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INTRODUCTION

The purpose of this document is to provide in one source
most of the data available for Puerto Rican Lakes. These data
are sparse and the bulk of them have arisen from unpublished
government documents. Because the data were collected for
different purposes by a variety of persons using a variety of
methods, changes had to be made to render them comparable. In
most cases the changes made were straightforward conversions to
equivalent units. Where data were omitted or assumptions made to
accomplish the conversions, these are noted in the explanations.
The user is cautioned to examine carefully the assumptions and
conventions adopted here before ungualifiedily accepting the data
in the summary tables.

Table 1 indicates the methods used for most of the chemical
and limnological parameters. The available data for 27 lakes are
presented as "Physical Features", Table 2; "Chemical Features",
Table 3; and "Limnological Features", Table 4.

ANNOTATED LIST OF DATA SOURCES

1. Candelas, G. R. 1956. Studies on the [reshwater plankton
of Puerto Rico. Ph.D. Dissertation, University of Minnesota.

Sampling in this program was done once (or occasionally
twice) at each lake with the exception of Lake Caonillas which
was sampled monthly for one year. Other lakes sampled were
Cidra, Dos Bocas, Matrullas. Guajataca, Guayabal, Patillas, and
Cartagena. Averages for the water column temperatures were made
on the basis of surface and bottom samples ("bottom" samples
being from 3.05 m. in Dos Bocas and Guayabal to 12.19 m. in

Patillas). Most surface and bottom measurements were from 0 and




6 meters, respectively. Parameters include pil, dissolved oxygen
and total alkalinity. Color was measured by colored discs,
reportedly, calibrated to the Pt-Co Standard, but values were so
different from any other for these lakes that thev were not used.

Phytoplankton counts were also omitted as they seemed to
be 2 to 3 orders of magnitude too low. Plankton was collected by
using a 30-40 um mesh net and by collecting ten gallon water
samples which were preserved (5% formalin) and settled for 20
days. Low counts may have been a result of pPoor preservation or
undersampling due to the use of nets.

The drainage basin area given for Dos Bocas included the
drainages for Garzas and Caonillas, so0 this was not used.
2. Candelas, G. and G. C. Candelas. 1964. Flankton studies
on Puerto Rico's fresh-water lakes: Physical and chemical
nature. Carib. J. Sci. 4(4):451-458.

This paper was based on the dissertation and, therefore,
is cited here jointly.
3. Martinez, R. R. 1979. Estudio comparativo de la
limnologia de los embalses mayores de Puerto Rico. Master's
Thesis, Dept. Biol. University of Puerto Rico, Rio Piedras.

Lakes sampled were Toa Vaca, Guajataca, Dos Bocas,
Caonillas, Carite, La Plata, Patillas, Matrullas, Cidra,
Luchetti, and Carraizo {Loiza). It was assumed that all
Measurements were taken once on each lake {(at the dam sites) at
various times of the year.

Concentrations evidently reported as PO4, NO3-N, NO2-N and
NH4-N were converted to POg4-P, NO3-N, NO2-N and NHg4~-N by
multiplying the quoted values by .31%, .226, .334 zund .875,
respectively. The resultant values appeared consistent with the

values from other studies. NOs-N and NO2-N reported separately




were summed for this report. Lake Caoniilas and Matrullas lacked
NO,; data and the NO3 data alone were used in the summary as
equivalent to NO3 + NO;-N.

Akalinities were found tc be twice the real value as a
consequence of a calculation error (as deterwined in the methods
section). The given values were halved and used.

Profile averages given were disregarded in favor of means
computed from surface and bottom values in Keeping with the fact
that more systems could be comparasd on that bhasis in this
summary.

Net productivity valiues given as "my C/m?/4 hr" on each
lake summary sheet were assumed to be per m? on the basis
of integral values tabled elsewhere in the report. Values were
converted to hourly equivalents by simple division. The value
closest to Secchi depth {as determined from other studies) was
used or in most cases an average of the 0 and 2 meter depths.
Integrals calculated for this study were not used because no

other studies had thenm.

4. Gomez-Gomez, F. and A. Torres-Gonzalez. 1978. Preliminary
trophic state classification of seven reservoirs in Puerto Rico
(and extrapolation to other island lakes). U.35.G. 8.

{administrative document.)

