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ABSTRACT

This studv constitues the first complete limno- j

logical survey of a watershed in Puerto Rico and w%i//

conducted over {;EEE?od of two years (1976—19;;22j:;t

examina£ the flora and fauna and their distribution;

it studieA the geology and chemistry of water and

sediments and identifies the potential sources of pd-

lution and their effects on the environment. Included

also are laboratory experiments which were conducted to
w

thrdeéh light on some of the problems encountered during

. . 5 . B .
the investigation. Flnnﬁly, possible areas for future

studies are identified.
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Limnological Survey of the Ric Espiritu Sante River Drainage System

1. Introduction

1.1 . previous limnological research in Puerto RicO

While some noteworthy and useful limnological studies
have been done in Puerto RicoO, these have been, on the
whole,fragmentary. Examples of such studies cited by
candelas and Candelas (1963) are Willie (1915) and Tiffany
(1963, 1944) on fresh water algae; Gardner (1932) on Myxo-
phyceae; Garcfa-Diaz (1938) on insects; Hagelsteln {1939)
on Diatomaceae; Osborn (1940) on bryoczoans;j Tressler (1941)
on Ostracecda from bromeliads and Candelas (1956) on planktc
Other studies done recently include those of Candelas and
Candelas (1964} on physical and chemical nature of eight
lakes; Hart (1964) and Jones {1964) on contributicns to
the limnolegy of Puerto Ri1co; Chase and Hobbs (1969) on
decapod crustaceansj Erdman (1972) on fishes; Wolfe (1972)
and Wolfe and Rice (1%72) on trace element studies in the
Afiasco River; Montgomery (1973) on trace metal chelators
of the Guanajibo, Anasco and Culebrinas Rivers; the eco-

‘\?“fjﬁ" (f7752 o Las ('(A(Amw//ﬁ,s Ceatnal eroed 11‘5 M%

ogical surveys oEthajan (1973) on the Corézén)Branderf

and Salada streams; Bhajan (1973) on the Manati River;
Bhajan (1974) on Rio S5eco; Bhaijan (1977} on Los Frailes
Creek; Bhajan (1973-1978) on several other smaller water

bodies in various terrestrial ecological impact statement;

Jobin: 66{'7'2,' 1(1‘?.@) ’_;ﬁ{)..\ et ct—/.(/f‘;'?;rf???) /5A¢\J'an et q.f(fq‘;
&N b”fﬂar}m. ‘l-r‘ fov\i.(' Feferve i-o“f o fa-ée.t a~T

uphones = MM?/AA} and. Fuste ﬂ‘?” on Tor f‘u.juer-o
fake




Previpuse Limnologiecl Research on The Ric Espirizu

Sar.to River Drainace System.

Maguire (1970) studied aguatic communities iIn bro-

meliads; Gifford and Cole (1971) and Villamil and Clements

c 5!/:;{
(1976) decafd crustaceans ,Cuevas and Clements (1875]) on
stream water chemistry. Accordingly, at the .time of pre-
paring this manuscript, no complete limnological study of ar
entire watershed, as far as can be established,has been
done. This might be a result of the fear of bilharzia,

in-accessibility of certain areas,and possibly the whole

/
gquestion of priority. This study, for—all-its—timitations,
can be considered a first attempt &o—undertake a full

study of the limnological aspects of a watershed.

Objectives of the Survey

Primary objectives

The primary cbjectives of this study are to {a) de-
fine the geolcgy of the system (b) identify the mcst
important and common species of flora and fauna {c) study
the distribution of the species {(d) examine the water
chemistrvy and some selected physical characteristics as
they vary from an elevation of about 950 M to sea level
(e) discuss some of the cbvious preblems related to this
survev through labcratery experiments and (£) suggest

future investigations.




- =

Secondaryv Objectives

Tne_overa}l oijﬁEives of the Rio Espiritu Santo
River b};££;é;léyséém Jill eventually include {a] the
interpléy of the factors of geology, climate, hydrology,
soils, fauna and flora an;:;uman impact in an attempt to
determine their individual and combined effects on the
entire drainage system (b) to provide ﬂointers and
identify areas for future watershed studies with specific
and regional reference (c} to create a unified approach
with the hope of ensuring the best use of the environ-
ment and its resources and (d) finally and hopefully
to be able to set up a working model for other systemsin

n
Puerto Rico as well asﬂother treopical areas,




Santc River originates in the E. Yungue mountaln at an
elevation of 950 M, It ccurses abcut 20.5 Km. and dis-
charges intc the Atlantic Ocean. In the upper watershec
there are two main tributaries, namely, Quebrada Grande
and Quekrzda Scnadcra. Quebrada Jiménez unites with Rio
Espiritu Santo in the middle porticn of the watershed ang
Rio Grande, Castafon Creek, Quebrada Juan Gonzilez and
Caho San Luis are the ‘primeipal tributaries of khe estudry
situated in the lower watershed. A profile of distance

above sea level of the main tributaries of the river 1is

shown in Figure - -/ unaﬁ#ﬁ:é*}

Cjiength, average gradient and drainage area of principa:
tributaries are summarized in Table __ - .; Quebrada Grande
hag a lencth of 6.47 Km. with an average gradient cf 13.6
4 /1 AT b = = 1 T 2 3 3 Y
M/100 M and Zérains an area of about 1,9 Km ., It Jjoins

the Rio Espiritu Santeo at 10.9 river ¥m. from 1ts origin

- E + N s 1 e
A | = e P LSS el — At S e ST
at an elevation of Z2€ m. meE =000 o
L T XL e 4 = A Ly ey

Quebrada Scnadora is about 3.3 Km. in lenagth, an

average cradient of 21 M/&OO M armd drains am area ef 1.5
7
elevation of 17%M, where the geclogic formaticn ccnsists

Quebrada Jiménez is 7,88 ¥m. long with an average

gradient of 12.6 M/100 M and has a drainage area
- 2 -
of 3.0 Xm©. It Scins the maln river at 12.2 river Em,
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at an elevation c¢f 17.5 m. The geologic formation
at the confluence is composed of mafic dikes and sheets.

Quebrada Sonadora is located entirely in the El
Yungque forest while the upper and lower halves of bothg
Quebracda Grande and Quebrada Jiménez are located in the
forest and grasslands, respectively.

The upper part of the main river traverses four
distinct types of forest: the Dwarf or. Mossy, Palm, Colo-
rado and Tabonuco. In its middle course it passes through

an
grasslands and some cultivated areas ,Fhe lower portion
includes some grassland, agficultural : - and mangrove
communities.
/5 4ém#ﬁ 6 K g;g

The estuary.;uask T abou . At

15.6 river Km. it receives the Ric Grande river which flc

adjacent to the town of Rio Grande and is the recipient

of various types of’;he town's wastewater. At 17.4 river

Cfra T s

Km. the Castafion Creekgunites with the estuary and dischar
sewage effluent from Ric Grande. The ceonfluences of both
Rio Grande and Castanon Creek are usually abundant with
water hyacinth-.

Quebrada Juan Gonzdlez stream flows inte the estuary
at 18.1 river Km. It traverses through inpenetrable

thickets of predominantly red mangrove (Rhizophora mangie;

and a well developed cattle egret (Bubulcug ibis ibis)

rookery.

Cano San Luls Creek joins the estuary at 19

river ¥Xm. It flows through swamp lands and mangrove

forests. -
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Fig. II-2 Rioc Espiritu Santo River System.
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~elorade forest iype (above 600 M altitude): common plant species include

‘yethea arvorea (helechc gigante, tree fern), Zecrcpia peltata 'Tagrumo

P

hembra, trumpet tree), Psychotria berterians (cechimbo cemun) .

Palm forest type (above 450 M):

[ ormmon plant species include Prestoea montana (palma de Sierra, Sierra

palm).

Tabonuco forest type (below 600 M): ccmmon plant species include Dacrycdes

excelga [tabonuce), Piper aduncum (niguille), {yethea arborea {helecho gigante,

tree Tern), Casearia arborea (rabo ratén’, C. decandra {tostade, wild honey

+ree), C._sylvestris (cafeillo), Citharexyrlum fracticosum (pendula, pasture

fiddlewood), Palicourea riparia (cachimbo, yellow palicourea), Ocotea leucoxyicn

(Laurel geo), Cuarea guidonia (guaragueso, American muskwood )

Also abundant(Little and Woodhury 197@) in the abcove four forest types recogniz

as the upper watershed are Micropholis chryvsophyllcides (caimitillo) and Cyrills

racemiflora (palc colorado, swamp cyrilla}.
The middle watershed located approximately between 25 M and 200 ¥ above sea

level consists of !

E|

Trancsiticnal moist forest type:

(ommon plant species include Nectandra patens (laurel geo colorado), Ocotea

leucoxvion {laurel geo), Guarea guidonis (cuaraguac), Casearia arboree {rabo

ratén), . decandra (tostado), C. sylvestris (cafeillo) and Solanum torrum

(verengena cimarrona, turkey berry).

~frcnland: minor cultivation of typical crops such as breadfruit (para), bhananz

{sainec}, plantain (platanc® and mange ¥

14 ,
CRENCO .




~ . Tgewure land: *re Sominzrt oresc o fe Paniowxe purpurescent cmaloiille
——— - Te———— - -

mancrove foreste and swant lends. Suear cane and coconut are the dominant

Samd

@
i
1%

R, MansrcvefFTreviously, ithe mangrove forest elmest covered Punta Miguille but

I

mest of it was destroved by Coco Beach Development. About 100 M secuth of the

estuary mouth, the red mangrove Rhizophors mangle flanks both banks to about (Yelsd!

below the confluence of Castadon Creek.

The white mangrove, Lzguncularie Tecemosa was observed around Cafic San Luis

and was more abundant on the eastern side of the estuary especially at the lcwer

eaches of the mangrove forest.

o]
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The Ric Eszirii: fanve Plver dralnars ares iz loce-e? on the
"
nothern fares cf the central mountain rance, on the eagtern side
of the island of Puerio Fice. The area is rominally bounded ty

18°17' 30" and 18°17' 25" north latitudes and AETLTT gnd £3° 5D

trdoan

wn

m

west longitudes. In general, the river with L5 riesg,is
tut one of several rivers draining the Sierra de Tugquillo mountains.
The physiography of the region can be descrited in terminus
technicus as follows. The highest sources of the sysiem begin in
mountain uplands wﬁich dominate successively the St. John peneplain
giving way to the Caguana peneplain, with a river mouth on alluvisal
flood plein (Mitchell, 19543.
1.2 Geological History

Most of the rock formations in the drazinage system date from
the upper Cretaceous period, although the orogeny which began in the
late Uppar Cretacecus period, lasting throush the Faleocene and
Tocene (roughly between 50 and 70 million years ago) probably
pushed up the Sierra de Luguillo, exposing muchk of the stratigraphy

e

p— bRy

which has been observed (Mitchell, 1654 ﬁeyerhoff, 19?2\,. Subsequent
i Rl :

eact-west folding a2lso has exposed different formetions, the principal
fold activity having occurred in the post Middle Zocene and pre-
iddle 01i 35 to 45 million year ) ‘Tsssazno, 1960)
“iddle Cligeceene (about 35 to 45 milllon yesars agc T=gsagno, 19 .
The completion of this activity virtually cencludec mountaln

formation and left the recognizable zones to which reference can

be madée in today's context.




Trpegus, sedimentary ant metamormhic roeks are gll fonend, o8
Tyaryye Baws 'rleznis rocke predominata, however and pyroclesivic
rocvs neve pesn said To glve Fuert co the appearence of

"essentielly a heap of volcanic detris (zeinroth, 19%%3). TFlutonic
and volcaniec ignecus zetiviiy apparentl +ook place during the
firsi oregany (H0-75 million years gzo). The intrusive rocks
associated with this episcde are largely grancdiorite, quartz-

erR
iorite and minor quantities of gquartz prephyry &nd gabbro.

mrave are also extrusive formatlons (volcanic) in the Sierra

D

de Iumcailld cut by NUMErous vertical dikes most of which are diatacs

ani diatase porphkyry. Andesite, the evtrugive seuivelent of ciorite,
ehowg gtretification beceuse of ejection in a subm ne environment.

Pyroclasts Tnus formed are the tuffs which svound in secticns of

ire £l Tunsue quairanzle (Seiders, 1971).

The —erm "=uf?' zenventionally refers to voleanic rock fragments

-

bound *ozstlier by CO -icn. The Tuffs are normally of medium

grain ans may VAIY from a lose friable consistency to & nard-indurated

fowm. Trhe +uffs may be massive, stratified and may grade into limestene

or shales. Unconscliated tuff is termed "woleanic ash', and when
subiectet to slizht met amcrohism during the orcgeny, glassy ashes

powaonly eorystallized forming voleanie sandstone or siltstone. The

o

réesitia rock “ormations wend to weatrer deeply erticularly in the
>

high rainizll areas of +he S%. Jokr and Caguana penenlains.

