ABSTRACT

Borkhataria, Rena Rebecca. Ecological and Political Implications of Conversion from
Shade to Sun Coffee in Puerto Rico. (Under the direction of Jaime Collazo.)

Recent studies have shown that biodiversity is greater in shaded plantations than
in sun coffee plantations, yet many farmers are converting to sun coffee varieties to
increase short-term yields or to gain access to economic incentives. Through conversion,
ecosystem complexity may be reduced and ecological services rendered by inhabitants
may be lost. I attempted to quantify differences in abundances and diversity of predators
in sun and shade coffee plantations in Puerto Rico and to gain insight into the ecological
services they might provide. I also interviewed coffee farmers to determine the factors
influencing conversion to sun coffee in Puerto Rico and to examine their attitudes toward
the conservation of wildlife.

Avian abundances were significantly higher in shaded coffee than in sun (p =
0.01) as were the number of species (p = 0.09). Avian species that were significantly
more abundant in shaded coffee tended to be insectivorous, whereas those in sun coffee
were granivorous. Lizard abundances (all species combined) did not differ significantly
between plantations types, but Anolis stratulus was more abundant in sun plantations and
A. gundlachi and A. evermanni were present only in shaded plantations. Insect
abundances (all species combined) were significantly higher in shaded coffee (p = 0.02).

I used exclosures in a shaded coffee plantation to examine the effects of
vertebrate predators on the arthropods associated with coffee, in particular the coffee leaf

miner (Leucoptera coffeela) and the flatid planthopper Petrusa epilepsis, in a shaded



coffee plantation in Puerto Rico. Treatments included exclusion of birds, lizards, birds
and lizards, and no exclusion. I found that birds had a significant effect on the abundance
of Petrusa epilepsis and on insects > 5 mm in length. Combined insect species
abundance as well as abundance of insects 2-5 mm and 5-10 mm varied significantly by
treatment and removal of both birds and lizards had a larger effect than the removal of
either taxa alone. Vertebrate predators exerted little influence over the coffee leaf miner,
nor did they appear to appear with the leaf miner’s natural enemies, a complex of
parasitoid wasps.

In the survey of 100 coffee farmers, I found that sun coffee was substantially
more prevalent than shaded coffee, both in number of farms and in land area devoted to
its production. The average sun coffee plantation was significantly larger than the
average shaded plantation (p = 0.02). Reasons for conversion from shade to sun coffee
included higher yields, recommendations by agronomists, and incentives from the
government.

Farmers placed high conservation value on species that are rare or provide
services to humans. Vertebrate insectivores were more diverse and abundant in shaded
coffee and may provide a service to farmers by depressing total insect numbers and
preventing outbreaks of the planthopper Petrusa epilepsis. Furthermore, they did not
interfere with parasitism of the coffee leaf miner by parasitoid wasps.

I conclude that governmental incentives for shaded coffee have a high probability
of success, since coffee growers are highly dependent upon assistance from the

government.
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CHAPTER 1

Abundances of birds, lizards, and insects in shaded and sun coffee: Implications for

biological control of coffee pests

ABSTRACT: A variety of studies have shown that shaded coffee provides habitat for
birds and other organisms, and may serve as a refuge for biological diversity. Few
investigate more than one taxon at a time, precluding more comprehensive assessments
of biodiversity and beneficial interrelationships. I surveyed birds, lizards and insects in 3
sun and 3 shaded coffee plantations in Puerto Rico to determine whether the abundance
of coffee pests and potential predators and parasitoids differed between shaded and sun
coffee plantations. Avian abundances (all species combined) were significantly higher in
shaded coffee than in sun (p = 0.01) as were the number of species (p = 0.09). Avian
species that were significantly more abundant in shaded coffee tended to be
insectivorous, whereas those in sun coffee were granivorous. Lizard abundances (all
species combined) did not differ significantly between plantations types, but Anolis
stratulus was more abundant in sun plantations and A. gundlachi and A. evermanni were
present only in shaded plantations. Insect abundances (all species combined) were
significantly higher in shaded coffee (p = 0.02). Of these, insects in the orders
Coleoptera, Diptera, Hemiptera, Hymenoptera, Lepidoptera, Neuroptera, and Psocoptera
were significantly more abundant in shaded coffee, while orthopterans were more

abundant in sun. A known coffee pest, the coffee leaf miner (Leucoptera coffeela)) and a



potential pest, Petrusa epilepsis (Homoptera: Flatidae) did not differ significantly
between plantation types. My findings confirmed that shaded plantations harbor a wide
array of elements of biodiversity, many beneficial to farmers, and in many cases
occurring at higher abundances than in sun plantations. The broad taxonomic approach
adopted in this study provides additional justification for the formulation of holistic

ecological strategies concerning management of these agroecosystems.

INTRODUCTION

Traditional shade coffee plantations provide habitat for many vertebrate and
invertebrate species and may serve as refuges in disturbed landscapes (Brash 1987,
Perfecto et al. 1996, World Resources Institute et al. 1998). Coffee may be planted as the
understory layer within an existing natural forest, or more typically, among leguminous
nitrogen-fixing trees (Inga spp., Gliricidae spp.) and crop or timber producing trees that
can provide an alternate or additional source of income (Rice 1993, Perfecto et al. 1996,
Greenberg et al. 1997, World Resources Institute et al. 1998). Studies have documented
that structurally complex plantations are used by insects (Robinson and Robinson, 1974,
Moron and Lopez-Mendez 1985, Ibarrara-Nunez 1990, Nestel and Dickshen 1990,
Perfecto et al. 1996), mammals (Estrada et al. 1993, Estrada and Coates-Estrada 1994),
and birds (Borrero 1986, Parrish and Petit 1995, Greenberg et al. 1997, Wunderle and
Latta 1998, Wunderle and Latta 2000).

The past 20 years, however, have seen a shift away from the traditional



management of coffee under a shade canopy and toward the “modernized” production of
coffee without shade. Recent studies have shown that biodiversity is greater in shaded
plantations than in sun coffee plantations, yet many farmers are converting to sun coffee
varieties to increase short-term yields or to gain access to economic incentives (Perfecto
et al. 1996). Equally important, though largely ignored, is that through conversion,
ecosystem complexity may be reduced and ecological services in the form of biological
control of coffee pests by natural enemies may be lost.

The most serious pest of coffee in Puerto Rico is the coffee leaf miner
(Leucoptera coffeela [Lepidoptera, Lyonetiidae]). The larvae of this small moth
penetrate the leaf surface and bore into the mesophyll of the coffee leaves, producing
irregular brown spots on the leaf surface. This damage can reduce up to 50% of the
photosynthetic activity of the leaves and cause defoliation of the tree, reducing plant
yields by up to 40% (Gallardo-Covas 1992). While leaf miners attack both sun and
shaded coffee trees, mean miners per leaf and percentage of infested leaves have been
shown to be higher under shade than in full sunlight (Vicente-Chandler et al. 1968).

Despite being a serious pest, relatively little is known about the life history or
ecology of its natural enemies. The role of birds as biological controls remains largely
undocumented. In 1968, Le Pelley (1968) recognized that “...coffee entomologists are
seldom ornithologists, otherwise there would certainly be more written about birds in
coffee and their influence on insects and on the plant.” Since then, it has been shown that
birds reduce the abundance of large arthropods on coffee plants and may reduce damage

to coffee leaves due to herbivory (Greenberg et al. 2000 but see Chapter 2). I have also



found that birds reduce the abundance of the planthopper Petrusa epilepsis (Homoptera:
Flatidae; Wolcott 1948) on coffee plants (see Chapter 2). Although the planthopper is
not considered a major pest of coffee in Puerto Rico, it is known to damage jasmine vines
and is abundant on coffee (Wolcott 1948). Many species of birds prey on this species
(Wetmore 1916).

In contrast to birds, the ecological role of lizards in coffee plantations is virtually
unknown. Lizards in the genus Anolis are insectivorous, semi-arboreal lizards that may
reach extremely high population densities in the West Indies (Heckel and Roughgarden
1979). Eleven species of Anolis are present in Puerto Rico (Rivero 1998), and of these, 8
are found in coffee plantations (personal observation). Anoline lizards have been shown
to reduce arthropod abundances and to reduce leaf damage due to herbivory in other
systems (Pacala and Roughgarden 1984, Spiller and Schoener 1994) but little is known
about their effect on arthropods in coffee.

Parasitic wasps are among the arthropods that constitute a complex of natural
enemies of the coffee leaf miner. Wolcott (1947) reported 10 species of parasitic wasps
reared from coffee leaf miner larvae in Puerto Rico. In a more recent survey of coffee
leaf miner parasitoids, Gallardo-Covas (1988) reported 6 species of parasitoid on the
coffee leaf miner. These included 1 wasp in the family Braconidae: Mirax insularis
Muesebeck; and 5 in Eulophidae: Chrysocharoides sp., Zagrammosoma sp.,
Cirrospiloideus sp., Horismenus sp., and Chryonotomyia sp. The braconid, Mirax
insularis, was introduced into Puerto Rico from Guadeloupe in 1937 as a biological

control agent. Mirax insularis destroys 65-80% of coffee leaf miner larvae in



Guadeloupe (Le Pelley 1973) but despite its establishment throughout the coffee growing
regions of Puerto Rico, it was found to reduce parasitism by only 5.9-7.1% (Gallardo-
Covas 1988). Overall parasitism rates by the entire parasitoid complex were 19.5-23.5%
(Gallardo-Covas 1988).

Coffee is a traded commodity of great value, second only to oil worldwide (World
Resources Institute et al. 1998). Because of its importance in the world market, it is
pertinent to examine the ecological consequences of modernizing coffee production.
Unfortunately, assessments have been narrow in scope, whether they address loss of
biodiversity or ecological functions. For example, most recent studies focus on
biodiversity and the value of shaded coffee plantations as habitat for wildlife (Perfecto et
al. 1996). Emphasis has been on avian species, primarily Neotropical migrants (e.g.,
Wunderle and Latta 1996, Greenberg et al. 1997a, b) and only recently has their
ecological role within plantations been addressed (Wunderle and Latta 1998, Greenberg
et al. 2000). The ecological roles of other taxa (e.g., lizards, insects) and their potential
for pest control remain largely unstudied and present an important field for research
(Sherry 2000).

Here I report on the abundance of birds, lizards and arthropods in 3 modernized
“sun” plantations and 3 traditional “shade” plantations in Puerto Rico. I adopted this
approach to provide a more comprehensive comparison of biodiversity between
plantations types, and to identify and quantify the abundances of potential biological
controls of leaf miners and other potential coffee pests. I addressed the following null

hypotheses:



Hoi: Abundances of coffee pests and potential pests, including Leucoptera
coffeela and Petrusa epilepsis, do not differ between plantation types.
Hai: Coffee pests and potential pests are more abundant in shaded than in sun
coffee.
Ho2: Abundances of predators of insects and/or parasitoids belonging to avian,
lizard, and arthropod taxa do not differ between plantation types.
Has: Predators of insects and/or parasitoids are more abundant in shaded coffee.
objectives by testing the hypotheses that coffee pests and potential pests are more
abundant in sun than in shaded coffee and that the predators and parasitoids of insects are

more abundant in shaded coffee than in sun.

METHODS

Study Areas—I sampled birds, lizards and arthropods in 6 coffee plantations in north-
central Puerto Rico during April-June 2000. The plantations were located in the barrios
of Sabana Grande, Vivi Arriba, and Mameyes, in the municipality of Utuado, and in
Fronton, Cialitos, and Pozas in Ciales. Plantations ranged in elevation from 336-515 m
(Table 1). Shaded coffee plantations consisted of a layer of irregularly spaced coffee
trees (mostly Coffea arabica but some C. canephora) 2-4 m in height with somewhat
open physiognomy under a multi-strata canopy of shade trees such as Andira inermes,
Inga vera, Guarea guidonia, Spondias mombin, Spathodea campanulata, assorted citrus

trees, and banana and plantain plants (Musa spp.). Sun coffee plantations were



characterized by closely spaced coffee trees (sun tolerant hybrids of C. arabica) of short
stature (2-3 m) with dense foliage. Canopy cover was lacking in sun coffee plantations
although isolated shade trees such as 1. vera, and S. campanulata were sometimes
present. Musa spp. and citrus trees were common in both sun and shade plantations.
None of the plantations used in this study had applied chemical pesticides within at least
2 years, but all but one used herbicides such as Round-up.

Avian species commonly encountered in coffee farms included the Bananaquit
(Coereba flaveola), Black-faced Grassquit (7iaris bicolor), Black-wiskered Vireo (Vireo
altiloquus), Black-cowled Oriole (Icterus dominicensis), Gray Kingbird (Tyrannus
domincensis), Green Mango Hummingbird (Anthracothorax viridis), Loggerhead
Kingbird (Tyrannus caudifasciatus), Mangrove Cuckoo (Coccyzus minor), Northern
Mockingbird (Mimus polyglottus), Northern Parula (Parula americana), Orange-cheeked
Waxbill (Estrilda melpoda), the Pearly-eyed Thrasher (Margarops fuscatus), Puerto
Rican Bullfinch (Loxigilla portoricensis), Puerto Rican Emerald Hummingbird
(Chlorostilbon maugaeus), Puerto Rican Flycatcher (Myiarchus antillarum), Puerto
Rican Peewee (Contopus latirostris), Puerto Rican Tody (Todus mexicanus), Puerto
Rican Woodpecker (Melanerpes portoricensis), Red-legged Thrush (Turdus plumbeus),
and the Stripe-headed Tanager (Spindalis zena). Of those, the Bananaquit, Black-cowled
Oriole, Gray Kingbird, Green Emerald Hummingbird, Loggerhead Kingbird, Mangrove
Cuckoo, Puerto Rican Emerald Hummingbird, Puerto Rican Flycatcher, Puerto Rican
Peewee, Puerto Rican Tody, and the Puerto Rican Woodpecker are primarily

insectivorous (>50% of diet) (Wetmore 1916).



Lizard species encountered in the coffee plantations included Anolis cristatellus,
A. cuvieri, A. evermanni, A. gundlachi, A. krugi, A. occultus, A. pulchellus, and A.
stratulus. Lizards in the genus Anolis differ greatly in habitat use and may be classified
into 6 ecomorphs based on the structural habitat most frequently occupied: trunk-ground,
trunk-crown, trunk, crown-giant, grass-bush, and twig (Williams 1972, Butler et al.
2000). A. cristatellus, which is widely distributed throughout Puerto Rico, and 4.
gundlachi, which is found primarily in deep forest, fill the trunk-ground structural niche;
A. krugi and A. pulchellus are grass-bush lizards; A. evermanni and A. stratulus are trunk-
crown ecomorphs, A. occultus is a twig species, and A. cuvieri is a crown-giant (Rivero
1998, Butler et al. 2000). Although all species were seen on coffee plants during the
course of this study, 4. occultus was extremely rare and recorded only once during all
sampling occasions.

Orders of arthropods frequently encountered in the coffee farms included
Araneae, Blattaria, Coleoptera, Dermaptera, Diptera, Hemiptera, Homoptera,
Hymenoptera, Lepidoptera, Orthoptera, Neuroptera, and Psocoptera. The coffee pest
Leucoptera coffeela, and the planthopper Petrusa epilepsis were common at all study
sites. Parasitoid wasps (Hymenoptera: Braconidae, Chalcidae, Eulophidae) were also
common at all study sites.

Avian sampling

I sampled birds using fixed-radius (30 m) point counts (Hutto et al. 1986,

Wunderle 1994). To minimize duplicate counts, I placed points randomly within study

sites such that they were at least 120 m apart. The number of stations per farm ranged



from 1-4, according to the size of each farm. I conducted counts monthly from Apr-Aug
1999, then as often as possible (>1 per month) from Aug 1999-Mar 2000, with a break in
December. All counts took place between 0600 and 1100 hrs. Irecorded all detections,
visual and auditory, within a 10 min. period at each point.

Because I suspected that abundance estimates of birds were influenced by
breeding chronology, seasonal weather patterns, and migratory patterns of Neotropical
birds, I expressed data as mean number of detections per point, per season. This study
included 5 seasons: Spring 1 (Feb-April 1999), Summer (May-July 1999), Fall (Aug-Oct
1999), Winter (Nov-Jan 1999), and Spring 2 (Feb-April 2000). I used a mixed linear
model (SAS Institute Inc. 2000) with repeated measures to compare avian abundances
between plantation types. Significance was set at alpha = 0.10. The response variable
was the mean number of detections for each bird species, for total birds (species
pooled), or for total number of species detected per point (i.e., species richness) within a
plantation during each season. Fixed effects were TYPE (sun or shade), SEASON (1-5),
and the interaction between TYPE and SEASON. Random effects were FARM [TYPE]
(specific farm nested within type) and the interaction between FARM [TYPE] and

SEASON. Data were log-transformed to meet assumptions of homogeneity of variances
(Levene’s test, P > 0.05); however, untransformed means (i) and standard errors (SE =
o/n ) are reported in the results. Only species that were detected > 5 times were

included in further analyses. To test my hypothesis that insectivores are more abundant
in shaded coffee, I performed one-tailed contrasts of abundances in shade vs. sun for the

species listed above as primarily insectivorous.



Lizard sampling

Lizard population size was estimated using a mark-resight approach (Pollock et
al. 1990). Iused circular plots (400m?) and these were established, non-randomly, in
areas containing relatively uniformly spaced coffee trees that were not intersected by a
road or path. The number of plots per plantation varied from 4-6 depending on plantation
size and other logistic constraints. Plots were clearly demarcated using flagging tape
around the perimeter. Plots were sampled daily for 50 minutes each day by 3 people over
a 4-day period. Lizards were marked using manually operated Idico tree-marking spray
paint guns and latex house paint diluted in a 1:2 ratio of paint to water (see Heckel and
Roughgarden 1979). We used a different color each day and recorded previous marks.
When a lizard was sighted, it was examined carefully using 8x42 close-focus binoculars
to identify the species and any previous marks. We sampled each point in a similar
fashion, with all observers starting at the center of the point and moving outward in 3
directions, then canvassing the point making sure that the whole plot was covered at least
twice by each individual.

For each lizard sampled each day, we recorded the species, size class (3-5 cm,
>5 cm), all previous marks, and the substrate upon which it was first sighted. Although
anoles breed year-round, the period of maximum recruitment coincided with that of the
lizard census (Rivero 1998), so, to meet closure assumptions, individuals <3 cm were not

sampled. Such individuals were rare anyway.
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Captures for each day were summed according to previous marks, so that we had
partial capture histories on lizards for each point (i.e., the number sampled each day
bearing any combination of marks). For example, if our color sequence was green,
yellow, blue, pink, a lizard sampled on day 4 that was already yellow and blue was
known to have been missed on day 1 and sampled on days 2, 3, and 4. Color-marks were
applied even on the last day of the sampling period to avoid resampling during that
period due to multiple observers.

I estimated population sizes within the study areas using both closed and open
models in Programs CAPTURE and JOLLY, respectively. If fewer than 10 individuals
of a species were sighted, I did not attempt estimation of population size for that species.
Based on the short time frame of the sampling periods (4 days) and the small home-range
size of anoles, it seemed reasonable to assume that populations within the sampling areas
were closed (Heckel and Roughgarden 1979). Closure tests failed for the majority of the
populations sampled, however, so I also analyzed the data using the full Jolly-Seber
open-population model. I chose Model A because it has the fewest assumptions
regarding constancy of survival and capture probabilities. Goodness-of-fit tests showed
that Model 2, the trap-response model, also fit many of the populations, indicating a
probable response to marking by the lizards.

Because most species occurred in numbers too low to analyze separately for each
plot, I pooled counts in order to obtain estimates of population size for each species at
each farm. Population size was estimated for 4. cristatellus, A. stratulus, and A. krugi in

all 6 plantations. A. evermanni and A. gundlachi were rare or absent in 4 plantations, so
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estimates of population size for these 2 species are available only for Sabana Grande and
Vivi Arriba. Because the number of plots varied by farm, I calculated estimates of
density based on the number of lizards per 400 m” plot, to get the number of lizards/m?. I
used number of lizards per plot for comparisons of lizard abundance between sun and
shaded coffee plantations. I also pooled estimates for species within farms for estimates
of total lizard density for each farm. Comparisons were made using a 2-tailed t-test.

I compared estimates of mean survival and probability of capture between types
of plantations using a 2-tailed t-test. I used a one-way analysis of variance to compare
mean survival and probability of capture among species. To determine whether survival
and probability of capture decreased over the course of the study, I calculated the change
in survival or capture probability between sampling periods and performed a Student’s t-
test to test whether the difference was significantly greater than 0. Ireported survival
rates to provide additional insight on the number of re-sights. I also examined total
counts over the four days of the study for each farm. By plotting numbers sampled over
time [ was able to create an index of change in total numbers counted on the first day and
on the last day of the census. The goal was to determine whether lizards became less
available over time in the sampled areas.

Arthropod sampling

I performed visual counts of arthropods in each of the 6 plantations during Apr
1999 and Mar-Apr 2000. Iused a version of the visual sampling technique to determine
relative abundance of insects (Holmes et al. 1986). I sampled insects by turning 100

leaves between 0.5 and 2 m in height per coffee tree and identified insects by size class
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and morphospecies, which were later identified to order and, in some cases, family. Size
classes were: < 2mm, 2-5mm, 5-10mm, and >10mm. Newly emerging leaves, although
often laden with aphids, were excluded from the study since they were not present on all
plants; the leaves included in this study were at least 10 cm in length.

