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Abstract

This document was prepared fohd Conservation Trust of Puerto Rico and contains
detailed results, analysiand recommendation$or the Rio Piedras around the first aqueduct
The Management Plan containsexaminatioroft h e r pavias zodes In order to complete
the examination, our team p eflorh watemaatity, andsoia nal y s
densities and composition$Ve found fair water quality and biodiversity, but there is an
overwhelming amount of invasive exges, 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 t e amo sonsereation appreachd lzuffer zome €xpansiog,g e s t
erosioncontrol, debris controland theaddition and removal of flora'he RioPiedraswill be
restoredto reduce flooding, increasecological valugand toform the natural feature of the
aqueduct complex.
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Chapter 1: Introduction
The Rio Piedras watershed age of the rare natural regiois San Juarthat requires

conservation Located within he 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,rgwth of invasive species, and damage to aquatic and terrestrial life.

We created the followingConservaton Management IBn for the watershedround
Puerto Ricob0s first aqueduct. The plan inclu
identification, and r ecommendat i on secotogy. These setommendationse r i v
include addressing the urban features surrounding the river, adding and removing species, and
improving the riparian buffer zone.

The Conservation Trust is faced withuaique situation because the river is located
within the fE-caswalagwithia urbag $an duardve havedisoovered how
abandonment and mistreatmeott the regionhas hurt its ecology. Furthermore, ewhave
suggested means to repair thendge that has taken placBy completing the restoration of the
agueduct and the surrounding rivéhe Trustwill establisha cornerstone for site conservation

in an urban area.
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Chapter 2: Background
The following sectios are a conciseviewof the supportingnformation reléing to The

Management Ran. This includesarioustheoretical approaches to conservation manageraent
understanding of functions of the riparian zaaegl the implications of riparian zone damage.

2.1 Conservation Approaches
Conservation is the complex process of i n

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

varying ecosystems and surrounding communities. There are three categomesnska/ation

approaches are categor i zleidhe rtale (Biibvpeg 2862)sd hcq pop

The classic approach is used

when local people are identified as

' abusive to the ecosystem. It is the most

widely used approach becausthe

surraunding 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.

7 - - : The solution uder this approach is to

Figure 1: Using the Classic Approach o prohibit access to the propgrto allow
for restoration. The ideas and labor for the restoration would therefore be done completely by
the company. Although keepirtbe damagingpeopleaway fromthe property helps to allow
regeneration, the gpoach rarelyassists in stoppinthe mstreatmentFencingasseen inFigure
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 fortogation. Since they dwell in the area, local people have
knowledge and passiotihat can be utilized during conservatiorin the case of rivers, for
example, planning a restoration should involve upstream and downstream residents and
organizations becaashey will see direct effects from major changesople who live next to

the river aremportantbecause they would like the ecosystem to achieve its potential.
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The nedliberal 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 ithe/tynited Statebas
seen such a large increase in incentives offered. In some cases, this approach forces companies
to practice conservation. Tiecliberal 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 th

an important éature of the landscape because it connects terrestrial and aquatic systems and can
function as [ a}Salkey Aidej 20@8). 0A héalthg aonet can extéend over 50
meters from the wateros edge. It serves as &
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 inFigure2.

A healthy riparian zone
benefits the ecosystem in many
ways. The combination of shade
cover andwater supply catalyze a
large diversity of speciesWater
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 maintes a

Figure 2: Rio Piedras Riparian Zone Downstrem from the Aquedct 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 badcosystem by changing the fleates and pathways

of surrounding rivers and tributariesln many regions of the river,riban development has
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decreased the widtbf theriparian zone and even reduced them to the river bank. An inadequate
riparian zonecauses 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 thgarian zone have significanthygher 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 dElpgise effects are

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

buffer zone. An example of sediment Ioss and er05|on of the Rlo Pledras is presélge(EB

The urban developmérhas »’7 “\ﬁ
alsoresulted in the down cutting of
the Rio Piedras. Down cutting is th :
process of sediment removal b
large amounts of water. A strea
incision created in the river resultSi
in the lowering of the groundwate
level. The entire ecology of the
region is affected, including soil, §
plants, and microbial processesS# ’ 3 ‘ R
The ground water level, which is Figure 3: Erosion of the Rio Piedras
major factor in maintaining riparian zone stability, is also changed.