+hese rocks in general, produces soils high in clay,

medivm-low in sils and low in sand with prominent formation of iron
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Altrough there are not neariy ag meny sedimentary type rocks
in *%e Sierra de lLuguillc, those formesd or deposited during the
pleistocene era certeinly qualify as important cince they are well
represented in river and stream substrata. These rocks are derived
from alluvial deposits, swamp and marsh (largely organic muek)
deposits, blanket deposits, beach sands and indurated dunes. In
general, the parent meterials of the deposits include quartz,
calcite, voleanic breccia and plutonic debris, and are, by and large,
unconsolidated. Ratlos of quartz to other constituents are general
indications of the litholozy of the wztershed from which the
deposit is formed, since transport only occurs via wind and water
flow.

Most metamorphic rocks are associzted with the orcgeny and
are not considered prominent features of the E1 Yunque Quadrangle
(the Sierra de Luguiilo). Rather, true metamorphosis is more
prominent in the south-west part of the island, with a zone from
Comerio to Humeceo of demonstrated metamorphic mineral assemblage
(Hildebraend, 1950).

2.3 Stratigraphy
2,3.1 River Bed Substrate Teseription

Mapping of expocsed geological formetions in the Rio Espiritu

ganto drainage area has been carried out by the U.S. Geoclogical

survey (FEEEE—;;E—E;;;éS, 197§\H§eiders, 1971). There are 7

principal units identified a5 both typical of strata in the watershed




Aff TeprugentEe Be SubsuFaLed 18 The 2ic Fepiritu Santo River [weten.
st
The-Svetewm-is snown in Map IIT - 1,-aad the appropriate substra-a
ied from U.Z. Geological Survey documentc are: Hato Pusrco
Formaticn (Fhp), Terrece deposit (Qt), Llluvium (Qa), Mafic dikes
and sheets (Tkmi}, Guartz Diorite and Diorite qud), Tabonuce
Formation {Kt) and Swamp deposit (3s).

The Hato Puerco Formation descritecs a very thick segquence of
dominantly massive tuffs and volcanic breccia (Meyerhoff and Smith,
1931). Breccia refers to sharp, angled stone fregmentis cemented
together with sand or clay. The Fo;mation is expeosed throughout
the E1 Yunague quadrangle and consists of thick bedded voleanic
sandstone and breccia of andesitic to basaltic composition.
Subordinate rock types include thick bedded volcanic and calcareocus
mudstore and these Features are indicative of the submarine
envirorment in which this Formation was very likely formed (Seiders,
1971).

The Tabornuce Formation is the name applied to conspicuocusly
exposed dark gray, medium bedded mudstone (prineipally) and less-
well-exposed volcanic sandstone. The formation is partiaily
conformably overlain by the Hato Puerco Formation. The formation
is chiefly ccmposed of mudstone, and volecanic ﬁﬁhndstone which is
probably andesitic, The volcanic sandstene grades into fine and
then (rarely) into coarse volcanic breccia.

Mafic dikes and sheets refer to the very dark iron-and-
magnesium rich piutonic formations which cut the andesitic or

volcanic extrusive formations. They are composed of diabase and




adigbase-porphyry stocks.
The plutonic igneous activity and

to diorite and quartz diorite stocks now founi in the monadnocks

oL
—ia v

of the Sierra Luguillo and , “ohn and Zaguana peneplains.

The Terrace, Alluvium and Zwamp deposits are sedimentary

features more closely assoclated with the flecod plain than with

2

finf

either the monadnocks or the peneplains. The composition of

these deposits is a reflection of the weathering which has ocurred

both Lo the tuffs and voleanic sandstone of the Hato Puerco Formatio

and the Tabonuco Formation respectively. The deposits are rich in

silt and some of the most fertile agricultural land in Puerto Rico

0N,

5 +ed from the same weathering and transport which gave rise

deri
to the deposits.
2.2.2 Substrate Characteristics of the Riverine System

The drainage dasin is conveniently

drainace systems. These are ihe central Rio Eepiritu Santo River

and its 3 main tributaries: GQuebrada Sonadora Beook, Quebrada

Grande,Bxﬂsk and Quebrada Jiménez.ﬁ;;;;:frThe geological substrate
characteristic of the confluence of each tributary with the Rio

The size of drainage

Zspiritu Santo River is shown in Table Ilfl

area of each trivutary and that of the Rio Espiritu Santo River is
included in the table.

The U, S. Geological Survey has performed substrate analysis 0%
the prineiple rock formaticn in the Rio Espiritu Santo River drzinage
basin. The Tables ITI- | and ITI-)) summarizes USGS data (Seiders 1971}
on Chemical analysis of Quartz diorite and volcanic vent breccia of the
Puerco Formation.

Both fovrmations are prominent in the T1 Yunmue

Hato

- T T . - Tl . T -3 3 =
cairarnzle and the Unto Tierco Torma-ion is cenaplcuocusly well renresentec

subsecuent ejection gave rise |
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TABLE III - 1

CHEMICAL ARALYSIS OF EL YUNQUE QUADRANGLE FORMATIONS

Hato Puerco Formation

Major Quartz Fragment Fragment
Oxides diorite Gray-Green Oxidized
SiO2 67.1% 49, 2% 47 .9%
A1203 15.8 L7224, 17, O
Fe,04 2.2 4.5 8.0
FeO 2.l 5.4 3.8
MgO Lo 7 ;5 6.7
Cal 5.1 8.4 8.1
Na20 3.3 Z.9 3:8
K50 0.92 0.12 0,31
TiO2 .25 0.78 0.75
P20 0.07 0.069 0.09
MnO 0.12 0.10 0.17
co, £.0.05 £0,05 '4'0.05

o |
*None of the samples contained abdwe 3% water.
powUnan.,
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iaBLE LI11-2

CHEMICAL TRACE ANALYSIS OF EL YUNQUE QUADRANGLE FORMATICONS

Hato Puerco Formation

MidoE Quartz Fragment Fragment
3 Elements diorite Grav-Green Oxidized

Ba 0.03% 0.007% 0.007%

Be - - -

Co 0.001 0.003 0.0603

Cr 0.0005 0.005 0,007

Cu 0.0015 Q. 0L5 0.005

Ga 0.001 0,001 0.0015

Mo = - -

Nb = = s

Ni - 0,003 0.003

Pb 0.0007 - 0.002

Sid 0.001 0.003 0.003

Sn - = 0.001

St 0.03 0.05 0.05

Y 0.007 QD15 0,02

Y 0.0015 0.002 0.002

Yb 0.00015 0.0002 0,0002

Zr 0.007 0.005 0,005




The following elements.were "looked for, but not found":

Ag, As, Au, B, Bi, Cd, Ce, Ge, Hf, Hg, In, La, Li, Pt, Re, Sb, Ta, Te,

Th, T1, U, W, Zn, and Eu.

L)

.

(¥R}

.2.1 Rio Espiritu Santo River

\

: ; \
Geclegical formation and substrate information for the drainage-

7 -3

erea of the Rio Espiritu Santo River are spmmarized in Table S=I7

dt%APestf e

0f the actual area drained, more than 85% is,Hato Puerco Formation,

more than 8% is formation of Quartz dicrite and diorite, with

relatively lov areas dominated by exposed alluvium (7.210) Mafic

dike

in

The actusl riverine substrate va

agrigiz on Guarts

bottom is prineip

the other poss

and sheets (1.7%:

} and Terrace deposi+z €177,

3]

diorite and dizrite =c¢
ally compeosed of Swemp depoci

Between these points sub

o
th
w
1
ey
R=J
'_l
[ )
=
]
E-

strates comprsed of each of

ble geological strata are found,




Tarle seclocric tormaticn o Rio Zepiritu Danto Dreinece fires,
Lrea o Seclogic Fermation
m ., 2 £ - - 2
17.64 Hm ol kate Puerco Formation
0,18 ¥m 0.%2 Terrace deposits
2
C.62 Km Tl Alluvium
2
0.36 Km 1.78 Mefic dikes and sheets
1.80 Fm 8.74 Quartz diorite & dicrite
Table_jjii. Geologic formaticn of Espiritu Santo River-bed.
Location Elevation (=) Geologic Formetion
Crigin - 1.20 K=n 750-725% Tad
1.20 ¥m - 2.320 T25-535 KL
2.20 Km - 6.90 £05-120 Ko
£.90 Km - 7.40 120-100 Qa
7.%0 ¥m - 7.80 100-90 ¥hp
7.80 ¥Km - 8.30 ac-70 Qa
8.30 ¥m - 9.40 70-LE8 Tkmi
9.40 Xm - 9.90 48-Lo Khp
9.90 Km -10.85 Lo-28 Qa
10.85 Km -10,95 28-27.5 Khp
10.95 Km -11.35 27.5-26.5 Qa
11.35 Km -12.15 26.5-22 Khp
12.15 Km -12.35 22-20 Qa
12.35%5 Km -12,55 20-10.5 Tkmi
12.55 Km -12.15 10.5-10 Qa
13.15 Km -13.80 10-8 Tkmi
13.80 Km -14.65 g-5 Qa
14.65 Km -15.65 5-1.5 Qt
15.65 Km -18.05 1.5-0 Qa
18.05 Km ~-20.45 Qs

Tgd - GQuartz diorite and diorite: Xt - Tabonuce Formation: Khp - Hato
Puerco Formation: Qa - Alluvium- Tkmi - Mafic dikes and sheets: Qt-
Terrace. deposits: Qs - Swamp deposits.

-1




ares of the QJuebrads -Jiménez Swees sre summarized in Tatle <=3IF, 07

+he actuval area drairn=:, more than 31 is Hato Puerco Forme<ion.

"f{’\

. 0

Relatively small zcnes of Terrace deposits {2.24), Alluvium (

kD]
A

'
Mafic dikes and sheets [2.6%) and Tabonuco Formation {less than 19 )
comprise the remaininz strate drained by the Quebrada Jiménez tributary.

Riverine substrates begin in the Hato Puerco at the origin (Table

ZQ"GW. Terrace and Alluvium deposits are interspersed with Hato Puerco

altibdes oF
forgation at relatively high altitudes. Dikes are found at $Hhe 70

. o B
to 55 %ﬁ at éémjat 12m and at 18 m with sections of Hate Puerco, Terrace

and Alluvium interspersed.




3t le 17~ it lmener Trainm e v
Ares - Secliesic Tovmetior
TL8ET um 21,17 Heto Tuerce Torma-ion
A 2 . . .
0.150 ¥m =.8h Terrace depocits
.2 -~ - ;

C.09C Hm 2,20 Alluvium

z ” o . :
0,100 ¥m 2.56 Yalic dikes and sheets

2 - Fa e
C.C05% Fm 0.13 Tatonuco formaticn

\\

Table ITI-K.

Geolecgic formation of Jimeénez stream-ved

Elevetion
Location ()} Geologic Formation
Origin - 2.80 Km. 880 - 195 Khp
2.80Km - 2.92 Km. 185 ~ 175 Qt
2.92¥m - 2,10 Fm. 175 - 160 Kap
3.10Km - 3.58 Km. 160 - 125 Qt
3.58Km - 3.98 Xm. 125 - 100 Qa
3.98km - 4,28 Km. 100 - 95 ¥hp
L.28Km - L.49 ¥m, 35 - 83 qa
L.Logm - L.76 ¥m. 83 - 70 ¥hp
L 76Km - L.92 Km. 70 - 55 Tlmi
L_o2Km - 5.13 Km. 55 - S0 Kip
5.13Km - 5.33 Km. 50 - k49,5 Tkmi
5.33Km - 6.543 Km. bo.s - 30 Knp
6.43Km - £.63 Km. 30 - 21 Qt
6.63Km - 6.71 Km. 21 - 19.5 Khp
6.7Km - 6.9 Km. 156.5. - 19.0 Ga
5.96Km - 7.01 Fm. 19.0 - 18.5 Tlmi
7.01Km - 7.53 Km. 18.5 - 18.0 Qa
7.53Km - 7.68 Km. 18.0 - 17.5 T ki,

Khp - Hato Puerco Fermation' Qt -
- Mafi~ Ailes and sheets.

TlmA

Terrace devosits-

Za - Alluvium




T

LEL 0L Duebrads (TTANIE msesy
Seological formesion and substrate lnformation for <he warterched

) 7

area dreined by Juetrads Jrande Weeex are given in Table III-,E/. e

tve anstuel sector drained. nearly 88% is composed of Hato Puerco

Formation. MNearly ¥, consists of Terrace and Alluvium deposits

with minor sectors of Mafic dikes and sheets (2.15%) end Tabonuco

formation {.02%).

Riverine substrates begin or the Hato Puerco formation at the
origin and then alternate between Terrace and Alluvium deposits down
to 50 meters elevation where the Hato Puerco is re-exposed., After
a short drop o about 10 meters in Alluvium, an exposed Mafic dike
iz found at about ch meters elevation. Thereafier substrate
alterrates vetween cections of the exposed Hato Puerco formation

4re £
and Alluvium depesite. This data 46 summarized in Table III-




myvie TID-5, Geologit formation of Quebrade Srande Dr;inage Lres
Area o, Geologic Formation
1.670_Km2 STwOT Hato Puerco Formation
0.0%90 e L. 7 Terrace deposits
0,080 ng L, z2 Alluvium
0.060 Kme 2.15 Mafic dikes and sheets
0.005 sz 0.02 Tabonuco Formation

2

b d

Table III-B.

Geologic formation of Grande stream-bed.

