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	Continuing Research Objectives 
at Las Casas de la Selva 
in collaboration with 
The Earthwatch Institute,
from 2008 - 2010



Summary:

A) To examine the effectiveness of thinning techniques in our current plantings of Mahoe and Mahogany. 

B) To evaluate commercially valuable crops that can be grown in conjunction with the line planted mahogany.

C) To evaluate populations of the lizards of the genus Anolis at Las Casas del la Selva and monitor the effect of habitat disturbance due to line planting and tree thinning activities.

D) To evaluate the availability and abundance of non-timber forest products that are of economic importance on the property, commencing with vines which are a source for fiber used in weaving and handicrafts.

Objective 1:  To examine the effectiveness of thinning techniques in our current plantings of Mahoe and Mahogany. 

1) Mahogany stands

Although Mahogany seedlings are fairly shade tolerant (Lugo, 1999) and side shading prevents branching, data shows that the mature trees benefit if the canopy growth and root development is not suppressed by surrounding trees. (Wadsworth, et al. 2003, Francis, 2003, Weaver 1983, Weaver and Bauer, 1986). Various thinning methods have been tested with Mahogany stands in Puerto Rico: 

a) Clearing all vegetation in a circle with diameter equal to 30 times the diameter at breast height and poisoning woody vegetation that sprouted afterwards. (Francis, 2003).

b) Clearing canopy gaps to encourage seedling clusters by directionally felling stems >5cm to create circular overhead canopy gaps. (Grogan, J. 2004).

c) Repeated early thinning based on tree form and spacing. (Weaver, 1986)

However no suitable thinning regimes for mahogany have been empirically determined and in the case of line planted mahogany where planting densities are low and thinning cycles tend to be longer there has seen to be little need for complex thinning regimes.( Mayhew and Newton, 1998). 

In the case of the plantations at Las Casa the aim of thinning will be to liberate the tree crowns as far as possible without severally damaging the strips of forest in between the lines.  Our previously collected data has shown a mean canopy width of 270 cm for the line planted mahogany trees. As the trees were originally planted at a distance of approximately 3m, where survival rate has been good, the trees will approaching a state where canopies converge, and thinning of the lines may be beneficial. As there is likely to be little commercial value for thinned stems, this thinning strategy needs to be tested on a small scale before full-scale thinning operations take place. 

2) Mahoe Stands.

There is very little data available on the thinning of Mahoe stands and to date. Ashton et al. (1989) recommend light thinning in older plantation as Mahoe requires relatively less crown canopy compared to it bole size as it matures. Ashton et al (1989) created a series of crown disengagement curves that act as a guide for establishing the number of trees that would occupy the growing space for the desired tree diameter. These curves indicate that for a desired tree diameter of 40 cm the final stocking rate should be approximately 130 trees per hectare. At present the stocking rate at Las Casas is approximately 270 trees per hectare. This would indicate removal of half the trees. However these curves are for trees in plantation conditions and the Mahoe at Las Casas are line planted. So this is only a very rough guideline and probably thinning rates should be higher.

Many of the Mahoe trees at las Casas  have poor form with much epicormic sprouting and the Mahoe canopies are already converging. The thinning strategy for the Mahoe will be to select approximately 50% of trees in the treatment area for thinning, liberating trees with good form.

Methods:

Four of the mahogany research plots that have already been set up for the previous research will be selected for testing, so that we will be selecting subject trees for which we already have previous growth data. Plots will be selected where there have been relatively high survival rates and therefore in general the trees are in easily detectable lines. Within these one acre (0.4 hectare) plots, two adjacent quarter acre plots will be selected In the areas to be thinned, where trees are in lines 3 meters apart every other tree will be thinned using directional felling techniques and where feasible overhanging branches that are suppressing the mahogany canopies will be removed. It is estimated that this will leave a total of approximately 42 subject trees left standing in the treated areas as subject trees.

Three, one acre (0.4 hectare) study plots of Mahoe have already been set up and measured. Within these plots 2 adjacent quarter acre (0.1 hectare) plots will be selected, one of which will be thinned and one of which will act as a control. Approximately 50% of the trees will be thinned, selecting trees of good form to remain and removing surrounding less desirable trees. At the same time any epicormic sprouts on the trees that remain will also be removed. It is estimated that this will leave approximately 40 trees left standing in the treated areas as subject trees.

The following measurements will be taken prior to thinning and at 1, 2, and 3-year intervals after thinning for all standing trees:

Dbh at 1.37 meters using a metal diameter tape.

Dbh at commercial height, using a Wheeler pentaprism.

Total tree height and commercial height taken at the lowest major fork or branch using a Brunton Clinomaster Clinometer, and a metal tape for measuring distance.

Canopy width, using a metal tape measure and vertical angle prism.

