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Abstract 
This document was prepared for The Conservation Trust of Puerto Rico and contains 

detailed results, analysis, and recommendations for the Rio Piedras around the first aqueduct. 

The Management Plan contains an examination of the riverôs riparian zone. In order to complete 

the examination, our team performed an analysis of the watershedôs flora, water quality, and soil 

densities and compositions. We found fair water quality and biodiversity, but there is an 

overwhelming amount of invasive species, debris, and erosion problems. Overgrowth, natural 

debris, and urban development are the three obstacles that The Trust needs to address to conserve 

the river. Our teamôs recommendations suggest a conservation approach, buffer zone expansion, 

erosion control, debris control, and the addition and removal of flora. The Rio Piedras will be 

restored to reduce flooding, increase ecological value, and to form the natural feature of the 

aqueduct complex. 
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Chapter 1: Introduction 
The Rio Piedras watershed is one of the rare natural regions in San Juan that requires 

conservation. Located within the city, the river has been encroached upon by human 

development. The outlining features of the river bank include parking lots, buildings, roads, 

fences, farms, and river diversions (dams). In turn there is widespread pollution, flooding, 

sediment loss, growth of invasive species, and damage to aquatic and terrestrial life.   

We created the following Conservation Management Plan for the watershed around 

Puerto Ricoôs first aqueduct.  The plan includes an assessment of the riparian zone health, flora 

identification, and recommendations to restore the riverôs ecology. These recommendations 

include addressing the urban features surrounding the river, adding and removing species, and 

improving the riparian buffer zone.   

 The Conservation Trust is faced with a unique situation because the river is located 

within the ñEcological Corridorò as well as within urban San Juan.  We have discovered how 

abandonment and mistreatment of the region has hurt its ecology.  Furthermore, we have 

suggested means to repair the damage that has taken place.  By completing the restoration of the 

aqueduct and the surrounding river, The Trust will establish a cornerstone for site conservation 

in an urban area.   
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Chapter 2: Background 

 The following sections are a concise review of the supporting information relating to The 

Management Plan. This includes various theoretical approaches to conservation management, an 

understanding of functions of the riparian zone, and the implications of riparian zone damage.  

2.1 Conservation Approaches 

 Conservation is the complex process of integrating ñhuman needs with biodiversityò 

(Brown, 2002).  When conservation is practiced, a unique strategy must be used because of 

varying ecosystems and surrounding communities.  There are three categories that conservation 

approaches are categorized: the ñclassic, populist, and neo-liberal approachò (Brown, 2002). 

 The classic approach is used 

when local people are identified as 

abusive to the ecosystem.  It is the most 

widely used approach because the 

surrounding communities are frequently 

to blame for the deterioration of an 

ecosystem.  In the case of the Rio 

Piedras, for example, local residents and 

companies are dumping into the river.  

The solution under this approach is to 

prohibit access to the property to allow 

for restoration.  The ideas and labor for the restoration would therefore be done completely by 

the company.  Although keeping the damaging people away from the property helps to allow 

regeneration, the approach rarely assists in stopping the mistreatment. Fencing, as seen in Figure 

1, is just one way of using the classic approach. 

 The populist approach is the opposite of the classic approach because the local residents 

and organizations are used for restoration.  Since they dwell in the area, local people have 

knowledge and passion that can be utilized during conservation.  In the case of rivers, for 

example, planning a restoration should involve upstream and downstream residents and 

organizations because they will see direct effects from major changes. People who live next to 

the river are important because they would like the ecosystem to achieve its potential.   

Figure 1: Using the Classic Approach 
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 The neo-liberal approach is used when economic incentives are offered to people who 

help further conservation efforts.  Normally distributed by the government, incentives are 

perhaps the most effective way to make a company seek alternatives.  Conservation becomes a 

beneficial component of social life when this approach is used.  This is why the United States has 

seen such a large increase in incentives offered.  In some cases, this approach forces companies 

to practice conservation.  The neo-liberal approach can be effective, but it requires a significant 

amount of power to utilize.  