In 1999, I counted insects on 14 trees at each station where bird were counted.
For Mameyes, I selected 3 of the 4 stations at random for sampling arthropods, and at
Sabana Grande, which contained only 1 station, I counted insects at one additional point
to increase sample size. In 2000, I counted insects on 12 trees per point on the same 3
points sampled the previous year at each farm. For Sabana Grande, I counted insects on
12 trees at the point count station and at 2 additional points.

Data were expressed as mean insects per tree for each point. Data were log-

transformed to meet assumptions of equality of variances (Levene’s test > 0.05).
Untransformed means (i) and standard errors (SE = o/\n ) are presented in the results.

For both years I used a nested-factorial ANOVA to compare insect abundances between
sun and shaded coffee plantations, nesting farm within type to account for variation
within and between farms. Model terms were TYPE and FARM [TYPE] (specific farm
nested within type) with mean number of insects per 100 leaves per tree as the response
variable. For both years I pooled orders and size classes for estimates of total insect
abundance and pooled orders for estimates of total insects by size class. In 1999 I did not
analyze orders separately, because identities of many insects were uncertain. For 2000, I
was able to pool “morphospecies” into the most common orders. I also analyzed

potential pests (e.g. Leucoptera coffeela, Petrusa epilepsis); and potential predators, e.g.
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spiders, parasitic wasps <5Smm (Hymenoptera: Braconidae, Eulophidae), lacewings
(Neuroptera: Chrysopidae), and assassin bugs (Hemiptera: Reduviidae), separately.
Wasp sampling

To estimate and compare wasp abundance and parasitism rates within the study
areas, | reared parasitoid wasps from coffee leaf mines. Approximately 75 mined leaves
were collected from 3 locations in each of the 6 coffee plantations March 7-15, 2000 (225
leaves total). Points selected were those used as census points for birds and lizards. Leaf
mines were examined for visible exit marks and for signs of recent activity prior to
selection. Exit marks were visible in the form of semicircular openings on the surface of
the leaf mines and determination of recent activity was based on transparency of areas of
the mine.

I examined leaves again under magnification (0.7-3.0 X) for less perceptible
openings in the leaf mines in the laboratory. One hundred mines that appeared active and
showed no exit signs were cut from the leaves from each farm and placed separately in
glass vials. The three points sampled per farm were represented by an approximately
equal number of leaf mines (33-34 mines per point). I capped vials with moistened
cotton, and inspected them daily for new activity. Cotton was moistened as needed,
usually daily. Leaf miner larvae, cocoons, and adults were recorded, as were any wasps
that emerged. I monitored vials for at least 30 days and until it had been at least 5 days
since the last emergence of a wasp. I removed wasps from the vials periodically to
prevent decomposition prior to identification. Following removal, I identified wasps by

family, catalogued them based on appearance, including color, wing venation, and tarsal
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and antennal characters, and sent them to the USDA Agricultural Research Station in
Beltsville, MD, for further identification. If wasp remains were not recovered in a form
that could be identified (i.e., due to decomposition or disintegration), wasp presence was
noted but determination of family was not made. I included these wasps in overall
parasitism calculations.

I based parasitoid analyses on “active” vials. A vial was considered “active” if a
wasp or coffee leaf miner larva emerged from the mine. The number of such vials varied
among plantations. Means were expressed as the mean number of active vials containing
wasps, and a one-way analysis of variance was used to test for differences in means
between plantation types. Parasitism rates are calculated as the percentage of active vials

that contained at least one wasp.

RESULTS

Avian abundances

Over the course of this study, I counted 1238 birds in shaded coffee farms, and
997 birds in sun coffee (Table 2). Overall avian abundance varied with farm type and
season. Average abundance levels of total birds were 9.98 (SE 0.46) in shaded coffee,
and 5.57 (0.31) in sun (F =21.16, d.f. = 1, 4; p=0.01). Differences attributable to season
were also significant (F = 14.71, d.f. =4, 16; p < 0.0001), with avian abundances highest
in shade during the fall and winter, and highest in sun during the summer and winter (Fig.

1) (see Appendix A).

15



Plantation type had a marginally significant effect on species richness (F = 5.00,
d.f. =1, 4; p=0.09) with species detections significantly higher in shaded than in sun
coffee (t =2.24; d.f. = 4; p = 0.045, 1-tailed); number of species detected per point
averaged 3.47 (0.15) in shade and 2.65 (0.12) in sun. Mean species detections varied
significantly by season (F = 10.40, d.f. =4, 16; p = 0.0002). The number of species
detected in shaded coffee was highest during Spring 1, and in sun during Summer (Fig.
2).

The Bananaquit, Black-faced Grassquit, Black-whiskered Vireo, Northern
Mockingbird, Orange-cheeked Waxbill, P.R. Bullfinch, P.R. Tody, and the Red-legged
Thrush were significantly affected by plantation type (Table 3). The Bananaquit, Black-
whiskered Vireo, P.R. Bullfinch, P.R. Tody, P.R. Woodpecker, and Red-legged Thrush
were significantly more abundant in shaded coffee, while the Black-faced Grassquit,
Northern Mockingbird, and Orange-cheeked Waxbill were more abundant in sun coffee.

The most abundant species in both sun and shaded coffee was the Bananaquit,
which was significantly more abundant in shade (t = 5.28; d.f. =4, p = 0.003, 1-tailed).
Abundance levels averaged 6.06 (0.38) in shade and 2.04 (0.16) in sun coffee .
Significant effects included farm type and season (Table 3) with highest numbers
recorded during winter months (Fig. 3). The P.R. Tody was the second most abundant
species in shaded plantations, with average abundance levels of 1.22 (0.10) in shade and
0.56 (0.06) in sun coffee (t =3.36, d.f. =4, p = 0.01, 1-tailed). There were no differences
attributable to season, although this species was less abundant in Spring 2 in both

plantation types (Fig 4). Average abundance levels for the P.R. Bullfinch were 0.11
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(0.03) in shade and 0 in sun coffee. There were no significant differences between
seasons, although the species was nearly twice as abundant in Fall and Winter than in the
other seasons (Fig 5). The P.R. Woodpecker had an average abundance of 0.23 (0.05) in
shade and 0.03 (0.01) in sun coffee (t = 2.78; d.f. =4; p = 0.02, 1-tailed). Significant
differences were attributable to type of plantation and season (Table 3) with peak
abundance occurring during Summer. The average abundance of the Red-legged Thrush
was 0.09 (0.03) in shade and 0.03 (0.01) in sun. Significant differences did not exist for
season (Fig. 7).

The effect of plantation type on the Black-whiskered Vireo and Stripe-headed
Tanager was of marginal significance (Table 3). The Black-whiskered Vireo had an
average abundance of 0.77 (0.085) in shade and 0.26 (0.048) in sun coffee (Fig 8).
Average abundances for the Stripe-headed Tanager were 0.13 (0.03) in shade and 0.01
(0.006) in sun (Fig. 9).

The Black-faced Grassquit, Northern Mockingbird, and Orange-cheeked Waxbill
were more abundant in sun than in shaded plantations. Abundance of the Black-faced
Grassquit averaged 0.008 (0.008) in shaded coffee and 0.61 (0.08) in sun and differed
significantly with season (Fig.10). The interaction between type of plantation and season
was significant for this species as well (Table 3). The Northern Mockingbird had an
average abundance of 0 in shaded coffee and 0.17 (0.04) in sun coffee. Seasonal
differences were not significant (Fig. 11). Average abundances of Orange-cheeked

Waxbills were 0.03 (0.03) in shade and 0.34 (0.12) in sun coffee. Significant differences
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were also attributable to season and the interaction between type of plantation and season
(Fig. 12).
Lizard abundances

Estimates of mean density of lizards were slightly higher in shaded coffee than in
sun (Table 4). For the closed model, estimates of mean total density were 0.79 (SE 0.14)
lizards/m? in shaded coffee versus 0.66 (0.14) lizards/m? in sun (t = 0.63, 4, p =0.56).
For the open model, mean total density estimates were 0.62 (0.10) in shaded coffee and
0.51 (0.10) in sun (t=0.75,4, p = 0.49)

A. cristatellus was the most abundant lizard sampled, occurring in densities from
0.08-0.51/m? for the open model, and from 0.12-0.71/m? for the closed model (Table 5).
A. krugi and A. stratulus occurred in rather low densities in the 6 plantations. Of the 2
species whose population sizes were estimable in only 2 plantations, A. gundlachi
occurred in high densities relative to 4. krugi, A. stratulus, and A. evermanni, but below
those of 4. cristatellus in the same plantations. Of the 5 species of Anolis whose
population sizes I estimated, 2 were present (i.e., >10 individuals sampled) exclusively in
shaded coffee plantations. The remaining 3 species occurred in both plantation types
(Table 5). The only species showing a significant difference between plantation types
was A. stratulus, which occurred in higher densities in sun coffee plantations (closed: t =
-4.84, 4 df, p = 0.008; open: t =-3.10, 4 df, p = 0.04).

Survival rates did not differ between sun and shaded plantations and mean daily
survival rate was uniformly low (i =0.75, SE 0.02). Capture probabilities also did not

differ between plantation types, but there were significant differences between species in

18



mean probability of capture (F =9.88; 5, 21; p = 0.0002). Values ranged from a low of
0.3602 for A. stratulus to a high of 0.6643 for A. cristatellus. Overall capture
probabilities decreased significantly (t = 2.58, 21 df, p = 0.009) across sampling periods,
suggesting a trap-shy response to marking.

The index of total number of lizards sampled daily per farm showed no clear trend
(Fig.13). Differences in mean number of lizards counted on day 1 versus day 4 were not
significant (t = 0.32, 5 df, p = 0.38).

Arthropods

Insects tended to be more abundant in shaded coffee than in sun coffee during
1999 and 2000 (Tables 6 and 7). In 1999, the total number of insects counted per 100
leaves per tree averaged 21.34 (1.73) in shaded coffee and 14.36 (3.08) in sun. For 2000,
average abundance levels for all insects combined were 28.11 (2.38) in the shade and
20.18 (3.32) in sun coffee (F = 6.66, d.f. =1, 4; p =0.02).

In 1999 there were significant differences between farm types for total insects (F
=6.28,d.f. =1, 4; p=0.03), insects < 2mm (F = 11.39, d.f. =1, 4; p = 0.006), and insects
2-5mm (F =3.56, d.f. = 1, 4; p = 0.08), all of which were more abundant in shaded
coffee. In 2000, most orders and size classes showed significant differences between sun
and shade. The following orders were significantly more abundant in shaded coffee than
in sun: Coleoptera (F =22.82, d.f. =1, 4, p = 0.0005), Diptera (F =20.75,d.f.=1,4;p=
0.0007), Hemiptera (F = 3.22,d.f. =1, 4; p=0.01), Hymenoptera (F = 19.29, d.f. = 1, 4;

p =0.001), Lepidoptera (F = 7.25, d.f. = 1, 4; p = 0.02), Neuroptera (F = 9.63, d.f. = 1, 4;
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p =0.009), and Psocoptera (F = 7.38, d.f. = 1, 4; p = 0.02). Only orthopterans were more
abundant in sun than in shade (F =3.98, d.f. =1, 4; p=0.07).

The following size classes of insects were more abundant in shaded coffee
plantations: < 2mm (F = 6.78, d.f. = 1, 4; p=0.02), 2-5mm (F=5.50,d.f. = 1,4;p =
0.04), and >10mm (F = 11.12, d.f. = 1, 4; p = 0.006).

No significant difference between types of plantation existed for the coffee pest
Leucoptera coffeela (F =0.01, d.f. = 1, 4; p=0.92) or for the coffee insect Petrusa
epilepsis (F=1.07,d.f. =1, 4; p=0.3208). Of the predatory arthropods, spiders (F =
1.19, d.f. =1, 4; p = 0.30) and adult green lacewings (Chrysopa spp.; F =0.89, d.f. = 1, 4,
p = 0.36) did not differ significantly between plantation types, while assassin bugs (F =
5.13,d.f.=1,4, p=0.04) and green lacewing nymphs (F =9.13, d.f. =1, 4, p=0.01)
were significantly more abundant in shaded coffee plantations.

Parasitoid wasps

Five species of eulophid wasps, and one species of braconid wasp (Mirax
insularis) were reared from the vials. The highest percentage of parasitism (82.5%) was
in shaded farm in Fronton, followed by the sun plantation in Mameyes and the shade
plantation Vivi Arriba (70.9% and 50.7% respectively). The lowest parasitism rate was

in the shaded coffee farm in Sabana Grande (35.5%) (Table 8). Mean numbers of vials
containing wasps were not significantly different between sun and shade plantations (i

=35.33 [SE 5.47] and X =34.00 [5.47], respectively; t =0.03, d.f. =5, p=0.87). Mean

overall parasitism rates also did not differ significantly between sun and shade plantations

(X =0.53,SE0.12 and X = 0.56, SE 0.12, respectively; t = 0.05, d.f. = 5, p = 0.84).
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When parasitism rates for the 6 farms were averaged, the mean overall parasitism rate for

the entire parasitoid complex was 54.4% (0.07).

DISCUSSION

While arthropod abundances were generally higher in shaded coffee plantations, I
did not find evidence to support my hypothesis or previous findings (Vicente-Chandler et
al. 1968) that coffee pests were more abundant in shaded than in sun plantations.
Abundances of Leucoptera coffeela and Petrusa epilepsis did not differ significantly by
plantation type. Idid find that orthopterans were more abundant in sun coffee.
Grasshoppers and crickets were commonly seen members of this order. These insects
may have a negative effect on coffee plants by chewing on tender new leaves and shoots
(Wolcott 1948), suggesting that modernization might exacerbate pest problems for coffee
plants. I also documented that Homoptera was the most abundant insect order sampled in
both sun and shaded coffee plantations with the families Aetalionidae, Coccidae,
Cicadellidae, Flatidae, and Tropiduchidae occurring frequently in both plantation types.
Although none of these families have been implicated as major pests of coffee, many
homopterans are considered serious pests of cultivated plants, and may cause damage
either by feeding on plants directly or by serving as vectors of disease (Borror and White
1970, Nault 1997).

Similar pest abundances between plantation types may be explained by the higher

abundance of avian and insect predators in shaded coffee. In turn, these predators might
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be a function of higher abundance of insects in shaded coffee. Johnson (2000) found that
the abundance of arthropods on a Jamaican coffee plantation significantly affected the
bird assemblage, but noted that, given the covariance of bird and arthropod abundance in
his study, the reverse could also be true. I have shown that birds can significantly depress
the abundance of the planthopper Petrusa epilepsis in a shaded coffee plantation (Chapter
2). It is possible that the abundance of insectivorous birds in shaded coffee is the reason
this potential pest does not follow the general trend among insects of higher abundance in
shaded coffee. Wetmore (1916) found this species in stomach contents of the
Bananaquit, Black-whiskered Vireo, Greater Antillean Grackle, Green Mango
Hummingbird, Northern Parula, Puerto Rican Emerald Hummingbird, Puerto Rican
Flycatcher, Puerto Rican Tody, and Puerto Rican Peewee. Of these, the Bananaquit,
Black-whiskered Vireo, and Puerto Rican Tody were considerably more abundant in
shaded coffee than in sun plantations. The potential benefits of these species was further
underscored when it is considered that of the 3 species of birds that were most abundant
in sun coffee, the Black-faced Grassquit and Orange-cheeked Waxbill are primarily
granivorous and the Northern Mockingbird has a diet composed primarily of vegetable
matter (Wetmore 1916).

The abundances of several predatory or parasitic species underscore the greater
potential biocontrol options in shaded coffee plantations. For example, the primarily
predaceous insect orders Hymenoptera and Neuroptera, as well as the predaceous family
Reduviidae (Hemiptera) were significantly more abundant in shaded coffee.

Neuropterans (lacewings) may be important predators on homopterans in coffee
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plantations. Nymphs of the green lacewing were more than twice as abundant in shaded
coffee as in sun coffee and are predatory on immature aphids, mealybugs, and
planthoppers (Wolcott 1948). In contrast, adult lacewings were not more abundant in
shaded coffee than in sun plantations. The reason for this difference between adult and
immature lacewings is unclear, as birds do not appear to be predatory on either stage of
the lacewing (Wetmore 1916, Chapter 2). Parasitism rates of the coffee leaf miner by
parasitic wasps were not significantly different between plantations types, although visual
sampling suggested that the parasitoids might be more abundant in shaded coffee.
Parasitoid wasps are probably the most effective natural enemy of leaf miners because
they attack eggs and larvae of leaf miners as they are lodged in the leaf. The pressure
that other natural enemies can exert over leaf miners is limited by the extremely small
size (2 mm) of the prey, the rapid mobility of adult moths, and the short exposure time of
larvae (<24 hours; personal observation). My findings suggest that the service parasitic
wasps may provide is not obstructed by birds and lizards, as there is little evidence to
suggest that these taxa exert a controlling influence over the parasitic wasp complex
(Chapter 2).

Differences in population size of insectivorous Anolis lizards were not significant
between plantation types, but two of the five species sampled were present only in shaded
coffee. Anolis cristatellus, the most abundant lizard in this study, is known to prey on
Petrusa epilepsis and other Homoptera in the families Aphidae, Cicadellidae, and
Flatidae (Wolcott 1948). I also saw one eat a Leucoptera coffeela larva dangling from a

coffee tree although lizards do not appear to be a significant source of mortality for the
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leaf miner (Chapter 2). To my knowledge, this is the only study comparing anoline lizard
communities in sun and shaded coffee plantations. However, a clearer understanding of
the role of anoline lizards in coffee plantations remains elusive. One possible limitation
was evident during my study—difficulties in obtaining reliable estimates of population
size. At best, density estimates in this work should be viewed as an index of abundance.
While capture probabilities did not differ between plantation types, the presence of a
canopy in shade coffee plantations could have resulted in substantially lower estimates of
lizards in them (e.g., temporary emigration, Reagan 1992).

The structurally and floristically diverse canopy associated with shaded coffee is
known to provide habitat for a more diverse assemblage of organisms than can be
supported in sun plantations (see Perfecto et al. 1996). I have shown that an outcome of
this diversity is the higher number of beneficial insects and birds in shaded coffee
plantations. The broader taxonomic approach adopted in this study also provides
additional justification for holistic ecological strategies concerning management of
agroecosystems. The presence of beneficial insectivores and parasitoids in shaded coffee
plantations could obviate or minimize the need for insecticides in this plantation type.

For instance, sun coffee plantations generally require higher inputs of insecticides than
shaded coffee (Rice 1993), probably due in part to the lower abundance of many
predators. In addition to having negative impacts such as water pollution and risks to
human health, pesticides also often have the unintended effect of killing beneficial insects

while failing to control the targeted pest species (Gliessman 1992).
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Traditional shade coffee farming unites biodiversity conservation with sustainable
agricultural practices such as the biological control of coffee pests. Effective
“conservation biological control” involves the manipulation of the environment to
enhance its value as habitat for the natural enemies of target pest species (Landis et al.
2000). The habitat requirements of parasitoids of the coffee leaf miner are not currently
known. However, the habitat features of shade coffee plantations that are important for
birds have been outlined in a variety of studies (Parrish and Petit 1996, Greenberg et al.
1997 a and b, Wunderle and Latta 1998, Wunderle and Latta 2000, Johnson 2000,
Collazo and Groom 2000). Researchers have stressed the need for a diverse canopy that
can provide birds with a wide array of food resources and cover. This diversity may also
favor reduced pest pressure through the enhanced activities of natural enemies (Landis et
al. 2000). By increasing habitat diversity, farmers have the opportunity to “align the
goals of agriculture with those of nature conservation” (Landis et al. 2000). Ultimately,
however, economic and political strategies may be as important as ecological strategies in

integrating these goals (Letourneau 1998, Chapter 3).
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Table 1. Farm clevation, location, and size

Type Farm Elevation (m) Location Size (Ha)

Shade Fronton 347 N 18°18' 06.05, W 66° 33' 13.42 2.7
Sabana Grande 512 N 18°18' 13.37, W 66° 39' 50.04 1.35
Vivi Arriba 515 N 18°11'33.39, W 66° 40' 53.83 5.94

Sun Cialitos 491 N 18°16'48.29, W 66° 35' 56.92 3.33
Mameyes 336 N 18°17'07.42, W 66° 35' 28.75 4
Pozas 505 N 18°15'32.25, W 66° 29' 03.35 3.33
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Table 2. Total counts of birds during 10 min. point counts in 3 shade and 3 sun
coffee plantations summed over all seasons, 1999-2000

SHADE SUN
Total birds (All species) 1238 997
Number of species 26 30
Antillean Euphonia (Euphonia musica) 1 2
Antillean Mango Hummingbird (Anthracothorax dominicus) 0 2
Bananaquit (Coereba flaveola) 751 366
Black and White Warbler (Mniotilta varia) 2 0
Black-cowled Oriole (Icterus dominicensis) 36 11
Black-faced Grassquit (Tiaris bicolor) 1 110
Black-whiskered Vireo (Vireo altiloquus) 9% 47
Cape May Warbler (Dendroica tigrina) 0 1
Common Ground Dove (Columbina passerina) 0 1
Gray Kingbird (Tyrannus dominicensis) 45 54

Great Egret (Casmerodius albus)

Greater Antillean Grackle (Quiscalus niger)

Green Mango Hummingbird (Anthracothorax viridis)
Little Blue Heron (Egretta caerulea)

Loggerhead Kingbird (Tyrannus caudifasciatus)
Mangrove Cuckoo (Coccyzus minor)

Northern Mockingbird (Mimus polyglottus)

Northern Parula (Parula americana)

Orange-cheeked Waxbill (Estrilda melpoda)

110

—_—

—_
A PA Q9O Q0O = OO
W

Pearly-eyed Thrasher (Margarops fuscatus) 3
Puerto Rican Bullfinch (Loxigilla portoricensis) 14 0
Puerto Rican Emerald Hummingbird (Chlorostilbon maugaeus) 6 6
Puerto Rican Flycatcher (Myiarchus antillarum) 13 13
Puerto Rican Lizard Cuckoo (Saurothera vieilloti) 1 0
Puerto Rican Peewee (Contopus latirostris) 6 0
Puerto Rican Tanager (Nesospingus speculiferus) 1 0
Puerto Rican Tody (Todus mexicanus) 152 100
Puerto Rican Vireo (Vireo latimert) 1 0
Puerto Rican Woodpecker (Melanerpes portoricensis) 29 5
Red-legged Thrush (Turdus plumbeus) 11 5
Scaly-naped pigeon (Columba squamosa) 0
Shiny Cowbird (Molothrus bonariensis) 2 2
Smooth-billed Ani (Crotophaga ani) 0 2
Snowy Egret (Egretta thula) 0 3
Stripe-headed Tanager (Spindalis zena) 16 1
White-winged Dove (Zenaida asiatica) 0 3
Yellow-faced Grassquit (Tiaris olivacea) 0 21
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Table 3. Fixed effects table for farm type, season, and type*season interaction.
Response was the mean species detections per 10-minute point count. Random effects

were farm (nested in type) and the interaction between farm and season.