Location

Elevation (m)

Geologic Formation

Origin - 3.60 Km

LAy

.60 Km -

= = w
i)
n

§ B B #

\n

A |

O
B
[}

oo o
B g
0
g
|

¥hp - Hato

.95
.15
iy
.60
.80
5.21
5.hbL
5.9
509
G
6
6
)

09

Kim
¥m
Hm

¥

Em

m

850-90
90-T70
70-68
68-62

£2-50

50-L8

L8-Le

40-38

38-37

37-35

35-3L.5

20-26

Tkmi - Mafic dikes and sheets.

Khp
Qt
Ga
Qt

Qa

Qa

Tuerco Formation: Qt - Terrace deposits Ga - Alluvium
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L, 0., Luetrade Sonadora Ciream
,

The highest rising tributary of +he Rio Espiritu Sante River,

with the smallest sotual drainece area iz the Quebrade Sconsdora

a
-

[V A

Stream. Geolocical formation and substraie information for the

i O~

watershed sectors drazined by Guebrade Sonacora S:peam are shown
/?

q
in Tatle III-?. Crnly 2 formations are exposed in the drainage

S

sector of the Guetrada Son&dora.Si;E&m. They are Hato Puerco
formation comprising 90% of exposed formations and Tebonuco formatiocn

comprising the remminder.

-
The riverine substrate begiéipn the Tabonuco formation at

the origin and the Hato Puerco exposition occurs at about 930 m.

A swmnary of altifudes and distances at which the change occurs

ic
is given in Table TII-Z.

-

Table IZI-7. Geologic Formation of Quebrada Sonadora Drainage Area
Area 7 Teologic Formation
.2 - .
1.35 Im a0 “zto Puerco Formation
- 2 .-
0.15 Em 1Q Tabenuco Formation

Table IIT-8. Geolegic Formation of Sonadora Stream-bed.

Tocation Elevation {(m) Genologic Formation

O

Origin - 0.2 ¥nm. 950-920 Tahomice Formation

0.2 ¥m - 2.8 Kn. G20-175 Hato Puerco Formation




Methodoloay

Samrling Station Criteria

The Rio Espiritu Santo River system was traversed
on foot from its origin including the three main high
gradient tributaries to the head of the estuary. A boat

was used for the estuary survey. ey
WAL (13?h£r’,

A total of 101 sampling stations W< examined, These
were comprised of shaded and unshaded pools and riffles,
weak and fast current areas, confluent sites, areas near or
at suspected contaminated Spots such as poultry and dairy
farms, sanitary landfill ang domestic wastes, within each
of the fcur tyrpes of forest recognized as Dwarf or Mossy,
Palm, Coleorado and Tabonuco;‘grassland, agricultural land
and Mang revd | areas,

The stations were distributed in five areas as
follows: Quebrada Sonadora 13, Quebrada Grande 13, Que-
brada Jimé&nez 34, freshwater of Rio Espiritu Santo proper

27 and the estuary 14. The upper limit of the estuary is

located above Highway No. 3 at sampling station Nec, /.

Field Methods

Decapod Crustaceans




¥

[#]

b)

)
d)

e)

g)
h)

The follcocwing methods were used:
rocks and stones were disturbed in riffle areas and the
animals collected in a net held across the stream.
conical wire mesh traps with baits such as raw meat,
cod fish and coconut were used for luring crustaceans
in pecols.
dip nets
visual observation
diving
to observe nocturnal activities, conical wire mesh
traps were left overnight at certain stations and
animals collected the following day.
conversing with persons who frequent some of the areas.
a Ponar grab dredge was used for some estuarine benthic

organisms.

Plankteon and Drifting Invertebrate Larvae

a) A plankton net of bolting silk No. 25 was used for
both freshwater and estuarine collections.

b) in freshwater, the plankton net was lowered just
below riffles for a period of 15 minutes and surfac
and subsurface hauls were implemented in pools.

c) in the estuary, surface and subsurface Po.on Eor

15 minutes at each station.




wp

4.2.2 BEntniE «?ﬂnfi?&& anc¢ bottom sediments in the estuary
1) Ponar aorab dedge which encloses an area of 0.05
2 5
m- was used.
b) One of the Triplicate samples was preserved for cnem
a~{ particle size analysis and the other two for
benthoes.
c) the bcttom sediments were collected in a Penar
Wit
wash frame (20" x 14" x 4")Aa mesh size of 520
microns and benthic organisms sorted using a 3x
magni-focuser.
4.2.4 Molluscs
a) wading in freshwater habitats and observing
their presence on rock and bottom substrates.
b) observations on mangrove roots, non-living
isolated branches and roots of plants and other
materials.
¢} using a Ponar grab dredge for some benthic mol-

lusc in the estuary.

d) detailed cbservaticons on Neritina reclivata were

restricted to sampling stations NWo. 15 fﬂretfé 2
of the Rio Espiritu Santo proper, since this
part of the river has large populations of the

snail, many with extensive shell damage.

1) . .
4.2.6  fijoag ascll Fasieieden

L . s !

a) Rock and soil substrates were examined
b) attached alcae were scraped off and preserved

for identification.
"\.f‘ “

ce g . . - - . -
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Ry

a) Visual observation
b) communication with local fishermen
c) throw nets

4.%.7 Physicochemicazl measurements

Fresh water?

a) In situ measurements for dissoclved oxygen and:
temperature were determined with a YSI Dis-
solved Oxygen Meter, Model 51A equipped with
a YSI Oxygen temperature probe.

b) pH was measured with an Orien Specific
Ion Meter Model 404 having pH glass and

calomel reference electrocde.

Estuary %

a) Dissolved oxygen concentrations were determined
using the Winkler method (Azide modification)
as specified in APHA, 1971.
b) during the latter part of the study, a Martex
Water Quality Analyzer equipped with pH, conduct-
ivity, dissolved oxycen and temperature probes was
used.
In both freshwater and estuary, visibility measurements
were taken with a 20 cm. Secchi disc and water samples collected

for chemical analysis.




e

I
to
o

4.3.1.2

S5ample handling anc prescrvatic

All organisms werec preserved in either 10t formal-

dehyde or 70% alcchcl excect 1rr <-

o

137 individuals of Neritima reclivate which were

taken to the laboratory for experiments and observations

on shell erosion.

Laboratory Methods

Identification procedures

Decapcd Crustaceans

a) Identification keys of Chase and Hcbbs (1969}.

b) Confirmation of some species by Dr. Vélez of
the Biology Department, University of Puerto
Rico andéthers by the Smithsonian Institute,

Washingten, D.C.

Plankton and drifting invertebrates larvae

a) Freshwater phytoplanktcon identification was
confirmed by Dr. H. Duthie of the University
of Waterloo, Ontario, Canada.

b) Keys of Pennak (1953), Traver (1938),
Edmondson ( 1966 )} Mutt ‘1976), Chu (1949) sqnd
Jacgues (1947) were used to identify invertebrate

larvae.




et 3

4.3.1.3 Benthic a2 Aneleels

- a) Identified by Miss Charlene D. Long of Arlington,
,//_7 Massachusetts sl £ f?jﬂ’{fgf Lrscs
 w o7 Tre Liniveris 7“/ e ore Tl & S evaele g,
P T 4.2.1.6 ‘/4/{/::&' .t ﬁ"/{’:r(‘sz/(//f.r e
5 T s 0K e . :
Q a%qégé%irmed by Dr. H.C. Duthie /§L0/€27 ﬁj%féaArﬂuahyf
\\_ , Llnsveracy i e | (o Tenel s i
_4.3.1.% Fish . . -, .

) ‘ a) Confirmed by keys of Erdman (1972) .
\\\\_ 4.3.1.4 Molluscs s
- and Tucker
a) Identification keys of Warmken(l961) and Emerson
and Jacobson (1976).

4.3.3 Estuarine bottom sediment analysis

The method used by C ummins (1962) and accepted
by EPA (1973) was used to de}ermine particle size. The
bottom sediments of the estuary were sifted through U.S.
sieve numbers 10, 18, 35, 60, 120 and 230 and the percentage
of particle remaining in each sieve was classified as gravel,
very coarse sand, coarse_sand, medium sand, fine sand and

-t Y
very fine sandéﬁabé"v't;a The silt and clay, which

passed through sieve number 230 were.calculated from the

original amount of sediment by S@#ﬂyj amf_czgtjfanj :

A_.GA#&‘!‘IL“*&T .
For chemical analysis, sediment samples from 18 stations

et Ty 0T

(Fig. 1IV-2) were sieved to remove sand, ground and further

sieved through 170 mesh screening. Further grounding with
equal weights of lithium carbonate flux and spectroscopic
grade graphite powder for 30 minutes in a high speed ball mill
was necessary before samples were analyzed in a Jarell Ash

1.5 M Wadsworth grating arc-emission spectrograph.
31
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FIGURE 1. RIO ESPIRITU SANTO ESTUARY SHOWING SAMPLING STATIONS
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tet- Chemis bry

Afl atomie =2bseorption spéctreghelometer; Mopdel 303
was used to obtain Ca and Mg concentrations whereas the
standard cadmium reduction method with diazo color
development (APHA "Standard Methods for Analysis of
Water and Wastewater, 1976) was used to derive the NOZ’
N03 nitrogen concentrations., Sulfate was analyzed using

turbidity measurements of barium precipitated standards

in the presence of glycerol (Hach Chemical Co. Ames, 10.,

50010) .
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Fresh shells fvehr shich the 1iving apimals had
been removeé were dicestec with Worthincton trypsin
enzymes at pH 8 in the presence of calcium icn and
stabilization conditions described by Sipos and Merkel
(1970} . The digestion was carried out overnight (24
hours) at 25°C. Fresh snail shells processed as des-
cribed above were also digested with Sigma Scientific
Co. papain enzyme in the presence of cysteine and EDTA
according to procedures outlined by de Jersey (1970).

The digestion was carried out overnight (24 hours) at
10°C. Fresh snail shells were washed with detergent and
some were treated for 90 seconds with chlorine bleach
(nominal concentration of 5% sodium hypochlorite).

The treated shells were subjected to continuous
stream water rinsing for some 6 weeks with visual ins-
pection of the shells made every two weeks. The rinsing
was carried out in A S2ri€S cf constant r/low = <o

sysﬁém sl o u#h%fk{ W TEr~ f;fwl A canr A

S;lf-ea ~ re ._4-,/ //M .
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iscontinuec after two menths due mainly to the dif-

bt

=

ulties of fungal infeczion and temperature, At the
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El Verde Field Station, a series of constant flow aguaria
system was set up. PVC tubes were used to transparent
water from a stream nearby. From the main transporting
tube, connections of flexible tubes with hose clamps were

made to allow water to enter the agquaria (Fig. Ivii).

In order to maintain a constant level, a siphon consisting

of a sieve and attached to a level controlled bottle was
used to allow the outflow of excess water through a drain

hose, .
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- Inside the aguaria. were-placed-sand, pehbles and

harger stones to simulate stream conditions. Shrimps
were collected from the fresh water streams and_brought
to the laboratory. They were then identified,ééﬁéfé%éa‘
into various aquari%’and fed with detritus, brine shrimps
and bits of meat and coconut. Temperature was about 18°C
to 20°C,.

Bipassay experiments on salinity tolerance were

conducted when zoea or larvae were available. When

gravid or berried females were cbhserved, they were removed
from the aguaria and transferred to wide-mouth gallecn glass

jars. Aeration was provided by means of a manifold system

consisting of two piston air pumps which sent air through
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needles sir was zapped frdn whie =ubing 2ng Sent Lhrougn
a connecting tube to a Pasteur zipette which rrovided

the necessary aeraticn.
Dilution of filtered sez and stream water to achieve

salinity concentrations of 10%, 15%, 25

r

o2

, 50%, 60%, 70%,
80% and 90% seawater including 100% sea water and stream
water was prepared. Four zoea or larva of the same

species were then placed in 50 ml. beakers in triplicates
at the various salinity concentrations. HNo food was sup-
plied during the experiment which lasted 96 hours, Observ-
ations on survival and molting were made every 12 hours and

the results reccrded.
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The results consist of some selected vshysico-

chemical characteristics including water chemistry;
fauna comprising of decapod crustaceans, plankton and
drifting ivertebrate larvae, benthic organisms and
bottom sediments, mollusc, and fish, and flora consisting

A ';-1../-;,;18 z.f’r-’a--v, :
o%\periphyton and ’0~¢6f1,¢4g Fes

i r

In addition, laboratory experiments on

shell erosion in Neritina reclivata have been examined.

Field Work

Decapod Crustaceans

Twenty seven species of decapod crustaceans were
observed in the Rio Espiritu Santo System and are listed

as follows:
Order Decapoda

Suborder NATANTIA
Section Penaeidfa.
Family Penaeidae
Subfamily Penaeinae

Penaeus schmitti

Section Caridea
Crangon sp.