The variables of growth rate including dbh, height, commercial volume, and efficiency (measured as the annual increment in basal area expressed as a percentage of the basal area at initial reading) will be compared between the thinned areas and control areas in each plot and analyzed for statistical differences using a standard t test. 

Metrics, Timelines and Milestones:

For both Mahoe and Mahogany stands the thinning techniques will be deemed successful if the rate of growth and efficiency increase significantly in the thinned plots. By measuring the trees to be thinned before cutting and using growth rates extrapolated from the control plots we will be able to calculate the volume increase that would have been gained had the trees been left in place compared with the volume increase gained as a result of thinning. Taking into consideration the cost of thinning it will be possible to comment on the economic benefits, if any, resulting from the thinning process.

It is estimated that the study will take three years to complete, with initial measuring and thinning taking place in year one and follow up measurements being taken in years two and three.

Objective 2:  To evaluate commercially valuable crops that can be grown in conjunction with the line planted mahogany.

Our findings to date have shown that the mahogany planted in lines has been slow to develop and at the current rate of increase it will take another 27 years for them to reach a diameter that will give good saw logs with a total growing time of 43 years. This is a long time to wait for a commercial return and as the project has approximately 64 hectares of line planted mahogany it would be beneficial to research other short term crops that can be grown in conjunction with the mahogany and give a faster economic return while the mahogany crop matures. Small scale testing of candidate crops is highly advisable before investment is made into large plantings. Demonstrating compatible short-term crops that can accompany mahogany will make these methods more economically viable and thus encourage application by other people/organizations in the rainforest.

Candidate crops must be shade tolerant unless they are to be used in areas where there has been canopy damage such as road edges and landslide areas. They must be relatively low maintenance once established and they must be crops deemed likely to have a good market value.

Two crops that the project plans to evaluate in 2008 are Artemisia annua L. and  Coffea robusta.

2a) Artemisia annua.

The objective with Artemisia annua L. is to set up trial studies to see if this plant will flourish and produce plants with adequate Artemisin content under the conditions at Las Casas de la Selva. Should the trials prove successful larger scale production in suitable areas over the 64 hectare mahogany plantation will be considered.

Artemisia annual L. is a traditional Chinese medicine, used for over 200 years in treating malaria. There has recently been increasing interest in the commercial production of Artemisia as the artemeisinin compounds that the plant produces have proven potent and effective for the treatment of malaria, including multi drug-resistant forms of malaria and cerebral malaria (W.H.O. 2006). It is a relatively robust annual plant, providing care is taken in the nursery and transplanting stages. Action for Natural Medicine (ANAMED) have been promoting the growth and use of A. annua in Africa and have produced a seed variety A-3 that is adapted for growth in warmer climates. ANAMED have agreed to supply us with a starter kit of the seed for these trials and Dr. Keith Lindsey of Action for Natural Medicine has agreed to review our trial method and help with problem solving personally and  by directing us to other experienced growers during the trial.

In most climates the plant prefers full sun but is semi-shade tolerant. 

As the demand for artemisinin – based combination therapies is increasing rapidly and the synthesis of the artemisinin molecules uneconomic, (Griffee and Diemer, 2006), there is likely to be a continuing increase in demand for this crop. Artemesia has been successfully grown as an intercrop with coffee and maize but this, as far as the authors know, will be the first time that deliberate intercropping with other forest trees has been attempted.

Methods

Artemesia seedlings will be raised in trays under light shade in the project nursery and transplanted into pots at 3-4 weeks. When the plants have grown 10 true leaves they will be hardened off ready for planting. This process will be timed so that plants can be transplanted into the field in May/June at the beginning of the rainy season. 6 test plots will be planted each plot being 1 m² with a planting density of 10 plants per m². Tests carried out in Tasmania showed that highest yields were obtained at a planting density of 20 plants per m² but 90% of this yield of 6.8t/ha was obtained at 10 plants per m². (Ferreira et al. 2005). The plots will be established in 3 different growing conditions with two replicates in each:

1- Full sun 

2- Semi shade

3- Deep shade.

Condition number one will replicate conditions found on our property in areas where the forest has been damaged due to landslides. Condition two will replicate conditions found on roadsides and areas where there is wide spacing in between the tree canopies. Condition three will replicate conditions found in the line planted areas where survival rate has been high, Canopy cover for all sites will be recorded using a spherical crown densitometer . Plant heights will be measured at planting out and harvesting time and plants will be monitored weekly throughout the growing season for signs of disease problems and notes on plant development will be taken. As there does not seem to have been much testing of the plant at this longitude (18º N) and the plant is sensitive to photoperiod it is hard to predict crop length.  The crop will be harvested when the plants show signs of bud initiation as this has shown in previous tests to be the stage at which the artemisinin content is highest. (Griffee and Diemer, 2006, W.H.O. 2006). After sun drying leaves to a moisture content of  <12% they will be sent for testing for artemisinin content and total weight of dry leaves will be recorded. Yield comparisons for the different shading conditions and artemisinin content for the different shading conditions will be compared.