Species Effect Num DF DenDF F Pr>F
Bananaquit (Coereba flaveola) Type 1 4 27.86 0.0062
Season 4 16 17.58 <0.0001
Type*Season 4 16 1.52 0.2442
Black-cowled Oriole (Icterus dominicensis) Type 1 4 1.46 0.2936
Season 4 16 3.77 0.0240
Type*Season 4 16 0.86 0.5111
Black-faced Grassquit (Tiaris bicolor) Type 1 4 31.78 0.0049
Season 4 16 3.35 0.0357
Type*Season 4 16 3.19 0.0419
Black-whiskered Vireo (Vireo altiloguus) Type 1 4 4.66 0.0970
Season 4 16 10.81 0.0002
Type*Season 4 16 2.57 0.0779
Gray Kingbird (Tyrannus dominicensis) Type 1 4 0.01 0.9384
Season 4 16 1.05 0.4138
Type*Season 4 16 0.62 0.6534
Greater Antillean Grackle (Quiscalus niger) Type 1 4 0.98 0.3791
Season 4 16 0.86 0.5092
Type*Season 4 16 0.86 0.5092
Green Mango Hummingbird (4dnthracothorax viridis) Type 1 4 3.36 0.1407
Season 4 16 1.17 0.3626
Type*Season 4 16 0.95 0.4586
Loggerhead Kingbird (Tyrannus caudifasciatus)  Type 1 4 0.61 0.4793
Season 4 16 0.57 0.6912
Type*Season 4 16 0.52 0.7246
Mangrove Cuckoo (Coccyzus minor) Type 1 4 1.16 0.3420
Season 4 16 1.37 0.2890
Type*Season 4 16 1.82 0.1743
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Table 3 (cont.). Fixed effects table for farm type, season, and type*season interaction.

Response was the mean species detections per 10-minute point count. Random effects

were farm (nested in type) and the interaction between farm and season.

Species Effect Num DF Den DF F Pr>F
Northern Mockingbird (Mimus polyglottus) Type 1 4 4.78 0.0941
Season 4 16 0.34 0.8473
Type*Season 4 16 0.34 0.8473
Northern Parula (Parula americana) Type 1 4 2.40 0.1962
Season 4 16 8.73 0.0006
Type*Season 4 16 2.62 0.0737
Orange-cheeked Waxbill (Estrilda melpoda) Type 1 4 6.83 0.0592
Season 4 16 4.33 0.0145
Type*Season 4 16 2.39 0.0943
Pearly-eyed Thrasher (Margarops fuscatus) Type 1 4 0.39 0.5675
Season 4 16 0.88 0.4982
Type*Season 4 16 1.45 0.2624
P.R. Bullfinch (Loxigilla portoricensis) Type 1 4 10.59 0.0313
Season 4 16 0.52 0.7241
Type*Season 4 16 0.52 0.7241
P.R. Emerald Hummingbird (Chlorostilbon maugaeus) Type 1 4 0.25 0.3214
Season 4 16 0.77 0.6428
Type*Season 4 16 0.21 0.6786
P.R. Flycatcher (Myiarchus antillarum) Type 1 4 0.95 0.3851
Season 4 16 6.04 0.0037
Type*Season 4 16 3.66 0.0266
P.R. Peewee (Contopus latirostris) Type 1 4 1.37 0.3075
Season 4 16 1.42 0.2710
Type*Season 4 16 1.42 0.2710
P.R. Tody (Todus mexicanus) Type 1 4 11.27 0.0284
Season 4 16 1.93 0.1546
Type*Season 4 16 0.68 0.6136
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Table 3 (cont.). Fixed effects table for farm type, season, and type*season interaction.

Response was the mean species detections per 10-minute point count. Random effects

were farm (nested in type) and the interaction between farm and season.

Species Effect Num DF  Den DF F Pr>F
P.R. Woodpecker (Melanerpes portoricensis) Type 1 4 7.74  0.0497
Season 4 16 3.82  0.0229
Type*Season 4 16 2.44  0.0890
Red-legged Thrush (Turdus plumbeus) Type 1 4 6.71 0.0606
Season 4 16 1.41 0.2759
Type*Season 4 16 2.42  0.0916
Stripe-headed Tanager (Spindalis zena) Type 1 4 4.06 0.1142
Season 4 16 2.63 0.0731
Type*Season 4 16 1.93  0.1550
Yellow-faced Grassquit (Tiaris olivacea) Type 1 4 1.91 0.2388
Season 4 16 1.00 0.4338
Type*Season 4 16 1.00 0.4338
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Table 4. Overall lizard density for all species combined. Averaged across sampling
stations in 3 shade and 3 sun coffee plantations, 2000, using closed and open population

estimates in Programs CAPTURE and JOLLY respectively.

Closed Open

Type Farm indiv/m2 indiv/m2
Shade Fronton 0.6546 0.5348
Sabana Grande 0.8926 0.7215
Vivi Arriba 0.8263 0.6076
Sun Cialitos 0.8130 0.6380
Mameyes 0.8913 0.6524
Pozas 0.2780 0.2564
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Table 5. Lizard density by species. Averaged across sampling stations in 3 shade and 3

sun coffee plantations, 2000, using closed and open population estimates in Programs

CAPTURE and JOLLY respectively.

Closed Open
Type Farm Species indiv/m2 indiv/m2
Shade Fronton Anolis cristatellus 0.6288 0.4584
Sabana Grande Anolis cristatellus 0.4019 0.2924
Vivi Arriba Anolis cristatellus 0.3308 0.2094
Sun Cialitos Anolis cristatellus 0.6695 0.4618
Mameyes Anolis cristatellus 0.71 0.5153
Pozas Anolis cristatellus 0.1213 0.0828
Shade Fronton Anolis krugi 0.0258 0.0186
Sabana Grande  Anolis krugi 0.1138 0.1211
Vivi Arriba Anolis krugi 0.0817 0.0611
Sun Cialitos Anolis krugi 0.037 0.0328
Mameyes Anolis krugi 0.0746 0.0548
Pozas Anolis krugi * 0.0538 0.0689
Shade Fronton Anolis stratulus - 0.0578
Sabana Grande Anolis stratulus 0.0163 0.0124
Vivi Arriba Anolis stratulus 0.0563 0.0494
Sun Cialitos Anolis stratulus 0.1065 0.1434
Mameyes Anolis stratulus 0.1067 0.0823
Pozas Anolis stratulus 0.1029 0.1047
Shade Sabana Grande Anolis evermanni ~ --—-- 0.0343
Vivi Arriba Anolis evermanni 0.1321 0.1008
Shade Sabana Grande  Anolis gundlachi 0.3606 0.2613
Vivi Arriba Anolis gundlachi 0.2254 0.1869

* may have included some Anolis pulchellus
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Table 6. Mean insects per tree in 3 shade and 3 sun plantations, 1999, sampling 100

leaves/tree on 14 trees at all bird point count stations.

SHADE SUN
N (Total # points) 8 9

Mean S.E. Mean S.E.
Insects < 2mm 13.59 1.57 7.02 1.07
Insects 2-5mm 6.85 0.69 5.83 2.31
Insects 5-10mm 0.83 0.14 1.44 0.37
Insects >10mm 0.07 0.04 0.06 0.03
Total Insects 21.34 1.73 14.36 3.08
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Table 7. Mean insects per tree in 3 shade and 3 sun plantations, 2000, sampling 100

leaves/tree on 12 trees at all bird point count stations.

SHADE SUN

N (Total # points) 9 9
Mean S.E. Mean S.E.
Aranea 7.66 1.10 6.22 1.09
Blattaria 0.06 0.02 0.06 0.03
Coleoptera 1.10  0.36 0.37 0.13
Dermaptera 0.01 0.01 0.01 0.01
Diptera 0.57 0.20 0.08 0.02
Hemiptera 4.41 0.73 299  0.61
Reduviidae 0.09  0.04 0 -
Homoptera 7.19 0.65 6.81 2.00
C. vivida (adult) 0.38 0.09 0.53 0.11
C. vivida (immature) 3.77 0.90 3.94 1.35
Hymenoptera 2.12 0.51 0.72 0.18
Wasps < 5mm 1.23 0.27 0.44 0.11
Lepidoptera 1.33 0.44 0.55 0.19
L. coffeela 1.95 0.85 1.70  0.58
Neuroptera 0.52 0.10 0.20 0.07
Chrysopa spp. (adult) 0.06 0.04 0.02 0.02
Chrysopa spp. (immature) 044  0.08 0.19 0.07
Orthoptera 0.57 0.13 1.03 0.20
Psocoptera 1.56 0.40 0.77 0.13
Unknown 0.62  0.16 020  0.13
Insects < 2mm 15.67 1.50 10.36 1.45
Insects 2-5 mm 11.09 1.01 8.80 1.82
Insects 5-10 mm 1.11 0.13 0.94 0.20
Insects >10 mm 0.24 0.05 0.08 0.03
Total Insects 28.11 2.38 20.19 3.32
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Table 8. Parasitoid wasp complex reared from 3 sun and 3 shaded coffee farms, 2000.

Type Farm Active vials Vials Total # of Waspsper SE  Parasitism
w/wasps wasps (n) vial (x) rate (%)

Shade Fronton 57 47 57 1.212  0.0676 82.5
Vivi Arriba 65 33 48 1.455  0.1513 50.7
Sabana Grande 62 22 25 1.136 0.0997 35.5

Sun  Cialitos 80 37 45 1.216  0.0686 46.3
Pozas 74 30 31 1.033  0.0333 40.5
Mameyes 55 39 46 1.179 0.0723 70.9
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counts in 3 shade and 3 sun plantations, 1999-2000.
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Fig 7. Mean relative abundance of all Red-legged Thrushes seen and heard during 10-
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Fig 8. Mean relative abundance of all Black-whiskered Vireos seen and heard during 10-

minute point counts in 3 shade and 3 sun plantations, 1999-2000.
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10-minute point counts in 3 shade and 3 sun plantations, 1999-2000.
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10-minute point counts in 3 shade and 3 sun plantations, 1999-2000.
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Chapter 2

An experimental evaluation of ecological services rendered by vertebrate insectivores in

a shaded coffee plantation in Puerto Rico.

ABSTRACT: A variety of studies have established the value of shaded coffee
plantations as habitat for birds. Less documented are the possible benefits or ecological
services that birds and other insectivores might impart to coffee farmers. Knowledge of
the role of vertebrate predators as biological control agents could strengthen policies
aimed at fostering such agro-ecosystems. I used exclosures to examine the effects of
vertebrate predators on the arthropods associated with coffee, in particular the coffee leaf
miner (Leucoptera coffeela) and the flatid planthopper Petrusa epilepsis, in a shaded
coffee plantation in Puerto Rico. Tused a 2 x 2 factorial design whose treatments
included exclusion of birds, lizards, birds and lizards, and control (no exclusion).
Combined insect species abundance as well as abundance of insects 2-5 mm and 5-10
mm varied significantly by treatment. Removal of both birds and lizards had an additive
effect for insects <5 mm. Coffee leaf miners appeared to increase slightly when lizards
were removed. Planthopper abundance increased significantly in the absence of avian
predators, suggesting that birds may prevent outbreaks of this species. Arthropod
predators and parasitoids did not differ significantly between treatments. My findings
suggest that vertebrate insectivores may exert an influence over some coffee pests.
Equally important, evidence suggested that they were not interfering with populations of

other known natural enemies of coffee pests.
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INTRODUCTION

Coffee is the main agricultural crop in Puerto Rico as we enter the 21* century.

In 1998, coffee production was valued at $55.4 millions and approximately 78,000 acres
were devoted to its production (USDA 1998). The economic return associated with
coffee can be threatened, however, by the coffee leaf miner, Leucoptera coffeela (Guerin-
Meneville) (Lepidoptera: Lyonetiidae) (Gallardo-Covas 1987). The coffee leaf miner is
the most serious pest on coffee in Puerto Rico (Gallardo-Covas 1992) and is common
throughout the Neotropical region (Le Pelley 1968). Leafminer infestation can reduce
plant yields up to 40% by reducing the photosynthetic activity of the leaves and causing
defoliation of the plant (Gallardo-Covas 1987).

Other potential pests of coffee in Puerto Rico include the larvae of Oxydia vesulia
(Cramer) (Lepidoptera: Geometridae), which was found eating leaves in an experimental
research station in Castafier (Cotte 1989), a scolytid beetle (Coleoptera: Scolytidae) that
attacks branches and trunks, and the flatid planthopper (Petrusa epilepsis) (Homoptera:
Flatidae) (Le Pelley 1968). Although the planthopper is not considered a major pest of
coffee, it is abundant on young coffee plants and is known to damage other plants
(Wolcott 1948).

Natural enemies of the leaf miner include parasitoid wasps in the families
Eulophidae and Braconidae; however, nothing is known about the effects of vertebrate
predators on this pest. Likewise, predation by birds or lizards may keep planthoppers

from reaching outbreak population levels (Wolcott 1948), but this possibility has not
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been examined. Numerous experiments involving the exclusion of predators show that
predation by vertebrates can reduce the number of arthropods within the system under
study (Gradwohl and Greenberg, Quiring and Timmins 1987, Atlegrim 1992, Greenberg
et al. 2000 for birds; Pacala and Roughgarden 1984, Spiller and Schoener 1994, Dial and
Roughgarden 1995 for lizards). Predation by vertebrate predators has also been
associated with reduction in levels of foliage damage due to insect herbivores (Dial and
Roughgarden 1995, Spiller and Schoener 1997, Greenberg et al. 2000). Greenberg et al.
(2000) studied the effects of predation by birds on insect abundances in some
Guatemalan coffee plantations and found that birds reduced the abundance of large
arthropods on coffee by 64-80% and that plants from which birds were excluded had
higher levels of leaf damage than did controls. Rather than focusing on pests of coffee;
however, Greenberg et al. considered the effect of predation by birds on all foliage
arthropods. Moreover, they did not address the roles of alternate predators within
plantations.

In Puerto Rico, potential predators of coffee insects include birds, lizards, and
predatory arthropods such as spiders, assassin bugs (Hemiptera: Reduviidae), lacewings
(Neuroptera), and ants and parasitoid wasps (Hymenoptera). Known enemies of
Leucoptera coffeela include at least 6 species of parasitoid wasps: 1 in the family
Braconidae: (Mirax insularis Muesebeck); and 5 in Eulophidae: (Chrysocharoides sp.,
Zagrammosoma sp., Cirrospiloideus sp., Horismenus sp., and Chryonotomyia sp.).
Lacewing nymphs prey upon Homopterans, including Petrusa epilepsis (Wolcott 1948).

I experimentally evaluated the effects of birds and lizards, together and separately, on
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arthropod abundances in coffee in a shaded coffee plantation in Puerto Rico. [used
exclosures to manipulate predator densities and censused arthropods, including specific
pests (e.g., Leucoptera coffeela, Petrusa epilepsis) and predators (e.g., parasitoid wasps,

assassin bugs, lacewings, spiders), to test the following hypotheses:

Ho,: Insect abundance does not differ between experimental units and controls.
Ha: Insect abundance in experimental units differs from the controls.

Hoy: Birds and lizards do not differ in their effects upon insect abundances.
Haza: Birds and lizards have different effects upon insect abundances.

Haop: Birds and lizards affect different insect size classes differently.

Hos: Damage to leaves does not differ between experimental units and controls.

Has: Damage to leaves is less in experimental units than in controls.

METHODS

Study area

The experiment took place in a shaded coffee plantation belonging to Juan Santa
Rivera in Barrio Fronton, Ciales, PR (N 18°18' 06.05, W 66° 33' 13.42; elevation 347m).
This farm was characterized by tall, irregularly spaced coffee trees under the cover of
Inga vera, Inga laurina, Andira inermes, Spondias mombin, and other shade and fruit tree
species. Coffee trees were primarily the tipica variety of Coffea arabica, although some

Coffea canephora occurred in the plantation.
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The most abundant avian species on the farm were the Bananaquit (Coereba
flaveola), Puerto Rican Tody (Todus mexicanus), Black-whiskered Vireo (Vireo
altiloquus), Black-cowled Oriole (Icterus dominicensis), and Gray Kingbird (7yrannus
domincensis), in order of decreasing relative abundance (Chapter 1). Of these, four are
primarily insectivorous (i.e., insects comprise > 50% of diet) and the fifth, the Black-
whiskered Vireo, also consumes a large number of insects (approximately 40% of diet)
(Wetmore 1916).

Three species of lizard in the genus Anolis were abundant in the study area:
Anolis cristatellus, A. krugi, and A. stratulus. Within the plantation, lizard densities
(individuals/m?) were estimated as 0.29-0.40 for A. cristatellus, 0.11-0.12 for A. krugi,
and approximately 0.05 for 4. stratulus (Chapter 1). The giant crown lizard, 4. cuvieri,
and the grass lizard, 4. pulchellus, were observed on the plantation, but were uncommon
in the study area. Anoline lizards are primarily insectivorous, although they may eat
some vegetable matter and other lizards (Rivero 1998).

Experimental design

Experimental units were groups of 12 Coffea arabica trees 2-3 m in height
subjected to the following treatments: (1) no exclusion of birds or lizards (control); (2)
birds excluded (“no birds”); (3) lizards excluded (“no lizards™); (4) birds and lizards
excluded (“both excluded”). The experiment was replicated 3 times, for a total of 12
experimental units. I selected a relatively homogeneous area of the plantation for use in

the experiment, and selected 12 groups, each of 12 coffee trees, for use as experimental
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units. Selection of the groups was based on similarity to one another and on logistic
considerations.

Exclosures were built between January 23 and February 18, 2000, with a replicate
of the 4 treatments constructed each week for 3 weeks. Experiments ran from February 1
to June 18. To exclude birds I covered 12 trees with black nylon bird-netting, supported
by 5m high PVC pipes placed over steel bars inserted Im into the ground (Fig 1a). To
exclude lizards, I modified the lizard exclosures of Pacala et al. (1983). I surrounded the
group of 12 trees by a “fence” of 65% shade cloth approximately 1 meter high and buried
at its base approximately 0.25 meters into the ground. At the top of the shade cloth I
attached a sheet of translucent plastic extending 0.5m upward, with a 0.25 overhang (Fig.
1b). I prevented the overhang from collapsing by placing small Styrofoam support
blocks beneath it. To exclude both birds and lizards, I combined the above techniques,
covering the group of trees with nylon bird netting and attaching it to the lizard fence at
the plastic overhang (Fig. 1c¢). Controls consisted of unburied shade cloth 3m in height,
supported by steel bars (Fig 1d). Exclosures varied in size from 38.51-68.52 m”.

As I constructed the “no lizard” and control treatments, I shook the trees
vigorously to mimic the disturbance experienced by trees in the “no bird” and “both
excluded” treatments. To the extent possible, I trimmed vegetation surrounding “no
lizard” and “both excluded” treatments for 1m around the exclosures. In the case of large
trees near exclosures that could not be removed, I covered the trunks in “Tangle-foot” to
prevent lizards from accessing the exclosures from the tree trunks. I did not attempt to

remove the canopy of shade trees above exclosures.
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Community monitoring procedures

Following construction of each set of 4 treatments, I removed lizards from the “no
lizard” and “both excluded” treatments, weighed and measured them, and released them
on another plantation >0.5 km from the study site. Ithen obtained baseline estimates of
insect abundance by visually inspecting 100 randomly selected leaves on each of the 12
coffee trees in each treatment and counting all insects observed. Insects were recorded
by “morphospecies” and size class. Size classes consisted of insects <2, 2-5, 5-10, and
>10 mm. Morphospecies were later identified to order, and in some cases to family or
species. The planthopper, Petrusa epilepsis, was abundant and easily recognizable, as
was the coffee leafminer. Leafminers were counted in the larval and adult forms, and
combined for analysis. Following the initial count, I counted insects in each
experimental unit on a biweekly basis for 12 weeks.

During the biweekly counts I captured and removed any lizards that had
recolonized the “no lizard” and “both excluded” treatments. To determine whether
lizards were effectively excluded from these treatments, on Apr 5-7, I captured lizards in
all experimental units for a comparison of lizard abundance among treatments.

On the morning of Mar 15, 2 days after insects had been counted for the 6™
week of the study, I discovered a Bananaquit in the “no both” treatment of replicate 1.
The bird apparently entered the exclosure through a small hole in the netting made by a
fallen tree branch. Iremoved the bird, fixed the hole, and re-counted insects the

following day.

