability (USFWS 1999).  Understanding the ecology 
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of resident avian species could be beneficial in singling out potential problems that parrot 

reintroduction efforts might encounter (e.g., ectoparasitism). 

To augment the knowledge base of resident avifauna in north-central Puerto Rico, 

and as the third objective of this study, I worked on the general biology of the Puerto 

Rican Woodpecker.  The biology of the species was poorly documented, and its nesting 

habits might provide insights into what Puerto Rican Parrots may face when released in 

the region.  
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CHAPTER 1 

 

DEMOGRAPHIC ASSESSMENT AND POPULATION VIABILITY ANALYSIS OF 

THE WILD POPULATION OF PUERTO RICAN PARROTS 

 

INTRODUCTION 

The Puerto Rican Parrot was listed as an endangered species in 1967 (USFWS 

1999).  The action was prompted by the sharp decline recorded during the second half of 

the 19th century and the first half of the 20th, when most of Puerto Rico was deforested  

(Birdsey and Weaver 1982).  Historically, the species had an island wide distribution, 

including the offshore islands of Vieques and Culebra, with population numbers 

presumed to be in the hundreds of thousands of individuals (Snyder et al. 1987).  By 

about 1940, the only remaining population of parrots was in the Luquillo Mountains of 

eastern Puerto Rico.  Within the Luquillo Mountains, the population size continued to 

decline from 2000 individuals, in the mid-50s, to a low of 14-17 birds during the early 

1970’s (Rodríguez-Vidal 1959, Snyder et al. 1987). 

Recovery efforts to reverse trends and prevent extinction of the parrot started in 

1968.  These focused on enhancing breeding productivity by protecting chicks from 

predation by Pearly-eyed Thrashers (Margarops fuscatus) and rats (Rattus spp.), and 

treating chicks infested with ectoparasites (e.g., Philornis; Snyder et al. 1987).  In 1973, 

the creation of a captive rearing facility also made possible fostering captive-reared 

chicks into wild nests to increase productivity (Snyder et al. 1987, USFWS 1999).  In an 

effort to further identify ways to minimize extinction risks, a population viability analysis 
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(PVA) was conducted in 1989 (Lacy et al. 1989).  The stated goals of the PVA were to 

recommend actions that would assure at least 95% probability for survival of the species 

for 100 years with retention of at least 90% of the currently available heterozygosity.  

The impetus to create a second aviary, the José L. Vivaldi Aviary located in the Rio 

Abajo Forest Reserve, stemmed from this report.  The added benefit of two aviaries was 

reducing further the probability of extinction should a catastrophic event (e.g., hurricane, 

disease) affect the wild population or the Luquillo aviary (Lacy et al. 1989).  At the end 

of the 2002 breeding season there were 136 Puerto Rican parrots in captivity housed in 

both aviaries. 

Despite 34 years of recovery efforts, the Puerto Rican Parrot continues to face a 

high risk of extinction.  Hurricane Hugo hit the Luquillo Mountains on September 18, 

1989.  The wild parrot population estimated at 47 birds (post-breeding count) was 

reduced by approximately 50%, to an estimated 23 birds (USFWS 1999).  The wild 

population recovered quickly as 42 parrots were counted in 1993.  Since 1995, the wild 

population appears to be declining again.  The pre-breeding count of 2002 yielded 20 to 

24 birds.  This was particularly disconcerting due to the fact that the 2002 pre-breeding 

count included released birds.  Ten captive-reared parrots were released in 2000, 

followed by 16 in 2001.  First year survival of birds released in 2000 was 50% and 40% 

for those released in 2001 (T. White, unpub. data, USFWS).   

Here I review cumulative demographic data of the wild population collected over 

the past 13 years and conduct a population viability analysis to update the status and 

recovery outlook of the species.  I paid particular attention to breeding productivity, a 

demographic parameter that can be influenced by management.  My motivation is to help 
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guide continuing recovery efforts in light of decreasing population counts, 

implementation of the release program, and discussions to establish a second population 

in the karst region sometime in the middle of this decade. 

 

METHODS 

I summarized breeding productivity data from 1973 to 2002.  In this work, I 

express productivity as the mean number of fledglings per nesting attempt.  This is a 

measure of net reproductive effort--I did not distinguish between chicks produced in the 

wild and those fostered from the aviary.  Wunderle et al. (2002) distinguished between 

“natural or unmanaged” and managed nests, but I did not because all nests were managed 

in some fashion.  In this work I assumed that chicks produced in the aviary, but fostered, 

and those produced in the wild do not differ in terms of survival and reproductive output 

potential.  At present, recruitment and productivity data are insufficient to make that 

determination.  

To obtain productivity estimates, I created a series of decision rules to account for 

the multiple pathways chicks could be produced and how I adjudicated production (Fig. 

1).  I identified 5 primary pathways: 

1) Chick production occurs with minimum manipulations (e.g., changing nest 

material when moist or dirty).  Production may result from the 1st clutch or 

after double clutching.  In the latter case, the first clutch would not be counted 

towards productivity estimates.  If the first clutch failed due to natural causes 

then the first and second clutch were included in productivity estimates. 

2) Chick production stems from fostering chicks from the aviary into a wild nest.   
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3) Chick production stems from fostering chicks from one wild nest to another.  

In these cases, production was adjudicated to the nest that fledged the chicks, 

not the one from which they were taken. 

4) Chick production stems from nurturing a chick in the aviary, brought in from 

a wild nest, and then, returning the chick to the same wild nest or producer 

nest. 

5) Chick production stems from nurturing a chick in the aviary, brought in from 

a wild nest, and then, returning the chick to a different wild nest.  The chick 

was adjudicated to the nest from which the chick fledged. 

 

 I used program Vortex to assess the status of the species (e.g., probability of 

survival over 100 years) and conducted a sensitivity analysis to assess the relative 

importance of selected parameters in the demography of the species.  Vortex is an 

individual-based program used to assess the viability of species via stochastic simulations 

(Miller and Lacy 1999).  To model demographic stochasticity, Vortex determines the 

occurrence of probabilistic events (e.g., reproduction, death) with a pseudo-random 

number generator.  For each life event, if the random value sampled from a specified 

distribution falls above the user-specified probability, the event is deemed to have 

occurred, thereby simulating a binomial process.  Demographic stochasticity is therefore 

a consequence of the uncertainty regarding whether each demographic event occurs for 

any given animal (Miller and Lacy 1999).  To model annual fluctuations in natality or 

death rates, or carrying capacity that might result from environmental variation, Vortex 

assigns each demographic parameter to a distribution with a mean and standard deviation 
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specified by the modeler.  Fluctuations in probabilities of reproduction and mortality are 

modeled as binomial distributions.  Environmental variation in carrying capacity is 

modeled as a normal distribution.  A catastrophe will occur if a randomly generated 

number between 0 and 1 is less than the probability of occurrence (Miller and Lacy 

1999). 

I assessed the status and persistence of the species by creating a Basic Scenario 

model.  This model reflected the current understanding of vital parameters and factors 

influencing the Puerto Rican Parrots.  Parameters for which cumulative data since 1989 

have become available are: first year mortality rate, age of first breeding, impact of 

hurricanes, and breeding productivity (Snyder et al. 1987; Lindsey et al. 1994, USFWS 

1999, Collazo et al. 2000; Wunderle et al. 2002, T. White, unpub. data, USFWS).  

Unfortunately, our understanding of the remaining input parameters since then has not 

changed, and hence, I used the range of values listed in Lacy et al. (1989).  I created other 

models (i.e., scenarios) to gain insights about the demography of the parrot (e.g., 

sensitivity analyses) and the effectiveness of recovery actions (e.g., release program).  To 

aid in the interpretation of results, I used the Basic Scenario model as a reference.  In all 

cases, I ran 1000 simulations for each model and each simulation covered a span of 100 

years.  I report the mean population size of extant and extinct populations (SD), mean 

stochastic rate of growth (SD), and persistence probability every 10 years (graphically) 

and at the end of 100 years (tabular). 

 Below I list selected input parameters for the Basic Scenario model, and when 

appropriate, I provide a rationale to justify them.  Inbreeding depression was not 

incorporated into any model (estimate not available).  Future modeling efforts will 
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benefit from results of an ongoing project aimed at assessing genetic diversity in the 

captive, and hopefully, wild population (S. Haig and J. Collazo, unpubl. data, USGS-

BRD).  Hurricanes were modeled with a probability of occurrence of 3%, the probability 

of Puerto Rico being hit by a major hurricanes (category 4 or higher) over a 100 year 

period (Lacy et al. 1989).  Over the past century hurricanes caused extensive damage to 

the currently occupied habitat in 1932 and 1989.  Localized damage resulted from 

hurricanes in 1928, 1956, and 1998 (Lugo et al. 1999).  I assumed sex ratios at birth were 

50:50 and that percent of adult females and males breeding each year was 50% (sensu 

Lacy et al. 1989).  Because current population levels are well below historical levels 

(Rodríguez-Vidal 1959), and because it is believed that food is not limiting the 

population (Thompson-Baranello 2000), I did not include any density-dependence in the 

models.  Because a population ceiling is required by Vortex to run the software, I set 

carrying capacity at 500 or ¼ the number of birds occurring in the Luquillo Mountains in 

the 1940’s (Rodríguez-Vidal 1959, Lacy et al. 1989).   

