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ABSTRACT

Two bays in St. John, U.S. Virgin Islands have been
sampled during the past year. One of the bays, Great Cruz
Bay, is lightly developed with single and dual family resi
dences, (average density of 1.5 residences per acre) paved
and unpaved roads, and has been dredged for use by private
boats. The other bay is undeveloped and protected within
the V.I. National Park. Rainfall has been measured and
runoff estimated in both watersheds. Measurements of
salinity, temperature, turbidity and nutrients have been
done and plankton have been collected and evaluated. A
comparisipn is made of the effects of the runoff on the
two bays. Water quality is good in Great Cruz Bay because
natural ecosystems modifying runoff have not been seriously
altered during development. The major difference between
the bays seems to be the occasionally high sediment load
in Great Cruz Bay due to earlier dredging. The increased
turbidity may affect productivity. There are two findings
of significance. The first is that as long as the natural
saltpond-mangove ecosystems are left undisturbed only rela
tively heavy rains (over 2 inches per 24 hours) show any
effect, regardless of development in the watershed. The
second is that some link apparently exists between rainfall
and successional increase of phytoplankton and finally of
fish populations.
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.... EXECUTIVE SUMMARY .-.'.>'

The island of St. John is a small tropical island of J M

l&Xft*^, square miles extend and with a population of about 3,000

persons. About two-thirds (2/3) of the island is a National

Park, now designated as. a Biosphere Reserve. At one time

about 95% of.the island was cleared and planted in sugar

cane, indigo, hemp, and bay rum^ Most of the island is now , -"

in secondary to tertiary success.ional tropical forests,

The two watersheds and bays studied were Great Cruz

Bay, lightly developed with homes, guest houses., and small

businesses, and Greater LameshuijBay an undeveloped area except — -

the geomorphic profiles for both water-sheds are similar; a

small flat alluvial plain with fossil beach berms and mangroves . .

at the shore. The soils of both are shallow /ramer series

over volcanic rock. The beaches are Juacas sand and worn cobbles,-

Behind the beach and beach berm in both.cases lie mangrove

forests and small salt ponds of 4-5 acres. Both watersheds

have 30"-40" rainfall per year.

Major differences between the bays are in population,

vegetation removal, and drainage patterns. Great Cruz Bay has

about 300 people in the watershed, Lameshur Bay has 6 people.

The leaf area index (cover at an "averajge" point) is 1*2, where

as at. Lameshur Bay it is .3. 4^ Cruz Bay has developed about 80% ~

of the natural area, Lameshur Bay has 6% developed.

VJu.



Cruz Bay was 2°-3° centigrade cooler than Lameshur Bay

all year.. The range as well as the absolute levels of turbi

dity was 2 to 3 times higher in Cruz Bay. The salinity in

Cruz Bay averaged 5%-8% higher than in Lameshur and the range

of levels were more variable. The phosphate levels and phyto

plankton blooms were higher in Lameshur Bay after rains of

more than 1 inch per 24 hours.

Nutrients and phytoplankton levels were similar in both

bays. About 3-4 weeks after a series of rains^algae and

turtle grass (Thalassia) on the inner bay bottoms doubled in

biomass (grams) per square meter. This bottcvn/growth increased

during December and January; but^ as rain ceased^temperature -^

and salinity increased the bottom flora began to die back with

more and more plants appearing in the water column during

March and April.

Most of the die-off was followed by a large increase

in Phosphate in late May and in June. This nutrient increase^

was followed by growth of phytoplankton.

There are three significant findings of this study:

1. Up to a point it is less significant for the. near-

shore marine systems whether the. watershed is deve

loped or not than whether the salt pond/shoreline

vegetation and the beach berms are left intact.

2. There is a connection between the watershed runoff

and.the primary production of the bays*but except

V ^O JL> Ju



for very large rains the connection is probably sub

surface drainage, is delayed, and is not disruptive.

3. The occurance of rain triggers a definable ecological

succession of phytoplankton, zoopl/^ajkton, and algal

growth which in turn may be instumental in keying fish

spawning and/or survival of the fish larvae. Presumably

the type and range of succession would depend on how

extensive development was done and whether the coastal

berms and vegetation were preserved.



INTRODUCTION .

The Caribbean region is being developed for residential,

commercial and industrial purposes. Tourism arid vacation poten

tial are being exploited at the same time as the island popula

tions are increasing, and with them a need for broader based

economies. The trend is especially true in the U.S., Virgin

Islands, and appears to be accelerating. The growth has in

creased land values and resulted in a^pirailing pressure for

development of available land. Effects of construction and

land-form changes in'tropical environments are not well docu

mented. This paper and the related study done in Lameshur

and Watermelon Bays (Purcell, 1980) may serve as a.step in

understanding the effect that changes in a watershed may have

on rainfall runoff, and the resultant alteration of the physical

and biological state of the bay associated with the watershed.

The project measured the rainfall in two watersheds on

St. John, USVI: Little Lamshur Bay has an undeveloped watershed

and Great Cruz Bay has a lightly developed residential watershed

subject to growth (Figure 1). Concurrent measurements were

made in the associated bays for salinity, temperature, turbidity,

nutrients levels and plankton numbers^and these were associated _

to the amount of rainfall and runoff. The differences in measured

data which manifested themselves between the two bays might

<be assumed to be caused in part by differences in development.



Examination of these variances may in turn reveal a means of

utilizing a watershed in the most efficient and (e/l(ast destruc

tive manner.

METHODS AND MATERIALS

Rainfall was measured in each watershed by a "Weather-

measure" tipping-bucket rainfall guage connected to a Weather-

measure automatic event recorder. A passive guage was placed

nearby.to serve as a backup. One instrument was set up in

an open area near the ranger residence in Lameshur Bay; the

other near a private house in Great Cruz Bay (Figures 2 and 3).

Recording graphs were changed weekly.

Streams in St. John. are intermil^n-t^ and do not flow dur-
..."'• •V> •

ing much of the year. Sites w-ere established for streamflow

guages in each of the two watersheds (Figure 2, 3) and the

guages were to be emplaced when flow was adequate for measure

ment. The cross section of the streambed at these sites was

measured and plotted to use as an estimate of runoff volume.

The area of the Lameshur and Great Cruz Bay drainage areas

were adapted from the Virgin Islands Sdiment Reduction Plan '• —

(1979). : ' ...