55



I assessed mean leaf damage in each of the experimental units at the start and
end of the experiments. To obtain a baseline estimate of leaf damage in the exclosures, I
removed 12 leaves per tree in each exclosure, using stratified random sampling in which
leaves were randomly selected from the lower, middle, and top of the trees, in each of the
cardinal directions. At the end of the experiment, I again collected leaves using stratified
random sampling. Twenty leaves per tree were collected at this time, since damage to the
trees from leaf collection was no longer a concern. Upon collection, leaves were taken to
the lab where I traced leaf outlines and any damage on the leaves onto paper. Damage
was recorded as “mined” or “eaten”. Leaf mines were evident as irregularly shaped
brown splotches on the leaf surface while leaves that had been “eaten” were characterized
by holes. Fungal spots were not traced or recorded. I digitized leaf tracings using an Ag-
vision leaf area meter and expressed damage as the proportion of the total leaf area that
was damaged.

I also collected leaves at the end of the experiment to compare parasitism rates
of leaf mines by parasitic wasps. I selected leaves nonrandomly based on the presence of
active leaf mines. I examined mined leaves in the field for the presence of exit holes.
These were visible in the form of a semi-circular perforation in the surface of the mine. I
collected approximately 150 leaves from each exclosure, and re-examined them in the lab
under 10X magnification. Leaf mines that appeared active were excised from the leaves
and placed into 100 glass vials for each treatment. Vials were capped with moistened
cotton. I examined vials every other day, moistening the cotton and recording the

emergence of leaf miners or parasitoid wasps.
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Statistical analyses

Data from experiments were analyzed by fitting mixed linear models using the
method of restricted maximum likelihood (REML) (SAS Institute Inc. 2000). For
comparisons of treatments, I used a mixed linear model with repeated measures. The
basic model included treatment (TREAT), time, and the interaction between treatment
and time as fixed effects. Replicate (REP) and the interaction between replicate and
treatment and replicate and time were random effects (response = TREAT, TIME,
TREAT*TIME; Random = REP, REP*TREAT, REP*TIME). The dependent variables
were the number of insects counted in each exclosure (summed for the 12 trees).

Estimates of insect abundances are reported as least-squares means. SE’s for the LSM’s

are computed by SAS as the square root of L(X’ ! X)L’ (SAS Institute Inc. 2000).

I performed individual analyses for each order, as well as for Petrusa epilepsis,
Leucoptera coffeela, Reduviidae (Hemiptera), and total insects by size class and summed
overall. Spiders were analyzed separately and not included with the summed insects. I
performed an analysis of covariance for each of the response variables to determine
whether the response covaried with the presence or absence of the bananaquit in week 6,
size of each exclosure since exclosures varied in size, and/or the initial number of the
insects in question for each exclosure. The intrusion of the bananaquit was represented
as a dummy variable of 1 for all subsequent counts in the exclosure in which it occurred
(replicate 1, “both excluded”), and as 0 for the preceding counts in that exclosure and for

all counts in the other exclosures. I selected the best model using Aikaike’s Information
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Criteria and used the selected model for effect tests, contrasts, and estimated LSM for
each classification of insects tested. The alpha-level for significance was set at 0.10.

I based the analysis of wasp parasitism on “active” vials. A vial was considered
active if a wasp or a larva of a coffee leaf miner emerged from the mine. The number of
active vials varied among treatments. I calculated parasitism rate as the proportion of
active vials containing at least one wasp and used a mixed model with treatment as a
fixed effect and replicate and replicate*treatment as random effects to test for differences
between treatments (parasitism rate = TREAT; Random = REP, REP*TREAT). I used
the same mixed linear model with number of lizards as my response variable to compare
the lizard abundance among treatments. Due to initial variation among treatments in
estimates of leaf damage, I compared the difference in mean leaf damage from the start to
the end of the experiment for each exclosure among treatments (change in leaf damage =

TREAT; Random = REP, REP*TREAT).

RESULTS

Numerical response

Total insect abundance varied significantly among treatments (Table 1). Only the
“both excluded” treatment differed significantly from the control, however, with LSM’s
more than twice those for the control. The interaction between birds and lizards was also
marginally significant (t =-2.71, 4, p = 0.05; Table 4). Total insect abundance showed a

significant interaction between treatment and time (Table 1) with insects showing an
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overall increase over time in the “no bird” and “both excluded” treatments, and a
decrease in the “no lizard” treatments and the controls (Fig. 2).
Body size class response

There were significant treatment-effects for insects 2-5 mm and 5-10 mm in
length and marginally significant effects for insects <2 mm (Table 1). Insects > 10 mm
did not differ significantly among treatments. For insects <2mm and 2-5 mm, only the
“both excluded” treatment showed clear differences from the control, while for insects 5-
10 mm both the “no bird” and “both excluded” treatments had significantly higher
abundances than the control (Table 4).

Insects <2 mm and 5-10 mm showed significant interactions between treatment
and time (Table 1). Insects <2 mm exhibited a net increase where both birds and lizards
were excluded (Fig. 3). Insects 5-10 mm showed a net increase in both the “no bird” and
the “both excluded” treatments. Both of these treatments showed an initial steep rise in
insects of this size class, followed by a gradual decline. Nonetheless, the number of
insects 5-10 mm remaining in these treatments at the end of the experiment was higher
than the initial number, while there was a gradual decline in the “no lizard” treatment and
the control (Fig 5). Although insects 2-5 mm in size did not display significant
interactions between treatment and time, the number of insects in this size class did show
a net increase where both birds and lizards were excluded (Fig. 4). Insects > 10 mm

showed no clear pattern over time.
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Numerical response by Order

The order Homoptera exhibited the strongest taxonomic response to removal of
predators (Table 2). For Homoptera as a whole, means for the “no bird” and “both
excluded” treatments were significantly higher than those for the controls (Table 5),
increasing significantly over time (Table 2, Fig. 6). The orders Hymenoptera and
Lepidoptera also had significant treatment effects (Table 2). For Hymenoptera, numbers
were significantly higher in the controls than in any of the treatments (Table 5). There
was a significant interaction between treatment and time for Hymenoptera (Table 2), with
a marked increase in the controls (Fig. 7). Lepidopterans were significantly less
abundant in the “no bird” and “both excluded” treatments than in the controls (Table 5)
and did not show an interaction between treatment and time.
Pest response

The coffee leaf miner showed a significant treatment-effect and treatment*time
interaction (Table 3). LSMs for the leaf miner were highest in the controls, increasing
rapidly during the first 8 weeks of the experiment, falling during the next 2 weeks, and
then rising slightly at the end of the experiment. Both the “no lizard” treatment and the
“both excluded” treatments ended higher than the controls, however, with leaf miners in
the “no lizard” treatments increasing between the 4™ and 6™ weeks, falling abruptly after
the 6™ week of the experiment, and then rebounding over the remaining 4 weeks of the
study to end 3 times higher than their initial levels (Fig. 8). Leaf miners were least

abundant in the “birds excluded” treatments.
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Adult planthoppers (Petrusa epilepsis) showed significant treatment-effects
(Table 3). The same trend was evident for adult and immature planthoppers: both had
clearly higher means in the “no bird” and “both excluded” treatments than in the controls
(see Fig.’s 9 and 10) and both showed significant interactions between treatment and time
(Table 3). The treatment-effects for immature planthoppers, however, were not
significant.
Predatory taxa response

The predatory order Neuroptera showed marginally significant treatment effects
with neuropterans most abundant in the “no bird” and “both excluded” treatments (Table
2). The predatory family Reduviidae did not show significant treatment effects and was
most abundant in the controls (Table 3).

Parasitoid wasps failed to differ significantly among the treatments (F = 0.90; 3,
6, p = 0.49) although the mean parasitism rate was higher in the “no lizard” treatment and
the control (Fig. 2). Spiders also did not show significant treatment-effects.
Bananaquit effect

The intrusion of the Bananaquit into one of the experimental units had a
pronounced effect on insect abundances (Table 7). Total insect abundance declined by
200 insects (47.8%). Bananaquit effects were significant in best-fit models for all insect
size classes except insects >10 mm. Insect numbers were reduced by 34.9%, 53.7%, and

74.2% for insects <2, 2-5, and 5-10 mm long respectively.
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Leaf damage response

All experimental units showed a decline in leaf damage between the first and
second sampling periods, but the magnitude of change was not significantly different
among treatments effect (F=0.93; d.f. = 3, 6; p=0.48). Leaf damage was overwhelmingly
due to leaf miners. Only 6 of the 1727 leaves I collected had damage that was consistent
with herbivory by leaf chewers.
Lizard abundances

The mean number of lizards removed initially from each experimental unit was
18.33 (SE = o/\n= 2.51). Biweekly lizard removals yielded a mean of 6.08 (0.54) from
each relevant exclosure (247 lizards total). The exhaustive count of lizards Apr 5-7
showed a significant treatment-effect on lizard abundances (F=19.53; 3, 6; p=0.001).
The control and “no bird” treatments had least-square means (LSM) of 18.67 (2.56) and
17.00 (2.56) respectively, while the “no both” and “no lizard” treatments had LSM’s of

7.67 (2.56) and 8.00 (2.56) respectively=
DISCUSSION
Impact of birds and lizards on coffee insects
This study showed that vertebrate insectivores significantly influenced the

abundance, size distribution, and species composition of insects associated with coffee.

Effects of excluding predators also appeared additive: the exclusion of both birds and
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lizards was more likely to result in a significant difference in insect abundances from the
control than the exclusion of either birds or lizards alone.

Lizards appeared to play a larger role in the removal of small insects than of
larger ones. Abundance of insects <5 mm showed significant interaction between birds
and lizards. For insects in the size classes <2 and 2-5 mm, the only treatment that
differed significantly from the control was the one that excluded both birds and lizards.
Furthermore, leaf miners, which are 2-3 mm, increased over time in the “no lizard” and
“both excluded” treatments, while showing little evidence that birds had any effect on
them at all. Indeed, leaf miners reached their highest levels in the “no lizard” treatments.

In contrast, the influence of lizards on insect removal was not evident for insects
>5 mm. This can be seen in the lack of significant interaction between birds and lizards
and the similar response of insects in the 5-10 mm size class to the “no bird” and “both
excluded” treatments. I found no evidence to suggest that lizards or birds influenced the
abundance of insects >10 mm; however, these insects were rare at the study site.
Moreover, low sample sizes preclude more definitive inferences.

Lizards had little effect upon abundance of flatid planthoppers. While the “no
bird” and “both excluded” treatments had significantly higher numbers of adult
planthoppers, interactions between birds and lizards were not significant. LSMs were
somewhat higher when both birds and lizards were excluded than when birds alone were
excluded.

The accidental intrusion of a Bananaquit into one of the experimental units proved

instructive. The combined abundance of all insect species examined was nearly halved
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over the course of approximately 36 hours. Best-fit models for the insect abundance data
included the Bananaquit for every response variable tested. Hemipterans, homopterans,
orthopterans, and psocopterans all declined substantially following the intrusion event.
Of those, orthopterans and homopterans are largely injurious in agricultural settings.
Response of coffee pests to removal of predators

Avian predators appeared to exert a determining influence on the abundance of
planthoppers. In their absence (with or without lizards present), planthoppers increased
dramatically. LSMs for juvenile planthoppers were higher in the “no bird” (21 times)
and “both excluded” (39 times) treatments than in the control. For adult planthoppers,
least square means were higher for the “no bird” (23 times) and “both excluded” (36
times) treatments than for the control. Thus birds may exert a population regulatory
function, perhaps helping to prevent outbreaks (Wolcott 1948). Damage by Petrusa
epilepsis to coffee plants has not been assessed, but some planthopper species are pests
on rice (Way and Heong 1994), beets (Gatineau et al 2001), corn (Dedoyle and Autrey
1992), grapevines (Weber and Maixner 1998), sugarcane (Kumarasinghe and Wratten
1996) and tea (Ghauri 1971). Planthoppers can serve as vectors for diseases and cause
injury to plants by extracting phloem from leaves and tender branches (Nault 1997).

The effect of vertebrate insectivores on the abundance of coffee leaf miner did not
conform unambiguously to my predictions. My findings suggest that lizards may exert
weak predation pressure upon the leaf miner, while birds appear to have little effect upon
them. With increased statistical power, these relationships might be better elucidated. It

is possible that visual predators like birds and lizards have problems detecting leaf miners
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since adult and larval forms are very small (<3 mm). If detectability ameliorates
predation pressure, it is most likely operates via leaf miner habits and life history traits.
For example, adult detection would be difficult because they spend much of their time on
the undersides of leaves. Similarly, larval leaf miners spend the vast majority of their
time well-protected, either in leaf mines or in cocoons. Vulnerability to predation might
occur only during the short time (<24 hrs, pers. obs.) it takes to emerge from their mines
and begin spinning cocoons. During this period, leaf miners are often observed dangling
by silk strands from the coffee trees, exposing them to predation. As Wolcott (1947)
noted, “If the breeze stops entirely, the caterpillar is left indefinitely suspended in mid-
air, a ready prey to any passing reinita or warbler.”

Severe infestation by the coffee leaf miner may result in defoliation of coffee
trees, (Gallardo-Covas 1987), and it is possible that some leaf miners were overlooked
since fallen leaves were not sampled. Leaf-mining has been associated with early leaf-
abscission in other tree species, with attendant high mortality for folivores (Faeth et al.
1981). Population dynamics associated with leaf abscission were beyond the scope of
this study.

The main threat to the coffee leaf miner appears to come from the parasitoid wasp
complex. Parasitoid wasps attack the leaf miner while it is in the leaf mine, and destroy
larvae in the leaf mines or shortly after their emergence (pers. obs.). Parasitism rates for
this experiment ranged from 36.7% to 76.1%, but differences among treatments were not
significant. These findings suggest that birds or lizards do not interfere with or

significantly “suppress” population levels of wasps. The pattern is consistent for other
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predatory arthropods, such as spiders, assassin bugs, and lacewings. That is, there were
no differences between treatments, albeit it is not known whether these arthropods prey
upon the leaf miner.
Effects on plant health

It would appear that the vast majority of leaf damage was caused by the coffee
leaf miner. I also found that estimates of leaf damage declined over time. However, this
trend was not attributable to removal of vertebrate insectivores. Lack of significant
differences was likely a reflection of the inability of vertebrate insectivores to
significantly reduce abundances of the leaf miner, as reported previously. My estimates
of leaf damage may have been confounded by the fact that leaves sustaining high levels
of damage generally fall from the tree. I was unable to follow fates of individual leaves;
thus, my estimates leaf damage could have been biased. A possible outcome of a
systematic bias could have been reporting lower estimates of leaf damage in treatments
experiencing the most damage.
Implications for biological control

The effectiveness of predators as biological control agents has been linked to
overall biological diversity within an agricultural system; a diverse array of natural
enemies of agricultural pests can provide an environmentally sound alternative to the use
of costly and potentially dangerous insecticides (Way and Heong 1994). Mounting
evidence indicates that structurally and floristically diverse coffee plantations support a
higher level of biodiversity than do modernized “sun” coffee plantations (Moron and

Lopez-Mendez 1985, Ibarrara-Nunez 1990, Estrada and Coates-Estrada 1994, Perfecto et
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al. 1996, Chapter 1). The importance of shade coffee plantations as habitat for birds has
been described in a variety of studies, and species richness and diversity of birds has been
shown to depend upon a diverse assortment of shade trees (Parrish and Petit 1995,
Greenberg et al. 1997, Wunderle and Latta 1998, Johnson 2000, Collazo and Groom
2000). Lizards may also be more abundant and diverse in shaded coffee farms than in
sun coffee (Chapter 1). Conservationists look to shaded coffee plantations as a refuge for
biodiversity (Brash 1987, Perfecto et al. 1996, Sherry 2000).

This study suggests that vertebrate predators such as birds and lizards may
provide a service to coffee farmers by controlling insects on their farms. My results
support those of Greenberg et al. (2000), who found that birds significantly reduced the
abundance of large arthropods in coffee. I found that for insects in the smaller size
classes, and for insects in general, abundances were higher in the absence of both birds
and lizards than in the absence of either alone. Lizards appeared to exert some influence
upon the coffee pest, Leucoptera coffeela, and birds exerted a substantial influence over
the abundance of the flatid planthopper, Petrusa epilepsis. Control of this phloem-
feeding Homopteran may provide a service to coffee farmers, although the impact of this
species on the health and yields of coffee plants remains to be quantified. It is
noteworthy that birds and lizards do not appear to interfere with other predators of coffee
pests. The most important of these is the complex of parasitoid wasps. Thus, the benefits
of a diverse vertebrate insectivore assemblage in Puerto Rico not only comes from the
pressure they exert on insect populations, including potential pest species, but also by the

minimal impact they seem to exert on other biocontrol taxa. The resultant array of
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biocontrol agents facilitates complementary or supplementary situations, thereby
effectively augmenting the breadth and strength of their ecological services in coffee
plantations.

In Puerto Rico, coffee production is supported by substantial governmental
subsidies. Present policies recommend the farming of coffee in full sunlight (Chapter 3),
which destroys habitat for wildlife and requires the use of environmentally detrimental
and potentially dangerous insecticides such as Disyston (disulfoton) 15 g. Previous
studies on biodiversity (e.g., Brash 1987) and this study have shown that both wildlife
and farmers stand to benefit from governmental policies aimed at promoting shade
coffee. Coffee plantations, with a diverse shade canopy, augment forested habitats for
wildlife. Farmers benefit from promoting the presence of a diverse range of predators

and parasitoids of coffee pests.

68



WORKS CITED

Atlegrim, O. 1992. Mechanisms regulating bird predation on a herbivorous larva guild
in boreal coniferous forests. Ecography 15: 19-24.

Brash, A.R. 1987. The history of avian extinction and forest conversion on Puerto Rico.
Biological Conservation 39:97-111.

Collazo, J. A. and M. J. Groom. 2000. Avian conservation in north-central forested
habitats in Puerto Rico. Final Report to the Puerto Rico Department of Natural
Resources (Federal Aid Project W-20). San Juan, PR. 375 pp.

Cotte, O. 1989. Oxydia vesulia (Cramer) (Lepidoptera, Geometriidae), a geometrid
caterpillar of coffee in Puerto Rico. Journal of Agriculture, UPR. 73 (2): 159-
160.

Dedoyle, M.M.R. and L.J.C. Autrey. 1992. Assessment of yield losses as a result of
coinfection by maize streak virus and maize stripe virus in Mauritius. Annals of
Applied Biology 120(3):443-450.

Dial, R. and J. Roughgarden. 1995. Experimental removal of insectivores from rain
forest canopy: direct and indirect effects. Ecology 76(6):1821-1834.

Estrada, R. Coates-Estrada. 1994. Non-flying mammals and landscape changes in the
tropical rain forest region at Los Tuxtlas. Ecography 17:229-241.

Gallardo-Covas, F. 1987. Soil systemic insecticides to control the coffee leafminer,
Leucoptera coffeela (Guerin-Meneville) in Puerto Rico. Journal of Agriculture,

UPR. 72(2):185-191.

69



Gallardo-Covas, F. 1992. Augmentation of Mirax insularis Muesebeck. Alternative for
population control of the coffee leaf miner, Leucoptera coffeela Guerin-
Meneville, in Puerto Rico. Journal of Agriculture, UPR. 76(2):43-54.

Gatineau, F., J. Larrue, D. Clair, F. Lorton, M. Richard-Molard, and E. Boudon-Padiecu.
2001. A new natural planthopper vector of stolbur phytoplasma in the genus
Pentastiridius (Hemiptera: Cixiidae). European Journal of Plant Pathology
107(3):263-271.

Ghauri, M.S.K. 1971. Two new species of genus Ketuluma Distant (Homoptera,
Flatidae), one attacking tea in South India. Bulletin of Entomological Research
60(4):635.

Gradwohl, J. and R. Greenberg. 1982. The effect of a single species of avian predator on
the arthropods of aerial leaf litter. Ecology 63(2):581-583.

Greenberg, R., P. Bichier, and J. Sterling. 1997. Bird populations in rustic and planted
shade coffee plantations of Eastern Chiapas, Mexico. Biotropica 29(4):501-514.

Greenberg, R. P. Bichier, A. Cruz Angon, C. McVean, R. Perez, and E. Canio. 2000.
The impact of avian insectivory on arthropods and leaf damage in some
Guatemalan coffee plantations. Ecology 81(6):1750-1755.

Ibarra-Nunez, G. 1990. Los artropodos asociados a cafetos en un cafetal mixto del
Soconusco, Chiapa, Mexico. 1. Variedad y abundancia. Folia Entomologica

Mexicana 79:207-231.

70



Johnson, M.D. 2000. Effects of shade-tree species and crop structure on the winter
arthropod and bird communities in a Jamaican shade coffee plantation.
Biotropica 32(1):133-145.

Kumarasinghe, N.C. and S.D. Wratten. 1996. The sugarcane lophopid planthopper
Pyrilla perpusilla (Homoptera: Lophopidae): A review of its biology, pest status
and control. Bulletin of Entomological Research 86(5):485-498.

Le Pelley, R.H. 1968. Pests of Coffee. London: Longmans, Green and Co. Ltd. 590 pp.

Moron, M.A. and J.A. Lopez-Mendez. 1985. Analisis de la entomofauna necrofilia de
un cafetal en El Soconusco, Chiapas, Mexico. Folia Entomologica Mexicana
63:47-59.

Nault, L.R. 1997. Arthropod transmission of plant viruses: A new synthesis. Annals of
the Entomological Society of America 90(5):521-541.