Metrics, Timelines and Milestones:

Plant yield and artemisinin content will compared with reported production in other plantations and the feasibility of  growing this crop as part of our sustainable forestry program will be evaluated. The trial should be completed in one year unless extreme weather conditions (hurricane) destroy the crop, in which case they would have to be repeated the following year.

2)b Coffea arabica

Traditionally coffee was grown under shade in Puerto Rico. However modern mechanized growing methods favor sun plantations. This practice which involves cutting the shade canopy, destroys habitat for many native and migratory species, promotes soil erosion, reduces biodiversity and increases pollution due to the need for heavy use of fertilizers. Although small shade coffee plantations could not hope to compete financially with large scale sun plantations, there is a growing market niche for organically grown shade coffee which is considered to be a superior product. Around 97% of the coffee produced in Puerto Rico is consumed in Puerto Rico. For 2001, 5,000 tons of coffee was imported to the island to make up the shortfall in production. If the project were able to grow a shade coffee crop along side the developing mahogany trees it could be marketed both in Puerto Rico and to the U.S. gourmet coffee market.

It is necessary to carry out a small scale planting trial before investing in large scale plantings.

Methods:

Two varieties of Coffea arabica will be tested, “Tipica” and Bourbon. These have been recommended as being the best for our conditions by Leopoldo Miranda-Castro, Coordinator for the Private lands Conservation Program in the Caribbean US Fish and Wildlife Service. Twenty-five plants of each variety will be raised in our nursery until the seedlings are 8 months old. The seedlings will then be planted out approximately 2 meters apart along the lines originally cleared for Mahogany planting. All forest undergrowth will be cleared from the area before planting. Plant heights will be measured at planting and phenology notes taken bi – monthly. Plants should yield after 2 years growth and harvests will be compared with other shade coffee production on the island.

Metrics, Timelines and Milestones:

The trial should take two years from planting out the seedlings. If survival rate is good and production is comparable to production of other shade coffee plantations, we will consider larger plantations to augment the mahogany plantation.

Objective 3: To evaluate populations of the lizards of the genus Anolis at Las Casas del la Selva and monitor the effect of habitat disturbance due to line planting and tree thinning activites.

This project will both augment our previous work on studying the effect of our forest plantation activities on the animal component of the ecosystem and provide us with a useful baseline data set for future monitoring of the Anolis lizard populations. The Anolis lizards are an important part of the forest day food web whereas the frogs of the genus Eleutherodactylus previously studied are an important part of the night food web. Both attain high densities in the forest and the Anolis data will provide a more balanced data- base for evaluating ecosystem effects. Anolis lizards have resource partitioning with different species utilizing different structural habitats. This aspect of their biology makes some species particularly dependent on the conditions of the habitat around them. It is important to monitor the effect of forest transformation on their behavior, densities, and microhabitat choice.

All kinds of insects are part of the principal diet of Anolis lizards, but they also eat spiders, earthworms, frogs, young anoles, and termites (Rivero, 1998). There is evidence that reveals that they change their home range, depending on the abundance of food and the seasonal changes (Rivero, 1998).Many species depend on the abundance of Anolis and/or directly on them for their survival since Anolis are a particularly essential part of their diet. Among their predators we can mention the egrets, thrushes, cuckoos, hawks, other insectivorous birds, snakes, spiders, large pseudoscorpions, centipedes, large anoles, and ameivas. (Rivero, 1998). 

Details on species richness, abundance, population densities, habitat preferences, insolation, and behavior, will be recorded We will focus our research in studying these aspects in order to: (1) learn how many species of lizards of the genus Anolis are present at Las Casas de la Selva; (2) establish the abundance and densities of the populations of Anolis present; (3) establish which microhabitats are being utilized by the species of  Anolis; (4) learn how different areas differ in species composition and microhabitat preference; (5) establish which factors could be affecting the densities, behavior, and microhabitat preferences of the individuals and of any particular species.

Species diversity and density in plantation sites will be compared with control sites where the forest has been left undisturbed. Baseline diversity and density data will be used to monitor the effects of future thinning activities.


Methods: 

Three areas will be selected for the study: two plantation areas where future thinning is planned – one containing line planted Mahoe and one containing line planted Mahogany and a third area that has not been disturbed at all. In each area, five, 10m x 10m (100m2) quadrants will be established. Each area will be described in terms of vegetation, canopy cover, and temperature.

