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ABSTRACT : 

SEA~iATER QUALITY AND PHYTOPLANKTON -
OF INSHORE WATERS OF BARBADOS: 

~ - . 
A STUDY OF THE EFFECTS OF ORGANIC 
POLLUTION,IN A TROPICAL ENVIRO NT. 

o 

by 

Robert ~. Vez1~ 

" ' 

,\ 

/ 

Repeatèd observation~ ~f pnytoplankton, and related seawater 
\: -

quality character~stics have peen made at-Barbados inshore 
stations from July 1972 to~~uly 1973 for comparison with an 

.. • <?" • \ 

unpolluted site. Two very different types of phytoplankton 
• J 

association~ were found not differentià~ed by normal types 
of chemical'tests. The production effec\s of organLc 
pollut·ion in Barbados were indir"ect, produ\cing chang~s in' 
the resident phytoplankton associations. ~It 

CI 

that in the nutrient 1mpoverished conditions 
seas considerable aGditions of nutrién~s may 

J , 

without widespread effécts. 
, 
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was postulated 
of tr~prcal ' 
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'1-. . RESUMEr 

. QUALITE P,E L'EAU DE MER ET PHYTOPLANCTON 

DES EAUX, COTIERES DE LA BARBADE: UN~ 
ETUDE DES EFFETS DE LA -POLLU'l'IOI'! ORGAIU~UE 

DANS UN ENVIROlfNEPlENT IJ.'ROPICAL \ 
\ 

Robert R. Vezina 

. ' 

Plusieurs observations ont été faite~ sur le phytoplancton 
_,_ .1 ~ fi" ,} , 

'et les charac'teristJ.ques connexes de la qualité de l'eau 0 

de mer ,à des stations cotières à la Barbade entre juillet 

1?72 et juillet 1973. On a comparé les résultats proven- ~ 

ant de ces stations avec ceux provenant d'une station non 
polluée. On a trouvé deux types bien différent~ d'asso
ciations PhytoPlanctoniqUe~;\ce~~associations ne sont pas 

\différenciées par les essais chimiques standards. Les 

effets de la pq~ution o~ganique sur la production à la 
Barb9 de étaient indirects; la pollution produit des , 
changements dans les associat~ons phytoplanctoniques 

c 

M. Sc. 

Il ressort que dans les co~ditions d'appauv

éléments nutriti~s, typiqu~S des m~rs tropi
des additions considéra~les d'éléments nutritifs 

être ~cceptées sans effets étendus. 
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This thesis :is the f rst 1 comprehensive invee'ti-. 
f / ' gation of 'ttré effects ·of orga c pol~ution on the water 

column in-Bar~ados inshore wa ers, and is the first study 
showing two stab~~, very dif erent, inshore phytoplankton 
associations, not differenti ted by n9rma1 types of chemical 
tests. It was previously k own that analys~s,of the water 
column alone can be misle éling when- studying coastal màrfne
polluti9n; this study f~ ther postulates that chemical 
measurements alone of ~he water column are not reliable as 

~ . 
. 1 

a guide to "water q~ali tJr" • ~ 
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INTRODUCTION 

The aim of this section is to point o~he 
relative paucity of pollution studies in the tropics and 
to draw a"t te-ntion to the lack .... of quantitative methods for 

-~ ~ -
mea-suring the rela-tionship between aquatic ecology and 

2 

water quality. "Marine pollution" is defined and the -chief 
pollutants are named, emphasizing .domestic and industrial 
po,llution, the basic c,oncern of this thesis. The direct 
and indirect effects of enrichment are described. The 

f' a t:Çi tu de 0 f developing countries and the si tua t.ion in 
.' , 

Barbados is discuss~d, along with how this study originated. 
The need for and limitation$ bf baseline data are pointed out. 

o 

For thé most p~rt the histor~cal statement is 
found under the~. Most work relevant to this 
study is widely scattered in the literature, in many reports 
d~aling Vii th specifie parameters, rather than a few compre- j 
hensive pollution studies. An attempt has been made to con-
dense the findings as much as possible. 

This the sis is concerned o"nly wi th the effects of 
organic pollution on the water column in the tropics. Other 
forms of pollution have been studied in a tropical environ
ment, for examvle thermal pollution (Gerchakov et al,o 1973) 
in Biscayne Bay and oil pqllution (Lewis, 1971) \;n Barbados 
r,eef corals. Mc-Nul ty (1961) in Biscayne Bay and Wade (1972? 
in Jamaica have described the effects of organic pollution 
on benthic p~pulations. Odum (1973) examined the potential 
of pollutants to act as limit~g factors on aquaculture. 

, ' 

Carter (1973) listed publications found under such headings 
as antipollution measures, ~hosphates, sewage, eutrophica
t'ion, an,d Many others. 

\ 
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.; Most knowledge of the biological consequences of 
" 

marine pollution is derived from studies in temper.ate waters 

where informa ti?n, al thoug~ inadequate, i6 "encyclopaedic 

compared with what we know about even the basic ecology of 

tropical waters, let alone the consequences of effluent 

disposaI and accidentaI pollution in thlmll (Anonymous,2, 1970). 

It is a foregone conclusion tha t today "e do not know, how ' 

much waste of what kinds can be deposi ted in the oceans with 

impunity. Monitoring of natural bodiesi of water may be< ex

p~~sive but the "rec-ent general awakeni'ng to the <:.ri tical 

neeld to protect water as a vital and reusable lesouree" is 

enS~ring tha t this important undertaking~no longer remain~ 
ina equate (Mi tehell, 1972). The Integrated Glo~al Ocean 

sta ion .System is one body which recognizes the need for 

info 
worl 

\ and 
'\ \the 

ma tion about pollution, gOin~fs far as to plan for, 

-wide monitoring of the ocean Howftver, Schachter 

(1971) note that "because of our ignorance of 
o ' 

we may not have reached the point where our 

know1edge of ocean problems would justify a data-
"-

ing system on a global scale". Sibthorp (1969) points 
J 

a t since the Q,ceans are the main influence in deter-

the weather throughout the, world, pollution of the 

ere and of the seas and oceans must interact with 

ences which cannot at the moment be reliably forecast. 

ludes that the research being carried out i s inade

quate . n relation to views as to the seriousness of the
O 

pro

blem a_ d that the co-ordination of pertinent research could 
o ~ 

be impr ~d. Alverson and Paul:Lk (1973) stress the need to 

dùplieation of effort and increase communication 

between groups studying the oceans. 

Dickman (1969), describing changes in periphyton 
1 a. r ~.""'M .. 

communifY structure, pointed to the lack of quantitative 

methods for measuring the reJationship between water quality 
! 

and aquf3.tic ecology and claims that this is probab~y ~he 

single most important pollution pr9ble~ today. Earlier 
.... ~/ . " - . 

• :. 

o " 
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MargaJ.,ef (1961). was "uhable to dràw a quanti titïve express-
• J 

ion of the 'way variations iIl I the possible energy flow are 
,~ ~ 

reflecte'd in the j'elafive -biomass (of p,lanktonic popula-

tions) supportedll • \ j 
\ 1 

fi- ! 
The IntergOvernmenltal Ipcean igraphic Commission of 

UNESCq set up a work1ng gr9Up o~ mar ne pollution to advise 

meTber-countries what, furthèr sc~enti ic research is re

quired in this special field. OIl\e 0 the taskef of this 

1r'Iorkillg group was to produce a gobd efini tion of the term 
t" ~" 

"marine polîu t:i,.on" • This runs "Intrpduction by man of S'Ü'b-
o \ ' 

" stances into the marine environme~t res,ul ting in such dele-
0, 

te,~ious effects as harm ta living ~ sources, hazards to 

human health, hindrance ta marine . ctivi~ies 1ncluding fish- .1 
ing, impa:lrment of qu~lïty for use of seawaterO, and reduction 

• of ameIdties" (Korringa, ,1971). 

1 
1 

Sibthorp ,(1969) and Mitchell (1972) described the 

chief pollutants. Sibthorp clas~ifies them as: Iiuclear""waste, 

oil poll.ution, pesticides, thermal pollution, detergents 
1 

ot (from domestic sewage and from their massive use in dispersing 
, cl 

oil pollution), heavy metal comp~unds, .,petrochemicals, dred-

glng spoil and mining, industria~. eff1nue~ts, domest:kc sewage 

(this to the best of present knowledge is mainly a threat to 
• 

amenity and public health, and also to biological resource 

p~Oductivity), solid oblects, and m:Lscel.-faneous and ll-nsPec.

ified pollutant.s. Synergistic ac ions of pollutants are 
- l 

mqre èevere at higher water tempe atures (Anonymous , 19b9) • 
. 
r 

Twelve Eûrapean countritt- signed an antipollution 

pac t" ih Oslo, NorwaYt on February It5 , 1972 designed to stop D 

the dumping 0 f poisonous waste by ships and planes i.n the 

northeast Atlantic (An~~ymous5, 1~72): The agr;emen,t was 

certai~y an accomplishment, but hips and planes' Gause only 

a small part of marine pbllut,ion~ "90% of this pollution is .. 

caused by indus trial fi\~~ domestic disch~r~s through 0 rivers ~ 't 

"1 '" 't A -( 
\ 
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estuaries', outfal1:zi, and pipelines that ar.e und'er national 

jurisdiction. No international action has been taken on 

this pro blem" • ~ 

The following paragrapn is takBn from Schachter 

and.Serwer (1971), unless otherwise .noted: 

Dome'stic wastes inc1ude domestic- sewage, wa'Stes 

from' food-pr~ssing, d_et"ergents, and run-aff from agri

c~'!tura:l" ~reas.\ Industrial wastès include _!'leavy, metals, 
radioactive nucll~es, inorganic éhemicals tQnd heated water. 
The problem of domestic wastes.depends"in large part on . 

~ , 

population j'ind ~ ts distributio~, perhaps to a greater extent 
tban any other form of pollution. T~,effectq of both do
mestic and industria1 wastes depend 'n the chemi~al' compo- , 
sitioJ of the wastes, their physical ~state~ the method of 
discharge, the place of 
conditions. Two of the 

of a n:umber 9f_,domestic 

dischar~~~ and local environmental 
more important pol1uting effects . 
and industrial wast'es in the marine 

env~ronrnent are over-fertilization and poisoning. : Over-' 

fertilizj.otion is due to an excessive flow ,?f nutr~ents i.nto 
the ~arine environment.~ The nutrients can be many qiffer~nt 
chemi~s including the nitrates found in fertilizers an~ 
the phosphates found in detergents. Over-ferti1ization 
1fucolites- aviaent when-'the: population of a marine species, 

of!ten a species <;>f· phytoplankton, increases very quickly,o. 
-' 

causing a bloom {Korri~ga, 1971). Ellis and Littlepage 
(1972) report that the production effects may be simple and .. ( , 

... ~rect, as wh en blooms of such phytop1ankton as "red-tide" -,.,' 
/- ?a~se mass fish-~lls of h~gh'food-àhain :species, or they 

. 

may be indirect through a variety of subtle stresses eventu
ally producing chan~~ in ~he rBsident species associations. 

Blooms QCcur naturalty - that is without the add~on of 
liutrients into the marine enviro~ent by man j"" b~,,~bBy have 
b9-Come much more f:r:eq~e'nt wi th the increased disposaI of 
nutrients by man. ~h~ red tide occurred a10ng the Florida 

Qulf Coast in 1916, not again unti;L~ 1932, not again unti1 

'1 - \ 

, 
< 

". 

, , 
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1948, and then in-~952, 1953, 1954, and every year between 
9 1957 and 1964 inclusive. 

-, . , , 

Less than 30% of the population of the United 
states is served by sewage treatmen~ plants-CMitchel1, 

, 1 

1972t? Most plants in use depend_on secQndar~iraatme~ 
which removes 1p~tch of the aV?-ilable organic matter, but 
on1y 3Cf/o of the phosporus and 2Cf}!J of the ni trogen. Thus 

• 
the conventional sewage tr~atment plant releases high con-

t 
centrations of -nutrients into surface waters. The remain-

ing ph~sporus and nitrogen must be r~moved by tertiary 
treatment if ~trophication is to be reversed. Considering 

-
this examplre in North 'America, what is to be expected of 

~.. .. , 

deve10ping countries? For a- "W...me, the developing countries 
-~-

regarded pollutlon control as a luxury they could not afford 

while they were struggling to develop their industries and 

exploit their natural resources, or, more importantly, to 

attract foreign capital and industrY. This in itself was 

difficu1t ~nough without accepting the added burden of 
insta11ing expensive sewage or industrial effluent treat
ment plants. There i8 sorne sign that this attitude is 

1 

changing and that a 1onger-term view i8 being adopted 
o C~nonymous4, 1971). Schachter and Serwe; (1971) report 

that the Ûnited Nations Development P~ogramme has, in co-
/ . 

6- --- operation w1"tn--tlle ~'iorld Health ûrgamzatlon, a numoer--of 

field projects on waste disposaI in coastal areas of devel-

'" 

• oping coun~ries. VŒO', in co-operation with FAO, offered its 
first course on coastal pollution control in 1970. Tow1e 

(1971) points out ~hat the C'aribbean Conservation Associa,
tion is aware of people from larger continental areas 

, travelling to the shores of previously isolated in8ular 
~hvironments inaqverte'nt1y threa~ening to al ter the very 

qualities which make islands viable. Allen (1971) claims 
that several of the rnethods utilizing èomestic and indus-. - . 
trial wastes are being used more extensive1y in developing 
nations ~han in the' industrialized world. 

