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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
comparision 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. o
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- EXECUTIVE 'SUMMAR’Y‘_'.' o A' S
S T g _“ R o A@wl/%M%yf
The’ 1sland of St.‘John is a small troplcal 1sland of | {g? | _
[Z?zn£#> deéze miles extend and ‘with a populatlon of about 3,000 :
' persons. About two thlrds (2/3) of the 1sland 1s a Nat10na1
Park, now de51gnated as. a- Bnosphere Reserve.v At one time A'.
about"95% of the island was*cleared'and planted in'sugar’
~‘fcane, 1nd1go, hemp, and bay rqu'Most of the island is now . ”fﬂ';fw:,
] . o O e . )
wln secondary ‘to tertlary success1onal tropical forests..
’The two watersheds and bays studled were Great Crua
ﬁay, lightly developed with homes, guest houses, and small
buSLnesses, and'Greater LameshuJBay an undeveloped area except i
theﬁgeomorphic.profiles'for both water—sheds’are.31m1lar, a
" small flat alluv1al plaln w1th fOSSll beach bermi?and mangroves
1at theVShore. The s011s of both are shallow‘;Z;mer serles
OVer volcanic rock. The beaches are Juacas sand and worn cobbles.
ABehlnd the beach and beach berm in both cases’ 11e mangrove
'forests and small salt ponds of 4- -5 acres. . Both watersheds o
»have 30"—40"ra1nfall per year.

MaJor dlfferences between the bays are in populatlon,~~.
f‘vegetatlon removal .and dralnage patterns. Great Cruz Bay’ hasl
;_about 300 people in. the watershed Lameshur Bay has 6. people. _'

The leaf area 1ndex (cover at an,"average” p01nt) is l 2, where—_y
as . at Lameshur Bay it 1s,3 4, CruZ‘Bay has developed abouthO%

'of the natural area, Lameshur Bay has 67 developed.

b s aara i o s s =




Cruz Bay was 2O 3O centlgrade cooler than Lameshur Bay

- all year.' The range as well as the absolute levels of turbl—‘

dlty was 2 to 3 tlmes hlgher in Cruz- Bay. The sallnlty in

“Cruz Bay averaged 5%- 8% hlgher than in Lameshur and the range R

D

of levels were more varlable. The phosphate levels and phyto—'
_plankton blooms were hlgher in Lameshur Bay after rains of'
_more than 1 1nch per 24 hours. |

Nutrlents and phytoplankton 1evels were 51m11ar in both

FotE '
bays.. About 3 4 weeks after a serles of ralns aad ;algae and —

”vturtle grass (Thalass1a) on the inner bay bottoms doubled in -
’_ blomass (grams) per square meter. ThlS bottop/growth 1ncreased ——
durlng December and Januarv)butjas raln ceased temperature o

. A
and sallnlty 1ncreased the bottom flora began to die back w1th

more and more plants appearlng in. the water ‘column durlngv

'.March and Aprll - | |

Most of the d1e—off was followed bv a large 1ncrease.

.1n Phosphate in late May and in June. This nutrient 1ncrease¢“—’;"“3

';was‘followed by growth of phytoplankton.- . |

-~There are three 81gn1f1cant f1nd1ngs of th1s study-

l,ﬁ:Uplto a point it is. less 51gn1flcant for the.near-T
.shore marine systems whether the watershed is deve—
,vloped or not than whether the salt pond/shorellne |
~vegetat10n and the beach berms are left 1ntact.

2. There is a connectlon between the watershed runoff

4and~the_primary prodUctlonAof the‘bays;but)except ———

VL Ll



for very large rains the connectlon is probablv sub-. —

2

;surface:dralnage, s-delayed and is not dlsruptlve. 

The occuranoe of rain triggers a~def1nab1e ecologlcal

vsucce581on of phytoplankton, zoopyﬁghton, and algai L

growth Whlch in turn may be 1nbtumenta1 in keylng flsh
spawnlng and/orAsurv1va1 of" the.ilsh‘larvae._ Presumably

the type.aﬁd range of succession WOold dependoon how>.

extensive development was done and whether the coastal

berms and vegetation were preserved..

X



INTRODUCTION -

~ The Caribbean_region'is being developed forpresidential,
'_commercial and industrial purposes, ~Tourism and vacatiOn poten-
tial are being exploited at'the same time as the island popula;
tions'areflnoreasing,“and with them a need ror broader;based
‘ economies..'The trend.iS»espeoially'true in the.U.Sg;Virgin
Islands,:and‘appears to be acoelerating ‘The\growth'has‘in—
creased land values and resulted in a plralllng pressure for —
‘development of avallable land. Effects of constructlon and |
‘land-form chahges_in'troplcal‘env1ronments‘are.not well docu-
,mented;~ :This’paper and~the're1ated study done in LameShur
and Watermelon Bays (Purcell l980) may. serve-as.a’step:in'
Aunderstandlng the effect that changes in a watershed may have
'fon ra1nfa11 runoff and the resultant alteratlon of the phy31cal
nd blologlcal state of the bay assoc1ated w1th the watershed
“'The proaect measured the ralnfall in two watersheds on
St. John,iUSVI" thtle Lamshur Bay has an - undeveloped watershed
-and’ Great Cruz Bay has a lightly developed res1dent1al watershed
hsubJect to growth (Figure 1). Concurrent measurements were
made 1n the ass001ated bays for sallnlty, temperature, turb1d1ty,
'.nutrlents levels’ and plankton numbersgand ‘theseée . were a35001ated .
to the amount of rainfall ‘and runoff. The dlfferences in measured.
data whlch manlfested themselves between the two bays mlght}

'be assumed to-be-caused in part by differences in development.



'Examlnatlon of these varlances may 1n turn reveal a means of .
“utlllzlng a watershed ‘in the most eff1c1ent and(ﬁjast destruc—;

. tive manner.

. METHODS AND MATERIALS

Rainfall was measured in each watershed b{ a "Weather-
measure" t1pp1ng bucket rainfall guage connected to a- Weather—f
’ measure automatlc event recorder. A pas31ve guage was placed
»nearby to serve as a backup. One 1nstrument Was set up 1n
an opendarea near the ranger re81dence 1n Lameshur Bay; the
other near a private house 1n.Great Cruz Bay (Flgures 2 and 3).
Recording graphs were changed Weekly.

- Streams in St.’ John: are 1nterm1;;htg and do not flow dur—‘
ing much of the year; Sltes were establlshed for streamflow -
‘iguages in each of the two watersheds (Flgure 2, 3) and the
}guages were to be emplaced when flow was adequate for measure—r'
ment . The cross sectlon of the streambed at these 31tes was,
measured and plotted ‘to use as an estimate of runoff volume.

The area of the Lameshur and Great Cruz Bay dralnage areas,f
O

.- were adapted from the Vlrgln Islands gplmentbReductlon Plan"-~+—;_5

v‘ (1979)

Two marlne sampllng statlonsvwere establlshed ‘in each the
vbays (Flgure 2, 3) one near the outfall of the magor portlon of
' the runoff and ‘the other in the mouth of the bay.‘ Samples were
taken once a’ month from each of these statlons. ~Additiona1
samples were obtalned follow1ng rains of 1.27 em (0 5 in). or

© more. Temperature and sallnlty were measured in s1tu at each
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_Astatlon using a callbrated mercurfﬁhermometer andlan A.0. "Tf;_fé
Refractometer.w1th sa11n1ty scale ‘Water samples were taken
at each statlon w1th a 5(£j>Van Dorn bottle and transported C e
/Zhack to the lab for analys1s A 500 ml water sample was L m———
preserved w1th H2804, frozen as qu1ck1y as p0551b1e and held
until analysis for nltrates and phosphates could be accompllshed
Nltrate/nltrogen was measured by the bruc1ne sulfanlllc acid’
, method and. phosphates by the ammonlum molybdate method - as out—A
‘llned in h P.A. Methods for Analysls of Water and Wastes (1976)
A Coleman 6/30 Junlor II spectrophotometer (23 mm wavepath) was
-used for colorlmetrlc determlnatlon. |