Section Caridea
Family Atyideae

*Atyva innocous

*Atya lanipes

*Atya scabra
*Micratva poeyi
*Xiphocaris elongata
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Section Caride:
Family Palaemonidae

Subfamily Palaemoninae

*Macrobrachium acanthurus
*Macropracnium carcinus
*Macrobracnium crenulatum
Macrobrachium faustinum
¥*Macrobrachium heterochirus

Ssuborder REPTANTIA
Section Anomura
Family Paguridae

Clibanarius cubensis

Section Anomura
Family Coencbitidae

Coenobita clypeatus

Section Brachyura
Family Portunidae
subfamily Portuninae

Callinectes sapidus
Callinectes sp. 1

Section Brachyura
Family Pseudcthelphusidae
Subfamily Epilcobocerinae

*Epilobocera sinuatifrons

Sectieon Brachyura
Family Grapsidae
gubfamily Grapsinae

Goniopsis cruentata
Pachygrapsus gracilis

Section Brachyura
Family Grapsideae
Ssubfamily Sesarminae

Aratus pisonii
Sesarma ricordi
Sesarma roberti
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Section Brachyura
Family Gecarcinidae

Cardisoma guanhumi

Section Brachyura
Family Ocypodidae
- n
Subfamily Ocypodidae

Uca leptodactyla
Uca sp. 1
Gca sp. 2
Ucides cordatus

The freshwater species are indicated by asterisks (*).

Macrobrachium acanthurus, M. c¢renulatum and M. hetero-

chirus were not reported previously in the Rio Espiritu
Santc freshwater habitats and this is the first study
of the common estuarine invertebrates.

Atya lanipes was the dominant species throughout

the study area except in the estuary. Micratya poeyi was
(Tabk V-1

observed only in Quebrada Sonadorakat n elevation of 380M

in a shaded pool with weak currents. A, scabra, although

not reported in the forthcoming tables, was only observed
in fast flowing feeder brooks of Quebrada Sonadora.
Individuals measuring about 7cm. were collected in March.
Of the 10 species of freshwater decapod crustaceans, 9 were
observed in Q. Sonadora with M. acanthurus missing.

T T (TAble v-s) T (Table v-3),

In Quebrada Grande, as well as in Quebrada Jiménezﬂ 5

A

species were observed; M. crenulatum was least abundant and

not observed were Atya innocous, A. scabra, Micratya poeyi,

Macrobrachium heterochirus and M. acanthurus. In the Rio

(Table v—y),
Espiritu Santo freshwater mainstreamA species were

observed with M. crenulatum the least abundant and A. in-

-
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* The biota of Quebrada Grande
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5 The biota of Quebrada Jiméncz

<)

/s

~7

Table "
PLAN
TON

/

5

UO.DU’, [ ) 1
o]
to ( 1
*U,,QJ
Y, 1
& 1 1
't
tr
J] b 1 i
sot"ua
b
[ ' 1
?'S‘ [ %} 1
&y,
in,
“V [} L] 1
B,
9a,,,
v 4 [ 1 i
,J.’J‘am
() 1 ' 1
ey
3 [ | 1 L
=
4
09. 1 ] 1
oy )
TN 11 1
W LI} W ¥
QQ_,J
) i
Eh"‘m -
&
: 1
4Je‘a% [ ¥
. tot ] |
-4
& 1 ' i
[ L4 o
P,Qb
1 L
> 1
B O ="
NS
oy ww U %) w
A Ay 9 " 1
7] =
0 :-—4-—4
— - Y-
u “-woQaQ
888-—0 --18;—4-—4 —~-- G O — -t
oo @ n:o.gg gn:a.cu 88
o]
o diio Rl = falo -V -1 Lt ogo o B
[ ¢ a [ ]
o= iio e B =4 e B o o cTDoT f=i =
[ omaw [ B Q¢
oot — 5 Q0 e S D [ST< N
(RN R [SRhRaRs) ownwuwm oo
(=2 -] (=N Pl - ownoo w N
[=RF s WY1y} Ll BoaRag _WMNOD o v
D M W T M NN N W
b
o A =2 T py
S D M 15 o 1o
H T o o} o (o]
ol il ot [h =L gy
o E O =N o 3] oo~
o R el = + ce o g
an wodw mn o v
Sas i £a Sag




"SUOTIOBTIOD dInulw - §T UY 'pPaalrasgo Jou ‘- pue jussaid g falow 1o 9T 'V {g Inoqe ‘D !suswioads 7z 10 T srenba g
-1 -1-1-1-1] -is! sl-012kv]-1]-01-1-01s| sg1-1]1-1-1-]4d]2]| -|°133va popeus | o0¢ 0z
=l -1-1-1{-1 -2 sl-Vals]l-1-1-1-1s]o1l-4-15s1-|4d|2] ¢« Toog uadg { 9f 6T
-1 -]1-1-1-F -1=a1al-4stal-1-1-1-15s] ¥1-1-1|s]-}gapu] -| t19ood popeys| ssg at
-t =)=t -1-12lv]ols)tsiol-|-1-1-1s]| s|l-1-1s]|-} a]lwv]| 4] 1o0d pepeys | o¢ LT
-y -]~ -1-1 -1s| sl-1-ts|-01-1-1-F-1¢%<]-0-)5s|-}]dpu] 4a 1oog uado | #L 97
-b <t -1-1-1 -1-1-1-1-Isi-1-1-1-1-1-1-1-192]-]4als] -| ®t33v4 uedg| so¢ B
-y -1 -Ft-0 -lstol-0 112 -01-0 -k ¥l-1-151-]| 4% ¢ Tood uado | zs v
-1 -1 010 <=1 -1=1-FE-1-1-1-1-%-15st-1=-15s1-1|aja] -] et377a uvado| g8 £1
-1 -t-1-1-01-tstst=t-t=-1-1-1-1-F=] ~]-1-15s]-]a]o] -] orazre vedc| o6 A
-1 -0-1-1=-Y-t-=-0-01-1-01-01-01-01-1-01~}=0=]=0)-1-14dls}| -] °etagvy uado | 96 11
-1 -1-1-t-1-1-1sl-1-0-1-1-1-01-0Vs) -1-1-1s|-|]alo] -] otyata vodo | oot ot
-1 -1-t-1-1-1-121-1-1-1s|-t-1-ts)ts)-1-1-1-14a)o] ~-| tocd popeys | ocr 6
weailsg
utTep
-1 -1-1-1-1-1-1-1-1-1-1-1-1t-1tal-01-01-1-1v|-|als]| a| etasry uado| ost 9
-1 -1-1-t=-1-1-121-1-t-1-1-1-1-1s) -1-1-1v]-]14a]s| g 1ooq uadn | s12 5
youeag
3seg uiey
-1 -1-01-1-1-13-01-1-01-1-1«1-1-Voyv-1-1-F-1¥l-1ais| al3sru popeys] <oz b
-l -1-01-8-01-1-1-1-1v-1-1-1-1-1Fa2)v] -1-1-1¥]l-14als| 4| toca peprusy| ozt £
-1 -1-1-8-F-1-1-1-0-1-1-1-1-0-V-1-F-1-tvl-1da)s] a| 1oca popeus| ooy )
=1 -1-1-t-1-t-1-1-1-1-1s1-1-1-1-1-1-1-}1-4-1 als| 413374 vapeus| osr 1
3104 3seq
touvig
1sey
Tood
-1 -1-1-1- -1-1-1-1-1-1-1-¥-1-4s1 ¥}-|-1«|-14]s] 4 uadg-1wag | 0ZE 14
-b-r-0-b-1 -1 - -E-r -1 -t-1 stsYg-1-1o1-1alo)] e tood uadg ] Top £
-3 n/J 0 e} SV T8£S YV %W nw...... - ZauGWy
/& ST ETET T T TR TET T ININ LT E A AT T LT LT A epeiqand
Ry A s/ ) G s £ s ST f 5 SV SS o Je ~f & JE5 JE
E ) @ S LA A OF B of MRl
ST N ONE EEOGEEENE
SN ST T T T ETRT T ETET YT AIETET V6
N EONEE g/
.W.«u o J..._.H hunr % ...«o & e n-.@ .wm. & J_Jn..u .#_3 B\ w
£ af &f F F s/ ®
§ § § $ &
& B
HSI3 25NT10W NVIIVLISNHD 2/ wot
£/ Aned
ZD/UPWI[ PPRIINY O rvICIY oyl - nvu:cﬁu:auwo ﬁmw_nmk



oy

‘= 7 The biota of Rio Espiritu Santo
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A, 10 or more; P, present and -
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S equals 1 or 2 specimens; C,




Decapod crustaccans of Lie Rio Espiritu Santo River estuary
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Twenty on¢ Species were Cuservecd 1in the estuary ol

which 4 of the aforementicred freshwater crustaceans were

restricted to the upper limits <I the estuary, Atya lanipes

which was found to be dominant in ail freshwater habitats

was scarce. Similarly, Xiphocaris elongsta and M., carcinus

were not as abundant as in freshwater, However, M.

acanthurus increased in population size and was distributed

almost throughout the length of the estuary. The most

abundant estuarine species observed was Uca sp. 1 as

compared to M. faustinum which was quite scarce{ﬁbtﬁF 25  .
{ ;
The altitudinal distribution of decapod crustaceans

waé quite conspicuous Vﬂﬁ”.¥~l). A, lanipes and X, elongata
4 = - -

exhibited the widest altitudinal range (5-780M) followed

by E. sinuatifrons (18-750M) and M, carcinus (5-523M).

A. innocous was restricted between 295 and 440 M., M,

crenulatum 39-440M., M. heterochirus 150-550M., and M.

acanthurus 0-30M.

The longitudinal zonation along the estuary Fia 7—3)
4 -

was also guite pronounced. M, acanthurus and Uca sp. 1

showed the widest'distribution, whereas M. faustipum, P.
schmitti, C. cubensis, and Crangon sp. exhibited limited

zonation patterns.

plankton and drifting invertebrate larvae

Of the 10 orders of plankton observed in the system;
7 were composed of Insecta, 2 of Crustacea'and 1 of

n, 3 : . . :
Aracﬁ&da. Five species were noted within the Order Diptera

vy




The altitudinal distributicn of macro-fauna in the Rio Espiritu

Santo freshwater system.
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.Longitudinal zonation cof mecro-fauna elong the length of the Ric Espiritu
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and « lor Argchnids
In the Ric Espiritu Sante main freshwater stream(ﬁﬁﬁ/e v --f
~

8 orders were cbserved, Q. Jiménez 6, Q. Sonadora 6, Q.

Table v-¢) ﬁl[a}f v-i

Grande 4 and the estuary 8. In Q. Jiménez«and Q. Sonadora
the same number of orders and species was observed but it

was noted that the following were not observed: Hydracarina2

Heﬁ@tera, Coleoptera, Amphipocda and Decapoda. In Quebrada
bt
(Table 1-7)

Grandeﬂin addition to these, there were also missing

Dipteraz, Dipteras, Ephemeroptera and Plecoptera. Not

r

cbserved in the estuary were DipteraS, Trichoptera, Hydra-
,'l/'f’ 5 ‘-'-2 o i

carinazdﬁd'/ﬂv-‘ v+ 27 However, the appearance of Hemip-

Q&S cbserved wl“f\ ey
tera, Amphipoda‘\i marked increase of decapod crustacean
larvae : in the estuary{7h6k V40>,
The average number of individuals observed in a 15-
minute ccllection per sampling station was estuary 14, Q.

Sonadora7, Q. Grande 9, Q. Jiménez 4 and the Rio Espiritu

Santo main stream 22.

Benthic organisms and bottom sediments in the estuary.

Five hundred and forty six polychaetes were collected

o) during a 3-month survey and were grouped intoc 11 species
i
in 9 families as follows:
________________.._———--——""‘""7\" o

Tharg&x sp. was the dominant species and made up

68%. Capitellidae sp. 1 and Yigambra tentaculata constitute

19% and 8% respectively. The remaining eight species each
represented less than 1% of the total. The two major as
well as two of the less common species had a pattern of

t
delimited distribution by sation. -Fraryx—-sp.—and

&
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Table ¥V

-6 Distribution of drifting invertebrate larvae in Quebrada Sonadora
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Table?-?-Distribution of drifting invertebrate larvae in Quebrada Grande

/

INVERTEBRATE LARVAE
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Family Cirratulidae
Tharvyx sp.
Family Capitellidae

Species 1

Family Pilargiicdae

Sigambra tentaculata
(Trzadwell, 1941)

Family Nereidae

Stenoninereis martini

#0OF INDIVIDUALS

Family Paraonidae

Aedicira belgica
(Fauvel, 1936}

Family Capitellidae

Species 2

Familf Glyceridae

Glvecera t=sselata
(Gruhe  1863)

Family Capitellidae
Species'B
Family EZunicidae

Marphvsa sp.

Family Phyllodocidae

Species 1

Family Terebellidae

Species 1

L)
~
-3

102

43

546

20F TOTRL

eB

19
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Table ' 8-(Continued) - Distribution of drifting invertebrate larvae in Quebrada Jiménez

INVERTEBRATE LARVAE
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-?lDistribution of drifting invertebrate larvae in the Rio Espiritu Santo River

Table V-

INVERTEBRATE LARVAE
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Table /- l0-Distribution of drifting invertebrate larvae in the Rio Espiritu Santo River estuary
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-Slgamh:afzentaculata were found f[rom the sewade gotiedl

constitute 19%-and 8% respectively. The ‘remaining eiant

species each represented less than 1% of the total. The

twWo ma3oxfas—weL%H&&~bmTTT’7ﬁTWjgggﬂg;g;;;;ﬁﬁﬁf?rtmt%ern
P

0‘, imi i i s 'Etfon. Tharvx S5p. and

Sigambra tentaculata were found from the sewage outfall

(Station #7) to +he Atlantic Ocean. Stenoninereis martini

and Capitellicdae species were found from the outfall south
to the head of the estuary.