1.<' 
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Barbados, as a developing nation, where the 
present ~ study Vias undertaken, is no Iess aV/are 0 f environ
mental problems. 'The Eastern Caribbean Water Qu"ality 
Control Seminar was held at the Hoter-Caribbee 10 - '12 May 
1971. The Ïollowing is taken from the Advocate-News, the 
Barbados nati0~~1 daily neVis publication, wi th dates ,g~ven: 

- -- -,---- -~-2.0/l2/72 - The Barbados br'anch -of ----nie Women' s---COrona ~ Soc-ïrty-----

\, 

.-' 

--.-- - ... - - *. ...--

gave a report dealing with pollution under_the headings of 
atmosphere, land, conservation, and the sea. The section 
on the sea deals with concern-over dumping in the ocean ~ 

and the flow of. sewage into Carlisle B~y; 6/6/73 - Ther~, 
1s a pocsibility of ocean surveillance by the Coast Guard 
to detect pollution in territorial waters by oil and other ,-
y.rastes; 29/6/74 - External Affairs Hinister, Senator George 
Moe, at the U.N. law of the 8ea conference in Caracas, 
pointed out to the conference that Barbados, with its dense 
population o~ over 1500 per~ons to the square mi~e, now 
looks to its coaG~a1 waters and the 0atero of the reglon 
for the sUPk'lementint; of food recources and aélvancin[; the 
economy. He paid special a t terrti.on to pollution, ur {J;ing 
ade'quate rules to protect the marine environment: "Barbados 
ttaches great importance to this matter, for th~ very life 
lood of our country dependG on the preservation of the 

marine environ.'TIent." V.1üle Barbé3Aos belj..cved that coastal 
states should have sovereien jurirGldict'ionD.l powers on marine 

• t"~" 

pollution, it v:ould accopt "certain minimum ,intermrtional 
~ ~ 

standar~s for p01luJion prevenU_on and'" control, pr~vided ~ 

that these standards do not apply in sueh a way as \0 impede 
unduly the industrial deve10pment of developing nations". 

In the report (1970) of a seminar sponsored ~y 
the Barbados National Trust st the University of West.lndies, 
Cave Hill, (Planning fol' 1980-:- an environmenta1 study of 
Barbados), Dr. J.B, Lewis, former Director of the Bellairs' 

-
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Researéh Insti tute, had the following to ;sa:x:! "A consider- t 

able arnount of pollution is affe~ing __ Carlisle Bay at the 
present time. The annual consumption of water by industry, 

> hotels and social services bordering the Bay 1s of thé arder 
of 2t million gallons per month ••• if we allow for, say 

_ -----2-O"4-consumption, then something like 2 -million gal20ns -O-t--'--,~-_.-~~

effluent of one sort or another is spilled into Carlisle Bay 

-. 

every month. This is an enormous quantity of sewage and, if 
it~were not for the particular system,of currents affecting 

the Bay, the effect would be intolerable. : As i t is, spot. 
checks on the bacterial count have revealed levels of con-
tamînation which are not tolerated in most countries. There 
ought t? be a system of monitoring the scale of poll\l't:ion in 

Carlisle Bay,~now. The consequences of increa~~ pollution 
of the seàrse rn obvious enough, just more and worse of the 
sarne, dangero s bacterial counts, destruction of'm~ne lif~_ 
including the reefs and uninhabitable beaches. The preven
tion of course lies in restrictions on effluents and res
ponsible management_ of coastal centres of pOP':l.lation. ' It 
seems likely that government legislation will be necessary 

,-

but should be based on a preliminary survey. • • During the, . , 
past decade there !las been noticeable net l.ôss of beaches 1 

along the west coast .•• The present de'gre~ of pollut1.on ~s _ 
having an adverse effect upon the co~al reefs, which no~ 9~lY 

,act as a protective barrier against wave energy on the shor~ 
but are also an'important source of sand for the beaches." 
In the sarne report it is pointed out that the character and 
quality of the environment in Barbados is unique in the wprld, 
and is a priceless asset ta the present and future people of 
the Island.- Tourism 1s fast becolning the island' s principa:tl- '" 
source of employment and prosp,ertty. "This simply means that 
environment will soon be the island t s e'éonomic based material." 
stephen E. Erntage, Director,... Economic_-P).anning Unit, notes' 
that "we have a good opportunity in Barbados ta avoid the mis
tâkes~which have been created an~ made by other developed 

~ , 
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countriesj for which the y are now payine; very heavily". 

One of the resolutions forwarded to the Barbados government 

by this same report was: I~hat the proper authorities be 

asked to institute an early ~nd competent survey of the 

possible pollution of the coastal waters of the Island 

with a view to reducing or removing the dangers\of such 
poTTutl.onll -. --~ -' ----- - - - - --- --- - - _. 

Until a 'pr.oPjsed sewerage system is {';stalled 

serving the central Britlgetown aréa (which is com~ercial, 
industrial and resident~al ~ about one square mile), where 
provision will be made for the treatment of tan1>;: loads of , 
sewage collected from hotels and,other large coastal build-. 
ine;s outside the sew'ered area, the prcsent system of con
trol] ed dumpinc; 0 f the '\'1D.stes a t,· seD. remains the lessep' of 

ç , 

two E'vils (2 - 12 tanl<::s of excrC'ta- arc dumped into the 

sea evcry ni~ht). For disposaI of sewage from cesspool 
~ 

elnrtiers in inlnnd arGas i6 liablc to contaminate- ,-Lhe under-

ground reservoirc which are the only sup~ly of domestic 

'':''1. 

wa ter. IJ.1he Barbados E,overnment is receivin[~ finan'ci;ï ~sBis
tan'ce from the Inter-Amcrican DeV'clopment Dank, and Q, Land 

M Engincers in co-operation wlth the Ministry of Heulth and 

\'JallDcC' Evans and Partners (of B.arbados) conducted prelim

inary studies, studied the existinG sewa0c disposaI methods 

for the willer Drea outEide of th8 central.desien area (in

cludine parts of Christ Chunch) and are planning and design

ir:g 'this system. It is eXP1cte4 ta be a piped system con

ducting effluent mainly by fraVt·':t~.f~OW to a treatment plant· 
in the Emmet\.on area (Figurr 1) The latest information" 

about the outfall is th~t i~ wi l be 1,000 feet lon~ and 
1 : t 

will conduct the treated ef~luent (biological treatment . , 
'by aero.tion followed by chl!0rination) from the plant to the 

sea in an area just south of the D.eep. Water Harbour. 
\' 

" 

The Barbados Governmcnt requested that the Bellairs 

Research·lnstitute conduct a physical survey of ~he ocean 
currents and a biological survey of the water quality of 

beaohes on the west coast. inshore waters affectTC; 

'l' ~ 

t~e 
\ 

\ 
\ 

The 
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coastal current study was financed by the government and 

conducted by Mr. Steve Peck of the Marine Sciences Centre, 
McUill University, under the supervision of Dr. Grant Ingram. J 

In order tô rnake a balanced decision, in order to 
!..6!"~ '" 

---- plan--pro-p-erly,-one nèèl!s Û~.ctual informat-ion which-will ·sh9,w 

V· ..... 

.' what the present situation ls and allow one to possibly pre-

dict the outcome of one's actions. Barbados must keep its 

environment at least as good as, or even better than, it {~. ,,-
now, if only for economic reasons. Ketchum (l970) notes how 

experience has shown that cleaning up 'a polluted aquatic 

emr,ironment is much more expensive than protecting it in the 

first place. 

Dunstan a'nd Nenzel (1971) observe how sewage out
falls into estuaries and coastal waters have increased sharp1y 

in the past l~ years. Although seVeral st~dies have been made 

of the in ~ effects on marine populations of sewaee out
falls, "-,the information concerning the phytoplankton is often 
inconclusive sinee data on unpolluted baseline conditions is 

limited and o~r understanding of phytoplariKton ecology i~ un
polluted waters·, is far from complete". Mitchell (1972), des
cribing the use of structural changes in algal communities 

:;-' 

to assess pollution, reports that the ge~eral effects of stress 
caused by industrial and municipal wastes and agricultural 

runoff are: reduction of the number of species, present; an 
increase in the range of numbers of individuals per species; 

1 

changes in selective predator or -parasite pressure upon part-

icular seg11lents"of the algal communit:i.es, resulting in a shift 
ino balance within the community; and a shift in dominance with
in the community favoring Eome species over others. "In view 
of its involvement in industry, microbiology iseasily amen-, 
able to engineering applications in applied ecology. Micro-
organisme promise ta be ~xce11ent tools for model laboratory 

studie? ,in ecology, just as they are already in biochemlstry 
and genetics." 

, 
-( ...... 

\ / 
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,f 
The limitations or' :any study must be kept in mind • 

For example, Johannes (1971), working in Kaneohe Bay, Oahu, 
Hawaii, where more than 3.5" million gallons of sewage re

~~iving only primary or secondary treatment are poured into 
"the Bay daily, report,ed the following: "the destruc tion 0 f '. 

/ .. l -"4, 

- the bay' s reefs by sewage and- seùiment, pulJ,.ution were -weIl- - -- ' 

underway 18 months ago when a roultidisciplinary study led 

to the publicly expressed statement that Kanriohe Bay was not 

badly polluted. T~e studies upQn which this opinion was 
.J • - -.,-~ 

based involved exam:i,nation of -ehe ..,J1Iater overlying the reefs, 
, 1 

but not-of the reefs themselves. "The mistaken conclusion 

drawn from this work is instructive, for it points clearly 
to the faét that analysis of~water alone can be inadequate 

and ~angerously misleading when studying coastal m~rine 
," , 

pollution. V/hereas polluted water and i ts planktonic con-
" 

tents are continually flushed and diluted by tides," the botton: 
and-its aêsociated organisms serve as a reservoir for pollu

tants. Bottom communities may thus be stressed much more by 

pollutants, which concent;rJ'3.te there through sett~ing and sorp
tion, than the t~ansient plankton communi ties above' them." 

'. 

McAli~e (1970), observing the small-scale distribution of 
estuarine phytoplankton in Narragansett Bay, Rhode Island and 

the'Damariscotta River, Maine, showed that statistically sig-
," 

'nificant differences in population density can usually be " 

demonstrated w1thin any" series of collections when the col1ec
ting inter~al is more than ro cm! Bj~rnberg (1971) furtper , 
points out: ""(In tropical habitats). •• Many species are ' 

rr 

present and, because of ~nknown factors, one amongst the most 

frequently found species can suddenly dominate"the others in 

'~umber during a certain ~ength of time. " Therefore \~~ study 
of tropical ambients should always be carried out duting sev
eral years, and in the mast varied condi tians." 

". 
With or without baseline studies, solutions to pro-

u 

blems of stress are not always easy.' It was thought necessary 
", 

\ 

"\ ' 

-. 

/' 



• 

'-

• ( 

" 

12 

to replace ph9sphates in de 
1 ~ _. 

taining nitrfiotriacetic 
but thi's ,i,4$ now known to only worsen the situation. . " 

Sibthori (1969) ~ade an observation particularly aoplicable 
'/ r" 

to Barbados: "It would b~, possible in sorne instance_~ to 
, , j 

discharge noxious wàstes one mile off the coast knowing 
o ' 

that the y will become harmless in a short or long period of 

time oy admixture with the water or carriage out to sea. 
" 

On the other hand, wastes discha~ged much further out, in a 
less favourable place, sorne hundreàs of miles in sorne instances, 

might be swept back onto the shore." 

Korringa (1970) shows how pollution can mean differ-
~ 

, 
ent things to different people: "nature protectionists wish at 

the cost of any priee to maintain the status quo; fishery 

people are after a high productivity and therefore are in 
favor of inereasing fertility and of a reductlon in the num

ber of species occurrinc in the area, together with the gre~t
est possible number of individuals of the species they are 

interested in; in the recreational sector - sport fishery' 
excluded - one pre fers clean transparent water if possible 

devoid of living organis,ms which are considered as a nuisance". 
he have to decide, therefore, wha~'we really want from pollu

tion control. HoVi ~~~'90 we want to ,go in controlling-"marine 
pollution? Hdw much mohey do we want to slend on it? '~he 

inshore marine environment must be protectéd against deterio-
ration resulting from the, discharge of municipal and industpial 
wastes. This environment has the capacity to receive a certain 
amount of waste discharge without damage ta its o~her uses and 
in fact a valuable and legitimate use of the near-shore marinè~ 
e!}vironment is as a diluting and assimilating medium for :'4naste , , , 
materials, provided that these are introduced within the, cap-

aeity of the environment. By canacity is meant a rate Jf in-' 

troduction whlch wi~'not result'in degradation fr~~ th~ st~~-
point of other use's, sueh as fishing and recorea tion. In '" 

, . 