A second water sample from each site was used for measure—
ment vof turb1d1ty in Nephelometrlc'rurbldlty Units. (NTU)
ut111z1ng a Flsher DRT - lOOO Turb1d1meter."
) A flnalS lOlmlwater sample was preserved at the s1te w1th
buffered formalln and’ transported to the laboratory for settllng'
and analys1s of phytoplankton populatlons us1ng modlfed Ulter—e
mohl techn1ques outllned in the Phytoplankton Manual (1978) |
Counts were made with an Olympus IM 1nverted plankton countlng
' mlcroscope at 200x. Photographs were tiaken of a typlcal fleld

of each sample at 40 x to help in analys1s of sedlment
‘SITES

thtle Lameshur and Great Cruz ‘Bays Were chosen as study
:areas because of phys1cal s1m11ar1t1es and development dlfferences

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



slmllar in dralnage area, general‘shape of the bay and d11ectlonv
of openlng and both have a single main outfall 1nto the bay
Lameshur watershed is undeveloped, w1th one dlrt road and one -
dwelllng. -Great Cruz ‘Bay watershed on the other hand is llghtly
developed with 1.5 resldences per acrc, several paved or dlrt
roads and the Department of Public Works sanltary landflll
and 1n01nerator site néar the top of the. watershed. It is
1mportant to note that nelther watershed has development w1th1n
the low lylng area behind the beach through Wthh the watershedr
dralns, 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 w1th condomlnlum constructlon. The progect has o
been delayed or cancelled by legal actlon.
. Lameshur Bay is located on the Soth shore of St. John;
_,U.S V1rg1n Islands Flgure l), and is’ separated 1nto two parts;
,kGreater and . Lesser,'each Wlth 1ts own dralnage area (Flgure 2)
The watershed for Lesser Lameshure 1s falrly steep, rlslng to
1 100 feet at the Bordeaux mountaln ridge. The mean altltude
-of the rldge is closer to 700 feet. The hllls are falrly
steep, well forested and draln 1nto several channels or ”guts" 2-
Whlch coverge 1n a broad thorn/mangrove area less than 3 meters
~(10 ft) above mean sea level w1th the seaward ex1t of the draln—y‘
_:age channel being at sea level |
| The surface s01ls are composed prlmarlly of Cramer gravelly

clay 1oam w;thyslopeézoi»lz to 60 percent. The-U.S. Department ',a.—~f

.vofTAgriculture Soil,SurVey (1970)‘Characterize drainage as'good,
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runoff as. medlum to rapld and permeablllty as moderate. The
JCramer serles 50115 here are generally shallow (25 50 cm) over
‘partly Weathered baslc volcanlc rock. The Southern slope is

- cobbly alluv1a1 land, and stony w1th resultant rapld permeablllty

and 1ow water holdlng capaclty

Dralnage area for the watershed is 536 acres (2 17 km )
(Sedlment Reductlon Program, 1979). A natural berm Whlch rlses:
between the - flats and a cobble beach generally serves to retaln '

the runoff v There is- one 1nhab1ted dwelllng in the Watershed

the N.P.S. ranger res1dence (Flgure 23 'A‘septlc,fleld is used
for . waste dlsposal. There are also two pit/chemical toilets for
use of park v1s1tors. A beach occuples the Northern'shore of theA

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

.3_cbbble'beach.by’a_rock outcropplnggwhlch extendS'into the'baj

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

" on the Western'endioflthefcobble;beach; Use of . the beach by

visitors is notvhigh“as,accessTmnst be over the single dirt road

voor,by foot.>}'

The bay bottom near the cobble beach is rocky with scattered~“

corals. The slope is. gradual and 20 to" 30 meters offshore 1n a.

: depth of 2 meters the bottom changes to sand. Max1mum 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 malnly of Tha1a551a
4

The remalnder of the -eastern and western shore are steeper ‘and

frocky w1th good coral and gorgonlan development.A




Easterly w1nds'dom1nate; and the resultant swells enter-"

_the bay at a broad angle but durlng weather they may be refracted
enough to brean on the cobble beach Wave actlon and storm
:runofi/’had at the beglnnlng of - the study in m1d Mav,breached

"the beach berm at. the outiall creatlng a 51tuat10n where the

low lying area behind the berm was infiltrated with salt waterj "
.and the runoff‘from the‘watershed would, afterimixing with.stand- g

E]

ing wate%'have d1rect access to the bay through a narraw (2 3

meters) gap. The last two thlrds of the study was done w1th the
wrs
_breach fllled in by natural actlon,aad’ho dlrect access between

"runoff and the bay. Bay water ‘could pass through the berm slowlya

however, and surface water close to the berm tended to be sallne.
g . :
THﬁs, after prolonged perlods of llgh rain, tended to be over

.30 parts per thousand of. sallnlty. Clrculatlon in the bay

appears good and the flushlng tlme seems low.

Great Cruz Bay is located in the S;th—western corner of
St;-John (Flgure 1).. The watershed is not as steep as that of
Lamshur Bavfwith the hlghest points belng sllghtly more than
.éooufeet_(Figure 3) and an~averageihe1ght of approxamately_soo
feet. The.water shed is narrOW'andblong and empties intoltwo f
'pr1nc1pal water channels which join to form a 51ng1e outfall_:
‘at the bottom of- the slope.f The larger of these two_ﬁguts“.is_.
;:Gulnea Gut, which dralns the: watershed from the area of_the -
s;?tary 1and flll.’ The two channels become.one Just below'the'e—Q"’;
SOuth road and continue'toWard the bay. The beach creates a |
:%)berm wh1ch contalns the water flowy/and forces 1t over its ‘;—‘”fj :

banks 1nto the 1ow lylng area behlnd the beach durlng hlgh

v.ralniall,perlods._



‘Like the‘rest OfiSt. John the's1opes are pr1mar11y Cramerv‘
soiis ﬁith IsaaC'80ils on. the foot slopes. The maJorlty of the_
- low land south of the road is characterlzed by the 8011 Survey
of the Vlrgln Islands (1970) as an alluv1al fan of San Anton |
clay loam, w1th'a tidal flat area close to a Juacas sand beach.
.Permeability'of,the entire watershed is moderate, and topsoil
on the slopes is‘quitershallon. Thevmajority of.the,s10peAarea
is well forestedpand roadways tend to run cross sIoperor along
ridgelines. |

The dralnage.area for.Gu1nea Gut and the assoclated gut is
'447 acres (1. 81KM2), w1th some addltlonal drainage from the Roman
H111 area, maklng it 84/ of the size of the Little Lameshur
watershed. More than 50 res1dence (1978 data) are located in —_—

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

o number are in Bethany and in an area East of Enlghed._ There are

;also some houses along the road leadlng past Glit H111 to the.
sa11tary landflll 51te. Most of the houses,would use septrc»
- fleris. There is a maln.road pr1mar11y of asphalt located;
along much of the perlmeter and several dirt roads runnlng
cross-slope on the Western 31de of the watershed.

| The beach is-Juacas sand and subJect to very 11tt1e wave
ctlon, protected by the depth of the bay A number of prlvate
craft use Great Cruz Bay as an anchorage and it has been dredged____,ﬂ
h1n the past to- allow access of these boats. The bay bottom is’ |
prlmarlly ‘sand whlch appears to have a very flne s11t 11ke.

quallty. There are no s1gn1flcant grass beds w1th1n the bay,



_ - : o _//A‘}'/?
'but there is sparce growth here and there. The bottom(;g)very
Are? .. £< o pEPTS T -
gradual slope/ approach{ﬁ@ 20 feet (6 meters) at the mouth. L
Some ooral and gorgonlan growth ex1sts near the mouth
: The runoff from Great Cruz Bay watershed 'was never observed
durlng the study to run over the beach and d1rect1y into the
bay, although w1tnesses have reported this as happening in the .
past.A There was 1nf11trat10n of salt water behind the berm, -
2

'and 11ke Lameshur, durlng perlods of low ralnfall the standlng

water became quite salty.