The particle size analysis of estuarine substrate
shodﬂthat very coarse sand and gravel decreased in guantity
from the head to the mouth, whereas very fine sand, silt

and clay tendedto increase (TableE-H) .

Mpllusc
Ten species of mollusc were observed in the Rio

Espiritu Sante system:

Cla

Ssubglass Streptoneura

Gastropoya

o0rdekr Prosobrahchiata
Famyly Neriticdae

Neritinal reclivata

Neritina virgikea

Family\ Lilttorinidae

Littor'#a angulifera




Class - Gastropoda
Sub-class - Pulmornata
Order - Basommatophora
Sub-order - Actophila
Family - Ellobiidae

Melampus coffeus

Sub-class - Prosobranchiata
Order - Archaeogastropoda
Family - Neritidae

Neritina reclivata

Neritina virginea

Order - Neogastropoda
Family - Littorinidae

Littorina angulifera

Family - Thiaridae

Tarebia granifera

Family - Pilidae

Marisa cornuarietis

Class - Pelecypoda
Order - Filibranchia
Family - Ostreidae

Crassostrea rhizophorae

Family - Dreissenidae

Mytilopsis dominingensis

Family - Lucinidae

Phacoides pectinatus Ve
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Neritina reclivata was aominant in both freshwater
S e e —

and upper estuarine habitats. It was not found above an
elevation of 85 M. ané except for @, Sonadora with an
* aititudinal range of 180 M -~ 945 M, it was found elsewhere.
,_raﬁgr-,hfﬁrfsfﬁj observation on shell erosion has been noted for this
species.
The scarcity of M. c9rnuaretis was guite marked and
it was noted only in a shaded poecl {station No. 17) in
Q. Jimenez. T. granifera was found to be abundant in
the freshwzter habitat especially in shaded riffles,
A fascinating array of life is supported by the
tangle of arching roots and branches of the red mangrove ,

Rhizophora mangle. Mollusc such as Neritina virginea,

C. rhizophorae, and I. alatus were fairly abundant. M,

coffeus and L. aguilifera were restricted to the mouth of

the estuary.

5.1.5 Py

In the freshwater habitats, the.periphyton consisted
e/l roa £ 5. o

mainly of mosses, ferns_.~& .7b5iatqﬁs attached

el
1

to mosses were composed of Navicula sp., Pinnularia sp.,

o g
Nitzschia sp., and Fragilaria 'sp. /?13ffw>/~€y:z;g e
' % : 4" L 2 Tt .

,,'._;',ﬂ',f\.__A o ‘._’_: c 5= - “_,_:: R Ty S IR A PR S S ) cf,“- KRR

5.1:8 FiShM - &5 A =, e

Eight species of fishes were commen in the Rio

Espiritu Santo System:
Order Anguilliformes
Family Anguillidae

Anguilla rostrata




- Qraer Belcrniformes
Family Belonicae

Belome sp.

Order Mugifocrmes
Family Mugilidae

Aconostomus monticola
Mugil curema

Order Perciformes
Family Eleotridae

Gobiomeorus dormitor

Order Perciformes
Family Gobiidae

Sicydium plumieri

Order Perciformes
m
Family Centroporidae

Centropomus enciferus
Centropomus undecimalis

S. plumieri, A. monticola and A. rostrata are fresh-
water species although they wer:. also observed at the upper
limits of the estuary. S. plumieri was found to be the
most abundant with an altitudinal range of 5-600 M. while
A. rostrata with an altitudinal range of 5-200 M. was the
least abundant.

The remaining 5 species are strictly estuarine.
However, their presence except for Belome sp. was also
observed just above the upper limits of the estuary
(station No. 27). M. curema was noted as the dominant

species and was distributed throughout the length of the

estuary whereas the others were restricted to the upper three

quarters of the estuary{'ﬁlL@ E;":“)'
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Table ¥/ Mollusc and fish of the Rio Espiritu Santo River estuary
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Ir situ measurements cf pil and temperaturc cicarly
indicated a general tendency tc 1ncrease downstream, the
exception being Q. Jimenez which showed a neglivible decrease.

The general picture for dissclved CNI'ZEn was one of gracusl

' 4 e &
s f R . »

decrease downstream, Again,--0.—Jdmenez which showed 4
negHigibie -decreases The—eeneral picture—for—disseived
exygeﬁ—was—eﬁe"oE_gxaduai_deerease—downs%feém. Again,

Q0. Jiménez displayed some variation, that 1is, there was

a slight increase to sampling station No. 8, followed

by a tendency to decrease beyond this point. In the
estuar;}:two aJerage low readings of dissclved oxygen

were recorcded. At sgation No. 7 an average of 4.35 mg/l.
at the surface and 3.0 mg/l at the bottom were noted and
most likely attributable to the sewage discharge Erom Ehe '
town of Rio Grande. At station No. 9 in Q. Juan Gonz&lez,
the low dissolved oxygen concentration cbserved averaged
3.7 mg/l at the surface and 2.05 mg/l at the bottom and

was probably caused by the rich deposit of organic detritus
produced by the exuberant mangrove and cattle egret rookery
nearby.

Secchi disc readings showed that the water transparency
was noticeably high in the freshwater and in most cases
correspondU%o the depth of the sampling sﬁations. In the
estuary visibility was high in most cases, at times extend-
ing to the bottom up to about 2.5 meters. Occasionally, due

to heavy rains, water transparency was rather low extend-

L&
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respect ro Ca and g concentrations. The resulte are ghown
in Table V-2! . With the exception cf station No. 9 values
of Ca and Mg concentration are low indicating that this
tributary contributes little to the metal ion burden at
the éonfluence with the Ric Espiritu Santo River.

Quebrada Grande and Quebrada Sonadora were also
analyzed with respect to calcium and magnesium concentra-
tions at the sampling stations for this survey. Results
are shown in Tables V-20 and V-i9 respectively. The lowest
metal ion burden contributed by any of the tributaries comes
from Quebrada Sonadora. This is consistent with observations
of Cuevas and Clements (1975) that land use patterns in-
fluence stream burdens, since Quebrada Sonadora courses
through undeveloped forest,

Estuary

Some 10 estuarine stations were surveyed to determine

the NOE + NO% nitrogen and sulfate loads. The results

for sampling period of low flow conditions are given in

Table V-23, )
wlfﬂ
These measurements tend to conform,a marine type
chemical environment at the bottom of the estuary such
a5 that associated with a variable tidal wedge of high

salinity (salt wedge).




Table . . _Summary of the Results (mg/l)
sium, Calcium, Magnesium, and Chloride in Stream Water Ac-

for Sodium,

Fotas-

cording to Vegetation Types. (Cuevas & Clements, 1975).
Vegetation ]

Type Sodium Potassium Calcium Magnesium Chloride
Forest 5.62% 0.06 0.30+£0.00 1.04+0.01 2.08£0.04 15,75+ 0.96
Grassland 8,18+ 0.22 0,39+40.00 1,88+0,07 4.20+0,20 21.07+ 1.36
Upper
Estuary 88,14%23,03 3.29+0.84 2.3440.23 14.86+3,33 34.27+97,83

7L




CONCENTRATIONS OF CALCIUM AND MAGNESIUM

IN QUEBRADA SONADORA (mg/l)

Sta. No, - Ca Mg

East Branch
1 0.65 1.13
4 0.78 1.11
West Branch
2 0.80 1,08
5 0.98 1.5&7
Main Stream
6 1.04 1,61
8 L.06 1.54

9 0.74 1,13
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Chemistry of estuarine sediments

Semi-quantitative analysis showed that the following
elements were found to be above 100 ppm concentrations in all
sediments examined: Al, Ca, Cu, Fe, Mg, Mn, K, Na, and Ti
whereas concentration levels below detectable limits were
noted for Sb, As, Ba, Ce, Cs, Co, Ge, Hf, Mo, W, U, Zn and

Z2r. Furthermore, Cr, Ni, Sr, and V were detected above 100

ppm concentrations at certain stations (Table V-24) and T1

with concentrations below 10 ppm was observed at all stations

(Block et, al, 1978),
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[ AGr EATDEY EXPEDMENTS

Shell erosion in N. reclivata

Nerfitina reclivata was dominant in both freshwater

and upper estuarine habitats. Polymorphism or variations
in color pattern were evident among all of the populations
of N. reclivata presumably owing to variations I deposition
of calcium carbonate in the form of calcite and aragonite
influenced by specific properties of the conchioclin
overlayer (Watabe and Wilbur, 1960), The conchiolin over-
layer appears to be formed during the denaturation of a
muco-scleroprotein secreted by the snail and contains a small
amount of mucopolysaccharides (wada, 1966}, Digestion of
the fresh shell with trypsin and papain or detergents did
little to dissolve or lyse the conciolin layer, thyough
it was soluble in chlorine bleach. The layer at the shell
apex tended to be dissolved away sooner than the rest of
the shell. Prolonged rinsing of the apex amending shell
revealed no further shell damage.

In general, smaller snalils were undamaged or less
damaged than larger, older snails and erosion of shells of
younger snails was confined to the shell apex., A typical

temporal sequence of the shell erosion is shown in
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Shell erosicn in K. reclivata

Neritina reclivata was dominant in both freshwater

and upper estuarine habitats. Polymorphism or variations

in color pattern were evident among all of the populaticns
of N. reclivata presumably owing to variations i deposition
of calcium carbonate in the form of calcite and aragonite
influenced by specific prcperties of the conchiolin
overlayer (Watabe and Wilbur, 1960), The conchiolin over-
layer appears to be formed during the denaturatiocn of a
muco-scleroprotein secreted by the snail and contains a small
amount of mucopolysaccharides (wWada, 1966), Digestion of
the fresh shell with trypsin and papain or detergents did
little to dissolve or lyse the conciolin layer, thyough

it was soluble in chlorine bleach. The layer at the shell
apex tended to be dissolved away sooner than the rest of

the shell. Prolonged rinsing of the apex amending shell

revealed no further shell damage.

In general, smaller snails were undamaged or less
damaged than larger, older snails and erosion of shells of
younger snails was confined to the shell apex, A typical

temporal sequence of the shell ercosion is shown in

o




- .3 The speclmens on the extreme lelt show
rc visible erocicn. The pair of shells, seécond from the

leit show incipient apex erosion, more prenounced in the
bottom specimen, the pair seccnd from the right are tuniieal
of_badly eroded shells showing exposed lavers of calcite
and aragonite with conchiolin layer interspersed. The
whitish sections shown in the photographs occasionally

have a blue or bluish green hue. The shell on the extreme
right shows how severe shell erosion can develop, virt-
uallyzﬁﬁ entire surface of the shell lacking the fresh
shiny con&iolin layer. Direct observation of predation

in progress was not uncommon with as many as 4 snails stgcked

one upon the other in 2 instances of scme 59 observations.
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alinitv tolerance oI Freshwater Decapoc

Crustacean Larvae

M. =zcanthurus zoea did not survive at all in fresh-

water whereas those of A. lanipes seemed to have done very
poorly under similar conditioems.

All zoea of A. innocous survived between 257 sea water
and sea water during the experiment of 96 hours.

M. crenulatum zoea survived for the first 24 hours in

freshwater and 10% sea water. They also survived between
25% and 70% sea water but did best at 507% sea water.

M. heterochirus zoea died after 48 hours in freshwater,

but survival rate fluctuated between 10% seaz water and
sea water, with 50% to 60% sea water showing 100% survival.
X. elongata zoea did poorly in freshwater, 10% sea

&nel Seaoatery
waterk/ One hundred percent survival was observed between

50% and 80% sea water.

7
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¢ 1 Decapod Crustaceans

9& this studyug;enty seven species of decapod rrustacean

T

were identified 1n the Rio Espiritu Santo system 1nc}unive-
-ef'the estuary.
Gifford and Cole (1971),failing to find any A, innocous
in the Sonadora and Rio Espiritu 5anto concluded that this
- was a result of steep turbulent waterfalls, some of notice-
able height, and swift rlffles;‘ Ehgy showed a preference
for slow flowing streams, Chace and Hobbs (1969) claimjkhat

-

the animal showed very little restriction in terms of its |
ecological and geographic distribution being found in the
mouth of the Layou River (Pominica) 100 feet from the Carib-
bean Sea and in other fresh water regions, It seems to be at
home in mountainawznd cascading streams, upland pools and in
waters of lowlands. In our study, contrary to Gifford and
Cole (1971L the species was observed at Q. Soradora, common
in riffles and at an altitudinal range of 225-440 meters.

A. innocous exhibifdthe peculiar trait of facing the
current and procur%jfood by the constant movement of the
bristled first and second pereoipods of the chelae to and
from the clrrent and mouth. In constant flow aguaria, they
are usually foqu where the water is in constant movement.
Chace and Hobbs;ﬁoted that ovigerous females were present

throughout the year in Dominica while Gifford and Cole (1971)

indicated an early winter to early spring breeding season.