The soil composition has also been greatly affected by land use. The nutrieotscthat
allowed for native species to grow have bdepletedand invasivespecieswhich do not require
thosenutrients,are able to now flourish. The dominance of invasive species is demonstrated in
the growth of secondary forests on abandoned agriculaumds.
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Chapter 3: Rio Piedras Characteristics
In order to asess the ecological health of the Rio Raecaround the agueduct complex,

we separated the river into zones of similar characteristics. Within each zone, we took soil
samples, water samplead 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 zonebdbs characteristics and health.

3.1 Interval Assessments
The team completed a rivbealth assessment shésteManagement PlaAppendix I)

in thirty-meterintervals, using the aqueduct base as a starting reference point. One interval was
measured upstream from the aqueduct wihientyintervals were assessed downstream. In total,
forty-two individual assessment sheets were compléteghty-onefor each bank side. The team
visually addressed each category. Tagegoriesinclude shade cover, vegetation abundance,
algae, bank integrity, continuity froprevious zone, and a note sectfon 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 spreadsheetsented inTable1 and Table2. Some categries, such

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

Table 1: Assessrent Sheet Data Compilation AqueducSide

Assessment Sheet Data Compilation Aqueduct Side
Date: 3/35/2009 Completed By: Justin Pollard & Kevin Zabinski Fideicomiso Conservation Management Plan Data
Interval Number  Shade Cover Vegetation Bank Integrity  Algae H umaD:;I:I':II:turall Continuity from Previous Interval

-1 Good Moderate Stable Mone Little Mot Similar
1 Less Less Solid None Little Not Similar
2 Somewhat Moderate Stable Mone Abundant Mot Similar
3 Less Moderate Less Stable Little Moderate Similar

4 Good Full Less Stable None Abundant Similar

5 Good Full Stable Little Little Not Similar
3 Somewhat Less Less Stable Little Moderate Mot Similar
7 MNone Less Less Stable Little Moderate Very Similar
8 Less Less Less Stable Little Abundant Very Similar
9 Less Less Unstable Little Abundant Very Similar
10 Less Less Unstable Mone Moderate Very Similar
11 Somewhat Less Less Stable Little Moderate Very Similar
12 Somewhat Moderate Less Stable Little Moderate Very Similar
13 Somewhat Moderate Less Stable Little Little Very Similar
14 Somewhat Less Less Stable None Moderate Similar

15 Good Moderate Less Stable Little Little Very Similar
16 None Excessive Unstable Little None Not Similar
17 Good Full Less Stable Mone MNone Simlar

18 Good Full Less Stable Little MNone Very Similar
19 Somewhat Moderate Unstable Little Moderate Not Similar
20 Somewhat Moderate Less Stable None Abundant Simlar
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Table 2: Assessment Sheet Data Compilatiodrban Side

Assessment Sheet Data Compilation Urban Side
Date: 3/25/2009 Completed By: Mark Kowaleski and Craig Kennedy Fideicomiso Conservation Management Plan Data
Interval Number Shade Cover Vegetation Bank | ntegrity Algae Debris (Human/Natural) Continuity from Previous Interval

-1 Less Moder ate Less Stable Moderate|Little Very Similar
1 Less Less Stable Naone Moderate Very Similar
2 Somewhat Full Stable Moderate|Excessive Mot Similar
3 Good Full Salid Little Abundant Similar

4 Somewhat Less Stable Naone Moderate Very Similar
5 Good Less Less Stable Little Abundant Mot Similar
6 Less Less Less Stable Moderate|Little Mot Similar
7 Somewhat Less Stable Little Naone Very Similar
8 Less Moder ate Stable Little Moderate Very Similar
9 Somewhat Less Less Stable Little Excessive Very Similar
10 Less Moderate Less Stable Little Abundant Similar