RESULTS
de
Data resultlng from the study are sumarlzed in Ezgures 4

'through 11._ The dally, monthly and yearly ralnfall are shown
in Flgures 4 and 5 for Lameshur and Great Cruz Bay respectlvely.
ﬁ‘The data are presented in 1nches for ease of comparlson W1th the
btotal body of past ralnfall data.v Mechanlcal problems w1th the
meter in Great Cruz Bay caused the loss of the flrst 48 days
_data. Yeariy ralnfall in. Lameshur was 43. 53 1nches (110 5 cm)
or 0.45 (1 1 cm) less than the mean of 43. 98 1nches (111 7 cm) N
(Flgure 12). Yearly ralnfall in Great Cruz Bay was con31derab1y F—E—:‘“
less, being only 29 31 1nches (74 4 cm) or 14.7 1nches (37 3 cm) |
v;less than the mean. Ralnfall was hlghest at both statlons 1n

——

AApr11 May and October//and lowest 1n February, March and June.

Temperature of the’ surface water in degrees centlgrade at
the bay 81tes (0.5 M water depth) 1s presented 1n Flgure 6 and
.the sallnlty glven in parts per thousand (ppt) is shown 1n 4

Flgure 7,' The temperatures 1n Lameshur Bay ranged from .30. 8°C

10
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F1gure 4 Daily ramfa]] recorded in. Lameshur Ba_y watershed from

1 ray, 1980 through 30 Aprﬂ -1981.

11

DAY . MAY . JUN . JUL . AUG . SEP . OCT . KOV . DEC . JAN . FiB APR
1 0 .05 .06 O .04 "0 2.00 O 0 0 0 0
2. .04 .02 0 . .48 O .16 0 - .04 O 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 o 0 0 o .91. .02 .15 O .03 .01 =10
7 0 0 .03 .49 O .36 0 .97 - 0 o -0 - .02
8 0. 0 ©10 .06 O .53 ° 0 o .20 .29 0 - .07
-9 0 .14 0 .22 .07 O 0 .0 o .15 O A7
10 0 .09 .5 -.11 .01 O - .02 O - .02 .18 0 O .
11 . 0 .28 0 0 .01 0 - 0 .0 0 . Jd2 00 0
12 0 19 0 0 .57 O 0 ..03 0 .04 O .02
13 0 .15 .31 .04 17 O O .05 .01 .03 .0 .01
14 . '1.62 O 0 .28 .10 0O 0 .41 O .06 0. .04
15 .08 0 .32 .16 .06 " .73 .15 .06- .02 .03 O 0
16 - .01 0O 0 0 o0 .01 .12 .03 .14 0 0 O
17 o .12 0 0 .05 .27 O 110 .16 0 .06
18 .32 0 .72 -0 .02 0 .01 0 0 .06 0 -0
19 - - 0 o 0 .02. .32 "0 . .06 .07 -0 .06 0 0
200 -. .05 .15 .05 .0 .02 1 80 .14 ...05 0o - O .0~ 0
.21 .03..05 0 O .04 .52 .47 - .08 0 .22. 0 -0
22 o 0 . 0 .04. .07 .69 .03 0 .01 0O .10 .02
23 0 0O 0 0 O 21- .01 .08 0 O 0 . .03
24 - .06 0 . .17 0 .07 .16. .12 .20 0 O O .08
25 o 0 0 .06 O ..24 0 . .30 .06 0 O .07
. 26°- .29 .02 .33 O 26 .03 - .01 0 .0 0 0 .48
27 12 .03 00 0 0. 0 .10 O 0 0 0 -0
28 .56 .04 0 .05 1. 58 -0 0 .15 2,02 0. .01 .07
. 29 . 7¥ 0 0 .08 0O 02 0. 0 .1 0 .01
©. 30 0 - 0 0 .03 O .23 .15 -0 .10- 0- .14
3 0 0 o .63 0 . .50 0
TOTAL - 3.95 1.24 -3.06 3.15 4.03 7.82 375 2.97 3.27 _1.52 0.32 8.45
“RAIN- - e o - ' S _ L .
DAYS 12 13- 12 16 19 20 18 . 19 12 15 4 20
. Total Year ~ £3.53 inches




DAY . MAY . JUN . JUL . AUG . SEP . OCT . NOV . DEC . JAN ..FEB . MAR . APR .

o * : :
1 | 92 0 0 0 .33 0 0 0 0 .09
2 L .05/ .18 0° .01 .03 .67 .02 0 .04 0 .09
3 12 .3 .14 0  .09. 0 .02 .06 .0 .09
g | ¢ .33 .81 .40 ‘.04 .06 O 0 0 1.31
5 - ¢ .13 0 - .24 02 0O .0 0 .01 .12 .
6 lL.ijo ¢ o o ..8 .01 .00 0 -0 0 0
7 7 (.69 0 .38 0 1.23°0 .04 0 .04
- ¢ .03 0 6 0 0 0 .02 0 .13
9 50 0 .03 .10 .17 0 0 0 - .09 ‘0 .24
10 ¢. .09 .20 00 O 0 0O .12 0 - .03
11 c o .04 0 0 .04 00 -0 0
12 c .07 .74 0. 0 0 0O -.08 0 .01
13 .55 G .11 -.09 0 0 - .07 0 .03 0 .01
14 7~ 13 .2 .0 0 0. .06 0 .05 0- 0
15 | ] .08 .01 .13 ..12°0 .13 .07 .03 0. O
16 Le.zr| o o .0 ~..25 0 .02 0O .11 0 .06 -
17 ~l.ag* 050 "0 .06 0 ° .04 O  .07° .03 .01
18 0100 0 .01 "0 .08 0- 0. .01 0 O
19 .02 .19. .01 .30 .82 .01 .16 O 0 -0 "0
20 08 .14 0 03. .26 .11 .01.-0 ~ .41 -0 O
21 o .31 0 0 .. .03 .29 0 0 0O 0 O
22 0 0 0 ..07 9 .39 .02 0 - 0 0 - .05
23 L.ax 0o 0o 0o .16 -.33 10 .22 0 0 .02 0
24 0- 23 0 .34 .3 .04 .29 .02° 0 0 .03
25 .01 0 .08 .0 0O  ..11 O O .0 O 0
2% | . o o o0 063 .11 0 0 -0 .0 -0 .57
o1 33 -.1000 .31 03 0 O 0 0 03 0
28| 060 .14 .12 .04 .05 0 .03 0 .01 O-
29 03 0 06 0 13 06 .0 .01 0 .03 0.
30 |74 -4 0 0 0 0 O 0 .03 .0 .35
T 0 0 31 .03 0 -0 0
TOTAL %17 *1.77 1.55 2.31 3.64 5.60 2.37 2.31 3.36 1.14 0.13 3.79
CRAIN- T ST T T T ;
DAYS 11 14 .19 21 16 15 .6 14 .6 17

' T Total Year ~ 29.73 inches
* - Estimated'from»Cruz Bay rainfall- o AR

chure 5 Daily reifall recordOd in Great Cruz Buy Watershed from '
1 Lay, 1280 throwvah 30 Apr11 1981. ‘
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;atistatlon I in October down to'26 4°Chiﬁ‘Fébruary at fhe mbuth
-lof the bay.. Great Cruz tended to be a b1t cooler throughout'
the year w1th a hlgh readlng ‘of 30 OOC in October- down to
- 26. QOC at both statlons ‘in February. Sallnltles for Lameshur
.ranged'frOm 34.0 ppt’ (Oct.;‘Station 1) to 36.2vpptr (ﬁec.;}
4Station 2)“and for Great Cruz Bay from 34.0 (Oct. both Statigns)"
to 38 ppt, (Feb., Station 1). The stations at-the-mouth ofhthe
:bays tended to be eooler and more saline. Preliminary percu- -
latlon studles show hyposallne cooler water to be perculatlng up
, through the sand bottoms at several p01nts durlng the months
of November - February. ‘ -
: The 1evels oi the nutrlents phosphate (PO4) and nltrate—’

nltrogen (NOB—N) are presented 1n mg .per llter 1n Flgures 8 and '
9 respectlvely.v.Due to equlpment problems early samples had t0'_'m

remain frozen for several months-before analysis. There were .