9




- - - s =R — =

end cof March to the end of July.
postulate of Chace and Hobbs (1969) that a marine phase

is ne-sccary for the family Atyidae . agrees with our
resulcs for A. innocous. The other species will be discussed
later. The zoea of A. innocous exposed to salinity concentrations
from freshwater to sea water showed that while the larvae seemed
to thrive eﬁceedingly well from 10% to 100% sea water, they were
appreciakble affected in freshwater,
A. lanipes was found in every stream where shrimp were
- present {Gifford and Cole, 1971) and is considered to be
the most widely distributed of the decapod crustaceans
throughout Puerto Rico (Chace and Hobbs, 1969), Results of
this study clearly indicate that it is the dominant species
wké& abounds in all the freshwater Rio Espiritu Santo system
but is guite scarce in the upper estuarine waters, TIts alti-
tudinal distribution was noted between 5 and 780 M. Gifford
expr?“d’ iﬁg@.
and Cole (1971} that A. lanipes is found in
those waters where A. innocous cannot survive but this study
He case e be
shows that this is not , since both species are,found 1In
common habitats., A. lanipes prefers to feed just below rif-
fles entering pools whereas A. innocous 1S usually found at
the edge of riffles entering pools. A. lanipes feedson detri-
tus and its method of feeding is guite similar to that of A,
innocous. When not feeding, A. lanipes moves to a shaded
area where the water current is guite ‘low. Gifford and Cole
(1971) indicated that it is probably the most important species

for the recycliing of detritus and nutrient input into the

streams,

A marine phase is postulated (see above) and cur salinity tol-

erance biocassay analysis accords with this view, Most of the zoea

died in freshwater and d4id not thrive well in either 10% or 15%

T2 Ware . T
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but is not as widely distributed in Dominica (Chace and

Hobbs, 1969). Results of this study in respect of distribution
showeé that the species was not observed, However, sub-
sequent examinations of fast flowing feeder brooks of Quebra-
da Sonadora confirmed the reports of Gifford and Cole (1971),
They also noted a difference in the habitat of the male and
female adults; the former usually located in crevices between (};\
rocks, while the latter were found only in rocky riffles, The | ‘

method of feeding is most likely guite similar tc that of A,

innocous because of the presence of bristles cn the chelae,

Chace and Hobbs (1%969) found gravid females of A, scabra

at the end of January and Gifford and Cole (1371) reported

their presence in December, hence breeding occurs around

—

'(“""?;ZJ g o e g gmae Enoyemo Ay Gt

this time,

Gifford and Cole (1971) reported that M, pceyi, the smal~

lest of the decapod crustaceans was restricted to one stream«,
roisy N

Our study shows that this species was found in Q. Sonadora

.

at an elevation of 380 meters in a shaded pool with weak
currents. Chace and Hobbs (1969) noted at least two guite |

different habitats; rivers and cascading brooks and in drain-
i
age ditches with strong currents among roots of aguatic |

povved
plants. They also o that by using pronox the animal

showed greater sensitivity to this poison than other crusta-

ceans. Gifford and Cole (1971) inferred that the presence of

tufted pereoipods could well indicate filter feeding,

S, £ 8T
Chace and Hobbs (1969%) made-mention of rhe—fmet that thewgh |

the-speci®s, M, poevi breeds throughout the yearf:most cf the

eggs are swept downstream and out to sea.

7/




study indicates that the adults are usually found at a higher

elevation than juveniles. Further, juveniles are always

abundant in the upper estuary, The species is second in
£5

abundance to A, lanipes and Lonsequently Z. contributien
Al
much to the biomass of the system, It was observed that .r' -~ &

its—mede—of féeding is particle-picking rather than filter
feeding and that it shows a preference for sunlit areas,
Gravid females were quite abundant during November and

December.

The zoea of X. elongata thrived best between 50

and 807 sea water whereas it was noted that they did

very poorly in fresh and salt water. This result es-

sentially agrees with the postulate of Chace and Hobbs
(1969) and our field observations indicate that the
young juveniles moved upstream from the estuary.

In the Palaemonidae family M, carcinué_ls the largest
species of the genus and is known to occur in fresh and
brackish waters, Its food consists of both animal and
vegetable matter such as aguatic insects, fish, mollusks,
algae, leaves and parts of aquatic plants (Lewis, Ward, and
McIver, 1966). The mature males are equipped with massive
claws which make them deadly predators, Their feeding pat-
tern is to lie in wait for its victims, The observation of
heavy populations in areas where garbage was dumped indic-
ates that the animal)while omnivorous,is also a scavenger
{(Lewig, 1961},

Ovigerous females were noted between May and October with
the highest fecundity in August (Lewis, Ward and McIver, 1966},

Our study showed that thev were common from the end of March

to the end of July

Fo




Dugan et, al, (1975) give an excellent review of the

life cycle of Macrobrachium, Mating follows the female's

premating molt with the male standing over the freshly molted
female- and implants the sperm mass near the female genital
pore, Within 24 hours, as the feggie deposits eggs into her
brood chamber, they are fertilized by sperms, At 28°C,
development of fertilized eggs take 16 to 20 days, M,

carcinus carry 120,000 to 140,000 eggs while M. acanthurus

may have 8,000 to 18,000 eggs. Stage I larvae of M, carcinus

(Lewis and Ward, 1965) and M, acanthurus (Choucdhury, 1970)

are 1.44 mm and 2,25 - 2.35 mm in length respectively, Stage
lavrvae

I M. carcinus, are free swimming while those of M. acanthurus

usually cling to vegetation and become planktonic at Stage

II. Planktonic larvae are then carried by the current to
brackish water water where they remain during their larval
development (usually 30-50 days). Larvae that remain in
freshwater or 100% sea water do not survive (Lewis, 1961;
Choudhury, 1970), First stage larvae do not feed and after
passing through 8-10 larval stages they metamorphose into
juveniles, settle to the bottom and migrate toward freshwater.
Sexual maturity 1s reached by the seventh month,

M. acanthurus, as has been observed, lives in brackish

and freshwater at low altitudes (Choudhury, 1970), During
the day, according to Chace and Hobbs (1969) the animals
were found along the shore-line among aquatic plants and
tended to be active at night moving debris accumulation to

the surface. They relish animal and plant materials and are




Loih omnivorous scavengers and cannibalistic (Inglc and
Eldred, 1960). The cannibalistic tendency was observed
during the laboratory culture of our study in that the lach
of food soon made the adults aggressive and cannibalistic

towards the newly molted individuals,

Dugan and Frakes ({1972) indicated that the larvae of M.

acanthurus need a salinity phase, Dobkin (1971) noted that of

655 larvae reared between 26-30% C onlv 4 and 5 reached meta-
morphosis at salinity concentrations of 35% and 23,5%¢respect-
ively whereas no larvae reared at 12% reached metamorphosis,

Choudhury's work (1970) showed that larvae reared in salinity

concentrations higher or lower than 60% sea water failed to me-

tamorphose, Choudhury (1971) showed that larvae reared at 33%
salinity perished within 11 days and that the maximum survival
and development toock place at salinities between }5% and 20% at
a temperature range of 23-27°C. Dugan et. al, (1975) observed
that optimum salinity for M. acqnthurusllarvae was l6%.at 28°C,.

Hughes and Richard (1973) observed that M. acanthurus larvae

remained at the bottom of an experimental canal with running
waters during a decrease in salinity whereas they moved through-
out the water column ¢s salinity increased, It appears that

this behaviour prevents the larvae from movinge to the sea

and maintains their position in the estuary,

In our bioassay study we found that the larvae of M, acanthurus

died in freshwater and did not thrive well in 10% sea water

Therefore the importance of a salinity phase which coincides with

the above cited studies ‘55°TW43“Q“*

&
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M. ¢renulatum abounds ip pocls of

'h

coder stroams as

well ‘as in shallow rocky areas of larcer streams. It is
also common in drainage ditches {Chace and ﬁobbs, 1969}
This study showed that they were zlso present throughout the
freshwater systgm especially in pools at an elevation cf
30-440 meters, Like other members of this genus, the

larger individuals are usually found concealed beneath rocks
and stones where they lie in wait for food, They are known
to be always in seach of food and a fragment of any meat i
stimulates them to action. Collection of ovigerous females

were made in February, March, April, May, August and September

(Chace and Hobbs, 1969) and they were common from the end of
March to the end of July in our study area. It appears that
this species was not recorded previously in Puerto Rico,

From the bicassay salinity tolerance experiments, the larvae

of M. crenulatum did not survive well in either extremes of fresh-

|
I
water or sea water, Twenty five to seventy percent sea water was

best suited,

According to Chace and Hobbs (1969) both young and adult

M. heterochirus were found to be restricted in riffle areas

and low cascades, Our study indicates the importance of rif-

fles where they were found to be common at an altitudinal range

of 150-500 meters, The feeding pattern was not observed but

the presence of claws, though not as massive as M. carcinus f

and M, crenulatum would suggest that a similar type of feed-

ing is implicated, Chace and Hobbs (1969) noted ovigercus !




females in Tebruary
study established that they were coms
end of July.

mhe bicassay experiments chowed that the larvac of M.

hetercchirus did not thrive well in Zreshwater and died after 48

hours. ]

E; sinuatrigons)the only crab with a freshwater life

- %

cycle in Puerto Rico,is restricted to fresh water habitats

and they are known to live on land where they burrow along
stream banks, However, the young are restricted to an
aquatic habitat. They feed on any kind of decaying material
and are thus considered sanitary engineers of the forest
(cifford and Cole, 1971}, Very little is known of their
life cycle,

our work shows that E. cinuatifrons are found throughout

the freshwaterjRio Espiritu Santo System, more abundant in
And

shaded poolsfare common throughout the year at an altitudinal

range of 18-~750 meters,

The riverine Espiritu Santo estuary is flanked by Rhizo-

phora mangle on its lower half and the decapod crustacean

fauna’although not abundant)is typical of mangrove shores.

Brachyuran crabs such as Ucides cordatus, Aratus pisonii,

Goniopsis cruentata and Pachygrapsus gracilis were common

in the mangrove swamps of R. mangle especially in the lower
reaches of the estuary. U. cordatus was foupd AT b;;rows

between mangrove roots and similar observations were noted
for Uca sp. 1. The distribution of both species was limited

to areas periodically inundated by the tides. G, cruentata

a
was always observed w?ndering among mangrove roots of R,




man~le  anc Laguncularia racemosa andé occasionally amen

0

the golden fern, Acrostichum aureum, £, pisonii was only

observed crawling on mangrcve rccts and branches but never
on the forest floeor. P, gracilis inhabits submerged mangrcve
roots and Qn decaying tree stumps,

Other species of brachyuran crabs such as Uca leptodactylea,

Sesarma ricordi, Callinectes bocourti (referred to as sp. 1

in the tables) and the two species of anomuran crabs, Cli-

banarius cubensis and Coenobita clypeatus were also observed

in the lower reaches of the estuary. U, leptodaégla and S,
ricordi inhabit sandy shores, However, the latter species

I~ AL
and G. clypeatus use often found among grasses and in areas
where beach debris accumulates. Aguatic crabs such as C,
cubensis and C. bocourti were observed in the mangrove forest,
but the latter species was also present in grassland areas

located in the upper half of the estuary,

Other brachyuran crabs such as Cardisoma guanhumi Sesarma

roberti, Callinectes sapidus and Uca sp. 2 were very common in
the grassland areas, that is,the upper half of the estuary.

C. guanhumi lives in borrows along the river banks where the
vegetation consists of grasses and bamboo. It has also been
obsérved behind mangrove forests and the adults may establish
populations in cane fields or grasslands quite a distance from
the river or sea shore, §. roberti was observed under river bank
debris and among grasses, Although C, sapidus is aguatic

and gquite common in the upper reaches of the estuary, it was




also collected in the mangrove areas. However, it was not
so common as C. bocourti which also shares both mangrove

and grassland habitats.

The caridean shrimps Atya lanipes, Xiphocaris elongata
——

and Macrobrachium carcinus, although few in numbers, were

collected in the upper reaches of the estuary. Mature adults
of these species were observed only in freshwater habitats
but do have an estuarine phase in their life cycle. M.
acanthurus was present throughou£ most of the estuary except

amv
close to the river mouth. It is typically g= estuarine

species and was the most abundant shrimp. Very rare were

M. faustinum, Crangon sp. and Penaeus schmitti which were

limited to the mangrove areas.
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The phenomencn ci arifitineg inv

recent interest constitutes arn important thase cf work today. Tency fldia

aisccvered thet inverterrate drift was a normal process even in “he atsence
of strong currents. Muller {195L) accounted for the drift cn the tasgis of
competition for food and space and further saw it as an agent in population
dispersel. Waters (1965) spoke of "behavioural drift" to indicate a dif-
kerence between constant end catastrophic types. He also seemed to agree
with earlier studies in respect of the comptrol and regulation of popul-
ation densities. Elliott (1967) advanced another reason for the drifting
phenomenaatnamely, that organisms logt footing or were disledged in tﬁe
competitive struggle for food and space. Hynes (1972) citing (Muller, 1954
and Waters, 1961) put forward the view that drifting reswited through po-

pulation explosion in areas and that the process replaced lost specimens

further dowvnstream, while others in the drift provide food or are simply

lost. Hynes (1972) also noted that many organisms rely on the
current for the process of respiration and will perish in still

water, even though the oxygen content is high.