J/ 

\. 
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, \ 
sorne cases, the added cost of locating' the outfall in a 
region of greater receiving capacity may be less'than the 
added cost of more complete waste treatment" (Sibthorp, 

1969). _1 Many pollutants in the sea are degraded fairly 

quickly or do not move far from where ~hey were put, and 
any problem they create is a purely local one. It may be 

argued that if a country:chooses to fouI i ts own doorstep, 

that is its own affair sa long as it harms no-one else. 
Sometimes developed countries impose obligations on devel-. 

oping countries which they dicl not have to bear when they 

were-develoring their own industries. Hany develoning 

-countries are "anxious ta pr~serve their environmental re
sources alongstde their new industries and one suspects that 

they are more concerned about this than many of the foreign 

businesses that are undertakinr; the industrial developments" 
C-A-ncrnymous3 , 1971). "Although it is unfashionable to say so, 
there seems no reason why sorne are as of sea should not be 

highly pol1uted, rroviding it 'is with pollutants that will 
have a purely local effect ••• Thi~ is the essence of good 
management and is the way to avoid diverting resources better 
spent elsewhere by straining to maintain a pollution-free 
environrnent everywhere" (Anonymous6~--1972). 

Barbados, was thought to be an excellent study site ,. 
because of the apparent concern shown by its people for pollu-

tion, and because of prev;ous studies carried out 9f unpollu-~ 
t,ed areas wqich could be compared wi th a study of comparativ
ely polluted areas. The word "comparative". is used becéluse , 
it was also thought thélt B3rbados presented an opportunity 

to assess an are a in which pollution was just beginning. 

Sander (1971) raised the possibility that si8nificant unin
ha-bïi':ted islands may have smaller island mass effects than 

heavily populated ones. Man-made pollution was considered 
to have little effect on his \results, as the study area was 
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picked deliberately to avoid the area near Bridg~town. 

Steven (1971) chose a station (10 km west of 'Speightstown) ': 
"about y'miles no~th of the one studied by Beers et al (~~68)i,., 
He notes that tne shift '\was made to be cert~in of avoidin~-
an area of relatively high chlorophyll concentrations which' 

, , 

was discovered in 1967, and extencls seawards for several 
miles west and south-west of Bri6getow~'." The Island has a 

simple topography, being sma~l and complete1y devoi~ of im
portant rivers, estuaries or t:fords, so any effects'" of organ

ic pollution would certainly bè ~omin~ from the Bridgetown 
. and Deep Water Harbour araas. 

The first of the eeneral objectives was 
~ 

to çonduct a preliminary survey of the existing water condi-
tions affectinc the beaches on the ~est Coast of Barbados. 
The survey would be prclim:i,.n<~ry incofar as i t \'/ill be a base
line study for cornlJurison VIi th a future stuèy after thc in

stallati.on of .a IJrOposcd D~~vuGe trcntJ'îcnt plcJ.nt and oatfall 
servine the BridGetown area..~ '>--Vûrious phYDical and chemical
i)a~ameters \'Jere elllployed to conduct thi"s survey 'over a one
year period on a weekly basla. An area was picked v/hieh 
~isually seemed ta be pollutcd and ~easuremcnts Viere ma4e 

l , 

for comparison with nn area kn50n Trom previous work not to 

be polluted. It was intcnded to show pollution depic~~d by 
gradi"ents decreasing from the Deep \'iater Hru~bour to points 

1 

further north along the coast. The work of the previoua 
authors in the unpolluted area was confirmed and updated, 
and a defini tely polluted area was piclteéÎ half-way through 
the, project to compare with the previous two areas. 

second objective was to attempt to assèss 1?ollution 
changes in the structure of the ,ll'eal communi ties. 

The 

through 

Phyto-
plankton, ident'ified ta genera and lumped -into m~joI' groups, 
were studied to determine ~f any differencGs existed in 

community structure of the populations foun~ at the three 
areas. 
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METHODS 

Description of Stations 
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{ \ The sampling area is shown in Figure l(drawn ta 
f \" 

scale). The main group of stations (3-10) was. designed to' * 

form a grid pattern comprising f9ur 'in~~~(3,6,7, and 10) 
and four 'outer' (4,5,8, and 9) sta~ions: eà.ch ,'outer' 

station "lying on an east-west axis from the respective 'inner' , 
station. The first two stations'(3,4) of the grid were 10-
cated west of Indian' River. -' The last two (9 ,let)' were off' 

2jaradise Beach C1u'b and'~:W'ere 2t km north of stations 3 
ant • Station 10 was loc;red i~ Fresh, Water Èay.· Station 

)
2 w located in the mouth of the Deep Water ,fillarbour. -Sta
t~on Il (Bellaire) was locat~d off the Bellairp Research 

Institute, 7 km north of Paradise Beach Club. Station l "( 
was located just south of the Deep Water Harbou~., 

Befor~ these stations were fully incl~ded in the 
work plan, surface-current drift-battle tests were carried 
out (briefly described below). 

It was decided in January 1973 to monitor Carlisle 
Bay and the careenagé. Station E was located right at the 

mouth of the careenage, whi1e station F was located between 
the two bridges crossing the careenage in the heart of 

~Bridgetown. The ~pproximate locations of stations A - Gare 
shown in Figure 1. ' , 

In addition there were 4 stations on the south 
coas~, at St. Lawrence, Accra Beach, the Asta Hotel, and 
Eîlton Hotel (not shown in Figure 1). 

" 1 \ 
\ 

the 

< • 
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l[1he stations were :p.umbered or lettered in the 

order which they were "visi téd.~ Surface ('im) sampl.es o'nly 

were o911ect~d at aIl stations. The~depths of stations 
~. 

l - Il and E and F were as follows: 
1 

station Depth (m~ 
Il (Bellairs) 28 

r \ , , ~.' 

3,6,7,.1.0 2" 

4 14-
5,8 "b 
9 20 

" 

2 20 

j/ l 41 
E,'F 6> 

By forming a grid pattern of stations north of 
"" 

the ha:bour it Was intended to sbôw concentration gradifnts 

in the~~~vels of different parameters, being greater nearer 
~ - '- ~ .... 

the harbour and progressi vely improving as distance forom, 

the harbour inoreased. The water at Bellairs was known fO 
bè unp~llu~ed, ·based. upo~'previous work (discussed abova). 

It waS-intended to comparé' Bellairs wi th th~ har~"ur - \ 
• - 1 

paradise ~each atea, at t~é sam~:time bringing~p to dat 
the da ta ât Bellairs. J-c. ~ 

~., -,- - --- ,- -,~ - ~ . -- . \ 
) 

~ .. P1J.r~ng the sampling period the~~t location 0 i 

the Eroposed treatment plant and outfall was...-.never 'firmly\ 
<,-. -~, , , . ' : 

decided û~on. Therefore the monîtoring Btat~ons were set; , 
up in a manner thought·~est to depict 'the existing condit~ons 

~ , i 
of the seawater affecting the beaches on .the west coast. i 

.e 

~r~ 1 
Any ,f\lture work in ,th,e' sarne area after installation of thel 
outfall will defini tely be use-fuI to assess the impact of i 

the outfall aroJlnd Bri,g,gato,wn and the l1arbour area and 

rem~dial actio~ may be imp~m~nted if needed befor\ any harm-
-( n .. r • 

fuI ~f~~cts spr\ad further north ~,~lon~ the ~~~t coast. ~ 

) 

/ '.' 

~ 
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Collection of Samples 
o 

Staticfns 1 - Il were 0 vi si tad pn as close to a 
weekly-basis as was possible (weathei permi tt1ng> from ' 
July 1972 to July 1973. Work at stâtions A - G *as started 
in Jànuary 1973 and carried out on a ~onthlY-basis (except 
March) until July 1973. Stations 1 and Il were always 

"1',. 
, sampled when doing stations A - G. The south coast stations 
~ -
were occupied two ti~es during June 1973. Stations l - Il -
or' stations A - G were' visi ted between 080p and 1000 (local-

" 

time) on any sampling day in a motor launch. The south 
corst ""ta tions were "eache d from shore. -:-'" 

~, \..... AlI samples were ,..take:rrom a depth .of l m and.l 
co1lected by hand. 

Water samp1es were 'collected wi th I\f-an Dorn bottle~,;J-
G ~ 

of 7 1 capacity. Subsamples ~ere taken irnmediàtely atter. 
"~I' ~ • - , :' IL 

~ \collection from these bottles for chlorophyll a, phy~opla~-
ton (limited to stations 3,9, lOf Il, and F), nitrate\+ 

j 

nitrite - N, phosphate -P, partiGUlate matter, and o _ saliD:ity 
(periodic collections only) 4~terminations. 

Samples for D.O. and BOD were té.keri with ~- ~uds'en 
bottle. BOD samp~es were taken weekly initially, but,monthly 

"afte-r J anuary 1973. ~ 

Q Coliform samples were taken directly with steFi-
o "" 1 

liz~d BOD 'bpttles. The glass stoppe~s,were not remoyed untl1 .. ' - " the! bottle wa~-submergéd. Work was comm:nced in April 1973 
for\ stations 1 - Il and.was done monthly until July 1973. 

-~tario!ls A ~ G were done in Sury 1'973 on1~. 

l Temperatures were det~;~ined with a reversing 
} -41! 

theIjmometer (periodic çiata C>n:3:y). v-
l 

/' 

• 

\ ., 
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Treatment of·Samples 

-
- Water for pigment analyses w4as po~ into 7 1 

heavy grade polyethylen,e bottles and k~.de.r cover until 
returned to the laboratory~ Usually 5 l, but sometimes as 
littlê as 2 l (stat;ion F), were filtered .through 4.25 cm 

" glass f'iber filters. From July 1972 until 9/5/73 Reeve 
Angel glass fiber filters, grade 9~10Hl were used. After 
that Whatman GF/C filters wEtre used. About

L1. ml of magnes-
. , 

ium carbonate suspension (1 gm in 100 ml distilled water) 
f ' 

was add~ to the last f~w hundred ml being filtered. The 
fil ter pads were plaeed immediately in 90% aeetone - the 

~ <> fil ters were never frozen before extraction. Chloroph.y1:;t 

• 

=. il. measnrements were ba~ed an the modj fj ed methad of Richards, 
with Thompson (1952) ap given by Strickland and PaTsQns (1968) 

using a Beckman DU spectrophotometer. The Farson -
Str1çkland equation was used. 

• Half-liter water samples were taken and immediately 
préserved wi-th :2% neut'~alized formaldehyde' for SUbSequen( , 
examination and enumeration 'df the phytoplankton. The cells 
were allowed to settle at least 72 hours i~ graduated cy
linders and then reduced. by slow siphoni~g to a little less 
t'tlan 50 ml. These concentrates were stored in vials and" 

.... ~ 10' 

when required, made up té 9Q ~~ with distilled water, half 
of whieq was poured into 25 ml, 2.5 cm diameter settling 

, , 
cylinders. The sampiea were e~amined with a Zeiss-Uterm~hl 
inverte~ micros~ope: Twenty-five fields, about 1% of toe ,. 
total, were counted f9r each sample and an average value 
obtained by multiplying first by 4 (sinee the eoncentrate 
examined was from 250 ml of sample only), then b~lOO, to 

, \ 

give 'cell num'bers per li,ter. Very careful cou,nts and iden ... -
tifications were made. Usually'thê plankters'were identi~ 

"fied to genus,overy seldom to species, and Iess often to 
o 

major groups. J 

Ir . 
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~: Two 130 ml polyethlene bo~les were filled wi th 

water \ fo:t1nicronutrient a~alysis and immediately put into 

a portable freeze box aboard the vessel. Upon return to 

the laboratory they werè placed in deep freeze until re

quired ~or analysis wi thin. two or three weeks. Nitrate + 

n:Ltl'ite -N was measured by the modified metho.<L1lL-Morris 
o/"· 

, , , , ,', , , çind ,Riley (1963) as given by Str1ckland ançi Parsons (1965). 

Phosphate -p was measured by the method of Murphy and Riley 

(1962) as given by St~ickland and Parsons ('Î968). Commenê

ing November 1972 a~l' Bampl~s ~ere fiIterep prior to freez

ing. li. turbidity c~rr;ection.,for all sarnples, excluding the 
~. l' 

high 'nitrat~ samples requiring the "use of a l -cm G_e11 only-, 
v 

was made. t 
,-~-~'-_. __ .-

• 
'~ .. 

Great care"had to be taken to prevent contamina

tio.n of nitrate samples by tapwater during thawing. 

Particulate matter was measured by the method of 

Strickland 'and Pa'rsons (1968) taken from Banse, Fallt;l ,and 

Hobson (1963) ,:sing up to 2 l samples kept i.n the same 7 1 

polyethylene bottles described for pigment analyses. 

Usually 2 l were filtered through 47 - mm HA Millepore 

filters (0.45 p, white, plain) for the 'outer' line of 

stations, l 1 for the 'innel{f line of st'ations and 0.5 l 
't for the caree~g~ statl.ons. 

J,F"'- .-f" 

AlI salini ties were measured wi th an inductiv~,1y . 
coupled salinometer model 601 MK III made by Auto Lab 

c 

Industr-ies, plL Sydney • 
n ' 

, Dissolved oxygen and 5-day BOD were measured using ,.. 
a modifica~1on. of the classical Winkler procedure as given . ", 
by Strickland \and· Parsons (1968). Light and dark bottles 

(300 ml BOD bottles) 'were filled being careful to minimizfi .... 
turbulence and agitation of ·the samples. The light bottles , 

/ 

l" 
l 

1 ...... 