""'peaks noted in May for both nltrate and phosphate, and peaks dur-

:1ng the late summer'as.we11; The remalnder of" thevyear‘showedaf‘
“readlngs low enough to fall ‘below the confldence levels for
the 1nstrument used
) Turbldlty, in Nepolometlc Turbldlty Units (NTU) is presented
: =4 ~/v~£.‘ \/V&/ . ‘
~'in Figure 10. Turbldlty ranged from O/A’(Sta 2, ¥606cTt.) to _;___ﬁ&A_
’ L '.L 30 \/VA)/ L B ’ .
6 0.~ (Sta 1, 29 May) in Lameshur and from Oyg (Sta/l/.QQ—Sep% ) —-____F;
to 13 o (Sta 1 24 Feb ) in Great Cruz Bay. ' ' '

Photographlc representatlon of settled materlals from each

sample are presented in Appendlx A.

13



Phytoplankton total number are presented in Flgure lia
:7aS cells per lnter X 102, and as comp081t10n of: the populdyapn —_
' in Appendlx B : A llst of Jdentlfled spe01es is also to be found

1n Appendlx B. Zooplankton numbers are presented 1n organlsms

'~Y”per cubic meter 1n Flgure 11b.

14



LASCSHUR ©© GRIAT CRUZ

DATE _ CSTAL 1. STAL2 . STAL 1 . STA. 2.
-8 May, 1980 ©30.00  29.8 h 29.2 28.0
16 ey . 28.0 28.5 28.4 T 27.9
29 May o 28.5. . 28.2 '28.5 28.0
26 Jun 301 . 29.5 ¢ 29.1 29.0°:
30 Jul 30,0 . 29.5 29.1 22.0
22 Aug . 302 29.8" 29.2 29.5
5 Sep 30.0 29.5 29.5 29.5
29 Sep 1 305 . 29.8 29.5 29.8
8 0ct ‘ 30.5 30.2 30.0 29.5
16 Oct . 30.8 . 30.1 29.9 29.5
23 Oct., - 30.0 .29.9 29.9 29.5
" 8 Dec . 274 27.5 - 127.0 27.0
28 Jan,1981 o 27.9 27.5 27.0 - 27.0
24 Feb . 26,5 - 26.4 26.2 26.2 -
17 Mar. 27.9 27.8 . 27.5 - 27.0
10 Apr | 1 27.5 - 26.5 - -

" Figure 6 .. .cmperauure of wate

at the 1 M depth in Lameshur and
o Great Cruz Bays in C SN ‘ S

. - .. LAMESHUR L . GREAT CRUZ..
. DATE . STA. 1 STA:2 ~ ~ STA. 1 ~ STA. 2
8 May,1980 - 36.0 36.0° 36.0 .~ 37.0°
16 May . 3%.0  36.0 36.0 - 36.5°
‘29 May .. . . 35.0 35.5 35,5 . 36.0. .
26 un - . 350 355 36.0 - 36.5 -
30 -Jul e 35.5 35.0 - 35.0 36.0
22 Aug ~ 3.0  35.5 35.0 35.0
" 5.Sep . 35.0 35.0 34.5 -
29:Sep - , . 34.0 -35.0 35.0 - 35.0 .
- 80ct 134.5 34.5 .34.0. . 35.5°
. 160t .. 340 - 34.5 3.0~ .38.0
.23 0ct 34.5 35.5 34.5  .35.0
- 8Dec. 359 " 36.2 345 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 B '34.5 35.0 - R,

,F1gure 7 Sa]1n1Ly of. the water at the K d“pth 1n Lameshur and
Great CrJz Bays .n hpt ( /o0).
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, DATE'

§ May,19380
16 Hay -
- 29 Yay

- 26 Jun

30 Jul
22 Aug

5 Sen

2% Sep

& Jct
& Oct -
3 Oct
© 8 Dec
28 Jan,1981
26 Feb
17 Mar
i0 Apr

OO 00 Dooocoo

CLAMCSHUR
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011

.32

.01
.01
.05
L
.0t
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L
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.0t
.01
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.01
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OO0
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.0
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.01
.01
.01

*

.0t
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.12
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.01
.01
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*

.01
.01

*

01
.01

. GRLAT.CRUZ.
’ LSTAL 27

" Ficure 8..Phosphate levels in the water from 0.5 m depth from

Lameshur and .Great Cruz Bays in mg per liter (ppm).
no date, -breakage or equipment failure.

= trace; * =

DATE
8'HOV 1980

16 liay

29 hay‘

- 26 Jun
30 Jul

© 22 Aug

- 5 5%p .
- 29 Sep
8 Oct -

16 Oct

23 Oct

-8 Dec

- 29 Jdan, 1981
24 Feb

- 17 FKar

10 Apr'

'F1oure 9. N1trate Nitroaen 1eve]s fr
and Great Cruz Bays in mg. per liter (pom)..
* = no. daLa, brea-cf~ or equipment failure.
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- . LAESR . GRIAT CRUZ
BATE - STA. 1. STA. 2 . . STA. 1 STA 2.

-8 Fey,1980
16 May ‘
29 lay
- 26 Jun
30 Jul
|22 Rug
5 Sep
29 Sep
& Oct
16 Oct
23 Oct
e Dec
28 Jan,1981
24. Feb '
- 17 Mar
- - 10 Aor -

VOO

N = PO N = v
LNWOWOO .
N~ OO &y -

N Y e R = Y=
0N NN N
N WO o,

I PWUWNNMNWO owNOo b

= W N = O
=B O WO,
'thﬂhJ;Jh‘h5C)
OO NWO DN
OO
I UQR)QMA{DﬁQ
' O W O

Figure 10. Turbidity of water from 0.5M in Lameshur and Great
Cruz Bays in N.T.U. : S

: ' - LAMESHUR .- © GREAT.CRUZ .
. _DATE. - . -STA. 1 STA. 2 . .. STA. 1  STA."2
-8 May,1980- . - 11,608 . 94 . 41 6l

16 May - 8,457 - 92 00 68
29 May - ;1,092 - 514 .. 632 = 210
26 Jun- - ' 458 . 79 - - 206 .59 .
30 Jul - 105 . . 278 ' 144 53
22 Aug 187 iz 117 83-
5 Sep . 19 ... 75 .7 . 102 - 123 .
.29 Sep . 283 - 129 0 v 154 . . 58 7
- 80ct . 20 ° 258 .- 60 34 -
© 160t - - 209 60 . . . 18 .17
23 Oct . . 238 108+ - . 219 65
8Dec - - 250 . 203 . 118 161 -
28 Jan,1981 - . 172° 176 -179 . 287
24 Feb 66 - .46 . - . 128 60 -

2 i7 Mar - . -  ' 85 " 70 R a7 48 ..”. o

10 Apr 27 50 . -

Figure 1la. Total nurbers ¢f phyvioplankton from stationg in’
Lemeshur and Great Cruz Bzys in Cells per liter X 10¢-



S RAS ClUmdsMUR o GREAT GRS
CBATE o TOW 1 T TONL2 o TOM 1 - TOM 2

-8 May,198 o '3576 ... 81} .. - 13576 . 14508
16 kay & 12248 . 14875 11635 5677 L
29 %y .- . 0131920 138700 - -+ 9720 3437
26 Jun . 6765 - . 36411 © - 23605 3948
20 Jut " - 50332 - 17768 - . 1..361585 718242
22 Bug - . .- 38541 . . 166199 - .. 24868 . 6005
5Sp - - 65959 230575 115615 . .£2822
5782 . 19844 636528 . 323626
/182 -+ 71563 © 145572 0 3617 -
. 220 - 102184 - 304875 £7493
oct . . 73959° . 91968 - 44200 - €5098
Dec .. 140348 . 43177 . . 125351 75495
Jan,1981 - 46585 21283 ¢ - 35043 .15208
‘Feb . 78868 & .- 189409 . 66124 - 22163
HMar . 2186 - 2232 . . - 9262 11753
Apr . 110926 . 139246 - - e