Pacala, S., J. Rummel, and J. Roughgarden. 1983. A technique for enclosing Anolis
lizard populations under field conditions. Journal of Herpetology 17(1):94-97.

Pacala, S. and J. Roughgarden. 1984. Control of arthropod abundance by Anolis lizards
on St. Eustatius (Neth. Antilles). Oecologia 64:160-162.

Parrish, J.D. and L.J. Petit. 1995. Value of shade coffee plantations for tropical birds:
landscape and vegetation effects. Pages 113-124 in W. Lockeretz, ed.
Environmental enhancement through agriculture: Proceedings of Conference
November 15-17, 1995. Massachusetts, Tufts University. 334 p.

Perfecto, I., R.A. Rice, R. Greenberg, and M.E. Van der Voort. 1996. Shade coffee: A

disappearing refuge for biodiversity. BioScience 46(8):598-608.

71



Quiring, D.T. and P.R. Timmins. 1988. Predation by American crows reduces
overwintering European corn borer populations in southwestern Ontario.
Canadian Journal of Zoology 66:2143-2145.

SAS Institute Inc. 2000. Selected SAS Documentation for ST 711: Design of
Experiments—PROCS GPLOT, REG, RSREG, GLM, and MIXED (2IlGl ed.).
Cary, NC: SAS Institute Inc. 572pp.

Sherry, T.W. Shade coffee: a good brew even in small doses. Auk 117(3):563-568.

Spiller, D.A. and T.W. Schoener. 1994. Effects of top and intermediate predators in a
terrestrial food web. Ecology 75(1):182-196.

Spiller, D.A. and T.W. Schoener. 1997. Folivary on islands with and without
insectivorous lizards: an eight-year study. Oikos 78:15-22.

US Department of Agriculture. 2000. 1998 Census of Agriculture. Volume 1:
Geographic area series. Part 52: Puerto Rico.

Way, M.J. and K.L. Heong. 1994. The role of biodiversity in the dynamics and
management of insect pests of tropical irrigated rice—a review. Bulletin of
Entomological Research 84:567-587.

Weber, A. and M. Maixner. 1998. Survey of the planthopper Hyalesthes obsoletus Sign.
(Auchyenorrhyncha, Cixiidae) for infection with the phytoplasma causing
grapevine yellows in Germany. Journal of Applied Entomology 122(7):375-381.

Wetmore, A. 1916. Birds of Porto Rico. Bulletin 326. Washington, DC: US
Department of Agriculture. 133 p.

Wolcott, G.N. 1948. The insects of Puerto Rico. Journal of Agriculture of University of

72



Puerto Rico. 22(1):1-224.
Wunderle, J.M. and S.C. Latta. 1998. Avian resource use in Dominican coffee

plantations. Wilson Bulletin 110(2):271-281.

73



Table 1. Effect tests, least-squares means of treatment effect and standard errors of the least-squares means by size class.

Effect Num Den F Pr>F Treatment LSM SE
DF DF

All Insects Treat 3 5 27.83 0.0015 No birds 154.38 42.09
Time 5 10 2.03 0.1593 No lizards 116.24 41.51
Treat*Time 15 29 220 0.0332 No birds or lizards 278.24 38.99
Bananaquit I 29 3213 <0.0001 Control 134.79 42.16
Size 1 29  2.67 0.1128

Insects <2 mm Treat 3 5 4.54 0.0684 No birds 48.87 29.03
Time 5 10 234 0.1180 No lizards 63.08 28.69
Treat*Time 15 29 226 0.0289 No birds or lizards 122.16 25.91
Bananaquit 1 29 11.85 0.0018 Control 72.00 29.10
Size 1 29  0.05 0.8263

Insects 2-5 mm Treat 3 5 2229 0.0025 No birds 7536 17.08
Time 5 10 0.72 0.6247 No lizards 4776 15.34
Treat*Time 15 29 1.65 0.1192 No birds or lizards 113.25 16.75
Bananaquit 1 29  23.18 <0.0001 Control 62.18 17.12
Size 1 29 415 0.0507

Insects 5-10 mm  Treat 3 5 13.77  0.0075 No birds 40.00 5.27
Time 5 10 2.57 0.0954 No lizards 12.75 5.25
Treat*Time 15 30 239 0.0207 No birds or lizards 48.33  5.31
Size 1 30 0.21 0.6527 Control 11.15 5.27

Insects >10 mm  Treat 3 5 0.98 0.4728 No birds 1.58 0.87
Time 5 10 0.61 0.6961 No lizards 0.74 0.67
Treat*Time 15 29 1.46 0.1846 No birds or lizards 1.34 0.85
Bananaquit 1 29  0.18 0.6752 Control 0.43 0.86

Starting value 1 29 243  0.1301
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Table 2. Effect tests, least-squares means of the treatment effect, and standard errors of the least-squares means by Order.

Order Effect Num DF Den DF F Pr>F Treatment LSM SE

Blattaria Treat 3 5 4.76 0.0630 No birds 1.93 0.56
Time 5 10 1.32 0.3310 No lizards 0.79 0.53
Treat*Time 15 29 1.96 0.0585 No birds or lizards 0.43 0.43
Bananaquit 1 29 0.36 0.5547 Control 0.26 0.54
Starting value 1 29 3.88 0.0586

Coleoptera Treat 3 5 0.81 0.5422 No birds 2.85 1.08
Time 5 10 8.59 0.0022 No lizards 1.58 1.08
Treat*Time 15 29 0.97 0.5042 No birds or lizards 1.17 0.93
Bananaquit 1 29 0.66 0.4230 Control 1.58 1.08
Starting value 1 29 0.58 0.4522

Diptera Treat 3 5 2.09 0.2200 No birds 3.65 1.32
Time 5 10 1.52 0.2670 No lizards 4.10 1.35
Treat*Time 15 29 0.89 0.5826 No birds or lizards 4.01 1.06
Bananaquit 1 29 3.55 0.0697 Control 5.66 1.26
Starting value 1 29 3.87 0.0587

Hemiptera Treat 3 4 0.65 0.6204 No birds 12.79 42.35
Time 5 10 7.20  <0.0001 No lizards 41.52 41.89
Treat*Time 15 29 0.72 0.7692 No birds or lizards 37.89 43.45
Bananaquit 1 29 14.68  0.0006 Control 33.36 42.19
Size 1 29 2.25 0.1464
Starting value 1 29 4.00 0.0550
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Table 2 (continued).

Order Effect Num DF Den DF F Pr>F Treatment LSM SE

Homoptera Treat 5 10.96  0.0123 No birds 83.25 25.47
Time 10 2.57 0.0958 No lizards 2.00 25.91
Treat*Time 15 29 2.88 0.0071 No birds or lizards 132.53 21.84
Bananaquit 1 29 18.65  0.0002 Control 8.91 25.53
Starting value 1 29 3.04 0.0918

Hymenoptera Treat 5 6.77 0.0327 No birds 18.54 4.41
Time 10 4.84 0.0165 No lizards 16.60 3.38
Treat*Time 15 29 2.12 0.0400 No birds or lizards 20.20 4.02
Bananaquit 1 29 0.71 0.4071 Control 30.52 4.01
Starting value 1 29 2.23 0.1458

Lepidoptera Treat 5 6.28 0.0378 No birds 9.00 2.22
Time 10 5.03 0.0146 No lizards 12.66 2.36
Treat*Time 15 29 0.82 0.6500 No birds or lizards 7.61 1.95
Bananaquit 1 29 1.94 0.1739 Control 15.05 2.36
Starting value 1 29 8.73 0.0062

Neuroptera Treat 5 3.44 0.1086 No birds 5.08 1.85
Time 10 0.92 0.5060 No lizards 2.74 1.85
Treat*Time 15 29 2.02 0.0514 No birds or lizards 5.79 1.65
Bananaquit 1 29 0.50 0.4840 Control 4.79 1.83
Starting value 1 29 16.33 0.0004
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Table 2 (continued).

Order Effect Num DF Den DF F Pr>F Treatment LSM SE

Orthoptera Treat 5 1.56 0.3082 No birds 10.43 4.14
Time 10 3.21 0.0550 No lizards 10.48 4.20
Treat*Time 15 29 0.88 0.5941 No birds or lizards 15.34 3.70
Bananaquit 1 29 0.06 0.8024 Control 8.13 4.28
Starting value 1 29 3.30 0.0798

Psocoptera Treat 3 4 0.82 0.5480 No birds 0.38 8.84
Time 5 10 4.70 0.0182 No lizards 9.63 8.66
Treat*Time 15 29 0.89 0.5800 No birds or lizards 12.46 9.02
Bananaquit 1 29 5.48 0.0263 Control 8.69 8.62
Size 1 29 0.01 0.9043
Starting value 1 29 0.05 0.8260

Aranaea Treat 3 4 0.37 0.7804 No birds 68.35 16.85
Time 5 10 5.10 0.0140 No lizards 63.06 17.00
Treat*Time 15 29 2.37 0.0223 No birds or lizards 75.28 16.02
Bananaquit 1 29 0.39 0.5361 Control 65.31 17.28
Size 1 29 0.43 0.5155
Starting value 1 29 5.34 0.0281

Unknown Treat 6 0.48 0.7110 No birds 1.94 0.71
Time 10 1.40 0.3024 No lizards 1.44 0.71
Treat*Time 15 29 0.87 0.6018 No birds or lizards 1.96 0.57
Bananaquit 1 29 0.59 0.4482 Control 1.99 0.71
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Table 3. Treatment effect tests and least square means for selected sub-groups

Subgroup Effect NDF DDF F Pr>F Treatment LSM SE

Pest or potential pest

Leucoptera coffeela  Treat 3 5 5.44 0.0496 No birds 4.73 1.59
Time 5 10 5.33 0.0121 No lizards 8.31 1.60
Treat*Time 15 29 1.32 0.2502 No both 6.65 1.38
Bananaquit 1 29 2.38 0.1337 Control 10.23 1.63

Starting value 1 29 17.52 0.0002

Petrusa epilepsis Treat 3 5 1.85 0.2548 No birds 84.96 17.17
(Immature) Time 5 10 4.19 0.0258 No lizards ~ 42.57 17.40
Treat*Time 15 30 2.26 0.0278 No both 89.25 17.17
Starting value 1 30 2.88 0.0999 Control 52.00 17.52
Petrusa epilepsis Treat 3 5 9.22 0.0176 No birds 3498 5.38
(Adult) Time 5 10 2.59 0.0938 No lizards 9.28 5.43
Treat*Time 15 30 2.22 0.0309 No both 4331 543
Starting value 1 30 0.03 0.8653 Control 7.48 5.62
Predator
Reduviidae Treat 3 5 1.96 0.2386 No birds 3.03 1.80
Time 5 10 3.77 0.0352 No lizards 2.45 1.69
Treat*Time 15 29 1.27 0.2821 No both 2.09 1.47
Bananaquit 1 29 0.14 0.7063 Control 5.70 1.69

Starting value 1 29 0.02 0.8806
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Table 4. Contrasts and bird/lizard interactions for all insects and by size class

Contrasts t DF P
All Insects  No Bird v. Control 0.47 4 0.6633
No Both v. Control 3.34 4 0.0290
No Lizard v. Control -1.21 4 0.2924
Bird*Lizard interaction 271 4 0.0533
Insects <2  No Bird v. Control -1.15 5 0.3017
No Both v. Control 2.38 5 0.0630
No Lizard v. Control -0.43 5 0.6849
Bird*Lizard interaction -2.83 5 0.0368
Insects 2-5  No Bird v. Control 1.71 5 0.1482
No Both v. Control 6.01 5 0.0018
No Lizard v. Control -1.80 5 0.1325
Bird*Lizard interaction -4.61 5 0.0058
Insect 5-10  No Bird v. Control 4.01 5 0.0103
No Both v. Control 5.15 5 0.0036
No Lizard v. Control 0.22 5 0.8358
Bird*Lizard interaction -0.66 5 0.5391
Insect>10  No Bird v. Control 1.45 5 0.2068
No Both v. Control 1.19 5 0.2877
No Lizard v. Control 0.41 5 0.6962
Bird*Lizard interaction 0.52 5 0.6269
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Table 5. Contrasts of treatment effects and bird/lizard interactions by Order

Contrasts t DF P
Blattaria No Bird v. Control 3.60 5 0.0156
No Both v. Control 0.41 5  0.6984
No Lizard v. Control 1.09 5 0.3236
Bird*Lizard interaction 3.00 5  0.0300
Coleoptera No Bird v. Control 1.12 5 03128
No Both v. Control -0.36 5 0.7333
No Lizard v. Control 0.00 5 1.0000
Bird*Lizard interaction 1.05 5  0.3425
Diptera No Bird v. Control -2.31 5 0.0690
No Both v. Control -1.89 5 0.1169
No Lizard v. Control -1.72 5 0.1452
Bird*Lizard interaction -1.41 5  0.2162
Hemiptera No Bird v. Control -0.99 4  0.379%4
No Both v. Control 0.19 4  0.8561
No Lizard v. Control 0.41 4 0.7047
Bird*Lizard interaction -0.48 4 0.6549
Homoptera No Bird v. Control 2.85 5  0.0358
No Both v. Control 4.65 5 0.0056
No Lizard v. Control -0.26 5  0.8067
Bird*Lizard interaction -1.47 5 0.2018
Hymenoptera No Bird v. Control -3.08 5 0.0327
No Both v. Control -4.17 5 0.0087
No Lizard v. Control -3.13 5 0.0261
Bird*Lizard interaction -1.52 5 0.1884
Lepidoptera No Bird v. Control -3.95 5  0.0109
No Both v. Control -3.85 5 0.0120
No Lizard v. Control -1.76 5 0.1385
Bird*Lizard interaction -0.48 5  0.6498
Neuroptera No Bird v. Control 0.30 5 0.7789
No Both v. Control 1.01 5 03577
No Lizard v. Control -2.15 5 0.0840
Bird*Lizard interaction -2.04 5 0.0970
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Table 5 (cont.). Two-tailed contrasts of treatment effects and bird/lizard interactions by

Order.
Contrasts t DF P
Orthoptera No Bird v. Control 0.74 5 04934
No Both v. Control 2.10 5 0.0893
No Lizard v. Control 0.79 5 0.4631
Bird*Lizard interaction -0.60 5 05742
Psocoptera No Bird v. Control -1.18 4 0.3032
No Both v. Control 0.45 4  0.6742
No Lizard v. Control 0.13 4 0.9009
Bird*Lizard interaction -0.92 4 040732
Aranaea No Bird v. Control 0.26 4  0.8089
No Both v. Control 0.80 4  0.4661
No Lizard v. Control -0.21 4  0.8476
Bird*Lizard interaction -0.60 4 0.5780
Unknown No Bird v. Control -0.10 5 0.9209
No Both v. Control -0.06 5  0.9541
No Lizard v. Control -1.03 5 0.3406
Bird*Lizard interaction -0.74 5 0.4887
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Table 6. Contrasts of treatment effects and bird/lizard interactions for selected subgroups

Subgroup Contrasts t d.f. p

Pests or potential pests:

Leucoptera coffeela No Bird v. Control -3.94 5 0.0110
No Both v. Control -2.38 5 0.0632
No Lizard v. Control -1.43 5 0.2128
Bird*Lizard interaction -2.01 5 0.1006
Petrusa epilepsis No Bird v. Control 1.34 5 0.2382
(Immature) No Both v. Control 1.52 5 0.1897
No Lizard v. Control -0.38 5 0.7226
Bird*Lizard interaction -0.39 5 0.7112
Petrusa epilepsis No Bird v. Control 3.55 5 0.0164
(Adult) No Both v. Control 4.29 5 0.0039
No Lizard v. Control 0.24 5 0.8184
Bird*Lizard interaction -0.62 5 0.5613

Predators:
Reduviidae No Bird v. Control -1.59 5 0.1731
No Both v. Control -2.13 5 0.0860
No Lizard v. Control -1.89 5 0.1176
Bird*Lizard interaction -0.98 5 0.3719
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Figure 1. Exclosure design.
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Figure 2. Abundance of all insects by treatment over the course of the experiment. Means are for visual counts of insects on
100 randomly selected leaves on each of thel2 trees per exclosure. Treatment means were averaged across replicates for

each biweekly insect census.
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Figure 3. Abundance of insects <2 mm by treatment over the course of the experiment. Means are for visual counts of
insects on 100 randomly selected leaves on each of thel2 trees per exclosure. Treatment means were averaged across

replicates for each biweekly insect census.
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Figure 4. Abundance of insects 2-5 mm by treatment over the course of the experiment. Means are for visual counts of
insects on 100 randomly selected leaves on each of thel2 trees per exclosure. Treatment means were averaged across

replicates for each biweekly insect census.
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Figure 5. Abundance of insects 5-10 mm by treatment over the course of the experiment. Means are for visual counts of
insects on 100 randomly selected leaves on each of thel2 trees per exclosure. Treatment means were averaged across

replicates for each biweekly insect census.
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Figure 6. Abundance of Homoptera by treatment over the course of the experiment. Means are for visual counts of insects
on 100 randomly selected leaves on each of thel2 trees per exclosure. Treatment means were averaged across replicates for

each biweekly insect census.
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Figure 7. Abundance of Hymenoptera by treatment over the course of the experiment. Means are for visual counts of insects
on 100 randomly selected leaves on each of thel2 trees per exclosure. Treatment means were averaged across replicates for

each biweekly insect census.
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Figure 8. Leaf miner abundance by treatment over the course of the experiment. Means are for visual counts of insects on
100 randomly selected leaves on each of thel2 trees per exclosure. Treatment means were averaged across replicates for

each biweekly insect census.
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Figure 9. Abundance of mature planthoppers (Petrusa epilepsis) by treatment over the course of the experiment. Means are
for visual counts of insects on 100 randomly selected leaves on each of thel2 trees per exclosure. Treatment means were

averaged across replicates for each biweekly insect census.
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Figure 10. Abundance of immature planthoppers (Petrusa epilepsis) by treatment over the course of the experiment. Means
are for visual counts of insects on 100 randomly selected leaves on each of thel2 trees per exclosure. Treatment means were

averaged across replicates for each biweekly insect census.

92



0.8 -
0.7 -
0.6 -
0.5 -
0.4 -
0.3 -
0.2 -
0.1 -

Parasitism Rate

"No Bird" "No Lizard" "No Both" Control

Figure 11. Mean parasitism rate by parasitoid wasps by treatment. Parasitism rates were

calculated as the proportion of “active” vials containing at least 1 parasitoid wasp.
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CHAPTER 3

Social and Political Implications of Conversion to Sun Coffee in Puerto Rico

ABSTRACT: Isurveyed 100 coffee farmers in Puerto Rico to assess the prevalence of
sun coffee farming and differences in attitudes and cultivation practices between sun and
shade coffee growers. I found that sun coffee was substantially more prevalent than
shaded coffee, both in number of farms and land area devoted to its production. The
average sun coffee plantation was significantly larger than the average shaded plantation
(p =0.02). Reasons for conversion from shade to sun coffee included higher yields,
recommendations by agronomists, and incentives from the government. Sun and shaded
coffee farmers were equally likely to receive some form of assistance from the
government, usually fertilizer which nearly all farmers utilized. Sun coffee farmers were
significantly more likely to use insecticides (p = 0.001). Seventy percent of farmers said
they would be willing to plant shade trees if the government supplied them. Farmers
placed the greatest conservation value on plants, fish, and amphibians and thought that
species should be conserved on the basis of rarity, services provided to humans, and
apparent ecological importance. Because Puerto Rico is a net importer of coffee, there is
little or no motivation to align coffee production with “bird-friendly” practices fostered
by primary buyers like the United States. Coffee cultivation is intimately linked to
governmental subsidies. It follows that governmental agencies can bring about a
fundamental change in the way coffee is grown on the island. A revamped, sustainably-

driven policy is necessary in order to reap the conservation benefits of shaded coffee.
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INTRODUCTION

Coffee is the primary export of many developing countries and ranks second in
value only to oil as a legally traded commodity (World Resources Institute et al. 1998).
Latin America and the Caribbean export more than two thirds of the world’s coffee
(World Resources Institute et al. 1998), and coffee lands make up approximately 44% of
the permanent arable cropland in Northern Latin America (Rice 1993, Perfecto et al.
1996). In Puerto Rico, coffee is the most important agricultural crop. In 1998 it
comprised 24.6% of the market value of all crops sold and more than twice as much land
was devoted to coffee production than to any other single crop (USDA 1998).

Coffee may be planted as the understory layer within an existing natural forest, or
more typically, among leguminous nitrogen-fixing trees (/nga spp., Gliricidia spp.) and
crop or timber producing trees that can provide an alternate or additional source of
income (Rice 1993, Perfecto et al. 1996, Greenberg et al. 1997, World Resources Institute
et al. 1998). The use of these structurally complex plantations by insects (Robinson and
Robinson, 1974, Moron and Lopez-Mendez 1985, Ibarrara-Nunez 1990, Nestel and
Dickshen 1990, Perfecto et al. 1996), mammals (Estrada et al. 1993, Estrada and Coates-
Estrada 1994), and birds (Borrero 1986, Parrish and Petit 1995, Greenberg et al. 1997a,
Greenberg et al. 1997b, Wunderle and Latta 1998) has been widely documented in a
variety of studies. Shaded coffee plantations in Puerto Rico may have acted as a refuge
for biodiversity during the time of Puerto Rico’s maximum deforestation (Brash 1987)

and still provide suitable habitat for breeding and foraging resident birds (Collazo and
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Groom 2000, Carlo-Joglar 1999).