,If· ,,~. , 

"" .' . . 
ri' " .. , 
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were 1mmed1ately "pickled" at Bea af--te-r- collection. 

There was no possibili ty of oxygen being 1000t when the 
- ., 

21 

samples 'warmed' to room ~mperature as the air-èonditioned 

laboratory was always 2 - 3 Oc lower than the field 'temper-
• 

ature. The BOD samples were lelft in the BOD incubatar for 

-----~--5--_da-ysat 20oC.-- --Phre-e--ti-trationsper---Samp"le -were always

Idone immediately after acidification of the samp1e. and the 

starch end-point detector was used • 
.:;\ 
"', .", 

A standard techn;ique for the enumeration of total 

coli.forl1ls was used taken fram "Recommended Procedures for 
, ~ _.J -

the Examinat10n of Sea Water an-à- Shellfish. "* The culture 

dishes used were Millepore plastic (disposable) petri 

dishes (48 x 8.5 mm). The filter .membranes (47 mm HA - 0.45 

)l - white, grid), absorbent pads a~d nutrient ampoules were 

also from Millépore-. The :r±l:tered samples were incubated 
o + 0 at 35 C - 0.5 C for 22 - 24 hours. During autoc1aving the 

glass stoppers of the BOD bottles. were supported away from 

the neck of the bottles with aluminum foil. -, When the autp

clave was opened the stoppers were pushed into place immed
~-

iately. 

c)' .. 

,--

* fourth edition, 19~O.-·The American Public Health Assoc., Inc. 

• 174()Bfoadway, New---York, N. Y. 10019 

-- ) 
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FUR'I'HER· DESCRIPTION OF THE STUDY ABU 

Deep Watèr Harbour , 

The Deep Water Harbour, opened on 6/5/61, is now 
ca.lle'd_ the ~ridgetown Harbour: ~he ma;i.n breakwater i's 1700 
feet long. The lesser breakwater has 3 sugar l;ading 
towers on it. This port was constructed to hand1e 150,000 
tons of cargo annually, but it now handles an annual figure 
of 340,000 tons. Plans are being prepared for a $24 million 
expansion pro gram making ~ t a modern port. 

Indian River 

Water from surrounding districts flows into Indian 
1 

River which leads to the sea at Lands ,End, st. Michael. 
The mouth of the river was blocked making the water stag
nant and an excellent breeding ground for mosquitoes. At 
one time the. Mihistry of Health would clear the mouth occa-"". 
sionally, ~e:lling some of the sten~h, but i t appearE! that 
this 1s no longer the case. 

Carlisle Bay 

The Advocate-News had the folloW1ng to say about 
Carli.sle Bay (9/6/74): v'ie have among us "people who knew 
when the first seaplanes came to Barbados fifty-odd years 
ago. At that time Carlisle Bay had a clean, white sand 
bot tom. It is on record that the waters of the bay were 

,,-~ 

so clear that the pilots had difficul ty in.., discerning the , 
surface. Wi th the emptying of our drains 1nto the sea, 
Carlisle Bay has a bottom as d~&que as anywhere el~e' ~ and 
that did not build up overnight. 

" 

"'"' 1 , 

1, 
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1 
Surface eurrents 

Prior ta regular sampling the surface eircula-
\ 

tion was determined in the 'harbour - Fresh Water Bay area,' 
• Î 

at low tide(12/6/72) and at high tide (19/6/72). The ' , . ~ 

-circulation waS mueh the" same at both tides as the t:hdal 

range me an is onTy 2.3 feet in Barbados. -, - -

At station 1 thb drift bottles travelled NNW; 

at station 2 the bottles first drifted to the edge of the 

harbour mouth'and then proceeded seaward; at the 'inner' 
, c 

line of. stations they follo\'Ied a more WN\'J direction; at 

the 'out~r' line of\stations the bottles ·gavelled NI.'Irv/, 

---as ai? station 1: At a.oo.u-:L.}. . ...miJ e no~o.ï Fresh V/ater __ =B:.:-:a",-Y __ _ 

the current was going directly offsho~e. This seemed· to 

be the dividing point as SSW currents were observed from 

the north part of the island. At statlon Il the bottIes

proceeded SS\'J. t It was noted that there waS no danger of 

inshore surfnce currents carrying effluetlt bnck rto the 

shore. Th~s eurrent pattern aGreed with that of Emery 

(1972) • 

It was explained above how, for the present, 

the disposaI of sewage (from septic tanks nnd suck wells) 

from city and coastal buildings is best· donc by disposaI 

at aea.'. The site authorised for sueh disposal 1s off 
$ 

. Çov/ell Stre~t in Bridge~oVln. In this position on the coast 

the general flow' of currents is in a wmv ta NIII direction 

and takes the waste? away from the land. There are no 

bathi.ng beaches near this point and there is no history 

of waste~ coming back to the land from this point 

(Advocate-Ùews, 18/7/72). 

." 
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< - RESULTS 
, 

The grid of stations from \he harbour .to Fresh 

Water Bay was laid out in the expectat~on that sorne 
degree of pollution emanated from the harbour and it was 

-- tn6ught that th-ere would-probably be a gradient- along -&--

nortp-south axis. ,~In fact, the significant differences 
found in the different parameters studied were generally;, 
on an east-west axis between-the 'inner' and Jouter' lines . -
of stations. The harbour mouth station was in sorne res
pects intermediate between them. In'! -general, considering 
physical-chemical parameters only, the 'outer' line sta-

~~--"t:LQ_n.§_ WsXl:,e_ th€? s?J!!e as the Be~lairs station for which t_her~ ___ _ 
was previous information from 1968 to 1970' (Sander and 

steven, 1973)~ The Bellairs and the careenage stations 
were considered to be extremes in terms of nutrient ·en
richment in Barbados. The 'inner' line of stations·seemed 
to be somewhere in between the two extremes, and so would 

, 
the 'outer' line if only phytoplankton were considered. 

$ 

Judging from the physical-chemical results of the :outer' 
line of stations, the community structure of the phyto
plankton population was complete1y unexpected. 

·Y, ~ 'The parameters are ~rlfè-ehted emphasizing the 

absence of a north-south gradient •. The Bellairs, Combined 
, G 

'outer', Combined 'inner', harbour mouth, and careenage 
- / 1 

(Station F) stations only arè discu,ssed, as they were 
representati~e of the different situations found in Barbados. 
The data for stations A-E, G, 1, and the four south «oast 
stations are listed in the apnepd~x as they may be use fuI 
as baseline data for future studies. y the phytoplanktoh 
data for the results presented not listed in the 

appendix, due to the quantity. The ize~ data which 

" 1 
,; 

\ 

\ 



• 

! 

• 

. 

show th~ average levels ol', ille p~rameters ~studied are 
presented in Tables 1 - 14 of thfs~section. ~ -

" 

Physical Characteristics 

25 

Maximum-and -minimum---têmp-el'atu~es-i'ound, Viere _____________ _ 

29.2 oC (station 6, '3/8/72) and 26.8°c (station li, 1/4/73) 
respectively. The salinity maximum wa~ 35.Bo/09 (station 
6, 1/4/73) while the, m'inimum value obtained was 31.3~ 
(station 10, 21/7/73): 

Treatment of Results 
--1 

Absence of seasonal variation (Sander and-Steven, ---------

1973) permits differences between stations tOI be compared 
• 1 

by simple variance tests as if values varied randomly 
~ -

around mean annual values. Stations and grours of stations 
wereocompared by t tests using the 5% level of significance. 
Due to the large range of cell concentrati9np at aIl sta
tion? statistical tests were not performed on the phyto
pl'aijkton data. The small amouiit of data for station F, .. , 

tem~erature, salinity, and coliform counts, did not warrant 
s'fa tistical te sting. ~'-

'~ 

Di~solved Oxygen 
-, 

Data for D.O. concentrations are found in Table 1. , 
The Bellairs station was ric~est in oxygene The means.of 

( .,..-
the combined 'outer' and 'inner' stations were significantly 
different. Although the harbour mouth station was poorer . 
in oxygen.than at Bellairs, it was richer than either the 
combined 'inner' or 'outer' stations. 

The careenage, from 6 determinations, had about 
half the D.O. conoentration found elsewhere • 

, < 



c .. • 

( 

" .. 
1 

,. 

• 

/ 

( 

26 
, 

_ station 10 at Fr~sh Water Bay h'ad a"higher 

D.O. concent-ration (4.3&-ml!1-)- than the other" 'inner' 

stations and it was the only 'inner' station higher in . 

D 0 than the harbour rnouth. Stations 3,6, and 7 'showed 
• • • Q 

values of' 3.76, 3.85 and 4.01 mlll respectively. 

-- - ~ -TABLE l 

Dissolved Oxygen Concentrations by Station or Combined Stations 

Stations 

No. of ( 
observations 

Harbour Combined Combined 
Hüuth 'Inner' 'Outer' Bellairs Careenage 

44 176 50 6 

Mean 
± SE ml/1 + + 

4.~---- - ---c:-;-cy- - -, 

.03 (1 

Significance 
Tests ~ r:---S. Do __ ,_S. D.~ 

~~ 
-;,;. ~

S.D._-~-=--~ , 
~ - S • D .---,..-----11 7' 

V ' / 

N.S. = 
\ 

not significant; S.D. = significant difference 
SE ~ standard error. / 

~ .. . ~ 
" " 

hemical Ox en Demànd 

'" 
j "" 

Il 

BOD data are summa~ized in T,able 2. Al though there 

was a significant difference between ~he coroRined 'outer' and , 
'inner' stations there was none between the Bellair,s station 

and either the cornbined 'outer' or 'inner' stations. The 

harbour mouth station had a higher oxygen demand, than either 

j 

at Be~lair9, the combined 'inn~r' or combined ~ter' stations. 

The careenage was the only area where < ,the 

ed half the D.O. ;concentratiqn. 
BOD approach

\ 

") 
".-

(' " 
;1 

-\ \ 

( ) 
'\ 
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en Demand b Station or Combined Stations 

Harbour 
Mouth 

Combined Combinœd 
'Inner' 'Outer' Bellairs· Careen~ge 

c----, -- -- -NeY.- or------ - ---- ---- ------ -- -~- ---

• 

observations 

Mean 
+ mlll - SE 

Significance 
Tests 

\ . .. + 
,-

.!ï ~! 

27 108 107 .33 

.29 .24 .19 .20 
+ .02 - .Ql + .01 + 

- .02 
" 

L-S • D .~_ • ---:'!:....-::-II __ N • S • 
..- N.S. -- - --~ ----- -------- --------~~~~~ -=-=~~~-~~~~~~---
1 

.' 

Total Coliforms 
" 

.90 

The final counts are found in Table 3. The appen
dix listing (Table 28) shows the volumes sampled and hour of 
collection for each station, and also 3 surface determinations 
for water at Bellairs by the CoraL Reef Club raft (about 4 m 
deep) • -.. -

Generally, the harbour mouth and Indian River 
stations (except for the careenage) had the h~hest coliform 
counts. 

.. 
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TABLE 3 
- Total Colifo m, Colonies 100 ml 

~tations 

Dat~ 
Harbour 1 IIlner' • Outer' 

Mouth 3 6 7 10 4 5 8 
Bellaire 

9 

18-4-73 49 73 0 0 0 0 4 
- -- .~~ -~--- 1- 5i 19-5-73- 17 bT--1f.--o s"2)- ~-2- 1f4- --:)2. 

43 280 450 310 110 8 21 16-6-73 200 220 31 
14-7-73 - - 31 TNTC 
21-7-73 88 86 2 52 ,56 17 31 26- 9 2 

TNTC = too numerous to count 

Particulate Matttr 

- ~ -- -f--~
Table 4 shows the summarized particulate rratter data. 

The rneans differed significantly between the Bel1airs station 
and the combined 'outer' stations, and also between the com
bin'ed 'outer' and 'inner' stations. The harbo,~r mouth sta
tion waf intermediàte between the combined 'innér' a,nd 'outer' 
station~ and was significantly greater than the Bel1airs 

station. 

Particulate.matter at the careenage station was 

greater than elsewhere. 

TABLE 4 
Particulate Matter by Stat,1on or Combined Stations 

Combined Combined 
stations 

Harbour 
- Mouth 'Inner' 'Outer' Bel1airs Careenage 

1 

No. of 
observations 

Mean 
:: SE mg/l 

Si gnificance 
TeQ.t.s .~ 

+ -

45 179 'li 179 
,J'>. 