For breeding productivity(mean production per nesting attempt), I used the most 

recent estimate (1990 to 2002), or 1.56 (SD = 1.21).  This estimate is not statistically 

different from the historic average of 1.48 (SD = 1.26).  However, I felt the most recent 

estimate was the most appropriate for assessing current status and outlook.  For juvenile 

mortality, I used 60% or the average of four estimates obtained from field data, namely, 

32.5% (Snyder et al. 1987), 50% (obtained after re-analyzing data from Lindsey et al. 

1994), and 70 and 87.5% (T. White, unpubl. data, USFWS).  In the absence of data, I 

kept mortality rates of sub-adults constant at 15.2% and of adults at 8.7% (Snyder et al. 

1987).  To simulate the effects of hurricanes on reproduction, I used a reduction of 40% 
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(using Vortex’s catastrophe function for "severity with respect to reproduction = 0.60).  

This estimate was based on the effect of Hurricane Hugo had on productivity in 1990.  

“Severity with respect to survival” was set at 0.60 based on pre-breeding surveys in 1989 

and post-hurricane surveys (Lindsey 1992, USFWS 1999).  Using mortality information 

from all release studies, I estimated that the variation in juvenile mortality estimates due 

to environmental variation (EV) was 13.9%.  Estimates were obtained following 

procedures outlined by Lacy and Miller (1999).  Because of lack of information on 

subadult and adult mortality and the belief that mortality is expected to decrease with age, 

I halved this value for sub-adults (6.95%) and halved it again (3.47%) for adults.  For all 

other parameters, I assumed that EV was 25% of the parameter value, a default value 

recommended by P. Miller (Conservation Breeding Specialist Group, pers. comm., MN).  

For breeding productivity, Vortex uses the sample variance of the estimate.  In this study, 

the estimate was based on all known nests, not a subsample of nests. 

I also used Vortex to conduct sensitivity analyses.  The question of interest was: 

Which parameters, when allowed to fluctuate, had the greatest influence on population 

growth?  To conduct the analyses, I evaluated 7 parameters using 1440 permutations.  

Parameters of primary interest were: age of first breeding (AFB), maximum breeding age 

(MBA), productivity, juvenile mortality rates (J mort), adult mortality (A mort), percent 

of breeding females in the population (%Br), and hurricane severity (Hurr. Sev.) with 

respect to reproduction.  Sensitivity was expressed as the relative difference in mean 

stochastic growth rate for a given parameter, or a change in mean stochastic growth rate 

as a function of the parameter of interest.  The estimate was obtained sorting by the 
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parameter of interest, and then, averaging across all possible permutations or model 

scenarios. 

Values for age of first breeding varied from 3 (age at first breeding observed in 

the aviary) to 4 and 5, age at first breeding observed in the wild (Meyers and Lindsey 

1996; unpub. data, USFWS).  For maximum breeding age, I used 16 and 18, values that 

emerged from consensus (Lacy et al. 1989).  I used all available estimates of juvenile 

mortality (i.e., 32.5, 50, 70, 87.5%).  I used four values for adult mortality, that is, 5 %, 

8.7%, 11%, and 15%.  The range reflects values reported in the literature (Snyder et al. 

1987, Lacy et al. 1989) and it is hoped to encompass suspected increase in adult mortality 

due to Red-tailed Hawk (Buteo jamaicensis) predation in recent years (T. White, pers. 

comm., USFWS).  As an aid to the interpretation of the sensitivity of parrot demography 

to changes in survival rates, I also plotted survival curves for adults and juveniles to 

affirm the tenet that long-lived species are more succeptible to changes in adult than in 

juvenile survival (Masello and Quillfeldt 2002).  In this case, I expressed sensitivity as 

the slope of the various mean stochastic growth rates across age values.  I assumed that 

the percent of adult females and males breeding each year ranged between 50% and 60%, 

encompassing the ranges used by Lacy et al. (1989).  For “severity with respect to 

reproduction” after a hurricane, I used 0.50 and 0.60 (or reduction of 40-50%), the 

estimate based on the effect Hurricane Hugo had on productivity in 1990.  For breeding 

productivity, I used two expressions of productivity to generate numeric contrast using 

the same data set.  The first one was the mean production per nesting attempt (1.56, SD = 

1.21) from 1990 to 2002; the second was the mean production per successful nest (2.3, 

SD = 0.65) for the same time period. 
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The Puerto Rican Parrot population grew from an estimated 17-19 birds in 1972 

to 34 birds at the end of 1988 (Lindsey et al. 1994).  I used Vortex to discern, iteratively, 

the value of selected vital parameters fostering the said population growth.  To address 

this question, I modeled the population starting with a population of 18 (mid-point of 

estimate in 1972).  For all parameters, except for juvenile mortality and percent of 

breeding adults, I used the values of the Basic Scenario model.  For juvenile mortality, I 

used 32.5, 40, 50%, and for percent of breeding adults, I used 50, 60, 70%.  I singled out 

juvenile mortality rates because data are available and seem highly variable.  Life history 

of Amazon parrots consistently suggest that adult, and likely sub-adult, survival rates are 

high (e.g., Masello and Quillfeldt 2002).  My interest in the proportion of breeding adults 

stemmed from the fact that the Puerto Rican Parrot population is small and there seems to 

be little evidence of recruitment.  Therefore, a high proportion of adults are expected to 

breed.  I was interested in discerning the lower bound of the proportion that would lead to 

growth. 

I was also interested in determining what levels of breeding productivity were 

required for population growth.  To address this question, I examined population growth 

in two ways.  First, I examined growth using productivity levels recorded during the first 

and second half of the 1990s.  Second, I used productivity levels ranging from 2.0 to 3.0 

in order to determine at what level the stochastic growth rate would be positive.  As an 

estimate of variation for productivity levels, I used a CV of 50%, the lower of the two 

productivity estimates from the 1990s.  Finally, I was interested in determining how 

beneficial were the releases initiated in 2000.  The age and sex composition of 

individuals used in the supplementation models was: 6 females of age 1 and 2 females of 
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age 3; and 6 males of age 1 and 2 males of age 3.  To facilitate the interpretation of 

scenarios, I made the following simplifying assumptions: a) 16 birds were released every 

year (actual release group sizes ranged between 9 and 16; b) 1st year survival rate for wild 

and released birds was 42%.  The latter is the best estimate available for wild birds (see 

above).  For captive-reared birds, the average 1st year survival was 45% (50% for 2000, 

40% for 2001; T. White, pers. comm., USFWS,).  I also assumed that birds followed the 

survival schedule of birds of ages 1-2 and older as defined in the 1989 PVA.  I arbitrarily 

explored three scenarios: a) I supplemented the population for 3 consecutive years (3 

releases), b) every other year for 20 years (10 releases), and c) every fourth year for 20 

years (5 releases).  Breeding productivity(mean production per nesting attempt) was set at 

1.56 (SD = 1.21), the average value between 1990 and 2002. 

 

RESULTS 

 The number of active nests has fluctuated between 2 and 6 since 1973 (Fig. 2), 

being consistently higher (5-6, except for 2002) since 1991.  Recovery in the aftermath of 

Hurricane Hugo appeared to be quite rapid with parrot counts and fledgling production 

peaking in the mid-90s (Fig.3).  In recent years values for both parameters have declined, 

and currently, are about the same as in the early 90s.  Since 1973, breeding productivity 

(mean production per nesting attempt) has been 1.48 chicks(Table 1).  The first half of 

the 1990s yielded the highest production per nest, or 1.88 chicks.  This is about 52% 

more chicks fledged than during the second half of the 1990s (Table 2).  Chick 

production from 1996-2002 was highly variable (CV = 108%), only parallel to those 

recorded in the 1970s and early 1980s if one looks at the historic range of SDs per year 
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(Fig. 4).  Breeding productivity during 1990-1995 and 1996-2002 were significantly 

different (Z = 2.27, P =0.03), although one has to acknowledge that pooled variances 

were smaller than would be expected for truly independent samples because some pairs 

bred throughout the 1990s.  Differences were due to higher productivity from wild nests 

and a higher number of successfully fostered chicks from the aviary (Table 2). 

Basic Scenario model projections over 100 years were of a declining population 

(stoc. r = -0.066).  Within 10 years the mean population size (across extant populations) 

dropped from 40 to 24 individuals, and within 20 years, to 15 individuals (Fig. 5a).  The 

persistence of the population was 0--mean time to extinction was 37.4 years (Fig. 5b; 

Table 3). 

 Sensitivity analyses indicated that almost none of the parameter values used in the 

model scenarios yielded a positive, mean stochastic growth rate (Fig. 6).  Low juvenile 

mortality (32% for age 0-1) produced the only positive average stochastic growth rate 

(r>0.02).  Growth rates “improved” (although they were still negative) with increasing 

percent breeding adults, maximum breeding age, and when birds bred at age 3 or 4.  The 

same applied to higher productivity.  As expected, growth rates declined with increasing 

juvenile and adult mortality.  However, growth was more sensitive to changes in adult 

mortality (Fig. 7).  The range used for hurricane severity on reproduction had minimal 

influence on population performance.   

A positive stochastic growth rate was recorded for a few permutations.  The range 

of values for selected vital parameters, creating a vital parameter space that yielded 

positive growth, is depicted in Fig. 8a.  The need for high survival rates (adults and 

juveniles) and proportion of females breeding in the population is evident when 
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production hovers around 1.56 chicks per nesting attempt, a value similar to the average 

production since 1973, or 1.48.  Rates were relaxed (dropped) considerably when 

breeding productivity was increased as well as when age at first breeding drops to 3 or 4 

(Fig. 8b). 

