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Abstract 

 The Department of Natural and Environmental Resources (DNER) aims to include the 

Rio Mavillas of Monte Choca State Forest in Puerto Rico’s Heritage River Program. To support 

designation, the Visual Assessment Protocol for Puerto Rico Streams, Rosgen Stream 

Classification, Multihabitat Macroinvertebrate Assessment, and the creation of an interpretive 

map were completed. Results suggest that the Rio Mavillas contains good water quality and high 

ecological value, and therefore the river and its surrounding areas should be protected in the 

program from future anthropogenic modifications for future generations to enjoy. 
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Executive Summary 

        Land use changes, such as replacing forest for agriculture and urban land use can have 

detrimental effects to the ecological integrity of freshwater ecosystems. Land use changes can 

alter physical, chemical, and biological components of rivers, all of which encompass stream 

degradation seen through elevated concentrations of nutrients and contaminants, altered channel 

morphology, and reduced biotic richness. The Department of Natural and Environmental 

Resources (DNER) in San Juan, Puerto Rico is the agency responsible for creating mechanisms 

for the protection of rivers and streams in Puerto Rico. As enacted by Law 180, the DNER is 

responsible for carrying out Puerto Rico’s Heritage River Program, and thus has the ability to 

regulate and create policies to protect, preserve, and restore rivers that display minimal 

anthropogenic alterations. In order to meet the criteria for inclusion in Puerto Rico’s Heritage 

River Program, the DNER is required to evaluate many factors, such as a river’s water quality, 

socioeconomic value, current hydrology, and local community development. Upon designation 

as a Heritage River, a river gains public recognition for having natural, recreational, cultural, and 

historical value. Thus, the Heritage River Program allows the DNER to protect the natural 

characteristics of rivers that have minimal anthropogenic modifications to retain its ecological 

integrity for future generations to enjoy. 

        Currently, Puerto Rico’s Heritage River Program consists of twenty rivers, with the 

headwaters of these rivers beginning in a state forest protected by the DNER. Since the 

headwaters of these rivers begin in an already protected area, the water quality and stream biota 

are generally healthy, thus making inclusion into the program relatively simple. However, more 

recently, the DNER is exploring the protection of rivers that do not begin in a protected forest. 

The Rio Mavillas, located in the Monte Choca State Forest, does not begin in a protected area, 
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but rather flows through one. Due to a high demand for protection triggered by potential 

anthropogenic activity, the Rio Mavillas will be the first river of its kind being assessed for 

inclusion in Puerto Rico’s Heritage River Program. The Monte Choca State Forest was 

established in 2003, making it a relatively new state forest in Puerto Rico with little urban 

development in the area. The forest offers a variety of recreational attractions, with the most well 

known being the Bamboo Cathedral. Additional attractions include a camping area, hiking trails 

through the forest, and the Rio Mavillas for recreational activities. The DNER wishes to include 

the Rio Mavillas in Puerto Rico’s Heritage River Program to protect and preserve the water 

quality, aquatic species, and ecosystem services of the river, as well as prevent alterations to the 

geomorphology, hydrology, and surrounding landscape. 

 

Project Goal and Objectives 

        The goal of this project was to provide geomorphology, water quality, and aquatic 

diversity data, as well as create an interpretive map and survey, to support inclusion of the Rio 

Mavillas in Puerto Rico’s Heritage River Program. For determination of the river’s 

geomorphology, water quality, and aquatic species abundance and diversity, the DNER has 

requested that three clear protocols be conducted (Objectives 1-3). Additionally, the DNER 

provided a river usage survey to be modified, so that future administration of the survey will 

yield data assessing the knowledge of ecosystem services provided by rivers (Objective 4). 

Lastly, an interpretive map of the Monte Choca State Forest was created, highlighting key areas 

of interest to the local community and forest visitors as well as trails to encourage recreational 

use of the state forest and Rio Mavillas (Objective 5). The primary objectives of this project are 

as follows: 
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1.     Determine the geomorphology of the Rio Mavillas according to the Rosgen Stream 

Classification System. 

2.     Determine the stream conditions of the intended segment of the Rio Mavillas by using the 

Visual Assessment Protocol for Puerto Rico Streams. 

3.     Assist in the collection and identification of stream macroinvertebrate in order to determine 

the water quality of the Rio Mavillas. 

4.     Modify and adapt the “Cuestionario de Usos de Rios” (River Usage Survey) provided by the 

DNER. 

5.     Create an interpretive map of the Monte Choca State Forest using ESRI ArcGIS software. 

 

Methodology 

Rosgen Stream Classification 

        The Rosgen Stream Classification System is a well-characterized method to determine 

the geomorphology of a river, and thus serves as a tool for predicting a river’s behavior to future 

changes (i.e. climate change, land use changes) and also for the development of restoration 

projects. To determine the geomorphology of the Rio Mavillas, Level I and Level II 

classification was completed. Level I classification categorizes rivers based on basin relief, 

landform, and valley morphology. Level II classification, which is primarily collected through 

surveying cross-sections, topographical maps, and channel material assessment, categorizes 

rivers based on physical characteristics such as sediment supply, stream sensitivity to 

disturbance, channel responses, and habitat potential. The five major data components required 

for the Rosgen Stream Classification System are entrenchment ratio, width/depth ratio, sinuosity, 

channel slope, and channel material. Cross-section surveys and dominant channel material 
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assessment were completed at three different locations along the Rio Mavillas that were good 

representatives for Rosgen classification. From the GPS and channel material data generated, 

graphs and aerial photographs of each cross-section were created to generate the data 

requirements in order to determine the Rio Mavillas stream type classification, and thus predict 

its potential for success in Puerto Rico’s Heritage River Program. 

 

Visual Assessment Protocol for Puerto Rico Streams 

        The DNER has adopted protocols from other river conservation projects in order to 

determine if a river’s physical conditions meet the requirements for restoration and protection. 

One example is the Visual Assessment Protocol for Puerto Rico Streams, which was adapted 

from the USDA Hawaii Stream Visual Assessment Protocol to the more prevailing conditions of 

the rivers in Puerto Rico. The protocol is divided into two parts: the general description of the 

river and a physical evaluation of the river. For the general description of the river, information 

was obtained from the US Geological Survey and interviews with community leader and Monte 

Choca State Forest manager Alberto Rivera. For the physical evaluation of the river, ten major 

elements – turbidity, plant growth, channel condition, channel flow alteration, percent 

embeddedness, bank stability, canopy, riparian zone condition, habitat availability, and the 

amount of visible trash/litter – were scored along three 100 meter transects of the river. From 

these scores, a stream index was calculated, thus providing a characterization of the river’s water 

quality and conditions within and around the stream that could improve from restoration efforts. 

 

Multihabitat Macroinvertebrate Assessment 
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        Macroinvertebrate are organisms without a backbone, visible to the naked eye, and can 

be collected by mesh nets; examples include insect larvae, worms, shrimp, and snails. 

Macroinvertebrate tend to remain in their original habitat, therefore the specific families of these 

organisms present in a habitat are informative of ecosystem health and river water quality. A 

rapid bioassessment multi-habitat approach to the macroinvertebrate collection was conducted on 

three 100m sections of the Rio Mavillas. By visually assessing each section, the percentages of 

each type of habitat were determined. A total of twenty jabs (samples) per transect were 

collected, proportionate to the present habitats within each of the 100 meter transects. The 

process of taking jabs with the mesh net involved placing the net approximately one foot 

downstream and causing a disturbance with our feet for approximately thirty seconds, freeing 

any organisms from the habitat and allowing them to flow downstream into the net. The net was 

completely washed out into a Ziploc bag, and a label placed inside for later identification of the 

sample. These samples were analyzed and observed through a microscope to sort all 

macroinvertebrates collected.  

 

River Usage Survey 

        The DNER provided a River Usage Survey that required assessment for its ability to 

measure the knowledge of ecosystem services provided by rivers. In order to modify this survey, 

research on the four major ecosystem services provided by rivers – provisioning, regulating, 

cultural, and supporting – was completed. Questions were then added and modified to accurately 

accomplish this goal, as well as to instill trust in the participant to provide honest responses. 

These modifications also facilitate the process of statistical interpretation. Lastly, the survey was 

sent to Professor Luis Santiago, from the University of Puerto Rico, who has previously 
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developed similar surveys, and he analyzed the questions and structure of the survey in order to 

assess their potential for bias, ease of analysis, and ability to produce the desired data. 

 

Interpretive Map of Monte Choca State Forest 

 In order to create an interpretive map of the Monte Choca State Forest, a GPS was used 

to collect locations for key points and trails. This was accomplished using a Trimble Juno 3D 

handheld GPS device provided by the DNER. This device recorded the locations of key points of 

interest in the forest as determined by our group, the DNER, and Alberto Rivera, and always had 

a PDOP (Position Dilution of Precision) value of less than 4 in order to ensure accuracy. Points 

along the trails in the forest including bends, intersections, and open areas were recorded in order 

to generate trail maps. Base data layers including municipalities, bodies of water, and a map of 

the delimitation of the Monte Choca State Forest were obtained from the DNER, and this 

information was uploaded on ESRI’s ArcMap software and arranged in an aesthetic format. 

Additionally, pictures were included of some of the more notable points of interest. The trails 

generated were color coded and labeled, noting the difficulty, length, and approximate time to 

complete. A legend was also provided to identify the points of interest marked on the map. 

Lastly, a map of the three transects of the Rio Mavillas that were used to conduct the various 

protocols necessary during the project was created as a reference. 

 

Results and Discussion 

Rosgen Stream Classification 

        Level I and Level II classification of the Rosgen Stream Classification System were 

successfully completed to allow for interpretation of the geomorphology of the Rio Mavillas. 
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Upon analysis of the three different cross-section surveys, the entrenchment ratio, width/depth 

ratio, sinuosity, dominant channel material, and channel slope were determined, and were used 

with the Rosgen Stream Classification System guide to classify the Rio Mavillas as a B4c 

stream. B4 stream types are characterized as being moderately sensitive to disturbance, having 

excellent recovery potential, moderate sediment supply, low erosion potential, and moderate 

vegetation control. This suggests that any future land use changes would seriously impact the 

ecological integrity of the Rio Mavillas, thus reinforcing its inclusion in the Heritage River 

Program. 

 

Visual Assessment Protocol for Puerto Rico Streams 

        The Visual Assessment Protocol for Puerto Rico Streams was successfully completed at 

the three 100m transects of the Rio Mavillas. All three transects scored high values in the ten 

elements evaluated, thus receiving stream index values of 1.82 out of 2.0, 1.95 out of 2.0, and 

1.82 out of 2.0, respectively. These scores, proving high water quality, are indicative as to why 

the Rio Mavillas should be protected by the DNER under the Heritage River Program because it 

will help retain the quality of the river for future generations to enjoy. It will also protect the 

river from future anthropogenic modifications that have the ability to diminish water quality and 

stream biota. As a final point, during field observations of the Rio Mavillas, a bridge and 

remnants of a car were found between the first and second transect. These structures have the 

ability to alter the riparian zone and erosion rates within the river, and thus deserve attention for 

restoration by the DNER.   
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Multihabitat Macroinvertebrate Assessment 

        The macroinvertebrate multihabitat bioassessment collection was successfully completed. 

From the samples collected, the individual macroinvertebrate were successfully identified by our 

group and staff of the DNER at the University of Puerto Rico, Rio Piedras Campus using 

microscopes and other equipment provided by the University’s Natural Science laboratories. In 

total, 890 organisms were collected from 19 different families. A biodiversity value of 1-10 

corresponded with each family, depending on how susceptible the family was to poor water 

quality. A higher value meant the family required better water quality to survive. The values of 

the families were then totaled, and by using a water quality index the value obtained of 84 was 

able to tell us that the water quality of the Rio Mavillas is good and not contaminated or altered 

in a sensitive manner. This rating is the second highest before excellent water quality, which 

further supports the inclusion of the Rio Mavillas in Puerto Rico’s Heritage River program. 

 

River Usage Survey 

        The River Usage Survey provided by the DNER was successfully modified in order to 

collect data on the extent of knowledge of ecosystem services provided by rivers. In addition to 

adding a question pointing out the four main ecosystem services, questions were modified to 

eliminate ranking responses, generalized for the use of the survey for any river in Puerto Rico, 

more descriptive for clarification and ease of analysis, and altered to remove the possibility of 

biases responses. The format of the survey was also restructured in a manner suggested by 

Professor Santiago to instill trust in the participant. This survey is now ready for administration 

and will aid the DNER in assessing the success of the Heritage River Program. 
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Interpretive Map of Monte Choca State Forest 

 An interpretive map of the Monte Choca State Forest was successfully created and will 

be printed on signs in five locations within the forest and distributed as part of an informative 

brochure. It is the goal that this map will help visitors navigate the forest trails and visit the 

various points of interest located within the forest. This ease of navigation could help to increase 

use of the forest by locals and tourists alike. The brochure in which the map is also placed in will 

further carry out this goal, thus fulfilling the Heritage River Program’s goal of retaining natural 

characteristics of rivers (and its surrounding land area) for future generations to enjoy.  

 

Conclusion 

        All objectives were achieved during the completion of the project, and thus this project 

successfully provided the DNER with supporting data to include the Rio Mavillas in Puerto 

Rico’s Heritage River Program. The results of these objectives also show the potential that 

designation will have on the Rio Mavillas, as they show that despite the river having high water 

quality and aquatic species abundance and diversity during the rainy season, the Rio Mavillas is 

susceptible to change and needs protection from anthropogenic modifications to retain this 

ecological integrity. Overall, all objectives met support the DNER’s desire of designating the Rio 

Mavillas a Heritage River and set the framework for a management plan to allow the program to 

carry out its goal of protecting the natural features of rivers for future generations to enjoy. 

 

Recommendations 

        Upon completion of this project, the group has several recommendations for the DNER. 

These recommendations are listed below, and are then reviewed in more detail. 
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1.     Fund and maintain an aerator for the manmade pond in Monte Choca State Forest, to increase 

fishing activity within the forest. 

2.     Increase the riparian zone of the Rio Mavillas along the campsite and bridge. 

3.     Administer the final survey to community and forest visitors. 

4.     Post interpretive map in community center, campground, and Bamboo Cathedral. 

5.     Conduct additional stream assessments while considering different seasons. 

6.     Repeat all stream assessments in five to ten years after designating the Rio Mavillas a 

Heritage River. 

7.     Visit Monte Choca State Forest more to encourage community members to assist in forest 

and river conservation. 

8.     Place a sign at the Rio Mavillas, defining to all visitors its history and inclusion into the 

Heritage River Program. 

9.     Provide Alberto Rivera with copies of the brochure created to give to forest visitors.  
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1.0 Introduction  

 Changes in land use have resulted in detrimental effects towards many natural 

ecosystems – stream ecosystems in particular. Land use changes, such as agriculture and 

urbanization, have negatively impacted streams by altering physical, chemical, and biological 

components of streams including but not limited to the stream’s hydrology, geomorphology, 

nutrient composition, and microbe, macroinvertebrate, and algae species (Paul & Meyer, 2001). 

Such examples have dire consequences to the stream, the most important being the loss of 

biodiversity and the ecosystem services provided by the ecosystem. Thus, the consequences of 

land use changes and anthropogenic alterations on freshwater ecosystems serve as a motive for 

protecting rivers that conserve their natural characteristics. 

        Urbanization, defined as the increasing number of people living within an area, has been 

classified as one of the most severe land use changes due to its ability to encourage 

anthropogenic alteration (de Jesus-Crespo & Ramírez, 2011, Qin & Liao, 2015). Urbanization 

has been proven to have negative effects on stream physicochemistry and macroinvertebrate 

populations, specifically by altering the concentration of phosphorus, potassium and dissolved 

oxygen within the stream as well as the structure of the riparian buffer along the stream (de 

Jesus-Crespo & Ramírez, 2011). An example of this is China, which globally has stood at the 

forefront of studying the environmental impacts of urbanization due to its rapid rural-to-urban 

migration rate and its poor air quality (Qin & Liao, 2015). Other studies have complemented the 

effect of urbanization on freshwater ecosystems specifically. Walsh et. al. (2005) has described 

the urban stream syndrome, defined by stream degradation seen through elevated concentrations 

of nutrients and contaminants, altered channel morphology, and reduced biotic richness, to be the 

common phenomenon brought upon by urbanization. Specifically, urban stormwater runoff, the 



 

Assessment of the Rio Mavillas for Inclusion in Puerto Rico’s Heritage River Program 2 

delivery of pollutants, and the resulting erosion due to the hydrological modifications can result 

in the degradation of stream ecosystems (Walsh et. al., 2005). In fact, approximately 40% of 

rivers and lakes surveyed by the Environmental Protection Agency are too polluted for activities 

like fishing and swimming (The Nature Conservancy, n.d), and each year it is estimated that 1.2 

trillion gallons of untreated sewage, storm water, and industrial waste are dumped into U.S. 

waters (Conserve Energy Future, 2016). An example of this is China’s Yellow River, where 

studies have shown that 84% of the river sampled is unsafe for household use due to heavy 

urbanization in the area (Branigan, 2008). More specifically, an increase in factory discharges 

and sewage brought upon by urbanization has been the major driver in diminishing the water 

quality (Branigan, 2008). Urban drainage has been shown to alter the physical, chemical, and 

biological characteristics of streams, which are listed in Table 1 (House, M.A. et. al., 1993). 

Thus, urbanization as a specific land use change drastically changes stream ecosystems and 

impairs their ability to maintain their integrity. 

Physical Characteristics  Chemical Characteristics Biological Characteristics 
Condition 

Altered 
Effect on 
Stream 

Condition 
Altered 

Effect on 
Stream 

Condition 
Altered Effect on Stream 

Erosion and 
Sediment Rates 

Changes in 
Stream Course Addition of 

Heavy Metals, 
Pesticides, 

Solutes 

Lowered 
Water 

Quality 

Chemical 
Toxicity Elimination of 

macroinvertebrate 
species that cannot 

tolerate stream 
condition 

Fluvial 
Dynamics 

Increases 
Flood Peaks 

and Lengthens 
Flood Season 

Habitat 
Instability  

Table 1: Effect of Agriculture and Urbanization on the Physical, Chemical, and Biology 
Characteristics of Streams. Source: (House, M.A. et. al., 1993) 

 

 Both agriculture activities and urbanization can also have drastic effects on tropical 

streams, primarily due to their already lower levels biodiversity and benthic macroinvertebrate 

populations than continental streams (Covich, 2006). Macroinvertebrate population is very 

sensitive to anthropogenic alterations on riparian buffers, as seen in the Rio Piedras watershed in 
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Puerto Rico – a study that concluded the lack of riparian vegetation to negatively impact the 

density of macroinvertebrate population within the Rio Piedras (de Jesus-Crespo & Ramírez, 

2011). Degradation of riparian buffers can alter the natural drainage of the stream, increase 

sedimentation rates, and affect the channel morphology (Klapproth, 2009). Studies have shown 

that riparian buffers indeed have the ability to minimize the effects of land use changes on stream 

ecosystems, further showing the importance of minimizing urbanization in order to maintain the 

biodiversity of tropical streams (Wenger and Fowler, 2000). Along with riparian buffer 

degradation, another major example of urbanization is the construction of dams. Studies show 

that “more than 80,000 [dams] currently interrupt the courses of the nation’s rivers and are the 

primary reason for the destruction of the natural characteristics of streams” (Graf, 2001). In fact, 

the disruption of rivers by dams is the major driver of habitat and subsequent species loss in 

stream ecosystems (Graf, 2001). Thus, urbanization is specifically relevant to the project at hand, 

which aims to provide scientific validity to support the inclusion of the Rio Mavillas in Puerto 

Rico’s Heritage River Program, because although the main land use surrounding the Rio 

Mavillas is mostly forest, it contains a shortened riparian buffer at one of the studied segments, 

representing an anthropogenic alteration due to the development of roads that intersect the 

stream. It is also important to mention that historically, the Rio Mavillas has been considered as a 

potential area for the development of a dam – all of which were just illustrated to have dire 

consequences on stream health. 

        To assure the continuation of rivers as recreational sites and preserve the habitats within 

these freshwater ecosystems, the United States and Canada have created their own Heritage 

River Programs. Protected rivers within these programs have either retained, restored, or are in 

the process of restoring the recreational uses of rivers, which include drinking water, swimming, 
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fishing, and water sports (Figure 1) (Primary School Geography Encyclopedia, n.d.). In 2014 

enacted by Law 180, Puerto Rico established its own Heritage River Program – being the first 

program within the tropics aimed in protecting rivers (LexJuris, 2014). Carried out by the 

Departamento de Recursos Naturales y Ambientales (Department of Natural and Environmental 

Resources, or DNER), the goal of the program is to recognize the value of rivers as a natural 

resource closely linked to people’s heritage, establish limits to stop the deterioration of their 

functions and their intrinsic values, and protect them from human activities that deteriorate them 

(DRNA, 2016a). Since the Heritage River Program’s creation in 2014, the DNER has protected 

sections of twenty rivers in Puerto Rico. To be considered a Heritage River and be placed under 

protection by Puerto Rico law, many factors are considered such as the river’s water quality, 

socioeconomic value, current hydrology, and local community developments that currently affect 

the river and its ecosystem (DRNA 2016c). 

 
 

  

 

 

  

 

 

 

 

Figure 1: Common Recreational Uses of Rivers 
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 This project assessed a section of Rio Mavillas, located within the Monte Choca State 

Forest, with the goal of providing data to support its inclusion in the Heritage River Program. We 

assessed the physical and biological characteristics of the river in order to determine its integrity 

and water quality. We accomplished this assessment by following protocols and procedures 

outlined in the Rosgen Stream Classification System, Puerto Rico’s Visual Stream Assessment 

Protocol, and by completing the collection protocol of the benthic macroinvertebrate rapid 

bioassessment. A river usage survey created by the DNER was modified for future distribution 

by the DNER to the local community in order to gauge the local education level, touristic value, 

and views on preservation of the river. Finally, an interpretive map of the Monte Choca State 

Forest was created, highlighting key areas of interest to encourage recreational usage and interest 

among the community. The project resulted in a water quality and stream morphology 

classification of the Rio Mavillas, as well as a recommendation proposal to the DNER about 

whether the river and forest management plan that will accompany designated the Rio Mavillas a 

Heritage River with the hope that the river will gain public recognition to assist its preservation 

as a freshwater ecosystem in Puerto Rico, allowing it to thrive in the future. 
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2.0 Background 

 This chapter contains general information on the United States of America’s Heritage 

River Program and also provides detailed information on Puerto Rico’s Heritage River Program. 

Key background information on the protocols and procedures designated by the Department of 

Natural and Environmental Resources (DNER) is outlined. Historical, environmental, physical, 

and geographical characteristics of the Monte Choca State Forest, the Rio Mavillas, and the 

surrounding community of Palos Blancos are identified. Additionally, the biodiversity of the Rio 

Mavillas and human activity in the area are introduced. In conclusion, key points addressed in 

this chapter are summarized in order to be fully understood and noted before continuing on to the 

methodologies chapter to follow. 