11 Somewhat Less Stable Moderate| Abundant Mot Similar
12 Somewhat Less Unstable Little Abundant Similar

13 Naone Moderate Less Stable Moderate| Abundant Mot Similar
14 Naone Moderate Less Stable Little Moderate Very Similar
15 Naone Excessive Stable Moderate|Little Very Similar
16 Naone Excessive Unstable Moderate|Little Very Similar
17 Naone Excessive Less Stable Little Little Very Similar
13 Somewhat Full Less Stable Moderate|Little Similar

19 Less Moderate Less Stable Little Moderate Similar

20 Naone Less Unstable Little Little Very Similar

The groupthenanalyzed the spreadsheets and arrangetbthetwo small intervals into
thirteenlarger zones as seenthme detailedmap ofFigure4. Figure5 displays a clear dline of
the zones and area of the river that was surveybd detailed zone breakdovamd general
characteristics of each zonesisen inTable3 andTable4. The created¢ones are largely based
upon the | ast category of the assex©smemhi ssh
category allowed the intervals to merge together into continuous zones. Seven zones are located
on the aqueduct side of the river while sie éocated on the urbaside. On both sidesf 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 aqueduside and changed the flow of the river. Further from the dam, intervals are

similar enough to create much larger zones.
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Table 3: Urban Side Interval to Zone Correlation

Urban Side Interval to Zone Correlation
Interval Number | Zone Number Zone Description
-1
- 1 Mosthy grass and brush with a steep bank
2
3 2 Human de bris, water is slow moving at the start and fast at the end.
a
5 3 Large trees, no undergrowth, natural debris
=
7 Bamboo covered area with a small riparian zone. Buildings surround the top of the river
3 4 bank. The bank is steep and eroding with a decent amount of human debris. Little
9 unde rgrowth.
10
11 - Bank is covered with rocks with little unde rgrowth and bamboo. Buildings present. Large
12 human trash.
13
15 < —
= Bank iz covered by gras and fern vegetation. There are no trees and no shade cover, the
_'E & area & signiicantly warmer. The grass is excessive with very steep banks. Erosion
Fi
"8 problems present and in interval 20 there isa mesh cover over the bank to slow erosion.
19
Table 4: Aqueduct Side Interval to Zone Correlation
Agueduct Side Interval to Zone Correlation
Interval Number | Zone Number Zone Description
-1 7 Bamboo and tree cover. Stable Bank.
1 B Solid rock wall with bamboo at the top.
2
- - Bank is covered in bamboo and dead bamboo. The bank is eroding with a lot of
; natural debris. Grass Present.
5 10 A lot of shade cover from thriving bamboo, stable bank
5]
7
3
9 The zone is mostly covered in fallen and dead bamboo. The bank is mostly steep with
10 o a small section that is flatened out. The vegetation is dominantly bamboo with a few
11 scatered trees. Shrubs and grasses were also found in few places. There was a small
12 amount of human debris. Erosion is significantly present.
13
14
15
16 . ) )
= 12 Grass and shrubs present with scattered trees. Little bamboo found, with a steep
l; bank. Undergrowth can be found on the bank.
19
= 13 Good shade cover by the bamboo vegetation. There is little undergrowth present.
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3.2Zonel
On the urban side,"

intervals -1 and 1 are groupe
together to form thesixty-meter
Zone 1. The interval contain
areas of mostly grass and brus
as demonstrated inFigure 6.
There is relatively little shade
cover since there asofew trees
Within the zoneclay, mud, and
rock beaches make up the ban

which issteep and eroded. Littl

human debris is present in eithe Figure 6: Overview of Zone 1
interval other than the debris collection in the watkr the water of hterval 1, a collection of

natural debris hasreated a dam whiattiverted water flow from its normal path that can bensee

in Figure?.