Over the past few decades, however, coffee production methods have changed
from the traditional management of coffee under a shade canopy toward the
“modernized” production of coffee without shade. Although modernization was initially
promoted as a method of combating fungal diseases, the potential for increased
production (Perfecto et al. 1996) and rural development (World Resources Institute 1998)
drives conversion programs at present. Government and international aid organizations
have promoted and subsidized the conversion of coffee plantations (World Institute
1998), in spite of the increased environmental and social costs associated with the
production of “sun coffee”. Modern sun coffee plantations rely on high-yielding coffee
varieties that require increased chemical and mechanical inputs (Rice 1993). They have
also been associated with higher rates of soil degradation and erosion, water pollution,
and reduced biological diversity (Perfecto et al. 1996, World Resources Institute 1998).

Coffee was introduced to Puerto Rico in 1736 and spread rapidly (Carrion 1983);
rising international prices in the 1790’s increased coffee’s importance as an agricultural
commodity (Bergad 1983). By 1879 coffee had replaced sugar in importance to the
Puerto Rican economy (Carrion 1983). Due to its low capital and labor demands coffee
was well-suited to smallholders (Bergad 1983); the coffee plantations of the 19" century
tended to be small to medium in size, ethnically diverse in terms of ownership, and
revolved around family holdings (Carrion 1983). They also resembled natural forests,
with coffee trees planted as the shrub layer beneath native trees (Brash 1987). Rising

land costs in the last quarter of the 19™ century, coupled with an increase in coffee prices
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and the expansion of coffee production, led to a reduction in the number of coffee
smallholdings and in the number of families owning land (Bergad 1983).

The challenges to Puerto Rico’s coffee sector have derived from both natural and
social factors. One of the principle obstacles to the development of coffee culture in
Puerto Rico and elsewhere in Latin America was the lack of workers for the coffee farms,
or the falta de brazos. Coffee farmers of the 19™ century in Puerto Rico relied almost
exclusively on free laborers, but while land was available and population densities low,
free laborers preferred subsistence farming to work on the coffee haciendas (Bergad
1983). Prior to the 1850s it was difficult to secure labor for a large or medium-sized
coffee estate; in 1849, however, the development of the Ley de Jornaleros attempted to
address the problem of the falta de brazos by requiring all landless and nonprofessional
males on the island to secure employment on the estates of the landed (Bergad 1983).
Those who failed to do so faced legal prosecution. This led to a two-class social structure
in the Puerto Rican highlands during the last quarter of the 19" century, with estate
owners constituting the upper stratum and the dependent peasants and the landless, the
lower (Wells 1969, Bergad 1983).

Hurricanes presented another major obstacle to coffee farmers in Puerto Rico.
The hurricanes San Narciso in 1867, San Ciriaco in 1899, and San Felipe in 1928 played
major roles in the history of Puerto Rican coffee culture. San Narciso destroyed a
substantial portion of the local crop and contributed to the halt of coffee’s expansion in
the late 1860s. Rising coffee prices in the early 1870s, however, stimulated a new wave

of investment and expansion of coffee production (Bergad 1983). Then on August 8,

97



1899, San Ciriaco completely destroyed the $7 million coffee crop and caused many
coffee haciendas to be abandoned (Carrion 1983). This event, coupled with the
occupation of the island by the United States in 1898, caused the collapse of coffee
culture in Puerto Rico; a decline in prices, widespread agrarian debt, and uncertainty
connected to the new political order made credit unavailable to most planters. There
were no resources available to rebuild the coffee farms (Bergad 1983). Subsequent
efforts to rejuvenate the coffee industry during the first quarter of the 20™ century were
decimated by the hurricane San Felipe in 1928, which uprooted half the coffee trees on
the island, and the Great Depression, which made resources unavailable for the rebuilding
of the cafetales (Carrion 1983). Matters were worsened by yet another hurricane that
swept over the north coast of the island in 1932 (Wells 1969).

During the early 1930s the Roosevelt Administration’s New Deal created the
Puerto Rico Emergency Relief Administration, which became the Puerto Rican
Reconstruction Administration in 1935. This agency engaged in a variety of activities,
including the establishment of rural resettlement communities and demonstration farms
and the reorganization of coffee and fruit production (Wells 1969). In the 1940s,
however, the governor of Puerto Rico, Luis Mufioz Marin shifted the focus of economic
development from agriculture to industrialization with the result that agricultural
production stagnated. It wasn’t until the early 1960s that Mufioz Marin returned his
attention to agricultural production and instituted programs aimed at improving

productivity in coffee (Wells 1969).
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Efforts at improving coffee productivity have focused on the modernization of
coffee production and the conversion of Puerto Rican coffee farms from shaded
plantations to unshaded, or full-sunlight plantations and the use of government-sponsored
incentives to increase coffee production (Estacion Experimental Agricola 1998). In
1999, a publication of the University of Puerto Rico’s Experimental Agricultural Station
recommended that coffee be planted in full sunlight. Only in cases in which the climate
is very hot, the area is exposed to strong winds, or the farmer lacks access to the
resources and capital necessary for the intensive management required by sun coffee
varieties are shade trees recommended on coffee plantations (Estacion Experimental
Agricola 1999). Should shade trees be used, official recommendations stipulate that
shade not exceed 30% (Estacion Experimental Agricola 1999).

This study examines general trends in present-day coffee culture in Puerto Rico. I
set out to conduct this work because (1) traditional methods of coffee cultivation are
rapidly disappearing along with the diversity of organisms they promote, (2) shaded
coffee plantations occupy a large proportion of many tropical landscapes, and (3) shaded
coffee plantations may provide ecological services to farmers that are lacking in sun
coffee (Sherry 2000; Chapters 1 and 2, this work). In 1999, I surveyed 100 coffee
farmers in 3 municipalities in north-central Puerto Rico. The survey was aimed at
ascertaining the general nature of land tenure, land use, labor, and agricultural practices
on Puerto Rican coffee farms (sun versus shaded), as well as the attitudes of coffee

farmers toward coffee modernization and conservation of biological diversity. In
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particular, I was interested in testing the following null hypotheses with respect to sun
versus shade coffee production:
Hol: Abundance of coffee farms and land area devoted to coffee do not differ
between sun and shade.
Hal: Abundance of coffee farms and land area devoted to coffee is greater for
sun coffee.
Ho2: Access to government assistance and incentives do not differ for farmers of
sun and shaded coffee.
Ha2: Access to government assistance and incentives differs for farmers of sun
and shaded coffee.
Ho3: Impacts of hurricanes, pests, and other problems associated with coffee
production do not differ between sun and shade coffee farmers.
Ha3: Impacts of hurricanes, pests, and other problems associated with coffee
production differ for sun and shaded coffee farmers.
I also addressed the long-term prospects for and the ecological impacts of
continued coffee cultivation in Puerto Rico, and explored the implications of Puerto

Rican coffee culture for the conservation of biological diversity in Puerto Rico.

METHODS

I selected names of coffee farmers from lists of coffee farmers kept by the

Puerto Rico Department of Agriculture in the municipalities of Ciales, Utuado, and
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Jayuya. These municipalities were arbitrarily chosen based on their proximity to my field
research sites. [ used a random number generator to generate 120 numbers based on the
approximate number of names on each list, and used the names and addresses associated
with each number. A fluent Spanish-speaking field assistant was hired to visit and survey
these farmers. The approach taken to the survey was to map routes through the 3
municipalities in order to visit most efficiently the farmers on the list. If a listed farmer
was unavailable for any reason the next farmer on the route was visited. The surveyor
followed this protocol until 100 farmers had been surveyed.

I also interviewed a total of 5 agronomists from the Puerto Rico Department of
Agriculture, the Agricultural Extension Service of the University of Puerto Rico, and the
US Department of Agriculture’s Natural Resources Conservation Service for additional
insight into current coffee cultivation practices and the incentives provided by the various
governmental agencies.

The survey instrument for the coffee growers contained 53 questions, which
focused on 6 broad themes: background information; descriptions of agricultural
practices and land use; assistance provided by the government; use of sun versus shaded
coffee cultivation; challenges faced by farmers in coffee production (e.g. hurricanes,
pests, soil erosion); and attitudes toward the conservation of wildlife (see Appendix E for
complete survey questions).

To determine whether farmers practiced sun or shaded coffee cultivation, I
asked the question: Do you consider your farm to be a sun plantation or a shaded

plantation? I also had the surveyor place the farm into one of five categories with a
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priori designations of shaded or unshaded: (1) coffee trees only (unshaded); (2) coffee
with a few bananas, plantains, or other very sparse trees (unshaded); (3) coffee under the
shade of bananas, plantains, citrus, or other sparse shade trees (unshaded); (4) coffee
primarily under the shade of Inga vera (shaded); (5) or coffee under the shade of various
types of trees, including native trees, forming a dense canopy of shade (shaded).

I addressed the challenges to coffee production faced by coffee farmers by
asking them to use a scale of 1-3 (1 equals “no importance,” 2 equals “little importance,”
and 3 equals “very important”) to rate the importance of the following occurrences:
erosion, damage caused by insects, nutrient deficiencies, fungus, lack of capital, lack of
workers, and hurricane damage. Conservation values were addressed using questions
similar to those used by Czech et al. (1998). I asked farmers to rate the importance of the
following taxa: amphibians, microorganisms, plants, invertebrates, fish, mammals,
reptiles, and birds using the scale of 1-3. I then asked which of the following attributes
people thought were important in deciding which species to conserve: physical
attractiveness, apparent ecological importance, size, rarity, intelligence, monetary value,
historical or cultural value, and services provided to human beings.

Sun versus shade comparisons were made using Pearson’s Chi-Square and
Fisher’s exact tests in Program JMP. To test the hypothesis of greater area and
abundance of sun coffee, I used a 1-tailed t-test. The importance accorded to the
problems facing farmers and to the conservation of the various taxa was compared using
standard 2-tailed t-tests to make pairwise comparisons with Bonferroni alpha-adjustments

(Zar 1996).
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RESULTS
Background

Coffee farmers in this study ranged in age from 31 to 90. The mean age was
58.43 (1.41), and the median age was 55. Twelve of the surveyed farmers were women
and 82 were men. In one case, a couple was interviewed together and their responses
treated as a single survey. The educational background of the farmers varied. Five of the
respondents had received no formal education, 39 had attended elementary school, 31 had
attended high school, 12 had completed some college, 4 had bachelor’s degrees, 2 had
master’s degrees, and 2 had completed their doctorates; 3 declined to answer.

Eighty-two of the respondents had been raised on coffee farms. The majority of
farmers had parents and/or other relatives who had farmed coffee (Fig. 1). Only 1 farmer
rented the land he farmed. Eighty-seven had bought their farms outright, 3 owned a
combination of bought and inherited lands, 7 had inherited their land, and 2 owned land
that had been granted to them through governmental programs. When asked why they
farmed coffee, respondents presented a variety of reasons. Common responses were as
follows: (1) to make money; (2) coffee is the only crop that is economically viable; (3)
fixed prices for coffee make it a safe investment; (4) tradition; (5) enjoyment; (6)
governmental incentives; and (7) their land was already planted in coffee when they
bought it (see Appendix F). Forty-nine respondents had been farming coffee for more
than 25 years, 13 for 15-25 years, 8 for 10-15 years, 21 for 5-10 years, and only 9 for less

than 5 years.
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Seventy-one respondents had total annual incomes of less than $10,000 (Fig. 2),
despite the fact that 79 received income from sources other than coffee production.
Revenues associated with coffee production alone were below $5,000 for 81 respondents,
and below $2,000 for 59 respondents (Fig. 3). When asked what they predicted for the
future of their farms, 77 farmers indicated they would pass the farms on to their
offspring, 6 said they would sell their farms, 3 said they would sell portions of their farms
and leave the remainder to their offspring, and 11 said they did not know. Fifty-nine
farmers had children who were expected to cultivate coffee.

Land use and agricultural practice

Coffee farms ranged in size from 0.5-230 acres. The mean farm size was 19.57
acres (2.87) and the median was 11.75 acres. Eighty-four respondents had farms under
30 acres (Fig. 4). On average, 60.3% of the total acreage of the farms was planted in
coffee, 13.6% was forested, and 11.6% was used for other purposes. Most farmers
planted a variety of other crops with their coffee trees. Commonly cultivated produce
included oranges, bananas, plantains, root plants, breadfruit, squash, pigeon peas,
papayas, and avocadoes. Only 6 farmers did not plant crops in addition to coffee.

Of the 94 farmers that planted crops beside coffee, only 45 (47.8%) sold them.
The remainder kept their other produce for personal consumption. In addition to planting
food crops for personal consumption, 35 farmers harvested medicinal plants from their
coffee farms.

All but one of the farmers surveyed planted some variety of Coffea arabica.

Common varieties included “Café del Pais,” Bourbon, Caturra, Pacas, Puerto Rico 401,
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Limani, Frontén, and Mundo Nuevo (Fig. 5). Non-arabica varieties included Coffea
canephora, or Robusta; and C. liberica, Excelsa or Americano. Most farmers used more
than 1 variety of coffee on their farms: 79 used 2 or more varieties. The most prevalent
reason for using a specific variety was high yield (39 respondents). Other common
reasons were that it was given and/or recommended by the government (20 respondents)
it was readily available (14 respondents), it was already present on the farm (13
respondents), it was resistant to pests or other problems (9 respondents), it was the best
quality (8 respondents), or that the small size was desirable (7 respondents).
Seventy-nine farmers had at least some shade trees (non-consumptive fruit

producing trees) planted among their coffee trees. Inga vera was the most common
(67%), followed by Andira inermes (38%), Guarea guidonea (29%), Inga laurina (25%),
Meon (19%), Erythrina poeppigiana (16%), Jobillo (9%), and Gliricidia sepium (8%).
Of those farmers having non-fruiting trees amongst their coffee, 65.8% had five or fewer
species of trees, and only two farmers (2.5%) had 10 or more species.

Approximately half the farmers surveyed used insecticides on their coffee plants:
46 used insecticides currently and an additional 3 had used them in the past. Thirty-seven
respondents used Di-syston 15 G, which controls the coffee leaf miner (Leucoptera
coffeela), making it the most prevalent insecticide in use. Temik 15 G, for the leaf miner
and nematodes, was used by 15 farmers. Of the 51 farmers who did not use insecticides,
3 used Mocap, formulated for use on bananas and plantains, on their farms. Respondents

commonly used herbicides. Ninety-two farmers used Round-up on their farms. Fifteen
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farmers used Gramaxone Super in addition to Round-up. Use of fertilizers was also
widespread, with 96 farmers acknowledging their use.

When asked where they acquire insecticides, 40 respondents said they bought
insecticides from private entities, 3 used incentives, 3 received pesticides from the
government, and 8 said they used both private and governmental sources. The total
number of people answering this question is greater than the number who said they use
pesticides, and may reflect historical use. Herbicides were also purchased primarily from
private sources (84%) while 1 person received them from the government and 6 received
them from both public and private sources. Farmers generally obtained fertilizer from
governmental sources: 66 farmers relied on the government as their sole source of
fertilizer, 27 used both public and private sources, and only 4 used only private sources.

The farmers surveyed tended to work on their own farms; only 9 did not do so.

Family was an important source of labor. Forty respondents had spouses who worked on
their farms, 54 had other family members who worked with them, and 9 had neighbors
who helped them. Eight farmers said they helped on the farms of their neighbors in
exchange for help on their own farms. Only 17 farmers had permanent employees. Of
these, 9 had 1-2 permanent employees, 5 had 3-5, and 3 had 6-10. Farmers were more
likely to hire employees on a part-time basis, or for help with the harvest. Forty-eight
farmers hired part-time occasional help, and 70 hired people to help with the harvest.
Participation in institutionalized programs

Only 4 respondents did not receive some form of assistance from the government

(Fig 6). The most widespread form of assistance was fertilizer, which 94 farmers
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utilized. Two farmers said they received herbicides from governmental sources, and 5
said they received assistance with the application of herbicides. Thirty-seven respondents
had received technical advice from government agencies. Twenty-two took part in the
program by which the government pays half of the salaries of their employees. Nineteen
farmers had received the use of machinery from the government, 10 had received coffee
plants, and 2 said they received payment for their crops.

Forty-eight farmers utilized crop insurance, but only 33 farmers had their entire
plantations insured. Nine respondents said they had trouble obtaining insurance. Loans
from private banks, coops, or the FHA had been utilized by 38 farmers.

Challenges to farmers

Farmers in this study considered hurricanes to be the most important obstacle to
coffee production (i =296 [SE=0c/ Jn= 0.02]), followed by lack of capital (i =
2.75 [0.06]), unavailability of workers (X = 2.53 [0.08]), erosion (X =2.27 [0.08]), insect
damage (i =2.24 [0.09]), nutrient deficiencies (i =2.15[0.09]), and fungus damage
(X =1.98[0.09]) (Table 1).

Hurricane Georges had a major effect on all of the farmers surveyed. Twelve
had stopped farming coffee after Georges, and only 3 of those 12 planned to resume
farming. Typical effects ranged from a reduction in coffee yields, the loss of coffee trees,
and the destruction of the year’s crop to the complete destruction and/or abandonment of
coffee farms. Of the farmers who did not quit farming coffee after Hurricane Georges,

82 had to cut down some portion of their trees and either replant them or allow them to
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resprout. Twenty-eight of the farmers believed that if another hurricane damaged their
farms during the next 5 years, they would not continue farming coffee.

Conservation values

Farmers placed the greatest conservation value on plants (i =2.9310.03]),
followed by fish (X = 2.87 [0.04]), amphibians (X = 2.82 [0.05]), birds (X =2.78
[0.05]), reptiles (i =2.58 [0.07]), microorganisms (i =1.93 [0.09]), mammals (i =

1.87 [0.09]), and invertebrates (i =1.80[0.09]) (Table 2). In deciding which species it
1s important to conserve, 97 respondents thought that rarity was important, 96 placed
importance on services provided by the species to humans, 83 thought apparent
ecological importance should be considered, 78 placed value on historical or cultural
relevance, 58 considered monetary value of the species, and 50 considered the species’
intelligence. Only 36 said physical attractiveness was important, and only 24 said size.
Sun versus Shaded Coffee

When asked whether they considered their farm to be in sunlight or shaded, 46
farmers said their farms were in sunlight, 29 said shade, and 21 said they had both. As
characterized by the surveyor, 8 farms contained coffee trees only; 53 contained coffee
with a few bananas, plantains, or other very sparse trees; 26 contained coffee under the
shade of bananas, plantains, citrus, or other sparse shade trees; 7 contained coffee
primarily under the shade of /nga vera; and only 1 contained coffee under the shade of
various types of trees, including native trees, which formed a dense canopy of shade.

The farmers whose farms met the description “coffee trees only” all identified

themselves as sun coffee farmers, but of the farmers whose farms met the description
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“coffee with a few bananas, plantains, or other very sparse trees,” which is suggestive of
an unshaded monoculture, only 62% considered themselves sun coffee farmers. Of the
remainder, 18% said they had shaded coffee and 16% said they had both. Farms meeting
the description “coffee under the shade of bananas, plantains, citrus, or other sparse shade
trees” and which corresponds to a low diversity polyculture of low stature trees and
sparse shade were described by 46% of their owners as shaded, 19% as sun, and 31% as
both. The remaining 8 farmers, whose farms fit the classification for either traditional or
shaded polyculture correctly identified their farms as shaded coffee. Using the farmer’s
own estimations of their farms, and excluding farms that contained both sun and shade,
sun coffee was significantly more prevalent than shade (Pearson Chi-square = 3.8533, 1
df, p = 0.025, t-tailed).

Farmers of sun coffee tended to be younger than those farming shaded coffee,
although the difference was not significant (i =57.6 and 62.1 respectively; t =1.35, 73

df, p=0.18). Mean age of the 8 farmers whose farms corresponded to my designation of

“shade,” was significantly higher than that of the rest of the coffee farmers (i =68.9 vs.
57.5;t=2.21,95df, p=10.03). Sun coffee farms were significantly larger than shaded
coffee farms with mean sizes of 25.0 and 10.4 acres, respectively (t =2.05, 73 df, p =
0.02, 1-tailed).

Farmers provided a variety of reasons for adopting their respective farming
practices. The most common reasons given for growing coffee without shade trees were
higher yields, recommendations by agronomists, incentives from the government, and

that sufficient shade was supplied by alternate crops such as bananas, citrus, or pigeon-
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peas. Farmers who did use shade trees supplied reasons such as the reduced need for
chemicals (herbicides and fertilizers), tradition, the increased comfort of working in the
shade, and the aesthetic appeal of shade trees (see Appendix G).

When asked whether they were satisfied, unsatisfied, or neutral about their
method of coffee cultivation, there were significant differences between sun and shaded
coffee farmers (Pearson Chi-square = 6.93; 72, 2; p = 0.03). Of the 28 shaded coffee
growers that replied to the question, 25 (89.3%) said they were satisfied, 1 (3.6%) said he
was unsatisfied, and 2 (7.1%) said they were neutral. In comparison, of the 46 sun coffee
growers, only 28 (60.9%) were satisfied, 7 (15.2%) were unsatisfied, and 11 (23.9%)
were neutral.

Farmers who cultivated sun coffee were significantly more likely to use
insecticides on their coffee plants than shaded coffee growers (Fisher’s exact test: p =
0.001). Shade coffee farmers also tended to be less likely to use herbicides (82%) and
fertilizers (93 %) than sun coffee farmers (95% and 100%; Fisher’s exact test: p = 0.07
and p = 0.14).