2.2 The Function of the Riparian Zone 

The riparian zone is the region between the river and the upland.  ñRiparian vegetation is 

an important feature of the landscape because it connects terrestrial and aquatic systems and can 

function as [a] corridorò (Heartsill-Scalley, Aide, 2003).  A healthy zone can extend over 50 

meters from the waterôs edge.  It serves as a critical piece of the ecosystem because it houses a 

large diversity of species.  The riparian zone also controls flooding, sedimentation, temperature, 

pollution, and provides water filtration for a region. The riparian zone of the Rio Piedras is 

displayed in Figure 2. 

 A healthy riparian zone 

benefits the ecosystem in many 

ways.  The combination of shade 

cover and water supply catalyze a 

large diversity of species. Water 

run-off enters the riparian zone 

from lawns, roads, and urban 

development, and the zone acts as 

a natural filter to purify the water.  

Tall trees in the zone contribute to 

shade cover, which maintains a 

low temperature at the forest and 

stream floors.  Shade cover prevents growth of grasses, invasive species, and algae. 

 The wide scale deforestation in Puerto Rico resulted in severe damage to the Rio Piedras 

watershed.  This had a drastic effect on the ecosystem by changing the flow-rates and pathways 

of surrounding rivers and tributaries.  In many regions of the river, urban development has 

Figure 2: Rio Piedras Riparian Zone Downstream from the Aqueduct 



P a g e | 4 

 

decreased the width of the riparian zone and even reduced them to the river bank.  An inadequate 

riparian zone causes sediment loss, down cutting, nitration, temperature increase, water 

pollution, and invasive vegetation. 

2.3 Riparian Zone Damage 

 Deforestation exposes the delicate tropical soil to the extreme weather of the 

environment.  Deforested areas of the riparian zone have significantly higher sediment loss than 

closed canopy forests.  The lost sediment comes to rest in the water ways. This in turn causes a 

loss of bank integrity and increases flood risks by decreasing the river depth.  These effects are 

seen in the Rio Piedras, as it is surrounded by an urban environment that damages its riparian 

buffer zone. An example of sediment loss and erosion of the Rio Piedras is presented in Figure 3.  

 The urban development has 

also resulted in the down cutting of 

the Rio Piedras. Down cutting is the 

process of sediment removal by 

large amounts of water.  A stream 

incision created in the river results 

in the lowering of the groundwater 

level.  The entire ecology of the 

region is affected, including soil, 

plants, and microbial processes.  

The ground water level, which is a 

major factor in maintaining riparian zone stability, is also changed. 

 The soil composition has also been greatly affected by land use.  The nutrients that once 

allowed for native species to grow have been depleted and invasive species, which do not require 

those nutrients, are able to now flourish.  The dominance of invasive species is demonstrated in 

the growth of secondary forests on abandoned agricultural lands.  

Figure 3: Erosion of the Rio Piedras 
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Chapter 3: Rio Piedras Characteristics 

In order to assess the ecological health of the Rio Piedras around the aqueduct complex, 

we separated the river into zones of similar characteristics. Within each zone, we took soil 

samples, water samples, and identified the flora. The information allowed our group to make a 

specific management plan for the Rio Piedras. The following sections are a detailed analysis of 

each zoneôs characteristics and health. 

3.1 Interval Assessments 

The team completed a river health assessment sheet (see Management Plan Appendix I) 

in thirty-meter intervals, using the aqueduct base as a starting reference point. One interval was 

measured upstream from the aqueduct while twenty intervals were assessed downstream. In total, 

forty-two individual assessment sheets were completed, twenty-one for each bank side. The team 

visually addressed each category. The categories include shade cover, vegetation abundance, 

algae, bank integrity, continuity from previous zone, and a note section for specific comments 

corresponding to the interval. The team members collaborated with one another to decide upon 

the best qualitative descriptor in each section of the evaluation. These data from the assessment 

sheet were compiled into spreadsheets presented in Table 1 and Table 2. Some categories, such 

as algae abundance, have little to no change throughout the intervals while vegetation varies.  