SC‘P 53¢

~NY
]

Foed * el
LN [ TR W )

Oct
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 Figure 11b. Zooplankton numbers in. organisms per I-f:3 at tows taken
- at each station in Little Lameshur and.Great Cruz. Bays. o
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'DISCUSSION

Rainfall in thefcaribbean'is highly variable, both in time
A
and locatlon, but dlfferences are’ not so pronounces’spa01a11y

that comparlsons between . two- watersheds on the same 1s1and':anv.;_——~*'
not:be made.' Ralnfall for the sampllng year May 1980 through

'.April igél was below normal in total accumulatlon at both
.mstudytsites When compared to the average for Cruz Bay of

>;111 71 cm (43. 98 1nches) shown 1n Flgure 12 L1ttle Lameshur ‘f

'Bay was only 1.15 cm (0 45 1nches) ‘less with 110 53. Ralnfall

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

Ahad only 74.45 cm (29.31 inches) accumulatlon for the year,

A'S37 26 ¢m (14.67 inches) less than the mean for the 1sland..

1»Referencesvto rainfall in St . 'John 1ndlcate that thls 1s not'i
‘uneipected:' Bowden (1969) 1n partlcular says that the Lameshur
fwatershed when ”...Compared to the three eastern statlons of
St; John... has a hlgher ralnfall and a greater rellablllty ":

| Most of the ralnfall accumulatlon on St John and the
.other 1slands tend to be in short showers of less than 1 inch.
"Evapotransportatlon 1s practlcally always hlgher than ralnfall
fln thls reglon (Sedlment Reductln Plan{Dand the effects of the —
v11ght~ra1ns are 1ost to the island almost 1mmed1ately.. Raln—wv
falls of greater than an 1nch are needed to recharge the aqulfer.‘
If the raln comes after a dry perlod however, the effects may
st111 be lost due to runoff The water w111 start to soak 1nto.
"the surface 5011s somewhat' ‘but the dampenlng of the clayey |

Cramer—Isaac 3011s will make them 1ess permeable (8011 Survey,

1970), and most of the water from such a downpour s1tuat10n

19 .



,wifl run off. The'questron‘of~the erfect of this runoff on'the'
;bay 1slexam1ned in. thls study. | | |
The accumu]ated ralnfall durlng the study was a 11tt1e
below_average, as has been mentloned abov | The total number of
‘raindays were, however, normal. Calculations on data adapted
:from .Cosner - (1972) show that ralnfalls in amouwts greater than —_—
~.0 025 cm (0.01 1nch) can be expected On 49A of the days durlng
_ year.. Lameshur had rain on 182 days or: SOA of the t1me, whlle
:Great Crux’Bay had measurgzéble rain.on 46/ of the days. Runoff_._—~—~
_,potentlal was not great, as only 6 of those ralndays, or BA,
Lameshur and 3 days, or 1%, in Great Cru;%Bay were greater than, _f——e*—
j_an 1nch. The h111s1de runoff in Great Cruz Bay. Watershed uas
d:never adequate to pass over the beach berm and flow 1nto the
.‘bay directly. The berm in Lameshur'Bay-however was breached
:,’after the flrst sampllng tr1p in May/ by Iough weather and 5——;4*“f
istream flow,. and the runoff was allowed to pass dlrectly 1ntol |

Fzows sad AR o SIS Ty B

’*the bay. ‘%hls breached area was 1ess than two 1nches deep wh&eh—
'd1d not permlt the use of the stream flow guage. No runoff |
measurements were obtained dlrectly. Th1s was followed by an

1mmed1ate change in turbldlty, nutrlents, and plankton (Flgure

*-”,:8 9, 1o i1a, 11b).

Ralnfall d1d not necessarlly fall in- Lameshur Bay on the
. Same days that 1t fell 1n Great Cruz Bay ThlS 1s another part |
‘of the varlablllty of rainfall 1n the Virgin Islands. There-was~
preclpltatlon 1n one bay but not the other durlng 87 days, or

C27% of the comparable‘tlme. St111 the perlods of. heavy ralnfall

- 20



:whlch were ‘most llkely to promote runoff matchcd falrly well
- The general ra1nfa11 pattern for the year was. qulte slmllar h
j(Flgure 14)- with low accumulatlons in March and June and the
greatest-ralnfall ;n April and October. This seems fairly
ptypiCai for the‘islandv although the 30 year mean rainfall (Figure'
'14) showed months w1th .the hlghest ralnfall to be May and.
September/October.
| The calculated data (Flgure 13) shows that the measured
.lefference in ralnfall becomes a greater dlfference in potent1a1
'runoff because the Great Cruz Bay watershed is smaller,, Little
'vLameshur had a runoff potential 1.8 times greater. The smailer
'Great Cruz Bay potentlal is also enterlng a bay Whlch is 1. 6
tlmes larger than L1tt1e Lameshur.‘ The effects of an equlvalent
then' would be expected to. be 31gn1flcant1y less than in Lameshur'
Bayl ' ‘
The force and effect of runoff in both bays was affected
by the presence of beach berms and low 1y1ng alluvial dep031ts
- behind the berms (Purcell 1980) mentloned in the earller paper.
AWater flow1ng down the runoff channel meets the res1stance of
ithe berm but can rise only a few 1nches before overtopplng the
Abanks of the channel The runoff water spreads over the falrly'
exten31ve area of the alluv1a1 bottom 1and both allow1ng sus-
» pended materlal to drop out and redu01ng the downward force of

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

'r‘whlch 1s composed primarily of Juacas sands ‘and organ1c debris

(8011 Survey, T970).>-The water table behlnd the beach rises

21
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cure 12. ez 2CC
 WATERSHED |
 LAMESHUR _ GREAT CRUZ_
AREA . o
O ACRES - —mmm e o mmmmmmmm = 536 " a7
| SQUARE KETERS------- . 2.169x10° 1809107
RAINFALL - o -
INCHES - - —- —==-m=======1 43.53 29.31
B 1 O — 111 0.7
 GALLONS-——mmmm == 636.22x10¢ 353.78x10¢
CUBIC METERS---=---=-- 3.41x10 - TT1.38x20°
ACRE -FEET-------==-=- 1 1544.3 1~«~ 1091.8~-
CALCULAIED DATA = | 3
" FVAPOTRANSPORTATION L0SS- 2.15-2. 19y106 g 11.17-1.22x10° Wi
(£7-91% OF TOTAL) (553.5-579.0x10°GAL)| (307.8-321.9x10 GAL)
POTENTIAL RUNOFF = --—--i- 1.02x10° M3 0.60 xlog w3
(4.5 % OF TOTAL) (28. 67106 GAL) - - |(15.9x10° GAL)
RECHARGE OF AQUIFER —--—- 1.05-2. Ooylﬂg %3 | 0:60-1. 14y10§ M3
(4.5-8.5% OF TOTAL)  |(28.6-54.8x10 C&L) (15.2-30. 1x10 CAL)
ota] annua1 r:wn.a]1 in ez ch Gt tre va ercheds.