Sun and shade coffee farmers were equally likely to receive some form of
assistance from the government. Use of each of the 8 types of government assistance
programs did not differ significantly between sun and shaded coffee farmers. More sun
coffee farmers insured their crops than did farmers of shaded coffee (Fisher’s exact test: p
=0.05): 56% of sun coffee growers insured their crops as compared to 34% of shaded
coffee growers. Only 24% of shaded coffee growers insured their plantations versus 41%

of sun coffee growers, but this difference was non-significant (Fisher’s exact test: p =
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0.10). Shaded coffee growers were only slightly less likely than sun coffee growers to
have received loans from a lending agency (31% and 40% respectively; Fisher’s exact
test: p =0.30). The perceived importance of problems such as erosion, damage by
insects, lack of capital, lack of workers, fungus, and hurricanes was not significantly
different between types of coffee farmers.

Seventy farmers said that if provided with shade trees, they would plant them.
Twenty-two said they would not plant shade trees, and 5 had conditions regarding the
types of the shade trees they would plant. Fruit trees were preferred as shade trees by

these farmers.

DISCUSSION

Despite the great social and economic importance of coffee cultivation in Puerto
Rico (Estacion Experimental Agricola 1998), the amount of land devoted to coffee
production has declined in recent years. Between 1993 and 1998, the number of acres
producing coffee declined by 5.31%. This decrease was mostly due to loss of shaded
plantations (Figs. 1 and 2) (USDC 1994, USDA 2000). During the said period, the
amount of land devoted to sun coffee production increased by 2.8%, going from 42,243
acres to 43,401 acres, while the acreage devoted to shade coffee declined by 13.9%,
falling from 39,579 to 34,071 acres (USDA 2000). Sun coffee plantations in this survey
were, on average, larger than their shaded counterparts. The number of coffee farms also

declined by 11.86% (USDA 2000). In this category, both shaded and sun coffee farms
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declined in number between 1993-1998. The number of farms considered to be shaded
coffee declined from 7,007 to 6,439 (8.1%) and the number of sun coffee farms declined
from 6,134 to 5,243 (14.5%) (USDA 2000). Although the US Department of Agriculture
(2000) reported that shaded coffee farms still outnumber sun coffee farms, farmers who
considered their farms “sun coffee” outnumbered shaded coffee farmers in this survey.
These figures are indicative of a change in the structure of coffee cultivation in Puerto
Rico from shade to sun coffee and the concentration of coffee production on larger farms
owned by fewer farmers.

The decline in Puerto Rican coffee culture in the 20" century may stem from
many causes. Hurricanes have continued to present challenges to coffee farmers since
the devastating San Felipe in 1929, and are currently the most feared problem facing
coffee farmers. Hurricane Georges in 1998 forced 12% of the farmers in this survey to
discontinue coffee farming, at least temporarily, and 28% have indicated that another
hurricane following Georges in rapid succession would probably drive them out of
business. Low income associated with coffee farming may be another reason that coffee
is in decline in Puerto Rico. Although the vast majority of farmers received some form
of governmental assistance, farmer’s incomes were low, and income from coffee lower
still. The age distribution of coffee farmers suggests that there are relatively few new
entrants to coffee-farming as a profession. It is probable that other more lucrative
professions and the increased opportunities afforded by modern educational standards are

attracting people away from the traditional profession of coffee production.
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The extent to which coffee production persists in Puerto Rico is directly
attributable to governmental subsidies. Little has changed in this regard since the 1960’s,
when it was written:

Puerto Rico’s coffee industry at present requires heavy subsidies to

survive in the face of high land and labor costs, and low average

yields. Local farm prices for coffee are set well above world prices,

with imports prevented by a high tax, and exports subsidized by direct

Government payments. In addition, farmers receive substantial

payments for making new plantings after destroying low-yielding

fields, for applying fertilizers and lime, etc. (Vicente-Chandler et al.

1968).

Due to its investment in coffee production, the government has sought to cut their
costs by increasing the yields of coffee farmers through the modernization of coffee
production (Vicente-Chandler et al. 1968). However, even when modernization of coffee
cultivation was gaining impetus in the early 1960s, some of its “costs” had not gone
unnoticed. These were highlighted by Wellman’s (1960) publication “Recommendations
for Improving the Cultivation of Coffee in Puerto Rico.” In it, he listed 9 “good reasons”
for using shade in Puerto Rican coffee plantations. These included the reduction of soil
erosion, moderation of soil temperatures, and the reduced need for fertilizers. By 1968,
however, increased coffee production was valued over the benefits of shade, and many of

the benefits of shade trees were thought to be replicable by contouring of fields, tight
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spacing of coffee trees, and the use of bananas and plantains as shade for the first few
years of coffee growth (Vicente-Chandler et al. 1968).

If the trend towards increased modernization of coffee production continues,
Puerto Rican coffee farms show little potential to contribute to the conservation of
biodiversity in Puerto Rico. Studies show reduced biodiversity in sun versus shade
plantations (Nestel and Dickshen 1990, Estrada et al. 1994, Parrish and Petit 1995,
Perfecto et al 1996). I provide evidence that several species of forest-dwelling birds and
some species of forest-dwelling anoline lizards are more common in shaded than in sun
plantations (Chapter 1). Collazo and Groom (2000) have also shown that bird species
composition and breeding capacity is similar between shaded coffee plantations and
secondary forest in Puerto Rico. This is consistent with the contention that shade
plantations may have helped ameliorate extinction rates at the turn of the 20™ century
(Brash et al. 1987). At the time, shaded plantations represented large extensions of
forested habitats in an otherwise heavily deforested landscape. Although forest acreage
in Puerto Rico increased up to 35-40% as a result of the transition from an agricultural to
industrial economy (Wadsworth and Birdsey 1985), the burgeoning human population
and pressure to develop land for habitation will likely erode this important gain. Once
again shaded plantations provide an opportunity to foster conservation of the island’s
biodiversity without hindering the potential for economic benefits.

The coupling of agricultural and conservation objectives through agroecology
shows some promise for the conservation of biological diversity in the tropics (Gliessman

1992). Shaded coffee has been proposed as an agroecosystem with great potential to
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meet the needs of both coffee farmers and wildlife (Rice 1993, Perfecto et al. 1996,
Sherry 2000). At present, coffee production in Puerto Rico has been aimed at meeting
primarily anthropocentric objectives related to increased coffee yields and higher
economic profits. Nonetheless, coffee remains heavily subsidized by the Puerto Rican
government. The decision by the government to preserve the coffee industry has been
justified primarily as a means of ensuring employment for people who might otherwise
go unemployed (Vicente-Chandler 1968), and because of the social and economic
importance of coffee in Puerto Rico (Estacion Experimental Agricola 1998). Given the
conspicuous involvement of the government in coffee production, it seems reasonable to
assume that if biodiversity was valued by the government at a level similar to the social
and economic factors involved in coffee production, the government could foster the
production of shaded coffee in accordance with international standards for the protection
of biodiversity.

The global awareness of tropical deforestation rates is creating a demand for
“bird-friendly ®” coffee in the international marketplace. However, as a net importer of
coffee (Estacion Experimental Agricola 1999), Puerto Rico is not subject to an external
demand for shade coffee. Furthermore, most coffee in Puerto Rico is purchased by the
PR Department of Agriculture, and no separate market exists at this time for shaded
coffee. Lacking a market mechanism to promote shaded coffee in Puerto Rico, the best
hope for wedding economic development and the conservation of biodiversity in Puerto

Rico is to convince the government to subsidize environmentally sound coffee cultivation
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practices. At the very least, subsidies should be available to those farmers wishing to
grow shade coffee.

Coffee farmers showed strong links to the government in another important way.
Thirty-seven percent said they had received technical advice from governmental
agencies. When asked to provide a rationale for various farming practices, farmers often
said that they had been advised to employ said practice by an agronomist. It follows that
if agronomists (USDA, PRDA, UPR) were to advocate a shift to shaded coffee, farmers
would follow suit. This is important because my findings suggest that farmers were not
quite sure how to classify their plantations. Difficulties were most evident with shaded
plantations. Only 8 farmers in the survey had farms that were classified unambiguously
as shaded by the surveyor, yet 18% thought they had shaded plantations. Confusion
might stem from technical reports from the Agricultural Experiment Station (1972,
1999), which consider shaded coffee to correspond to no more than 30% shade.
Although plantains, bananas, and other crop trees provide little shade and little habitat for
wildlife, they are sometimes recommended as temporary shade (Vicente-Chandler et al.
1968, Estacion Experimental Agricola 1999). Fortunately, 70% of the farmers surveyed
indicated that if they were provided with shade trees, they would be willing to plant them
on their farms. This provides an opportunity for the government of Puerto Rico to
provide farmers with a diversity of shade trees in keeping with “bird-friendly ®” criteria.
These suggest that plantations have a 40% canopy cover comprised of a minimum of 10
tree species and tree heights greater than or equal to 12 m, since avian diversity has been

correlated with tree diversity and height (SMBC 2001).
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Farmers tended to value plants, fish, amphibians, birds, and, to a lesser extent,
reptiles. Education regarding the conservation value of shaded coffee for plants (Nir
1988), watersheds (and, by proxy, fish), birds (Borrero 1986, Greenberg et al.1997a,
Greenberg et al. 1997b, Wunderle and Latta 1998, Collazo and Groom 2000, Sherry
2000, Wunderle and Latta 2000), and lizards (see Chapter 2) might influence farmers to
take a stronger affirmative stance regarding the cultivation of shaded coffee. The high
conservation value attributed to amphibians may be related to the importance of coquies,
or Puerto Rican tree frogs, an important symbol in the Puerto Rican national
consciousness. Historical or cultural relevance was the 4™ most important criteria cited
by farmers for conserving a species. More important to farmers were rarity, services
provided to humans, and apparent ecological importance. Knowledge of these factors for
most of the organisms using coffee plantations is lacking in Puerto Rico. Chapters 1 and
2 represent a step towards filling that void and increasing awareness about ecosystem
services and the inherent values of shaded plantations.

The long-term prospects for coffee cultivation in Puerto Rico are uncertain, in
large part due to its dependence upon continued governmental support. If continued, the
government can make a significant contribution to the conservation of the Island’s
biodiversity by promoting land uses compatible with the needs of wildlife. Cultivation of
shaded coffee, when practiced in a traditional manner that incorporates sufficient canopy

cover and height and diversity of trees, provides such an opportunity.
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Table 1. Matched pair contrasts of perceived problems for farmers (rated on a scale of 1-

3).

Matched Pairs Paired Means Mean Diff. t df P significant **
Hurricanes/capital 2.96/2.76 0.19 3.38 97 0.0011 X
Hurricanes/workers 2.96/2.54 0.42 4.95 97  <0.0001 X
Capital/workers 2.76/2.54 0.22 2.4 97 0.0182
Capital/erosion 2.76/2.25 0.51 5.69 97  <0.0001 X
Workers/erosion 2.54/2.25 0.29 2.61 97 0.0105
Workers/insects 2.54/2.23 0.31 3.2 97 0.0018 X
Erosion/insects 2.25/2.23 0.02 0.18 97 0.8550
Erosion/deficiencies  2.25/2.14 0.11 1.06 97 0.2899
Erosion/fungus 2.25/1.99 0.26 2.28 97 0.025
Insects/deficiencies 2.23/2.14 0.09 0.84 97 0.4041
Insects/fungus 2.23/1.99 0.25 2.32 97 0.0226
Deficiencies/fungus  2.14/1.99 0.15 1.37 97 0.1739

** all other pairs significant
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Table 2. Matched pair contrasts of conservation value of species (rated on a scale of 1-3)

Matched Pairs Paired Means Mean Diff. t df P significant **
Plants/fish 2.95/2.85 0.1 2.11 86 0.0382
Plants/amphibians 2.95/2.82 0.14 2.52 86 0.0134
Plants/birds 2.95/2.76 0.19 3.47 86 0.0008 X
Plants/reptiles 2.95/2.54 0.41 5.88 86 <0.0001 X
Fish/amphibians 2.85/2.81 0.03 0.62 86 0.5347
Fish/birds 2.85/2.76 0.09 1.58 86 0.1172
Fish/reptiles 2.85/2.54 0.31 4.32 86 <0.0001 X
Amphibians/birds 2.82/2.76 0.05 1.21 86 0.2273
Amphibians/reptiles 2.82/2.54 0.28 3.9 86 0.0002 X
Birds/reptiles 2.76/2.54 0.22 34 86 0.001 X
Birds/microorganisms 2.76/1.93 0.83 8.41 86 <0.0001 X
Microorganisms/invertebrates 1.93/1.84 0.09 0.93 86 0.3554
Microorganisms/mammals 1.93/1.82 0.11 1.16 86 0.2473
Invertebrates/mammals 1.84/1.82 0.02 0.21 86 0.8326

**all other pairs significant
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Appendix A. Mean detections/10 min. by season averaged for 3 shaded coffee plantations, 1999-2000

SHADE

Season Spring 1 Summer Fall Winter Spring 2
Total # counts 5 11 15 9 11
N (Total stations counted) 11 27 35 26 25

Mean S.E. Mean S.E Mean S.E. Mean S.E. Mean S.E.
Antillean Euphonia 0.09 0.09 0 - 0 - 0 - 0o -
Antillean Mango Hummingbird 0 - 0 - 0 - 0 ---- 0o -
Bananaquit 3.82 0.46 537 043 8.06 0.52 9.38 0.64 1.52 0.85
Black and White Warbler 0 - 0 - 0 - 0.08 0.05 0o -
Black-cowled Oriole 0.36 0.20 041 0.14 046 0.13 0.15 0.07 0.04 0.04
Black-faced grassquit 0 - 0 - 0.03 0.03 0 - 0 -
Black-whiskered Vireo 1.91 0.25 096 0.24 0.71 0.13 0.12 0.06 0.84 0.16
Cape May Warbler 0 - 0 - 0 - 0 - 0 -
Common Ground Dove 0 - 0 - 0 - 0 - 0o -
Gray Kingbird 0.18 0.12 041 0.13 043 0.18 0.35 0.11 0.32 0.11
Great Egret 0 - 0 - 0 - 0 - 0o -
Greater Antillean Grackle 0 - 0 - 0 - 0 - 0o -
Green Mango Hummingbird 0.18 0.12 0.15 0.09 0 - 0.12 0.06 0.08 0.06
Little Blue Heron 0 - 0 - 0 - 0 - 0 -
Loggerhead Kingbird 0.27 0.19 0.04 0.04 0.17 0.10 0.19 0.10 0.12 0.07
Mangrove Cuckoo 0.27 0.14 0.07 0.05 0.03 0.03 0.04 0.04 0o -
Northern Mockingbird 0 - 0.00 0.00 0 - 0 - 0o -
Northern Parula 0.36 0.15 0.00 0.00 0 - 0.12 0.06 (R
Orange-cheeked Waxbill 0 - 0.00 0.00 0 - 0.15 0.15 0o -
P.R. Bullfinch 0.09 0.09 0.07 0.05 0.14 0.06 0.15 0.07 0.08 0.06
P.R. Emerald Hummingbird 0 - 0.04 0.04 0.03 0.03 0.08 0.05 0.08 0.08
P.R. Flycatcher 045 0.21 0.07 0.05 0.09 0.05 0.12 0.08 0 -
P.R. Lizard Cuckoo 0 - 0 - 0.03 0.03 0 - 0o -
P.R. Peewee 0.18 0.12 0.07 0.05 0.06 0.04 0 - (R
P.R. Tanager 0 - 0 - 0 - 0.04 0.04 0o -



Appendix A (continued)

P.R. Tody 1.36 0.34 1.37 0.27 1.49 0.17 1.19 0.15 0.68 0.20
P.R. Vireo 0 - 0.04 0.04 0 - 0 - 0o -
P.R. Woodpecker 0.27 0.27 041 0.12 034 0.11 0.04 0.04 0.08 0.06
Pearly-eyed Thrasher 0.09 0.09 0.11 0.08 0 - 0 - 0o -
Red-legged Thrush 0.18 0.12 0.07 0.05 0.17 0.08 0.04 0.04 0o -
Scaly-naped pigeon 0.09 0.09 0.07 0.05 0 - 0 - 0o -
Shiny Cowbird 0.09 0.09 0.04 0.04 0 - 0 - 0o -
Smooth-billed Ani 0 - 0 - 0 - 0 - 0o -
Snowy Egret 0 - 0 - 0 - 0 - 0 -
Stripe-headed Tanager 0.18 0.12 0.15 0.07 0.20 0.07 0.08 0.05 0.04 0.04
White-winged Dove 0 - 0 - 0 - 0 - 0o -
Yellow-faced Grassquit 0 - 0 - 0 --—--- 0 --—--- 0 -
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Appendix B. Mean detections/10 min. by season averaged 3 sun coffee plantations, 1999-2000

SUN

Spring 1 Summer Fall Winter Spring 2
Total # counts 5 12 13 10 12
N (Total stations counted) 17 40 48 34 40

Mean SE. Mean SE. Mean S.E. Mean S.E. Mean S.E.
Antillean Euphonia 0 - 0.05 0.05 0 - 0 - 0o -
Antillean Mango Hummingbird 0 - 0 - 0.04 0.04 0 - 0o -
Bananaquit 1.24  0.32 2.55 0.31 2,52 0.27 3.00 045 0.50 0.26
Black and White Warbler 0 - 0 - 0 - 0 - 0 -
Black-cowled Oriole 0.06 0.06 0.20 0.10 0.02 0.02 0.03 0.03 0 -
Black-faced grassquit 0.35 0.19 0.98 0.20 0.94 0.20 0.59 0.17 0o -
Black-whiskered Vireo 0.47 0.15 0.53 0.15 0.10 0.05 0 - 0.33 0.12
Cape May Warbler 0 - 0 - 0.02 0.02 0 - 0o -
Common Ground Dove 0 - 0 - 0.02 0.02 0 - 0 -
Gray Kingbird 0.29 0.17 035 0.09 0.23  0.06 0.18 0.08 0.45 0.12
Great Egret 0.06 0.06 0.05 0.05 0 - 0 - 0o -
Greater Antillean Grackle 0 - 0.75 0.29 1.13  0.35 0.76  0.46 0 -
Green Mango Hummingbird 0 - 0.05 0.03 0 - 0.06 0.06 0.05 0.03
Little Blue Heron 0.06 0.06 0 - 0 - 0 - 0 -
Loggerhead Kingbird 0.06 0.06 0.05 0.05 0.19 0.07 0 - 0.15 0.07
Mangrove Cuckoo 0 - 0.05 0.03 0.04 0.03 0.03 0.03 0o -
Northern Mockingbird 0.12  0.08 0.18 0.08 0.31 0.11 0.15 0.07 0.05 0.03
Northern Parula 0.12 0.08 0 - 0 - 0.09 0.06 0o -
Orange-cheeked Waxbill 0 - 0.20 0.13 0.35 0.19 1.03 045 0 -
P.R. Bullfinch 0 - 0.00 0.00 0 - 0 - 0 -
P.R. Emerald Hummingbird 0 - 0.05 0.05 0.02 0.02 0.03 0.03 0.05 0.03
P.R. Flycatcher 0.18 0.10 0.10 0.05 0.04 0.03 0 - 0.10 0.06
P.R. Lizard Cuckoo 0 - 0 - 0 - 0 - 0 -



Appendix B (continued).