 To obtain growth rates that would mimic observed population growth between 

1973 and 1989, juvenile mortality had to be ~32.5-40 % and percent breeding adults had 

to be 60-70% (Fig. 9).  Persistence probabilities for these models ranged from 92 to 97% 

(Table 3).  Increasing the mortality rate of juveniles to 50% resulted in a population 

nearly maintaining itself (stoc. r = -0.007) to one with negative growth (stoc. r = -0.047), 

and whose persistence probabilities range from 58 to 89%. 

 Relative to the Basic Scenario model, the population grew only when productivity 

levels exceeded 2.5, clearly doing so at 2.75 chicks per nesting attempt (Fig. 10a).  

Persistence probabilities ranged from 60 to 74% (Fig. 10b).  Productivity levels recorded 

from 1990-95 (1.88) and 1996-2002 (1.23) resulted in a steady population decline with 

very low persistence (0- 3%; Table 3). 

 At the average productivity since 1990 (1.56 chicks/nest attempt), 

supplementation temporarily boosted the mean population size (extant and extinct; Fig. 

11).  Persistence probabilities ranged from 1 to 10% (Table 3).  Once supplementations 

stopped, mean population size declined.  The population grew at the highest rate when 

supplementation, even if only for 3 years, was coupled with sustained high productivity 

(e.g., 2.75).  Under these circumstances, persistence was 83%.  Without any kind of 

supplementation, but at a productivity of 2.75, persistence would be 60%.   
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DISCUSSION 

 The 1989 PVA suggested that the likelihood of the Puerto Rican Parrot’s 

persistence was 65%.  Cumulative data collected since 1989, unfortunately, suggested 

that the likelihood of persistence has worsened and the outlook for the species continues 

on a path towards extinction.  Simulations suggest that the parrot could become extinct in 

nearly 40 years.  Although this projection is not strictly comparable to the one generated 

in 1989 because each projection was generated using slightly different baseline data, the 

difference of years (14) between both projections (56 years in 1989 and 40 years in 2003 

is nearly the time span between PVAs.  Despite continued recovery efforts in the last 14 

years, including the initiation of a release program, these have not translated into 

commensurate and sustained population growth. 

The bleak prognosis results primarily from the low estimates of juvenile 

survivorship (Fig 6, 9).  Other parameters whose estimates changed to the detriment of 

the species (vis-à-vis more modest estimates used in the 1989 PVA) were severity of 

catastrophes (changed from 25% to 50/60%) and age of first breeding (empirical 

evidence suggest is 4 or 5, not 3).  Model projections are still plagued by uncertainty (i.e., 

lack of reliable estimates) associated with parameters that have a substantial influence on 

the population dynamics of the parrot.  Among these is the proportion of breeding 

females in the population and survival rates of sub-adults.  In the same category are 

estimates of adult survivorship and inbreeding depression, which are assumed to be high 

and none existent, respectively.  An estimate of inbreeding depression might become 

available after the completion of the ongoing genetic assessment of the species (S. Haig 

and J. Collazo, unpubl. data, USGS-BRD).  An estimate of the former is sorely needed 
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because it is suspected that Red-tailed Hawk predation might be inflicting higher 

mortality rates on adults.  The need to reduce uncertainty in these parameters is 

underscored by declining population numbers and active nests since 1995 and a presumed 

turnover of older birds as suggested by the presence of “all new” nesting pairs in 2002. 

Available data suggest that, on average, juvenile survival is substantially lower 

(~40%) than the 67% estimated from 1973-1989 (Snyder et al. 1987).  It is likely that 

predation by Red-tailed Hawks continues to be a major factor influencing juvenile 

survival (Snyder et al. 1987), although concerns about fledglings leaving the nest 

prematurely have been raised as a contributing factor to lower juvenile survival (T. 

White, pers. comm., USFWS).  Certainly, the impact of Red-tails has become easier to 

discern in recent years with the implementation of the release program.  In June 2000, 10 

captive-reared birds were released in the Luquillo Mountains.  Of 5 recorded deaths, 3 

were inflicted by hawks with a fourth categorized as a “probable hawk death” (T. White, 

unpub. data, USFWS).  It remains unclear whether Red-tails are exacting a higher 

mortality rate on juvenile parrots just in recent years.  This is because a higher survival 

rate was necessary to match the modest, but observed growth rate of 6-7% annually prior 

to 1998 (Dennis et al. 1991, Collazo et al. 2000).  My models also suggest that a survival 

of ~60% had to be accompanied by a high proportion of adult females breeders (e.g., 

>60%).  This is consistent with the suspected proportion of breeding females in the 

population back in 1989 (Lacy et al. 1989).   

 Prior to 1973, the average breeding productivity of parrots was 0.26 - 0.58 young 

per active nest, mostly due to heavy poaching (Snyder et al. 1987).  Since recovery 

efforts started in 1973, productivity has increased to 1.48 (SD = 1.26), but has exhibited 
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high variability (CV = 85%).  Variability in breeding productivity still lingered during the 

last decade (i.e., 1.56 ± 1.21; CV = 77%).  Most of the variability stems from nestling 

mortality caused by factors such as ectoparasitism and predation despite intensive efforts 

to prevent such loses.  Since 1995, however, some nest failures were induced by double 

clutching (i.e., removal of first clutch, induce production of second clutch).  In several 

instances, the management practice was implemented without considering the experience 

of the pair (i.e., new recruit vs. old, proven pairs).  Not only was the nest attempt (and re-

nesting attempt) lost for the season, but also in some cases, the pair would not nest the 

following year.  In a population with low breeding productivity and sluggish recruitment, 

greater prudence and more stringent criteria are needed before making decisions that 

might place a nest attempt at risk.  Efforts to double-clutch should be avoided until clear 

objectives and benefits are outlined by the prospective species’ genetic management plan. 

Model outputs suggested that productivity (mean production per nesting attempt) 

somewhere between 2.5 and 2.75 chicks was needed to achieve population growth.  

Stated in another way, a production of 12 chicks per year would be needed for population 

growth.  On the basis of average production during the 1990s (1.56 chicks/nest attempt), 

it would take approximately 8 nests to meet production needs.  Unfortunately, there have 

never been more than 6 active nests recorded since 1973.  Even with a higher 

productivity (1.88 chicks/nest attempt), recorded from 1990-1995, there would be a need 

of at least 6-7 nests to produce 12 chicks/year.  Meeting required production is a very tall 

order under any circumstance, but more so given that the number of chicks fostered from 

the aviary to wild nests has decreased in the last 5-6 years.  Therefore, fostering needs to 
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be emphasized again, much like in the early 1990s, to increase productivity from nests in 

the wild in order to achieve population growth. 

The Basic Scenario model output yielded an age-class distribution with adult 

birds comprising 50% of the population (20/40), which matched closely the consensus-

reached proportion used by Lacy et al. (1989).  In light of the potential number of adults 

in the population, it has been perplexing why there has been so little recruitment of new 

pairs in the population.  The availability of nest cavities in the Luquillo Mountains does 

not seem to be a limiting factor at the current population size, or at much higher 

population sizes (Thompson-Baranello 2000).  Likewise, the possible role of social 

dominance in influencing the size of breeding population has lost support due to the high 

number of breeding pairs recorded in the aftermath of hurricane Hugo.  Whatever the 

factor(s) precluding a higher number of breeders, it is worth noting that the breeding 

population may have suffered “turnover” in the past few years.  The number of active 

nests (detectable) in 2001 and 2002 was lower and most, if not all, were from “new” 

pairs.  The lower pre-breeding counts (20-24) during the same years hint at the possibility 

that the turnover might include deaths of “older” breeders.  If so, the effective population 

size of the Puerto Rican Parrot remains at a precarious 3-4 potential pairs, much like it 

was in 1989. 

 It was disconcerting, but not totally surprising, that the demographic benefits of 

supplementing birds were relatively short-lived, in the order of 10-20 years.  Results 

suggested that bolstering the population (i.e., 16 birds/release) over short or long periods 

of time will not change the demographic outlook of the species if released birds assume 

the same demographic pathway of wild birds.  With our current state of knowledge, a 
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substantial increase in juvenile survival is needed for wild birds to emerge from a 

negative growth trajectory.  

The outlook for the wild Puerto Rican parrot population is not optimistic.  

Breeding productivity, one of two major recovery actions geared towards the wild 

population, is not expected to increase much beyond the long-term average.  Attaining 

production levels of 2.5 or 2.7 chicks/attempt annually to offset current juvenile survival 

rates does not seem realistic.  With our present knowledge, the benefits of the release 

program were not as encouraging, in the long-term, as hoped.  However, a fair 

assessment of the program will not be possible until the uncertainty associated with the 

survival trajectory of birds after the first year post-release is determined.  These findings 

temper the encouraging estimates of food and nest cavity availability reported by 

Thompson-Baranello (2000) for the Luquillo Mountains.  The contrast between 

demographic patterns and habitat attributes suggests that the Luquillo Mountains might 

be an “attractive sink” (Delibes et al. 2001).  This possibility underscores the value of 

establishing a second population (USFWS 1999).  This goal, however, should not detract 

from continuing recovery actions at the Luquillo Mountains, particularly supplementing 

the wild population with captive-reared birds (USFWS 1999, Collazo et al. 2000).  The 

biological value of the wild population is irreplaceable.
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MANAGEMENT RECOMMENDATIONS 

 

The Puerto Rican Parrot is at high risk of becoming extinct.  The value of the wild 

population is irreplaceable and cannot be compared to those in a captive setting.  All 

actions taken should be to bolster or maintain the wild population.  These actions span 

from record keeping, to fostering, to avoiding the implementation of “high risk” 

practices.  Below I list a few of these actions derived both from insights based on the 

model and from experience in the field: 

 

1) Maximize chick production in the wild through nest manipulations. 