In & very interesting work in Ghana, Hymes (1975) showed that
drifting fauna is normally the result of mechanical dislodgement of indi-
viduals of the bottom organisms and exposure to the risk of being carried -
away into the drift is affected by behaviour, especially respenses to light
and water rates. He also stated that there is no evidence that drift is a
form of migratory movement in response to population pressure.

The arifting pettern of the invertebrate as observed in the Rio
Espiritu Santo system varies. In the main river's freshwater habitat it was
observed that the movement of Dipteral, Dipteraz, Odonata and Trichoptera

were sgbout the same. The other species were more or less irregular. In




e
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© . Jimener ané . Sonadora , the speclec cboerved were somswhaetl 1rresuiiar

ir. dictripbuticn. In Q. Grande, on the otherhand, all species except Litiera
< Eydraqarinal showed an almost eauitable distribution. In the gstuarine
habitar Decapod larvae exhibited a rather regular distribution {except for
sampling station No. 35 where 82 were ccllectzd) as compared to the other
3 . o i : = X, £ Il

species especially Amphipoda, Hemiptera L ;«rr_ap'f'e..'-a_‘ LAdonatw an .':'-/L‘hc mere te
. !

The average number of individuals per sampling station showed 22,
4, 9; 7 and 14 for Rio Espiritu Santo proper freshwater, Q. Jiménez, Q.
Grande, Q. Sonadora and the estuary respectively. From +his one can conclude
that the Rio Espiritu Santo proper freshwater habitat is more productive with
Q. Jiménez the least.

£33

The large muber of species din the freshwater of Rio

Espiritu Santo proper would seem to reflect less envirommental interference

¥
than Q. Grande with fewer speciesha.nd consequently the probability

of greater envirommental stress.
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Benthic Annelids

Sigambra tentaculata and Tharvx sp. were distributed

from the Rio Grande Sewage Treatment Plant outfall (station
No. 7) north to the Atlantic Ocean whereas the CAPITELLIDAE

species and Stenoninereis martini were found from the outfall

south to the head of the estuary.

The 7 specimens of S. martini were all collected at the

~headwaters of the estuary in February, 1977. Three of the

specimens contained large eggs and another appeaf@ gravid
indicating thatthis is an established breeding population.
S. martinl is a Caribbean biological indicator of stressed

a.ai
situation (natural or man-induced), fhe presence of §S.

tentaculata is also indicative of stressed conditions (Charlene

Long, personal communication).




Molluse

veritina reclivatc was abundant in both ITesh ané brackish waters

while M. cornuaretis was observed to be the least dominant. The latter species

and Tarebia pranifers were restricted to fresh water. M. cornuaretis, an ampullarid

snail, is a control agent for Biomphalaria glabrata the intermediate host of

bilharzia. Its presence in a large pool (Station Ko. 17) in Q. JimBnez at an
altitude of 70 meters needs investigating. T. granifera, a thiarid snail is
also used as a biological control for B. glabrata. It sometimes forms heavy
mat§ in the bottom and sides of the streams and river. It is believed that this
snail out competes B. glabrata for space and food and also eats its egg masses.

M. coffeus and L. angulifera were restricted to the mouth of the
estuary; the former species was quite abundant and commonly observed on mud flats
and mangrove roots while the population of the latter species was quite small and
occupied exposed mangrove roots. M. domingensis was found almost throughout the
estuary, more abundant in the upper portion and frequent river rocks. 1t some-
times shares its mangrove root habitat with C. rhizophorae in the lower reaches
of the estuary. The guite scarce edible clams, P. pectinatus and I. alatus oc-
cupied mudflats in the middle and lower reaches of the estuary. A dense popul-
ation of N. virginea was established at station No. 8 among mangrove roots and
mudflats whereas N. reclivata was quite abundant on rocks and bottom sediments
inlboth freshwater and upper estuary.

The dominance of N. reclivata can be explained by its wide range of
tolerance from fresh to brackish waters. In freshwater it thrives on rocks
where periphyton is usually sbundant; in brackish enviromment, it is commonly
found in the mud between mangrove roots and occasionally attached to mangrove
roots. There seems to be a correlation between size and spatial distribution.
Smaller snails are found in brackish waters and the lower parts of the Rio Es-

piritu Santo whereas larger sizes are observed at their upper limits of distribution.
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It was cbservec that shell erosion was commen t¢ this species in fresh water
while 1n estuarine conditions the phenomenon was quite rare and only in the form
cf a tiny hole in the apex., Ferguson (1959) has suggested that shell erosion
might well be_a condition which results from a craving for extra calcium.

The experiments undertaken with apex-eroded shells are additional
indications that predation is responsible for the erosion. That this predation
is intraspecific could be inferred from several other observations,

First, at least two other Neritina species exhibit shell erosion.

N. punctulata undergoes this response to calcium deficiency (Aguayo, 1976)
and N. virginea observed in the Rio Espiritu Santo estuary . The only other

potential competitors such as Tarebia granifera or Biomphalaria glabrata were

never observed attached to the external shell of a living specimen of K, reclivata.

Secondly, only shells of living snails were observed to be attacked,
indicating that the particular conchiolin resuvlting from the mucoid secretion
is specifically necessary for calcium uptake by other individuals of the species,
As well, water erosion of intentionally damaged shells did not show erosion pat-
terns conventionally observed.

Finally, under the dissecting microscope, apex erosion features
appeared as small caves, occasionally with shiny green diamond-shaped crystals
inside. On the whole, however, they most resembled holes created by continued
dissoluticn of the calcitic or aragonitic layers below the outer conchiolin shield.
This may be a dissolution phenomenon de?endent'on metzbolic enzymes for calcium
ccrbonate secreted by the individuals of the species.

Hynes (1972) also noted that even in soft waters vhere there is

very little calcium the umbo of the shell of the mollusk, Margaritifera

margaritifera is often dissolved away and replaced by white nacre,
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Fish

In the R.E.S. system, 8 species belonging to 6 orders.
Three of these (5. plumieri, A.monticola and A. rostrata)
are known to be native to freshwater habitats though they
have been observed in the region of the upper limits of
the estuary. S. plumieri showed a preference of an alti-

tudinal range of 5-600 M. while A. rostrata was found within

the altitudinal range of 5-200 M.
Five species (Belome sp., M. curema, G. dormitor, C.

enciferus and C. undecimalis) are exclusively estuarine

and except for Belome sp. they were found in the upper
limits of the estuary where the region overlaps with fresh-
water.

The dominant species in the estuary was M. curema being
found throughout the length of the estuary while the others
showed a limitation to the upper three quarters of the
estuary.

It is of particular relevance here to report that
graduate work is being undertaken by Iris Corujo on the
distribution and behaviour of £f£ish population in the
estuary, It is hoped that at the completion of this re-
search many interesting and useful details will come to

hand throwing more light on this subject,
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PhvSicochemical characteristics

Data of pH and temperature showed a tendency to
increase downstream in the freshwater system. General-
ly, dissolved oxygen was invariably high except in the
eétuary where ﬁarked variations were observed. Low
oxXygen concentrations at certain sampling stations were
possibly a result of the sewage outfall, bottom detritus,
water hyacinth and a well established cattle egret
rookery. In Quebrada Juan Gonzalez it was observed that
the depth was 0.25 m and the substrate consisted mainly
of mangrove detritus. Phosphate concentration was also
noticeably high (2.2) and this is attributable to the
presence of the nearby cattle egret rookery.

Except for the sewage outfall and tannin produced
by mangrove, light penetration was usually high and in

some cases extending up to 2 m.
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théicochemical characteristics

Data of pH and temperatur€ showed a tendency TO
increase downstream in the freshwater system. General-
ly, dissolved oxygen was invariably high except in the
eétuary where ﬁarked variations were observed. Low
oxXygen concentrations at certain sampling stations were
possibly a result of the sewage outfall, bottom detritus,
water hyacinth and a well established cattle egret
rookery. In Quebrada Juan Conzédlez it was observed that
the depth was 0.25 m and the substrate consisted mainly
of mangrove detritus. Phosphate concentration was also
noticeably high (2.2) and this is attributable to the
presence of the nearby cattle egret rookery.

Except for the sewage outfall and tannin produced
by mangrove, light penetration was usually high and in

come cases extending up to 2 m.
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readily forms selubie compounds whern exposed to beth air

and water and many serious or fazal poisonings have resulted
from accidental ingestion of thallium (Encyclopedia of the
of the Chemical Elements, 1968). 1In the United States,

thallium sulfate was recently banned from usage in rodenticides

(Thomson, l97§).

—
" T~ It would be interesting to know

the status of thallium sulfate in Puerto Rico./In the RES
-estuary, copper was found in concentration of over 100 ppm

in the sediments for all 18 stations. EPA (1973) suggested

that concentrations of copper equal to or exceeding 0.05 mg/l

constitute a hazard in the marine environment. The paper

further states that the polychaete Nereis virens is affected
oy Mcn+ P Y- §

by copper at concentratlons of approximately 0.1 mg/l (Wibker
fg,é/y‘{: rody ) e~ he SAerer crad M.Crﬂu_g mae RS &Y /- /Q/Jr/o/w
Copper 1is also concentrated by marine organisms with ’7‘2)
concentration factors of 30,000 in phytoplankton; 5,000 in
the soft tissues of melluscs and 1,000 in fish muscle (Lowman

et. .al., 1971).  Another interesting report (Bryan and Hummer-

stone, 1971) stated that the polychaete Nereis diversicolor

developed a high tolerance of copper and speculated that
predators feeding on this species could receive doses toxic
to themselves or accumulate concentrations that would be
toxic to higher trophic levels. Synergistic effects in the
presence of zinc and cadmium have been documented.

The concentration of vanadium in the RES estuary sediments
was below detectable limits in 2 stations and above 100 ppm.

in 16 stations. Roshchin (1967) noted that alloys of vanadium
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Chemistrv ¢f Estuarine Sediments

Thallium (Ti) concentrations showed théé 11 stations were
below detectable limits while the remaining / stations were
less than 10 ppm. The EPA "Ecological Research Series, Water

"

Quality Criteria" (1973) stated that thallium salt are cum-
ulative poison and are used as poison for rats, for dyes,
pigments in fireworks, optical glass and as depilatory.
Adverse effects of thallium nitrate within 3 days were report-
ed for rainbow trout (S. gairdneri) at levels of 10-15 mg/l;
for Daphnia sp. at levels of 2.4 mg/l> and Gammarus sp., at
levels of 4 mg/l. It was also suggested that concentration
of thallium equal to or exceeding 0.1 mg/l constitutes a hazard
in marine enviromment. In fact, the Army Corps of Engineers
Regulations on wastewater collection and treatment policy
specifically mentioned that the constituent thallium consti-
tutef a potential environmental and hygienic risk such that
their absence is desirable (Federal Regulations; November 3,
1975). "

In the RES estuary, it was noted that polychaetes from all
stations tend to concentrate Al and Tl by a factor of at least
10, while a concentration of as much as 50-fold may occur in
worms from 3 of the stations (Block et. al. 1978). The
implications and possible biocaccumulated concentrations of
such element in the food web should be investigated. 1In fact,
Encyclopedia Americana (1967) noted that all thallium compounds
are very toxic and can produce loss of hair, gastrointestinal

and nervous disturbance and ultimate death. Also, thallium




tuetoiur evococing L5 mpsl ocometitule @ hazarc in che
marine environment. Lowman et. a_. (1¢71r noted that Al
concentrated 15.000 times in benthic algae; 10.000 times
in plankton; 9,000 times in the soft parts oI meclluses:
12,000 times iﬁ crustacean muscles and 10,000 times in fish
muscles.

Lowman et. al. (1971) reported a concentration factor
of 1,000 for cadmium in fish muscle and EPA (1973) sug-
gested that the ccncentration of this element exceeding
0.01 mg/l in the marine environment constitute a hazard.
Cadmium also acts synergistically in the presence of 1 mg/1
or more of copper and zinc (La Roche, 1972 cited by EPA, 1973).
Raymont and Shields (1964, cited by EPA, 1973) reported

threshold toxicity levels of 1 mg/l chromium for the poly-

chaete Nereis virens, 5 mg/l for small prawns (Leander

sguilla), 20 mg/l in the form of NaZ'CrOl+ for the shore

crab Carcinus maenus. Marine chromium concentration factors

of 1,600 in benthic algae; 2,300 in phytoplankton; 1,900
in zooplankton; 440 in molluscan soft parts and 70 in fish
muscle have been reported by Lowman et. al. (1971). EPA
(1973)#nﬁ+€4 oul  that concentration of chromium equal to
or exceeding 0.1 mg/T:Zonstitute a hazard to the marine en-
vironment.