Zone 1 houses one tree
species, the  African  Tulip
(Spathodea campanulgtalt also
contains a small amount of Papiro
(Cyperus imbricats and an
excessive amount of Elephant Grass
(Pennisetum purpe@um.
Additionally, the zone holds two
species of shrubs, one species of

vine, and one species of ferhe

Figure 7: Natural Dam of Zone 1

shrubbery is abundant and
integrated into the grass growth yet not overgro@alopogonium coerulens a very abundant
vine within the zone, coverg many of the eroded bank overhangs. The Helethelypteris sp
is the most visible fern in the area. There are two invasive species within the zone, the African
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Tulip tree and Elephant Grass. With just one tree species, Zone 1 consequently hasnlittle t

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

TR - 33

The soil samples from & =

o R

Zone 1 are varied from point to
point. The beginning of the zone
has a sandy beach with smaj s
rocks and loose soil. The so ’,
taken fom this point had a high
density of 1.722 g/cfhbut this ‘7‘
can be attributed to the rocks \} N\
the sample. As the zone
progresses downstream, the ba
becomes hard packed clay that v
very slippery on the surface Wit igure & Erosion of Zone 1 andCalopogoniumcoerulemOverhang
a density of 1.244 g/cinThe typical derisy of clay is approximately 1.2 g/cinand this sample
is consistent with this valu&he 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 coerulerand in places by the Helecho fern, all of which is demonstrated in
Figure8. The complete Soil Density ressiican be found in Appendix IlI.

The measured water temperature in Zone 1 was 26 °C with a dissolved oxygen level of
39% O, The watefs phosphate level was 1 ppm (part per million) and the pH level wasA8.25.
healthy pH value is around 7, a neutral ealliherefore a value of 2 is slightly basic, but is
still decent.The phosphate test in this zomas very good, as a phosphate level of 1ppm is
fexcell ent 06 whiidiieg oa dloe v €llh i dHe watedip @ godd esaurcet fdr a t
the vegetabn. 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 AppendiXThie owrall water quality can be

described as fair.
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3.3 Zone 2
Intervals 2, 3, and 4 are grouped together to formnthetymeterZone 2. There are

many trees that have root structures reaching into the river. These trees provide good shade
cover for theriver bank. The bank was steep and difficult to traverse because of extend#g root
dense undergrowth, and moss covered rocks. There is an abundant amount of natural and human
debris, but there were no large objetdsnd. This zone distinguishetself because of its

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

bank. The features of the zoo&n be seen iRigure9.

Zone 2 houses eighf§

""/I [/«

tree species that raagn size /=g
from seedlings, to small
trees/shrubs, to large canop
cover trees. The African
Tulip tree is the major
canopy cover contributor,
along with the sparsel
dispersed Indian Almontlee o RSl s
(Terminalia catappp The Figure 9: Zone 2 at Left
remaining six tree species are retlaly small consisting of the Yellow SandeBu¢henavia
tetraphylld, Santa Maria Qalophyllun), Maria (Calophyllum calaby Areca Palm

(Chrysalidocarpus lutescenesGuineo Musa sp, and the Rose AppleSyzygium jambQs

P ™ .

AL species. The zone also containgefi

' evenly dispersed shrub species, none of
which are particularly abundant. The
Metallic Alocasia Alocasia plumbegn
and the Blue Day FlowerCommelina
diffusg are the significant shrubs, while
the Dumb Canel§ieffenbachia seguinge
Star of Bethlehem Hippobroma
longiflora), and Wild Hops HKyptis

Figure 10: Invasive Papiro of Zone 2 capitatg are also present. Zone 2
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contains two species of ferns, the Helecho Bectariaincise.The Helecho is the more common

of the two, yet is localized to a few areas within Zone 2. The area also hol=ryh&bundant
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, Elephasd, and African Tulip are the
major invasive species that play a role in the ecosystém 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 loddt®mns.
upstream soi l samples reveal a rocky, | oos e,
edge. Rocks in the sample resulted in a high density of 1g&26. The second sample is
medium packed dirt that contains a few roots and no rocksanitbinsity of 1.14&/cnt. The
third sample is hard packed clay with moss along with a small amount of roots and rocks with a
density of 1.052y/cnt. The last two samples demonstrate that there is a small root structure
below the surface, helping to contrible erosion in the zone. Yet, the roots are not large or
plentiful enough to stop the erosion problem.

The measuredvater temperature in Zonevizas 26 °C with a dissolved oxygen level of
39% Q. The wate@s phosphate level wasgpm (part per million) ad the pH level was 8.25.

The water results of theone are quite typical afivers 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 describedfair.