Two marine sampling stations were established in each the.

bays (Figure 2, 3) one near the outfall of the major portion of

the runoff and the other in the mouth of the bay. Samples were

taken once a month from each of these stations. Additional

samples were obtained following rains of 1.27 cm (6.5 in) or

more. Temperature and salinity were measured in situ at each
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figure 1. Puerto Rico and the Virgin Islands with St. John enlarged
to.show sampling areas.



station using acalibrated mercuryjthermometer and an A.O. -—
Refra.ctometer with salinity! .scale. Water samples were taken

at each station with a5(p'Van Dorn bottle and transported -
/back to the lab for analysis. A500 ml water sample was
preserved with H2S04, frozen as quickly as possible and held

until analysis for nitrates and phosphates could be accomplished.
Nitrate/nitrogen was measured by the brucine-sulfanilic acid

method, and phosphates by the ammonium molybdate method as out

lined in E.P.A..Methods for Analysis of Water and Wastes (1976).

A Coleman 6/30 Junior II spectrophotometer (23 mm wavepath) was
used for colorimetric determination.

A second water sample from each site was used for measure

ment of turbidity in Nephelometric Turbidity Units (NTU)

utilizing a Fisher DRT - 1000 Turbidimeter.

A final 5-10.ml water sample was preserved at the site with

buffered, formalin and transported to the laboratory for settling
and analysis of phytoplankton populations using modifed Ult-er-

mohl techniques outlined in the Phytoplankton Manual (1978)

Counts were made with an Olympus IM inverted plankton counting
microscope at 200x. Photographs were taken of a typical field

of each sample at 40 x to help in analysis of sediment.

SITES

Little Lameshur and Great Cruz Bays were chosen as study

areas because of physical similarities and development differences

as well as practical concerns such as access. The. bays are



similar in drainage area, general shape of the bay and direction

of opening and both have a single main outfall into the bay.

Lameshur watershed is undeveloped, with one dirt road and one

dwelling. Great Cruz Bay watershed, on the other hand is lightly

developed with 1.5 residences per acre, several paved or dirt

roads and the Department of Public Works sanitary landfill

and incinerator site near the top of the watershed. It is.

important to note that neither watershed has development within

the low lying area behind the beach through which the watershed

drains, and that the beach area has been little changed. When

the study began plans had been made to develop this area of

Great Cruz Bay with condominium construction. The project has

been delayed or cancelled by legal action.

Lameshur Bay is located on the Soth shore of St. John,

U.S. Virgin Islands Figure 1), and is separated into two parts,

Greater and Lesser, each with its own drainage area (Figure. 2).

The watershed for Lesser Lameshure is fairly steep, rising to

1,100 feet at the Bordeaux mountain ridge. The mean altitude

of the ridge is closer to 700 feet. The hills are fairly

steep, well forested and drain into several channels or "guts"

Which coverge in a broad thorn/mangrove area less than 3 meters

(10 ft) above mean sea level with the seaward exit of the drain

age channel being at sea level.

The surface soils are composed primarily of Cramer gravelly
s

clay loam with sloped of 12 to 60 percent. The U.S. Department

of Agriculture Soil Survey (1970) characterize drainage as good,
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Figure 2. Watershed of Great Cruz Bay, showina sampling stations and gage sites

Figure 3. V.'atershed of Little Larr.eshur Bay showing sampling i.-;:.tions arid gage
sites. £5 = rain gage ; SG - stream cage;, •$• 1 = station.



runoff as medium to rapid and permeability as moderate. The

Cramer series soils here are generally shallow (25-50 cm), over,

partly weathered basic volcanic rock. The southern slope is

cobbly alluvial land, and. stony with resultant rapid permeability

and low water holding capacity.

• ' 2 " •
Drainage area for the watershed is 536 acres (2.17 km')

(Sediment Reduction Program, 1979). A natural berm which rises

between the flats and a cobble beach generally serves to retain

.P°rt^y' j the runoff. There is one inhabited dwelling in the watershed,

'//&, ^ the^N.P.S. ranger residence (Figure 2:). A septic field is used —

for waste disposal. There are also two pit/chemical toilets for

use of park visitors. A beach occupies the Northern shore of the

bay. The Juacas.sand beach to the east is separated from the

cobble beach by a rock outcropping, which extends into the bay

about 30 meters, with several rocks emergent. The outfall occurs

on the western end of the. cobble beach. Use of the beach by

Visitors is not high as.access must be over the single dirt road

or by foot. -

The bay bottom near the cobble beach is rocky with scattered

corals. The slope is.gradual, and 20 to"30 meters offshore in a.

depth of 2 meters the bottom changes to sand. Maximum depth near

the mouth of the bay is 15 meters. Most of the central part of

the. bay is covered with a grass bed composed mainly of Thalassia .

The.remainder of the eastern and. western shore are steeper and

rocky with good coral and gorgonian development.



Easterly winds dominate, and the resultant swells enter

the bay at a broad angle but during weather they may be refracted

enough to break on the cobble beach. Wave action and storm

runoff/ had, at the beginning of the study in mid-May breached

the beach berm.at the outfall, creating a situation where the

low lying area behind the berm was infiltrated with salt water -

and the runoff from the watershed would, after mixing with stand-

ing water have direct access to the bay through a narrow (2-3 -

meters) gap. The last two thirds of the study was done with the

breach filled in by natural action.^a*dr"~no direct access between—

runoff and the bay. Bay water could pass through the berm slowly^ -

however, and surface water close to the berm tended to be saline.

T#is, after prolonged periods of ligh rain, tended to be over .,

30 parts per thousand of. salinity. Circulation in the bay

appears good, and the flushing time seems low.

Great Cruz Bay is located in the Soth-western corner of -—

St. John (Figure 1). The watershed is not as steep as that of

Lamshur Bay"with the highest points being slightly more than

800 feet (Figure 3) and an average height of approximately 500

feet. The water shed is narrow and long and empties into two

principal water channels which join to form a single outfall

at. the bottom of the slope. The.larger of these two "guts" is

Guinea Gut, which drains the watershed from the area of the

saitarv land fill. The two channels become one just below the
a • •

south road and continue toward the bay. The beach creates a

-a berm which contains the water flow^ and forces it over its

banks into the low lying area, behind the beach during high

rainfall periods.