51 6 

1.66 3.14 1.17 .88 
.14 + .19 + .06 + .11 -

~
> S.D.~S.D._-4-_S.D.---i 

I-_____ .S. D. " 
~------------__ S.D. __ 1 ____ ~----~ , 
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P04-P data are summarized in :able 5. There 
were no significant differences between the means at the 
Bellairs, combined 'outer', combined 'inner', or harbour 
mçlUth stations. The six observations at th~ caree.nage 

----- station indicatedt-he- presence of lo-calized pho~phate en-___ . __________ _ 

richment. 
b 

" TABLE 5 
.po -p Concentrations bZ Station or Combined Stations 

~ cr 

Harbour Combined Combined 
Stations Mouth . 'Inner' , 'Outer' Bellairs Careenage 

No. of 
,observations 48 

Mean .081 
+ SE -?g-at/l + 

- .026 

Significance 
Tests 

+ -

192 192 54 

.065 .075 .055 

.004 :!:.oo8 ~.007 

t=NoSo NoSI. NoSo==! 
~--______ r---___ N.S. __ ---------~--~ 

Nitrate T Nitrite -N , 

6 

2,; 671 

The data for N03 + N02-N are summarized in Table 
6, representing Mean values from April 1973 to July 1973. 

-~There was obvious enrichment at the Fresh Water Bay area - , . 
(see.. DISCUSSION) and a t the career:?:.~ s.:tation. In fact, 
significance tests have not been done because of the order 
'of m~gnitude diffe~ences fou nô- at the Fresh Water Bay area, 
where freshwater origin was suspected. The harbbur mouth 
station was .lower than at Bellairs • 
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TABLE 6 
N Concentrations by Station 

'Outer' 

Stations 
Harbour 

Mouth 4 5 8 9 Bellairs Gareenage 

No. of ~-- -- \' - ---- -- --

-
observations 12 - 11 12 .12 15 

\ 

Mean .252 .319 .543 .899 4.259 .402 
+ SE Jlg-at/1+ + + 

=.277 + ~.09? .... 
-.048 -.081 -.091 \ -1.497 

,-

Stations 'Inner' 
-3 6 7 10 

No. of 
observations 12 12 Il 12 

----Mean .471 1.018 .631 29.140 
Ct~E pg-a t/1 + .... 084 :!:.637 =.141 = 8.732 

~ Ghlorop hy11 a 

Plant pigment data are summarized in Table 7. 

There was ~o difference between the ch1orophy1l 
at the Bei1~rs station and the 'outer' line of stations. 
The~chlorophyl1 concentration of the 'inner' line was 2.3 
times. gieat~!'.than the 'oute.r' line. The harbour mouth 
station was intermediate betwe~n the 'inner' and 'outer' , " 

lines, and greater than at the Bellairs station. 

) 

3 

~.355 

Phe.chlo~ophy11 concentration in the careenage 
was 7 to 16 times greater than elsewhere, or about an.prder 
of magnitude • 

.. 
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Chlorophyll a Concentrations by- S:ta-tîon"a.l1cl -Cumbined Stations.-

stations 
Harbour 

Mouth 
Combined 

, Inner' 
Combined 
'Outer' Bellairs Caree,nage 

h' 1. 

No. of - -----------
observations 45 

Mean 3 
! SE mg/m 

.430 
:.026 

------------------=---~-----~- '-
182 183 ~ 52 

'.614 
+ -.026 

. -

.270 

::009 
.27 

~.02 

S:î:gn:Lficance 
Tests 

~ S • 11; -+-S • D. _-+-_N • S ';---.-:....-
nr----S~D.--~---------' ~ 

4.377 

1----------------- -- +--__ S. D ·'~-"'S"'.""D-. --1---- _____ .- ___________________ _ 

• 

o 

Phytoplankton 

r 1 r 

12 sample's were counted --at thJ Be:l.lairs station 
1 

(one per month, taken at - approximately the same time each 

month), 4 at the careenage sta:tion and aIl at stations '3, 
9 and 10. 

Table 8 shows t> th.,e average weekly cell count Il 
G 4 

for the year for the major"phytoplankton groups at the differ-

ent stations. The average weekly total ,for the year and the 

range found throughout the year of total cells/l at each 

station is also shown, at the bottom of the Table. 

When counts are mentioned regarding Trichodesmium 

this refens to numbers of filaments rather than cells, as 

practiced byo other authors, (eg. Hulburt, 1962, 1968'). Davis 

(1955) reports Euglena and Chlamydomonas to be in the Glass 

Mastigophora, but in an Order other than Dinof1fgeilata. 

Fritsch (1961) lists Euglena as a separate Class of a]kae, 

and Chlamydomonas as Chlorophyceae. Th~s report considers 

'Euglena ta be a ci\noflagel1ate, and agrees v/ith Fritsch for 
the_ green algae.~, 
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lankton - Avera 

1 Inner 1 

Stations sta.3 sta.10 

o 

~ 

for the Year 

: 'Outer 1 

ista .9 
B$llàirs 
sta.ll 

~ 
1 , 

1 

Care'=mage- ' 
sta F d t 

No. of observations 44 44 44 12 1 j 4 

Diatoms -Centric 
-Pennate 

Ttl.Biatoms 

Dinof1agel-1ates 

... 
Trichodesmium 

j6.4 
~h.6 

o 

" 58.0 

57.2 

Q 

• 

36.0 
19.2 

55.2 

-----,------ ---- -

24.4 ;36.4 18*.0 
13-.. 6 ' 11.6 40.0, ... 

-. ---1 

38.0 ; 48.0 , 224.0 
G ~ .;:.. 1 

550.6 31.2 ;12.0 560.0 
-- -- -------~- -~---- - - "'------------ -------------~ 

.1.2 .4 0.8 1.6 1 3.6 
'0 

8.0 

.r .~-

thiebaudii 

Blue-greens except 
Trichodesmium ',; J 

-, 
... . 1 2.0 1 

-' __ ~ J 
~ -~I 

- 1 1 

Ttl. B~ue-fee:ns r 1.2 0.8 ,,1.6 3.6: i 0 10 • 0 

ChloroPhyt~ 0.4 2.\4 0.4' 1 8.0' 

Average Week"'1~ 
Total 

Range 

~ 

r-r_=-_ _ _ _----~-< 

. ~------
-~--~if1 63. 6 

1 
1 

.802.0 : 116.8 114.0 71.2 
1 S 1 

41.2 
• 1 1 

904.0 34.8 - 710.4 25.6 - 510.8 10.4 - ~10.8 75?0 - 940.0 i 

c 

.. t'" _..1 

\..N 
1\) 
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numbers. 
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" 1 -

eenage samples there were considerabl~ 

2,000 over 4 >cQllections) of ~ Euglena

x lE']l, inçluded in the Dinoflagellate 
'-~ 

_ Coccolit ophores and Silicoflagellates were some-
, . 

times present in sqlall numbers, but they never amoun~ed to . 
1 

-- - .--. -sutficie~t numbers to enable them to be included in averages. 
- - . 

-, , 

The number of centriç diatoms was more' or less 

the s~e at Bellairs, and the 'in~r' and 'outer' lines, but 

pennate species were about tw~ce as numerous at the 'inner' , 
line stations, not surprising sinee most pe~nate ~~rms are ... 
tychopelagic. 

. 1 

., Dinoflagellates were 2.6 to 4.8 times more numer-

ous at the 'outer' and J inner '. lines., respectively, than at 

"""' ~_ .... " , 

---r::BlAe'I'I-;:;a:-':1.-;r"'s--.---· ------------- - ._------------_._-- ------

Vvorth stressing 1's the façt that, although the, 

'outer' line stations had the samé chloropnyll a conc~ntra

tion as at Bellairs; the 'outer': station shifted somewhat 

in rposi tion as did the 'inn.er~ li-ne. l$Înofiagellates 

we{e the major cause -()f the overall shift found between the~ 
harbour and Fresh Water Bay. . 

The careenage had greater numbers of aIl groups, 
1 • 

but the major contri1)utors wer.e çentric diatoms an'd dinoflag-

ellates. 

The range of \. cellC-eoncentr~t,ion~ ~t aIl stations 

"was very large. Average to~.al numbers were similar at 
~ 

Bellairs -and the 'outer' station; only; the change in composi- \ ... 

tion was notieeable mainly due to dinoflagellates being in \ 

greater eoncentration~etween the haroour and Fresh ~atef'I:, 

__ ,~ ______ B_ay"_ area. The' inner' stations were 1.6 times greateI' in 

o 

Il ' 

-. 

--- ; 

;1 
1 
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numbers of cells /1 than the 'outer' station • 

1 

. Tab~e 9 shows the percentage contribution by the 
m~or groùps tohthe phytoplankton at the different stations 
averaged for the yepr. 

TABLE 9 
a Phytoplankton - % Contribution - Average for the Year 

'() 

'lnner' 
Stations sta.3 sta.lO 

'Outer' Bellairs 
sta.9 sta.ll 

Careenage 
sta.F 

No. of observations 

Diatoms centric 
- pennate 

Ttl. Dia toms 

Dino fla,gella te s 
t 

Trichodesmium 

thiebaudii 

Blue-greens except 
Trichodesmium 

Ttl. Blue-greens ... 

Chlorophyta 

44 44 

31.2 31.6 
18.5 16.8 

49.7 48.4 

49 .• 0 48.8 

1.0 0.7 

1.0 0.7 

0.3 2.1 

44 12 

34.3 57.2 
19.1 18.3 

53.4 7:5.5 

43.8 18.9 
\ 

2.2 . 5.6 

2.2 --5.6 

0.6 
.1 

,\ . ' 
Diato.ms contri buted ,75.5% to the phyloplankton 

at Bellairs, while ~8.~~ were dino~lagellates an? the rest 
Trichodesmium. 

4 

22.9 
5.0 

27.9 

69.8 

1.0 

0.3 

1.3 

01.0 

Diatoms dropped about 25~ at the 'inner' and 'outer' 
st,ations, while the dinQflagelilates 'rose to about 500;6; there
fore the 'inner' and 'outer' stations made similar shifts in 

l' 

.. ~ 

., 

~ percentage composi tio.~. 

~------------~-----~--------------------
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Only the careenage station was in an area where 

aIl the major groups were sUQstantia11y represent~d 

(excepting coccolithB and si1icof1age11ates). Diatoms 

took a further drôp te 27.9%; dinoflage11ates rose even 

35 . 

\1 higher to 69.8%. 

~Tables 10 - 14 are extended d&scriptions of the 

phytoplankton composition for ~~h station avera~ed for the 

year. The most abundant genera contributing tb the major 

groups are listed, with the average celr-concentrations for 

the year for each gcnus. The percentage con~ribution~. of 

the major genera to the average total cell counts for the 

year are also Given. 

All representativ-es of dinoflaf,.ellates that were 

present in sufficient numbers to fir,ure rn the averages for 

the year are listed, re~ardless of import~mce. Ifi tu;chia 

1s divided into 3 groupG, 1e. li. ,seriata, E. clostcriul11 
___ --=ca,nd N. spp., ond a note of the total I~i tZGChla concentration 

~ -- -- ---~--::::.:::~~:-::-~--------- -- -

..1 . .. --.... ' 

i6 given for each station.~~ue-e;reens are in three c;rouns 

aIso, ie .. 'l'richodccmium thiebauàli, Anab3.ena sp. and IIbl'Ue

greens other" (than the previouD tv/O). 

Following' e-ach major r;cnera llsting for each st<1.-
c 

tion (part A) i8 information concerninr; the Iess im!",ortant 

(in terms of numbers) contributors (part B). Different 

genera each contributing the so!oe proportion are given. 

Where difforent gepera were counted but hod insufficient 

numbers to fiGure rn the averages over the year they are 

noted as "counted - no averaGe." Where difforent {;~era . , 

wer~ seen occ.D.siona1ly through a.dditional scanning of the 

samples these"are noted' a:S "aloSo seen -: not counted." 

---:,.- .... 

1 

, ..... -



• 

u 

36 

TABLE 10 A* 
Bel1airs - Phytoplankton - Average for the Year 

Group 

Diatoms 

DinofJ.agellates 

Blue-greens 

Diatoms 

• l 

Genus 

Chaetoceros spp. 
Tha1assiothrix sp. 
Nltzschia seriata 
Navicula spP. 
nâked flagellates 

~l 

G ymno di ni um spp. 
peridinium spp. 
Trichodesmium thiebaudii 

• 

TABLE 10 - B 

Average 
Percentage Total 

l - 2% 
o 

c::: 1% 

counted - no average 

u 

B1ue-zreen1Ç 
Ch1orophyta) 
Si1icof1agellates 

Also se en - not counted 
Diatoms 

Dinoflagellates 

Average Average' 
cells!l(Xl03) % Total 

34.0 
3.6 
3.2 
1.6 

Il.2 
0.4 
0.4 
3.6 

" 

Contributors 

53.5 
5 .. 7 
5.0 
2.5 

17.6 
0.6 
0.6 
5.6 

Ni tzschia spp, 
Rhizosolenia spp, uni
dentlfied'pennate 
dia~oms. 

spp, 
spp, 

Unidenti-

Bel1erochea sp, Eucampia 
sp, Bact~riastrum spp, 
Pinnularia sp, Licmo hor 
sp, Pleurosigma sp, 
Bacillaria sp. 
blue-greens other. 

: C10sterium sp.' 
:-sillcoflagel1ate sp. 

,- . 
t Biddulphj.a sp, 

DacttlioS01en sp. 
: Cera ium spp. 