 

2) Double clutching should be avoided unless nest failure is imminent, or clear 

objectives (e.g., genetic enhancement of captive flock) have been outlined. 

 

3) Colors and band numbers should be recorded at each nest inspection.  Accurate 

information is needed to ascertain pair identification and turnover. 

 

4) Insure the microphones from the nest to the blind are in working order as this is 

currently the best method to determine nest status other than a nest inspection. 

 

5) Pro-active management of nest cavities should be practiced.  This includes rat 

baiting and “waterproofing” cavities prior to the onset of the breeding season, and 
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treatment of nest material prior to the hatching of chicks to prevent Philornis 

infestation. 

 

6) All natural and artificial nest cavities should be inspected on a weekly basis (other 

than during the incubation stage when nest abandonment is more likely).  Priority 

should be given to active and recently active nest cavities. 

 

7) Experienced nest watchers should be placed at “problematic” nest cavities.  

Inexperienced nest watchers may actually cause nest disturbance and/or give the 

impression that nesting behavior was normal when actually there was cause for 

concern. 

 

8) All data should be transcribed into a database soon after collection.  Discrepancies 

and illegible notes need be clarified or corrected.   
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Figure 1.  Pathways used to adjudicate Puerto Rican Parrot breeding productivity for the wild 
population at the Luquillo Mountains from 1973 to 2002. 
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Figure 2.  Annual number of active nests of Puerto Rican Parrots in the Luquillo Mountains from 
1973 to 2002. 
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Figure 3.  Pre-breeding counts and number of fledglings of Puerto Rican Parrots recorded at the 
Luquillo Mountains from 1990-2002. 
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Table 1.  Mean breeding productivity (SD) (chicks fledged per nesting attempt) of Puerto Rican 
Parrots and coefficient of variation over different time periods in the Luquillo Mountains from 1997 
to 2002. 

 
 

Year 
1973-
1989 

1990-
1995 

1996-
2002 

1973-
2002 

1990-
2002 

N 76 34 34 113 68 
Mean 

Productivity 
(SD) 

1.41 
(1.31) 

1.88 
(1.01) 

1.23 
(1.33) 

1.48 
(1.26) 

1.56 
(1.32) 

Coefficient  
of Variation 0.93 0.54 1.08 0.85 0.85 
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Table 2.  Breakdown of Puerto Rican Parrot chick production by source (origin) at the Luquillo 
Mountains from 1990-1995 and 1996-2002. 

 
 

 Origin of Chicks 
Chick 

Number 
1990-
1995 

1996-
2002 

 Fledged from nest of origin in wild 88 49 39 
 Fostered from aviary to nest in the wild 11 9 2 
 Removed from the field and fledged at the aviary -17 -3 -14 

 
Fostered from one nest in the wild to another 
nest in the wild 4 4 0 

 
Brought from the field to the aviary and returned 
to nest of origin 2 1 1 

 
Brought from the field to the aviary and returned 
to a different nest in the wild 1 1 0 

 Total chicks fledged in the wild 106 64 42 
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Figure 4.  Mean productivity (SD) of Puerto Rican Parrots in the Luquillo Mountains from from 
1973 to 2002. 
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Figure 5a.  Population growth of Puerto Rican Parrots over 100 years using 1989 and 2002  
parameter estimates (e.g., juvenile survival, breeding productivity) contained in the Basic Scenario.  
Graph depicts mean population size of extant and combined (extant and extinct) simulations. 
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Figure 5b.  Comparison of population persistence of Puerto Rican Parrots over 100 years using Basic 
Scenarios for 1989 and 2002 which utilized best available data on vital parameters at the time. 
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Table 3.  Mean population size (SD), stochastic growth rate (SD), and population persistence at the 
end of 100 years for Puerto Rican Parrots.  Table summarizes the said statistics per figure 
(conservation scenario). 

 

  Model 
Mean Pop 

 Size 
(All pops) 

SD 

Mean Pop 
 Size 

(Extant 
Pop) 

SD Stoc.r SD(r) Persistence 

Fig. 5a,b Basic Scenario-2002 0.01 0.31 6 4.24 -0.066 0.192 0.002 
  Basic Scenario-1989 7.06 27.53 37.41 54.14 -0.336 0.21 0.187 

Fig. 9 32.5% J mort, 
70% Ad Breeding 49.56 35.13 50.9 34.67 0.024 0.133 0.973 

  32.5% J mort, 
60% Ad Breeding 25.9 20.21 27.92 19.71 0.002 0.142 0.924 

  32.5% J mort, 
50% Ad Breeding 12.33 11.28 14.96 11 -0.021 0.157 0.808 

  40% J mort, 
70% Ad Breeding 34.6 26.23 36.2 25.79 0.012 0.14 0.954 

  40% J mort, 
60% Ad Breeding 17.96 15.07 20.46 14.62 -0.01 0.149 0.868 

  40% J mort, 
50% Ad Breeding 8.67 7.95 11.21 7.62 -0.032 0.163 0.75 

  50% J mort, 
70% Ad Breeding 19.66 17.34 21.93 17.06 -0.007 0.148 0.889 

  50% J mort, 
60% Ad Breeding 9.73 8.99 12.44 8.68 -0.028 0.16 0.76 

  50% J mort, 
50% Ad Breeding 4.91 5.09 7.88 4.79 -0.047 0.174 0.579 

Fig. 10a,b 1996-2002 0 0 0 0 -0.085 0.192 0 
  1990-1995 0.33 1.99 9.42 6.29 -0.051 0.195 0.031 
  Prod. 2.0 1 9.72 18.13 39.16 -0.045 0.195 0.052 
  Prod. 2.25 5.41 24.6 32.04 52.99 -0.033 0.19 0.166 
  Prod. 2.50 25.02 62.39 63.3 86.44 -0.02 0.186 0.394 
  Prod 2.75 74.87 125.46 124.49 141.52 -0.008 0.179 0.601 
  Prod. 3.00 149.41 174.73 202.11 175.13 0.004 0.177 0.739 
Fig. 11 Supp 3X, Prod=2.75 168.35 169.04 202.53 165.75 0.008 0.167 0.831 
  No Supp, Prod=2.75 85.73 139.42 143.51 155.82 -0.007 0.178 0.597 

  Supp 10X(every  
other yr),Prod=1.56 1.12 4.64 10 10.99 -0.032 0.184 0.103 

  Supp 5X(every  
4th yr), Prod=1.56 0.27 1.35 6 3.68 -0.039 0.196 0.037 

  Supp 3X, Prod=1.56 0.11 0.86 5.87 3.74 -0.047 0.192 0.015 
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Figure 6. Sensitivity analysis of selected parameters influencing growth rates of Puerto Rican 
Parrots.  Mean stochastic growth rates were obtained by running 2,160 models, each replicated 1000 
times, and sorting by the parameter of interest. 
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Figure 7.  Sensitivity of mean stochastic growth rate of adult (A) and juvenile (J) Puerto Rican 
Parrots to similar percent changes in their age-specific survival rates.  The slope for adults is –0.02 
and for juveniles is –0.005. 

 



 36 

50

100

0

Mort j

210 3 41.56

70 60 50100

Mort Ad50

0

40
30

40
30
20
10

60

AFB=5

AFB=3

AFB=4

Percent Breeding
0

 
 

Figure  8a.  Range of values for selected vital parameters that would yield a positive growth rate 
(stochastic) for Puerto Rican Parrots using a Basic Scenario.  The Basic Scenario incorporated the 
best available data on vital parameters.  In this scenario, breeding productivity was set at 1.5 chicks 
per nesting attempt.  The shaded area indicates a positive growth rate. 
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Figure 8b.  Range of values for selected vital parameters that would yield a positive growth rate 
(stochastic) for Puerto Rican Parrots using a Basic Scenario.  The Basic Scenario incorporated the 
best available data on vital parameters.  In this scenario, breeding productivity was set at 2.3 chicks 
per nesting attempt.  The shaded area indicates a positive growth rate. 
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Figure  9.  Mean population size (extant and extinct) of Puerto Rican Parrots as a function of varying 
rates of juvenile mortality and percent breeding adults over a 30 year period. 
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Figure 10a.  Mean population size (extant and extinct) of Puerto Rican Parrots over 100 years as a 
function of varying levels of breeding productivity (chicks/nesting attempt).  Breeding productivity 
for 1990-1995 was 1.88; for 1996-2002 was 1.23. 
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Figure 10b.  Population persistence of Puerto Rican Parrots over 100 years as a function of varying 
breeding productivity (chicks/nesting attempt).  Breeding productivity for 1990-1995 was 1.88; for 
1996-2002 was 1.23. 
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Figure 11.  Mean population size (extant and extinct) of Puerto Rican Parrots as a function of 
varying levels of supplementation (frequency over time) and breeding productivity (chicks/nesting 
attempt). 
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CHAPTER 2 

 

BIOLOGY OF PUERTO RICAN WOODPECKERS (MELANERPES 

PORTORICENSIS) IN THE ISLAND’S NORTH-CENTRAL REGION 

 

INTRODUCTION 
 

The Puerto Rican Woodpecker (M. portoricensis) is an endemic species 

commonly found in the main island, but rarely in Vieques.  Historically, it is said to have 

inhabited St. Thomas also (Bond 1956, Cruz 1974).  The Puerto Rican Woodpecker is not 

threatened at the moment, but since its range is restricted entirely to Puerto Rico, it would 

be prudent to learn more about its biology and behavior while it is still relatively 

common.  The human population on the island is increasing steadily and the ever 

increasing demand of land for development encroaches on woodpecker habitat.   