 

2.1.1 History of the Heritage River Program 

        Internationally, Heritage River programs have been created to protect, preserve and 

restore rivers that have historic, cultural, and environmental value. Canada, the United States, 

and most recently Puerto Rico have adopted their own unique program. At their core, each 

Heritage River Program seeks to conserve the natural and recreational values of rivers that reflect 

the diversity of their country. 

        For eighteen years, the American Heritage River Protection Program has helped to 

protect and restore designated rivers throughout the United States. In 1997, President Clinton 

signed Executive Order 13061 which created the American Heritage River Protection Program, 

and on July 30th, 1998 the president designated fourteen rivers, shown in Table 2, because they 

“reflect the extraordinary diversity and splendor of America's rivers” (American Heritage Rivers, 

1998). The American Heritage Rivers Initiative is a solution by the federal government to assist 
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riverfront communities by providing grants and other resources. This program did not introduce 

any new regulations on property owners; rather it was created to provide a more efficient and 

effective use of federal funds in order to improve river quality (EPA, 2011). 

The Blackstone/Woonasquatucket Rivers The New River 

The Connecticut River The Potomac River 

The Cuyahoga River The Rio Grande 

The Detroit River St. Johns River 

The Hanalei River The Willamette River 

The Hudson River The Upper Susquehanna/Lackawanna Rivers 

The Lower Mississippi River The Upper Mississippi River 

 
Table 2: The American Heritage Rivers. Source: (EPA, 2012) 

 

           In October of 2014, Puerto Rican legislature passed Law Number 180, which created the 

Puerto Rico Heritage River Program (LexJuris, 2014). Law Number 180 allows the DNER to 

ban the development of activities that may affect the water quality of rivers included in the 

program, as well as prohibit the construction of structures that affect a designated rivers’ free 

flow. By banning future development, the DNER can guarantee that the rivers will continue to 

function as recreational sites as well as assure the preservation of the habitats for aquatic species. 

This law also has the stated goal of creating linkages with local governments, universities, 

charities, and non-profit environmental groups in order to aid in the preservation and restoration 

of the rivers. The Puerto Rico Heritage River Program was created to “formulate public policies 

that minimize the human impact on rivers so that its ecological integrity is guaranteed” (DRNA, 

2016a). The DNER proposes to accomplish this goal through four key proposals: 1) to restore, 

enhance, and preserve the fluvial environments; 2) to motivate communities to become more 
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involved with their local river; 3) to improve recreational opportunities along the riverside; and 

4) to develop educational campaigns to spur interest and explain the importance of the program 

(DRNA, 2016a). 

        The American Heritage River Program differs from the Puerto Rico Heritage River 

Program in one distinct way. The American program focuses on protecting rivers that not only 

have already undergone some restoration work, but also rivers that still suffer from the effects of 

human degradation (EPA, 2012). The Puerto Rico Heritage River Program was established by a 

section of the Plan Integral de Recursos de Agua de Puerto Rico (Comprehensive Water 

Resources Plan of Puerto Rico) to protect the fresh water sources and ecosystems within Puerto 

Rico that have pristine natural qualities and high water quality (DRNA, 2016b). Although both 

programs share the Heritage River Program name, each was created with a different purpose in 

mind. 

        As stated, Puerto Rico’s Heritage River Program was created as part of the Water 

Resources Plan of the DNER. The Water Resources Plan follows the joint eleven challenges 

stated in The Hague Ministerial Declaration adopted by the Report of the United Nations 

Development of Water Resources in the World (DRNA, 2016a). These criteria such as the 

responsible use of water and education citizens on water conservation serve as a fundamental 

management plan for any nation striving to provide equal access of water to all. 

        Since 2014, the DNER has protected twenty river reaches in five state forests around the 

island by designating them as Heritage Rivers. When selecting a river to be included in the 

program, the DNER prioritizes candidates using the following criteria. First, the river must 

possess a certain natural and socio-economic value (DRNA, 2016c). Second, the river's 

hydrology must be taken into account, such as surface runoff rates, lag time rates, and flood peak 
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widths (DRNA, 2016c). And finally, a threat level is determined by assessing the local economic 

growth and its future effects on the river’s ecosystem (DRNA, 2016c). The higher the threat 

level, the more critical protecting a river becomes (DRNA, 2016c). 

        Despite minor differences in selection criteria between the American Heritage River 

Program and the Puerto Rico Heritage River Program, they both have the goal of protecting 

rivers from further degradation. In general, Heritage River programs bring public recognition to 

the surrounding community regarding a protected river as well as their cultural and recreation 

value. This recognition can lead to an eventual source of funding by outside organizations. 

Funding can increase participation and public awareness of preservation plans already in place as 

well as promote tourism to the area (M. DePrite, personal communication, September 6, 2016). 

The overall goal of Puerto Rico’s Heritage River Program is to protect rivers or sections of rivers 

that retain pristine natural features and that have not been significantly modified by human 

activities, with the intention of guaranteeing that future generations will be able to enjoy these 

freshwater bodies in their natural state (DRNA, 2016b). By doing so, not only do the physical, 

chemical, and biological components become protected, but also the cultural and social ones. An 

example of this is the importance of maintaining good water quality. Assessing the water quality 

provides information regarding the river’s physical, chemical, biological, and aesthetic 

characteristics and it is used to measure the overall health of the river (OEH, 2015). A river with 

good water quality sustains all of the ecological processes the river carries out in order to support 

the fish inhabitants, vegetation, wetlands, and birdlife (OEH, 2015). Good water quality is also 

required for the river to support its newly adapted users – humans – as it is required for drinking, 

fishing, and recreation (OEH, 2015). As Puerto Rico’s Heritage River Program is geared toward 

designating rivers with minimal anthropogenic modification, it is important to note how human 
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modification can alter water quality. Human activity has been shown to alter the dissolved 

organic matter composition of freshwater ecosystems by altering the watershed size through 

urban development of the watershed itself (Clayton et al., 2016). 

        In addition to increased land use, other possible threats from human impact that can 

affect freshwater ecosystems in Puerto Rico include, overuse, pollution runoff, and increased 

wastewater (Kazmeyer, n.d.). Overuse occurs when consumption outstrips the natural 

regeneration of the waterways. Examples of overuse include, withdrawing too much water, or 

overfishing. Overuse can result in reduced water levels, lower aquatic populations, and less 

living space for aquatic species (Kazmeyer, n.d.). Pollution runoff, and increased wastewater can 

both affect freshwater ecosystems by increasing the amount of fertilizers such as phosphorous 

and nitrogen in the waterway (Kazmeyer, n.d.). This increase can cause an imbalance in the 

ecosystem, which results in algae blooms. These blooms consume all the dissolved oxygen and 

create a toxic environment for all aquatic species (Kazmeyer, n.d.). These examples serve to 

prove the importance of maintaining healthy freshwater ecosystems to preserve the ecosystem 

services of rivers, all of which are goals of Puerto Rico’s Heritage River Program. 

 

2.1.2 Overview of Rivers in Puerto Rico’s Heritage River Program 

        The twenty rivers of Puerto Rico’s Heritage River Program are located in five different 

protected areas in Puerto Rico, with some rivers containing more than one designated section, as 

reviewed in Figure 2 (DRNA, 2016b). Puerto Rico’s Heritage River Program has adopted three 

different classification types for rivers included in the program. The classifications state that (1) 

the reach to be designated presents minimum anthropogenic alterations, contains natural 

characteristics, and its surrounding areas are not currently under protection, (2) the reach to be 
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designated is located and starts within protected forests of the DNER, and (3) the reach to be 

designated is a main river that transits through protected areas, however, its headwaters are not 

protected (DRNA, 2016b). The twenty rivers shown in Figure 2 share one significant similarity 

as their inclusion in the Puerto Rico Heritage River Program is based entirely on the second 

classification (DNRA, 2016b). While inclusion into the Puerto Rico Heritage River Program can 

be derived from any of the three classifications, no river that falls within the first or third 

classification is included in the program at this time. Meeting the second criteria – the reach to be 

designated is located and starts within protected forests of the DNER – is often the easiest 

condition to meet as these rivers are already located in a protected area, therefore reinforcing 

their conservation and guaranteeing that future generations will be able to enjoy these freshwater 

bodies in their natural state (DRNA, 2016b). However, the DNER is beginning to explore 

protecting rivers from the other types of classifications as evident by the possibility for 

designation of the Rio Mavillas under the third classification type (DRNA, 2016c). 

 
Figure 2: Rivers Included in Puerto Rico’s Heritage River Program from Five Protected Areas in 

Puerto Rico under Classification Type 2. Source: (DRNA, 2016b) 
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           By definition, the established twenty rivers and any subsequent rivers to be added to the 

program must contain pristine natural characteristics with no major dam or other obstructive 

structure (DRNA, 2016b). All rivers also must expel out to the sea and have no significant water 

quality problems as determined by the Visual Assessment Protocol (described in 2.1.3) (DRNA, 

2016b). The current rivers in the program were also chosen because they met the Heritage River 

Program requirement to be classified as both a Rio de Alto Valor Natural (River of High Natural 

Value) and a Rio Recreacionales (Recreational River). The former states that the river is a free 

flowing river with ecological importance by containing living and nonliving natural attributes in 

all associated channels and river banks, while the latter states that the river contains 

geomorphological features such as pools, rapids, and flat areas ideal for public recreation 

(DRNA, 2016b). 

 

2.1.3 Adopted Protocols for the Puerto Rico Heritage River Program 

        As stated, the DNER is responsible for monitoring the Puerto Rico Heritage River 

Program, and thus has included two protocols to assess whether a desired section of a river meets 

the criteria of becoming a Heritage River. The first protocol is Puerto Rico’s adopted Visual 

Assessment Protocol and the second is the Rosgen Stream Classification Systems. While both 

protocols will be thoroughly explored in the methodology chapter, a brief overview will be 

provided in this chapter. Additional protocols incorporated into the Heritage River Program will 

also be discussed in less detail as they are still being developed. 

        The Visual Assessment Protocol for Puerto Rico Streams is based on the USDA Hawaii 

Stream Visual Assessment Protocol with minor revisions set in place (Rodríguez & Ramírez, 

2014). For example, Puerto Rico’s Visual Assessment Protocol has a more detailed description 
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for habitats available within the stream and uses a different scoring system to measure this 

complexity (Rodríguez & Ramírez, 2014). As a basis for understanding the protocol outlined the 

Hawaii Visual Stream Assessment Protocol was studied. Originally, this protocol was adapted 

from USDS Stream Visual Assessment Protocol, which was used to analyze streams on the 

mainland of the United States. Such modification to craft Hawaii’s protocol allowed for a more 

thorough understanding of island streams.  In general, the Hawaii Visual Stream Assessment 

Protocol requires information from Field Office staff or other experts and land users (USDA, 

2001) to provide a measure of the water quality of the river. Data collection includes an 

overview of the river, the river’s stream order in relation to its connectivity with the ocean, the 

species of fish (both endangered and non-endangered), the flow of the stream, ownership, and 

the major use of the land surrounding the stream (see Appendix A Figure 28) (USDA, 2001). 

Other information includes a thorough characterization of the stream based on ten main elements 

such as turbidity, percent embeddedness, and bank stability, as described in Appendix A Table 

11. The Puerto Rico’s Visual Assessment Protocol was adopted from Hawaii’s Visual Stream 

Assessment Protocol to better fit the rivers of Puerto Rico. The two protocols share many 

similarities, including the ten scored elements listed in Appendix A Table 11. However, 

differences in the two protocols include modifications and additions to the data sheets within 

Puerto Rico’s protocol (Appendix A Figures 28, 29 vs. Appendix B Figures 34, 35, 36, 37), with 

the most drastic change being the specificity and scoring changes of habitat available in Puerto 

Rico’s protocol. Many studies conducted in Puerto Rico have successfully used Hawaii’s Stream 

Visual Assessment Protocol (de Jesus-Crespo & Ramírez, 2011), however adopting a protocol 

more suited to the ecosystems of the tropics was highly desirable. To support the inclusion of a 

river in the Puerto Rico Heritage River Program, the river should receive a high assessment score 
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after completion of this protocol. Often times, the Visual Stream Assessment Protocol is also 

used in correspondence with Benthic Macroinvertebrate Biodiversity Index Assessment (de 

Jesus-Crespo & Ramírez, 2011) – this protocol was also completed. In general, families of 

macroinvertebrate are sorted based on their taxonomic family, and these values are used to create 

the biodiversity index of the river. The populations of macroinvertebrate within a stream tend to 

remain in their natural habitats, and thus studying the species obtained can serve as an indicator 

of the water quality of the stream (de Jesus-Crespo & Ramírez, 2011). Thus, visual stream 

assessment protocols are often positively correlated with the population density of 

macroinvertebrates in the stream (de Jesus-Crespo & Ramírez, 2011).  

        The Rosgen Stream Classification System assesses the morphological features of a 

stream, creating geomorphological profile of the studied stream (Rosgen, 1994). This protocol 

contains four levels of classification, but only the first and second will be used in accordance to 

the Puerto Rico Heritage River Assessment. Level I classification of a stream provides a 

geomorphic characterization by associating a stream type with a landform, or valley (Rosgen & 

Silvey, 1996). Level I characterizes streams into nine different stream types as well as describes 

eleven different valley types (Appendix A Figure 30). Most of this information can be inferred 

through topographical maps and aerial photographs (Rosgen & Silvey, 1996). Level II 

classification provides a morphological description that requires field measurements (Rosgen & 

Silvey, 1996). In general, Level II breaks down the stream type categories from Level I by 

further characterizing slope ranges and dominant channel material characteristics (Rosgen, 

1994). This results in forty-two major stream types as seen in Appendix A Figure 31. Three 

major measurements are required to characterize Level I stream types into Level II stream types: 

(1) cross-sectional measurements, which include entrenchment ratio, width/depth ratio, and 
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dominant channel materials, (2) longitudinal profile measurements, which include slope and bed 

features, and (3) plan-form (pattern) measurements, which include sinuosity and meander width 

ratio (Rosgen & Silvey, 1996). A more detailed summary of Level I and Level II classification 

by the Rosgen Stream Classification System can be seen in Appendix A Figure 32. The Rosgen 

Stream Classification System is an important tool for river assessment and restoration projects. 

In general, knowing how a stream works, functions with other systems, and relates to the entire 

watershed is the core knowledge required for designing an effective river monitoring and 

restoration plan (Lord et. al., 2009). The Rosgen Stream Classification system provides this 

knowledge by meeting four main objectives – (1) predicting a river’s behavior from its 

appearance, (2) developing hydraulic and sediment relationships for a stream, (3) providing a 

mechanism to extrapolate site-specific data to streams having similar morphological 

characteristics, and (4) providing a consistent frame of reference for communicating stream 

morphology and condition (Harman & Jennings, n.d.). Thus, in addition to the protocols that 

specifically measure water quality, the Rosgen Stream Classification System serves as a method 

to take all of the data obtained to efficiently set the framework for river restoration projects. 

        In addition to field assessments, the DNER has also placed value on the importance of a 

river usage survey and creating maps of the forests, if not created already, in which all 

designated rivers are a part of. The goal of the river usage survey is to understand the profiles of 

the most common visitors of the river, how the river is used, and to determine if visitors 

understand the potential ecosystem services the river can provide. Ecosystem services are the 

direct and indirect benefits provided to people and the surrounding environment (Torres Cordero, 

2016). They can be divided into four categories – (1) provisioning services, such as food, water, 

agriculture, (2) regulating services, such as air quality maintenance, climate regulation, water 
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purification, and erosion control, (3) cultural services, such as recreation and aesthetic 

experiences, and (4) supporting services, such as the conservation of biodiversity, soil formation, 

and nutrient cycling (Torres Cordero, 2016). The DNER finds it extremely important to 

understand the extent of the knowledge that river visitors have about ecosystem services. The 

data generated from the survey will also help the DNER create a river conservation and forest 

management plan that will appropriately serve the visitors of the river as well as protect the river 

and associated forest as a whole. An interpretive map of the river within its associated forest is 

also a highly desirable component of the Heritage River Program because it will increase the 

community value of the river and educate visitors about the landscape and features of the forest. 

The DNER hopes to continue to use ArcGIS software in order to create maps of their designated 

protected areas as part of the program. 

 

2.1.4 Impact of the Heritage River Program 

        The Puerto Rico Heritage River Program serves one main purpose - to protect specific 

sections of designated rivers in order to retain their natural features and prevent significant 

modification by human activity, thus ensuring such freshwater ecosystems to thrive for future 

generations (DRNA, 2016b). Any river designated a Heritage River gains the recognition of 

having natural, recreational, cultural, and historical value (DRNA, 2016c). With this recognition, 

the DNER is able to protect the river through means of human development intervention and 

restoration program implementation (DRNA, 2016c). A direct result of recognition is the 

involvement of the community to implement a human development intervention plan as well as 

to promote the natural features of the river to visitors. For example, the community can spread 

awareness of the need to protect the section of the river, while non-governmental organizations 
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can sponsor research to improve protection measures and water quality (DRNA, 2016c). Also, 

the resulting technical document will assist in the development of future management plans that 

will consider the chemical and biological aspects, as well as conservation efforts and engineer 

and management aspects of the designated rivers (DRNA, 2016c). 

        Since Puerto Rico’s program was only recently established, there is no current data on the 

effect of designating rivers as Heritage Rivers. However, the Heritage River Program 

implemented in the United States provides useful information on the program’s potential impact 

on river protection. To serve as an example, the Blackstone River running through Massachusetts 

and Rhode Island has been a Heritage River since 1998. The river was selected because of its 

historical significance to the Industrial Revolution (M. DePrite, personal communication, 

September 6, 2016). In contrast to Puerto Rico’s program, which only includes sections of rivers 

with no significant water quality problems, the Blackstone River was severely affected by the 

Industrial Revolution, making it heavily polluted and in need for a restoration project that would 

provide recreational activity and become hospitable to fish species (M. DePrite, personal 

communication, September 6, 2016). 

        Being designated a Heritage River has had a significant impact on the Blackstone 

River.  As part of being designated river, the water monitoring groups in both states are required 

to follow a quality assurance plan that includes specific testing methodologies for water quality 

tracking. Data collected as part of this plan suggest that eighteen years of designation has 

improved overall water quality and environmental characteristics as well as re-emergence of 

several fish species documented before the Industrial Revolution (M. DePrite, personal 

communication, September 6, 2016). Socioeconomically, the publicity that accompanies 

Heritage River recognition has promoted community volunteerism, outside organization 
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involvement, and tourism in an effort to restore the ecosystem services of the river (M. DePrite, 

personal communication, September 6, 2016). Many volunteers in the surrounding community 

are members of the Blackstone River Coalition, a group of organizations that provide funding 

and resources to regenerate the Blackstone River (The Blackstone River Coalition, n.d.). More 

specifically, the Blackstone River Coalition aims to make the river fishable and swimmable once 

again (The Blackstone River Coalition, n.d.). Thus, the Blackstone River is a success story of 

America’s Heritage River Program and shows the potential impact the Puerto Rico Heritage 

River Programs can have on its designated rivers. For example, upon designating the Rio 

Mavillas a Heritage River, the DNER aims to compose a forest management plan to help 

preserve the natural characteristics of the river and forest. In this proposal, the DNER could 

suggest methods of restoring the shrimp and crab species within the Rio Mavillas, as well as 

encourage the funding from outside organizations in order to fund water quality assessments. 

 

2.2.1 Monte Choca State Forest 

        The Monte Choca State Forest, natively known as El Bosque de Monte Choca, is located 

in the central mountain region of Puerto Rico in the barrio Palos Blancos within the municipality 

of Corozal (Figure 3). 
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Figure 3: State Forests of Puerto Rico in light green. The red circle depicts Monte Choca State 
Forest 

 

           The State Forest covers an area of 244.73 cuerdas (237.63 acres) (DRNA, 2009) and is 

classified as a subtropical wet forest due to its climate. During the time of the Spanish 

colonization of Puerto Rico, this land saw extensive gold mining and was later primarily used for 

growing fruit and raising livestock (Ortiz, 2011). Before ownership by the Puerto Rican 

Government, the land of the Monte Choca State Forest was owned by a private estate with 

intentions of being sold in lots (DRNA, 2009). However, thanks to the efforts of the DNER and 

local community, the government designated this area as a state forest. The designation as a state 

forest and the process of land acquisition were facilitated in November of 2003, making the 

Monte Choca State Forest relatively new with little development in the area. (Virtual Puerto 

Rico, n.d.). After its designation as a state forest, the DNER established a co-management 

agreement with the Club Civico Ambiental de Palos Blancos (Environmental Civic Club of Palos 

Blancos) to ensure protection and preservation of the natural features of the Monte Choca State 

Forest (DRNA, 2016c). 
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        The forest offers a variety of facilities and attractions to encourage and support the 

relationship between human activity, such as recreational activities, and the natural features of 

the environment. These facilities include a community center, visitor center, guided tours, 

community nursery, man made pond, and a bamboo cathedral (DRNA, 2009). To preserve the 

natural features of the forest, permitted activities include walks, activities indorsed by the 

community center, landscape and wildlife observation and photography, scientific research, and 

bicycling (DRNA, 2009). The state forest is known for its beautiful scenery provided by the 

natural bodies of water and the many plants and endangered species that are home to the forest 

(Ortiz, 2011). The most identified species found in the forest are birds, however other species 

located in the area include amphibians, reptiles, mammals, and mollusks (Ortiz, 2011). 

        The Rio Mavillas runs along the eastern border of the Monte Choca State Forest as seen 

in Figure 4. The Rio Mavillas flows approximately 15.5 miles (25 Km), passing through Vega 

Alta before feeding into the Rio Cibuco (EPRL, 2015), and has a streamflow of 10,400 cubic feet 

per second (USGS, 2016b). The Rio Cibuco is a much larger river than the Rio Mavillas, 

beginning in the Cuchillas barrio of Corozal before flowing 21.7 miles and emptying into the 

Atlantic Ocean to the north in Vega Baja (EPRL, 15). The Cibuco watershed makes up an area of 

about 91.6 square miles in the northern region of Puerto Rico including parts of the 

municipalities of Naranjito, Morovis, Corozal, Vega Baja, and Vega Alta as seen in Figure 5. 

Thus, as one of two primary tributaries to the Rio Cibuco, the Rio Mavillas is an important part 

of the Cibuco watershed.  
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Figure 4: Rivers and Streams of the Monte Choca State Forest. Source: (DRNA, 2016) 

 

Figure 5: Map of Rio Cibuco Watershed. Source: (DRNA, n.d.) 
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2.2.2 Community Value of the Monte Choca State Forest and the Rio Mavillas 

        Alberto Rivera is the community leader of the Monte Choca State Forest, and he 

estimates that there are approximately 400-500 people within the community (A. Rivera, 

personal communication, October 25, 2016). Before the DNER designated this forest as a 

protected area, there was a community committee for the Monte Choca State Forest of twenty 

people set in place in order to protect and preserve the forest (A. Rivera, personal 

communication, October 25, 2016). This committee has since been reduced to three peoples’ 

efforts, but Alberto hopes to promote volunteer efforts within the community in order to aid in 

forest management (A. Rivera, personal communication, October 25, 2016). With regard to 

visitors, the Monte Choca State Forest is mostly an interest of tourists and visitors outside of the 

community (A. Rivera, personal communication, October 25, 2016). However, due to little 

promotion of the area, there are very few visitors in general (A. Rivera, personal communication, 

October 25, 2016). Before designated a protected area, the community utilized the Monte Choca 

State Forest for several resources, including the collection of wood to make houses, fishing, and 

crabbing (A. Rivera, personal communication, October 25, 2016). Now, however, the primary 

use of the forest by the community is as a source of fruit and any wood needed for small projects, 

and it is highly desirable by Alberto to continue to limit consumption of resources as his sole 

efforts are to promote the preservation of the forest (A. Rivera, personal communication, October 

25, 2016). 