The seven lakes actually studied were Carite, Dos Bocas,
Garzas, Guajataca, Guayo, Luchetti, and Patillas. Most of the
data used were from these lakes only. Kach lake was sampled at
trom L to 3 stations {once per station) in a period from November
1977 through January 1976, Nitrate and phosphorus data from
other lakes were used which were from documents unavailable to us

at the time or from written communication (Carvajal data for




Cidra and La Plata). In the case of lakes Caosnillas, Cidra,
Guayabal, Jordan, La Plata, Las Curias, wvoco. Toa Vaca, and Vivi,

only NO3-N data were available and these were reported as
equivalent to NO3+NOU2-N. Data from this study reported No3TN and
NOz—N separately, $o these were summed for this report, This
reference also supplies organic nitrogen so this was summed with
NO3-N, NO2-N, and NH3-N to calculate total nitrogen for the
summary .

Net productivity was converted f:om g J2 /m3/hr to mg
C/m3/hr by multipiying by a factor of .375 (assuming a
photosynthetic ratio of 1).

The use of & single value for nuot productivity for
comparison with an average gross productivity for Lake Garzas
resulted in the anomaly that the net productivity reported was
greater than the gross.

Alkalinity was computed from pDilicarbonate {HCO3) as:
Alkalinity (CaCO3) = HCO3/1.25.

For lakes Guayo and Patillas total averages (based on
surface and bottom samples) from page 3% were used for
conductivity, temperature, and dissolved oxygyen as Lhe data for
individual stations were given on crude graphs [or these two
lakes.

Most reservoir volume estimates used in Table 1 came from

this report which had new volume estimates based on

sedimentation studies.




i Brown, R. 4., W, R, Jobin, A. waracusznte, R, Mercado, and
V. Quifiones. 1979, Preliminary results {rom a survey of water
gquality in some Puerto Rican lakes. Center for Energy and
Environment Researcn, University of Puerto Rico. U.S. Department
of Energy, CEER-15, 1979.

The lakes sampied waere Cacnillas, Jarite, larraizo, Cidra,
Dos Bocas, Garzas, Guajatacas, Guayoc, Matrullas, Patillas,

i o

Prieto, and Toro. This study was carried out as a part of the
Schistosoma study progran. fTrere were a aumber of sample sites
on most lakes and these were looked at seasonal.y for six lakes,
while others were sampled oace a year [o: three years. All
values were from surface samples taker at 2.5 m depth.

Phytoplankton values appeared anomaiously low and were
excluded. Because they wars bLassd on bottle messurements from 24
hour periods and definitely not comparabtle to other values,
productivity measurements werc not used.

6. Environmental Quality Board. .952. Tropnic classification
and priority ranking for the restoracion of lakes in Puerto Rico.
Water Quality Flanning Bureau.

Lakes studiecd were Cidra,Guayabal. Toa Vaca, Caonillas,
Guineo, Las Curias, Carrailzo, Toro, Loco, Matrullas, and
Pellejas. The lakes were visited only once #pnd at different
times of the year. Most lakes had 3 statlons; & few had L. Data
from reference 4 {Gomez and Torres, 19748y were included in the
study, but exciuded from consideration sSince they had already
been used. Water Quality date were taken from Table iV, pp. 123-
124, All samples in this study were taxen at Secchl depth but,
for our purposes, recorded as "surface”

Net and gross productivity were reported as g Op/m3/hr and

were converted to myg C/m3/hr by maltiplying by a factur of .375

(assuming a photosynthetic ratio of 1).




T Rivera-Gonzalez, 3. E. 1976. kolet tonsinip bhetween the
population dynamics and enviccnmentaj wocer c¢uallty of four
fisheries in Puerto Rico: Guajataca, Loiza, Patillias, and Toa
Vaca. Department of Natural Resources, Gpu.t Fisheries Research
and Surveys.

One to 3 stations per lake wers » jsjited wontnly for Leoiza
(Carraizo) and gquarterly for the other lakes, except for Toa Vaca
at which sampling was discontinued. 411 saaples wire taken at
1 m depths and were recorded as "surface" for our summary.