Very little is known about the biology of the Puerto Rican Woodpecker, as is the 

case for many tropical woodpeckers (Short 1982).  Most of the available information is 

contained in field guides or reference literature (Rafaelle et al. 1998, Biaggi 1970, Short 

1982, Winkler et al.1995).  There are few instances where the Puerto Rican Woodpecker 

is referenced in the scientific literature.  Wetmore (1916) reported that they feed 

primarily on wood boring larva, ants, earwigs, coquí (an abundant tree frog in Puerto 

Rico), and small lizards.  Wallace (1969) referred to the strong sexual dimorphism of the 

Puerto Rican Woodpecker in his suggestion that niche dimensions on islands may 

provide a wide variety of food types with a low biomass of available food possibly 
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contributing to selection for niche expansion through dimorphism.  More recently, 

Villard (1999) included a chapter entitled “Island Melanerpes” in his book The 

Guadeloupe Woodpecker.  His observations on the Puerto Rican Woodpecker were brief, 

conducted from 8-13 May 1995 east of San Juan around the municipalities of Loíza and 

San Isidro.  He reported the different substrates used for nesting cavities as well as 

feeding observations at an active nest. 

The taxonomy of the Puerto Rican Woodpecker is unclear.  Endemic species of 

the genera Melanerpes are more closely allied to North American than South American 

forms.  Bond (1968) notes that M. portoricensis is close morphologically to the Red-

headed Woodpecker (M. erythrocephalus) of North America, but lacks close relatives.  It 

is possible that its closest relative is the Guadeloupe Woodpecker (M. herminieri).  This 

species could possibly have evolved from M. portoricensis stock during the Pleistocene, 

when Puerto Rico was twice its present size and extended farther eastward due to sea 

floor lowering (Cruz 1974, Lack 1976). 

Here I report on the biology of woodpeckers in the forested highlands of north-

central Puerto Rico.  Specifically, I report on their breeding biology, nest and foraging 

substrate selection, and provide preliminary data on home range.  I also compared 

woodpecker abundance among three forested habitats (karstic-secondary forest, volcanic 

secondary forest and shaded coffee plantations).  Shaded coffee plantations are among 

the three habitat types because they still are common forms of land use across the north-

central part of the island.  Although a lot of attention has been focused on their 

importance for neotropical migrants (Perfecto et al. 1996, Greenberg et al. 1997 a, b; 

Wunderle and Latta 1998, Sherry 2000), their importance to resident species should not 
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be overlooked.  Brash (1987) hypothesized that shaded coffee plantations might have 

served as a refugia during periods of widespread deforestation in Puerto Rico, 

ameliorating extinction rates. 

 

STUDY AREAS 
 

I worked in nine study sites, four were in moist subtropical secondary forests on 

karstic soils and five were in shaded coffee plantations-secondary forest sites (on lateritic 

soils) in north central Puerto Rico.  Karstic study sites were located at “Rio Abajo” 

(18°20'N, 66°42'W ), “Frontón” (18°19'N, 66°32'W),  “Cordillera” (18°19'N, 66°31'W), 

and “Dominguito” (18°29'N, 66°43'W).  Volcanic or lateritic study sites were located in 

“Frontón” (18°18'N, 66°32'W and 18°17'N, 66°33'W), “Cialitos” (18°15'N, 66°33'W),  

“Caguana” (18°17'N, 66°43'W), and “Niña Grande” (18°15'N, 66°32'W).  Average 

annual rainfall for the region fluctuates between 100-200 cm with a peak in October-

November, and a low in March-April. 

 Woodpecker nesting and foraging activities were particularly high in shaded 

coffee plantations.  For this reason, I spent a considerable amount of time recording data 

in the plantations of Cialitos and Frontón.  The Frontón study site was comprised of two 

adjacent plantations known as Don Gil and Don Juan (the owners).  Each coffee study 

site had unique features.  Cialitos was a “rustic” plantation, whereas Frontón could be 

better described as commercial polycultures according to the classification of coffee 

agroecosystems from Moguel and Toledo (1999).  The shade trees of Cialitos were 

comprised predominantly of Inga vera, Inga laurina, and Andira inermis plus species 

found in secondary forests like Cecropia schreberiana, Schefflera morototoni, Ocotea 
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spp., Alchornea latifolia, and Cordia sulcata, as well as understory shrubs like Miconia 

spp.  The canopy of the commercial polyculture was comprised predominantly of three 

species: Inga vera, I. laurina, and Andira inermis, where I. laurina was the least common 

of all.  Understory shrubs and fruiting trees, other than planted bananas and oranges, were 

scarce or absent in the commercial polyculture.  Bordering both coffee plantations were 

patches of secondary montane forest comprising 35% of the total plot area of Cialitos and 

41% of Frontón. 

 

METHODS 
 
Abundance 
 

Woodpeckers were counted from randomly selected count stations within each 

study site grid.  A continuous 30 x 30 m grid was established in each study site that 

incorporated both coffee plantation and forest, and extended for 9 ha in Cialitos and 10 ha 

in Frontón.  The same type of grid layout was established in the other study areas with 

grids ranging in size from 4 to 10 ha.  The number of stations per study site varied from 6 

to 9, keeping them at least 120 m apart to minimize duplicate counts.  With a few 

exceptions, birds were surveyed the same week on a monthly basis from 0600 to 1000 

hrs.  All detections (visual and auditory) within a 10-min period were recorded.  

Detections were recorded as within or outside (but still within the habitat of interest) a 30 

m radius.  Individuals flushed from within the station radius, as each count station is 

approached, were recorded as inside detections (Hutto et al. 1986). 

I expressed data as the mean number of detections per count station per season.  I 

assumed that detection probabilities within seasons but among forest types were similar 
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due to the conspicuousness of woodpeckers, including their call.  Woodpecker counts 

started in 1997 and continued for 11 seasons: Spring (Mar-May ’97, ’98, ’99), Summer 

(June-Aug ‘97, ‘98, ‘99), and Fall (Sept.-Nov ‘97, ‘98, ‘99) and Winter (Dec’97-Feb’98, 

Dec ’98-Feb’99).  I used a mixed linear model (PROC MIXED, SAS, 1999) with 

repeated measures to compare detections between study areas.  The response variable 

was the mean number of detections within each study site each season.  Study sites within 

FORMATION (karst or volcanic) and the interaction between study site and season were 

considered random effects.  Model terms were FORMATION, SITE (study site), 

SEASON (spring, summer, fall, winter), and the interaction between FORMATION and 

SEASON.  Data were power-transformed to meet assumptions of homogeneity of 

variances (Levene’s test, P > 0.05); however, untransformed means and standard errors 

are reported in the results. 

 

Breeding Biology 

In 1998, five study sites (3 shaded coffee and 2 secondary forest) were intensively 

searched from January to May for any evidence of woodpecker breeding activity.  In 

1999, I decided to focus on fewer study sites, mainly shaded coffee plantations, to 

monitor nesting attempts more closely.  Once nests were encountered, they were 

monitored every 2-3 days, or as frequently as needed to determine hatching and fledging 

success (Martin and Guepel 1993).  All stages of the nesting cycle were monitored using 

the Treetop II, a nest inspection tool created by Christensen Designs (now Sandpiper 

Technologies, Inc.).  A small video camera mounted in a protective housing was attached 
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to a 15.2 m extension pole and could be inserted into a cavity nest opening as small as 3 

cm in diameter. 

 

Nest Site Selection and Nesting Behavior 
 

Nest site selection was ascertained by sampling a plot centered at the tree with the 

active nest and a random, paired location (i.e., closest tree of same species and size class).  

All vegetation plots were sampled at two spatial scales: 1) all shrubs and saplings within 

a 5 m radius circle (i.e., nest site level), 2) all larger woody plants within a 11.3 m radius 

circle (i.e., patch level).  All snags falling within the 11.3 m radius were also recorded.  

Variables and procedures followed those outlined for the Breeding Biology Research and 

Monitoring Database (http://pica.wru.umt.edu/BBIRD/protocol/protocol.htm).  Logistic 

regression was used to select (identify) habitat characteristics associated with nest 

placement (JMP 1994).  Model terms included: FORMATION, SITE[FORMATION], 

paired points [FORMATION, SITE]).  Paired points referred to any given used and 

companion random site within each study site grid. 

Woodpecker behavior in and around active nests was monitored on a regular basis 

for 1-2 hours covering all stages of the breeding cycle (i.e., construction, incubation, and 

nestling).  Observations were made in the morning (sunrise – 1000 hr), mid-day (1000 – 

1400 hr), and evenings (1400 hr – sunset).  Data were expressed as mean (SE) proportion 

of time spent by selected activity.  Amount of time spent inside the cavity, on the nest lip, 

trunk, 0 - 15 meters and >15 meters was recorded to the closest minute for both the 

female and male. 
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Foraging and Home Range 
 

Two methods were used for collecting foraging observations.  Woodpeckers were 

either located using radio telemetry equipment or tracked using their vocalizations or 

pecking sounds.  Woodpeckers were tracked a minimum of two days a week.  If the 

woodpecker was foraging, substrate, height of substrate, and time was recorded when the 

bird was first located.  I recorded the coordinates of each location (observation) using 

GPS every time a bird was observed. 