Like the rest of St.John the slopes are primarily Cramer

soils with Isaac soils on the foot slopes. The majority of the.

low land south of the road is characterized by the Soil Survey

of the Virgin Islands (1970) as an alluvial fan of San Anton

clay loam, with a tidal flat area close to a Juacas sand beach.

Permeability of the entire watershed is moderate, and topsoil

on the slopes is quite shallow. The majority of the slope area

is well forested.and roadways tend to run cross slope or along —

ridgelines.

The drainage area for Guinea Gut and the associated gut is

447acres (1.81KM2), with some additional drainage from the Roman

Hill area, making it 84% of the size of the Little Lameshur

watershed. More than 50 residency (1978,/ data) are located in

the watershed. Several are near the beach, but the largest

number are in Bethany and in an area East of Ehighed. There are

also some houses along the road leading past Gift Hill to the

sanitary landfill site. Most of the houses would use septic

fieits. There is a main road, primarily of asphalt, located

along much of the perimeter and several dirt roads running

cross-slope on the Western side of the watershed.

The beach is Juacas sand and subject to very little wave

action, protected by the depth of the bay. A number of private

craft use Great Cruz Bay as an anchorage and it has been dredged

in the past to allow access of these boats. The bay bottom is

primarily sand which appears to have a very fine silt-like,

quality. There are no significant, grass beds within the bay,



but there is sparc.e growth here and there. The. bottom <4JP very —

gradual slopey approachjfgg 20 feet (6 meters) at the mouth. —

Some coral and gorgonian growth exists near the mouth.

The runoff from Great Cruz Bay watershed was never observed

during the study to run over the beach and directly into the

bay, although witnesses have reported this as happening in the

past. There was infiltration of salt water behind the berm,

and like Lameshur, during periods of low rainfall the standing \_

water became quite salty.

RESULTS

'Data resulting from the study are sumarized in figures 4

through 11. The daily, monthly and yearly rainfall are shown

in Figures 4 and 5 for Lameshur and Great Cruz Bay respectively.

The data are presented in inches for ease of comparison with the

total body of past rainfall data. Mechanical problems with the

meter in Great Cruz Bay caused the loss of the first 48 days

data. Yearly rainfall in Lameshur was 43.53 inches (110.5 cm)

or 0.45 (1.1 cm) less than the mean of 43.98 inches (111.7 cm)

(Figure 12). Yearly rainfall in Great Cruz Bay was considerably

less, being only 29.31 inches (74.4 cm) or 14.7 inches (37.3 cm)

less than the mean. Rainfall was highest at both stations in

April., May and October./and lowest in February, March and June.

Temperature of the surface water in degrees centigrade at

the bay sites (0.5 M water depth) is presented in Figure 6, and

the salinity given in parts per thousand (ppt) is shown in

Figure 7. The temperatures in Lameshur Bay ranged from 30.8°c

10
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'80 '81

DAY . HAY . JUN . JUL . AUG . SEP . OCT . NOV . DEC . JAN . FEB ..; MAR .. APR ,

1 0 .05 ' .06 0 .04 0 2.00 0 0 0 0 0

2 .04 .02 0 . .48 0 .16 0 .04 0 .06 0 .11

3 0 0 .06 .69 .48 .01 .16 .06 .08 .03 0 5.46

4 . 0 0 0 .34 .09 .21 .12 .14 0 0 . 0 .73

5 0 0 .35 0 0 .10 .05. ..03 0 0 . .20 .17

6 0 0 0 0 0 .91 . .02 .15. 0 . .03 .01 .10

7 0 0 .03 .49 0 .36 0 .97 0 0 .0 .02

8 0 0 .10 .06 0 .53 0 0 :.20 .29 0 .07

9 0 .14 0 .22 .07 0 0 0 0 .15 0 .47

10 0 .09 .56 .11 .01 0 .02 0 .02 .18 0 0

11 0 .28 0 0 .01 0 0 • 0 0 .12 0 0

12 0 .10 0 0 .57 0 0 .03 0 .04 0 .02

13 0 .15 .31 .04 .17 0 0 .05 .01 .03 0 .01

14 1.62 0 0 .28 .10 . 0 0 .41 0 .06 0 .04

15 .08 0 .32 .16 .06 .73 .15 .06 .02 .03 0 0

16 .01 0 0 0 0 .01 .12 .03 .14 0 0 0

17 0 .12 0 0 .05 .27 0 .11 0 .16 0 .06

18 .32 0 .72 0 .02 0 .01 0 0 .06 0 0

19 0 0 0 .02 .32 0 .06 .07 0 .06 0 0

20 . .05 .15 • .05 0 .02 1.80 .14 .05 0 0 0 0

21 .03 .05 0 0 .04 .52 .47 .08 0 .22 0 0

22 0 0 0 .04 .07 .69 .03 0. .01 . 0 .10 .02

23 0 0 0 0 0 .21 .01 .04 0 0 •o •. .03

24 .06 0 .17 0 .07 .16, .12. .20 0 0 0 .08

25 0 0 0 .06 0 .24 0 .30 .06 0 0 .07

26-.- ,.29 .02 .33 0 .26 .03 .01 0 0 0 0 .48

27 .12 .03 0 0 0 0 .10 0 0. 0 0 0

28 .56 .04 0 .05 1.58 0 0 .15 2.02 0 .01 .07

29 .ir 0 0 .08 0 .02 0 0 .11 0 .01

30 0 0 0 .03 0 .23 .15 0 .10 0 .14

3.1 0 0 .63 o .50 0

TOTAL 3.95 1.24 3.06 3.15 4.03 7.82 3>.75 2.97 3.27 1.52 0.32 8.45

RAIN-

DAYS 12 13 12 16 19 20 18 19 12 15 4 20

Total Year - ). 53 inches

Figure 4. Daily rainfall recorded in Lameshur Bay watershed from
1 May, 1980 through 30 April, 1981.
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at station I in October down to 26.4°C in February at the mouth

of the bay. Great Cruz tended to be a bit cooler throughout

the year with a high reading of 30.0°C in October down to

26.X^°C at both stations in February. Salinities for Lameshur —

ranged from 34.0 ppt (Oct-; Station 1) to 36.2 ppt. (Dec.;:

Station 2) and for Great Cruz Bay from 34.0 (Oct. both Stations)

to 38 ppt, (Feb., Station 1). The stations at the mouth of the

bays tended to be cooler and more saline. Preliminary percu-

lation studies show hyposalihe cooler water to be perculating up

through the sand bottoms at several points during the months

of November - February.