3.4 Zone 3
Interval 5 makes up Zone 3 because itidistinct BT

area The bank is covered bynoss and small plant lif
making it slippery on top but stable to traverse. A lar

because there are large trees and little undergrowth. §

typical biodiversity of the zone can be seefigurell.

Figue 11: Indian Almond ,parse
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 tle 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 ofdwhicit have a
significant presenceCalopogonium coeruleralso appears within the zone, but is lodaie 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 feadags of larger trees which aaegood sign

that the zone igecovering to help control the erosiondatemperature. Zone 3 holds nine
invasivespeciesAlthough they have a low population, the African Tulip, Indian Almond, Indian
Padauk, McArthr Palm Ptychosperma macarthujriand Areca Palm are the major species
contributing to the ecosystem. An exdmpf the rare McArthur Palm and the other vegetation

of Zone 3 can be seenkigurel2. To view the abundance and characteristics of species in Zone
3, see Appendi¥/II.

The soil samples from -\

Zone 3 are variefrom place 4
to place. The first sample T
taken from the topof the
bank is a loose soil that
contains rocks with a smal
amount of roots and organig
matter. This soil is prone to
erosion as there are not

enough roots to hold the soli
|

N .‘- "
: 7 -
: (

o N > 4 i

“ K el

g
= B ‘ -
2 b |
4 7 ¥

iy \ |
in place The secondample "l ‘ "4 ‘
/‘ ./1;

zone and contains hare Figure 12: McArthur Palm and Zone 3 (Building in Far Background)

was taken at the end of th&¥

packed clay that was very slippery. The packed clay contaies aninute roots. The sample
exhibits the zonebds typical bank c¢close to th
growth of mosssmall shrubs, and small grasses. Consequently, the bank is eroded and very
steep.The first sample has a density of 0.7§6nT while the second sample has a density of
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1.244g/cn?. The density of the clay is almost double that of the soil sample, deatorg how
tightly packed the bank ia the second half of the zone

The measuredvater temperature in Zonevi@as 26 °C wit a dissolved oxygen level of
0% O, . The wateés phosphate level wasgbm (part per million) and the pH level waslightly
bast 8 The very low dissolved oxygen level is perhaps due to the slower stagnanpreatart
where the sample was takdrhe test is good indicator that the water is damagedt the result
is not limited to this zonerhe phosphate level of 2 ppm is@od level while the pH test shows
that the water is at slightly basic level. The overall water quality can be described as below

average.

3.5Zone 4
Intervals 6, 7, 8, 9and10 are grouped together to form three hundred fiftymeterZone

4. This zoe mar ks the point where wurban developnm
Consequently, an excessive amount of human debris characterizes the zone. At the end of the
zone, items sut as scrap metal, televisigntres, and a car chassis are present. Gdreopy

cover consists largely of
Bamboqg 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 bk
compositioncan be seen

in Figure 13 The
resulting weaksoil has
causedBambootrees 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
sizedrocks. This zonelistinguishes itself because it accommod&abooand is surrounded
by numerous buildingsThese features may be the cause of the sest@son andurban
dumpingthat also distinguish the zonRecognizable features cdie seen inFigure 14 and
Figurels.
Zone 4houses seven tree species that range from small trees to large canopy cover
species. The large tree species include the fairly abundactAffiulip 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 inermi3, Bottlebrush
Tree (Callistemon citrinu}
White Manjack Cordia
sulcatg, Guineo, and the Rose
Apple tree. Zone 4 also holds six
shrubs, of which onlyBamboo
Figure 14: View of Zone 4 from Aqueduct Side, Building and Fence Presen (Bambusa vulgaris is  widely
populated in the zondamboo
is presentat the top of the embankment near the urban development. Additionally the area
contains thee 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 undergaigffogonium
coerulemis found throughout the zone, as it hangs from many treeseaddd areas.The
Helechofern is the most abundant species in the zone. Zone 4 possesses seven invasive species.
The found invasive species include Metallic Alocasiamboq Bottlebrush Tree, Elephant
Grass, Indian Padauk, African Tulip, and the Guideoview the abundance and characteristics

of species in Zone 4, see Appendix VIII.