Nine woodpeckers were fitted with transmitters to monitor foraging behavior and 

determine home ranges in 1999.  Woodpeckers were captured using 60 mm, 4 shelf, 

nylon mist nets.  Nets were placed on extension poles that held the tops of the nets at 

approximately 6-7 meters.  Woodpeckers were attracted to the nets by placing a slightly 

larger-than-life sized, carved woodpecker made out of balsa wood under the net and 

playing a tape of calls and drumming sounds (playback technique).  Upon capture, 

woodpeckers were color banded (2 bands on each leg).  I recorded wing cord (mm), tail 

length (mm), exposed culmen (tip to edge of feathering at the base of the bill, mm), and 

weight (g).  Morphometric data of these and woodpeckers captured in 1998 are 

summarized in Appendix 1.  I used BD-2G transmitters from Holohil Systems Ltd. in 

Ontario, Canada.  The weight of each transmitter was 1.85 g with a battery life 

expectancy of 12 weeks.  Transmitters were attached as a “backpack” using a nylon-

covered elastic that looped around the bird’s wings.  To estimate home ranges, I used the 

Animal Movement extension in ArcView.  A grid coverage with Utilization Distributions 

of 50 and 95% was plotted.  Data were overlaid on scanned Digital Raster Maps from 

USGS (Florida, PR Quad). 
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I employed randomization tests using MATLAB software to assess substrate 

preference (i.e., tree species) at Cialitos and Fronton coffee plantations (Version 5.0, 

Math Works Inc., 2001; Carlo et al. 2003).  The program randomized the N field 

observations per location (i).  In each iteration, Ni random numbers between 0 and 1 were 

generated.  Each randomly generated number was then assigned to the tree species whose 

availability interval contained the random number.  Intervals were defined based on the 

proportion of ranked density of each tree species at each location.  Thus, tree species 

received a simulated number of observations nsi that is random but allocated based on the 

proportional density of each tree species.  This procedure was repeated for 10,000 

iterations.  To determine if there was preference, the program tallied the iterations in 

which the simulated value of use (nsi) was greater than the empirical (observed) value of 

use nei for the given tree species in each location (i.e., nsi > nei).  The tally was then 

divided by total iterations (10,000) to generate a P-value (Manly 1991).  P-values were 

interpreted as the probability of observing a woodpecker (i) foraging nei times on a tree 

species under the null hypothesis of proportional use.  I used α = 0.05, Bonferroni-

corrected for multiple comparisons (α/total tree species at each location).   

 

RESULTS 

Index of Abundance 
 

Woodpeckers were detected more often in volcanic study sites (0.55 ± 0.04) when 

compared to sites in the karst (0.30 ± 0.04; F = 4.33, d.f. = 1, 7; P = 0.08; Fig. 1).  
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Significant seasonal differences in detections emerged in both karst and volcanic sites (F 

= 4.31, d.f. = 10,62; P < 0.001), with detections in Mar-May being the highest.  

Detectability appeared to be higher during the breeding season when territorial defense 

was more prevalent.  Within the volcanic formation, detections in the shade coffee 

plantations were always higher than in secondary forest sites (Figs. 2, 3). 

Breeding Biology 
 
 In 1998, there were 7 confirmed nesting attempts (3 attempts remained 

unconfirmed).  Five pairs excavated a single cavity, 3 pairs excavated two, 2 pairs 

excavated three, and 1 pair excavated four cavities.  Cavity excavation was first observed 

in January.  Of the seven active nests, four contained eggs in February, two in March, and 

one in April.  The latter nest attempt represented a second clutch after the pair had lost its 

clutch in mid-March due to heavy rainfall.  Six distinct pairs successfully hatched eggs.  

Two of the six nests were not accessible (due to height), but the presence of chicks was 

confirmed by adult behavior (e.g., adults bringing food to the cavity).  Nestlings in five of 

these nests succumbed at different post-hatching ages (i.e., day 5, 12, 16, 20, and 25), but 

I could not ascertain the cause of death.  Only one pair was able to successfully fledge 

young, a nest initiated in February (Table 1).  Although I documented 3 nestlings in the 

cavity, only two fledglings were observed. 

The pair that laid a second clutch in April, hatched 5 eggs.  On day 12 of the 

nestling stage, flies were observed at the cavity entrance.  The adult male woodpecker 

was then observed removing a dead chick from the cavity which he dropped >18 m from 

the cavity.  Whether the flies were Philornis spp., or whether they contributed to the nest 

failure could not be determined.  Another species of fly may have been attracted to the 
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chick carcass inside the nest cavity or Philornis may have been entering the cavity to 

infect the remaining live chicks.  Philornis larva only develop in living chicks.  Because 

of the unstable nature of the nesting substrate, a snag, we could not access the remaining 

chicks to determine if they were infected with Philornis.   

 In 1999, cavity excavation began again in January.  Of 9 nest attempts, 4 pairs 

were incubating in February, 3 in March, and 2 in April.  Both late nesters (incubating in 

April) were laying a second clutch.  Eight of the nine nesting attempts successfully 

hatched eggs.  Six of the nine nesting attempts successfully fledged young (Table 1). 

Active nests were observed for a total of 352 hours: 70 hrs focused on cavity 

excavation, 85 on the incubation stage, 149 on the nestling stage and 48 on potential 

cavities or to assess the possibility of cavity reuse.  Although both male and female 

woodpeckers participated in cavity excavation, males spent a significantly larger 

proportion of time excavating cavities (Table 2).  No differences were detected between 

males and females in time spent incubating and feeding chicks.  At one of the nests the 

female disappeared approximately 10 days after the chicks had hatched.  The male 

significantly increased the frequency (P < 0.05) of visits to the nest cavity (Table 3).  The 

male was able to successfully fledge 3-4 young. 

 Time spent excavating cavities varied greatly from 10 - 82 days ( x  = 37.55, SE = 

8.07, n = 9).  Incubation stage (i.e., days from second egg to first hatch) lasted 14-16 days 

( x  = 15.1, SE = 0.28, n = 10).  Nestling stage (i.e., days from hatching of first chick to 

fledging of first chick) lasted from 26-31 days ( x  = 27.8 days, SE = 0.97, n = 5).  Clutch 

size averaged 5 eggs (SE = 0.26, n = 6) and average brood size prior to fledging was 3 
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chicks (SE = 0.31, n = 7).  The mean number of fledglings/nesting attempt was 0.28 (SE 

= 0.28, n = 7) in 1998, and 2.11 (SE = 0.56, n = 9) in 1999.   

 

Nest Site Selection 
 
 Successful nests (7/17 for 1998 and 1999 combined) were found in snags as well 

as in live trees (snags-3, Laurel espada-2, Alchornia latifolia-1, and Spathodea 

campanulata-1).  The ten unsuccessful nests were found in snags and live trees as well 

(Laurel espada, Inga vera, and Schefflera morototoni; Table 4).  The mean DBH, tree 

height, and cavity height was noticeably smaller for snags compared to live trees (Table 

5).  Adults never reused a cavity between years. 

Model output suggested that location (i.e., karst or lower montane) and study site 

within location were not needed in a model to classify nesting outcomes (i.e., not 

significant terms), thus, I simplified the model.  Higher dead tree (snag) density and tree 

dbh lead to a higher probability of use for nesting (x 2 = 13.97; d.f.= 2; P < 0.001; Fig. 4).  

The classification rule is: 

____________1_____________________ 
1 + e 2.17 + -0.37 (SNAG DENSITY) + -0.04 (TREE DBH)  

This model correctly classified used trees 87% of the time and non-used trees 

86% of the time. 

 

Foraging and Home Range 
 

Foraging observations were made in 1999 in Cialitos and Frontón.  In Cialitos, 

woodpeckers exhibited preference for Ficus spp. (Table 6) and in Frontón for Spathodea 
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campanulata and snags.  Guarea guidonia was used significantly less than expected 

(Table 7).  All other substrates (e.g., tree species and snags) were used in proportion to 

their availability. 

I estimated the home range for 2 of the 9 woodpeckers instrumented in 1999, a 

breeding adult and a fledgling from adjacent territories.  The adult male transmitter lasted 

90 days and I obtained a total of 61 cumulative point locations.  The transmitter on the 

juvenile functioned for 85 days and I obtained a total of 56 cumulative point locations.  

The adult male had a home range of 7.9 ha with a core area (i.e., encompassing 50% of 

the points) of 2.2 ha.  The juvenile male had a home range of 14.4 ha with 2 core areas 

covering 2.9 ha. (Fig. 5).  There were not enough observations for the remaining birds for 

home range calculation (Appendix 2 and 3). 

It is noteworthy that a female woodpecker was likely predated by a Red-tailed 

Hawk.  The female was captured on 7 April 1999, observed on 5 occasions until 20 April.  

On 22 April, the signal disappeared as a Red-tailed Hawk flew behind a ridge.  The signal 

was again detected on 18 May around a coffee plantation in Cialitos in concert with the 

movement of a Red-tailed Hawk (I assumed the harness was tangled in the hawk’s 

talons.). 