        Due to its aesthetic and potential recreational value, the Monte Choca State Forest and 

the Rio Mavillas holds significant purpose to its visitors. As a historical example, the Rio 

Mavillas and the Rio Cibuco were sources of gold during Spain’s colonization of Puerto Rico, 

and, of all the rivers in the region, the Rio Mavillas was the one to produce the most gold (EPRL, 
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15). Although the gold rush has died, it still provides an aesthetic and historical value to the 

forest today, as remnants of the holes previously dug to find gold are seen throughout the trails of 

the Monte Choca State Forest (A. Rivera, personal communication, October 25, 2016). Alberto 

has also opened a museum that includes remnants of the artifacts used for gold collection from 

the forest, among other historical facts and pictures of the forest’s biodiversity that can be 

viewed by visitors (A. Rivera, personal communication, October 25, 2016). Another popular 

attraction within the Monte Choca State Forest is the Bamboo Cathedral, which attracts visitors 

due to its impressive scenery. In fact, the Bamboo Cathedral within the Monte Choca State 

Forest holds high scientific importance in the tropics due to a bamboo flower flourishing event 

marked in 2014 – this being the first event of this nature documented in the tropics (A. Rivera, 

personal communication, October 25, 2016). 

        With regard to the Cibuco watershed, which has a total area of 91.6 square miles, there 

are approximately 160,000 inhabitants that rely on the watershed for much of their water usage 

(DRNA, n.d.). In addition to the Rio Mavillas feeding into the watershed to support this usage, 

the river provides recreational swimming areas, areas for hiking, as well as the opportunity to 

catch fish, shrimp, and crabs (A. Rivera, personal communication, October 25, 2016). The river 

is also a vital element in the ecosystem, providing the water that supports biological processes, 

serves as a habitat to many aquatic life forms, and sustains the lives of flora and fauna of the 

surrounding landscape. This source of water thus contributes to the biodiversity of the Monte 

Choca State Forest. Rivers like the Rio Mavillas also play an important role in shaping the 

physical landscape (i.e. changing the physical characteristics of the land through erosion) 

(Sponseller, Heffernan & Fisher, 2013). 
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        The community involvement in maintaining Monte Choca State Forest has unfortunately 

been very limited. Grace Matos, the Vice President of the Palos Blancos community, has 

suggested that the community should in fact have an intervention run by an outside organization 

like the DNER in order to increase support in preserving the forest (Grace Matos, personal 

communication, November 18, 2016). Currently, the only significant community involvement 

noted has been the success of their recycling program and the two week summer camp (Grace 

Matos, personal communication, November 18, 2016). The summer camp is primarily attended 

for free by children within the community and it has increased all participants’ knowledge and 

enthusiasm in environmental conservation and agriculture (Grace Matos, personal 

communication, November 18, 2016). According to Grace, once this camp is over the children 

gain a sense of pride in their forest, and it is this pride and love for the forest she believes will be 

the best tactic in promoting community involvement (Grace Matos, personal communication, 

November 18, 2016).  

        Several challenges have urged the DNER to consider designating the Rio Mavillas a 

Heritage River. First, the Corps of Engineers has showed interest in making a dam in the Rio 

Mavillas in order to address water supply issues (Puerto Rico Infrastructure Financing Authority 

& GLM Morris Engineering, 2005; A. Rivera, personal communication, October 25, 2016). This 

dam would be placed approximately 2.8 miles downstream of the studied segment of the Rio 

Mavillas within the Palos Blancos community, or two miles northeast of the town of Corozal, 

and would dramatically change the river’s connectivity and migration of native aquatic 

species  (Figure 6) (Government of the Commonwealth of Puerto Rico and U.S. Army Corps, 

1980). This project would expect to cost $38,843,298 (Government of the Commonwealth of  
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Figure 6: Projected Location for Dam within Rio Mavillas. Dam Location outlined in red. Palos 
Blancos Community depicted by blue circle. Source: (Puerto Rico Infrastructure Financing 

Authority & GLM Morris Engineering, 2005) 
 

Puerto Rico and U.S. Army Corps, 1980), and is overall discouraged by the DNER, as it is a 

public policy that there be no more dam development on the island due to decreases in human 
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population, and also because it is economically unsustainable due to the fiscal circumstances of 

the island (K. Wagner, personal communication, December 11, 2016). Since dams have been 

documented to have negative environmental impacts on surrounding ecosystems and biodiversity 

(Graf, 2001) and the DNER does not include fragmented rivers within the Heritage River 

Program (DRNA, 2016b), this construction would hinder the ability to further protect this river. 

Thus, it is desirable to include the Rio Mavillas within the program because it is a mechanism 

that could ensure that there will be no development of dams within the river in the future. 

        Another example concerning the community is the fishing activities within the Rio 

Mavillas. Back in the 1940’s, 1950’s and 1960’s, the community would use the Rio Mavillas to 

catch shrimp and crabs (A. Rivera, personal communication, October 25, 2016). During this 

time, the community was very conscious about their care for the ecosystem and shrimp 

population, as they would release smaller shrimp to keep the population thriving in the Rio 

Mavillas (A. Rivera, personal communication, October 25, 2016). However, Alberto has noted 

the decline of the shrimp population and suspects that one cause is due to fishers poisoning the 

waters with formaldehyde in order to bring the shrimp to the surface to catch – an action that is 

detrimental to aquatic life within the Rio Mavillas (A. Rivera, personal communication, October 

25, 2016). A final example is the wastewater problem within the forest. Alberto has noted that 

there are a few houses with septic tanks near the waters that are released during heavy rains in 

order to dump the used waters into the Rio Mavillas (A. Rivera, personal communication, 

October 25, 2016). Such drainage into the river has detrimental effects on water quality of the 

Rio Mavillas, and it is the hope that the designation of the river as a Heritage River, combined 

with community outreach and education, will decrease these activities (K. Wagner, personal 

communication, October 25, 2016). 
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        The DNER is not alone in studying the Monte Choca State Forest. For example, the 

Conservation Trust of Puerto Rico has done biomonitoring of insects in the forest (A. Rivera, 

personal communication, October 25, 2016). However, studies regarding the water quality of the 

Rio Mavillas or community usage of the Rio Mavillas have not been completed. It is the hope of 

Alberto and the surrounding community that the DNER will begin to visit the river and 

community more regularly in order to show to the community that the agency is putting effort 

into protecting the river. The DNER also aims to distribute a river usage survey to the 

community and forest visitors in order to gauge community knowledge, recreational activity, and 

how appealing aiding in management plans would be to the community. 

 

2.2.3 Overview of Desired Section of Rio Mavillas for the Heritage River 

Program 

        The DNER plans to assess one section of the Rio Mavillas for its designation as a 

Heritage River. The selected reach length of the section that will be assessed is to be 1,000m. 

Within this 1,000m section, three 100m segments will be chosen to be assessed individually 

through the protocols and procedures provided by the DNER (DRNA, 2016c). Assessing this 

particular section of the Rio Mavillas is extremely significant as this will be the first river being 

assessed for the Heritage River Program that does not start in, but rather flows through, a 

protected area. However, as it will be the first of its kind, there may be unforeseen problems with 

the assessment.  For example, though the DNER has experience with the judgment based 

protocols, they do not know how significant the differences in the physical integrity and water 

quality of the Rio Mavillas will be when compared to rivers assessed in the past. Another 

concern for the Rio Mavillas in terms of the future is the conditions of the unprotected areas 
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upstream of the section being assessed. Currently this area has small areas of low-density urban 

development along the roadways with minimal agriculture and a fair amount of moist grassland 

area as seen in Figure 7. Pollution and additional urban development in this unprotected area 

could affect water quality and biodiversity of the Rio Mavillas. Designation of this river as a 

Heritage River would prevent this sort of damaging development as article 7 of No. 180 Act of 

2014 expressly forbids “the development of activities that have the potential to affect water 

quality” of rivers designated part of the Puerto Rico Heritage River program (LexJuris, 2014). 

 

 

Figure 7: Land Use Map of Area in and around the Monte Choca State Forest 
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3.0 Methodology 

        In order to complete the assessment of the specified section of the Rio Mavillas, and its 

inclusion into Puerto Rico’s established Heritage River Program, five objectives were followed. 

These objectives, provided by the DNER, were used to assess the river’s physical characteristics, 

geomorphology, species biodiversity, revise a survey for community to help the DNER gain a 

better understanding of the local environmental services of the river, and create an informative 

map of the state forest using ArcGIS software. Through the completion of the protocols and 

objectives provided, we provided a clear recommendation to the DNER that states not only our 

answer, but also provides evidence supporting our decision. The assessments outlined below all 

required the coordinates of the three previously determined transects along the Rio Mavillas in 

order to yield accurate data. Figure 8 is a map of the three transects of interest along the Rio 

Mavillas. This map should be referenced during the duration of the report in order to understand 

the data collected.  

 

 

 

 

 

 

 

 

Figure 8: The Rio Mavillas in green and the Three 100m Transects of the Rio Mavillas studied in 
orange, red, and light green 
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3.1 Objectives 

        Since 2014, the DNER has classified twenty rivers as Heritage Rivers throughout the 

island. The Rio Mavillas is the next river in line to be included into the program. In order to 

determine the river’s eligibility and its use by the community, the DNER provides a series of 

objectives to follow. The DNER provides three clear objectives on what is required when 

assessing a river for its possible inclusion into the Puerto Rico Heritage River Program. The first 

objective is the completion of the Rosgen Classification System onsite. This system was used to 

determine the geomorphology of the Rio Mavillas and provide a classification to be used in 

further research. Second, the Visual Stream Assessment Protocol was used to determine the 

stream conditions of the Rio Mavillas. The third objective is the collection of Macroinvertebrates 

at selected transects throughout the protected region of the Rio Mavillas. The DNER is also 

concerned with community involvement with the river. In order to determine the actual usage, 

and points of interest within the park, two additional objectives were completed. The first of 

these additional objectives was the finalization modifications to the survey with members of the 

DNER to ensure that it represents the DNER’s goals. The second additional objective was the 

creation of an informative map using ArcGIS to show key points of interest, and trails to future 

visitors. 

        Below is a visualization of the final timeline for our time in Puerto Rico. The order we 

planned to complete the objectives varied on a daily basis due to weather and time constraints. 

As shown in Figure 9, the first week was spent collecting data for the informative map, and 

completing the Visual Stream Assessment Protocol. The second week was spent in the office 

analyzing the data collected from the GPS for the interpretive map, and the Visual Stream 

Protocol, as well as modifying the questionnaire. Work continued on the interpretive map 
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throughout the duration of the project as more information was collected and feedback received 

from both the DNER and the community leader Alberto Rivera. The questionnaire was the focus 

of the third week of the project with some work being done on the paper. We completed the 

collection of macroinvertebrate samples from the river on the fourth week of the project and 

continued work on the questionnaire. The fifth week of the project was a vacation for 

Thanksgiving break, and on the following week we completed the analysis of the 

macroinvertebrate samples we had collected. We additionally made final edits to the survey 

based on feedback from the DNER and Professor Luis E. Santiago Acevedo. On this week we 

also completed the Rosgen Stream Identification protocol. The seventh, and last full week of the 

project, we analyzed data from the Rosgen Stream Identification protocol and made final edits to 

the map, and paper, as well as prepped for our presentation. On the eighth and final week of the 

project we gave our final presentation to DNER staff, our advisors, and guests and submitted our 

final report. 

 

 
Figure 9: Gantt Chart Visualizing Objectives to be completed 
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3.1.1 Objective 1: Determine the Geomorphology of the Rio Mavillas 

according to the Rosgen Stream Classification System 

        The first objective was to determine the geomorphology of the Rio Mavillas by 

classifying the river using the Rosgen Stream Classification System. This system classifies rivers 

based on the river’s planform, its associated valley type, and morphological characteristics 

(Rosgen & Silvey, 1996). More specifically, the Level I classification subset of the Rosgen 

Stream Classification System categorizes rivers based on basin relief, landform, and valley 

morphology - all parameters that can be determined through observation. This classification 

system has nine major stream types and twelve different valley types (Appendix A Figure 30) 

(Rosgen & Silvey, 1996). The Level II classification subset is based on field collected data, 

specifically requiring measurements of bankfull discharge, entrenchment, channel material, 

width-to-depth ratio, and sinuosity (Rosgen & Silvey, 1996). The outcome of Level II 

classification is a more hierarchical criterion that addresses the river types based on physical 

characteristics such as sediment supply, stream sensitivity to disturbance, potential for natural 

recovery, channel responses to flow regime change, and fish habitat potential (Rosgen & Silvey, 

1996). There are forty-two possible stream classifications once Level II classification procedure 

has been completed (Appendix A Figures 31 and 32) (Rosgen & Silvey, 1996). It was important 

to complete this objective because this in depth classification system has the potential to provide 

a comprehensive prediction about the channel morphology of the Rio Mavillas and thus aids in 

the understanding of the stream’s condition and potential behavior under the influence of various 

changes. 

        This protocol required bed material classification, topographical map analysis, and 

topographical land survey on three designated locations of the Rio Mavillas. The main data 
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collection procedure is as follows and can be reviewed more rigorously by analyzing Rosgen & 

Silvey, 1996. 

 

Data Collection Methods 

1. Identification of plan view type and determination of whether the channel type is multi-

threaded at bankfull. 

2. Calculation of the entrenchment ratio by comparing the width of the flood-prone area to the 

bankfull width of the channel. 

3. Determination of the width and average depth of bankfull event to complete the width-to-

depth ratio. 

4. Determination of the channel slope. 

5. By using the data from steps 1 and 2, assignment of a capital letter designation representing 

stream type based on Level I major stream types. 

6. Determination of D50 (median channel material) size of the dominant bed material and 

classify in terms of size. 

7. By using the data from step 6, assign a number from 1 to 6 following the criteria listed: 1 

(bedrock), 2 (boulder), 3 (cobble), 4 (gravel), 5 (sand), and 6 (silt/clay). 

8. Determination of the channel and valley lengths of the stream reach and compute sinuosity. 

9. Check the values of channel slope, entrenchment ratio, width-to-depth ratio, and sinuosity 

against typical ranges for those values associated with the channel type. 

10.  Interpretation of results. 
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 The completion of the protocol and data analysis took two days. Completion of this 

protocol required training on required measurements as well as continuous reference to the 

provided manual on Rosgen Stream Classification. DNER Surveyor Manuel De La Mata De 

Jesus and private consultant Engineer Juan Portalatín Rivera provided support on site and were 

responsible for GPS measurements and selection of the three specific sections of the transects to 

be measured. More specifically, Mr. Portalatín was responsible for assessing the river and 

selecting three locations that were good representatives for the Rosgen Classification System. 

These locations could not have a closed canopy because the GPS required an open canopy to 

accurately measure the river’s cross-section. Furthermore, these locations needed to represent the 

different sediment compositions that can be found along the length of the Rio Mavillas in order 

to classify it accordingly. Once the location of measurement was determined, surveyor De La 

Mara De Jesus completed a survey of the cross section. In order to do this, he measured the 

 

 

Figure 10: Diagram for Rosgen Stream Classification Cross-Section Survey Methodology 
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elevation and recorded the coordinates of the points along the cross section that displayed a 

change in elevation (Figure 10). This survey is completed from left to right looking downstream 

and measures the entire bankfull area width. The bankfull area was determined through the 

visual observation of change in vegetation. The survey data collected then allows for the 

measurement of the flood prone elevation, as the flood prone height is twice the bankfull area 

depth. Once survey data is collected, calculations of the entrenchment ratio (ratio of the width of 

the flood-prone area divided by the bankfull area), width/depth ratio (ratio of the top width of the 

channel at bankfull stage divided by the average depth at bankfull), and channel slope (the 

difference of the minimum elevation levels between the cross sections divided by the distance 

between cross sections) were completed. 

        The second portion of this protocol, represented by step 5 above, was the channel 

material classification. Specifically, determination of the dominant bed material was required for 

appropriate Level II classification. In order to complete this classification, one individual 

(Lindsay Gurska) walked in a zigzag pattern along the location being surveyed and randomly 

selected the first sediment or rock that her finger touched. The specific sediment or rock was 

then measured and tallied in the appropriate location based on its size on the Pebble Count Data 

Sheet (Appendix B Figure 33). With this data, the D50 (median channel material) of each 

location was determined, and the average of the three D50 scores of the channel material 

collected along the three locations was used for final classification. 

        The final step before Rosgen classification was the measurement of sinuosity, or the ratio 

of the channel length to the valley length. ArgGIS software was used in order to obtain these 

values. In general, the channel length was a measurement of the stream’s entire meandering 
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course, while the valley length was the length parallel of the stream. Once this step was 

completed, a classification was given to the river based on the criteria in Appendix A Figure 32.  

 

3.1.2 Objective 2: Determine Stream Conditions of the Rio Mavillas by using 

the Visual Assessment Protocol for Puerto Rico Streams 

        The second objective was to determine the stream conditions of the desired section of the 

Rio Mavillas by completing the Protocolo de Evaluación Visual de Quebradas para Puerto Rico 

(Visual Assessment Protocol for Puerto Rico Streams). Puerto Rico’s adopted Visual Stream 

Assessment Protocol was the main method employed to determine whether the desired section of 

the Rio Mavillas meets the physical characteristics criteria of the Heritage River Program. 

Specifically, this protocol is a basic evaluation of the physical aspects of rivers to determine the 

extent of anthropogenic alterations, if any, that exist (L. Torrado & K. Wagner, personal 

communication, September 14, 2016). In its totality, data collection and analysis took one week, 

with approximately two days on the site of the river itself. 

        The protocol for data collection is divided into two parts: the general description of the 

river and the physical evaluation of the river (Rodríguez & Ramírez, 2014). Generating a general 

description of the section of the river being evaluated was completed through field observations 

and information provided by the USGS and Alberto Rivera. The parameters measured through 

field observations and an interview with Alberto include stream order, fish species, water flow, 

water quality, ownership, and major land use. All data was recorded on the Hoja de Datos 

Descriptivos Generales data sheet (Appendix B Figure 34) (Rodríguez & Ramírez, 2014). The 

parameters determined through field measurements include the identification of the, habitat types 

along the section, length of the section, temperature of the water, substrate composition, 
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embeddedness, vegetation of the bank, canopy percentage, width of the section, velocity and 

depth of the section, and water flow. All data was recorded on the Hoja de Caracterización 

Detallada de la Quebrada data sheet (Appendix B Figure 35) (Rodríguez & Ramírez, 2014). 

Completing a physical evaluation of the section of the river included scoring ten distinct stream 

elements through stream field observations (Rodríguez & Ramírez, 2014). The ten elements 

scored were the turbidity/clarity of the water, plant/algae growth within the stream, channel 

condition/stability, channel flow alteration, percent embeddedness, bank stability/erosion, 

canopy percentage, riparian width/condition, habitat available for native species, and litter/trash. 

All scores from the physical evaluation were listed on the Tabla para la Puntuación de Elementos 

data sheet (Appendix B Figure 36) (Rodríguez & Ramírez, 2014). Those interested for further 

clarification should reference Rodriguez & Ramirez, 2014 for descriptions of how to measure all 

general characteristics listed as well as the ten physical stream elements. Our group also relied on 

the Hawaii Stream Assessment Protocol for descriptions on these elements, and thus this 

protocol can be used as a reference as the only difference was in scoring the elements, not 

measuring. Data analysis included summary table of the ten scored evaluations, the calculation 

of the stream index (or final summation of the ten scored elements), and an interpretation of the 

stream index based on the adopted score classification system (Appendix B Figure 37) 

(Rodríguez & Ramírez, 2014). In order to calculate this score, three different individuals 

completed the protocol at three different segments of each of the three transects, and the average 

of the three data sets was used to yield the final score. 

        The calculated stream index was used to assess whether the Rio Mavillas meets the 

physical water quality characteristics of Puerto Rico’s Heritage River Program. A high score is 

indicative of a stream with good water quality, while a low score is indicative of a stream with 
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poor water quality (Rodríguez & Ramírez, 2014). If the calculated score is low, it is desirable to 

evaluate which element(s) is contributing to the low score in order determine if it is something 

that can be addressed in order to help the river obtain a higher score. The protocol does not 

involve physical manipulation of the river’s pristine qualifications nor will affect the community 

usage/ecosystem value of the river. As suggested by the sponsoring organization, fulfilling this 

objective is the foundation of completing the assessment in order to designate Rio Mavillas as 

part of the Heritage River Program (L. Torrado & K. Wagner, personal communication, 

September 14, 2016). 

 

3.1.3 Objective 3: Assist in the Collection of Stream Macroinvertebrate in 

order to determine the Water Quality of the Rio Mavillas 

        Benthic Macroinvertebrate in the Rio Mavillas were collected and analyzed in order to 

determine the diversity of species in the multi-habitats of the river. Macroinvertebrates are 

organisms without a backbone that are visible to the naked eye and can be collected by mesh nets 

of mesh size greater than or equal to 200-500 micrometers (NCSU Water Quality Group, 1995). 

Examples of macroinvertebrate include insect larvae, worms, clams, mussels, shrimp, crayfish, 

and snails (NCSU Water Quality Group, 1995). Because macroinvertebrate tend to remain in 

their original habitat, they are in turn affected by local changes and quality of the water in their 

environments. By using a multi-habitat assessment of the three 100 meter transects of the Rio 

Mavillas, the presence of certain family taxa will provide the data necessary to determine the 

water quality of the river. This physical and biological data will provide support for the inclusion 

of the Rio Mavillas as a Heritage River and will help create a Management Plan for the Rio 

Mavillas. (NCSU Water Quality Group, 1995). 
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        In order to collect the macroinvertebrates in the Rio Mavillas, we conducted a rapid 

bioassessment multi-habitat approach that has been the most popular set of protocols among the 

water resource agencies since 1989 (DNER, 2016c). The rapid bioassessment protocol, 

developed by the Mid-Atlantic Coastal Streams Workgroup (MACS) and the Florida Department 

of Environmental Protection (FLDEP), is designed to sample all available major habitats in the 

reach of a river being assessed (Barbour, 1999). The standard gear to be used in the multi-habitat 

approach for sampling the benthic macroinvertebrate is shown in Figure 11. 