Table 1: Assessment Sheet Data Compilation Aqueduct Side 
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           The group then analyzed the spreadsheets and arranged the forty-two small intervals into 

thirteen larger zones as seen in the detailed map of Figure 4.  Figure 5 displays a clear outline of 

the zones and area of the river that was surveyed. The detailed zone breakdown and general 

characteristics of each zone is seen in Table 3 and Table 4. The created zones are largely based 

upon the last category of the assessment sheet, ñContinuity from Previous Intervalò. This 

category allowed the intervals to merge together into continuous zones. Seven zones are located 

on the aqueduct side of the river while six are located on the urban side.  On both sides of the 

river near the dam, the zones are smaller because the physical appearance varies between 

intervals. The variance may be due to the presence of the dam, which has altered the riparian 

zone on the aqueduct side and changed the flow of the river.  Further from the dam, intervals are 

similar enough to create much larger zones.  

  

Table 2: Assessment Sheet Data Compilation Urban Side 
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Table 4: Aqueduct Side Interval to Zone Correlation 

Table 3: Urban Side Interval to Zone Correlation 
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Figure 4: Map ï Detailed Zone Breakdown 

Figure 5: Map ï Clear Zone Outline 
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3.2 Zone 1 

On the urban side, 

intervals -1 and 1 are grouped 

together to form the sixty-meter 

Zone 1.  The intervals contain 

areas of mostly grass and brush 

as demonstrated in Figure 6.  

There is relatively little shade 

cover since there are so few trees.  

Within the zone, clay, mud, and 

rock beaches make up the bank, 

which is steep and eroded.  Little 

human debris is present in either 

interval other than the debris collection in the water.  In the water of Interval 1, a collection of 

natural debris has created a dam which diverted water flow from its normal path that can be seen 

in Figure 7. 

Zone 1 houses one tree 

species, the African Tulip 

(Spathodea campanulata). It also 

contains a small amount of Papiro 

(Cyperus imbricatus) and an 

excessive amount of Elephant Grass 

(Pennisetum purpureum). 

Additionally, the zone holds two 

species of shrubs, one species of 

vine, and one species of fern.  The 

shrubbery is abundant and 

integrated into the grass growth yet not overgrown. Calopogonium coerulem is a very abundant 

vine within the zone, covering many of the eroded bank overhangs. The Helecho (Thelypteris sp) 

is the most visible fern in the area. There are two invasive species within the zone, the African 

Figure 6: Overview of Zone 1 

Figure 7: Natural Dam of Zone 1 
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Tulip tree and Elephant Grass. With just one tree species, Zone 1 consequently has little to no 

shade cover. To view the abundance and characteristics of species in Zone 1, see Appendix V. 

 The soil samples from 

Zone 1 are varied from point to 

point. The beginning of the zone 

has a sandy beach with small 

rocks and loose soil. The soil 

taken from this point had a high 

density of 1.722 g/cm
3
 but this 

can be attributed to the rocks in 

the sample.
 

As the zone 

progresses downstream, the bank 

becomes hard packed clay that is 

very slippery on the surface with 

a density of 1.244 g/cm
3
. The typical density of clay is approximately 1.2 g/cm

3
, and this sample 

is consistent with this value. The clay has many larger rocks within it and is extremely eroded. 

This clay sample covers a majority of Zone 1, from the start of the aqueduct to approximately 

fifteen meters after the natural dam. The eroded clay bank is almost vertical and covered by 

Calopogonium coerulem and in places by the Helecho fern, all of which is demonstrated in 

Figure 8. The complete Soil Density results can be found in Appendix III.  

The measured water temperature in Zone 1 was 26 ºC with a dissolved oxygen level of 

39% O2. The waterôs phosphate level was 1 ppm (part per million) and the pH level was 8.25. A 

healthy pH value is around 7, a neutral value. Therefore a value of 8.25 is slightly basic, but is 

still decent. The phosphate test in this zone was very good, as a phosphate level of 1ppm is 

ñexcellentò while a level of 2 ppm is ñgoodò. This indicates that the water is a good source for 

the vegetation. The water results of the zone are quite typical of rivers in the San Juan area. The 

dissolved oxygen level is a little lower than the other zones, but the difference is not significant. 

All zone water quality results can be seen in Appendix II. The overall water quality can be 

described as fair. 

  

Figure 8: Erosion of Zone 1 and Calopogonium coerulem Overhang 
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3.3 Zone 2 

 Intervals 2, 3, and 4 are grouped together to form the ninety-meter Zone 2.  There are 

many trees that have root structures reaching into the river.  These trees provide good shade 

cover for the river bank.  The bank was steep and difficult to traverse because of extending roots, 

dense undergrowth, and moss covered rocks. There is an abundant amount of natural and human 

debris, but there were no large objects found.  This zone distinguishes itself because of its 

canopy cover and related vegetation, a deeper water level, and the presence of rocks along the 

bank. The features of the zone can be seen in Figure 9.  