DISCUSSION 

Woodpecker detections were consistently higher in lower montane/shaded coffee 

plantation sites when compared to sites in karst topography.  The exception to the above-

mentioned patterns was Rio Abajo, a study site in the karst region.  The finding was 

puzzling because not a single active nest was found during searches of nesting activities 

in 1997, 1998, and 1999 in several tracts of the forest (Collazo and Groom 2000).  It is 
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possible that woodpeckers were using this site primarily for foraging and were nesting in 

the surrounding forest (e.g., limestone hill tops).  The home range of one of the breeding 

males suggests this possibility.  However, the ecological basis for not breeding in the 

exotic-dominanted forests is unclear.  My work demonstrated that woodpeckers are adept 

at using exotic tree species to nest (e.g., Spathodea).  In any case, if within season 

differences in detection reflect patterns of abundance, then my results exemplify the 

limitations of relying solely on an index of avian abundance as an indicator of habitat 

quality or breeding activity (see Van Horn 1983, Martin 1992, Vickery et al. 1992).   

 Management, past and present, in shaded coffee plantations may help explain the 

high number of detections in shaded coffee sites as compared to secondary forests.  Mean 

detections at Don Juan ( x  = 0.89, SE = 0.31) and Don Gil ( x  = 0.77, SE = 0.18) were 

among the highest in this study.  Management results in higher number of dead trees as 

trees are girdled routinely to “create openings” in the shade.  Snags can be used as 

foraging and nesting substrates, as this study has shown.  Indeed, girdling or notching has 

been suggested as a potential method of providing foraging substrates for other 

woodpecker species (Aulén 1991). 

The onset of reproduction during my study was in January, with the majority of 

incubation occurring in February and March.  Second nesting attempts were recorded in 

April.  This chronology matched Raffaele’s et al. (1998).  Reference and other literature 

report that woodpeckers breed during March-May (Wetmore 1916, Biaggi 1970, Short 

1982, Winkler et al.1995).  Although most authors report a clutch size of 4 eggs, the 

average observed clutch size during my study was 5 (n = 6, SE = 0.26), with only one 

cavity containing 4 eggs.  Nest success varied greatly from year to year.  In 1998, only 1 
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out of 7 active nests successfully fledged young, whereas in 1999, 7 out of 9 did so.  The 

fact that woodpeckers are capable of re-nesting, and perhaps raise a second brood, might 

enable them to deal with years of poor reproductive output, thereby, maintaining 

population stability (Martin 1995, Farnsworth and Simons 2001). 

The contrast in breeding productivity between 1998 and 1999 might have been 

mediated by higher food availability in the aftermath of hurricane Georges in September 

1998.  Major outbreaks of arthropods have been known to occur in the aftermath of 

hurricanes (Torres 1992).  Wunderle et al. (1992) reported that insectivore populations in 

the mountains of Jamaica were less vulnerable than fruit/seedeaters and nectarivores to 

the effects of a hurricane’s high winds and rains.  Arthropod populations, because of 

shorter life cycles and rapid reproductive rates, are capable of recovering more quickly 

than vegetation.  Bird species that rely on a food source with a high diversity and 

turnover rate (i.e. arthropods) could buffer insectivorous birds from hurricane-induced 

food shortages (Wunderle et al. 1992).  Higher food availability, coupled with the ability 

of woodpeckers to use disturbed (managed) habitats, probably contributed to the higher 

nesting success in 1999.  Another possibility is that the hurricane had no effect on the 

woodpecker population and that the higher rainfall resulted in higher food availability 

and a higher nesting success in 1999. 

 I could not ascertain the causes of chick mortality, particularly in 1998.  However, 

I would like to advance two possibilities.  The first one is the infestation of chicks with 

ectoparasites carried by adults.  In 1998, I captured 22 adult woodpeckers (16 males and 

6 females).  Of these, 50% (8 males and 3 females) were infected with fly larvae 

(Philornis).  This is in sharp contrast to the 8 individuals examined in 1999, none of 
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which were infected.  The adverse impact of this ectoparasite on chick, nestling and adult 

survival has been well documented (Arendt 2000).  For example, a light Philornis 

infestation (2-4 larva/ chick) of two nestling Puerto Rican Parrots (8 and 11 days old) was 

responsible for their death in 2002 (USFWS, unpubl. data).  Arendt (2000) found that “In 

the rain forest, the effects of Philornis are of less consequence to adult thrashers than to 

their young in which most mortality (often as high as 80% in the first year) is caused by 

infesting fly larva.  He also found that botfly ectoparasitism varies significantly from 

month to month and year to year, and was generally correlated with rainfall.  In this 

study, however, rainfall was lowest in the year of greater incidence of infestations.  

Cumulative rainfall for Feb-May 1998 was 256 mm whereas it was 401 mm in 1999.  

Philornis infestation has also been reported for the Hispaniolan Woodpecker (Villard 

1999), although its effect on chick survival was not reported.  In another study, 84 

Hispaniolan Woodpeckers were examined, of which 19% had 1 mm long fly larvae 

(Philornis pici) living beneath the skin (Albaine Pons & Grullón Peña 1981).  These 

studies, and mine, suggest that ectoparasite infestation in woodpeckers can be prevalent.  

It remains to be determined if it plays a substantive role in their population dynamics, as  

has been found for other species (e.g., Pearly-eyed Thrashers, Arendt 2000).  Certainly, 

higher productivity in 1999 may have been correlated to a lower adult infestation.   

 Another potential source of chick mortality could have been dehydration and/or 

hyperthermia.  I invoke this possibility because studies have suggested that microclimate 

in a nest cavity is related to the stage of nest tree decay.  In this study, 33 to 50% of the 

nesting attempts were successful.  Although I did not quantify it, I noticed that the 

temperature in cavities (e.g., when banding chicks) was noticeably higher than the 
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ambient temperature.  In one instance, I noticed that one set of chicks was even panting 

and appeared lethargic.  This observation, coupled with observed panting of some adults 

at the nest lip during the excavation and incubation stages, makes one ponder about the 

possibility of hyperthermia and/or dehydration as the cause of chick mortality.  This 

possibility has been documented in other cavity nesters.  For example, Van Balen and 

Cavé (1970) and Mertens (1977) found Great Tit (Parus major) nestlings that hatched 

after the end of May were at a greater risk of incurring hyperthermia, thus reducing their 

chances of survival.  Mertens (1977) found that when chicks are exposed to temperatures 

near the upper limit of the thermoneutral zone, they will start panting.  If the temperature 

exceeds the upper limit, the birds are unable to keep their body temperature below a fatal 

level (Van Balen and Cavé 1970, cf. King and Farner 1961).  Van Balen and Cavé (1970) 

found that mortality caused by hyperthermia only occurred at temperatures above 30˚ C.  

However, “water loss by evaporation increases with brood size and becomes apparent at 

much lower temperatures than mortality by hyperthermia" (Van Balen and Cavé 1970). 

 There is no evidence, from this study or from the literature, to believe that the 

status of the Puerto Rican Woodpecker is in danger.  It would definitely be useful to 

better understand the underlying causes of the poor productivity in 1998, and the 

frequency and implications of such poor reproductive years.  The value of this study lies 

primarily on augmenting the knowledge about the natural history of another endemic 

species.  Information on the natural history is necessary to help understand the potential 

impacts of an ever-expanding human population, and equally important, habitat 

conservation needs.  Puerto Rico is heavily populated (430 humans/square kilometer).  

With a land area of about 9,100 square kilometers and an expected human population 
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increase of over 500,000 in the next 20 years ), conservation challenges will certainly 

become more poignant (http://www.library.uu.nl/wesp/populstat/Americas/puertrig.htm). 
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Figure 1.  Mean number of Puerto Rican Woodpecker detections per count station across seasons in 
north-central Puerto Rico, 1997-1999. 
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Figure 2.  Mean number of Puerto Rican Woodpecker detections per count stations across seasons in 
secondary forests growing in the karst region of north-central Puerto Rico, 1997-1999. 
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Figure 3.  Mean number of Puerto Rican Woodpecker detections per count station across seasons in 
lower montane and shaded coffee plantations in north-central Puerto Rico, 1997-1999. 
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Table  1.  Summary of breeding productivity by nest in secondary forests (lower montane) and 
shaded coffee plantations in north-central Puerto Rico, 1998 and 1999. 

 

Year Nest # eggs Max Brood 
Size 

Min. # 
fledged 

Max. # 
fledged Fledged chicks observed 

1998 Sondra's Nest 6-7 3 NA NA NA 

1998 Juan's Nest UNK UNK 2 3 
Family group of 4 obs. 2 weeks after 
fledging 

1998 Schefflera Curva 3 NA NA NA NA 
1998 Laurel Grande UNK UNK NA NA NA 
1998 Pendiente UNK UNK NA NA NA 
1998 Primeros Pichones UNK UNK NA NA NA 
1998 Banded chicks 5 3 NA NA NA 
1999 Laurel Grande UNK UNK 3 4 3-4 

1999 Tulipan Vivo UNK 4 3 4 
Family group of 5 seen 11 days after 
fledging 

1999 Pollo 5 UNK 3 5? 2 females and 1 male chick observed 

1999 Inundado 4 NA NA NA NA 
1999 Fenologia 5 5 NA NA NA 

1999 Achiotillo UNK 3 1 3 
1 obs out of cav and another still at nest 
lip, then cavity empty and family group 
not obs. 

1999 Nido de Gerald 5 5 1 5 
Chicks not seen leaving the cavity but 
sequentially less in cav (3-2-0) so 
assume fledged. Male obs. w/1 male 
chick. 

1999 Barrako UNK 3 1 2 
1 chick looked pale (possibly dead) in 
video.  Saw 2 healthy, but only 1 female 
chick obs. after fledging. 