The levels of the nutrients phosphate (PO4) and nitrate-

nitrogen (N03-N) are presented in mg per liter in Figures 8 and

9 respectively. Due to equipment problems early samples had to

remain frozen for several months before analysis. There were

peaks rioted in May for both nitrate and phosphate, and peaks dur

ing the late summer as well. The remainder of the year showed'

readings low enough to fall below the confidence levels for

the instrument used.

Turbidity, in Nepolometic Turbidity Units (NTU) is presented

in Figure 10. Turbidity ranged from 0^,(Sta.2, -£6-ec-t.) to

6.0 (Sta 1, 29 May) in Lameshur and from 0 jg (Sta Jb^ ^39 Sopt>)

to la 0 (Sta 1, 24 Feb.) in Great Cruz Bay.

Photographic representation of settled materials from each

sample are presented in Appendix A.
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;'" Phytoplankton -fatal number are presented in Figure 11a

asv cells, per .liter x•102V alld as composition of: the' popular
in Appendix B. A list of identified species, is also to be found

in Appendix B. Zooplankton numbers are presented in organisms
per cubic meter in Figure lib.
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DATE

8 May, 1-981
36 Key
•29 May
26 Jun

30 Jul

22 Aug
5- Sep

29 Sep
8 Oct

16 Oct

23 Oct,
8 Dec

28 Jan,1981
24' Feb

17 Mar.

10 Apr

Figured . Temperature of water at the 1 M depth in Lameshur and
Great Cruz Bays in C°.

la:•:csiiUR

STA. 1 STA,2

30.0 29.8
28.0 28.5

28.5 .28.2

30.1 29.5

30.0 . 29.5
30.2 29.8

30.0 29.5
30.5 29.8
30.5 30'. 2
30.8 30.1

30.0 29.9

27.4 27.5

27.9 27.5
26.5 • 26.4
27.9 27.8

27.5 26.5

GRCAT CRUZ

STA. 1 • STA.

29.2 28.0

28.4 27.9

28.5 28.0

29.1 29,0

29.1. 29.0

29.2 29.5

29.5 29.5

29.5 29.8
30.0 29.5

29.9 29.5

29.9 29.5

27.0 27.0

27.0 27.0

26.2 26.2

27.5 27.0

LAMESHUR GREAT CRUZ

DATE STA. 1 STA; 2 STA. 1 STA,

'8 May,1980 36.0 36.0 36.0 37.0
16 May 35.0 36.0 36.0 36.5
29 May ,. . 35.0 35.5 35.5 36,0
26 Jun 35.0 35.5 36.0 36.5
30 Jul 35.5 35.0 35.0 36.0
22 Aug 35.0 35.5 35.0 35.0
5 Sep 35.0 35.0 34.5 - -

29 Sep 34.0 35.0 35.0 35.0
8 Oct 34.5 34.5 34.0 35.5

16 Oct 34.0 34.5 34.0 34.0
23 Oct 34.5 35.5 34.5 35.0
8 Dec 35.9 36.2 34.5 . 35.5

28 Jan,1981 34.5 35.5 35.0 35.5
24 Feb 36.0 36.0 38.0 37.0
17 Mar 36.0 35.0 35.0 35.0
10 Apr 34.5 35.0 .- ''-._•

Figure 7 .Salinity of the water at the i M depth in Lameshur and
Great Cruz Bays in ppt (°/oo).
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• LAMCSHUR

STA. 1 STA.

o-. 11 0.35

0.32 0.24

0.0 O.Ot

0.01 O.Ot

0.01 O.Ot

0,05 0.07

O.Ot . 0.0

O.Ot •*•

-rt 0.01

0.01 . • * .

O.Ot *

•k •*

O.Ot . 0.01

0.01 0.01

0.01 o.or

GKCAT-CRUZ;

DATE STA. 1 STA, 2 .' . STA. 1 -STA'.' 2

0.03- .017

.0.12 0.13

0.02 0.0

0.03 O.Ot

O.Ot 0.0

0.03 *

0.01 0.01

0.01 0.01 .

O.Ot 0.0

•* . 0.01
0.01 0.01.

•k -k .

0.01 O.Ot

0.01 O.Ot

0.01 O.Ot

6 May,,1980
16 May
29 May
26 Jun

30 Jul

22 Aug
5 Sep

29 Sep
r.

o Oct
16 Oct

23 Oct

o Dec •

28 Jan, 1981

24 Feb

17 Mar

10 Apr

Firure 8.PI-Phosphate levels in the water from 0.5 m depth from
Lameshur and Great Cruz Bays in mg per Titer (ppm).
t = trace; * = no data, breakage or equipment failure.

DATE

8 May,1980
16 May
29 May
26 Jun

30 Jul

22 Aug ^s

5 Sep
29 Sep
8 Oct

16 Oct

23 Oct

8 Dec

29 Jan, 1981

24 Feb

17 Mar

10 Apr

• !LAMESHUR

STA. 1 STA. 2

1 .1 2 .7

0 .4 . 1..2

0 :i ' 0..0'

0..0 0..1

1,.4 1..1

0..5 0..5

3..1 . 3..4

0. o . 0..1
* 0..0

0,.1 0..2

0. 2 0.,1

0. 2 0. 0

0. 0 0. 2

0. 1 0. 1

. 0. 3 0. 1

0. 3 0. 2

GREAT CRUZ

rA.' i STA. ;

0.9 0.8

0.9 0.8

0.0 0.2

0.0 0.0

1.3 1.6

0.2 •

0.0 d.o
0.0 0.1

0.0 0.0

0.4 . 0.2
* 0.0

0.0 .0,0.