Mest of the cited elements discuséed above indicate
biocaccumulated concentrations at various trophic levels.
Realizing this as a serious ecclogical problem, efforts should

be made to study the accumulative effects in the food web of

the RES estuary.
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from accidental ingestion of thailium (Encvclopedia of the
cf the Chemical Elements, 1968). In the United States

thallium sulface was recently bannec from usage in rcdenticides

(Thomson, 1976).

L
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—- It would be interesting to know
the status of thallium sulfate in Puerto Rico./In the RES
estuary, copper was found in concentration of over 100 ppm

in the sediments for all 18 stations. EPA (1973) suggested
that concentrations of copper equal to or exceeding 0.05 mg/l
constitute a hazard in the marine environment. The paper
further states that the polychaete Nereis virens is affected

Ec‘.\! ment i
by copper at concentratlons of azpproximately 0.1 mg/l (Wibex,

5/4/9/4’5 roly ) and e S ore crad M..’nu_t_ maenus e /-any/(/«f/n/&i‘
E 7e7)

1 . “Copper is also concentrated b by marine organisms with
concentration facters of 30,000 in phytoplankton; 5,000 in

the soft tissues of molluscs and 1,000 in fish muscle (Lowman
et. al., 1971). Another interesting report (Bryan and Hummer-

stone, 1971) stated that the polychaete Nereis diversicolor

developed a high tolerance of copper and speculated that
predators feeding on this species could receive doses toxic
to themselves or accumulate concentrations that would be
toxic to higher trophic levels. Synergistic effects in the
presence of zinc and cadmium have been documented.

The concentration of vanadium in the RES estuary sediments
was below detecteble limits in 2 stations and above 100 ppm.

in 16 stations. Roshchin (1967) noted that alloys of vanadium
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ArBRinota et. gl, (1967 reported LDy g of 40 mg/kg. VI,

-
oh rats in 3 days. The RNational Academv of Sciences (1967)
reviewed the medical and biological effects of vanadium and

noted the fellowing:

Lethal Doses of Vanadium Compounds

Lethal Dose, mg/kg

Compound Rabbit Guinea Pig Rat Mouse
Coelloidal vanadium pentoxide -2 - 20-28 87.5-117.5
Ammonium metavanadate 1.5-2.0 1-2 20-30 25-30
Sodiun orthovanadate 2=3 1-2 50-60 50-100
Sodium pyrovanadate 3-4 1-2 40-50 50-100
Sodium tetravanadate 6-3 18-20 30-40 25-50
Sodium hexavanadate 30-40 40-50 40-50 100-150
Sodium vanadzte 30-40 10-20 100-150
vanadyl sulfate 18-20 35~45  158-190 _ '125-150

Derived from Faulmer Hudson.

It is also stated that the sources of vanadium include
welding of vanadium containing steels, coating of some welding

rods. industrial processing of various vanadium compounds and
ramics, chemical and electronic industries. Vanadivm 15 o

nonmetallurgic use f%ﬂéhe atmospher&. may be caused by combustion

of coal and processing of crude and heavy fuel-oils.’

A glance at the other elements observed in the sediments -
shows that some, for example, beryllium, alluminium, cadmium
and chromium can bicaccumulate in the various trophic levels

EPA (1973) suggested that concentrations of beryllium and al-
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concentrated 15,000 times in Sentnic nioac. b 0T LITE
in plankton; 9,000 sYroe in bhe sodt pafth G o0 lusgs:
2,000 times in crustacean muscles and 10,000 times in fish
muscles.
Lowman et. al. (1971) reported a concentration factor
of 1,000 for cadmium in fish muscle and EPA (1973) sug-
gested that the concentration of this element exceeding
0.01 mg/l in the marine environment constitute a hazard.
Cadmium also acts synergistically in the presence of 1 mg/l
or more of copper and zinc (La Roche, 1972 cited by EPA, 1873).
Raymont and Shields (1964, cited by EP4A, 1973) reported
threshold toxicity levels of 1 my/l chremium for the poly-

chaete Nereis virens, 5 mg/l for small prawns (Leander

sguilla), 20 mg/l in the form of Naz'CrOA for the shore

erab Carcinus maenus. Marine chromium concentration factors

of 1,600 in benthic algae; 2,200 in phytoplankton; 1,900
in zooplankton; 440 in molluscan soft parts and 70 in fish
muscle have been reported by Lowman et. al. (1971). EPA
(1973) %ﬁﬁiﬁi out  that concentration of chromium equal to

weounld
or exceeding 0.1 mg/lﬁconstitute a hazard to the marine en-

vironment.

Most of the cited elements discussed above indicate
bioaccumulated concentrations at various trophic levels.
Realizing this as a serious ecological problem, efforts should
be made to study the accumulative effects in the food web of

the RES estuary.
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Egriritu Santo River drainage basin cannot be understood
oL the basis of its geochemistry., alone. 1In a basin in
which precipitation varies from 500 cm to 150 cm per vear
.long gradients extending but a few kilometers, one might
expect differential weathering characteristics to be
pronounced. Soils will likely be in various stages of
formation through heavy leaching; very dense vegetation
will tend to impede soil erosion, but can lead to a net
export of nutrients because of plant mebilization followed
by vegetable material decay and mineralization. Some of
the chemical parameters associated with biological product-
ivity in streams have been measured previously and during
this survey. Different utilization of land drained by the
Rio Espiritu Santo River appears tc profoundly affect the
quality of water in the streams.
(8) Semi-quantitative analysis of estuarine bottom
cediments showed that Al, Ca, Cu, Fe, Mg, Mn, K, Na and
Ti were found to be above 100ppm concentration, whereas
concentration levels below detectable limits were noted
for Sb, As, Ba, Ce, Cs, Co, Ge, Hf, Mo, W, U, Zn and Zr.
Furthermore, Cr, Ni, Sr and V were detected above 100 ppm
at some sampling stations and Tl with concentrations
below 10 ppm was observed at all stations.
(9) A persistent salt wedge is typical of the estuary.
The upper 0.3 M consists of freshwater and the lower
portion, salt water. During heavy rainfall in the El

Yunque region the leading edge of the salt wedge is pushed
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LOTNCLUS1IcTS

(1) €f the 7 types of rock tormations (Quartz diorire
and diorite, Tabonuco formation, Hato Puerto Formation,
Alluvium, Mafic dikes and sheets, Terrace deposits and
Swamgp deposits)} Hato Puerco Formation makes up about
85% of the river basin and is composed of at least 50%
volcanic sandstones, 30-40% veoclcanic breccias and smaill
amounts of calcareous mudstones, conglomerate and lava
flows.

(2) Fauna and flora showed a marked altitudinal distrib-
ution in the freshwater system and a pronounced longi-
tudinal zonation along the length of the estuary.

(3) In the freshwater habitats, mosses, ferns, diatoms,

Elodea sp. and Oscillatoria sp. were dominant,whereas

waterhyacinth, diatems and mangroves were dominant in the
estuary.
(4) Decapod crustaceans were dominant in the entire system.

The freshwater species, except for Epilobocera sinuatifrons,

require a brackish water phase for development. This was
established through salinity tolerance bioassay experiments.
(5) The presence of two benthic polychaetes, namely,

Sigambra tentaculata and Stencninereis martini indicated

stressed conditions in the estuary.

(6) The problem of shell erosion in Neritina reclivata

was delwed into through laboratory experiments. It was
concluded that predation was responsible and only living
snails were attached, indicating that the particular
conchiolin resulting from mucoid secretion is specifically

necessary for calcium uptake by other individuals of the

same species,
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("'  The behavicur of mineras transprrt In thie kit
Espiritu Santo River drainage dasin cannot be understood
on the basis of its geochemistry, alone. In a basin in
which precipitation varies from 500 cm to 150 cm per year
.long gradients extending but a few kilometers, one might
expect differential weathering characteristics to be
pronounced. Soils will likely be in various stages of
formation through heavy leaching; very dense vegetation
will tend to impede soil erosion, but can lead to a net
export of nutrients because of plant mobilization followed
by vegetable material decay and mineralization. Some of
the chemical parameters associated with biological product-
ivity in streams have been measured previously and during
this survey. Different utilization of land drained by the
Rio Espiritu Santo River appears to profoundly affect the
quality of water in the streams.
(8) Semi-quantitative analysis of estuarine bottom
sediments showed that Al, Ca, Cu, Fe, Mg, Mn, K, Na and
Ti were found to be above l00ppm concentratien, whereas
concentration levels below detectable limits were noted
for Sb, As, Ba, Ce, Cs, Co, Ge, Hf, Mo, W, U, Zn and Zr.
Furthermore, Cr, Ni, Sr and V were detected above 100 ppm
at some sampling stations and Tl with concentrations
below 10 ppm was observed at all stations.
(9) A persistent salt wedge is typical of the estuary.
The upper 0.3 M consists of freshwater and the lower
portion, salt water. During heavy rainfall in the El

Yunque region the leading edge of the salt wedge is pushed
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further down; é'distance being dependent on the intene
sity of rainfall, -

(10) Potential sources of pollution include: livestock
wastes, solid waste landfills, runoffs from urbanizations
and agricultural lands, Coco Beach Land Development, Rio

Grande Sewage Treatment Plant and industrial discharges.

An overview and suggestions for future investigation in the

watershed.

(1) Potential Sources of Pollution

These include the following:

Poultry Farms.105,000 chickens.
Pig Farms -- 1,650 pigs

Dairy Farms -- 400 heads of cattle

Dog Kennel -- 30 dogs

w = W &~

Solid Waste Landfills

Runoffs from Urbanizations and Agricultural Lands.

Rio Grande Sewage Treatment Plant,.

Industrial discharge.

Coco Beach Land Development.
(2) Livestock waste, especially from poultry farms,is left
exposed and quite conspicuous. The result of this practice
causes votalization losses of nitrogen and possibly increases
pollution through runoff water. The proper disposal of
poultry waste can result in the utilization of this material
through anaerobic fermentation. The benefits that can be
derived are three fold: (1) a drastic reduction of pol-
Jution in thé environmént (2) the creation of a stabilized

residue (sludge) that retains the fertilizing value of the
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oripinal material and (3} the produc tion of En energy
resource (methane) than can be storeé and used eificiently.
Some of the oxidation ponds which rece;ve the waste
from pigs need improvements, such as volume compatible to
number of pigs. Again, the bioconversion cf pig waste to
methane and fertilizer would significantly reduce potential
public health hazards.
(b) Of the three solid waste landfills, the one located at
about the confluence of Quebrada Jiménez and the main stem
of Rio Espiritu Santo poses a public health hazard and
should be relocated, Wastes are usually left exposed and
the site is a breeding ground for rodents and flies,
Another possible hazard is the seepage of organic pollutants,
bacteria, etc. into the river system.
(¢) The Rio Grande Sewage Treatment Plant is inadequate
to cope with the growing population of Rio Grande. During
heavy rains, it was noted that the plant could not process
the volume of waste. Consequently, improvement of this
plant is necessary and a more long-term solution would be
the installation of a tertiary treatment plant. This will
not only reduce the phosphorus concentration but will also
ensure the reduction of the water hyacinth.
(d) About 12 industrial plants are located in the water-
shed. Many of these assemble parts whereas two of them do
complete processing,including the use of large amounts of
chromic acid., The acid and other wastes are discharged
into rivulets nearby and may be regarded as a potential

source of pollution to the Ric Espiritu Santo system.




fap

(e. The mangrove lining the east side of the estuary

fro& the confluence of Quebrada Juan(gonzélez to the
Atlan:ic Ocean seems to be in danger. Coco Beach Land
Development is doing constructions adjacent to these
mangroves and gradual erosion or filling mayv eliminate
them.

(f) There is some indication that the mouth of the estuary

is gradually filling up. The source of siltation and

sedimentation should be investigated and corrected.

3
(2) Bacterial flora, entire system

A yvear's investigation on the total coliform bacteria
in the estuary showed a high concentration and in many
cases far exceeding 10,000 per 100 ml. which is above the
limit specified by the Envirommental Quality Board of the
Commonwealth of Puerto Rico. A priority for future
investigation should be a complete study of the entire
system to identify the sources and various strains of

feczl coliforms.

(3) Hydrology of entire system

Hydrology constitutes a most vital area of water
resources and management and its importance can hardly

be over-emphasized.

(4) Food web of the entire system with particular refer-

ence to the estuary.

Generally estuaries may have either detritus or plank-

ton as the base of the food web. In the RES estuary, it

was noted that detritus from mangrove and other alloch-

tonous sources was abundant and was probably the main .
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base of the food web. But subsequent studies revealed
that plankton, especially diatoms, shrimps’ larvae and
copepods, was quite abundant as well. The indication is
that both detritus and plankton are important in the food
web but the extent of importancy of the plankton through-
out the year is still not known.

(5) Sources, transport, fare and toxiceology of pollutants

in the entire watershed.

A complete study of pollutants should be another
priority. This should include:

(a) identifying potential point and non-point sources
of pollution.

(b) establishing sampling stations

(c) chemical analyses of effluents at point sources,
water at sampling stations, biota and suspended
and bottom sediments.

(4) Laboratory biocassays and field biomonitoring.

(e) synergistic effects of pollutants and
environmental factors.

(f) laboratory experiments on the fedback of some
toxic elements found in bottom sediments to over-

1 ying water.
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