Total Nitzschia 4.8 cells /1, or 7.5% 

.~--~~~~~~-~----\-----
*exp1ained in text -----.----

.-<ft. 

f 

, , 
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Group 

DiatomsJ 

Dinoflakellates 
, ", 

Blue-gr~ens 

- Diatoms 

~ 

\, 

, 
ChlorÇ),pp-yta 

Diatoms 

,Di fla~ellates 
Blue- eos 
COCCOll hophores 
Silicof a ellates, 

'-

/ 

" '-

• o 

:TABLE ll-A 
'Outer' station - Avera~e for the Year 

Average Average !i ,. Genus .. - cells./l(xlO~) ~6 Total 
----------=:------- -

Chaetoceros spp. f 20.8 29.2 
Nitzschia seriata 4.0 5.6 
Navicula spp. 2.4 ' 3.4 
nâked flagellates " 30.4 .. '42.7 

0.8 1.1 Gymnodinium spp. , 

\ 

Trichodesmium thiebaudii 1.6 2.2i 

Average 
Percentage Total 

l'- 2% 
:1>. 

TABL:E Il-B 
------

Tha assi~ t hri>V~·:··;;:::::-C:~~. Caseina diseus sPP.· 

<1% // 
'Le oc ind~s spp, Rhizosolenia spp, Striatella spp, 
..As rlone / a sp, Ni tzschia closterium ,_' unidentified 
pen a e dia toms. , 
clilacodium sp, Dactyliosolen sp, unidentified centric 
dia oms, Fragilaria sp~, ticmophora sp, Pleurosigma sp, 
Ta b llaria sp. -

counted - no 
(/ 

averagf/ , 
1 
1 

Total Nitzschia - 6.0 

Gre n sp, Closterium sp, Pleurotaenium sp. 

Cor~thron sp, Melosira sp, Thalassiosira sp, Skeletonema " 
qp, Biddulphia sp, Bellerochea sp, Eucampia sp, Hemiaulus 

ISP, Bacteriastrum spp, Pinnularia sp, Climacosphenia sp, 
Bêc~llaria sp, Synedra pp, Amphora sp, Diatoma sp, 
Gr ato hora sp t Diplo'nies sp. 
Eu ena sp, Peridinium ~pp, Ceratium spp. 
Ana aena sp, blue-greens other. 
cocqolith Sp. 
sil~coflagellate sp. 

1 

cells~ Il ,1 or 8.4% 
\' 

\..N 
"'-:J 

",' 
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1 1nner' 

Group 

Diatoins 

/ 

, 
, .. 

-, 

Di ~Fagel1ates 

lue-greens 
Chlorophyta 

, ....... 

7 -38 

lankton - Avera e for the Year 

Average Average 
cel1s!1(xl03) % Total 

30.0 
4.4 
2.4 

• sp • 2.0 
rra aria spp. 2.0 
u en fl.ed pennate diatoms 2 .• 0 
Coscinodiscus spp. 1.6 
Thalassio thrix sp. .. 1. 6 
nâked flagel1ates 44.4 
Peridinium spp. 8.0 
G~nOdinrum spp. 3.2 
T~chodesmium thiebaudii 0.& 
F.W. chlor.* 2.0 
9reen sp. .~ 0.4 

* - Fresh water green sp. 

26.3 
3.9 
2.1 
1.7 
1.7 
1.7 
1.4 
1.4 

39.0 
7.0 
2.8, 
0.:7 
1.7 
0.4 

---------~------------------.------------~_._------------~._------

-

\ 

," 

, \ 

" , 
\ 

1 \ '-,' 

1 

-At--------------------------------------------~.~\----~ 
. '-
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Group 

Diatoms 

Dinofla 
Blue
Chlorop 
Coccoli 
Silicof 

Diatoms 

"" 

Ji 

~, 

~ ..;. 

llates 
ens 
y ta 
hophores 
agellates 

" , 
1 

, 
:, 
• t 

, station 10 - P 

1..' ' Q 

Average 
Pèrcentage Total 

1% ,1 

< 1% "1 
r 

·1 

, 
-1 -

countef - no average 

also se en - not counted 

t • 
TABLE 1 12-B ~ 

-" 
~~" .... 

sp, unidentified centric diatoms, Nitzschia 

spp, Asterionella sp, Licmophora sp, 
sp, Rhizosolenia spp, Bellerochea sp, 

spp, Pleurosigma sp, Amphora sp, Tabellaria sp, 
ç. 

Corethron sp, Melosira sp, Eucampia sp, Isthmia 
Bact~riastrum srp, Dactyliosolen sp, Pinnularia 
Cl~m~cosnhenia sp, Synedra sp, Diplonies sp. 
Prorpcentrum sp, Ceratium spp. 
Anabaena sp, blue-greens other., 
Clos~erium sp, Pleurotaenium sp. 
coccblith sp. -
sili~oflagel~ate sp. 

! 
1 

1 

Cera~aUrina sp, Hemiaulus sp, C1~macodium sp. " 

sp, 
sp, 

Total Nitzschia - 5.6 cells /1,\ or 4.9% 

- . 
- ,1 

r ~ 
',1 

'-~'--

\, , 
---. 

VJ 
\.0 
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TABLE 13-A 
- . 

'Inner' st lankton - Avera e for the Year .. 
Group Genus 

Average Average 
cells/l(xl03 ) % Total 

Diatoms Thalassiosira sp. 
ChaetoC'€lros spP. ,,' 
N!tEschia closterium 
NaV!cula ISpp. 

J~siothr1.X sp. 
'u~t fied centric diatoms 
Nitzschia seriata 
N. spp. 

o J oscino discus spp. 
Dinoflagellates nef age ates 

Gymnodinium sPp. 
PeridiÏÏium spp. 

Blue-greens Trichodesmium thiebaudii 

o 

.' 

/-

---... --------

24.4 
6.8 
4.0 
3.2 
2.4 
2.0 
2.0 
2.0 

· 1.6 
50.8 
3.6 
2.8 
1.2· 

(cont'd) • . .. '"' . 
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Group 

Diatoms 

Chlorop1\lyta 

Di:atoms 

Dinoflafellates 
Blue-gr ens 
Coccoli hophores 

-Silicof agellates 
\-

Di?-toms 

't 

'Inner' station 
Average 

'4t 

Percentage Total" 

1% 

<1% 

"\ 

~ 
counted - no average 

• ',.9 

" 

aIse seen - not counted 
:' 

TABLE 13-B 
nkton - Avera for the Year 

Contributors 

• ( 

.Y"7 
1 

Asterione11a sp, Licmophora sp, ?leurosisma sp, 
unidentified pennate diatoms. 

.1 

Le~tocy1indrus s;p, Tabellari~ sp, Skelettnema sp, 
Rhlzoso1enia spp, Fragilaria spp, Striafe]la spp, 
Gyrosigma sp, Bacillaria sp, Synedra sp, Amphora sp. 

1 • 

Green sp, Chlamydomonas sp, Closterium sp, Closteridium 
sp, Pleurotaenium sp. 

Guinatdia sp, Biddu1phia sp, Cerataulina sP1/Eucampia sp, 
Hemiaulns sp, Climacodium sp, Is~Kmia sp, Bacteriastrum 
spp, Dactyliosolen sp, Pinnularia sp, piatoma sp, 
Diplonies sp, J 

Euglena SPl Prorocentrum sp, Çeratium épp. 
Anabaena sp, blue-greens other. 
coccolith sp. ' 
silicoflagellate sp.· 

Melolsira sp, Streptotheca~_ Climacosph~nia sp. 

q 

Total Nitzschia 8.0 cells /1,\ or 6.8% 

-"' " 

.,J:
I-' 
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, 1 

, . 
~ 

", 

Di1h.toms 

'. 
flagellates 

"""" 

Chll.orophyta 

~ " 
toms 

~. 

orophyta ~, 
l 

toms 
'./ 

. ' • 
• 1 

TABLE R4-A 
lankton - Average fo~ the Year .. 

1 

Genus " 

Coscinodiscus spp. 
'Chaetoceros spp. 
Nitzschia seriata 
Navicula spp. 
Peridinium spp. 
naked flagellates 
Euglena sp. 
G;}2!!nodinium spp. 
Trichodesmium thiebaudii 
blue~greens ottler 
F.~~. chlor.* 

*Fresh water green sp. 

a~ 
Average 
Percentage Total 

1== 1% 

cdunted - no av&rage 
1 

1 

iJ:ABLE 

also seen - not counted 

~ 

r4
-

B 

) 

1 

1 

1 

l' 
1 

Average ~ Average 
cel1sL:l (xl0-' 'l iG Total 

" 

164.0 20.4 
16.0 .J 2.0 
14.0 1.8 
10.0 1.2 

424.0 52.9 
118.0 14.7 
12.0 1.5 

6.0 0.7 
8.0 e, 1.0 
2.0 0.3 
8.ô 1.0 

J 
; 

Contributors 

unidentified pennate diatoms, Leptocylindrus 
spp, unidentified centric diatoms, 
Thalassiothrix SP, Licmophora sp, Pleurosigma 
sp, Nitzschia closterium, li. sp,p. 

Green sp, Closterium sp. 

M~losira sp, Rhizosolenia sPP, Fragilaria sp, 
Tabellaria sp, Grammatophora sp. ~ 

Total Nit~chia - 18.0 cells/l, or 2.2% 

.,J:
I\) 
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Diatoms 

Chaetoceros spp~dominated t~e Bacillariophyceae 

at Bellairs, the 'outer' r,tation 9 and the tinn:rL s-tation 
10, while Thalassiosira sPy dominated at the 'inner' stat
ion 3. Cosc;Lnodiscus spp. \ were by far the dominant dia-

l. 

toms at the careenage. Thesr were ~ell-aefined pill-1ike 
\ 

boxes about 40p in diameter on the average. 
1 

Navicu1a spp. and Nitzschia seriata were v~ry 

abundant at aIl stations. 

1 • 

Dinoflae;ellates 
I- \, . 
I ..:..: ..:'~ *~ • l • 

........... \.~ 1 • • • "'-< 

The small naked flagellates were by far the most 
cornmon dinoflagellates at Bellairs, the 'outer' station and 
the 'inner' stations, b'eing 17.6%, ~2.79~ and 39.0~~ (station 
10) to 43.5% (ste tion 3), respecti vol y, ~ f the total plnnldon. 

------ --~------- - - ----~-- v' ------------ , 

-l'hese flaEella tes nt the carecnac.e station, thour,h nurnerous, 
accounted for only 14.7% of the totnl phytoplankton. lIere, 

" , 
the high percentoge;:> o~_,~~l'fd flaeelJ rites found betVJecn the 
harbou~ a~d Fresh ~.ter Bai were replaced by Peridjnium GPPi 

bein'g 52.9;~ of t;he total plankton, with an average of 42lt, 

000 cells/l. These abundant Perioinium spp. had an average 
diaIpeter of 40}l; 1 < --! 

Gymnodiniurn spp. were found at aIl stations. 
EU5lena sp, besides being prominant at the careenage stati6n, 
was "counted - (with) 'no average" at the 'outer' station and 
'inner' station 3. 

Blue-greens 

Trichodcsmium thiebaudii was found at aIl 'stations; 

3,600 filaments /1 at Bellairs, 1,600 at the 'outer' station, 

v 



--
~ 

44 
" 

8Qo at 'inner' statiQn 10, 1,200 at 'ipner' station 3, and 
finally 8,000 at the careenage station. Percentages 
shown would be greater if filaments were converted to 

number of cells. 

l " ::l 

Information oh the other major groups may easily 

be extracted from the tables. 

Replicabilitj of Data 

Estimates of sampling error, short-term varia
bility and the reliabilïty of the counting technique have 

been made by r6plication. 

Ten Gubsamples were taken from each 0 f three sin

gle larG~ .water sample~ collected at appr6ximately \J -mile 
offshore from Nurse's Jetty. Each set of ten subsamples 
was then used for replicate determinations of one~f the 

, followin(5 parameter~: N03- + N02 - N, P04 - P, and phyto
planld-on cells /1. The large volumes of water required 
for accurate dete-rwinationsCof particulate matter and .. 

,~ 

chlorophyll .a rendered subsamplinG frotn a single sal'!!'ple --- ---
imprac tical in these é'ases. Likewise, the size of a Knuds~ 
bottrt limits __ the number of subsamples of D.O. concentrations 

.-

in,a single sample. 

Series of ten successive sarnples were ~taken at tJe ' 

sarne locati~ to assess the short-term variability of N03 + ,_ ~ 

N02 - N, P04 ~ P, particulàte matter, chlorophyll à concen-
trations, D.O·.~bncentr~tions, and BOD levels. . The series 
of. ~he:7 firet four porameters Were colle~.ted ove;r a 'period 
of one hOUT, while the D. O. and BOD s~ries were sampled~-
during thirty minutes. 

The résults have been tabulated in Table9 02 and 
" 1---=--~----"--"'''-----''----c----_____________ . __________ _ 

! 
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33 in the Appendix. The summarized data (Table 15),showing-" 

tb,e cO,effic1ents of variation, indicate thavan error of 

less than l~~, except for two parameters, can be expected 

generally"from subsampling of a single sample or from 
_ f .4' 

repeated sampling. For phosphates it 16 known that the 

method used i6 not serisi tive for values under .030 )lg - at/~. 

(Str:i.ckland and Parsons, 1968). '. 