Most or the data were from Appendix 4: P34 {assumed to be
SRP), TP, pH, alkalinity, Specific condgoctiancs, NO3-H, Noz~N.
¢hlorophyli a, These data were a1l 1n raw form so surface
averages were computed. A few data points were judged to be
impossible and, thereforse, excluded frow ¢onsidecation: {(total
phosphorus for 3/4/75, stations 1 and 2 Loiza; scluble reactive
phosphorus for 3/4/75, station 2 Loiza; ana specific conductance
for 7/11/75, staticn 2 Guajataca, and &.14,/75 for station 2
Patillas). In all of these cases therse were wany other data

points for comparison. NO3-N and NOp-H separately reported were

[

summed for this report.

Uxygen and temperature data werse .iom profile graphs only
which were too ditficult to read accurateliy aad, therefore, not
used.

Data for volume, surface area, <rainage and rainfall were

taken from the text tor use in the SumMary.

8. Quifiones~Marquez, F. 1980. Limnology of Lage Loiza,
Puerto Rico. U.S. Geological Survey. Water Resources

Investigaticns 79-47,
Most of the data was obtained from thiee Lake stations (5,
6, and 7). Apparently, profilesz were taken ior dissolved orygen,

temperature, and specific conductance. Although 1t was not




Stated whether the other averages cited were profile or surface-
bottom averages, they were recorded as equivalent to surface-
bottom means for this summary. HMonthly samples were taken from
September 1973 to October 1574. Average values for total
phosphorus, total nitrogen, NOj_yN ana NHg~M were extracted from
the text of the report (pp. 73-76). Many data shown on graphs
were too difficult to read accurately and, therefore, were nct
used, A data summary, (Quinones-Margquez, 1976. Chemical,
physical, biochemical and bacteriolcgical deterwminations in Lago
Loiza, P.R. and in its main tributariszs. Sept. '73 - Dec. '74.
U.5.G.8. Open File Report 6-7.; was not available to us at this
time,

Dissolved oxygen data were read off graphs for station 7
(p.68) and were used to make surface-bottom averages for the data
summary.

Productivity data were given from 2 sampling periods at
0.5 and 2 m depths. Data for 0.5 m depths were used as this was
judged closest to Secchi depths. Data from the two periods were
averaged and converted from g o2/m3/day teo mg C/m3/hr (again
assuming a photosynthetic ractio ot 1). To obtain net
productivity, values for night respiration were doubled and
Subtracted from gross productivity values {(this resulted in a
negative overall net productivity valuel. All productivity

values used were from p. 98.




J. Jobin, W. R., F. F. Ferguson, and R. Brown. 1976.
Ecological review of hydrcelectric reservoirs in Puerto Rico.
Center for Energy and Environment Research, University of Puerto
Rico. CEER-1, 11976.

Lakes sampled were Adjuntas, Caonilias, Carite, Carraizo,
Cartagena, Cidra, Coamo, Comerio #1 and #2. Dos Bocas, Garzas,
Guajataca, Guayabal, tuayoe, Guineo, Jordan, La Plata, Las Curias,
Loco, Luchetti, Matrullas, Patillas, Peliejas, Prieto, Toa Vaca,
Toro, Tortuguero, Vivi, and Yahuecas {29 lakes 2 of which,
Cartagena and Tortuguero, are not considered in our summary).
Samples were for a number of stations chi ¢ach Lake and were often
taken near the moutns of inlets. Very smail lakes were only
sampled at one station. All were csurface samples and were
usually ccllected in onue Or two v.osits {som: were sampled through
1l or 2 consecutive months, each station visgited oncel.

Values for pH were only given in the appendix. Values for
color, turbidity, total phosphiorus, and NG, 4+ HO2-N were taken
from Table 6.

1.0 Garcfa-Sais, J. R. and L. o, Tilly. 1983, An

environmental evaluation of La Piata Lake, Toa Alta. Center for

Energy and Enviroamental Research. University of Puerto Rico,
CEER.

Monthly sampling was conducced at a number of stations over a
one year period. Profile averages were given {or most parameters
SC surface and bottom values were extracted to make surface-
bottom averages comparable to the other studies, Parameters
measured included temperature, dissolved oxygen, pH, specific
conductivity, alkalinity, NH3-N, NO: + nNoy-N, TKN, TN, SRP, TP,
Phytoplankton {cells/ml), and chlorophyli-A. secchi values and

productivity values were also extracted. Productivity values for




Secchi depth were used. Total nitrogen was calculated by adding

surface and surface-bottom averages for No3 + Nop~N and TKN,
11. Tilly, L. J. VUnpublished. The following computations were
made using rainfall-runoff coefficients, available lake wvclume

information and published rainfall data to augment the lake
inflow and turnover data available from other scurces.