0.0 0.0

0.2 0.1

0.2 0.2
* •*

Figure 9. Nitrate-Nitrogen levels from 0.5m depth from Lameshur
and Great Cruz Bays in mg per liter (ppm).
* =.no. data, breakage or equipment failure.
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1AML S-iUR ' . GREAT .CRUZ

DATE STA. 1. • . STA. 2 • - STA. 1 STA. 2

8 'May, 1980
16 May
29 May 6.0 3.2 9.6 4.8
26 Jun 1.9 0.2 4.0 1.0
30 Jul ,2.0 0.2 0.3 0.2
22 Aug .9 "3 0.7 2.5 0.7
5 SeD 1.6 0.8 3.5 . 1.8
29 Sep 2.3 1.1 0.7 2.5
6' Oct

16 Oct 0.5 0.4. 0.9 2.1
23 Oct 1.5 1.4 3.2 0.9
8 Dec •2.3 1.0 2.8 1.1 .

28 Jan,1981 3.0 1.3 7.4 3.6
24. Feb 1.1 1.5 13.0 2.3
17 Mar 1.4 . 1.8 .4.6 •3l0
10 Apr ' 1,1 . • 0.9 -

Figure 10. Turbidity ofwater from 0.5M in Lameshur and Great
Cruz Bays in N.T.U.

LAMESHUR ... GREAT CRUZ

•DATE ' . STA. 1 STA. 2 STA. 1 STA.'••;

- 8 May,1980 11,608 94 41 61
16 May 8,457 92 400 68

29 May 1*092 514 632 210

26 Jury- " 458 79 * 206 59

30 Jul 105 278 144 53

22 Aug 187 117 117 83

5 Sep 169 75 102 123

29 Sep 243 129 "• 154 • . 58
8 Oct 201 25.8 60 34

16 Oct 209 .60 18 . 17

23 Oct . 238 108 219 65

8 Dec 250 203 118 161

28 Jan,1981 172 176 179 . 287
24 Feb 66 46 128 60

17 Mar 85 70 47 48
10 Apr 27 50 -

-

Figure 11a. Total numbers of phytoplankton from stations in
Lameshur and Great Cruz r=ys in Cells per Titer X 10^*
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; ' ; LAMESHUR;:- GKEAl" UU£.'

DATE . . TOW 1 ,:; T0V'-2 V. TOW 1 /'TOW 2
•3576 8111

•'12248' 1.4875 •
'.' 13192' 13870

67.6.5 . 36411 '
• 50332 '•- 17768 •
•• 38541 . . 166199 ..

65959 210575
518782 198449

117182 • 71593

'119220 •-• 102184 •'
. 73959' •• . 91968 •
' 140348' 43177 .

46585 21283 •'

78868 : . 189499
2186 2232

110926 139246 ••

.13576. .14508

11635 • :7677

•••• 9720 3437

23605 34948

.,36155. V •!Li242

••1486S 500.5

115615 . .LD322

636529 3CjQLV

145572 33617

304875 67493

44200 65098

125351 3o495-

'35043 j5208

66124 13163

9262 .11753

• 8-;-May8 1980
I'D May
29 1,«j

'26 Jun

30 Jul

22- Aug
r

0' Sep

2? Sep
0 Oct

15 Oct

23 Oct
0

• 0 Dec

28 Jan, 1981

24 Feb

17 •Mar

10 Apr

Figure lib. Zooplankton numbers in. organisms per M3 at tc.'.vs taken
• at each station in Little Lameshur and Great Cruz. Bays.
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DISCUSSION

Rainfall in the Caribbean is highly variable, both in time

'•' ' ••'''..'.'. '. ' . ' <&
and location, but differences are not so pronounce/ spacially

• • •• • . • • • . . ' / . .
c

that comparisons between two watersheds on the same island an

not be made. Rainfall.for the sampling year May 1980 through

April 1981, was below normal in total accumulation at both

study sites. When compared to the average for Cruz Bay of

111.71 cm (43.98 inches) shown in Figure 12, Little Lameshur

Bay was only 1.15 cm (0.45 inches) less with 110.53. Rainfall

in Great Cruz Bay was only 67% of that in Little Lameshur having

had only 74.45 cm (29.31 inches) accumulation for the year,

37. 26 cm (14.67 inches) less than the mean for the island.

References to rainfall in St; John indicate that this is not

unexpected. Bowden (1969) in particular says that the Lameshur

watershed when "...Compared to the three eastern stations of

St. John... has a higher, rainfall and a greater reliability."

Most of the rainfall accumulation on St. John and the

other islands tend to. be in short showers of less than 1 inch.

Evapotransportation is practically always higher than rainfall .
••'•.'•'".•. o • :' .'•

in this region (Sediment Reductin Plan).and the effects of the —

light rains are lost to the island almost immediately.. Rain-.

falls of greater than an inch are needed to recharge the aquifer,

If the rain comes after a dry period, however, the effects may

still be lost due to runoff. The water will start to soak into

the surface soils somewhat, but the dampening of the clayey

Cramer-Isaac soils will make them less permeable (Soil.Survey,

1970), and most of the water from such a downpour situation

19



will run off. The question of the effect of this runoff on the

bay is examined in this study.

The accumulated rainfall during the study was a little

below average, as has been mentioned above. The total number of

raindays were, however, normal. Calculations on data adapted

from Cosner (1972) show that rainfalls in amounts greater than

Q.025 cm (0.01 inch) can be expected on 49% of the days during

a year. . Lameshur had rain on 182 days or 50% of the time, while

Great Crux' Bay had measur^ible rain on 46% of the days. Runoff-

potential was not great, as only 6 of those raindays, or 3%, in

Lameshur and 3 days, or 1%, in Great Crux7 Bay were greater than

an inch. The hillside runoff in Great Cruz Bay watershed was

never adequate to pass over the beach berm and flow into the

bay directly. The berm in Lameshur Bay however was breached

after the first sampling trip in M.ayy by rough weather and.

stream flow, and the runoff was allowed to pass directly into

the bay. /his breached area was less than two inches deep^ wkiete—

did not permit the use of the stream flow, guage. No runoff

measurements were obtained directly* This was followed by. an

immediate change in turbidity, nutrients,, and plankton (Figure

8, 9, 10, ila,llb).

. . Rainfall did not necessarily fall in Lameshur Bay on the

same days that it fell in Great Cruz Bay. This is another part

of the variability of rainfall in the Virgin islands. There-was

precipitation in one bay but not the other during 87 days, or

27% of the comparable time. Still, the periods of heavy rainfall.

20



which were most likely to promote runoff matched fairly well.

The general rainfall pattern for the year was quite similar

(Figure 14) with low accumulations in March and June and the

greatest rainfall in April and October. This seems fairly

typical for the island, although the 30 year mean rainfall (Figure

14) showed months with the highest rainfall to be May and

September/October.