'" 
J 
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Q, Summ ize a a 0 ep, Ica e' amu ng 
TABLE 15 

d D t f R li! t S 

1 • 1j. -t 

Subsaplpling of Repeated Sampling 

') 
Single Sample 

- • 
t v 

Coeffic:ient No. of- No. of Coefficient 
?amples of Variat:i,on SampJ:es of Variation 

'\..., 

N03 + N02 - N ~ 
, 

, 10 2.70% 10 6.45% 
at/l 

'f 

p.g - ~ , o· 

, 
0 

" 

p0
4 - P , 0 

10 1~. 81% 10 . 14.44% 
p.g - at/l 

,J . " 

'" " 

Part. Matter ~ 10 8.68% - - , 

mg!l -
0 

~ - r-

/' 
, 

Phytoplank'bon 10 8.14% - -
cells/l ? 

0 
0 

, 

ù 

/ 

Chlorophyl1 a , - - t) 10 6. 72Pfo--1 

mg/m3 0 

" 0 

-
o .. 

- / 

D.O. - - - - 10 JO.66% 

.. 

, 
~A ' 

---
ml/l • ~ 

, 
tA ... --

, 
~ -

- ~ ""-'l./""~ , 
... 

BOD , - - 10 10.59',,6 -- ~ -
~ .- -

ml/l 0 
, 

~ - c' 

0 

• 1 

, - -. 
...... ___ ~J '. ----------r--------------__________________ ~ 

.. 
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DI.sC,USSION , 

, 
There was very little evidence, from chemical 

, , 
measurements, of the Deep Water Harbour contributing any 

pollution' to areas immedlate1Y north of i t along the westl( 
~ , 

coast. Differences in chemical meaàUrements between the , , 

'outer' and 'inner' lines were'similar to the offshore - : . 
inshore gradients shown by Sander and Stev~n (1973) and 

\ -
are explicable in term~ of ,greater organic production ~n 
very. shallow water. 

It was mentioried in the INTRODUCTION that exam
ination of the water co1umn a10ne is insufficient when 

• c 

studying coastal marine pollution (Johannes, 1971). The ~ 

present ·studY further points out that chernic~l measurements 
c 

alone -of the water column ar~ not a reliable guide to 
Ifwater, qual.i ty". 'IWo very differ;ent types of phytoplanldon 

associations were found off tpe west coast, not differenti-
- • Il 

ated by normal types of chemical tests. O~e was the normal 

diatom-dorninated association ,found aot' the Bellairs station. . , 

The othe~ association had at.least as many dinoflagellates 
as dia toms , found between the harbour and the Fresh ~'w at,er !,> 

Bay area, at bo-th the 'inner' and the 'outer' lines of 
, , ' 

stations. The two different phytoplankton associattons 

showed a high degree of stabi1ity during the course 0$ thi~ 

sttUdy. A.s a matter of f'act, al though tropical inshore 
nannoplankton - dominated associations have been reported 
(see below), th.is is the first 'study showing two stable, 

yery different, i,;nshore phytoplankton associations. Phyto
plankton bloorns vJere virtually non-existent. It ia con
cluded that' up ta the tirne the co~leçtions were completed 

fore this stüdy the production effects ofDorganic pollution 
, 

at the 'inner' and 'oute~!_ line stations were indirect, 

showing Eubtle stresses which have produced chanGes in the 

resitlent phyto'plankton associations, ,as described by Ellis 
and Littlepage (1372) • 

-., 

.> 

~ \ -
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It can be seen that- pollution effects were not 

very obvious between the harbour and the Fresh Water Bay 
.' 

E\fea , _~xcept for· differences in the composi tj,on of u the 

phytoplankton." However, at the careenage station there 

was nutrient enrichment)loweredoD.O. concentrations, 

increased BOD levels, a;?d reduced generic diversi ty wi th . 
an 8bundance of Peridin:j..um spp. and Coscinodiscus ~pp. 

These highly localized pollu~ion affects shown at the 

careenage station might imply that in the nutrient impov-
"-erished conditions of tropical ,seas considerable additions , 

of nutrients may be,accept~d without the effects being 

widespread. Of course one might consider that the local

-. ized effects were simply due to there oeing little flow ' 

out to sea from the careenage, but flushing of the system 

in the careenage was thought to be extensive (see below). 

The limited temperature and salinity data agreed 

well with work reported );ly SJeven and Brooks (1972) and 

Sand~:t, and steven (1973). ~he low salini ty in July 1973 
Ât all stations indicat~d the presence of Amazon River . , 

water (Steven and Brooks). 'l'he careenage water appeared 

.. 

to be- as saline as Car,lisle Bay water or inshore water -', 

along. the west coast) which might indic~e efficient flush-

ing of the system, but more refSular SO /00 

migh t be revealing. 

The Bellairs station was the only 
, > 

oxygen concentration reached saturat'i"on values for s'eawater, ~ 

judging by the TOC 'and SO/oo (Green and carritt, 1967). , 
Except for the careenage station BOD was very low. I;f the 

pollutional strength of the wastes from the proposed out

fall proves to be great, the BOD level will rise. For this 

reasO,n the BOD test should be continued after the outfall 

is in opera tion. However, the COD test would be better, 

as this is a direct measurement of organic carbon. The 

BOD test 1s at best a very indirect methood (Mi tchel~, 1972) • 

:-
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Data from Mr. R. Dennis of Q, Land M Engineers 

showed a total coliform count of 180 colonies / 100 ... ml at 

Accra Beach in the afternoon on April·ll, 1973. In the 

morning the count was 12. At lndian River corresponding 

to station 3 on April 12, 1973, the count was 140. On 
.' 

the sarne day in careenage water the .,Çount was l,900. 
1,000 total coliforms /100 ml oÎ sample is the generally 

accepted bacteriological standard for bathing areas laid 
down by V'ŒO. Faecal coliforms should not exceed 350/100 

ml. A government study conducted' in 19~7 revealed that 
total coliforms on the northern shore of Kingston Harbour, 

Jamaica)were consistently i~n excess of 2,409 MPN ~1 
(~.ade et al, 1972). The tourist city, Niami Beach, .. had . - -

to impose a drinking ban in 1973 bepause"of unsafe bacteria 
,\ 

counts (Advocate-News, 14/3/73). After a six-week study 
the EPA reported that'J12 of Helbourne's 13 most popular 

beaches were unsafe for swimmin~ because of excessive E. 

coli levels (Hughes, 1974). Nitchell (1972) gave à: good 

account of the coliform count. 

Surface particulate matter at Bellairs was less 
than that found by Sander and steven (1973) at their 

Bellairs Reef 25 m station. iJ.'heir me~n value 0 f 1.12 mg/l 
corresponds more ~losely ta the_~bmbined 'outer' ~tations. 

Burkholder and Burkholder (1958) found. the w~ight of sus
nentled solids collected from the surface of Bahia 
~ -
Fosforescente, Puerto Rico, during a red-tid~ on 6/2/' 57 

to be 14.4 m~/l. T~e bay a~eriges 3.5 m in depth. The 
·careenage station approached this weight once and surpassed 

it once,but never due totally to living organic matter, as 
live cells counted never rea~ned bloom proportions. Bassin 
et al (1972) report the mean surface concentration of total 

suspended matter in the central Caribbean to be 135 pg/l, 

116 )1g/1 in the north western Cari bbean and 180 )lg/l in , 
the surface water of the Antilles region. Harris (1972) 
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found the total suspended matter in the Gulf of Mexico 
oF 

to range from 600 pg/l in the open Gulf to 2.4 œg/l in 
near-shore waters (surface values). The highest concen

trations of total and organic suspended matter were 

found ei ther in shelf or surface waters. 

\ The surface layers in tropical-regions have 

extremely little phosphate at any time, but an appreci
able fraction of phosphorus may be present in dissolved 
organic form (Raymont, 1963). At a stationo 9 km que west 

of Speightstown, Barbados, Stsven and Brooks (1972) found 

nitrate and phosphate concentrations to b~ considerably 
~ 

less than the value which limits growth of phytoplankton. 

The mean of 38 determinations by Sander and Steven (1973) 
~ ~-

I~or P0
4 

- P at their Bellairs Reef 25 m station-was .056 

pg-at/l; the present author found the value to be.055 
pg-at/l. Thomas and Dodson (1968) found for batch cul
tures of Chaetoceros gracilis, a tropical oceanic dia tom, 
the rate of growth was limited by" phosphate corrcentrations 

below approximately 0.22 pg - at/l and final cell nu~bers 
were a linear function of initial phosphate concentration 

up to about 0.8 p.~ - at/l. 

The Eel1airs station had a lower nitrate -
nitrite concentration than found by Sander and Steven (1973) 

between 1968 and 1970 (0.774 pg - at/l) at their Bell?irs 
Reef 25 m station__ If the 29 pg - at/l can bè explained at 
the 'inner' station 10 the 'outer' station 9 will be self 
explana tory. The salini ty reduc tion él.t Fresh \'Jater Ba was 

as much as 1.7 0/00 from the limited data. In other ords, 
as much as 5;.;) fresh water (possi bly more at times? was , . 
being aàded to the Bay. This 5% fresh water ra ed N0

3 
+ 

... 

N02 - N by>#: 28 )1g - at/l, so the N0
3 

+ N02 -::/ content of 
the Island's freshwater should have"been 17~,360 parts per 
billion (1 pg - at/l = 31 ppb). Tests s~owed that Barbados 

// 

/ _J 
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tap water was very high in N 3 + N02 - N content, and ini
tial N02 - N was also very igh. The I.B.F. laboratory at 

-~ MoGill University measur d 2 subsamples and found Barbados 

tap water to contain 4.490 J1g - at/l N03 + N02 - N (or 
, ',3,239 ppb). Theref~e, it was suspected that nit.rate en

richment at the FP{sh Wa ter Bay area was due ,to t'resh water 

origin, probab fro~ the fresh water spr~gs known to ex

ist below ti level in this Bay. 

The methods for nitrate determination are not 
...-

as ac rate as those for detecting phosphate so fewer accur-
ate figures are available for nutrient nitrogen compounds 

seaVlatûr (Raymon~, 1963). Normally, natural freshwater 
has less N and P than seawater. But in Israel because of , 
ni t,rogenous fertilizers penetra ting the soil tap water was 

unsafe fo'r consumption by bD.~ies (Advocate-News, L~/4/74). 

This sta~e has not been re~çhed yet ~~ tpe Barbados fresh 
water but it is aprarent that the heavy use of fertilizers 

could very weIl soon become a problem. ~orcoran and 

Alexander (1963) found in the Florida Cu~rent at a station 
40 miles east, of Miami nitrate values ranging from 0.0 to -, 

10 pg - at/le Ha~rison (1973), on thé topic of blooms, 
reports that the nitrate ~evels in the Pamlico River 'estu-

ary chan[e quite drastically, so~etimes reachin~ levels 

greater than 60 yg - at N0
3 

- Nil during the months of the 
bloom. The estuary is naturally rich in phosphorus, wi th 

concentrations averaging greater than 2 )lg - at 1>/1 through
out the year. Mitchell (1972) described the raIe of nitro
gen in eutrophi9 processes. 80 - 9C»ô of the total nitrogen 

present in municipal wastes is in t.he form of NH3 and t!rea. 
Nitrate and nitrite can also result from nitrifyin~ activi-

." -"ty if oxidizing conditions prevail. 

Sander and steven (1973) found the êhlorophyll 
concentration to be .216 mg/m3 at, their Bel,lairs Reef 25 m 

-, 

J 
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! 
station between 1968 and 1970. The present ,value ~s .273 
mg/m3 averaged from 52 determinations. Long-term measure
ments of chlorophyll a will indicate graduaI changes in the 
standing crop of phytoplankton. Ellis and Littlepage (1972) 

claiked that in view of our ignorance of the in situ effects 

of industrial discharges o~ biological produc~ion, chloro-
..... ' 

Phyll a monitoring should be included in aIl monitoring 
;, 

programs as a basic biological parameter. Strickland (1960) 

pointed out that chlorophyll estimations are use fuI only 
because "an estimate correct to little better than an or der 
of magnitude is better than no estimate at aIl." Deevey 
and Bishop (1942) claimed that chlorophyll measurem~ts 
provide comparative data on eutrophication. 