, 'Cﬁf‘l('f.’} Doy '{~1;’-.r.t_ation - Jean Rainfall 100L-reii1 RS PRSI il-:?.(-‘».;;
SRR Tib FORCAPR.OBAY JUR - JUL - FUE CSED f[_, oy EC il |
773 2:14 z.12 2.7¢2 4.79 3.33 3.€3 4.92 5.21 .5¢ 5. ERS 37 qu u'J.
Haticnal Pé . Service;Cruz Bay - Hesn Duin c]] 1570- 1675 ’
Jr FLB 1WR APR LAY JUN JUL. AUG . SIP 0CT k0¥ DEC  TOIAL
763 1.67 1.79 2.7€ 2.50 2.74 =.29 4.74 42 7.06 5.17 L.29  26.14%

DAL, Envixl.mcngo] Dzta Sclv1ce, Cwuz Ba 2ean ?a1nfc1].i§é1-1970

J3iN FEB F/3 APR MAY JUN UL AUG SEP CCT MOV SEC TOTAL
7,60 1.22 1.70 2.25 4.52 3.65 2.93 3.93 5.60 Z. 07 4.10 2.96 ';91.83

. hean rainfall ----to-m-ooo - 43.98

—_

zr, monthly rainfall records ecepted frem various. sources.

3
2.

gure 1 S
Calc ] ted

cmmEry OF

cata cerived from
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durlng th1s time | as water 1s absorbed into the permeable San
: Anton s01ls, then drops fa1r1y qu1ckly accordlng to measurements_
Vmade on Water levels in a well in Clnnamon Bay (Bowden, 1972)A
Nevertheless, the slow1ng of the water's course means that it ls
probable that far less water dlrectly reaches the . bay then the
- amount calculated (rlgure 13) Some of the dlfference in
observed dlrect runoff 1nto the bay and calculated runoff would
.go toward recharglng the aqulfer in the lower sectlons of the
'slope, and the rest would either. evaporate from the broad
expanoe of the tldal flat aﬁead or perculate through the berm —_—
band bay’bottom. ‘If this were the case, and spot perculatlon‘
studiescégggggi'showed cool hyposaline water comlng from the ;—~—ff——
bottom then turb1d1ty would be n11 and nutrlents would g0 pri-
marlly to benthre’productlon. The expectatlon in general then,‘v
‘was to find- 11tt1e effect on elther of the bays, due dlrectly
":to runoff but to note more change in the waters of Great Cruz
- Bay because of: hlgher development and populatlon w1th1n the
watershed. |

The measured data for nutrlents and turbldlty appear to
bear the flrst part of this hypothe51s out. Only sllght corre—v
.lation can be found between ralnfall runoff and nutrlent level:
in elther of the bays. It is convenlent at th1s p01nt to"

‘qulckly rev1eW the sampllng perlods, observatlons and results

'*throughout the year before further dlscu531on. .
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6 May ' Nutrientsflevels uere"high in.both'bays;t'Quane
t1t1es of macroalgae and grasses whlch “ere cropplng at the
jtlme were present throughout thtle Lameshur, espec1a11y in
. the sur zone. The water was qulte green probably as a result'::
C‘of phytoplankton in number exceedlng 1 x 106 cells per 11ter.
The phenomenon was not present 1n Great Cruz Bay which has a
~very llmlted benthlc communlty. There had been ‘no 31gn1f1cant
~ra1nfa11 for some tlme before sampllng took place.

16 May - Heavy ralns prlor to sampllng and wave actlon
‘ broke through the berm in thtle Lameshur and a]lowed Water to
;run d1rect1y to the bay and to flush the tldal flat area Wlth
‘each tlde. A sill renalned at the openlng however with a
water depth of only 5 6 cm. Water near the outfall was brown4
and qulte turbld 1nd1cat1ng suspended materlals carrled from
.hthe shore 1nto the bay. The berm in Great Cruz Bay held and
7prunoff}was retalned behlnd 1t. The Water could.stlll fllter'
through ‘as has ‘been dlscussed above. 'Nltrates may thus haver
.passed through. Plankton numbers at the head of Great Cruz
: Bay 1ncreased from 5000 cells per liter to 40 000 whlle those'v
'1n thtle Lameshur decreased sllggir and changed comp031tlon. *‘f*”;*;'

29 May. Contlnued ralnfall and runoff d1d not break
) down the berm 1n Great Cruz Bay. The breach 1n the berm in
vLameshur remalned open to tldal flushlng, but flow rate to the
bay was not great across the 3111 The amount of n1trates -
&and phosphates 1n both bays dropped to trace 1evels. The num—_‘

bers oi phytophﬁgkton at both 1nshore statlons was hlgh. é;~;;;;+#c
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‘Populatlons in Lameshur decreased sllghtly from the bloom con-'
,dltlons several weeks before,.whlle the numbers in Great Cruz
A‘Bay 1ncreased to more than 60,000 cells per liter,. the hlgh

for the year. The water remalned turbld,.espe01a11y inshore.

27 gﬁVQ. 'Rainfall was lom during’ June, the second}lowest'
monthvin total rainfail._:Rain,showers were short duration with
iou aoCumulation)and nO‘runoff was noted.' Nutrients in thefbaysvee—r~—
_remalned at levels below those at which measurements were felt

to be accurate;‘ Plankton numbers at a]l statlons decreased
T as'did turbidity. Temperature of the bay waters 1nereased,

and sa]1n1ty remalned much the same. The input of. nutrients‘

durlng this month, from whatever source, was. less)and the phyf"*——;—w-
‘toplankton populatlons could not be sustalned ‘

July. The ralnfall accumulatlon was sllghtly hlghgzrthan _—
an June butJralnfall days were the same (12) There were no' ” |
31gn1flcag¢t falls or runoff 1nto either bay. There was'an ‘;f;_-f_”’—
1ncrease 1n nltrate/nltrogen at all. statlons, but llttle change

lln phosphate.A Turbldlty was - 1ow at all statlons but sllghtly
/Xhlgher 1nshore in- Lameshur. Temperature and sallnlty remalned —
:the same.' Phytoplankton number generalIy decreased w1th the 8
:exceptlon of statlon LLB-2 where numbers trlpled The 1nput

of" materlals via runoff was non- ex1stant thls perlod w1th the.
exceptlon of ground water exflltratlon from the land. Nltrate
mlght have been 1ncreased by thls water movement or by an.
increase in zooplankton populatlon The latter case seems llkely

pE + : .)
but there@f@ no data to support the though '

< .
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Auéustli Total rainfall'did-not'increaSe;much~in Augusts"-———“f;:
Abut numbers oi days of rain d1d from 40/ to 58A = Great Cruz
Bay 1ncreased more than did Lameshur. There was no ev1dence
of runoff enterlng dlrectly 1nto elther bay. Lameshur berm.
was in the process of bulldlng slowly back and water was res-
tralned from flushing in and out. Temperature 1ncreased sllght1§ ——**i
- and sa11n1ty decreased Phosphates 1ncreased very sllghtly - -

in Lameshur wh11e nitrates decreased at all statlons. Turbldity

" increased in Great Cruz Bax/ and decreased sllghtly in Lameshur.

Plankton populatlons remalned generally the same. ThlS was'

a statlc perlod with the runoff hav1ng no effect on the bay,

and control was probably benthlcally and oceanlcally derlved
September. Total number of ralndays per month 1ncreased

agaln to 63/ at both statlons w1th the beglnnlng of the fall

ralny perlod. Accumulated ralnfall also 1ncreased (287 1n LLB ,

'and 567 in GCB) When sampllng took place early 1n ‘the month B

jand agaln at the end no runoff was enterlng elther of the bays —

'_dlrectly. /Phosphates decllned but nltrates in Lameshur 1ncreased

.to the hlghest point of the year in early September. LeveIS'