 

 

Figure 11: Field Equipment/Supplies Needed for Benthic, including visual of D-Frame Dip Net.   
Source: (Barbour, 1999) 

 
 

           The rapid bioassessment multi-habitat approach uses a D-Frame dip net, shown in Figure 

11, and the macroinvertebrates were collected systematically by kicking or jabbing the substrate 
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of the habitat (DRNA, 2016c). A total of 20 jabs or samples were taken from each of three 100 

meter sections of the river, resulting in a sampling size of approximately 3.1m2 (DRNA, 2016c). 

Samples were collected from each of the five major habitats explained in Table 3 below. 

 

Habitat Characteristics Collection Approach 

Cobble (Hard Substrate) ·Prevalent in riffles of high 
gradient streams 
·Coarse, mixed gravel 

Hold dip net against the 
substrate. Free organisms 
0.5m upstream by kicking 
substrate, allowing 
organisms to flow into dip 
net 

Snags ·Wood debris submerged for 
a long period of time (great 
for macroinvertebrate 
colonization) 

Hold dip net just 
downstream from snag. 
Free organisms by kicking 
snag or by jabbing snag 
with a stick or branch 

Vegetated Banks ·River banks containing roots 
and emergent plants 

Hold dip net just 
downstream from bank. 
Free organisms by jabbing 
into the habitat 

Submerged Macrophytes ·Submerged Vegetation 
·May only occur seasonal and 
very uncommon in high 
gradient streams. 

Pass the dip net through the 
vegetation, with a 
maximum of 0.5m 
selection sample taken for 
each jab 

Sand (Fine Sediments) ·Fine particles which may 
result in the least amount of 
organisms collected 

Bump the dip net along the 
surface of the fine 
sediment, without dragging 
(to reduce debris) 

Table 3: Multihabitat Types and their characteristics. Source: (Barbour, 1999) 

 

 Before collecting samples, the three 100 meter sections of the river were surveyed to get 

an understanding of what habitats existed within the reach of the river. Each habitat listed above 

in Table 3 was given a percentage, with the total adding to 100%. Based on the percentage of 
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each habitat, we were able to determine how many jabs would be taken from that habitat, with 

the total jabs equaling 20. For example, if the habitat was 50% cobble, 30% sand, and 20% 

vegetated banks, we would have taken 10 jabs of cobble, 6 jabs of sand, and 4 jabs from the 

vegetated banks. The samples were taken in numerous locations along each 100m section of the 

river. For a majority of samples, the collection was very simple. We would locate the habitat 

type of interest, place the dip net approximately one foot downstream, and by causing a 

disturbance with our feet for around 30 seconds, any macroinvertebrate were dislodged from 

their habitat and collected in the net. The only habitat that its collection process differed from the 

others was the sand in deeper pools, because the flow of water is usually much less in these areas 

compared to others, and the macroinvertebrate won’t simply just flow downstream into the net. If 

the sand depth was greater than the height of the net itself, then a different method was used. 

When we created a disturbance with our feet, we would waive the net in a figure 8 motion within 

the water for approximately 30 seconds, collecting any organisms in our proximity. For every jab 

or sample, the net was emptied into a plastic bucket, with any remaining sediment or 

macroinvertebrate washed off the net, into the bucket, using a wash bottle. Every sample of the 

specific habitat was emptied into a plastic Ziploc bag. If the sample was too large for one bag, 

then additional Ziploc bags were used. Within each Ziploc bag was a paper label with the date, 

river name, section of the river, and type of habitat with its percentage. A pencil was used to 

write these labels, as ink would fade or dissolve within the bag. We completed this collection 

process for all three 100m sections of the river we were to assess. Once all the samples were 

collected, ethanol was poured into each Ziploc bag in order to preserve the tissue of any 

macroinvertebrate within it. The field sampling procedures and necessary data forms for the 
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multi-habitat bioassessment are found in Appendix B Figure 38. The rapid bioassessment 

protocol took only one day on site, approximately 5-6 hours. 

        The DNER Water Monitoring Plan Division staff members and our group then analyze 

the benthic macroinvertebrate samples in order to help in the determination of the water quality 

of the Rio Mavillas. In clean waters there are usually one to two dominant species (NCSU Water 

Quality Group, 1995). All classes of benthic macroinvertebrates may be found in clean water, 

however the most common include crustaceans, caddisflies, leeches, mollusks, worms, and black 

flies (NCSU Water Quality Group, 1995). Good quality water will provide high levels of oxygen 

and optimal food particles. Moderately polluted waters will have slow flow areas that are home 

to decomposer organisms that are able to tolerate lower levels of dissolved oxygen in the water 

and higher levels of organic matter and sediment (NCSU Water Quality Group, 1995). The most 

common organism found in moderately polluted waters are mayflies, dragonfly nymphs, 

crayfish, mussels, and cranefly larvae (NCSU Water Quality Group, 1995). Fairly polluted 

waters (More polluted than moderately) have high levels of turbidity that reduce the penetration 

of light and submersed plant life (NCSU Water Quality Group, 1995). The high levels of 

cloudiness from the turbidity will not allow predator macroinvertebrate that depend on visual 

location of prey to survive in these conditions. Also, because of the inexistence of submerged 

plant life, macroinvertebrate that depend on plant life for food will also not be able to survive 

under these conditions (NCSU Water Quality Group, 1995).  Macroinvertebrates that are filter 

feeders, like caddisflies and blackflies, filter fine material in the water for food; however, they 

have difficulty feeding in waters with heavy sediment levels (NCSU Water Quality Group, 

1995). Therefore, in fairly polluted waters, crustacean (crayfish and shrimp) which feed on dead 

animal and plant matter, snails that can tolerate water with little oxygen, and leeches will be the 
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most abundant macroinvertebrates (NCSU Water Quality Group, 1995). Severely polluted 

waters, which contain high inputs of organic matter, tend to have a low biodiversity, only 

allowing species to live there that are capable of thriving under the harsh environment of low 

dissolved oxygen levels and high turbidity (NCSU Water Quality Group, 1995). Examples of 

organisms found in severely polluted water include aquatic worms, leeches, and mollusk snails 

(NCSU Water Quality Group, 1995). 

        Because of the removal of macroinvertebrate from the water, an ethical concern may 

arise. However, based on the specific organisms collected in the multi-habitat bioassessment, the 

water quality of the Rio Mavillas will be more clearly understood, and will assist in the decision 

to recommend the river’s inclusion in the Heritage River Program. 

 

3.1.4 Objective 4: Modify and adapt the “Cuestionario de Usos de Ríos” 

(River Usage Survey) provided by the DNER. 

        To facilitate the Rio Mavillas inclusion in Puerto Rico’s Heritage River Program, it is 

necessary to obtain an understanding of the ecosystem services of the river to the surrounding 

community.  This information is acquired by a river usage survey, provided to us by the DNER 

entitled the “Cuestionario de Usos de Ríos” (River Usage Questionnaire) as seen in Appendix B 

Figure 40. The survey asks participants to answer questions regarding the quality of the water in 

the river, how they use the river, as well as possible touristic value. The survey has five sections, 

the first of which focuses on the demographics of the survey participant and the next four 

focusing on river use, tourism potential, education and conservation. Though the survey created 

by the DNER has been successful, modifications needed to be made to improve the clarity of 

questions and usefulness of obtained results. 
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        The first step to modify and adapt the survey was the translation of the questions from the 

given survey in Spanish to a much easier to understand English version. Next, in order to 

improve the quality of questions that would be asked, our group reviewed the IQP handbook on 

survey methodology and design. In addition to this handbook, our group also researched 

questionnaires that other organizations have used, so that we could learn about community usage 

of a river such as the DuPage River Community Survey (Lower DuPage Watershed Coalition, 

2016), and the Malden River Use Survey (Mystic River Watershed Association & Friends of the 

Malden River, 2015). Additionally our group collaborated with the DNER staff members in 

order to understand the goal of the survey and to whom they intended to distribute the survey. 

Since the major goal of our modifications was to create and modify questions that will obtain 

data about how visitors and community members understand ecosystem services, the DNER staff 

members provided us an ecosystems services thesis by University of Puerto Rico student Ariam 

L. Torres Cordero so that we could review the possible ecosystem services provided by rivers. 

From this thesis, we noted there to be four major categories of ecosystem services (direct 

resources, regulation services, cultural services, and support services) (Torres Cordero, 2016), 

and we determined that the current survey only measures the cultural and support services of 

rivers. Once all information was obtained about surveys and ecosystem services, our group 

reviewed the current survey in English and assessed which ones should be modified, if any 

should not be included, and/or if any should be added. 

        In addition to the survey’s content modification, formatting was changed in order to be 

more aesthetically appealing, organized, and easier to complete. Once an initial draft was 

completed, we collaborated again with our sponsor to receive feedback on our modifications as 

well as recommendations for our final version of the survey. Once this task was completed, our 
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group administered the survey to staff members of the DNER to see what type of answers the 

questions we have modified and generated will yield. In addition to collaboration with the DNER 

staff, we also sent the survey to Professor Luis Santiago at University of Puerto Rico – a local 

expert in ecosystem services questionnaires. After reviewing this feedback, we made the final 

version of the survey to provide to the DNER. Due to time constraints our sponsors will be 

distributing our modified survey and interpret the results at a later point. Because our group did 

not administer the survey, no ethical dilemmas arose. 

 

3.1.5 Objective 5: Create an Interpretive Map of the Monte Choca State 

Forest using ESRI ArcGIS Software 

        The final objective completed onsite was the creation of an interpretive map of Monte 

Choca State Forest using ArcGIS software. The Environmental Systems Research Institute 

(ESRI) is a land use-consulting firm that owns the ArcGIS software. ArcGIS is a geographic 

information system that digitally combines existing maps with data layers manually created by 

the user in order to better visualize the data collected. ArcGIS is the leading software used 

globally for compiling geographic data, analyzing mapped information, and sharing geographic 

information (ESRI, n.d.a). Our group obtained a laptop with ESRI’s ArcGIS 10.4.1 software 

uploaded onto it from the WPI Academic Technology Center before departing for our project 

center. 

        The first step in creating a map was the collection of the GPS data of specific locations 

throughout the state forest that have historic, cultural, or environmental value. These points were 

determined through a combined effort between the project group and DNER staff taking into 

consideration a guided tour by Alberto, a community leader who maintains the forest.  In 
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addition to the collection of GPS points at important sites in the state forest, the group collected 

GPS points along the different trails by recording the locations of bends, intersections, and areas 

with minimal canopy.  We collected our GPS data using a Trimble Juno Series “Juno 3D 

handheld” GPS device that we were trained to use by Francisco A. Catalá Miguez, a DNER staff 

member. To ensure that the data collected was accurate, our group only used data that achieved a 

PDOP value of less than 4. The PDOP (Positional Dilution of Position) value displayed on the 

GPS is used to determine the accuracy of data collected (Theobald, 2007). PDOP values range 

from 1- 6 with higher PDOP values resulting in less accurate measurements (Theobald, 2007). 

        With these GPS data points our group used the ArcMap application of ArcGIS 10.4.1 in 

order to create an informative map of the Monte Choca State Forest as well as a map overview of 

the three transects used to complete the necessary protocols of our project. We obtained existing 

data layers from the DNER, which include roads, bodies of water, municipalities, barrios, a map 

of the Monte Choca State Forest, and an aerial photograph of the area. We then obtained our data 

in the format of shapefiles (.shp) that were downloaded from the GPS and converted by 

Francisco A. Catalá Miguez. Shapefiles are defined by the ESRI as “a simple nontopographical 

format for storing the geometric location and attribute information of geographic features” 

(ESRI, 2016). 

        We uploaded all this information as data layers to ArcMap and determined which data 

layers to use and in what order to arrange them. We then determined what points of interest to 

keep for the final map and formatted them as large numbered circles that we labeled in the 

legend. To create the trail maps we first separated our data into separate layers each 

corresponding to a specific trail. We connected these points using the point -> line function 

found in the arctoolbox in order to display the trails. We next used the smooth function found in 
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the advanced editing toolbar using a maximum allowable offset of 1 to create a visually 

appealing and geographically accurate trail map. We color coded these trails and labeled them in 

the legend were we included difficulty, length, and approximate time to complete. Finally, to 

complete the map we labeled the barrio in which the state forest lies, the two municipalities 

visible on the map, and the highway that runs through the state forest. We also included a 

compass and scale. 

        Additionally, we took GPS coordinates at the beginning and end of the three transects on 

which we conducted the visual stream assessment, Rosgen stream classification, and 

macroinvertebrate collection. Using these data points in the form of shapefiles, existing data 

layer of bodies of water, and the aerial photograph of the area we created a visual overview of 

the desired section of the Rio Mavillas. From this map we extracted the latitude and longitude 

coordinates of each transect to visualize the location of the transects studied. 

 

3.2 Potential Problems and Alternative Plans 

        During the completion of this project the group faced minor obstacles and difficulties. 

Many documents we needed to use such as the Puerto Rico Visual Assessment protocol do not 

have English versions and are only available in Spanish. The Visual Assessment Protocol is one 

of the critical documents required to determine the Heritage River classification of the Rio 

Mavillas. Fortunately, the Visual Assessment Protocol for Puerto Rico is based off the Hawaii 

Stream Visual Assessment Protocol (L. Torrado & K. Wagner, personal communication, 

September 14, 2016) so we were able to familiarize ourselves with the protocol by reviewing the 

Hawaii Protocol. Additionally, DNER staff outlined key differences between the Hawaii and 

Puerto Rico Protocols and staff members were on site to help with conducting the protocol. 
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Puerto Rico is a bilingual island and although we were fortunate to be working with a DNER 

staff member who acts as a translator, it was still difficult to communicate with Spanish speakers 

such as other DNER staff and Alberto, the community leader who we interviewed. 

        Due to our project being completed during the rainy season, our ability to conduct the 

protocols required were interrupted by heavy rain. This heavy rain delayed the completion of the 

macroinvertebrate collection, which we needed to complete before working on parts of our 

paper. We were fortunate that we were able to complete the Rosgen Stream Classification and 

Visual Assessment protocols without significant delays. 

        Completing the Rosgen Stream Classification System and the Visual Assessment 

Protocol for Puerto Rico Streams was difficult, as the group had never conducted either protocol 

before doing so for this project. The majority of the Visual Assessment Protocol relies heavily on 

a series of judgment-based decisions about the river. These protocols require the observer to 

determine a value on a scale from zero to two and quantify the data collected through 

observation only (Rodríguez & Ramírez, 2014). One problem that arose from this system is the 

potential inaccurate classification of the Rio Mavillas. In most cases, a specific team completes 

the Visual Assessment Protocol on a number of rivers. This allows for an accumulation of 

knowledge and experience that will allow the team to more accurately and confidently assess a 

given river's characteristics. To prevent an inaccurate assessment of the river, members of the 

DNER who have practiced this protocol before traveled with us to the site to provide guidance, 

and answer any questions that emerged. 

        When completing the ArcGIS map of the Monte Choca State Forest one issue that arose 

was that the data layers used to assemble the map did not overlay exactly correct. The eastern 

border of the state forest is the Rio Mavillas however the state forest map did not line up exactly 
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with the river when we overlaid them. This is likely due to the data for them being taken using 

different instruments with different measurement parameters, however the error in overlap was 

minimal and did not significantly damage the aesthetics or functionality of the map. 
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4.0 Results 

 The Rosgen Stream Classification System, Visual Stream Assessment Protocol for Puerto 

Rico Streams, and the Multihabitat Macroinvertebrate Collection Protocols all required the 

coordinates of the three previously determined transects along the Rio Mavillas in order to yield 

accurate data. Using the ArgGIS software, a map was created to show the three transects of 

interest along the Rio Mavillas, and is shown again below for reference during the duration of 

the report in order to understand the data collected.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 12: Three One Hundred Meter Transects used for Data Collection Along the Rio Mavillas 
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4.1.1 Rosgen Stream Classification Data 

 Level I and Level II classification within the Rosgen Stream Classification System were 

successfully completed to allow for interpretation of the geomorphology of the Rio Mavillas and 

future river behavior predictions. Three cross section surveys were completed. The first survey 

was completed at the most upstream location of transect three, the second survey was completed 

between the first and second transect, and the final survey was completed at the most 

downstream location of transect one. The second survey was not taken within the second transect 

because based on observation by Mr. Portalatín, locations within the second transect were not 

representative for Rosgen Stream Classification, as there was no visible difference between the 

bankfull area and the flood prone area. Upon retrieval of the data from the three cross section 

surveys (containing the coordinate, elevation, and location description) the data was plotted to 

obtain the values to calculate the entrenchment ratio, width/depth ratio, and slope. These graphs 

and map images depicting the location are shown below in Figures 13, 14, and 15 (raw data in 

Appendix B Table 12).  



 

Assessment of the Rio Mavillas for Inclusion in Puerto Rico’s Heritage River Program 52 

 

Figure 13: First Cross-Section Survey representing the most Upstream Point of Transect 3 
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Figure 14: Second Cross-Section Survey of the site between the First and Second Transects 
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Figure 15: Third Cross-Section Survey representing the most Downstream Point of Transect 1 
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 To calculate the entrenchment ratio and width/depth ratio, these plots were first used to 

determine the bankfull discharge elevation. The difference between the minimum elevation of 

the riverbank and the minimum water level elevation generated this value, d, and this value was 

doubled in order to define the flood-prone elevation. The flood-prone elevation was then added 

to the highest point of the bankfull area. Once set up in this manner, the widths of the bankfull 

area and the flood prone area were determined and the entrenchment ratio was calculated. Due to 

canopy interference with the GPS software, the widths of the flood-prone area for the second and 

third cross-sections could not be identified. Thus, the entrenchment ratio of the first cross section 

was the main value used for stream classification. This value was 1.60 +/- 0.2. The previous 

calculated values for the bankfull width and the depth (d) were then used to calculate the 

width/depth ratio. For the three cross sections, these values were 13.17m, 4.70m, and 11.47m, 

respectively, yielding an average of 9.78 +/- 2.0. The survey data was also used to calculate the 

channel slope. In order to obtain this value, the difference between the minimum elevation values 

of the first and third cross-sections was divided by the total distance between the cross-sections. 

The slope was calculated to be 0.0065. ArcGIS software was used to compute the sinuosity value 

of the river sections analyzed. The length of the valley, which follows the length of the river 

from the beginning of the first transect to the end of the third transect, was determined to be 

527.22m. The length of the river, which follows the meandering course of the river from the 

beginning of the first transect to the end of the third transect, was determined to be 653.33m. 

Thus, the calculated sinuosity was 1.24 +/- 0.2.  

 The last data required – specifically for completing Level II classification – was the 

average D50 score, or the dominant channel material. The sixty sediment and rock samples 

measured per cross section are listed by size and classification in Appendix B Figure 33. The 
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D50, or median channel material, was calculated by determining the median material size 

category for each cross section. For the first cross-section, the D50 was very coarse gravel, or 

sediments ranging between 33-64mm in size. For the second cross-section, the D50 was coarse 

gravel, or sediments ranging from 17-32mm in size. For the third cross-section, the D50 was 

medium gravel, or sediments ranging from 9-16mm. In order to classify the dominant channel 

material, the average of these ranges were used. As an overall score, the dominant channel 

material in the sections surveyed in the Rio Mavillas was gravel, or sediments ranging from 2-

63.9mm in size.  

 To summarize, the entrenchment ratio calculated was 1.60 +/- 0.2, the width/depth ratio 

was 9.78 +/- 2.0, the sinuosity was 1.24 +/- 0.2, the slope was 0.0065, and the dominant channel 

material was gravel (Table 4). In order to obtain Level I classification, as shown in Appendix A 

Measurement Score 

Entrenchment Ratio 1.60 +/- 0.2 

Width/Depth Ratio 9.78 +/- 2.0 

Sinuosity 1.24 +/- 0.2 

Channel Slope 0.0065 

Channel Material Gravel 

Table 4: Average Values Obtained for Five Measurements in Level I and Level II Rosgen 
Stream Classification System 

 

Figure 32, the entrenchment ratio, width/depth ratio, and sinuosity values were used. The visual 

in Appendix A Figure 32 shows that the entrenchment ratio obtained falls within the entrenched 

and moderately entrenched categories, and thus stream types A, G, F, and B. Appendix A Figure 

32 also shows that the width/depth ratio obtained, when considering the large margin of error 
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allowed, falls within stream types A, G, F, B, E, and C. Lastly, Appendix A Figure 32 shows that 

the sinuosity value obtained falls within all categories besides high sinuosity, and thus stream 

types A, G, F, B, C, and D. Based on the breakdown, the only overlapping possible stream types 

were stream types A, G, and B. In order to be certain in the classification, the slope was used to 

eliminate two stream options. Appendix A Figure 32 shows that the slope value obtained falls 

within stream type B classification. Lastly, for Level II classification, the channel material was 

used to obtain a Rosgen Stream Classification of B4c.  

  

4.1.2 Visual Assessment Protocol for Puerto Rico Streams Data 

 The results of the Visual Assessment Protocol for Puerto Rico Streams can be seen in 

Appendix B Figures 34-37. Appendix B Figure 34 shows that this assessment was completed 

during the morning of October 28, 2016 at the Rio Mavillas located within the municipality of 

Corozal, Puerto Rico. The longitude and latitude coordinates were identified using the USGS 

Corozal station database and were verified using the ArcGIS software. Other values obtained 

from this database include the elevation (365 meters), total length of the stream (15.5 miles), 

total drainage area (15.2 square miles), and the water level during the dry season (9.5 cm). 

Through conversation with Alberto Rivera, it was recorded that mainly shrimp and crabs inhabit 

the Rio Mavillas, and that the area is primarily a recreational camping ground surrounded by 

hiking trails. Other information previously outlined in this report from Alberto included in this 

assessment was the presence of home septic systems near the river that possibly leak into the Rio 

Mavillas, and that there is one well as part of the watershed.  

 Appendix B Figure 35 shows the physical characteristics measured at each transect. All 

transects show similar trends in their substrate levels, with gravel, cobble, and rock being the 
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three most dominant substrate types. All transects showed on average to have less than 20% 

embeddedness. All transects were primarily dominated with herbaceous vegetation species along 

their banks, with shrubs and trees being the next most seen vegetation species. Transects one and 

two showed a mixed canopy coverage, while transect three had more of an open canopy. The 

speed of the transects – measured by timing an orange move along the entire length of the 

segment and incorporating a rough (0.8) or smoothness (0.6) factor – was averaged to be about 

0.317 m/s (the first and third transect speeds were multiplied by the roughness factor, while the 

speed of the second transect was multiplied the smoothness factor). The first and third transect 

speeds were also estimated to be less than the 100 meters as the orange stopped prematurely to 

the end of the transects. The group estimated this distance and used this new value to calculate 

the speed. The average widths of transect one and three, measured during completion of the 

Rosgen Stream Classification system, was seven meters. The flow of transect one and three – 

calculated by multiplying the area of the cross section (average depth measured * average width 

measured) by the velocity) – was averaged to be 35 cm/s. Data is not available for transect two 

because a location within transect two was not used for Rosgen Stream Classification system. 

Since this assessment cannot be completed at any water level varying from the normal water 

level, all transects scored a normal flow state.  

 Appendix B Figure 36 shows the translated scoring methods for the ten elements of this 

protocol. The only data recorded on this sheet were additional field observations and comments. 