Pamela Medina Diaz, a graduate student at U.P.R. will be overseeing this study and training the project staff and volunteers in species observation and identification. As there are only 11 species of Anolis known in Puerto Rico, training in identification should be accomplished fairly quickly.
In each quadrant Anolis will be observed and marked during a 30 min. period at times ranging from 1000 to 1400 h. Marking will be carried out (as described in Diaz et. al. 2005). to ensure that individuals are not counted more than once. Readings will be repeated four times a year twice in the summer months and twice in the winter months. For each observation the following will be noted:


a) Behavior (moving, eating, walking, fighting, etc),

b) Level of insolation (sun, shade)

c) Size class (1 = adult male, 2 = female, 3 = juvenile)

d) microhabitat utilization (trunk, rock, ground, leaf, etc.).


Population sizes and densities will be estimated using the methods of  Heckel and Roughgarden (1979) and Schnabel (1938).As the sites are not closed population size and density may be high but as methods will be applied consistently the resultant data will be valid for comparative purposes. Both methods can generate reasonably accurate estimates based on data collected in short periods of time and the Heckel and Roughgarden method was designed explicitly for this purpose. Similarity in results will give some degree of assurance that estimates are relatively accurate. 
Metrics, Timelines and Milestones:

Baseline data will be collected in 2008 and comparison data after thinning will be collected in 2009 and 2010.

Objective 4 :  To evaluate the availability and abundance of non-timber forest products that are of economic importance on the property, commencing with vines which are a source for fiber used in weaving and handicrafts.

There has been little research done to date on the assets supplied by forest products in Puerto Rico. Such products are generally used by micro-enterprises that can be an important source of employment in the economy of their communities. They are recognized as a major source of job growth especially for women, minorities and the economically disadvantaged. More than 80% of all businesses in the Caribbean are defined as micro-enterprises (Kicliter 1997). Evaluation of available assets and promotion of their use is an important area of investigation for this project, as it could become a significant element in an overall plan for sustainable forest management. Non-timber products found by Kicliter (1997) to be in use on the island include calabash, bamboo, coconut, seeds, vine and palm fronds for weaving. There was also some use in rural areas of herbal products for medicinal and personal care, wild fruits and wild honey. With the current resources of the project it is not possible to investigate all these elements at one time. The first stage of what will be a long term undertaking will be to research and evaluate the vine species currently growing on the property with a view possible future harvesting marketing and cultivation.

The following plants are traditionally used in Puerto Rico as weaving materials for baskets, hats, hampers and other decorative items:

Clusia minor, Rhynchosia phaseoloides, and Hippocratea volubilis.(Kicliter 1997)

Peguero (2000) also cites Trichostigma octandrm as being utilized for weaving in the Antilles.

A brief survey of the vines on the property has already been carried out with the help of Dr. Pedro Acevedo, Research Scientist and Curator for the Smithsonian National Museum of Natural History, Washington.

Dr. Acevedo is the Author of  “Vines and Climbing Plants of Puerto Rico and the Virgin Islands “ and “Los Bejucos de Puerto Rico Volumen1. Dr. Acevedo has agreed to be an advisor to this study in the field of plant identification. 

Methods:

To determine vine species and abundance in the forest as a whole, sampling methods will be used as described in Putz (1984). 10 of the 0.4 hectare (1 acre)  study plots that have already been randomly selected and marked up for previous studies will be used as sites. These plots will be further subdivided into 10, x 0.04 hectare plots. Initially all 10 subdivisions will be studied in 3 plots and it will be decided by creating a species area curve, how many subdivisions it will be necessary to study to obtain adequate data for each 0.4 hectare plot.

As vines grow both vertically and horizontally each 0.04 acre plot will have imaginary vertical boundary walls extending from the ground to above the canopy. Vines rooted in a plot but growing through the plots imaginary walls will be included in the sample. Vines rooted outside the plot but growing into the plot will be disregarded. Vines rooted outside a plot but growing entirely on a tree rooted inside the plot will be measured where it crosses the plot boundary. Vines rooted inside a plot but growing entirely on a tree outside the plot will not be included.

All vines within the plot will be measured for diameter at breast height using a caliper and their approximate maximum height above ground will be measured using a clinometer. The species of each vine will be determined and recorded. For the most common species this will be done in the field. Otherwise, samples will be collected and pressed and sent to Dr. Acevedo for identification.

It would be useful for the purposes of this study to make some assessment of growth rate for any vines found that are potentially of commercial use.

 
There has not been much work done on the measuring the growth rate of tropical vines. In a private communication Dr. Acevedo has recommended that we take 10 sample cuttings from the vine species that we wish to test and grow them out in a clear shaded area giving each vine a stake for support. By taking monthly measurement of the length we should be able to ascertain an approximate growth rate. This will be important for future assessment of the rate at which we could sustainably harvest vines of economic importance from the forest.

Metrics, Timelines and Milestones:

The initial assesment of vine species and abundance will be completed in 2008. If we ascertain that there is a significant abundance of species that could be put to commercial use we will carry out the growth studies in 2009.
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