The complete table for these data is reproduced here.

Areg Flushing
Drain Rain Basin Runor ¥ Lake Volume Beadiey
Basin m/vr Tetal Coefficient Taput 106m3 :
10652 10 Times/vyr
Cidra 22,2 1.9344 4.3 0.4 a5 1 .05 31.3
Patillas 65.3 1.6RYS 11.0 0.57 t, 3 14.9 4.2
Matrulias 11.4 2.2065 24 5 G.A 1.326 4.4 2.9
Guajataca 63.7 }1.591] 10.1 0.5 iy A 40,2 1 53
Toa Vaca 58 2.2122] 12.8 G.3 B, 4 69 .4 9




12. Nevarez, R. and J. Villamil. 1981, Productividad vy
contenido nutricional del jacinto de agqua, Eichornia crassipes
Mart (Solms), en relacion a algunos aspectos limnologicos del
Lago Carraizo, Puerte Rico. Center for Energy and Environment
Research, University of Puerto Rico, CEER-T-096,

Data used from this Study came from one lake station on Lake
Carraizo locateg approximately 1 km. from the dam. Samples were
taken twice monthly for a period of 5 months (June-October, 1980)
at three depths (surface, mid, and bottom). In situy measurements
were made at 1 meter intervals for pH, D.0., temperature,
specific conductivity and light, Secchi measurements were taken
as well,

Laboratory analysis included TKN, i¥, COD, BOD, Mn, Cu,
Cd, Pb, Ca, and Hg. Data for total phosphorus (three times the
concentrations found by Quifones-Marquez) were judged to be in
error and excluded. Alkalinities given from only one sampling
were double other available values for Carraizo and were,

therefore, excluded,

To make them comparable to other studies, values used were

from surface and bottom only.

L3ia Negrén, E. 1983. A study of eutrophication and aquatic
pPlants growths in selected lakes and rivers of Puerto Rico.
Project No. A-071-Pr. Final Technical Report, Bureau of

Reclamation, U.S, Department of the Interior, Washington, D.C.
The lakes sampled in this study were Guajataca, Yauco
{Luchetti), Toa Vaca, Cidra, and Loiza (Carraizo). Sampling for
eacnh lake was done twice at two stations ecach having three
depths: surtace, mid and bottom. Time between sampling was

2 months. Water was collected with an Alpha (Model 1120-C40)

from Wildeo.

10




Water samples were analyzed for pH, color, turbidity and
temperature in the field. Dissolved oxygen, conductivity,
dissolved ortho-phosphate, total phosphorus, TKN, NO; .-y, NO2-N,

NH3-N and other parameters were analyzed in the laboratory. The

NO3-N andg NO2-N data were combined for this summary. Mid water
column data were ignored and averages were computed based on the

surface and botton values for each lake.