For example, when moving between the first and second transects, the group noted large pieces 

of a car submerged among the vegetation of the bank previously unidentified by DNER staff. 

The group also noted variation among the scores, specifically in Appendix B Figure 35, and 

suspect this due to the drastic differences observed along the length of the transect. For 
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recommendations on improving the score of the stream, the group noted that percent 

embeddedness and canopy were the lowest scoring elements among the ten.  

 Appendix B Figure 37 shows the scores of the ten elements per transect, the calculated 

stream index, and the interpretation of this stream index. Transect 1 yielded a total summed score 

of 18.2, a stream index of 1.82, and classification as having very high water quality. Transect 2 

yielded a total summed score of 19.5, a stream index of 1.92, and a classification as having very 

high water quality. Transect 3 yielded a total summed score of 18.2, a stream index of 1.82, and 

a classification as having very high water quality.  

 

4.1.3 Multihabitat Macroinvertebrate Collection Data 

The multi-habitat bioassessment approach for the collection of benthic macroinvertebrate 

was successfully completed by our group with assistance from DNER staff. A total of 20 jabs 

(samples) were taken in each of the three 100 meter sections of the river being assessed. The 

habitats sampled were sand, cobble, and vegetation along the river. Macroinvertebrate samples 

were preserved in 80% ethanol and identified by family with guides provided by the Aquatic 

Ecology Laboratory, University of Puerto Rico, Rio Piedras Campus. Other guides used in 

identifying macroinvertebrate included the “Manual para la identificación de los 

macroinvertebrados acuáticos del Río Piedra Puerto Rico” (Gutiérrez-Fonseca & Ramírez 2016) 

and “Macroinvertebrados acuáticos de Puerto Rico como bioindicadores de calidad ambiental” 

(Ramírez & Gutiérrez-Fonseca 2017). Samples were later sifted through in order to separate the 

organisms from any other material, facilitating the identification process. 

The process of separating the organisms was completed by our group and members of the 

DNER at the University of Puerto Rico, Rio Piedras Campus in San Juan, in one of the college’s 
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Natural Science laboratories. The samples were first individually washed and strained to remove 

all water and large debris. Small portions at a time of each sample were placed into a petri dish 

and observed through a microscope. When organisms were observed through the microscope, 

they would be collected using tweezers or droppers, and sorted into small vials by family name. 

Each vial would be filled with ethanol in order to assure the preservation of the organism’s 

tissue. Also, each vial contained a label, which stated the river name, section of the river, habitat 

percentage, date of collection, and name of the macroinvertebrate’s family. A total of 890 

organisms were collected and were used as a subsample for analysis. Four work days were used 

for the separation of organisms from the samples collected, however, this was not enough time to 

complete the separation of the entire sample collected. Due to time constraints, two samples per 

transect were processed and used as the preliminary data in order to determine the water quality 

of the Rio Mavillas.  

The results of the macroinvertebrates collected from each stream section individually are 

shown below in Tables 5-7 as well as an overall result of all three sections together in Table 8. 

Family scores were obtained from Gutiérrez-Fonseca & Ramírez 2016 and are shown in 

Appendix B Figure 39. 

 

 

 

 

 

 

 

Table 5: Transect 1 Macroinvertebrate Results 

Order Family Rock	(90%) Sand	(10%) Total Family	Score
Coleoptera Elmidae 75 53 128 5
Coleoptera Hydraenidae 25 1 26 7
Diptera Chironomidae 1 2 3 2
Mollusca Hydrobiidae 2 1 3 3
Mollusca Thiaridae 3 1 4 2
Trichoptera Hydroptillidae 1 1 2 6
Trichoptera Calamoceratidae 1 0 1 7

167
Total	Score 32

Stream	Section	1
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Table 6: Transect 2 Macroinvertebrate Results 

Table 7: Transect 3 Macroinvertebrate Results 

 

 

Order Family Vegetation	(10%) Sand	(45%) Total Family	Score
Annelida Oligochaeta 1 1 2 1
Coleoptera Elmidae 28 17 45 5
Coleoptera Staphilinidae 5 0 5 7
Diptera Ceratopogonidae 1 0 1 5
Diptera Chironomidae 5 0 5 2
Diptera Psychodidae 6 1 7 3
Diptera Stratiomydae 1 0 1 3
Ephemeroptera Baetidae 3 3 6 5
Mollusca Hydrobiidae 14 2 16 3
Mollusca Thiaridae 16 4 20 2
Trichoptera Helicopsichydae 6 0 6 7
Trichoptera Hydroptillidae 1 16 17 6
Acariformes Hydrachinidia 2 0 2 2
Odonata Libellulidae 1 0 1 5

134
Total	Score 56

Stream	Section	2

Order Family Rock	(35%) Vegetation	(20%) Total Family	Score
Coleoptera Elmidae 121 64 185 5
Coleoptera Hydraenidae 16 14 30 7
Coleoptera Staphilinidae 0 76 76 7
Diptera Psychodidae 0 111 111 3
Ephemeroptera Leptophlebiidae 0 13 13 5
Odonata Libellulidae 0 1 1 5
Mollusca Hydrobiidae 2 48 50 3
Mollusca Thiaridae 4 78 82 2
Diptera Chironomidae 2 10 12 2
Diptera Ceratopogonidae 0 15 15 5
Decapoda Pseudothelphusidae 0 1 1 5
Trichoptera Hydroptillidae 8 2 10 6
Trichoptera Hydropsychidae 1 1 2 4
Trichoptera Calamoceratidae 1 0 1 7

589
Total	Score 66

Stream	Section	3
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Table 8: Rio Mavillas Overall Macroinvertebrate Results 

 

4.1.4 River Usage Survey Final Modifications 

 Our group was able to successfully modify the river usage survey provided to us by the 

DNER Water Plan Monitoring Division staff. This was determined by the approval of such staff 

members by implying that they now have a survey that they can administer to visitors and 

community members of rivers in Puerto Rico that will generate valuable data about their 

knowledge on ecosystem services. Another indicator that our survey will be successful once 

administered is the feedback received from Professor Luis Santiago, who provided several 

Order Family Total	Number Family	Score
Acariformes Hydrachinidia 2 2
Annelida Oligochaeta 2 1
Coleoptera Elmidae 358 5
Coleoptera Hydraenidae 56 7
Coleoptera Staphilinidae 81 7
Decapoda Pseudothelphusidae 1 5
Diptera Ceratopogonidae 16 5
Diptera Chironomidae 20 2
Diptera Stratiomydae 1 3
Diptera Psychodidae 118 3
Ephemeroptera Baetidae 6 5
Ephemeroptera Leptophlebiidae 13 5
Mollusca Hydrobiidae 69 3
Mollusca Thiaridae 106 2
Odonata Libellulidae 2 5
Trichoptera Calamoceratidae 2 7
Trichoptera Helicopsichydae 6 7
Trichoptera Hydropsychidae 2 4
Trichoptera Hydroptillidae 29 6

890
Total	Score 84

All	Sections	of	Rio	Mavillas
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recommendations about the structure and wording of the survey. For example, he encouraged us 

to consider changing the order of the sections of the survey to gain the participant’s trust and 

willingness to provide honest answers. More specifically, the socioeconomic and education 

sections are two very intimate sections, compelling us to separate the two so the beginning of the 

survey is not too intrusive. Professor Santiago also brought to the DNER’s attention the different 

ranges they continuously use for socioeconomic and time period questions, suggesting that these 

ranges become systematic in order for ease of analysis. Other general comments include 

simplifying the wording of questions. For example, Professor Santiago suggested that the 

complexity of the term watershed along with the ambiguity of the word community would skew 

the results of those questions. The final recommendation made by Professor Santiago was to use 

a more detailed water quality scale in measuring the respondent’s perception on the river’s water 

quality. The scale he provided, referred to as the “Tarjeta de Escala de Calidad de Agua”, 

measures water quality based on the body of water’s ability to provide potent drinking water, 

recreational fishing and swimming activity, and means of transportation. The scale ranges from 0 

to 10, as well as provides a letter score along this numerical spectrum. For example, achieving a 

score of a 10 is equivalent to achieving an A+, which suggests that the water is potable for 

drinking, swimming, navigation, and aquatic species. On the opposite side of the scale, achieving 

a score of a 0 is equivalent to achieving an F, which suggests that the water is extremely turbid 

and does not support a habitat within or around the water.  

 Six new questions were added to the survey and several questions were modified for 

clarification. The new survey can be seen in Appendix B Figure 41, and the DNER plans to 

translate this copy. The questions added to the survey cover the gaps from the original survey, 

including direct and regulation ecosystem services as well as the perceptions of the survey taker 
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on the river. Several modifications were made, examples being clarification on the parameters 

for defining water quality and the added comfort for people taking the survey that will not have 

answers to questions within the education section. Other modifications include making some 

questions optional based on whether the survey taker answered yes or no to a preceding question, 

as we determined that the data obtained from someone who has never visited the river, for 

example, would not generate valuable data for the DNER.  

 

4.1.5 Interpretive Map of the Monte Choca State Forest 

 Our group was able to complete a final interpretive map of the Monte Choca State Forest 

with some help and feedback from staff of the DNER. This map is displayed below in Figure 16, 

and was used to create an informative brochure (Appendix B Figure 42) and a sign positioned at 

the Rio Mavillas to help visitors navigate the many trails and visit key points of historical, 

cultural, and environmental importance. This map and the accompanying legend provide 

information on trail distances and difficulties as well as approximate time to hike the trails. The 

different trails are identified on the map using different colors. Additionally, the map includes 

basic geographical information such as outlining the state forest, rivers, and roads within the 

area. Photographs were included on the map to illustrate points of interest in the state forest. 

These points of interested are identified with numbers that are referenced in the legend. Other 

items included on the map and legends are the locations of the bathroom and campsite within the 

state forest. Basic map properties such as a scale, compass, and title were also included in the 

map. 
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Figure 16: Interpretive Map of Monte Choca State Forest 



 

Assessment of the Rio Mavillas for Inclusion in Puerto Rico’s Heritage River Program 66 

5.0 Analysis of Results 

        This chapter includes an analysis of the Rosgen Stream Classification results, the Visual 

Stream Assessment Protocol results, Macroinvertebrate Biodiversity results, and the interpretive 

map results. Since the results for the river usage survey are incomplete due to time constraints, 

no further analysis will be provided concerning the completion of this objective. 

 

5.1.1 Interpretation of the Rosgen Stream Classification 

        The Rio Mavillas was classified through the Rosgen Stream Classification System as a 

B4c stream. In general, all stream type B streams have entrenchment ratios between 1.4 and 2.2, 

width/depth ratios greater than 12, sinuosity values greater than 1.2, and slope values less than 

0.02 (Rosgen & Silvey, 1996). The landform features associated with stream type B include 

moderate relief, colluvial riffle deposition, and/or residual soils (Rosgen & Silvey, 1996).  These 

streams are moderately entrenched with narrow sloping valleys (Rosgen & Silvey, 1996).  The 

stream usually contains frequently spaced pools in along its associated riffle-pool bed 

morphology (Rosgen & Silvey, 1996). In a more specific analysis of the specific Level II 

classification, most B4 stream types are moderately sensitive to disturbance, have excellent 

recovery potential, moderate sediment supply, low streambank erosion potential influence, and 

have moderate vegetation control (Rosgen & Silvey, 1996). This prediction pattern has serious 

implications for the Rio Mavillas. For instance, the Corps of Engineers has considered placing a 

dam in the river just north of the Palos Blancos community for an extra water supply source. 

However, according to the Rosgen Stream Classification, the ecological integrity of the Rio 

Mavillas would expect to tremendously decline due to its high sensitivity to land use changes. 

Thus, this classification reinforces that the Rio Mavillas needs to be protected in Puerto Rico’s 
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Heritage River Program in order to maintain its ecological, cultural, aesthetic, and recreational 

value. 

        Upon classification, possible errors occurred that urge consideration. For example, due to 

high canopy coverage and very steep landforms surrounding the river, cross-section surveys for 

the second and third cross-sections were not complete enough to calculate the flood-prone width. 

This made it impossible to calculate the entrenchment ratios for these two cross-sections, and 

thus only the ratio for the first cross-section was used. However, when completing Rosgen 

Stream Classification, at least two cross sections are required to calculate all necessary 

components, and the averages of the values obtained for the entrenchment and width/depth ratios 

are used. Despite this flaw, there is still high confidence in appropriate classification. For 

example, most stream type B streams are typically associated with narrow, gently sloping valleys 

(Rosgen & Silvey, 1996). The Rio Mavillas is located within Monte Choca State Forest in the 

municipality of Corozal, and this area is mainly mountain. However, the land surrounding the 

river is mainly flat. Type B streams are also characterized with low to moderate sediment loads 

and high stream energy – both consistent with the group’s observations on site. 

        The Rosgen Stream Classification System provides insight to how a river is expected to 

respond to a variety of imposed changes, and thus serves as a strong system in characterizing 

stability of a river. Overall, Rosgen Stream Classification serves as a tool for understanding how 

stream form and processes are related, as well as for the creation of stream management plans 

(Rosgen & Silvey, 1996). The Rio Mavillas now benefits from the advantages of Rosgen 

classification as this classification can now be used to create a conservation plan to preserve the 

stability and morphology of the river. It can also be used by the DNER during the completion of 

designating Puerto Rico streams into the Heritage River Program, and can later serve as a 
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reference of a desired state of the Rio Mavillas in the instance of unpreventable land use 

changes. A similar instance of using geomorphology data to restore and conserve a river was 

documented in the DNER funded Chiclana Creek restoration project. The Chiclana Creek was 

impacted by land use changes, resulting in a decrease in the riparian zone surrounding the river – 

a protective vegetation zone known to regulate stream biota (Hernández, 2013). As a whole, a 

river restoration project created by understanding the land cover and riparian vegetation structure 

of the Chiclana Creek resulted in an increase in riparian vegetation and overall water quality 

(Hernández, 2013). Thus, river geomorphology data holds significant potential and value in 

restoration projects and can be used as a method to accomplish Puerto Rico’s Heritage River 

Program’s goal – to protect the natural characteristics of rivers to retain their ecological integrity 

for future generations to enjoy. 

 

5.1.2 Interpretation of the Visual Assessment Protocol for Puerto Rico 

Streams 

        The data from the Visual Assessment Protocol for Puerto Rico Streams suggests that the 

three transects measured along the Rio Mavillas have very high water quality with no physical 

signs of degradation or obstruction. Thus, the Rio Mavillas meets the physical criteria of the 

Puerto Rico Heritage River Program, which states that no river with poor water quality and/or 

high anthropogenic modifications can be included in the program. Although the flow and 

turbidity of the stream can be altered after natural storm events, the stream when at normal water 

levels and conditions meets very high scores for the ten elements, indicating low turbidity, no 

algae growth, no channelization by humans, no permanent water discharge entering the segment, 

high bank stability, mixed canopy coverage, stable and undisturbed riparian conditions, multiple 
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available habitat types, and minimal to no trash present. As seen in Appendix B Figure 37, the 

lowest scored elements were percent embeddedness and canopy/shade. However, it is important 

to note that these values are not necessarily low, rather they are not consistently as high as the 

other conditions. As stated by both Puerto Rico’s and Hawaii’s Visual Stream Assessment 

Protocols, percent embeddedness can be improved by reducing the fine sediment input from the 

watershed upstream of the river, as well as eliminating any eroding stream banks along the 

transect. This can be done by increasing riparian buffers. Canopy/shade can be improved by 

planting and managing the surrounding vegetation, as enhancing the canopy over the stream 

keeps the water cooler and more habitable for species. In general, these two methods can also 

improve the other scored elements, which is important to consider as the group noted pieces of a 

car submerged along the bank of the river between transects one and two. If the car remains in 

this location, then bank erosion will most likely increase, affecting all areas of the river 

downstream of this activity. Another possible negative component of the stream includes the 

bridge constructed above the Rio Mavillas between the first and second transect. The presence of 

the bridge is a direct example of a land use change and it has decreased the riparian buffer at that 

segment of the river. Data obtained during future visual assessments may be impacted by the 

bridge, as the bridge has the ability, like the car, to increase bank erosion and alter channel flow. 

Thus, it is important that the DNER consider reforesting this riparian buffer in order to maintain 

water integrity. Also, it would help managing the runoff coming from the road, as the vegetation 

could work as a buffer for both decreasing the velocity and also diminishing the impacts of 

polluted waters entering the stream. Other factors to consider include the creeks that flow into 

the Rio Mavillas. Currently, the surrounding creeks have excellent water quality, and it is 

probable that they positively impacted the stream index achieved. Thus, it is important to 
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maintain the water quality of these creeks in order to maintain the water quality of the 

downstream sections of the Rio Mavillas. At the time of this assessment, however, the group 

finds that this assessment indicates that the Rio Mavillas is a strong contender for Puerto Rico’s 

Heritage River Program and would benefit from the subsequent management plan created by the 

DNER. For example, the DNER will have the ability to advise increasing the riparian buffer of 

the Rio Mavillas along the campsite and bridge, remove the car debris within the river, monitor 

or prevent the community’s septic sewage draining into the river, and monitor or halt the project 

of the construction of a dam in the river. 

 

5.1.3 Interpretation of the Macroinvertebrate Biodiversity Index 

        The data obtained from the macroinvertebrate collection process resulted in an overall 

score of 84, signifying the Rio Mavillas has water of good quality. This score of 84 was obtained 

from totaling the family score values of all sections, and comparing the value obtained to the 

Water Quality index shown in Table 9 below. The family scores were obtained from Appendix B 

Figure 39. A higher family score indicates a higher quality of water needed for the specific 

family to thrive and survive. The score of all families present in the sample were combined, 

giving a final score that would indicate the water quality for this subsample taken of the Rio 

Mavillas. The result of good quality water is consistent with the result of the Visual Stream 

Assessment, therefore fulfilling the water quality criteria needed in order to include the Rio 

Mavillas as part of Puerto Rico’s Heritage River Program.  
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Table 9: Biodiversity Index. Source: (Gutiérrez-Fonseca & Ramírez 2016). 

 

            The results obtained from the macroinvertebrate collection were also analyzed in order to 

compare the abundance of organisms within the different studied transects. The abundance of the 

individual sections is shown in Figures 17-19 below. Additionally, the total abundance of the Rio 

Mavillas is shown in Figure 20. 

Figure 17: Transect 1 Abundance 

BMWP-PR Water Quality 

≥ 97 Waters of excellent quality. 

77-96 Waters of good quality, not contaminated or not altered in a sensitive manner. 

57-76 Water of regular quality, eutrophic, moderate contamination. 

37-56 Waters of poor quality, contamination.  

18-36 Waters of poor quality, high contamination.  

≤ 17 Waters of very poor quality, extreme contamination 
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Figure 18: Transect 2 Abundance 

 

Figure 19: Transect 3 Abundance 
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Figure 20: Overall Rio Mavillas Abundance 

 

           The abundance is important as it shows the most commonly occurring species within the 

river and relates to the river’s water quality. These species are affected by the water quality in 

their ecosystem, therefore we can research them and further our understanding regarding the 

ecosystems integrity. For instance, it is clear from Figures 17-19 that the most common organism 

collected in our macroinvertebrate assessment was from the order of Coleoptera, belonging to the 

Elmidae family, shown in Figure 21. Commonly known as riffle beetles, they can be found in the 

substratum of creek and rivers, and are known for being good water quality indicators 

(Hilsenhoff 1977). Riffle beetles are an excellent indicator of good water quality because they 

are threatened by reduced oxygen concentrations, changes in water temperature, extremes of 

water flow, and especially by pollution (Elliot 2008). The occurrence of Elmidae would be much 

less if affected by agriculture and domestic or industrial waste (Merritt & Cummins 1996). The 
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high abundance of Elmidae, which would not exist in poor water quality, further supports our 

result of good water quality for the Rio Mavillas and its inclusion in the Heritage River Program.  

  

 

 

 

 

 

 

 

 

 

 

Figure 21: Coleoptera Elmidae 

 

           There are other groups of macroinvertebrates that were found during this study that are 

also indicators of good water quality. Examples of these are from the orders of Trichoptera, 

shown in Figure 22, and Ephemeroptera, which were more abundant in the second and third 

transects. These two transects are located above the bridge where road PR-808 intersects the 

river. The decrease of these sensitive taxa in the first transect can be a result of increased 

anthropogenic activity in the area, as this transect is located downstream the bridge and close to 

the campground, thus affecting the ecosystem of the Rio Mavillas.          
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Figure 22: Trichoptera 

  

           Though our results suggest good water quality for the Rio Mavillas, our data could be 

skewed due to the effects flooding has on benthic macroinvertebrates. “Flood pulses affect all 

aspects of riverine ecosystems, including the physico-chemical attributes of habitats, and both 

terrestrial and aquatic flora and fauna” (Ward and Stanford 1979; Junk 1989). Certain organisms 

could be completely washed away during flood events, while others could increase in their 

abundance. Due to the macroinvertebrate collection being completed during the rainy season of 

Puerto Rico, it is very likely that the abundance and richness of species was affected. The Rio 

Cibuco Watershed, where the Rio Mavillas is located, has been subject to flooding events due to 
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the rainy season. The sampling day was further selected by minimizing discharge disturbance 

shown in the hydrograph in Figure 20. The macroinvertebrate collection took place on November 

14th, 2016; the gage height can be seen for that day depicted in the red circle on the hydrology 

graph. It is clear from the hydrology graph that the days leading up to the macroinvertebrate 

collection had seen multiple rise and falls of the river’s flow due to the effects of heavy rains. 

This rise and fall of the river in the previous days would have impacted the macroinvertebrate 

abundance and richness within the river. Studies show that certain taxa can become reduce in 

numbers during high discharge periods, while other can recover fast after these events 

(Robinson, Uehlinger & Monaghan 2003). It is possible that the high abundance of the Elmidae 

family occurred for a couple of reasons. First, the Elmidae could have been buried among roots 

and gravel, not having been affected by the rise and fall of river flow and height (Elliot 2008). 

Secondly, though Elmidae abundance can be affected disastrously from flood events, on the 

other hand, they are known for a fast recovery after density reduction (Robinson, Uehlinger & 

Monaghan 2003). The possibility of a fast recovery is high, as it can be seen in Figure 23 that the 

last major flood events occurred two days before the collection process. These results would 

likely vary once the sample sorting is completed. Also, we suggest sampling during Puerto 

Rico’s dry season in order to consider the natural variability of the system. 
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Figure 23: Rio Cibuco Watershed Hydrograph. Adapted from the USGS.  

  

           In addition to the macroinvertebrate abundance and water quality, other characteristics of 

the river’s biodiversity were calculated using the program PAST (PAleontological STatistics) as 

shown in Table 10 below. The table shows the number of organisms and families, as well as the 

dominance and evenness for each section assessed and the Rio Mavillas overall from the 

combination of each section. Evenness is a measure of biodiversity that quantifies how equally 

each family is represented within the sample. The values for evenness range from 0-1, with a 

value of one representing more even representation of organisms within different families. 