:of both nutrients dropped in. Great Cruz Bay . Turbldlty was

”lower in thtle Lameshur than in Great Cruz Bay, g1v1ng susplclon
”:that the nltrates were not part and parcel Wlth the sedlment -
'partlclesjwhlle phosphates mlght well be. Temperature contlnued ~*-?*
.a slow 1ncrease>wh11e salinlty cont:nued sllghtly downward. ‘,“f";“ff
. Plankton/product1v1ty did not change. The water runoff mlght

have overtopped the berm, although there was no 1nd1cat10n of

this at the time of sampllng._ More llkely the .water rose.hlgh
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enotgh to quickly filter through the sandy 'be'rm,'_t-hus ii'.ntr'ov—
ducinglthe~nitrate into. the bay. o . |
:Nutrients felldoff to;practically-nothing‘atsthe‘end of.p
thelmonth While'plankton numbers'increased at4all'stations but
GCB—2 ‘The water was clear ‘and temperature ‘and sallnlty con-.
'tlnued their trends upward and downward respectlvely. ThereA
was a good deal more raln 1n Lameshur than in Great Cruz Bay -
‘due to a single 4 cm. (1.58 inch) ralnfall in that watershed
iThere seemed little dlfference between the effects on the two
bays, so one must assume that whatever 1nd1rect runoff there
'was had no 31gn1f1cant effect.v | |
October. Rainfall accumulations in October were qulte,
ihlgh (19. 9 cm'7 82 1nches 1n Lameshur, 14 22 cm 5 60 1nches
Great Cruz Bay) and the percentage of ralnfall days was hlgh ;;awféfi
as well ‘at 65%- 68/ (The dlfferences Ain total amount were the
’ result of larger showers 1n Lameshur) ' There seemed ‘to be
-:11ttle effect on nutrlents durlng thls month. There may hate
been a sllght 1ncrease, but 1t occurred in. the ranges less |
“than 0.5 ppm and is therefore suspect to exper1menta1 error;
Temperature showed an- upward bulge durlng the monthjwhlle : 4‘;—4—+~«
sa11n1ty was depressed sllghtly Turb1d1ty was 1ow, "and phy—

: toplankton seemed to decrease sllghtly, on the average, durlng -

a'_ the month Except for sllght changesjthe exten81ve ralnfall ———~f?ﬂ'

had 11tt1e effect on elther of the bays. The berm 1n Lameshur
had completely repalred 1tse1f and no water flowed 1nto e1ther ‘5_;-—

bay as direct runoff. It is 1nterest1ng that October was a -
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.‘_month typlfled by 1a1ge numbers of fry in Lameshur wh11e Great

. Crua Bay. had no such 1ncrease in Juvenlle flSh numbers.-

'ANove ber, December, January, Ralnfall was about average
'aith0ugh the number of . raindays was.low in January Sallnlty
"rose sllghtly, durlng these three months, and the temperature

dropped shrply:. Nutrient levels were quite low throughout-both,

bays and plankton numbers were average. There was an 1ncrease i

~in turbldlty at GCB-l' ThlS contlnued 1nto February and probably

had to do w1th weather and Water conditions. There was v1rtually

no ralnfall in the Great Cruz watershed SO the increase: could —_———

39
: not be due to runoff. :

Frbruary.- Ralnfall was low (3.5 -3.6" cm) a]though it L ——

2

Arained‘half of the days of the month. No 1ncrease 1n nutrlents

was noted but there was .an .increase in sallnlty and a decrease

in temperature. Turb1d1ty;was low except inshoﬁ'at GCB—I.‘ v ‘f“‘*_

Plankton numbers were low at all stations. The turbldlty was
{probably due to rough water condltoniyhlch ex1sted durlng and
-_prlor to sampllng.k

_March.‘aMarch;had,the lowest.rainfall of the;year and no

-runoff} Although meaSurements of nutrients in the water column
were qulte 1ow there seems to be .a sllght upward trend 1n nltrate,
'“dthere was no. change in phosphate levels. Turbldlty decreased'
‘,rad}cally aI,GCBel«an splte‘of a swe11<enteringrthe bayI-vTem—'

.berature.rose and salinity dropped;' Phytoplankton numbersh |
fdréppedf ' - : - - :
A'April, 'There was_high rainfall in.April; due:primarily tor
-.'the iargest single'rainfalls.of'the'Yearh' Ralnfall days were high

:'as well (56/~GCB 677 LLB), but there was no change in nutrlent
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1evels. 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 pre01p1tate

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/agkrelation to be feund between rainfall;”

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

two occas1ons when'there seemed te be a reaction in the bay as

a result of runoff. Theuprincipal case Qccurred in May of 1980t

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

beéinning of the month were not assoeiated With runofﬁsas there —

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

1nterest1ng that levels of nitrate were quite high-at the begln—

nlng of the month, espe01a11y in thtle Lamsehur Bay, and dropped

.rapldly toward the end of the month. One should ‘also note that

- levels of phosphate were high offshore at both statlons at the

beginning of the month and declined s1gn1flcant1y in the middle
.of the month following a heavy ralnfall. Nutrients at all
'statlons then dropped to very low levels. at the end of the month.

These changes are a result of several interacting factors.

'_ The nutrlent levels at the beglnnlng of the month culd be ascribed —

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

Lameshur had much higher amounts of awﬂélable nltrate-nltrogen —_—
~pecause 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
d1d not have the phytoplankton populations and were hlgher in
both nitrates and phosphates..

The heavy ralnfall preceeding the second sampling may have
introduced some nutrients in the runoff water into the bay.
Both bays showed depre851on of salinity and temperature in the
A samples, and Little Lameshur had an 1ncrease ‘in phosphates.
‘There was also an increase in plankton numbers at the three
stations not already undergoing a bioom.'-One may surmise that
the inorease in free phosphates and nitrates in Great Cruz Bay
were a result of runoff.

The large increase in phosphates. in thtle Lameshur is
attributed to the breakdown of the berm, Wthh allowed part1—~
culate phosphate or phosphate absorbed on partlcles (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 ewen carried the majority of the
available materials to the bay with the result that in the
second ralnfalllrunoff perlod the 1evels of transported
materials were not high. The nutrlents which were 1ntroduced
’mlght have allowed the phytoplankton populatlons to remain at
high levels for a sllghtly longer perlodeut the uptake would

haye reduced the'nutrients~to the lower detection level.
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. The other instance which'appeared to'have a connection f
between ralnfall and runoff occurred in- early. September The'
ralnfall was not great but 1t followed a perlod of two veeks

.which were relatively dry, the hay temperature was up, and an
'algal'die—off'was'in progress. There was an increase in
nitrates in L1tt1e Lameshur concurrent with the rainfall, and
increase in plankton in the follow1ng sampling perlod. Phos—
phate wasvstill below our measurement‘limit._ This may have

/Yheen related to the water and the partieﬁiate material sus—v ——7"”’f
pended in it be1ng stopped by reformed berm. .

The effects of runoff events in October are more dlfflcult
to assess,~ There was cons;derable ralnfall durlng the period,
which appeared to‘affect both salinity and temperature
(Figure 16). Nutrients remalned low. however, SO we mnst con-

. clude the runoff came in but some. mechanlsm removed most of
the-nutrients. There was considerable fluctuatlon in phyto—.
plankton numbers, but they seemed totshow little overall'change.
The m1crozoop1ankton/larva1 plankton and the numbers of small
Juvenlle fish did increase during thls month 1n L1tt1e Lameshur
Bay, ‘but not in Great Cruz Bay. It appears that the changes
taklng place in the bay are prlmarlly related to 1nd1rect
factors. This may be taken to be comblnatlon of runoff per—
colated drainage wind and offshore water movement, and p0831b1y3
day length or temperature; | '

4Heavy rainfalls in February and in April.did not"seem.to

. immediately or directlv.affect either of the bays insofar as :

the paramenters measured.
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CONCLUSIONS.

Rainfall runoff;does appear'to-affecf the.troplcal bays
examined. The most obyious is that nutrients seem tolbe intro-
duced into the system as dissolved nitrogenous material or
partlculate and absorbed phosphates after heavy rains or when
' the berm 1s breached. These materlals, espec1ally phosphate
;complexes, are both most eas11y carrled 1nto the bays if the
Anatural system of low lylng alluv1a1 area .and beach berm are
altered to allow direct flow._ The increase in nutrients
causes an increase in product1v1ty within the bay waters.

When the free nutrients reach a maximum threshold (1.mg NO3
0.1 mg PO4) there is a 2 week 1ag followed by a plankton bloom.
| Whlle there is an effect of the runoff, there are many- |

‘ofher factors which enterflnto the.complex s1fuation. ‘The
.'Cycles in,productiyify ln the bay arevintegral and_depend,notA
' only”on rnnoff to tfansport-nutrientslinto the system but on
bacherial action‘on cyclia die-off algae'and_grasses croppedf
algae,'water currents and'wind-driven moyement,‘zooplanktonic
~.excrefion and. reaction acrosS'the air—wafer'interface. All,of
these are 1mportant in the balance of the natural system.