 Zone 2 houses eight 

tree species that range in size 

from seedlings, to small 

trees/shrubs, to large canopy 

cover trees. The African 

Tulip tree is the major 

canopy cover contributor, 

along with the sparsely 

dispersed Indian Almond tree 

(Terminalia catappa). The 

remaining six tree species are relatively small consisting of the Yellow Sanders (Buchenavia 

tetraphylla), Santa Maria (Calophyllum), Maria (Calophyllum calaba), Areca Palm 

(Chrysalidocarpus lutescenes), Guineo (Musa sp), and the Rose Apple (Syzygium jambos) 

species. The zone also contains five 

evenly dispersed shrub species, none of 

which are particularly abundant. The 

Metallic Alocasia (Alocasia plumbea) 

and the Blue Day Flower (Commelina 

diffusa) are the significant shrubs, while 

the Dumb Cane (Dieffenbachia seguine), 

Star of Bethlehem (Hippobroma 

longiflora), and Wild Hops (Hyptis 

capitata) are also present. Zone 2 

Figure 9: Zone 2 at Left 

Figure 10: Invasive Papiro of Zone 2 
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contains two species of ferns, the Helecho and Tectaria incise. The Helecho is the more common 

of the two, yet is localized to a few areas within Zone 2. The area also holds the very abundant 

Papiro and Elephant Grasses. The African Tulip and Indian Almond provide good shade cover 

for the zone, resulting in lower temperatures and better undergrowth at ground level. Zone 2 

contains seven invasive species. The Papiro Grass, Elephant Grass, and African Tulip are the 

major invasive species that play a role in the ecosystem. To view the abundance and 

characteristics of species in Zone 2, see Appendix VI. 

 The soil samples from Zone 2 are varied from the upstream to downstream locations. The 

upstream soil samples reveal a rocky, loose, and large granular soil that is found at the waterôs 

edge. Rocks in the sample resulted in a high density of 1.626 g/cm
3
. The second sample is 

medium packed dirt that contains a few roots and no rocks with a density of 1.148 g/cm
3
. The 

third sample is hard packed clay with moss along with a small amount of roots and rocks with a 

density of 1.052 g/cm
3
. The last two samples demonstrate that there is a small root structure 

below the surface, helping to control the erosion in the zone. Yet, the roots are not large or 

plentiful enough to stop the erosion problem.  

 The measured water temperature in Zone 2 was 26 ºC with a dissolved oxygen level of 

39% O2. The waterôs phosphate level was 2 ppm (part per million) and the pH level was 8.25. 

The water results of the zone are quite typical of rivers in the San Juan area. The dissolved 

oxygen level is a little lower than the other zones, but the difference is not significant. The 

overall water quality can be described as fair. 

3.4 Zone 3 

Interval 5 makes up Zone 3 because it is a distinct 

area. The bank is covered by moss and small plant life, 

making it slippery on top but stable to traverse.  A large 

amount of natural debris is present in the zone, with a small 

amount of human debris.  This zone distinguishes itself 

because there are large trees and little undergrowth. The 

typical biodiversity of the zone can be seen in Figure 11.  

Zone 3 houses eight tree species, many of which are 

small trees or seedlings. The larger tree species that 

Figure 11: Indian Almond , Sparse 

Undergrowth, and Tire Debris of Zone 3 
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contribute to the shade cover are the African Tulip, Indian Almond, and Indian Padauk 

(Pterocarpus indicus). Though there is a variety of tree species, they are all sparsely located 

throughout the zone. The fairly abundant Areca Palm is the most populated tree species in the 

area. Zone 3 also contains Elephant Grass and Papiro grass, both of which do not have a 

significant presence. Calopogonium coerulem also appears within the zone, but is located in a 

few isolated places. The shade cover within the zone is good because of the large tree species 

contributing to the canopy. The team found a few seedlings of larger trees which are a good sign 

that the zone is recovering to help control the erosion and temperature. Zone 3 holds nine 

invasive species. Although they have a low population, the African Tulip, Indian Almond, Indian 

Padauk, McArthur Palm (Ptychosperma macarthurri), and Areca Palm are the major species 

contributing to the ecosystem. An example of the rare McArthur Palm and the other vegetation 

of Zone 3 can be seen in Figure 12. To view the abundance and characteristics of species in Zone 

3, see Appendix VII.  