P.R. Peewee 0 - 0 - 0 - 0 - 0
P.R. Tanager 0 - 0 - 0 - 0 - 0
P.R. Tody 0.65 0.24 0.53 0.13 0.63 0.12 0.59 0.13 0.45
P.R. Vireo 0 - 0 - 0 - 0 - 0
P.R. Woodpecker 0.12 0.12 0.05 0.03 0.02 0.02 0 - 0
Pearly-eyed Thrasher 0 - 0.03 0.03 0 - 0.03 0.03 0.03
Red-legged Thrush 0 --—--- 0.08 0.04 0 - 0.06 0.04 0
Scaly-naped pigeon 0 - 0 - 0 --—--- 0 - 0
Shiny Cowbird 0 - 0.05 0.03 0 - 0 - 0
Smooth-billed Ani 0 - 0 - 0 - 0.06 0.06 0
Snowy Egret 0.06 0.06 0.03 0.03 0 - 0.03 0.03 0
Stripe-headed Tanager 0.06 0.06 0 - 0 - 0 - 0
White-winged Dove 0 - 0.05 0.03 0.02 0.02 0 - 0
Yellow-faced Grassquit 0 - 0.08 0.06 0.04 0.03 0.21 0.10 0.23
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Appendix C. Closed population model (CAPTURE) results by species for 3 sun and 3 shaded plantations, 2000: closure test,

model selection, and population estimation

Type Farm Species Closure P Closure ~ Model No SE No Nb SE Nb Nh SE Nh Ntb SE Ntb
Shade Sabana Grande  A. cristatellus Open 0 M(tbh) 690 10.53 643 5.97 869 29.1 837  360.03
Fronton A. cristatellus Open 0 M(tbh) 1742 24.17 1509 8.58 2327 51.63 1635 69.64
Vivi Arriba A. cristatellus Open 0 M(tbh) 893 13.64 794 2.19 1179 35.56 889 361.94
Sun Cialitos A. cristatellus Open 0 M(tbh) 1489 16.9 1339 4.03 1955 4536 1389  30.67
Mameyes A. cristatellus Open 0 M(tbh) 1928  25.69 1704 13.61 2543  53.87 2173 896.21
Pozas A. cristatellus Open 0 M(tbh) 325 9.29 291 4.34 439 2222 295 12.39
Shade Sabana Grande  A. krugi Open 0.0463 M(b) 324 5496 182 30.19 267 19.54 198 155
Fronton A. krugi Open 0.0011 M(tb) 109 2891 62 14.14 96 11.71 48 429
Vivi Arriba A. krugi Closed 0.0996 M(bh) 283 21.87 196 7.18 338 21.24 230 83.9
Sun Cialitos A. krugi Closed 0.8531 M(tbh) 118 18.89 74 6.47 133 13.6 198 155
Mameyes A. krugi Closed 0.2153 M(o) 251 21.78 179 10.39 298  20.02 268 305.52
Pozas A. krugi * Closed 0.1225 M(tb) 201 19.54 129 3.33 238 17.89 139 2131
Shade Sabana Grande  A. stratulus Closed 0.2242 M(o) 22 6.36 26 5.75 22 6..36 14 1.27
Fronton A. stratulus Closed 0.3604 M(o) 211 3395 e e 199 16.75 148 61.32
Vivi Arriba A. stratulus Closed 0.0517 M(tb) 185 16.14 135 6.5 218 16.97 181 402.33
Sun Cialitos A. stratulus Closed 0.7844 M(b) 337  27.16 213 5.29 378  22.56 212 7.61
Mameyes A. stratulus Open 0.0004 M(tb) 371 27.33 256 10.83 418  23.65 305  349.79
Pozas A. stratulus Open 0.0069 M(tb) 345 20.73 247 5.35 413 23.13 254 16.41
Shade Sabana Grande  A. evermanni Closed 0.2119 M(o) 359 146.14 - - 154 1508 - -
Vivi Arriba A. evermanni Open 0.0001 M(tbh) 407 17.14 317 4.37 518  25.35 353 57.28
Shade Sabana Grande  A. gundlachi Open 0 M(tbh) 625 9.44 577 32 799 2826 622  54.87
Vivi Arriba A. gundlachi Open 0.0001 M(tbh) 622 13.67 541 4.05 808  30.14 672  455.21
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Appendix D. Open Population Model A (JOLLY) by species for 3 sun and 3 shaded plantations, 2000

Type Farm Species Na SE 95% CI Survival (f) SEf Capture SE p
Prob. (p)
Shade  Fronton A. cristatellus 1100.04  34.16 1033.08-1167.00  0.7132 0.0174 0.586 0.0389
Sabana Grande A. cristatellus 467.81 17.48 433.54-502.08 0.7362 0.0237 0.6839 0.0516
Vivi Arriba A. cristatellus 502.57 17.78 467.72-537.42  0.6801 0.0217 0.7021 0.05
Sun Cialitos A. cristatellus 923.63 24.45 875.71-971.54  0.7122 0.0167 0.6923 0.0371
Mameyes A. cristatellus 1236.64 36.5 1165.10-1308.18  0.7316 0.0171 0.5986 0.0379
Pozas A. cristatellus 198.61 11.93 175.23-221.98  0.6858 0.0366 0.7232 0.0855
Shade  Fronton A. krugi 44.62 16.76 11.77-77.46  0.633 0.1468 0.3732 0.2514
Sabana Grande A. krugi 193.8 65.33 65.75-321.85 0.8105 0.199 0.2133 0.1419
Vivi Arriba A. krugi 146.54 24.43 98.67-194.42  0.625 0.0847 0.4216 0.1495
Sun Cialitos A. krugi 65.56 23.97 18.58-112.55 0.7272 0.2395 0.3734 0.2285
Mameyes A. krugi 131.4 26.82 78.83-183.97  0.6227 0.0784 0.4075 0.1537
Pozas A. krugi * 165.27 35.12 96.43-234.11  0.788 0.14 0.3335 0.1318
Shade  Fronton A. stratulus 138.74 44.69 51.15-226.33  0.9337 0.2231 0.2394 0.1583
Sabana Grande A. stratulus 19.89 5.62 8.87-3090 - - 0.4719 0.2816
Vivi Arriba A. stratulus 118.54 28.86 61.99-175.10  0.7759 0.152 0.3881 0.1608
Sun Cialitos A. stratulus 286.75 58.06 172.95-400.55  0.8622 0.1439 0.228 0.1011
Mameyes A. stratulus 197.47 38.4 122.20-272.74  0.6792 0.1221 0.4895 0.1347
Pozas A. stratulus 251.27 39.49 173.87-328.68  0.8103 0.1159 0.3444 0.1104
Shade  Sabana Grande A. evermanni 54.9 23.38 9.07-100.74  0.6935 0.2381 0.3463 0.2581
Vivi Arriba A. evermanni 241.84 23.72 193.07-290.61  0.7245 0.0702 0.4747 0.0946
Shade  Sabana Grande A. gundlachi 418.07 14.47 389.71-446.43  0.7293 0.0206 0.7636 0.0517
Vivi Arriba A. gundlachi 448.67 25.69 398.31-499.03  0.8208 0.0403 0.5199 0.0601
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Appendix E. Questionnaire for Coffee Farmers.

Cuestionario para Agricultores del Café:

Nombre:
Fecha:
Pueblo:

1. ¢ Cultiva café en este momento? S N

2. ¢, Por cuanto tiempo ha cultivado café?
Menos de cinco anos:
5-10 anos:
10-15 anos:
15-25 anos:
Mas de 25 anos:

3. ¢, Fue usted criado en una finca de café? S N

4. ; Por que decidi6 usted cultivar el café?

5. ¢Que parientes suyos han cultivado o cultivan actualmente café?

Padre: S N

Madre: S N
Hermanos: S
Hermanas: S
Primos(as): S
Suegro: S
Suegra: S

Z2Z2Z2Z22Z2

6. ¢Usted compro o alquilo su finca?
Compro Alquilo

7. ¢De cuantas cuerdas es su finca?

8. ¢ Cuantas cuerdas estan sembradas de café?
¢, En bosque?
¢, Sembradas de otros cultivos?
Nombre:

¢ Para ganado?
¢ Para residencias?
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Appendix E (continued).

9. ¢Que otros cultivos crecen junto o intercalado(s) con el café?

China Naranja Yautia Yuca Mango
Calabaza Panapen Guineo platanos Papaya
Otros:

10. ¢ Cual de estos cultivos son para la venta?

11. ¢ Usa usted plantas que crecen en su finca para fines medicinales?

12. ¢Que variedades de café cultiva?

¢, Por que?

13. ¢ Cudl de los siguientes arboles crece en el area sembrada de café?

GUABA MOCA MORAL GUARAGUAO
GUAMA MATA RATON MEON JOBILLO
BUCAYO

Otros:

14. ;Cual de los siguientes utiliza?

Disyston: , Mocap: , Temic: , Oftros:

Round-up: , Gramoxone: , Otros:

¢ Utiliza abonos? S N
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Appendix E (continued).

15. Donde consigue :

Pesticidas (insecticidas):

Hierbicidas:
Abonos:
16. ¢ Trabaja usted en su finca? S N
17. ¢ Trabaja su esposa o esposa en su finca? S N
18. ¢ Trabaja otros miembros de su familia en su finca? S N
Relaciones:
19. ¢ Le ayudan en su finca vecinos? S N

20. ¢ Trabaja usted en la finca de su familia o sus vecinos en agradecimiento por los servicios
prestados? S N

21. ¢ Cuantos empleados usa usted en su finca de café durante la cosecha?

22. ;Usa usted empleados durante otras épocas? S N
¢, Cuantos?

23. ¢ Tiene usted empleados permanentes? S N
¢, Cuantos?

24.; Cuanto pago usted a sus empleados por dia?
25. ¢ Recibe incentivos del Departamento de Agricultura para ayudar en el pago salarios?
SN

26. ¢Cuantos quintales de café produjo el ano pasado?

27. ¢ Cuantos quintales de café produjo antes del huracan?

28. ;i Recibe ingresos de otra fuente ademas del café? S N
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Appendix E (continued).

29. ;Cual es su ingreso anual total?

Menos de $2,000

$2,000- $5,000 $20,000-$30,000
$5000-$10,000 $30,000-$50,000
$10,000-$15,000 $50,000-$100,000
$15,000-$20,000 Over $100,000

30. ¢ Mas o menos (promedio) cual es su ingreso anual de la produccién de café?

Menos de $2,000

$2,000- $5,000 $20,000-$30,000
$5000-$10,000 $30,000-$50,000
$10,000-$15,000 $50,000-$100,000
$15,000-$20,000 Over $100,000

31. ¢ Vende el café a una entidad privada o al Departamento de Agricultura?

32. ;Cual de los siguientes tipos de ayuda recibe usted de agencias gubernamentales?

Abonos Hierbicidas Aplicacion de hierbicida
Maquinaria  Plantas Pago por cosecha
Ayuda con pago de empleados Asesoramiento técnico
33. ¢ Esta su cosecha asegurado? S N
34. ¢ Esta su plantacion asegurado? S N
35. ¢ Ha tenido problemas para obtener seguro? S N

36. ¢ Ha hecho algun préstamo al banco, Coop, o a la FHA para ayudar con gastos relacionados
al café? S N

37. ¢, Como afecto el huracan Georges la produccién de su finca?

38. ¢ Tuvo que cortar arboles de café a causa del huracan? S N

39. ¢ Cuantas cuerdas del café tuvo que cortar por el dafio del huracan?
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Appendix E (continued).

40. ;Continua usted sembrando café si pasara otro huracan en los proximos 5 anos?

41. ;Considera su finca de sol o de sombra? Por favor use las siguientes descripciones para
clasificar su finca:

Solamente café

Café con solo algunos guineos, platanos u otros arboles muy esparcidos

Café bajo sombra de guineo, platanos, citricas, o arboles de sombra esparcidos
Café bajo sombra de guaba mayormente

Café con varios tipos de arboles, incluyendo arboles nativos, formando una capa densa de

sombra

42. ; Por que utiliza esta practica de cultivo?

43. ; Esta usted muy satisfecho, neutral, o muy insatisfecho con su practica de cultivo actual?
44. ; Si fuera provisto con arboles del sombra, los sembraria? SN

45. ;Coémo afectan a la produccion del café en su finca los siguientes?

No es importante (1) Es de poca importancia (2) Es muy importante (3)
Erosion 1 2 3
Dafio causado por insectos 1 2 3
Deficiencias nutricionales 1 2 3
Hongos 1 2 3
Falta de capital 1 2 3
Falta de mano de obra 1 2 3
Dafio por huracan 1 2 3
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Appendix E (continued).

46. Cuan importante cree usted que son las siguientes criaturas?

No es importante (1) Es de poca importancia (2) Es muy importante (3)
Anfibio (coqui, sapo) 1 2 3
Microorganismo (bacteria, protozoario) 1 2 3
Plantas (arboles, arbustos, hierbas, etc.) 1 2 3
Invertebrados (insectos, lapas, etc.) 1 2 3
Peces (guavina, anguila, etc.) 1 2 3
Mamiferos (murciélago, ratéon, mangosta, etc.) 1 2 3
Reptil (lagartijo, culebra, etc.) 1 2 3
Pajaros (Pitirre, Guaraguao, San Pedrito, etc.) 1 2 3

47. Al decidir que especies son importante, ¢ considera usted los siguientes importantes?:

Atractivo fisico

Importancia ecolégica aparente
Tamafio

Si quedan pocos individuos
Inteligencia

Valor en dinero

Valor histérico o cultural

Servicios prestados al ser humano

(O RORONONORONON))
22222222

48. Por favor compare la importancia de mantener lo siguiente en Puerto Rico:

No es importante (1) Es de poca importancia (2) Es muy importante (3)
Crecimiento econémico 1 2 3
Salud del medio ambiente 1 2 3
Democracia 1 2 3
Derecho a la propiedad privada 1 2 3
Conservacion de vida silvestre 1 2 3
Recursos para futuras generaciones 1 2 3
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Appendix E (continued).

49. ¢ Que ve en el futuro para su finca? Por ejemplo, va a venderla o dejarsela a su familia?

50. 4,Si tiene hijos(as), espera usted que continden cultivando café? S N
51. Edad: 52. Sexo:

53. ¢, Que nivel de educacion ha alcanzado?
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Appendix F. Answers to Survey Question 4.

Why do you farm coffee? (Question 4)

He bought a farm with coffee.

To make money.

It pays more than other crops.

It is one of the best industries in P.R.

My father gave me the dream.

The price is controlled and the market secure.

It is the only thing that sells.

It is all there is.

It is little work.

It is what there is. It is what is produced here.

To support his family.

He likes it, it pays the best.

He learned it from his parents.

It is the only crop worth anything in P.R.

It is all there is.

He like the entire process.

The farm was already planted with coffee when he bought it. He thinks it's a stable industry.
It is one of the primary agricultural products in P.R.
He likes it.

It is convenient. It sells.

She learned it from her husband.

The land is appropriate.

It is worth the most.

The location requires him to grow coffee and tobacco.
He was born to it. It is the only agricultural product that sells and remains stable.
He liked it. To make money.

It is what he learned.

There's no other way of life.

It is the only product with a fixed price.

He was born to it.

It is a market that pays well and has a stable market.
There is a good world wide market for it.

It receives a price at this time.

I like agriculture. It is the best crop that is grown in the mountains.
It is the way of P.R.
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Appendix F (continued).

It is a source of income for living.

It is what he learned first. It is the only thing that pays.

In the past it was the only thing there was.

The soils are appropriate.

It produces if there is no hurricane.

It sells, it has a market.

He learned it from his father.

He likes agriculture.

At this moment it is the crop that earns most. Bananas and other crops have no fixed price.
That's what she learned.

It produces a lot. It's a permanent crop.

It is the only crop that earns money.

He like it, there is a secure market and stable income.

He liked it.

It was already planted.

He learned it from his father.

It is the thing he likes the most.

He retired and decided to return to the countryside.

It is the only agricultural product that lets you earn money.

It is the most needed product and the most valuable.

It was already planted.

It was already planted. He inherited it from his mother.

Coffee was already there, she learned it and liked it.

It is the principle product of P.R.

He thought it had a good future but now he thinks it's worth nothing.

It is the only thing worth cultivating. It has a fixed price.

It the is the only thing that has value in agriculture.

In the past coffee had value and life was more comfortable. Now it is not.
It is the only crop recognized by the Department of Agriculture.

I like the farm.

It was the only thing that was economically viable.

Coffee yields more. There were no options. They planted tomatoes but Libby's took over, then they
planted sugarcane but the processing plants closed.

To help his father and do some business. There were no other economically viable options.
He thought it would help him economically.

He likes it.
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Appendix F (continued).

It is the crop that is grown most in the mountains.

It is what is grown in Mameyes.

Agriculture is healthy. It doesn't make people rich, but gives enough to live.
It is what is grown most in this area.

To have it, but it has been very costly.

Tradition and custom.

Her husband planted it and she continued.

To obtain an income.

Hobby.

It is what he like best.

To cultivate the farm.

For personal use, but it gives a lot and he sells it.

He liked it, it yields more.

He likes it.

No comment.

It’s a job like any other.

The farm was already planted with coffee when he bought it.

He has always liked it. He was raised on a coffee farm and he has continued farming coffee.
It used to yield earnings.

He know nothing else.

He has worked in coffee for many years.

An agronomist told him about incentives for new plantations.

It grows well in these soils.

Idealism of his parents, to maintain tradition.

She has been working in agriculture for a long time.

To make money more easily.

There was an incentive of $1000/acre.

He liked to grow and harvest it.

It's a way of life. Sugar cane was gone. Coffee was the only crop with a fixed price.
It is the only thing.
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Appendix G. Answers to Question 41.

Do you consider your farm sun or shade? Why do you use this farming practice? (Question 42)

(Question 41)

Shade It is prettier, it develops better, it is better to work in.

Sun The government instituted the practice.

Sun It produces more.

Sun Theory of the agronomists, but it affect the quality of the
water, there is much grass and it uses much herbicide.

Shade That is how it was.

Partial shade

Shade

Half sun, half shade
Shade

Shade, but not much
Sun

Sun

Sun

Shade

Sun
Shade
Sun, but he is returning to shade

NA
NA
Sun
Shade
Sun

Part sun, part shade

Sun
Sun

Shade
Sun

Half sun, half shade

Following the agronomists, production is better, but if there
is a drought or hurricane it is greatly affected.

Controls weeds, requires less chemicals.

Produces more quickly.

It requires less maintains and controls weeds.

It gives better coffee.

He likes sun coffee.

To avoid the plantains falling among the coffee.

He learned it from the elders.

It gives more, it conserves the temperature of the farm, the
shade fertilizes the ground.

It produces more but it is affected more.

It conserves more.

Shade protects one better and there is more yield. Your
finca dries out without the canopy of shade trees.

That is how he bought it.

Borbon and Paca don't need shade.

Recommended by agronomists because it produces more.
That is how it is done.

It depends on what you grow. If you grow for the
government it is sun coffee.

It is better with shade, sun coffee grows a lot of grass.
To take advantage of the soil.

Advice of the agronomists when he acquired 2 acres from
the government it had to be sun coffee, for the contrary they
don't give incentives.

Less expenses.

To have more production, to be able to pay off loans. You
have to grow sun coffee because the government demands
it.

Better production under shade, it is easier to work, and
produces less weeds.
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Appendix G (continued).

Part sun, part shade

Part sun, part shade

Sun

Sun
Sun
Sun

Shade

Sun and shade

Sun

Part sun, part shade
Sun
Sun
Sun

Part sun, part shade

Shade

Sun
Sun
Half sun, half shade
Sun
Sun
Half sun, half shade

Sun

Sun

Half sun, half shade
Sun

To protect the soil. Shade helps to control weeds and is
cooler.

Shade coffee protects the body, it protects the environment,
it doesn't suffer during droughts. He has 3 acres of sun
coffee for incentives.

Lasts longer under shade. Under the it produces more
because the governmnet provides the fertilizer. The
investment is made to be recuperated quickly.
Produces more, has less ailments.

It lacks the protection from shade.

That's the way it is right now. The beans stay on the
branches longer for harvesting.

Sun is necessary for harvesting

Maintenance reduced, plantains can be sold.

Incentives. It yeilds more. Farmers grow it that way
because they are asked to, it is mandatory. Trees suffer
more, shade controls the weeds. He feels he is a victim of
the herbicides.

Under the sun it yields more, but the beans are smaller and
weigh less. Also many are burnt by the sun. Under the
shade it is easier to cultivate and to work.

Citrus provides shade and helps economically.

It produces more.

Borbon looks nice. P.R. variety isn't good in the sun.
More coffee trees per unit area, produces more, it's easier
for management with herbicides.

Bananas can be sold. Coffee beans are burned, it spoils
without shade. Coffee needs shade.

Beans are bigger and of better quality even though it yeilds
less.

Coffee is not planted unless it is under shade.

It yields more.

It produces more.

The shade was already there.

Because you have different crops at the same time.

He can harvest plantains and bananas while he waits for
coffee to be old enough to harvest.

It has always been grown like this, with Guaba (Inga vera)
and Moca (Andira inermes).

Because the government wanted it like that. If they had
shade they weren't given seeds. It had to be like the
government said.

Coffee grows with little shade (15-20%).

He deals with bananas during the time in which there is no
coffee to harvest.
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Appendix G (continued).

Shade

Shade

Sun

Half sun, half shade
Shade

Sun

Both, but more sun

Shade
Sun

Sun
Shade
Shade
Sun

Shade

Sun

Half sun, half shade
Sun

Half sun, half shade
Sun

Sun

Light shade

Part sun, part shade
Shade

Sun

Shade

Sun
Half sun, half shade
Sun

Sun
Sun

Sun
Shade

He grows bananas, pigeon peas, oranges, etc. with coffee so
that he has something to eat.

Protects against weeds.

It was already like that.

He doesn't know.

Because the bananas shield the coffee.

Because to plant coffee under the sun is harmful.

He was given incentive. If he didn't plant under the sun he
wouldn't have been given the incentive.

It produces more.

It helps the crop. You don't need as much fertilizer or
herbicide.

It produces more, it makes better use of fertilizer.

It is better because these are cold places.

Sun coffee destroys the land.

I has always been that way. He doesn't believe in taking
shade away. If it doesn't work out, it takes too long to
recover. "Many people have made that mistake and regret
it."

Hot sandy soils don't respond well to sun coffee.

The coffee (variety) on his farm requires shade.

He likes it, it yields more, he grows them together.

His father advised him, because of tradition.

The guabas (Inga vera) were diseased and he cut them.

With shade it grows better but yields less, sun coffee yields
more but is of lesser quality. The best is to have a little bit
of shade.

Shade was cut to enhance production.

For the environment.

It provides balance to produce more and better.
That's how they planted in the past.

Café del Pais needs shade, he thinks that without shade it
yields less.

He has good soil for coffee. If he fertilizes it every three
months it yields a lot.

More comfortable, less sun.

He cut the guabas (Inga vera) because of the ants.

It was shaded before the hurricane. He planted guaba to
protect the coffee from the sun.

This variety is for sun, it doesn’t produce under shade.

It produces more and in less time, but coffee beans are
burned by the sun.

The government told him to do it that way.

They say the variety of coffee he plants should be grown in
the sun.
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Appendix G (continued).

Shade

Half sun, half shade

Shade
Shade
Sun

Shade

Part sun, part shade
Sun
Half sun, half shade

Sun
Sun

Shade
Shade

Because the soil is sandy, if drought comes the sun will
burn the coffee.

Coffee trees last longer.

Coffee needs a little bit of shade.

Because of the variety of coffee he plants.

He always learned to use shade. He believes that in sun
coffee workers and the coffee suffer too much.

It was the requirement of the government. I had to in order
to qualify for incentives for new plantings.

It was the custom of his father, it controls weeds.

Shade was already there. Sun because of incentives.

You can have 2 crops at the same time and it is easier to
manage.

He considers it more efficient to plant coffee alone.
Plantains and bananas might fall over the coffee and
damage it.

Bananas provide shade and food for him.

It produces more.

Better quality.
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