Shown in Table 10, the PAST program gives an evenness value of 0.3737, meaning there is not 

equal representation of organisms within different families along the different transects. This 

unevenness can be clearly seen in Figure 20, showing the high abundance of the Elmidae family 

compared to other species. As stated previously, this could be due to high discharge events, and 

the results would most likely change if the collection were to take place in a time other than the 
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rainy season. Also, this unevenness can be attributed to the available habitats and microhabitats 

provided along the different transects, as well as other natural and anthropogenic factors 

associated to the first transect such as the presence of the road, bridge, creeks, and its proximity 

to the recreational area.  

 

 

Table 10: PAST (PAleontological STatistics) Biodiversity Data for the Rio Mavillas 

 

Dominance is another biodiversity measure that ranges from 0-1 and is defined as the probability 

that two individuals randomly selected belonging to the same family. A zero value represents a 

heterogeneous community, while values close to 1 represent a homogeneous community. Shown 

in Table 10, the PAST program give the Rio Mavillas an overall dominance value of 0.214, 

representing a relatively heterogeneous community of organisms. The 19 different families found 

during the macroinvertebrate collection supports the heterogeneous community finding. 
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5.1.4 Interpretation of the Interpretive Map of the Monte Choca State Forest 

        The interpretive map of the Monte Choca State Forest, shown again in Figure 24 for 

navigation throughout this chapter, displays trails and key points of interest to help visitors easily 

 

Figure 24: Interpretive Map of Monte Choca State Forest 
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navigate the park and visit locations of cultural, historic, and ecological importance. The first 

point of interest, indicated by the number 1, is the parking area of the state forest, where visitors 

will be able to leave their vehicles before entering into the forest. The point of interest indicated 

by the number 2 is a man made pond, originally used for shrimp harvesting. Depleted oxygen 

levels have cause aquatic life to diminish within the pond, so shrimp harvesting and fishing no 

longer exist. This is also the starting point of Camino Dona Mede, where the oldest tree (Mango 

tree) of the forest can be found on the right, mid-section of the trail. The point of interest 

indicated by the number 3 is the bamboo cathedral, site of the first ever recorded bamboo 

blossoming in the tropics. This site is one of the more important attractions of the state forest, 

therefore its inclusion in the map is extremely important to spread recreational use and visitation 

of the area. The point of interest indicated by the number 4 is an area with many exotic trees. 

These trees were planted by the previous owner, and includes trees from areas such as India, 

Brazil, and Madagascar. The point of interest indicated by the number 5 is the bridge over the 

Dona Paula creek, one of the tributaries to the Rio Mavillas. Indicated by the number 6, the 

Ceiba tree is shown on the map. This tree is sacred to Puerto Rico and is known as a symbol of 

the forest. The point of interest indicated by the number 7 is an area full of endemic and 

endangered trees, planted by the local community leader, Alberto Rivera. The last point of 

interest indicated by the number 8 is the community center, where members of the community 

are commonly seen socializing and learning. This is also the location where the summer camp 

takes place. Additionally at the community center is a museum of the Monte Choca State Forest, 

featuring historic artifacts and information on the biodiversity of the forest. 

The first trail, shown in yellow, begins in the parking area, passes the manmade pond, 

and ends at the campsite. The difficulty of this trail is rated “medium”, due to a steep decline 
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from the parking lot to the man made pond. It takes approximately 5.5 minutes to walk the entire 

length of the trail. The next trail, shown in orange, begins at the campsite, passes points of 

interest 3 through 6, and ends on the state road PR-803. This trail ends approximately 0.25Km 

from the parking lot of the state forest, and takes around 30 minutes to walk and is rated with a 

“medium” difficulty. This trail is extremely important as the bamboo cathedral is located along 

it. The third trail, shown in blue, connects the second trail to the end of the “Camino Doña 

Juana”. This trail is rated as medium difficulty, and takes approximately seven minutes to 

complete. The fourth trail, shown in pink and known as the “Vereda de los Granadillos”, begins 

at the end of the second trail, and ends within a short distance of the community center. This trail 

is relatively easy to walk taking approximately five minutes and is the most commonly used trail 

of the forest. The fifth trail, shown in red is the “Camino Doña Juana”. This trail begins at the 

southernmost entrance to the forest, passes by the exotic tree area and continues south. This trail 

is relatively difficult to hike, and takes about 22 minutes to complete. The final trail, known as 

the “Camino Doña Mede” shown in white, begins near the manmade pond and lead to a baseball 

field maintained by the municipality. This trail is easy to hike and take about 18 minutes to 

complete.  

        The creation and distribution of this map in the form of a sign or brochure would 

additionally help to increase community awareness of the forest and potentially increase the 

degree to which the community utilizes the forest. The creation of a sign displaying the map will 

be posted at the campground or community center and the availability of brochures could help 

visitors to navigate the park's many trails. The availability of this map could also serve to 

increase visitation to the state forest by people outside of the community. Making the map 
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available on site and replenishing brochures would require funding from the DNER and a cost-

benefit analysis of whether to provide either or both would need to be conducted. 

Most importantly, the information captured in this map significantly helps retain the legacy 

created by Alberto Rivera. It is important to Alberto Rivera, members of the Palos Blancos 

community, and the DNER that Monte Choca retains its historical value, especially to support 

inclusion of the Rio Mavillas in Puerto Rico’s Heritage River Program. 
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6.0 Conclusions and Recommendations 

        The overall conclusion of the project states that based on the water quality data, stream 

characteristic data, and interviews with Alberto and the DNER Water Monitoring Plan Division 

staff, the Rio Mavillas is a strong candidate for inclusion in Puerto Rico’s Heritage River 

Program. Based on this conclusion, our group also has several recommendations to propose to 

the DNER in order to assist them in making an efficient forest and river management plan. 

 

6.1 Conclusions 

        Five main objectives were reached during the completion of this project. The first three 

objectives – (1) determine the geomorphology of the Rio Mavillas according to the Rosgen 

Stream Classification System, (2) determine the stream conditions of the Rio Mavillas using the 

Visual Assessment Protocol for Puerto Rico Streams, and (3) determine the water quality and 

biodiversity index of the Rio Mavillas through macroinvertebrate collection – all successfully 

attained the goal of providing the DNER with supporting data to include the Rio Mavillas in 

Puerto Rico’s Heritage River Program. The fourth objective – modify and adapt the DNER’s 

current River Usage Survey – successfully accomplished the goal of producing a final survey for 

the DNER to administer to river visitors to assess their knowledge on the ecosystem services 

provided by rivers. The final objective – create an interpretive map of the Monte Choca State 

Forest using ArcGIS software – was successfully met as a map was created to be placed within 

the community center, camping ground, two entrances to the forest, and Bamboo Cathedral of 

Monte Choca State Forest that provides a visualization of trails and points of interest for visitors. 

As a whole, this project was successful in generating a product for the DNER that sets the 

framework for meeting the goal of Puerto Rico’s Heritage River Program, which is to protect the 
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natural characteristics of rivers that have minimal anthropogenic modifications to retain their 

ecological integrity for future generations to enjoy. 

        Classification of the Rio Mavillas as a B4c stream through Rosgen Stream Classification 

was accomplished through the collection of the survey cross-section analysis, dominant channel 

material determination, and ArcGIS software. All parameters measured – the entrenchment ratio, 

width/depth ratio, sinuosity, channel material, and channel slope – were required to accurately 

classify the Rio Mavillas, allowing this classification to now serve as standard reference for the 

DNER to predict how the Rio Mavillas will change to potential land use or climatological 

changes. More importantly, this classification supports inclusion of the Rio Mavillas in Puerto 

Rico’s Heritage River Program because it predicts the moderate sensitivity and the sediment and 

erosion changes that would occur if the Rio Mavillas experienced a major land use change 

caused by human alteration. Thus, accomplishing this geomorphologic characterization of the 

Rio Mavillas holds and will continue to hold significant value to the DNER as it provides a 

useful tool for protection and a means of future restoration projects. 

        The Visual Assessment for Puerto Rico Streams was the most successful method in 

supporting the river’s high water quality despite its susceptibility to flooding and change 

alterations to the riparian zone near the bridge. The multihabitat macroinvertebrate assessment 

also supported the conclusion that the Rio Mavillas has high water quality despite this 

assessment being done in the rainy season of Puerto Rico. Both assessments were conducted in 

the three designated transects of the Rio Mavillas and suggested that the river has low turbidity 

during normal water flow, intact riparian zones, mixed canopy, high habitat availability, and a 

high macroinvertebrate abundance and diversity. The data collected in these assessments can 

also be used as a reference during future assessments completed by the DNER. This will allow 
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the DNER to be able to measure the success of the Heritage River Program through analyzing 

the water quality and species abundance at later time points. 

        Successful modification of the River Usage Survey was a multiparty project completed 

by this group, members of the DNER Water Plan Monitoring Division, and Professor Luis 

Santiago of the University of Puerto Rico. During the modification process, this team adapted 

and created questions that accurately measure the participant’s knowledge of the four ecosystem 

services provided by rivers – provisioning, regulating, cultural, and supporting services. The 

wording of questions as well as the structure of the survey as a whole were modified to gain the 

participant’s trust and allow for unbiased responses. All questions were also adapted for ease of 

analysis once completed. However, more importantly, the final survey benefits the DNER in two 

major ways. First, the DNER is able to use this generalized survey for all rivers in Puerto Rico, 

providing a consistent way to measure community knowledge about rivers before and after 

Heritage River designation. Second, through surveying the Palos Blancos community and 

tourists visiting Monte Choca State Forest about the Rio Mavillas, the DNER is able to indirectly 

help increase community involvement in conserving the forest. This is because current 

community leaders feel as though a stronger DNER presence in the forest along with a 

community intervention will instill pride in community members and visitors, urging them to 

help protect their forest. Thus, although data has not yet been collected for the Rio Mavillas, it 

has serious potential in supporting the conservation and protection of Monte Choca State Forest. 

        The creation of an interpretive map of Monte Choca State Forest holds similar value to 

the potential of surveying community members and visitors of the Rio Mavillas. Overall, the 

map shows point of interests commonly highlighted by community leader Alberto Rivera during 

forest tours as well as six trails marked by difficulty and length of time required for visitors to 
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use as a guide. Five three foot by four foot signs of the map were printed and are expected to be 

posted at the Monte Choca community center, camping ground, Bamboo Cathedral, and two 

entrances to the forest. To accompany the historical value that the map holds, a brochure was 

created (Appendix B Figure 42). The brochure contains the map, as well as an overview of the 

history of the forest, specific attractions, and the common flora and fauna. By creation and 

posting of the map within Monte Choca State Forest, it is the DNER’s goal that community 

involvement in forest conservation will increase. With this, it will show the DNER’s support for 

community leader Alberto Rivera and will encourage that his knowledge, pride, and legacy of 

Monte Choca will carry on for future generations to enjoy. 

        As a whole, our team has generated sufficient data to support the inclusion of the Rio 

Mavillas in Puerto Rico’s Heritage River Program. It is our belief that the Rio Mavillas would 

strongly benefit from such designation. For example, it will eliminate the possibility of a dam 

being created in the river. Designation could also result in restoration projects – for example, 

restoring the riparian zone degraded by the bridge and appropriately managing the runoff 

generated by the road crossing. This could increase the stream biota and already high water 

quality, thus ensuring that future generations will be able to enjoy the natural, recreational, and 

aesthetic value of the river. To conclude, we believe that all objectives met support the DNER’s 

desire of designating the Rio Mavillas a Heritage River and set the framework for a management 

plan to allow the program to carry out its goal of protecting the natural features of rivers for 

future enjoyment. 
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6.2 Recommendations for the DNER      

        After completion of the designated protocols, speaking to DNER staff about the Heritage 

River Program, and visiting Monte Choca State Forest numerous times, our group has several 

recommendations for the Water Monitoring Plan Division of the DNER. These recommendations 

are listed below, and are then reviewed in more detail. 

 

1.     Fund and maintain an aerator for the manmade pond in Monte Choca State Forest, to increase 

fishing activity within the forest. 

2.     Increase the riparian zone of the Rio Mavillas along the campsite and bridge. 

3.     Administer the final survey to community and forest visitors. 

4.     Post interpretive map in community center, campground, Bamboo Cathedral, and two 

entrances to the forest. 

5.     Conduct additional stream assessments while considering different seasons. 

6.     Repeat all stream assessments in five to ten years after designating the Rio Mavillas a 

Heritage River. 

7.     Visit Monte Choca State Forest more to encourage community members to assist in forest 

and river conservation. 

8.     Place a sign at the Rio Mavillas, defining to all visitors its history and inclusion into the 

Heritage River Program. 

9.     Provide Alberto Rivera with copies of the brochure created to give to forest visitors. 

 

        The primary recommendation we propose to the DNER is to further analyze the 

macroinvertebrate data obtained from our initial collection and analysis of the species since we 

only had the time to analyze approximately half of the samples. As previously mentioned, 
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macroinvertebrate assessments of streams are often used in comparison with the Visual Stream 

Assessment protocol in order to more strongly support the conclusions being drawn concerning a 

stream’s water quality (de Jesus-Crespo & Ramírez, 2011). We hypothesize that due to our high 

stream index values obtained by the Visual Stream Assessment protocol, there will be a diverse 

and abundant amount of macroinvertebrate families within the three transects of the Rio Mavillas 

studied. We recommend that the DNER attempt to validate this hypothesis and reference the 

study completed by de Jesus-Crespo and Ramírez in order to understand the statistics used to 

show correlation between the two protocols. In addition to this analysis, we recommend that the 

DNER repeat the macroinvertebrate collection during the dry season, as river stability and 

macroinvertebrate species are heavily influenced by flooding events. We also recommend that 

the DNER attempt other visual assessments previously documented in the literature to further 

validate data obtained as well as address components perhaps not measured in Puerto Rico’s 

Visual Stream Assessment Protocol. For example, after a comparison study between three 

different stream assessment protocols, Ward et. al. found there to be strong positive correlations 

between the EPA’s Habitat Assessment Field Data Sheet and the USDA’s Natural Resources 

Conservation Services’ Visual Stream Assessment protocol when considering components of 

riparian and stream health (Ward et. al., 2003). Thus, we recommend that the DNER explore 

other stream assessment protocols. 

        After conversation with the staff of the DNER, we learned about their desire to create a 

forest management plan for the Monte Choca State Forest. As a component of the state forest, 

maintaining the Rio Mavillas should also be a part of this plan. We first recommend that the car 

segments found submerged along the bank of the river be removed as soon as possible to prevent 

any erosion and sedimentation that could negatively impact the stream index score and the 
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habitat for macroinvertebrates. We next recommend that the DNER sets up future time points in 

which they can repeat the Visual Stream Assessment and the Macroinvertebrate Assessment in 

order to ensure that the water quality is either staying at the same high standards we previously 

characterized or even improving from these values. If the water quality seems to be diminishing, 

we propose one outstanding recommendation we believe will improve the scores obtained – to 

increase the riparian buffer along the campsite and near the bridge by increasing the vegetation 

along the banks of the river. Also, creating a water garden along the infrastructure that diverts the 

storm water from the road to the stream, thus promoting a source of filtration to avoid changes in 

the water quality and natural hydraulics of the stream. 

        For the management of the forest as a whole, our group has several additional 

recommendations. First, we recommend that the DNER look into an efficient, low cost and low 

maintenance aerator for the manmade pond within the forest in order to improve the oxygen 

levels of the water. We see this having substantial value as it holds the possibility for the 

reemergence of species that previously inhabited the pond, thus increasing the biodiversity of the 

area. This also will increase the recreational value of the pond by restoring its previous fishing 

activity. However, if this occurs, we suggest that the DNER post rules enforcing fishing 

regulations meant to maintain water quality and species abundance, such as inhibit the use of 

pesticides and encourage putting some fish caught back into the pond. Also, based on request by 

Alberto, we recommend that the DNER visit the forest and surrounding community more in 

order to show the community that the DNER is involved in preserving the forest. Although this 

is an additional time and work commitment to the DNER staff, consistent visits to the forest can 

reduce any activity detrimental to the health of the river and the forest. 
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        During completion of this project, our group finalized a map of the Monte Choca State 

Forest as well as created a final version of a river usage survey to be administered. We 

recommend that the DNER places the maps of the Monte Choca State Forest in the campground, 

community center, Bamboo Cathedral, and two main entrances to the forest. We recommend that 

the DNER places the maps like those of El Yunque seen in Figure 25. This will attract visitors to 

the forest, advise them on the trails of the forest, and highlight specific points of interest within 

the forest. An additional goal of this map is to promote the involvement of members within the 

community in managing the forest, as the map points out the aesthetic and recreational value of 

the Monte Choca State Forest. This involvement will significantly help Alberto in managing the 

forest as well as allow other community members to learn the information he provides in tour 

guides to continue these guides for future generations to enjoy. Additionally, we believe the 

community involvement and knowledge of the area will increase by administering the river 

usage survey to the Palos Blancos community as well as to any visitors of the Rio Mavillas. We 

recommend that the DNER administer the survey and use the data collected to create and revise 

the forest management plan.  

 

 

Figure 25: Map of the Trails within El Yunque National Rainforest. Source: (elyunque.com) 
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Figure 26: Fauna of the Monte Choca State Forest. Source: (DRNA, 2009) 

 

           In our final recommendation, we propose that DNER assist in the Palos Blancos Boy 

Scout project of posting signs along the historical landmarks of the Monte Choca State Forest, 

specifically at the Rio Mavillas, Bamboo Cathedral, Ceiba Tree, and Alberto’s Endemic and 

Natural Tree Garden. We also recommend that the flora and fauna of the forest be listed for 

visitors, and we suggest that this information be posted alongside the map on the campground 

(an example can be seen in Figure 26) (DRNA, 2009). This project is highly recommended as it 

will inform visitors and community members about the forest when Alberto is not available to be 

there, and thus preserve its historical value for future generations to enjoy. We recommend 

utilizing Alberto in placement of these signs in order to ensure that they will not alter the 

dynamics of the forest. Figure 27 is an example of a drafted sign for the Rio Mavillas that we 

recommend be placed in the forest upon designation as a Heritage River.   
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Figure 27: Drafted Sign for the Rio Mavillas 

 

 To conclude, we recommend that the DNER note and monitor the success of other 

Heritage River Programs, such as the program in America. Specifically, we encourage the DNER 

to advertise their program and specific rivers involved to non-government and volunteer agencies 

in the surrounding area to assist in funding river restoration and forest management programs. As 

a species that has been primarily responsible for the degradation of ecosystems and the natural 

environment, it should be advertised as the responsibility of humans to preserve and improve the 
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integrity of forests and rivers. We hope that the DNER has success in external funding and 

community involvement as we believe this to be crucial in achieving the program’s main goal – 

to preserve the natural features of rivers in order retain their ecological integrity for future 

generations to enjoy.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Assessment of the Rio Mavillas for Inclusion in Puerto Rico’s Heritage River Program 94 

7.0 References 

 

American Heritage Rivers. (1998). President Clinton: Celebrating America’s Rivers. Retrieved 

from https://clinton2.nara.gov/CEQ/Rivers/  

 

American Heritage River Initiative (U.S). (2000). Progress report to the president on the 

American Heritage Rivers: initiative. Washington, D.C.: American Heritage Rivers, Executive 

Office of the President. 

 

Barbour, M.T., J. Gerritsen, B.D. Snyder, and J.B. Stribling. 1999. Rapid Bioassessment 

Protocols for Use in Streams and Wadeable Rivers: Periphyton, Benthic Macroinvertebrates and 

Fish, Second Edition. EPA 841-B-99-002. U.S. Environmental Protection Agency; Office of 

Water; Washington, D.C. Retrieved from 

https://archive.epa.gov/water/archive/web/html/ch07main.html 

 

Branigan, Tania. (2008). One-third of China’s Yellow river ‘unfit for drinking or agriculture’. 

The Guardian. Retrieved from https://www.theguardian.com/environment/2008/nov/25/water-

china. 

 

Clayton, W.J., Frost, P.C., Morales-Williams, A.M., Larson, J.H., Richardson, W.B., Chiandet, 

A.S., Xenopoulos, M.A. (2016). Human activities cause distinct dissolved organic matter 

composition across freshwater ecosystems. Global Change Biology. 22(2): 613-626. 

 



 

Assessment of the Rio Mavillas for Inclusion in Puerto Rico’s Heritage River Program 95 

Conserve Energy Future. (2016). 40 Facts About Water Pollution. Retrieved from 

http://www.conserve-energy-future.com/various-water-pollution-facts.php 

 

Covich, A.P. (2006). Dispersal limited biodiversity of tropical insular streams. Polish Journal of 

Ecology. 20: 1384-1401 

 

de Jesus-Crespo, R. & Ramírez, A. (2011) Effects of urbanization on stream physicochmistry 

and macroinvertebrate assemblages in a tropical urban watershed in Puerto Rico. Journal of the 

North American Benthologiccal Society. 30: doi:10.1899/10-081.1 

 

de Jesus-Crespo, R. & Ramírez, A. (2010). The use of a Stream Visual Assessment Protocol to 

determine ecosystem integrity in an urban watershed in Puerto Rico. Physics and Chemistry of 

the Earth. doi:10.1016/j.pce.2010.11.007  

 

Departamento de Recursos Naturales y Ambientales. (2009). Bosques de Puerto Rico: Bosque 

Estatal Monte Choca. Retrieved from http://drna.pr.gov/historico/biblioteca/publicaciones/hojas-

de-nuestro-ambiente/41-monte%20choca.pdf  

 

Departamento de Recursos Naturales y Ambientales. (2016a). Plan Integral de Recursos de Agua 

de 

Puerto Rico. Retrieved from http://drna.pr.gov/oficinas/plan-integral- de-recursos-de-agua-de-

puerto-rico/  

 



 

Assessment of the Rio Mavillas for Inclusion in Puerto Rico’s Heritage River Program 96 

Departamento de Recursos Naturales y Ambientales (DRNA). (2008). Capítulo I PIRA. 

Retrieved from http://drna.pr.gov/documentos/capitulo-i-pira/  

 

Departamento de Recursos Naturales y Ambientales (DRNA). (2016b). Programa Ríos 

Patrimoniales de Puerto Rico Designación Tipo 2: tramos de los ríos que nacen en los bosques 

protegidos por el DRNA u otras áreas protegidas. Retrieved from DRNA.pr.gov  

 

Departamento de Recursos Naturales y Ambientales (DRNA). (2009). Hojas De Nuestro 

Ambiente. Bosque Estatal Monte Choca. Retrieved from http://drna.pr.gov/wp-

content/uploads/2015/04/El-Bosque-Estatal-Monte-Choca.pdf 

 

Departamento de Recursos Naturales y Ambientales (DRNA). (2016c) Work Plan for the 

Designation of the Mavillas River. Retrieved from Leonela Torrado, Marianela Torres 

Rodríguez, and Karleen Wagner Vega 

 

Departamento de Recursos Naturales y Ambientales (DRNA). (n.d).Cuenca del Río Cibuco. 