 The soil samples from 

Zone 3 are varied from place 

to place. The first sample, 

taken from the top of the 

bank, is a loose soil that 

contains rocks with a small 

amount of roots and organic 

matter. This soil is prone to 

erosion as there are not 

enough roots to hold the soil 

in place. The second sample 

was taken at the end of the 

zone and contains hard 

packed clay that was very slippery. The packed clay contains a few minute roots. The sample 

exhibits the zoneôs typical bank close to the waterôs edge. This type of bank allows for the 

growth of moss, small shrubs, and small grasses. Consequently, the bank is eroded and very 

steep. The first sample has a density of 0.765 g/cm
3 

while the second sample has a density of 

Figure 12: McArthur Palm and Zone 3 (Building  in Far Background) 
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1.244 g/cm
3
. The density of the clay is almost double that of the soil sample, demonstrating how 

tightly packed the bank is in the second half of the zone. 

 The measured water temperature in Zone 3 was 26 ºC with a dissolved oxygen level of 

0% O2. The waterôs phosphate level was 2 ppm (part per million) and the pH level was a slightly 

basic 8. The very low dissolved oxygen level is perhaps due to the slower stagnant water present 

where the sample was taken. The test is a good indicator that the water is damaged, but the result 

is not limited to this zone. The phosphate level of 2 ppm is a good level while the pH test shows 

that the water is at a slightly basic level. The overall water quality can be described as below 

average. 

3.5 Zone 4 

Intervals 6, 7, 8, 9, and 10 are grouped together to form the one hundred fifty-meter Zone 

4.  This zone marks the point where urban development meets the riverôs riparian zone.  

Consequently, an excessive amount of human debris characterizes the zone.  At the end of the 

zone, items such as scrap metal, televisions, tires, and a car chassis are present. The canopy 

cover consists largely of 

Bamboo, positioned at 

the peak of the bank 

where the riparian zone 

meets a concrete 

foundation and fence.  

There are also scattered 

trees within the zone and 

little undergrowth.    

Some of the debris items, 

erosion, and bank 

composition can be seen 

in Figure 13. The 

resulting weak soil has 

caused Bamboo trees to 

upend and they are on 

Figure 13: Features of Zone 4 
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the verge of falling into the river.  The moss covered banks are very steep and house various 

sized rocks.  This zone distinguishes itself because it accommodates Bamboo and is surrounded 

by numerous buildings. These features may be the cause of the severe erosion and urban 

dumping that also distinguish the zone. Recognizable features can be seen in Figure 14 and 

Figure 15.   

Zone 4 houses seven tree species that range from small trees to large canopy cover 

species. The large tree species include the fairly abundant African Tulip and the scattered Indian 

Padauk. These two species 

provide adequate shade cover 

within the zone. The smaller 

species are less frequent and 

consist of the Angelin Tree 

(Andira inermis), Bottlebrush 

Tree (Callistemon citrinus), 

White Manjack (Cordia 

sulcata), Guineo, and the Rose 

Apple tree. Zone 4 also holds six 

shrubs, of which only Bamboo 

(Bambusa vulgaris) is widely 

populated in the zone. Bamboo 

is present at the top of the embankment near the urban development. Additionally the area 

contains three species of grass, one species of vine, and one species of fern. The grass species are 

not evenly distributed in Zone 4, as the area does not have much undergrowth. Calopogonium 

coerulem is found throughout the zone, as it hangs from many trees and eroded areas. The 

Helecho fern is the most abundant species in the zone. Zone 4 possesses seven invasive species. 

The found invasive species include Metallic Alocasia, Bamboo, Bottlebrush Tree, Elephant 

Grass, Indian Padauk, African Tulip, and the Guineo. To view the abundance and characteristics 

of species in Zone 4, see Appendix VIII. 

  

Figure 14: View of Zone 4 from Aqueduct Side, Building and Fence Present 