One can see, w1th1n this study, some of the effects of
change related to- development. Great Cruz Bay has beéen lightly
developed/'and haS»not? apparently, been changed enough to alter«——-
runoff characteristics.' The‘beach and»back—beach struc}fhres j———f’

- are intact, and that physical and ecological buffering system



still functions. " The hillsides in the watershéd have been

J:,left 1ntact for the most part and the cover not cleared off

L
This slows the rate of runoff and 1ncreased/the time the water

'spends on the slope, which should 1mprove_recharge of the
Aaquifer; " Thus the level of light development seen in Great
Cruz Bay seems to do no harm to the bay.~

The dlfferences in product1v1t1es between the two bays
~studied are felt to 1lie 1n.ra1nfa11 pattern andvalteratlons
' to Great Cruz Bay itself."The dredging which was done‘ln 1
1971 removed most of the benthic plants from the bay. This
. in turn removed one of yﬁgfsubsystems 1mportant to the produc—-——~*“
tion. of organlc materlal and the cycllng and. retentlon of' |
'nutrlents. |

The 1mportant lesson to learn in a study of this type 1s
'”that changes in a system can be made, and the overall balance

Wil
'of that system not be radlcally altered.  The trlck is in under—

——
~standing which portlons of the watershed can be changed, 4and

by how much, to av01d upsettlng the balance.. In Great Crnz,Bay

”the bulldlng of houses and roads was: compensated by leav1ng

.the beach berm and alluv1al fan area 1ntact. -1t appears that
runoffjat least durlng the perlod studled d1d not affect con- . —

ditions in the bay any more ‘that it Would have in a natural

.system. ‘The bay 1tself was altered by the earller dredglng,
' <

""whlch apparently altered 1ts productlve capability. This AN —_—

example of change exceedlng the absorbtlve capablllty of the

system.
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The questlon remalns as’ to the effects of exten31ve
development: - How ra1n1a11 runoff is changed and whether the
'bay can absorb or adapt to those changes. Studles of urban

unoff have been done, but seldom on -a troplcal 1sland
 Graham (1977) noted rainfall runoff had the eerct in Klngston
Harbor of increasing product1v1ty compared to surroundlng
'waters. The extent of cause and effect nevertheless, remains
an open one. Another serlous questlon 1s, "where does the
maJor runoff with 1ts nutrlents and organlc load go?"f Clearly
,1t reaches the shore ecosystems.' Some may be used in these :

r'systems but can 1t poss1bly use. all of the load? The run—oif —_—

and load comes 1n "slugs" but. there is no evndence of a slug
in the bays. Th1s leaves an open questlon, "Can a natural R
ecosystem be "eco- englneered to absorb and use effluent 1oads?"
'If so the 1mp11cat10n for the troplcal 1slands are great.
Finally' ”Does the 1ost nutrlents and water relate to our

,cycllc growth of benthlc producers and fish?"



APPENDIX A

o Photograph1c representatlon of the se;t]ed matcr1a1 from
each of the samp]es taken at two stat1ons in L1tt1e Lameshur Bay

“(LLB-1, LLB 2) and Great Cruz Bay (GCB-1,. GCB-2). The. PhotographS""

were taken at 50X. Three p) equa]s approx1mate]y 50 m1crons
The vast maJor1ty of the mater1a1 in the m1crographs is non-
11v1no, and represents material suspended in the water co]umn,

'caus1ng,turb]d1ty
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~ APPENDIX B

~Part 1: Breakdown of phytop]ankton popu]at1ons in numbers of.
i ce]1s per liter of major. groups The groups are pennate diatoms, centr1c
'd1atoms, dinoflagellates, monads (single cell f]age]]ates) COcco11thophores,'
' blue- green algae and other forms. The’ breakdown is by number #)

| and by percent of the entire popu]at1on(”)
' Part 2: Tist of phytop]ankton spec1es 1dent1f1ed in samp]es

e

‘during the study.
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DATE/ . PENMATE CENTRIC - . pLue- A
STATION. . DIATOM. DIATO. DIHOFL. MONAD . COCCO.. GRCEN . OTHER . T0TAL .. |

08 Fay,80

[LB-1 £ . 2200 760 TiT2206 56000 0 0 0 1360800
5 - - g5 5 0 - - SRR
LLB-2 § = 2096 - 304 6032 1680 16 16 880" 9376
-y 22 - 64 16 - 1 2 & o
GCs-1 # 1936 144 ]376 . 416 32 . 64 144 - 4122 .
| © 47 - -4 23 . 10 .1 2 4
6CB-2 # 2760 . 520 .580 660 320 80 - 200 6120
% 62 8 9 11 5 1 3
16 May : o ' , : : -
[lB-1 ¢ 2963 0 813689 26304 0 780 280 845716
% - s 8% 4 B SERET -
LLB-2 # 2048 ~ 368 4880 1488 0 . 112 - 320 9216
| ¢ 22 4 53 16 S 1 2 :
GCB-1 # 24100 - 1300 8700 5000 0 200 700, 40000
S % 80 3 2 13 -2
| GCB-2 . & 2880 - 2860 620 180 0 60 180 6780
o g 42 . 42 9 3 L 1 3
29 May' B 3 I S R
[(B-1 ¢ 72760 71040 4880 2080 O 1040~ 240 109200
, e 27 . 65 4 2 : 1 e
LB-2 # 10920 36080 = 3120 1360 O . 160" 360 51400
3 g . 21 ~ 70° 6 3 - -
GCB-1 # 44900 1500 9900 © 4800 © 100 . 100 . 1900 63200
o %70 27 16 8 - - .3 .
GCB-2 # - 13320 - 3640 1560 = 1280 . 40 ~ 560 560 21000
: 2. .63 17 7 6 - 3 3
25 JUN I : . | |
“TLB-1 ¥ . 7430 540 12640 23640 O 840 1000 45840
. g 16 - .28 52. . 2 - .2
LLB-2 # .2120 240 ‘3440 1600 40 200 240 7880
S % c27 3. .4 20 = 33 .
‘ctB-1 # 15200 240 2480 1920 - 0~ O 640" 20640
. y 74 1 12 9 3
GCB-2 # 3480 160  1320° - 600 0 220  -120° 5920
3 g 58 3 23 10 8 2
.- 30 JUL __ ‘ ' o 5 L
TLB-1 % 4540 60 3860 1260 0- 200 540 10460
o g 43 . 1 37 12 3 4
LLB-2 # 10640 1120 11732 3000 0 480 .800 27772
: % 38 4 42 n 2 3
Gre-1 # © &560 1440 2140 1200 120 . 0 .2
. & g 10 15 9 1 : o
Gee-1. #3020 1660 220 220 0 60 177 5280
- Ry 32 4 4 12
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DATE/ -

"STATION .

PLLKATE CLATRIC -
TIATOM.

| BLUE—"'

RLER

22 Aug, 80

DIATOM:

Mougn )

C0CCO: .

._OTHER .

-TOTAL .

18700
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_LLB—Z*%
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%%:»

i

32 iz B2 Nk - 3R

F3A0
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2160

18
6660
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2320
35

60,

40_f

39

2280 -

- 19

1340
11

2040
. 25

3660

0 .
280 -

60 .

17

1220

TIIED
g
80

1

20 -

£ 100

"~ 420
.2

360
-3
600
5

3

280"

- 11700

11720
8280

[T8-1

LLB-2
GCB-1 .
. " GCB=2 .

29 Sep

39 Hi: 3R M DR e 3R M|

. 2340

14

2420

32.
”580

46

4100

.33

1040

14

350

- 1440.
S V-

7580

25
700

1580

16
. 1960
16

520 -

120

520

EED

480

320
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