1999 Barrako 5 5 NA NA NA 
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Table 2.  Mean time (minutes) spent by female and male Puerto Rican Woodpeckers constructing 
nest cavities, incubating and feeding chicks in nests found in secondary forests (lower montane) and 
shaded coffee plantations in north-central Puerto Rico, 1998 and 1999.  Means were derived by 
summing all observations for the given nesting stage (construction, incubating, and feeding) and 
dividing by the total time observed during that particular stage. 

 
 

Stage Construction Incubating Feeding 

  N 0 SE N 0 SE N 0 SE 
Female 40 11.69* 2.74 45 46.33 4.39 81 12.97 2.44 

Male 40 22.32 2.74 45 45.69 4.39 81 15.03 2.44 
  *Significant, P<0.05, ANOVA    
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Table 3.  Feeding frequency of chicks by a male Puerto Rican Woodpecker before and after the 
disappearance of the female in a nest found in a shaded coffee plantation in north-central Puerto 
Rico, 1998. 

 
 

0 Female 
Present/Absent N 

(visits/min.) 
Std. Dev. 

Laurel Grande Male 
w/Female 

4 0.044* 0.010 

Laurel Grande Male 
wo/Female 

7 0.090 0.019 

 *Significant, P<0.05, Wilcoxon Test 
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Table 4.  Snags and tree species used for nesting attempts and nesting by Puerto Rican Woodpeckers 
in secondary forests (lower montane) and shaded coffee plantations in north-central Puerto Rico, 
1998-1999. 

 
 
Successful/ 

Unsuccessful FINCA Year TREE SPECIES DBH TREE HT.(M) CAV HT.(M) 
S Cialitos 99 Snag 22.5 7.92 3.56 
S Don Juan 99 Snag 32.5 7.72 6.15 
S Cialitos 98 Snag 30 10.67 5.82 
S Don Gil 99 Laurel espada 89.8 22.86 16.76 
S Cialitos 99 Laurel espada 105 19.81 14.2 
S Cialitos 99 Alchornea latifolia 59.3 15.85 12.19 
S Don Gil 99 Spathodea campanulata 54.7 15.24 7.32 
U Don Juan 99 Snag 36.6 10.8 10.21 
U Cialitos 98 Snag 25.4 12.5 6.6 
U Cialitos 98 Snag 29.2 NA 6.4 
U Don Juan 98 Snag-Inga vera 34.6 9.66 2.9 
U Don Juan 98 Snag-Inga vera 53 8.76 8.26 
U Don Juan 99 Snag-Cecropia schreberiana  28.2 12.47 12.22 
U Don Gil 98 Laurel espada 89.8 22.86 17.37 
U Cialitos 99 Laurel espada 105 19.81 14.2 
U Don Juan 98 Inga vera 32.4 17.37 14.05 
U Cialitos 98 Schefflera morototoni  48.5 16.15 10.19 
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Table 5.  Comparison of three structural variables of successful and unsuccessful nesting attempts in 
snags and live trees of Puerto Rican Woodpeckers in north-central Puerto Rico, 1998-1999. 

 
 

Type N Mean DBH (SE) Mean Tree Ht.(SE) Mean Cav. Ht.(SE) 
Snag 9 32.44 (2.95) 10.06 (0.66) 6.90 (0.99) 
Live Tree 8 73.06 (9.80) 18.74 (1.08) 13.28 (1.17) 
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Figure 4.  Probability that a tree of a given size or dead tree (snags/0.04 ha) will be used for nesting 
by Puerto Rican Woodpeckers in secondary forests (lower montane) and shaded coffee plantations in 
north-central Puerto Rico, 1998-1999. 
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Figure 5.  Home range of a juvenile (Tulipan Vivo) and an adult male (Pollo Muerto) Puerto Rican 
Woodpecker in north-central Puerto Rico, 1999.   

 



 74 

 
Table 6.  Summary of preference assessment of substrates (tree species) used by Puerto Rican 
Woodpeckers in the Cialitos coffee plantation, north-central Puerto Rico in 1999.  P-up signifies 
preference; p-down signifies avoidance.  P-values represent expected probability of observing a 
woodpecker foraging n times on a tree species under the null hypothesis of proportional use. 

 
 

CIALITOS 
Species density/ha obs p-up p-down 
Alchornea latifolia 41.360 5 0.039 0.991 
Alchorneopsis portorricensis 2.507 0 1.000 0.890 
Andira inermis 94.000 2 0.951 0.159 
Buchenavia capitata 7.520 0 1.000 0.691 
Casearia arborea 5.013 0 1.000 0.787 
Casearia sylvestris 12.533 0 1.000 0.557 
Cecropia schuberiana 6.267 1 0.259 0.962 
Citrus paradisea 1.253 0 1.000 0.944 
Citrus sinensis 7.520 0 1.000 0.698 
Clusea rosea 1.253 0 1.000 0.944 
Cordia sulcata 45.120 1 0.889 0.370 
Cupania americana 3.760 0 1.000 0.836 
Dacryodes exelsa 1.253 0 1.000 0.941 
Desconocido (Ficus) 1.253 2 0.001 1.000 
Eugenia sp. 3.760 0 1.000 0.836 
Ficus citrifolia 16.293 0 1.000 0.464 
Guarea guidonea 62.667 0 1.000 0.043 
Hormosia krugi 2.507 1 0.114 0.993 
Inga laurina 35.093 2 0.494 0.773 
Inga vera 88.986 7 0.109 0.955 
Magnolia portorricensis 1.253 0 1.000 0.942 
Mangifera indica 1.253 0 1.000 0.944 
Nectandra sp. 3.760 0 1.000 0.839 
Ocotea floribunda 7.520 0 1.000 0.696 
Ocotea leucoxylon 27.573 0 1.000 0.263 
Shefflera morototoni 43.867 2 0.625 0.662 
Syzygium jambos 5.013 1 0.215 0.977 
Tetragastris balsimifera 1.253 0 1.000 0.943 
Snag 1.253 1 0.058 0.998 
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Table 7. Summary of preference assessment of substrates (tree species) used by Puerto Rican 
Woodpeckers in the Fronton coffee plantation, north-central Puerto Rico in 1999.  P-up signifies 
preference; p-down signifies avoidance.  P-values represent expected probability of observing a 
woodpecker foraging n times on a tree species under the null hypothesis of proportional use. 

 

 
 

 

Fronton 
Plant density obs p-up p-down 
Alchornea latifolia 1.754 0 1.000 0.785 
Casearia sylvestris 0.877 0 1.000 0.890 
Citrus spp. 19.298 0 1.000 0.068 
Chrysophyllum argenteum 3.509 0 1.000 0.615 
Erythrina sp. 0.877 0 1.000 0.889 
Cupania Americana 0.877 0 1.000 0.885 
Guarea guidonia  69.298 2 1.000 0.002 
Inga vera  100.877 21 0.016 0.993 
Jobillo  5.263 0 1.000 0.490 
Lauracea spp. 18.421 0 1.000 0.076 
Melastomatacea   5.263 0 1.000 0.487 
Andira inermis 76.316 10 0.602 0.537 
Cordia sulcata 1.754 1 0.204 0.977 
Dendropanax arboreous 7.018 0 1.000 0.382 
Cecropia schreberiana 15.789 1 0.891 0.353 
Schefflera morototoni 29.825 1 0.985 0.080 
Persea Americana 0.877 1 0.113 0.994 
Spathodea campanulata 0.877 4 0.000 1.000 
Snag 0.877 8 0.000 1.000 
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Appendix 1.  Mean (SE) and individual morphometric data of Puerto Rican Woodpeckers 
(Melanerpers portoricensis) captured in north-central Puerto Rico in 1998 and 1999. 
 

Sex N Wing (SE) Tail (SE) Exposed  
Culmen (SE) Wt.(SE) 

Female 11 116.54 (1.12) 73.27 (0.99) 24.04 (0.39) 62.54 (1.33) 
Male 19 123.71 (0.85) 74.47 (0.76) 28.05 (0.30) 75.49 (1.01) 

 
 

YR Sex Wing Tail E Culm Wt. 
98 F 116 68 23.3 60 
98 F 119 73 22.8 61 
98 F 118 74 24.8 62 
98 F 115 72 22.8 63 
98 F 117 79 23.7 64 
98 F 115 71 24.3 65 
99 F 112 75 21.8 57 
99 F 110 70 25.4 57 
99 F 115 74 24.6 61 
99 F 124 75 26.6 63 
99 F 121 75 24.4 75 
98 M 126 73 25.4 64 
98 M 129 78 28.3 70 
98 M 121 74 29 72 
98 M 125 78 27.3 74 
98 M 123 78 27.5 74.4 
98 M 126 76 27.3 74.5 
98 M 118 73 26.3 74.5 
98 M 122 75 27.5 75 
98 M 125 72 27.9 76 
98 M 116 72 29.2 76 
98 M 120 73 28.7 76.5 
98 M 120.5 70 27.5 77 
98 M 127 73 26.5 77.5 
98 M 128 73 28.3 78 
98 M 122 67 28.85 81 
98 M 124 75 30.5 84 
99 M 126 76 30.1 74 
99 M 123 76 28.1 78 
99 M 129 83 28.8 78 
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Appendix 2.  Locations of Puerto Rican Woodpeckers instrumented in Cialitos.  Data 
were insufficient to estimate home range (Tuerto: N=11, Helecho: N=5). 
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Appendix 3.  Locations of Puerto Rican Woodpeckers instrumented in Las Delicias .  
Data were insufficient data to estimate home range (male: N=2, female: N= 5). 
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