Retrieved from http://drna.pr.gov/historico/oficinas/saux/secretaria-auxiliar-de-planificacion-

integral/planagua/inventario-recursos-de-agua/cuencas-

hidrograficas/Cuenca%20del%20Rio%20Cibuco.pdf  

 

Elliot, J.M. 2008. The ecology of riffle beetles (Coleoptera: Elmidae). Freshwater Biological 

Association, pp. 189-203. 

 



 

Assessment of the Rio Mavillas for Inclusion in Puerto Rico’s Heritage River Program 97 

Environmental Protection Agency. (2012). American Heritage Rivers. Retrieved from 

http://web.archive.org/web/20120305233605/http://water.epa.gov/type/watersheds/named/herita

ge/  

 

Environmental Protection Agency. (2011). What is the American Heritage Rivers Initiative? 

Retrieved from 

http://web.archive.org/web/20120125045414/http://water.epa.gov/type/watersheds/named/herita

ge/initiative.cfm  

 

Environmental Systems Research Institute. (n.d.a). How GIS Works. Retrieved from 

http://www.esri.com/what-is-gis/howgisworks 

 

Environmental Systems Research Institute. (n.d.b). ArcGIS App for Smartphones and Tablets. 

Retrieved from http://www.esri.com/software/arcgis/arcgis-app-for-smartphones-and-tablets 

 

Environmental Systems Research Institute, Inc. (2016). What is a shapefile? Retrieved from 

http://desktop.arcgis.com/en/arcmap/10.3/manage-data/shapefiles/what-is-a-shapefile.htm  

 

EPRL, G. (2015). Corozal. In Encyclopedia of Puerto Rico. Fundación Puertoriqueña de las 

Humanidades. Retrieved from 

http://www.enciclopediapr.org/ing/print_version.cfm?ref=09032604    

 



 

Assessment of the Rio Mavillas for Inclusion in Puerto Rico’s Heritage River Program 98 

Graf, W.L. (2001). Damage Control: Restoring the Physical Integrity of America’s Rivers. 

Annals of the Association of American Geographers. 

 

Gutiérrez-Fonseca, P.E., Alonso-Rodríguez, A.M., Ramírez, A. 2016. Macroinvertebrados 

acuáticos de Puerto Rico como bioindicadores de calidad ambiental. Universidad de Puerto Rico, 

Río Piedras. Retrieved from http://www.ramirezlab.net/research/guia 

 

Harman, W.A. & Jennings, G.D. (n.d.) Application of the Rosgen Stream Classification System 

to North Carolina. North Carolina Cooperative Extension Service. Retrieved from 

https://www.bae.ncsu.edu/extension/ext-publications/water/protecting/ag-590-02-rosgen-

classification-jennings.pdf 

 

Hernández, H.M. (2013). Assessing Riparian Structure and Composition in Quebrada Chiclana, 

Puerto Rico, a Restored Tropical Creek. University of Puerto Rico Rio Piedras Campus 

Department of Environmental Sciences. Retrieved from 

http://repositorio.upr.edu:8080/jspui/bitstream/10586%20/323/1/THESIS_Harold_Manrique.pdf  

 

Hilsenhoff, W.L. 1977. Use of arthropods to evaluate water quality in streams. WI DNR 

Technical Bulletin No, pp. 132-222. 

 

House, M.A., Ellis, J.B., Herricks, E.E., Hvitved-Jacobsen, T., Seager, J., Lijklema, L., 

Aalderink, H., Clifforde, I.T. (1993). Urban Drainage – Impacts on Receiving Water Quality. 

Water Science Technology. 27(12): 117-158 



 

Assessment of the Rio Mavillas for Inclusion in Puerto Rico’s Heritage River Program 99 

 

Kazmeyer, M. (n.d.). Human Impacts on Freshwater Ecosystems | The Classroom | Synonym. 

Retrieved from http://classroom.synonym.com/human-impacts-freshwater-ecosystems-

23308.html  

 

Klapproth, J.C. (2009). Understanding the Science Behind Riparian Forest Buffers: Effects on 

Water Quality. Virginia Cooperative Extension. Retrieved from http://pubs.ext.vt.edu/420/420-

151/420-151.html  

 

LexJuris. (2014). Ley Núm. 180 de 2014 - Ley para crear el Programa de Ríos Patrimoniales, 

Ríos de Alto Valor Natural y Ríos Recreacionales de Puerto Rico. Retrieved from 

http://www.lexjuris.com/lexlex/Leyes2014/lexl2014180.htm  

 

Lord, M.L., Germanoski, D., Allmendinger, N.E. (2009). Fluvial geomorphology: Monitoring 

stream systems in response to a changing environment. The Geological Society of America. 69-

103. doi:10.1130/2009 

 

Lower DuPage Watershed Coalition . (2016). Survey of community surrounding DuPage River. 

Retrieved from http://www.channahon.org/2016/08/15/dupage-river-community-survey/ 

 

Merritt, R.W.& Cummins, K.W. 1996. An introduction to the aquatic insects of North America. 

Kendall/Hunt, Iowa. 

 



 

Assessment of the Rio Mavillas for Inclusion in Puerto Rico’s Heritage River Program 100 

Mystic River Watershed Association and Friends of the Malden River. (2015, April). [Survey of 

Community surrounding Malden River]. Retrieved from http://mysticriver.org/myrwa-

blog/2015/4/9/malden-river-use-survey.html 

 

The Nature Conservancy. (n.d). Why is Our Water in Trouble? Retrieved from 

http://www.nature.org/ourinitiatives/habitats/riverslakes/threatsimpacts/ 

 

North Carolina State University (NCSU) Water Quality Group. (1995). Benthic 

Macroinvertebrates. Retrieved from http://www.water.ncsu.edu/watershedss/info/macroinv.html 

 

Office of Environment & Heritage (OEH). (2015). Water Quality. Retrieved from 

http://www.environment.nsw.gov.au/water/waterqual.htm 

 

Ortiz, H.R. (2011). Estrategias Para Desarrollar El Ecoturismo En El Bosque Monte Choca En 

Corozal, Puerto Rico. Universidad Metropolitana Escuela Graduada De Asuntos Ambientales 

San Juan, Puerto Rico. Retrieved from 

http://www.suagm.edu/umet/biblioteca/UMTESIS/Tesis_Ambientales/msem_evaluacion_manej

o_riesgo_ambiental/2011/HOrtiz%202011.pdf 

 

Paul, M.J. and Meyer, J.O. (2001). Streams in the Urban Landscape. Annual Review of Ecology, 

Evolution, and Systematics. 32:333-365. 

 



 

Assessment of the Rio Mavillas for Inclusion in Puerto Rico’s Heritage River Program 101 

Primary School Geography Encyclopedia. (n.d.). Uses of Rivers. Retrieved from 

http://geography.parkfieldprimary.com/water/rivers/uses-of-rivers  

 

Puerto Rico Infrastructure Financing Authority & GLM Morris Engineering. 2005. Analysis of 

Potential Reservoirs in Puerto Rico Draft. Retrieved from Leonela Torrado González, Marianela 

Torres Rodríguez, and Karleen Wagner Vega 

 

Qin, H. & Liao, T.F. (2015). The association between rural-urban migration flows and urban air 

quality in China. Regional Environmental Change. 16(5): 1375-1387.  

 

Ramírez, A., Gutiérrez-Fonseca P.E. & Springer, M. 2017. Freshwater Macroinvertebrates of 

Mesoamerica and the Caribbean.  (Book in preparation) 

 

Robinson, Christopher T., Urs Uehlinger, and Michael T. Monaghan. "Effects of a Multi-year 

Experimental Flood Regime on Macroinvertebrates Downstream of a Reservoir." Aquatic 

Sciences - Research Across Boundaries 65.3: 210-222. 

 

Rosgen, D.L. (1994). A Classification of Natural Rivers. Catena, 22(3), 169-199. Retrieved from 

Leonela Torrado, Marianela Torres Rodríguez, and Karleen Wagner Vega. 

 

Rosgen, D.L. & Silvey, H.L. (1996). Applied River Morphology. Fort Collins, CO: Wildland 

Hydrology Books.  

 



 

Assessment of the Rio Mavillas for Inclusion in Puerto Rico’s Heritage River Program 102 

Rodríguez, N. & Ramírez, A. (2014). Protocolo de Evaluación Visual de Quebradas para Puerto 

Rico. Universidad de Puerto Rico, Recinto de Río Piedras. Retrieved from Leonela Torrado 

González, Marianela Torres Rodríguez, and Karleen Wagner Vega.  

 

Sponseller, R. A., J. B. Heffernan, and S. G. Fisher. 2013. On the multiple ecological roles of 

water in river networks. Ecosphere 4(2):17. http://dx.doi.org/10.1890/ES12-00225.1  

 

The Blackstone River Coalition. (n.d). Coalition History. Retrieved from 

http://zaptheblackstone.org/whoweare/who_history.shtml  

 

The Government of Commonwealth of Puerto Rico & U.S. Army Corps of Engineers. 1980. 

Island-Wide Water Supply Study in Puerto Rico. Volume II. Retrieved from Leonela Torrado 

González, Marianela Torres Rodríguez, and Karleen Wagner Vega 

 

Theobald, D. M. (2007). GIS concepts and ArcGIS methods. Fort Collins, CO: Conservation 

Planning Technologies. 

 

USDA (US Department of Agriculture). (2001). Hawaii Stream Visual Assessment Protocol 

Version 1.0. Natural Resource Conservation Service, US Department of Agriculture. Retrieved 

from Leonela Torrado, Marianela Torres Rodríguez, and Karleen Wagner Vega.  

 

United States Geological Survey (USGS). (2016a). Geographic Names Information System. 

Retrieved from http://geonames.usgs.gov/apex/f?p=gnispq:3:0::NO::P3_FID:1612567  



 

Assessment of the Rio Mavillas for Inclusion in Puerto Rico’s Heritage River Program 103 

United States Geological Survey (USGS). (2016b). National Water Information System: Web 

Interference. Retrieved from 

http://nwis.waterdata.usgs.gov/nwis/peak?site_no=50038360&agency_cd=USGS&format=html  

 

Virtual Puerto Rico. (n.d). Monte Choca State Forest. Retrieved from 

http://www.virtualpuertorico.com/monte-choca-state-forest.php 

 

Ward, T.A., Tate, K.W., Atwill, E.R., Lile, D.F., Lancaster, D.L., McDougald, N., Barry, S., 

Ingram, R.S., George, H.A., Jensen, W., Frost, W.E., Phillips, R., Markegard, G.G., Larson S. 

(2003). A comparison of three visual assessments for riparian and stream health. Journal of Soil 

and Water Conservation. 58(2): 83+ 

 

Ward, J. V. and J. A. Stanford, 1995. The serial discontinuity concept: extending the model to 

floodplain rivers. Regulated Rivers: Research and Management 10: 159–168. 

 

Walsh, C.J., Roy, A.H., Feminella, J.W., Cottingham, P.D., Groffman, P.M., Morgan, R.P. 

(2005). The urban stream syndrome: current knowledge and the search for a cure. Journal of the 

North American Benthologiccal Society. 24(3): 706-723 

 

Wenger, S.J. and Fowler, L. (2000). Protecting stream and river corridors: creating effective 

local riparian buffer ordinances. Carl Vinson Institute of Government, University of Georgia. 

Retrieved from http://web8.ovpr.uga.edu/rivercenter/wp-

content/uploads/sites/17/2015/03/Protecting-Stream-and-River-Corridors.pdf 



 

Assessment of the Rio Mavillas for Inclusion in Puerto Rico’s Heritage River Program 104 

8.0 Appendix A – Background Information 

 

 
 

Figure 28: Hawaii Visual Stream Assessment Protocol Overview Data Sheet. Source: (USDA, 
2001) 

 



 

Assessment of the Rio Mavillas for Inclusion in Puerto Rico’s Heritage River Program 105 

 
 

Figure 29: Hawaii Visual Stream Assessment Protocol Scored Data Sheet. Source: (USDA, 
2001)  

 
 

 



 

Assessment of the Rio Mavillas for Inclusion in Puerto Rico’s Heritage River Program 106 

Element Definition Element Possibilities Score 

Turbidity Clarity of the Water 
Objects Visible at Depth to the Bottom 2.0-1.5 

Moderately Turbid 1.0-0.5 
Very Turbid 0 

Plant Growth 
Algae Growth on 

Submerged Objects 
in Stream 

No Significant Algae 2.0-1.5 
Large Clumps of Algae 1.0-0.5 
Water Distinctly Green 0 

Channel 
Condition 

Changes in Channel 
Structure that 

Result in Instability 

Natural Channel 2.0-1.8 
Channelized by Humans but Natural Walls 1.7-1.2 

Walls Hardened 1.1-0.6 
Walls and Bottom Hardened 0.5-0 

Channel Flow 
Alteration 

Water Withdrawals 
from the Stream 

No Withdrawals 2.0-1.8 
Temporary, Intermittent Withdrawals 1.7-1.2 
Permanent, Intermittent Withdrawals 1.1-0.6 
Temporary, Constant Withdrawals 0.5-0.2 
Permanent, Constant Withdrawals 0.2-0 

Percent 
Embeddedness 

Sediment 
Composition in 
Riffle and Run 

Habitats 

<10% 2 
11-25% 1.5-1.0 
26-50% 0.9-0.5 
50-75% 0.4-0.2 

Completely Sedimented In 0 

Bank Stability 

Potential for Soil 
Erosion from Upper 

and Lower Banks 
into Stream 

>90% Stable 2 
75-89% Stable 1.5-1.9 
50-74% Stable 2.4-1.0 
25-50% Stable 0.9-0.1 
<25% Stable 0 

Canopy/Shade 
Measurement of 
Shade Across the 
Active Channel 

Mixed; 20-80% Cover 2.0-1.6 
Closed but Mixed; >80% Cover 1.5-1.0 
Closed Monotypic; >80% Cover 0.9-0.5 

Open; 0-19% Cover 0 

Riparian 
Width/Conditio

n 

Width of the 
Natural Vegetation 

Zone 

Width Same as Floodplain 2.0-1.8 
Width at least 2 Channel Widths Wide 1.7-1.0 
Width at least 1 Channel Width Wide 0.9-0.5 

Width less than 1 Channel Width Wide 0.4-0.2 
Little to no Riparian Vegetation 0 

Habitat 
Available for 

Native Species 

Availability of 
Physical Habitat for 
Native Organisms 

5 Habitat Types Available 2 
4 Habitat Types Available 1.9-1.8 
3 Habitat Types Available 1.7-1.0 
2 Habitat Types Available 0.5-0.2 
1 Habitat Types Available 0 

Litter/Trash 
Presence of Trash 

or Animal 
Carcasses 

No Trash Present 2.0-1.8 
Trash Evident but not Prominent 1.0-0.5 

Abundant Trash 0 
Table 11: Hawaii Visual Stream Assessment Protocol Scored Element Characterization. Source: 

(USDA, 2001) 
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Figure 30: Rosgen Stream Classification System Level I Classification Breakdown. Source: 

(Rosgen & Silvey, 1996)  
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Figure 31: Rosgen Stream Classification System Level II Classification Breakdown. Source: 

(Rosgen and Silvey, 1996)  
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Figure 32: Rosgen Stream Classification System Level I and II Summary. Source: (Rosgen and 

Silvey, 1996) 
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9.0 Appendix B – Results and Data Sheets 
 

 
Figure 33: Pebble Count Data Sheet for Rosgen Stream Classification 
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XS-1	(Most	Upstream	Point	of	Transect	3)	
ID	 Y(m)	 X(m)	 DISTANCE	(m)	 ELEVATION	(m)	 DESCRIPTION	
1	 250077.217	 215364.701	 		 369.108	 TOP	RVR	BNK	
2	 250076.568	 215366.939	 0	 369.091	 TOP	RVR	BNK	
3	 250076.345	 215368.612	 1.688	 369.837	 TOP	RVR	BNK	
4	 250075.514	 215370.261	 3.534	 368.825	 TOP	RVR	BNK	
5	 250075.214	 215371.17	 4.492	 368.602	 RVR	BED	
6	 250074.697	 215372.522	 5.939	 368.197	 RVR	BED	
7	 250073.485	 215375.025	 8.72	 367.706	 RVR	BED	n	WTR	LVL	
8	 250073.042	 215376.09	 9.874	 367.527	 RVR	BED	n	WTR	STREAM	
9	 250072.513	 215377.472	 11.353	 367.644	 RVR	BED	n	WTR	LVL	
10	 250072.436	 215378.048	 11.934	 367.815	 RVR	BED	
11	 250071.558	 215379.577	 13.698	 368.084	 TOP	RVR	BNK	
12	 250071.589	 215379.651	 13.778	 368.056	 TOP	RVR	BNK	
13	 250070.53	 215381.4	 15.822	 369.338	 TOP	RVR	BNK	
14	 250069.95	 215382.965	 17.491	 370.089	 TOP	RVR	BNK	
15	 250069.605	 215383.665	 18.272	 370.399	 TOP	RVR	BNK	
16	 250068.879	 215385.572	 20.312	 370.496	 TOP	RVR	BNK	

 
ID	 Y(m)	 X(m)	 DISTANCE	(m)	 ELEVATION	(m)	 DESCRIPTION	
17	 250420.115	 215304.37	 		 367.135	 TOP	RVR	BNK	
18	 250419.247	 215310.798	 0	 367.485	 TOP	RVR	BNK	
19	 250418.091	 215313.989	 3.394	 367.388	 TOP	RVR	BNK	
20	 250417.578	 215314.643	 4.225	 366.055	 TOP	RVR	BNK	
21	 250417.609	 215329.69	 19.272	 366.449	 TOP	RVR	BNK	
22	 250417.732	 215327.91	 21.056	 365.921	 TOP	RVR	BNK	
23	 250417.843	 215325.992	 22.978	 365.106	 TOP	RVR	BNK	
24	 250417.846	 215325.987	 22.983	 365.124	 TOP	RVR	BNK	
25	 250418.076	 215324.964	 24.032	 363.611	 RVR	BED	
26	 250418.203	 215322.891	 26.109	 363.72	 RVR	BED	
27	 250417.933	 215320.664	 28.352	 364.338	 RVR	BED	n	WTR	LVL	

28	 250417.886	 215319.218	 29.799	 364.27	
RVR	BED	n	WTR	
STREAM	

29	 250418.353	 215318.901	 30.363	 365.357	
RVR	BED	n	WTR	
STREAM	

30	 250418.261	 215317.468	 31.799	 365.162	 RVR	BED	n	WTR	LVL	
 

XS-3	(Most	Downstream	Point	of	Transect	1)	
ID	 Y(m)	 X(m)	 DISTANCE	(m)	 ELEVATION	(m)	 DESCRIPTION	
36	 250545.82	 215315.064	 		 365.261	 TOP	RVR	BNK	
38	 250546.694	 215316.226	 0	 364.713	 TOP	RVR	BNK	
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39	 250547.602	 215317.818	 1.688	 363.894	 RVR	BED	
40	 250548.01	 215319.251	 3.534	 363.606	 RVR	BED	n	WTR	LVL	

41	 250548.531	 215320.935	 4.492	 363.403	
RVR	BED	n	WTR	
STREAM	

42	 250549.205	 215322.952	 5.939	 363.25	
RVR	BED	n	WTR	
STREAM	

43	 250549.739	 215324.292	 8.72	 363.507	 RVR	BED	n	WTR	LVL	
44	 250550	 215326.303	 9.874	 363.967	 TOP	RVR	BNK	
45	 250550.35	 215327.453	 11.353	 366.197	 TOP	RVR	BNK	
46	 250550.451	 215328.08	 11.934	 366.757	 TOP	RVR	BNK	
47	 250539.208	 215304.681	 13.698	 366.371	 TOP	RVR	BNK	

 
 

Table 12: Raw Data (Coordinate Location, Elevation, Distance, and Description) from GPS 
during Cross-Section Surveys 
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Figure 34: Puerto Rico Visual Stream Assessment Protocol Data Sheet 1. Source: (Rodríguez & 

Ramírez, 2014) 
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Figure 35: Puerto Rico Visual Stream Assessment Protocol Data Sheet 2. Source: (Rodríguez & 

Ramírez, 2014) 
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SCORING SHEET FOR THE ELEMENTS 
1. TURBIDITY (indicator of present erosion) 

 
Condition Score 

Very clear; objects visible at depth to the bottom 2.0-1.5 

Moderately turbid 1.0-0.5 

Very turbid 0 

 
2. PLANT GROWTH (indicator of eutrophication) 

 
Condition Score 

Water clear with no significant algal scum or 
microalgae; rocks may be slimy but algae not 
obvious 

2.0-1.5 

Large clumps of macroalgae present, or distinctive 
green/brown scums visible on bottom or sides of 
stream 

1.0-0.5 

Water distinctly green or pea green; or channel 
choked with grasses 

0 

 
3. CHANNEL CONDITION 

 
Condition Score 

Natural Channel 2.0-1.8 

Channelized by humans but natural walls and 
bottom  

1.7-1.2 

Walls hardened (e.g. concrete, riprap) 1.1-0.6 

Walls and Bottom Hardened 0.5-0 

 
4. CHANNEL FLOW ALTERATION 

 
Condition Score 

No withdrawals, diversions, or storm water 
discharge entering segment 

2.0-1.8 

Temporary, intermittent withdrawals occurring 
within segment 

1.7-1.2 

Permanent, intermittent withdrawals or stormflow 
inputs (e.g. culverts occurring within segment) 
including house discharges 

1.1-0.6 
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Permanent, intermittent withdrawals and the 
presence of permanent obstacles such as dams, 
walls, or similar structures 

0.5-0 

 
5. PERCENT EMBEDDEDNESS 

 
Condition Score 

Embeddedness minimum level (10% of the rocks 
are hidden) at least 3 types of sediment present 

2.0 

11%-25% of the rocks are hidden, at least 3 types 
of substrates present 

1.5-1.0 

26%-50% of the rocks are hidden, only 2 types of 
substrates present 

0.9-0.5 

50%-75% of the rocks are hidden, only 2 types of 
substrates present 

0.4-0.2 

Completely sedimented in (includes hardpan 
sedimentation) 

0.2-0 

 
6. BANK STABILITY (total, both sides) 

 
Condition Score 

>90% Stable (not bare or erodible) 2.0 

75%-89% Stable (not bare or erodible) 1.9-1.5 

50%-74% Stable (not bare or erodible) 1.4-1.0 

25%-50% Stable (not bare or erodible) 0.9-0.1 

<25% Stable (not bare or erodible) 0 

 
7. CANOPY/SHADE 

 
Condition Score 

Mixed canopy, 20%-80% cover 2.0-1.6 

Closed but mixed canopy, >80% cover 1.5-1.0 

Closed monotypic canopy, >80% cover 0.9-0.5 

Open canopy, 0-19% cover 0 

 
8. RIPARIAN CONDITION 

 
Condition Score 
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Riparian area same width as floodplain, diverse 
vegetation, or stream is naturally incised, stable 
banks. Undisturbed 

2.0-1.8 

Riparian area width at least two channel widths 
wide, diverse vegetation, or stream is naturally 
incised. Minimal Degradation 

1.7-1.0 

Riparian area at least one channel width wide, or 
stream is naturally incised, riparian area is 
somewhat degraded. Regularly grazed, cropped or 
other disturbance. 