Table 1. Methods Used in Puerto Rican Lakes#*
e e g CEE Lakes® o

Paramerer 182 3 & 5 £
—_— ——— e - =
Tecperature Haximum, minimum YSL Prope Ne decails 212 Temp
Thermomeier
Dissolved 02 Winkler Winkler modified Probte Winkler 472-A
Carpenter 10 lodozerric
pH Crizery La Hotre Frobe Ko details Ho details
Color charcs Hodel HA
Alkalieicy H_50 H SDA Elestronerric - Alkalinity
eltration ligratiun tiirstion
Conduccivicy - La Motte FProbe - 20%
Mudel Da Wheatstone-Bridge
Turbidiry E HATCH 4500%A - Yo decails -
Fly
Color Pt —Co Stazndards - - Mo derails -
{color discs)
Traosparency 41t Secchi Light mecer Secchi Secchi Secchi
{not used)
.'NQ3 = 11,13,20,2% 5,18 Mhencl 439-¢
dirulfonic Cadmium
H02 - 28 alse did arid after reducrion
crganic-N oxtdetion of
Perwanganace
NH3 s ko detaily - - 418-C
phenate
TKN - - - - 421
¥jeldahl
TP, P\].,. = ~ 6,18 Molylhidate “taucous L25-F
Chloride after Ascerblc Acid
acid hydroiyetas
SRP - 22 - = Ko detafla
Counts Phy- Net and - L18 Fixed and =
teplankcon setrled plavkran sillipaore filrered
Ket Prod/ - 31,34 Light dark 74 nr. 1002~
Ctoss Prod, botrle & hr incubatlon oxygen wethod of
20 Gaarder and Gran
{hl-a = - t£,18 Extraction and Ho detalls
ahacrbhance before
and Bfrer actd
Sazple Keouerer Ho detatils No detuilm Ke detafln Alpha Horlzcontal
Collect tan Vater-Saeplex caupler st Seccht
depih
Fiequeney, Caonillas: Uice per lahe Goce per sration b ocrained wea- Ea. lale visited
“tations, sunthly {ar Sarples from 13 wtution/lake. tcnally. Utherg once (diff. tires
ecc, Y y1. Others fcur dam hov- Jan 1677 Viyr. for 3 yrw, ol the yr,) 1-1
Cnce, - atations/lule,
Other Samples hept Warer uenerally Yo photumynrhetdc Unnealile woilers Fefrrencea: &
fine 1ight wonldleeted for T respitation net Lelirvable {eoet weihode}
and beat, no chertatry, gurted for Kpp hef: 2 26
erthoedolepical 2ialyred vithin tet: 6, 18, 37, fLanplen analyzed In
teference. 2L hr. fog NQJ' 13 field et 2P Tan lusn
KO, RH . ALK,

FOL

MuLberw An dolutn YNesdings refer to ake nrudiey reviewed,

Kuzliets 9o text aefer (o Muerarure cired,




Table 1. {cent.)

Fatraoeter ? 8 9 10 11 12
Temperature YSI~54 Profiles - Hydrolab YSY Ho decails
& L0L1 meter
Dissolved 0, ISI-34 Ho details = Hydrolab ¥S1 No detatls
Beckman Ho details during Nc details 404t Grion specifie Ko details
pl Digizal pYy NPP srudies Potentiooeter ion meter
No deratls uUsGs lan - Tritrinetric - =
Alkalinicy Pl &5
Bassegt- Profiles - Hydrolab ¥s1 No detatfls
Conductivity BergTan ho details 4041
later: la potetticmeter
Kotte multi-
Turbidicy range cenduct.
= = Ko derails - - No derails
ke - - Ko details - - Ko decaile
Traospatency = Sccchi - Secchi Secchi -
uscs USGS Ho detsils 153.2 - Ho cetails
NO “Standard lab Cadziun
3 methods” reducrion
X0 Beckzan uscs Ko detatls L - Ko details
2 Specuroplo~ lsb
tozetler
= - = Colorimetric - No detatls
a automaged
]
] - - = 351,12 Micro Xjeldshl No details
Ip, pa Pa NERC |l Ho detaila 365.1 Vanadlum Ko derwd)e
Awiorbic Hwlydate
Acid
SER "Methods™ - - 365.1 = o detatls
Counta Phy- = Caribbean - 400 cell & =
toplankton Discrict Lab, 29 - caunts
Ker Prod/ - Twice at .3 and - Light dark = -
Crosa Prod. ? 1o, deprn 29 vith free vater
diurnal curves
Chl-a . L3GS - - Fluorometer - -
SSiandard - =
=cLhoda™
Sample T eeter below 1 m depen All Burface 6 bottle caat of 2 lter Hodel 1120
Collection surface €xiept profile 4 merer intervals Van Dorn C LD Alpha
data to 20 w depth
Frequency, Hanthly faor Honthly: Ea, lake wration Yonthly kacplen Tuice mothly Each leke
Stactona; Carrateo, Sepr. 1971 ro vielted once. for ene year. far 5 wmonths: ssmpled tulce
HES quatterly for  Ocr. 1974 Statfons rnear trd~  Severa) scations June-0ct 7 mtationn/lake
olher lales. butaries and lake
{Toa Vaca disc)™ center,
Other Samples rooled

and talen to
lab, no wetho-
dalogical ref,
in lirerature
cleed, ercepr 12

Sacples analyred
USGS Dutaville,
CA. Ret: 2.4,
R 1]

Lit. cited texc
saysm VALPHA 1421
Standard Hethode™
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