The calculated data (Figure 13) shows that the measured

difference in rainfall becomes a greater difference in potential

runoff because the Great Cruz Bay watershed is smaller; Little

Lameshur had a runoff potential 1.8 times greater. The smaller

•Great Cruz Bay potential is also entering a bay which is 1.6

times larger than Little Lameshur. The effects of an equivalent

then, would be expected to be significantly less than in Lameshur

Bay.

The force and effect of runoff in both bays was affected

by the presence of beach berms and low lying alluvial deposits

behind the berms (Purcell, 1980) mentioned in the earlier paper.

Water flowing down the runoff channel meets the resistance of

the berm, but can rise only a few inches before overtopping the

banks of the channel. The runoff water spreads over the fairly

extensive area of the alluvial bottom land both allowing sus

pended material to drop out and reducing the downward force of

the water. The water thus trapped leaches through the berm,

which is composed primarily of Juacas sands and organic debris

(Soil Survey, 1,970). The water table behind the beach rises

21



•eanc-t-l C.,y PUnlation - K.t-cn R.nnfelV ]K.!:-;:H ;H''r.-;^76vTM"-•'
i< "rtb IvS APR KAY -.'.UK ^L AUG ' 5EP KT ^0V_ •*£_' 10™ .gj]^ f? O D'9 3.33 3.H <-.92-b.2I.i'.a.«:.:sw£_^7_JL^-
Natior.al Perl: 5trvice;Cruz Bay - Kton Ciii.-fall 3570-;;'7r>-
V--FCB :'-'R APR KAY .1UN' JUL . AUG . SEP OCT KOV DEC TOTAL
2799 TS7 T.79 2:78 2.50 2./4 3.29 4.74 :- .-.2 /. U> b.,/ •• •- __._.

I • -*->T n-A3 CLr.ri/-i <~o • Pr'17 F.3V-- :'cr. !"1 r»c inTc I1 .2-4^-1-./^ivOAA, CnvDi -~.cr.td I Dc«.d beivice, l? jz d^j
0

TOTAL^K" FEB i^ APR KAY JUN JUL AUG SEP OCT KOV^ DEC. . WJnL
'fko" 1^2 T TO 2^5 4752 T7T5 2^3 3.93 5.60 4.9j^A0JJo^Jh£
-— : — " ~T 7"777; ^77— 43.98

Fi'cure 12 :C 5 ri
monthly rainfall records adapted frera various sources

WATERSHED

LAMESHUR. GREAl CRUZ

AREA

ACRES- — —
SQUARE METERS-

RAINFALL
INCHES ——
METERS "

. GALLONS——--,— -
CUBIC METERS- — -
ACRE-FEET-

CALCULATED DATA
EVAPOTRANSPORTATION L0SS-
(87-91% OF TOTAL)

POTENTIAL RUNOFF -
. (4.5 %OF TOTAL)

536
2.169xlOl

43.53

1.11 r
636.22x10°

2.41x10°
194-4.3 ',,.'•

2.10-2.19xl06 W3
(553.5-579.OxlO°GAL)

'i:08xlb|-M3
(28.6x10°. GAL)

1.03-2.05x10^ M3RECHARGE OF AQUIFER -~— j.uo-i.wA.iug ri
(4.5-8.5?; OF TOTAL) (28.6-54.8x10° GAL)

447

l:8Q.9'xlt)

29.31

0.74 .
353.78x10

•1.34X101
1091.8

1.17-1.22X106 M3
(307.8-321.9x10° GAL)

0.60xloi?-M3
(.15.9x10° GAL) ...

0:60-1.14x10^ M3
(15.9-30.1x10° GAL)

FinMre 13.. S.rr^ry of total annual rainfall in each of--the watersheds.
7 Calculated date derived from ficjres given by Coir.c-rlU/^J.
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during this time as water is absorbed into the permeable San

Anton soils, then drops fairly quickly according to measurements

made on water levels in a well in Cinnamon Bay (Bowderi, 1972)^.

Nevertheless, the slowing of the water's course means that it is

probable that far less water directly reaches the bay then the

amount calculated (Figure 13). Some of the difference in

observed direct runoff into the bay and calculated runoff would

go toward recharging the aquifer in the lower sections of the

slope, and the rest would either evaporate from the broad,

expanpfe of the tidal flat aread or perculate through the berm -

and bay bottom. If this were the case, and spot perculation

studies^/lpSS/showed cool, hyposaline water coming from the —
bottom, then turbidity would be nil and nutrients would go pri-

marily to benthi^ production7 The expectation in general, then,

was to find little effect on either of the bays, due directly

to runoff, but to note more change in the waters of Great Cruz

Bay because of higher development and population within the

watershed. '

The measured data for nutrients and turbidity appear to

bear the first part of this hypothesis but. .Only slight corre

lation can be found between rainfall, runoff and nutrient level

in either Of the bays. It is convenient at this point to

quickly review the sampling periods, observations, arid results

throughout the year before further, discussion.
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6 May. Nutrients levels were high in both bays. Quan

tities of macroalgae and grasses which were cropping, at the

time were, present throughout Little Lameshur, especially in

the sur zone. The water was quite green probably as a result

of phytoplankton in number exceeding 1 x 10 cells per liter.

The phenomenon was riot present in Great Cruz Bay which has a

very limited benthic community. There had been no significant

rainfall for some time before sampling took, place.

16 May. Heavy rains prior to sampling and wave action

broke through the berm in Little Lameshur and allowed water to

run directly to the bay and to flush the tidal flat area with

each tide. A sill remained at the opening however with a

water depth of only 5-6 cm. Water near the outfall was brown

and quite turbid indicating suspended materials carried from

the shore into the bay. The berm in Great Cruz Bay .held and

runoff was retained behind it. The water could still filter

through, as has been discussed above. Nitrates may thus have

passed through.. Plankton numbers at the head of Great Cruz

Bay increased from 5000 cells per liter to 40,000 while those

in Little Lameshur decreased slighly antf changed composition.

29 May. Continued rainfall and runoff did not break

down the berm in Great Cruz Bay. The breach in: the berm in

Lameshur remained open to tidal flushing, but flow rate to the

bay was not great across the sill. The amount of nitrates

and phosphates in both bays dropped to trace levels. The num

bers of phytopl/r|aJkton. at both inshore stations was high; ,
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Populations in Lameshur decreased slightly from the bloom con

ditions several weeks before, while the numbers in Great Cruz

Bay increased to more than 60,000 cells per liter,, the high

for the year. The water remained turbid, especially inshore.