0.9-0.5 

Severely degraded riparian area, less than one 
channel width wide 

0.4-0.2 

Little to no riparian vegetation, dirt-lined or fully 
channelized and lined 

0 

 
9. HABITAT AVAILABLE FOR NATIVE SPECIES 

 
Condition Presence (mark with an X) Score 

Springs  0.25 

Runs All Transects 0.25 

Cascades  0.25 

Vegetated Banks All Transects 0.25 

Allochtonaus Material (leafs)  0.25 

Pools All Transects 0.75 

Riffles All Transects 0.75 

 Total  

 
10. LITTER/TRASH (indicator of urban/human influence) 

 
Organic Trash 

Condition Score 

No litter or trash is present 2.0-1.8 

Litter or trash is evident but not prominent 1.7-1.1 

Abundant trash, unsanitary wastes, e.g. animal 
carcass or excrement, diapers, or many dead fish 

1.0-0 

 
Inorganic Trash 

Condition Score 
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No litter or trash is present 2.0-1.8 

Inorganic trash is evident but not abundant, e.g. 
plastic bottles/paper 

1.7-1.1 

Abundant inorganic matter, e.g. cement, tires, car 
parts 

1.0-0 

 
Utilize this space to take notes about the experience of the assessment. The following questions 
can serve as a guide: 
 -Did any important events occur during the assessment? 
 -Did you recall any past related experience during the assessment?  
 -Do you have any ideas on how to better the stream? 
 
 

 
 

Figure 36: Puerto Rico Visual Stream Assessment Protocol Data Sheet 3. Source: (Rodríguez & 
Ramírez, 2014) 

 
 
 
 
 
 
 
 
 
 
 

Parts of a car were submerged under the vegetation on the side of the river between the first and 
second transect. In the future, this could affect the score of especially the first transect due to 
downstream pollution.  
 
During analysis, James, Lindsay, and Kevin all stood at three different locations along each transect 
(beginning, middle, and end) and their scores were averaged in order to get the final scores seen in 
the next figure. This method was also employed when filling out “Hoja Caracterización Detallada de 
la Quebrada”.  
 
The lowest scoring elements were percent embeddedness and canopy/shade. We believe that getting 
more expert opinion on percent embeddedness will improve this score – as it is important to have 
low embeddedness to support the life of diverse macroinvertebrates. While most sections showed 
mixed canopies, there was deviation along the transect. We consider this healthy, except for the end 
of the final transect which was scored by James a completely open canopy.  
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Steps to Calculate the Index of the Stream 
 
Part 1: Results of the Assessment 

Elements Evaluated Segment 1 Score Segment 2 Score Segment 3 Score 

1. Turbidity 2.0 2.0 1.8 

2. Plant Growth 2.0 2.0 2.0 

3. Channel Condition 2.0 2.0 2.0 

4. Channel Flow Alteration 2.0 2.0 2.0 

5. Percent Embeddedness 1.2 1.5 1.5 

6. Bank Stability 2.0 2.0 2.0 

7. Canopy/Shade 1.8 1.9 1.2 

8. Riparian Condition 1.5 2.0 2.0 

9. Habitat Available for Native 
Species 

2.0 2.1 1.8 

10. Litter/Trash 1.7 2.0 1.9 

 
Total Points 

18.2 19.5 18.2 

 
Part 2: Calculation of the Index 

(Total Sum of the Scores in Part 1)/(Total Elements Evaluated) = Index of the Stream 
Transect Stream Index 

1 1.82 

2 1.95 

3 1.82 

 
Part 3: Classification and Interpretation 

Index Classification Interpretation 

1.8-2.0 Very High Stream has excellent physical 
conditions, showing no signs 

of degradation 

1.5-1.7 High Stream has good physical 
conditions, but has some signs 

of degradation 

1.1-1.4 Regular Stream shows clear signs of 
physical degradation in the 

river bed and banks 
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0-1.0 Low Stream is severely degraded in 
its physical components 

 

Figure 37: Puerto Rico Visual Stream Assessment Protocol Scoring System. Source: (Rodríguez 
& Ramírez, 2014) 
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Field Sampling Procedures for Multihabitat 
 
1.    A 100 m reach that is representative of the characteristics of the stream should be 
selected. Whenever possible, the area should be at least 100 m upstream from any road 
or bridge crossing to minimize its effect on stream velocity, depth and overall habitat 
quality. There should be no major tributaries discharging to the stream in the study 
area. 
2.    Before sampling, complete the physical/chemical field sheet (see Appendix B, 
Figure 5) to document site description, weather conditions, and land use. After 
sampling, review this information for accuracy and completeness. 
3.    Draw a map of the sampling reach. This map should include in-stream attributes 
(e.g., riffles, falls, fallen trees, pools, bends, etc.) and important structures, plants, and 
attributes of the bank and near stream areas. Use an arrow to indicate the direction of 
flow. Indicate the areas that were sampled for macroinvertebrates on the map. 
Approximate "river mile" to sampling reach for probable use in data management of 
the water resource agency. If available, use hand-held GPS for latitude and longitude 
determination taken at the furthest downstream point of the sampling reach. 
4.    Different types of habitat are to be sampled in approximate proportion to their 
representation of surface area of the total macroinvertebrate habitat in the reach. For 
example, if snags comprise 50% of the habitat in a reach and riffles comprise 20%, 
then 10 jabs should be taken in snag material and 4 jabs should be take in riffle areas. 
The remainder of the jabs (6) would be taken in any remaining habitat type. Habitat 
types contributing less than 5% of the stable habitat in the stream reach should not be 
sampled. In this case, allocate the remaining jabs proportionately among the 
predominant substrates. The number of jabs taken in each habitat type should be 
recorded on the field data sheet. 
5.    Sampling begins at the downstream end of the reach and proceeds upstream. A 
total of 20 jabs or kicks will be taken over the length of the reach; a single jab consists 
of forcefully thrusting the net into a productive habitat for a linear distance of 0.5 m. A 
kick is a stationary sampling accomplished by positioning the net and disturbing the 
substrate for a distance of 0.5 m upstream of the net. 
6.    The jabs or kicks collected from the multiple habitats will be composited to obtain 
a single homogeneous sample. Every 3 jabs, more often if necessary, wash the 
collected material by running clean stream water through the net two to three times. If 
clogging does occur that may hinder obtaining an appropriate sample, discard the 
material in the net and redo that portion of the sample in the same habitat type but in a 
different location. Remove large debris after rinsing and inspecting it for organisms; 
place any organisms found into the sample container. Do not spend time inspecting 
small debris in the field. 
7.    Transfer the sample from the net to sample container(s) and preserve in enough 
95% ethanol to cover the sample. Forceps may be needed to remove organisms from 
the dip net. Place a label indicating the sample identification code or lot number, date, 
stream name, sampling location, and collector name into the sample container. The 
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outside of the container should include the same information and the words 
"preservative: 95% ethanol". If more that one container is needed for a sample, each 
container label should contain all the information for the sample and should be 
numbered (e.g., 1 of 2, 2 of 2, etc.). This information will be recorded in the "Sample 
Log" at the biological laboratory (Appendix B, Figure 6). 
8.    Complete the top portion of the "Benthic Macroinvertebrate Field Data Sheet" 
(Appendix B, Figure 7), which duplicates the "header" information on the 
physical/chemical field sheet. 
9.    Record the percentage of each habitat type in the reach. Note the sampling gear 
used, and comment on conditions of the sampling, e.g., high flows, treacherous rocks, 
difficult access to stream, or anything that would indicate adverse sampling conditions. 
10.  Document observations of aquatic flora and fauna. Make qualitative estimates of 
macroinvertebrate composition and relative abundance as a cursory estimate of 
ecosystem health and to check adequacy of sampling. 
11.  Perform habitat assessment (Appendix B, Figure 8) after sampling has been 
completed. Having sampled the various microhabitats and walked the reach helps 
ensure a more accurate assessment. Conduct the habitat assessment with another team 
member, if possible. 
12.  Return samples to laboratory and complete log-in forms (Appendix B, Figure 6). 

 
 

Figure 38: Benthic Macroinvertebrate Field Sampling Procedure for Multihabitat 
Approach. Source: (Barbour, 1999). 
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Figure 39: BMWP Biodiversity Index Family Score. Source: (Gutiérrez-Fonseca & Ramírez 
2016) 
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Please	take	a	few	minutes	to	answer	this	questionnaire	to	help	us	understand	the	uses	of	the	river.	Your	answers	are	confidential.
Socioeconomic	Profile	
Age	

¨ 0-18	years	
¨ 19-29	years	
¨ 30-44	years		
¨ 45-59	years	
¨ 60-74	years	
¨ 75+	years	

Income	
¨ Less	than	$5,000	
¨ $5000-$9,999	
¨ $10,000-$19,999	
¨ $20,000-$29,999	
¨ $30,000-$44,999	
¨ $45,000-$59,000	
¨ $60,000+	

Gender	
¨ Female	
¨ Male	

	
	

Education	
¨ Some	High	School	
¨ High	School	
¨ Some	College	or	Associates	
¨ Bachelor’s	
¨ Masters	
¨ Doctorate	

Family	Composition	
¨ 1	
¨ 2	
¨ 3	
¨ 4	
¨ 5	
¨ 6	
¨ 7+	

Town	of	Residence	________________________________	
If	your	town	of	residence	is	Morovis	or	Ciales,	do	you	live	
near	the	river?	

¨ Yes	
¨ No

Uses	of	the	River	
Do	you	know	the	name	of	this	River?	

¨ Yes.	What	is	it?__________________	
¨ No	

Do	you	know	the	name	of	this	sector?	
¨ Yes.	What	is	it?__________________	
¨ No	

What	activities	do	you	take	part	in	at	this	river?	If	you	do	
more	than	1,	label	them	in	order	of	importance	with	1	
being	the	most	important.	

¨ __Fishing	
¨ __Swimming	
¨ __Camping	
¨ __Contemplation	
¨ __Walking	
¨ __Running	
¨ __Picnicking	

How	much	time	do	you	spend	at	the	river	when	you	visit?	
¨ 30	minutes	or	less	
¨ 1	hour	
¨ 2-3	hours	
¨ 4-6	hours	
¨ Entire	Day	
¨ Multiple	Days	

How	often	do	you	visit	this	river	during	a	year?	
¨ First	Time	
¨ 1	
¨ 2-3	
¨ 4-5	
¨ 6-10	

How	long	have	you	been	visiting	the	river?	
¨ 0-1	years	
¨ 2-3	years	
¨ 4-10	years	
¨ 11-20	years	
¨ 21-30	years	
¨ 31	years	or	more	

In	your	opinion,	the	quality	of	the	water	of	this	river	is…	
¨ Excellent	
¨ Good	
¨ Regular	
¨ Bad	

Do	you	know	of	activities	carried	out	by	other	people	that	
harm	the	water	quality	of	the	river?	

¨ Yes,	What	are	they?	______________________	
¨ No	

What	would	better	the	environment	of	this	river?	If	you	
choose	more	than	1,	label	them	in	order	of	importance	
with	1	being	the	most	important.	

¨ Access	
¨ Use	of	trash	cans	and	trash	collection	
¨ Parking	Lot	
¨ Signage	
¨ Information	about	the	water	quality	
¨ Gazebos	
¨ Security	

Do	you	visit	other	rivers	in	Puerto	Rico?	
Yes,	which	ones?	_________________________________	
No,	why	not?	____________________________________
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Tourism	
	
When	you	visit	the	river,	do	you	go	alone	or	with	others?	

¨ Yes,	how	many	people?		
¨ No	

If	you’ve	come	with	others,	they	were…	
¨ Family	
¨ Friends	

Would	you	recommend	this	place	to	friends	and	family?	
¨ Yes	
¨ No	

Should	this	area	be	promoted	as	a	recreational	area?	
¨ Yes		
¨ No	

	

If	you	answered	yes,	who	should	this	area	be	promoted	
to?	

¨ Local	Tourists	
¨ Foreign	Tourists	
¨ Both	

If	you	don’t	recommend	promoting	the	location	as	a	
recreational	area,	indicate	why.	

¨ __	We	don’t	want	a	lot	of	people	in	the	area	
¨ __	Lack	of	infrastructure	
¨ __	Lack	of	security	
¨ __	Poor	water	quality	
¨ __	Other:	_______________________________	

	
	

	
Education	
	
Mark	the	concepts	with	an	“X”	that	you	know	relate	with	
the	river.	

¨ Watershed	
¨ Water	upstream/downstream	
¨ Water	Law	of	Puerto	Rico	

Who	does	the	river	belong	to?	
___________________________________________	
Name	some	species	of	animals	that	inhabit	the	water	of	
the	river.	

1. ___________________________________	
2. ___________________________________	
3. ___________________________________	

Name	some	species	of	birds	that	inhabit	the	banks	of	the	
river.	

1. ___________________________________	
2. ___________________________________	
3. ___________________________________	

	
	
	
The	animals	mentioned	above	have	been…	

¨ Viewed	
¨ Captured	
¨ Consumed	
¨ Sold	
¨ Sent	to	aquariums	
¨ Used	for	crafts	
¨ Talked	about	

Do	you	consider	the	vegetation	on	the	banks	of	the	river	
important?	

¨ Yes	
¨ No	

If	you	do	not	consider	it	important,	what	do	you	suggest	
doing	with	the	vegetation?	

¨ Prune	it	
¨ Eliminate	it	
¨ Replace	it

	
	
Conservation	and	Preservation	of	the	River	
Are	you	a	member	of	this	community?	

¨ Yes	
¨ No	

Would	you	be	in	agreement	if	this	river	was	protected	with	
some	conservation	mechanism?	

¨ Yes	
¨ No	

	
	
	

	
	
If	a	community	group	was	created	to	oversee	the	
conservation	of	the	river,	would	you	participate?	

¨ Yes	
¨ No	

Do	you	know	what	a	management	plan	is?	
¨ Yes	
¨ No	

	
	
 

Figure 40: Translated Survey (Original in Spanish provided by the DNER) 
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Please take a few minutes to answer this questionnaire to help us understand the uses of the river. Your responses are voluntary and will be 
confidential. 
 
Tourism 
When you visit the river, do you go alone or with others? 

¨ I go with family 
¨ I go with friends 
¨ I go with both family and friends 
¨ I go alone 

Would you recommend this place to friends and family? 
¨ Yes 
¨ No 

Should this area be promoted as a recreational area? 
¨ Yes  
¨ No 

If answered yes, who should this area be promoted to? 
¨ Island Tourists 
¨ Off-Island Tourists 
¨ Both 

 
 
If you don’t recommend promoting the location as a 
recreational area, indicate why. 

¨ We don’t want a lot of people in the area 
¨  Lack of infrastructure 
¨ Lack of security 
¨  Poor water quality 
¨  Other: _______________________________ 

Do you plan on returning to this river?  
¨ Yes 
¨ No, why? -

________________________________ 
____________________________________________ 

 
Uses of the River 
Do you know the name of this River? 

¨ Yes. What is it?__________________ 
¨ No 

Do you know the name of this sector/barrio? 
¨ Yes. What is it?__________________ 
¨ No 

Which of the following best describes how you feel about 
this river? (please select one) 

¨ This river is an asset to my community 
¨ This river is the reason I visit the forest 
¨ This river is neither an asset nor a burden; it’s 

just there 
¨ In its current state, this river is a burden 
¨ I don’t think of this river often 
¨ I didn’t know I lived near this river 

What activities do you take part in or plan to take part in at 
this river? Please list all.  
___________________________________________ 
___________________________________________ 
How often do you visit this river during a year? If this is 
your first time, skip to the last question of this section. 

¨ First Time 
¨ 1 
¨ 2-3 
¨ 4-5 

 
 
How long have you been visiting the river? 

¨ 0-1 years 
¨ 2-9 years 
¨ 10-29 years 
¨ 20-29 years 
¨ 30 years or more 

 

 
 
 
On average, how much time do you spend at the river when 
you visit? 

¨ 30 minutes or less 
¨ 1 hour 
¨ 2-3 hours 
¨ 4-6 hours 
¨ Entire Day 
¨ Multiple Days 

In your opinion, the quality of the water of this river is… 
¨ A+ Potable Water (Drinking, Swimming, 

Fishing, Boating) 
¨ A (Swimming, Fishing, Boating only) 
¨ B (Fishing and Boating only) 
¨ C (Boating Only) 
¨ D (No Drinking, Swimming, Fishing, or Boating) 
¨ F Black Water (No habitats within or around 

water) 
Do you know if your municipio uses water from this river 
or any rivers downstream?  

¨ Yes, how? ______________________________ 
¨ No 
¨ I Don’t Know 

Do you know of activities carried out by other people that 
harm the water quality of the river?(i.e. pollution) 

¨ Yes, What are they? ______________________ 
___________________________________________ 
¨ No 

Do you visit other rivers in Puerto Rico? 
¨ Yes, which 

ones?__________________________ 
________________________________________ 

¨ No, why not?_____________________________ 
________________________________________ 

 

 

 

 

 

 

¨ 6-10	
¨ 11	or	more	
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Education 
Mark the concepts with an “X” that you know relate with 
the river. 

¨ Watershed 
¨ Water upstream/downstream 
¨ Water Law of Puerto Rico 

Who does the river belong to? 
________________________________________________ 
Which of the following ecosystem services do you think 
this river provides the most?  

¨ Provisioning (i.e. food, drinking water, 
agriculture) 

¨ Regulation (i.e. water purification, flooding event 
reduction, soil fertility maintenance, nutrient 
delivery) 

¨ Cultural (i.e. recreational activity, ecotourism, 
aesthetics) 

¨ Supporting (i.e. conservation of biodiversity) 
Do you know any species of animals that inhabit the water 
of the river? 

¨ Yes (List up to 3): 
________________________________________
________________________________________ 

¨ No or Unsure 
 
 

 
Do you know any species of birds that inhabit the banks of 
the river? 

¨ Yes (List up to 
3___________________________ 
________________________________________ 

¨ No or Unsure 
The animal and or/bird species mentioned in the previous 
questions have been… 

¨ Viewed 
¨ Captured 
¨ Consumed 
¨ Sold 
¨ Sent to aquariums 
¨ Used for crafts 
¨ Talked about 

Do you consider the vegetation on the banks of the river 
important? 

¨ Yes 
¨ No 

If you do not consider it important, what do you suggest 
doing with the vegetation? 

¨ Prune it 
¨ Eliminate it 
¨ Replace it 

 
Conservation and Preservation of the River 
Are you a member of this municipio? 

¨ Yes 
¨ No 

Would you be in agreement if this river was protected with 
some conservation mechanism? 

¨ Yes 
¨ No 

 
 
 
 

If a community group was created to oversee the 
conservation of the river, on scale of 1-5 how willing 
would you be to participate? (With 1 being extremely 
involved and 5 wanting no involvement) ______ 
 
Do you know what a management plan is? 

¨ Yes, it is 
_________________________________ 

¨ No 
Have you ever donated to this state forest?  

¨ Yes 
¨ No 
¨ No, but I would like more information on how to 
¨ I prefer not to answer 

 
Socioeconomic Profile 
Gender 

¨ Female 
¨ Male 

Age 
¨ 21-29 years 
¨ 30-39 years  
¨ 40-49 years 
¨ 50-59 years 
¨ 60+ years 

Individual Income 
¨ $0-$9,999 
¨ $10,000-$19,999 
¨ $20,000-$29,999 
¨ $30,000-$39,999 
¨ $40,000-$49,000 
¨ $50,000+ 
¨ I prefer not to answer 

 
 

 
Education 

¨ Some High School 
¨ High School 
¨ Some College or Associates 
¨ Bachelor’s 
¨ Masters 
¨ Doctorate 

Family Composition (Including yourself) 
¨ 1 (Just Myself) 
¨ 2 
¨ 3 
¨ 4 
¨ 5 
¨ 6 
¨ 7+ 

Zip Code of Residence: ___________________________ 
Do you live within walking distance of the river? 

¨ Yes 
¨ No 
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Additional Comments 
_____________________________________________________________________________________________

_____________________________________________________________________________________________

_____________________________________________________________________________________________

_____________________________________________________________________________________________

_____________________________________________________________________________________________

_____________________________________________________________________________________________ 

_____________________________________________________________________________________________ 

 
 

Figure 41: Completed Modified River Usage Survey 
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Figure 42: Brochure 
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10.0 Appendix C – Field Pictures 
 

 
Figure 43: Charca Eliodoro Blanco (Artificial Pond) of Monte Choca State Forest 

 

 
Figure 44: Campground within Monte Choca State Forest 
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Figure 45: Ceiba Tree within Monte Choca State Forest 
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Figure 46: Ceiba Pan carved for gold panning in the Rio Mavillas 

 

 
Figure 47: Veredera de los Granadillos Trail within Monte Choca State Forest 
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Figure 48: Exterior of Monte Choca Museum located at the Community Center 

 

 
Figure 49: Interior of Monte Choca Museum located at the Community Center 
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Figure 50: Department of Natural and Environmental Resources Area of Protection Sign in Front 

of the Rio Mavillas 
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Figure 51: Segment of the Rio Mavillas as seen from the campground of Monte Choca State 

Forest 
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Figure 52: Bamboo Cathedral in Monte Choca State Forest 
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Figure 53: Kevin measuring the pH and temperature of stream within Bamboo Cathedral 

 

 
Figure 54: Lindsay measuring the pH and temperature of stream within Bamboo Cathedral 
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Figure 55: Mike and James completing the Visual Stream Assessment Protocol within the Rio 

Mavillas while collecting GPS coordinates of the transects 
 

 
Figure 56: Lindsay measuring the depth of the Rio Mavillas at the third transect 
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Figure 57: Kevin completing the Visual Stream Assessment Protocol within the Rio Mavillas 
 
 
 
 
 
 
 
 



 

Assessment of the Rio Mavillas for Inclusion in Puerto Rico’s Heritage River Program 
 

140 

Figure 58: Mike, Lindsay, Kevin, Karleen, and James walking through the Rio Mavillas during 
the Visual Stream Assessment Protocol 

Figure 59: Shrimp found within the Rio Mavillas when completing the Visual Stream 
Assessment Protocol 
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Figure 60: Lindsay created a disturbance in the Rio Mavillas while James collects the 
macroinvertebrate and aquatic species within the river into the D-net 
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Figure 61: Kevin and Mike removing the macroinvertebrate and aquatic species collected within 
the D-net into a bucket  

 
Figure 62: Lindsay, Sofia Burgos Caraballo, and Juan Portalatín Rivera discussing Rosgen 

Classification 
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Figure 63: Juan Portalatín Rivera describing the method to measure channel sediments and rock 

 

 
Figure 64: Lindsay measuring a rock during Rosgen Classification 
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Figure 65: Juan Portalatín Rivera and Manuel De La Mata De Jesús conducting a cross-section 

survey during Rosgen Classification 
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Figure 66: Manuel De La Mata De Jesús conducting a cross-section survey, while Lindsay 
Gurska, Sofia Burgos Caraballo, and Juan Portalatín Rivera complete the channel material 

assessment 