27 J#ne. Rainfall was low during June, the second lowest —-

month in total rainfall. Rain showers were short duration with

low accumulation and no runoff was noted. Nutrients in the bays -

remained at levels below those at which measurements were felt

to be accurate. Plankton numbers at all stations decreased,

as did turbidity. Temperature of the bay waters increased,

and salinity remained much the same. The input of nutrients

during this month, from whatever source, was less^and the phy- —

toplankton populations could not be sustained.
'.'•••" ©^ •

July. The rainfall accumulation was slightly higb^ than '

in June but,rainfall days were the same (12)* There were no ——

significant falls or runoff into either bay. There was an -

increase in nitrate/nitrogen at all stations, but little change

in phosphate. Turbidity was low at all stations but slightly

/higher inshore in Lameshur. Temperature and salinity remained—-

the same. Phytoplankton number generally decreased with the

exception of station LLB-2 where numbers tripled. The input

of materials via runoff was non-existant this period, with tfcie

exception of ground water exfiltration from the land. Nitrate

might have been increased by this water movement or by an.

increase in zooplankton population. The latter case seems likely

but there ^% no data to support the though.
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August. Total rainfall did not increase much in August^

but numbers of days of rain did, from 40% to 58% - Great Cruz

Bay increased more than did Lameshur. There was no evidence

of runoff entering directly into either.bay. Lameshur berm

was in the process of building slowly back and water was res

trained from flushing in and out. Temperature increased slightlv

and salinity decreased. Phosphates increased very slightly

in Lameshur while nitrates decreased at all stations. Turbidity

increased in Great Cruz Bav/ and decreased slightly in Lameshur. -

Plankton populations remained generally the same. This was

a static period with the runoff having no effect on the bay,

and control was probably benthically and pceanically derived.

September. Total number of raindays per month increased

again to 63% at both stations with the beginning of the fall

rainy period. Accumulated: rainfall also increased (28% in LLB

and 56% in GCB). When sampling took place early in the month

and again at the end^no runoff was entering either of the bays

directly. 'Phosphates declined, but nitrates in Lameshur increased

to the highest point of the year in early September. Levels

of both nutrients dropped in Great Cruz Bay. Turbidity was

lower in Little Lameshur than in Great Cruz Bay, giving suspicion

that the nitrates were not part and parcel with the sediment

particles^while phosphates might well be. Temperature; continued -

a slow increase.while salinity continued slightly downward. ~~

Plankton/productivity did not change. The water runoff might

have overtopped the berm, although there was no indication of

this at the time of sampling. More likely the water rose high
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enough to quickly filter through the sandy berm, thus intro- .

ducirig the nitrate into the bay.

Nutrients fell off to practically nothing at the end of

the month, while plankton numbers increased at all stations but

GCB-2. The water was clear and temperature and salinity con

tinued their trends upward and downward respectively. There

was a good deal more rain in Lameshur than in Great Cruz Bay

due to a single 4 cm. (1.5.8 inch) rainfall in that watershed.

There seemed little difference between the effects on the two

bays, so one must assume that whatever indirect runoff there

was had no significant effect.

October. Rainfall accumulations in October were quite

high (19.9 cm 7.82 inches in Lameshur; 14.22 cm 5.60 inches

Great Cruz Bay)^and the percentage of rainfall days was high -

as well at 65%t-68% (The differences in total amount were the

result of larger showers in Lameshur). There seemed to be

little effect on nutrients during this month. There may have

been a slight increase, but it occurred in the ranges less

than 6.5 ppm arid is therefore suspect to experimental error,.

Temperature showed an upward bulge during the monthyvhile

salinity was depressed slightly. Turbidity was low, and phy

toplankton seemed to decrease slightly, on the average, during

the month. Except for slight changes^the extensive rainfall -

had little effect on either of the bays. The berm in Lameshur

had completely repaired itself^and no water flowed into either

bay as direct runoff. It is interesting that October was a
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month typified by large numbers of fry in Lameshur while Great

Cruz Bay had no such increase in juvenile fish numbers.

Novermber, December, January. Rainfall was about average,

although the number of raindays was low in January. Salinity

rose slightly, during these three months, and the temperature

dropped shrply. Nutrient levels were quite low throughout both

bays^and plankton numbers were average. There was an increase

in turbidity at GCB-1 This continued into February and probably

had to do with weather and water conditions. There was virtually

no rainfall in the Great Cruz watershed, so the increase could

not be due to runoff.

Frbruary. Rainfall was low (3.5. -3.6 cm\ although it —

rained half of the days of the month. No increase in nutrients

was noted, but there was an increase in salinity and a decrease

in temperature. Turbidity was low except inshor'at GCB-1. —

Plankton numbers were low at all stations. The turbidity was

probably due to rough water conditon^hich existed during and —

prior to sampling.

March. March had the lowest rainfall of the year and no

runoff. Although measurements of nutrients in the water column

were quite low^there seems to be a slight upward trend in nitrate;

there was no change in phosphate levels. Turbidity decreased

radically at GCB-1 in spite of a swell entering the bay. Tem

perature rose and salinity dropped. Phytoplankton numbers

dropped.

April. There was high rainfall in April, due primarily to

the largest single rainfalls of the year. Rainfall days were high

as well (56%-GCB; 67%-LLB)., but there was no change in nutrient
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levels. Measured turbidity was lower, although the extraneous

material in the plankton samples was the highest seen at any

time'during the year. The material looked like a precipitate

of some sort, and was assumed to be sampling artifact. No sam

ples were obtained in Great Cruz Bay due to mechanical failure.
There is no direct/%)rrelation to be found between rainfall

runoff,, and events occurring in the bays. There were, however,

two occasions when there seemed to be a reaction in the bay as

a result of runoff. The principal case occurred in May of 1980,

just as sampling began. The high nutrient levels noted at the

beginning of the month were not associated with runoff^as there

•had been no rain since the beginning of the month. It is

interesting that levels of nitrate were quite high-at the begin

ning of the month, especially in Little Lamsehur Bay, and dropped
rapidly toward the end of the month. One should also note that

levels, of phosphate were high offshore at both stations at the

beginning of the month and declined significantly in the middle

of the month following a heavy rainfall. Nutrients at all

•stations then dropped to very low levels at the end of the month.

These changes are a result of several interacting factors.

The nutrient levels at the beginning of the month culd be ascribed

-to the breakdown of cropped macroalgae and grasses in the bays.

.Lameshur had much higher amounts of available nitrate-nitrogen —
-because the benthic flora is much richer. The nitrates, are

generally considered limiting factor in tropical waters, and

the increase of this nutrient in Little Lameshur caused a massive
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increase in the phytoplankton numbers. The inshore bloom, in .

turn, depressed the amount of nutrient. The off-shore stations

did not have the phytoplankton populations and were higher in

both nitrates and phosphates.

The heavy rainfall preceeding the second sampling may have

introduced some nutrients in the runoff water into the bay.

Both bays showed depression of salinity and temperature in the

samples, and Little Lameshur had an increase in phosphates.

There was also an increase in plankton numbers at the three

stations not already undergoing a bloom. One may surmise that

the increase in free phosphates and nitrates in Great Cruz Bay

were a result of runoff.

The large increase in phosphates, in Little Lameshur is

attributed to the breakdown of the berm, which allowed parti

culate phosphate or phosphate absorbed on particles (Lake and

Maclntire, 1976) to flow directly into the bay. The final

sampling period in May also followed heavy rainfalls, but no

particular effects could be attributed to that runoff event.

It is possible that the first even carried the majority of the.

available materials to the bay with the result that in the

second rainfall/runoff period the levels of transported

materials were not high. The nutrients which were introduced

might have allowed the phytoplankton populations to remain at

high levels for a slightly longer period^but the uptake would -

have reduced the nutrients to the lower detection level.
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The other instance which appeared to have a connection

between rainfall and runoff occurred in early September. The

rainfall was not great, but it followed a period of two weeks

which were relatively dry, the bay temperature was up, and an

algal die-off was in progress. There was an increase in

nitrates in Little Lameshur concurrent with the rainfall, and

increase in plankton in the following sampling period. Phos

phate was still below our measurement limit. This may have

/been related to the water and the particulate material sus

pended in it being stopped by reformed berm.

The effects of runoff events in October are more difficult

to assess. There was considerable rainfall during the period,

which appeared to affect both salinity and temperature

(Figure 16). Nutrients remained low however, so we must con

clude the runofi came in but some mechanism removed most of

the nutrients. There was considerable fluctuation in phyto

plankton numbers, but they seemed to show little overall change.

The microzooplankton/larval plankton and the numbers of small

juvenile fish did increase during this month in Little Lameshur

Bay, but not in Great Cruz Bay. It appears that the changes

taking place in the bay are primarily related to indirect

factors. This may be taken to be combination of runoff per

colated drainage wind and offshore water movement, and possibly

day length or temperature.

Heavy rainfalls in February and in April did not seem to

immediately or directly affect either of the bays insofar as

the paramenters measured.
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CONCLUSIONS

Rainfall runoff does appear to affect the tropical bays

examined. The most obvious is that nutrients seem to be intro

duced into the system as dissolved nitrogenous material or

particulate and absorbed phosphates after heavy rains or when

the berm is breached. These materials, especially phosphate

complexes, are both most easily carried into the bays if the

natural system of low lying alluvial area and beach berm are

altered to allow direct flow. The increase in nutrients

causes an increase in productivity within the bay waters.

When the free nutrients reach a maximum threshold (l.mg N03 or

0.1 mg P04) there is a 2 week lag followed by a plankton bloom.

While there is an effect of the runoff, there are many

other factors which enter into the complex situation. The

cycles in productivity in the bay are integral and depend not

only on runoff to transport nutrients into the system but on

bacterial action on cyclia die-off algae and grasses cropped

algae, water currents and wind driven movement, zpoplanktonic

excretion and reaction across the air-water interface. All of

these are important in the balance of the natural system.

One can see, within this study, some of the effects of

change related to development. Great Cruz Bay has been lightly

developed/ and has not, apparently, been changed enough to alter

runoff characteristics, the beach and back-beach structrures

are intact, and that physical and ecological buffering system
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still, functions. The hillsides in the watershed have been

left intact for the most part and the.cover not cleared off.

This slows the rate of runoff and increased''the time the water

spends on the slope, which should improve recharge of the

aquifer. Thus the level of light development seen in Great

Cruz Bay seems to do no harm to the bay.

The differences in productivities between the two bays

studied are felt to lie in rainfall pattern and alterations

to Great Cruz Bay itself. The dredging which was done in

1971 removed most of the benthic plants from the bay. This

in turn removed one of t^h/ subsystems important to the produc

tion of organic material and the cycling and.retention of

nutrients.

The important lesson to learn in a study of this type is

that changes in a system can be made, and the overall balance

of that system not be radically altered. The trick is in under

standing which portions of the watershed can be changed, and

by how much, to avoid upsetting the balance. In Great Cruz Bay

the building of houses and roads was compensated by leaving

the beach berm and alluvial fan area intact. It appears that

runoff^at least during the period studied, did not affect con

ditions in the bay any more that it would have in a natural

system. The bay itself was altered by the earlier dredging,
• •• ac

which apparently altered its productive capability. This^an

example of change exceeding the absorptive capability of the -

system.
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The question remains as to. the effects of extensive

development: How rainfall runoff is changed and whether the

bay can absorb or adapt to those changes. Studies of urban

runoff have been done, but seldom on a tropical island.

Graham (1977) noted rainfall runoff had the effect in Kingston

Harbor of increasing productivity compared to surrounding

waters. The extent of cause and effect, nevertheless, remains

an open one. Another serious question is, "where does the

major runoff, with its nutrients and organic load, go?" Clearly

it reaches the shore ecosystems. Some may be used in these

systems^but can it possibly use all of the load? The run-off —
and load comes in "slugs'^ but there is no evidence of a slug

in the bays. This leaves an open question, "Can a natural

ecosystem be "eco-engineered to absorb and use effluent loads?"

If so the implication for the tropical islands are great.

Finally, "Does the lost nutrients and water relate to our

cyclic growth of benthic producers and fish?"
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APPENDIX A

Photographic representation of the settled material from
each of the samples taken at two stations.in Little Lameshur Bay
(LLB-1, LLB-2) and Great Cruz Bay (GCB-1, GCB-2). The Photographs
were taken.at 50X. Three mm equals approximately 50 microns.
The vast majority of the material in the micrographs is non
living, and represents material suspended in the water column,
causing turbidity.
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