The 'inner' line stations were 1.6 times greater 
in numbers of cells /1 than thp 'outer' station. The sarne 
figure for chlorophyll a concentration Was 2.3, which 
suggests that these two methods of measuring standing crop 

were comparable. Sander ànd y,teven (1973) found the diatoms 
to be 83.3% at their Bellairs Reef 25 m station, while the 
armoured and naked flagellates Viere 8.3%. "l'he present work 

~grees weIl with only slight variations. Coccoliths repor

ted as high as 4.15~ of total phytoplankton qetween 1968 
and 1970 by Sander and Steven are- Row'::r'e1 t -:'b~ San'der to 

have been-ov6à'counted; his later counts are lower (personal 
\ 

communica tion). ,-

Many-authors besides Sander and steven (1973) have 
found diatoms to be largely responsib1e for the increase of 

phytop1ankton close-to shore. Davis (1955) reports that on 
the high ~~eas in tropical oceans the dinoflagellates replace 
the dia toms in considerable part, but "i t appears • . • that 

this does not ho~d for ,many inshore tropical waters." 
Teixeira and Tundisi (1967), studying eQuatorja1 waters, 
found that "the mai'n bulk of the phytoplankton consisted of 
centrie diatoms at •.. (inshofe stations)" near Brazil •• 

\ 
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Hulburt (1968), working in the western Caribbean Sea, found 

high numbers of cells near coasts characterized by an 

abundance of Coccoli thus huxleyi and various species of dia

toms. Bacon (1971) found dia toms were always the most 

~abundant constituents Qf the plankton poru~ations in estu

aries of the Caroni mangrove swamp, Trinidad, between 1965 
and 1967.' Hu1bu~t and Corwin (1972) reviewed several 
plankton studi~s and reported that very close to shore 

large quantities of diatoms normally occur in isolation 

from the diluting effect of the nutrient poor water that 
'1'- ,. 
can support only the coccolithophorid type of flora (for 

the Gulf of Mexico). Bj~rnberg (1971) found an inerease 
in the relative numbers of diatoms towards the North Coast 

of South America. Hulburt et al (1960) and Teixeira and 

Tundisi (1967) and many other authors have found coeco1iths 

to be abundant in offshore waters. But very often the nanno

plankton or even aIl the naked speeies are not investigated 

(Teixeira and Tundisi). BjHrnberg (1971) pointed out that 

the oligotrophic waters Gueh as the Sargasso Sea and tropi

~a1 oceanic water are characterized by a re1atively 1arger 

percentage of nanno-plankton than phytoplankton. Small 

quantlties of nutrients favaur the development of smaller 
,.~ ~ , .. 

org~jsms becRuse these have a relatively larger surface to 
absorb food, and reproduce with less nutrients available 

than a large organisme Raymont (1963), quoting other authors, 

claimed that in operi-.oceanic waters the diatoms may decline 
." 

from more than 60)0 0 f the phytoplanlüon in tempera te areas 

". to less than 5% in the--tropic~, and the dinoflage1iates end 
coecoli thophores may make up as mueh as 50)a Qf the tropical 
phytop1ankton. ~ 

Da!is (1955) stressed that the Dinoflagellata are 

especially important in the open sea in trorieal reGions, 

but,at times they are of Great si~nificance in aIl marine 

. .waters. Steid.~nger and idlliams (1970), workin!" wi th mostly 
armoured dinoflagellates in the eastern vulf of HeXlQO, 

fourn:3 thot inshore stations exhibi ted hicher dinoflagellate 
'r . 

oount..s bu t had less species diversi ty. The high inshore 
. ! 

;. 

\ 
\ 

\ 
\ 



• / 

'" 

, 
---

54 

counts were genera1Iy of smaII species while larger species 
" 

occurred offshore. This pattern agrees witb the work 

/ reported by Hul burt (1963). Carp~nter (1973) noted an in

/ crease in the dinofla~ellate cell concentrations in heate~ 
pools, but acknowledges that ltemp~rature is not the only 

controlline; factor for an abundance of dinoflagellates. , 

/ The nàked flagellates make up the Iargest number 

~ of nannoplankton. "The hiE;h rate of re.tJ.ro~u.ction of most 

nannoplankton permits the establishment of dense cultures 

in a compara tively short time. In the sea their ac tuaI 

n~mbers may be very high at times, even out-weighing the 
.., 

more obvious dia tomé and dinof~age'll~ates • • .11 (Raymont" 

1963). The nannoplankton organisms are i'erhap& more abun

dant and of greater importance ~n inshorè waters. Jones 

and Silencer (1970) found tha t even during the b100m of the 
• 

larger centric dia toms the nannoplankton species formeod 

the greater proportiÔîf""('by volume) of the plyttoplankton 

standing crop in the Menai Straits. Malone (1971) and , 

I1cCarthy et ar (1974) Give e)5~§1Ient reviews of the impor; 

tance of nannoplankton in both temperate and tro"1cé31~ 
oceani.c élnd. neri tic phytoplankton communi,ties. Ma1onr, 

working in the eastern tropical Pacifie and Caribbea~ 
'< 

region, found the __ nannoplankters to he tllè most imp rtant 

producers in aIl the environments stu'(:1led, but ne ,)Iankton 

productivity was signifieantly higher in neritic théln in 

oceanic waters. "Geographie varictions in net'pl nkton~ and 

nanhop1ankton primary productivity and standin crO,l are 

poorly documented in the marine environment. ecent inves-

tigations in both temperate (Yentsch and Ryth;eF, -1959; r: .. 

U{lmartin, 1964; •• ".) ~}1d tropical waters~ (Steem~nn 
Nielsen and Jensen, 1957; Holmes, 1958; Teixeira, 1963) have 

demonstrated that nannoplankton are often res:~onsible for 

80 - 9Cj}~ of the observed phytoplankton productivit3." 

/ 
/ 

/ 
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Mccartllf et al (1974) found the nanoplankton to be respon-
/ 

sible for 89.6% of the productivity in the Chesapeake Bay 

Estuary over a 2 year study. 

Althou~h bloorns did not occur in Barbados during 

the time of this study, several authors have reported 

bloorns elsewhere in the tropics, fo~ exarnple Hela (1955) 

and Odüm et al (1955) for Florlda, Steven (1966) for 

Jam'aica, Burkholder et al (1967) for Puerto Rico, and Balech 

(1967) for the Gulf of Mexico. Chlorophy11 a (or sorne 

neritic bloorns in southern Puerto Rico ranged from 0.4 to 

166.0 mg/rn3 . Steven round the N:P ratio in Kingston HarQour 

to be unusually hibh before the bloom and low after the 

bloom. The addition of ore;anic nutrients to nitrogen-rich 

seawater might have provided conditions favoring the growth 

of E.xuviella. 

/ Burkhol d er et al (1972 j • - working in the Vir gin 

- //' Islands, where bloorns have been observed :to attain chloro-

//" phyll values in the range frorn 25 to ?06 rng/m3 , thought that 

// .bloorns of Thalassiosira rotùla, Peridiniurn quadrideus and 

/
/ Ceratium hircl/S were s~imulated ~y run off from the land 

in protected shallow waters where the salinity at the sur-

1/''''- face may be reduced to about 6(f1o. of the usual value. 

Harrison ~1973) points ou\ that althoue;h nitrate metabolism 

rnay be an important faotor in_bloom timing, temperature, 

salinity, and flushing of the 'system are also involved. 
{ """"',f" 
~ Sander and Steven (1973~ found land runoff in Barbados to 

.' 

be slight during their study and the salinity of the careenage 

certainly suggests, frorn the few observations, th8t flushing 

is maximal ln Barbados. " 

Even though bloorns dld not eXist, we h3.ve a si tu-- . 
ation north of the harbour where the normal inshore dia tom _ 

d9minated plant association has been replaced by one with 

the srnall naked flagellates gaining importance. !J'his may 
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be due to different light r~quirements known to exist for 

sorne species of flagellates/if i t is feasible for lîght 

to vary from place to place at a depth of l m), or biolog

ical condi tioning' of the sea warter and succession may play 
i 

a role (Raymont, 1.963). Samuel et al (1971), discussing 

tropical phytoplankton, thought that the liberation ~f 

extra cellular products of photosynthesis may play ~ im

portant part in the transfer of energy within the marine 

eçosystem. Prakash and Hashid (l968) note that humîc 

substances, in small amounts, exert a stimulatory effect 

on marine dinoflo.gellates. "Because of their high concen

tratlon in coastal waters, humic cubstances may thus be 

regarded as an acologically significant entity influencing 

phytoplan1i:tonic produc tian. " . 
It will be remcmber-ed t'bot one of the reasons for 

studyinC the affects of pollution in B~rba~o3 \'las ta be able 

to as.:.css water quali ty in an nrea in V/11ich pollution was 

Î'-, just bep;inninr;. CertaiTLly tlli& VJ3S the case for the area 

just north of the harbou.r.' b'von the mil] ion plankton cells Il 
reached in the careenaBc were no phere near numbers exper

ianccd in other areas. l.)Dinbridc;e (1957) succ;ests tha t 

maximnl densities for phytoplacltton are of the order of 0.5 
cells Imm3 (500 cells Ice) for dj.é'tolJ1s and 2.5 cella Imm3 

1;0 

for fléigellates. \Jhere concentro.ted patches o:ccur anproxi-

mately twenty till1GS theüe dansi tiC[, of both dia toms and 

nannoplankton way be cx:)erienced. Ferguson Wood (196G) 

found the shallow water shoreward of the 100 fathom line 

in the Amazon rcgion to be extremely rich, up to _17 x 106 

or go.nisms Il. Harf,raves et al (1970), worldng in the Lesser 

Antilles region, found surface chlorophyll a at 3 harbour 

stations to avoraGe 12.1 mg/m3, ran~lnb from 5.6 to 15.7 
mg/m3. The authors state that the harbours v,rere much-' 

richer i~ ehlorophyl1 than any 0 f the 0 ffshor e q;ta ti ons, 

and \Vere high in nitrate but not in phosphate (their 

. . 
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work omitted rnost of the nannoplankton and small naked 

flagellates, as nets were used for collecting the phyto

plankton). However, the work done by Beers et al (1968) 

showed that gross 'primary productivity, chlorophyll, 

phosphate and nitrate levels were generally lower at 

Jamaica than at Barbados over a period exceedine 2 years. 

Qasim and Reddy (1967) sfudied the Cochin back

water, a shallow, semi-enclosed body of water, (during 

the monsoon rnonths) which seems very similar to the 

careenac" in Barbados. ChlorkhYll a for surface Ylater 

ranged from 2.96 to 7.3LI; mg/m, P04 - P from .39 to 1.23 

pg - at/l and NO';! - N from 1.79 to 7.01pe-nt/l. "Diatoms 
;) 

and dinoflagelléltes made up nearly 80% of the (phytoplankton) 

crop." Bjt:Srnber g (1971) repor~s wn tors 0 f the most nroduc-

\ tive inshore bo.ys, Guch DS Fiscéldera in Curélrao, to cont~~n 
"high numbers of 'Cof,cinor1i[;cus CLr:o.s (?)". CoscinodlGcus 

spp. VJere very a bundcmt in the cnrcC'nar-;e. Bjt5rnber G / o.lso 

reportLJ that ~'richo()8['liüU!l1 thiah:-'1ïc1.L 'L is cbo.racteristic of 

off-shore waters and of hi~h-salinity coa~tal waters, which 

furthcr indicates that the caroenn~e, witt hieh numLors of 

Trichodc~mium, WQS saline, and probably well-flushcd •. 

.- . 
Combinod phytoplaru~ton and pollution ~tudieB élre 

not cornmon in the literature. Capcron ct al (1971) did a 

4 month study of weekly sampling in Kaneohe Bay, Hawaii. 
-I~ 

The authors report th~t the south sector of the boy, site 
of two sewage outfalls, showed the greatest population 

instability and had the hiGhest concentrations of chloro
phyll a, nitrate, phosphate, and the hic;hect primary 

productivity. Syltes and Bonoy (1970), althouGh worldng on 

tl1e lTish coast, ~ ~t-ained result8 intoresting to thic study. 
They gave evidence for the localized abundance of certain 

diatoms in relation to inshore waters (away from larc;e urban 
........ r.;:.eentr,~s) subjected to the effects of lo.nd pollution. The 

present study observed Thala2sioslra to be abundnnt nt 

station 3, while Coscinodiscus wes dominant at station 10, 

"';'--
1 
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only 2t km away. From Hulburt (1970): "Since densities 
6 -rarely exceed 10 /1 in the open and êoastal ocean, theré 

ïs no possibility of an abundant spe~es manopolizing the 

nutrient supply and forcing a less abundant form to ex
tinction • • • Plankton concentrations in the estuaries 
may come close to o;-exceed 109/1, and monopolization of 
the nutrient supply should' aid in the continued dominance 

of the abundant forms, eventually bringing aÈ9ut the 

extinc tion of many of the residual forms. 1I 

Barbad~should take note of the work of Barnes 

(1973), who determined the nature of the sewage wastes 
from 18 hotel developments along a 160 km stretch of ... 
coastline in the heart of the tourist belt extending from 

Montego Bay to Ocho __ Rios, Jamaica. At one hotel effluent 
entering the absorption field with a bacterial content of 

" 

18,000 + total co1iforms p~r 100 ml of effluent was reduced 

to less than 1,000 even at the point of discharge after 

treatment. Howeve~at most hotels the wide fluctua tions 
in the loading of the treatment plants (due to transient 

numbers of residents) and the lack of competent operators 
did not make for efficiency. eounts 16 times the required 
standard of 1,000 total coliforms per 100 ml of sample were 
recorded and sorne outfalls were observed no more than 15 

metres from the shore. 

Of general i~erest to phytoplankton studies is 

the work by Dunstan-and Menzel (197l),who worked with cul
tures of natural populations of phytoplankton in dilute, 
chlorinated sewage effluent. Thelr work suggests that when . 

environmental conditions, primarily nutrient levels, become 

favorable for the rapid growth of phytoplankton; an entire 

community of organisms having similar growth potentials-may 
develop simultaneously with little or no selective pressure 

on one another. Rather, it is in the quantitatively stabil
ized population, where further growth depends on recyc1ing 
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, i 
of a growth-limiting nutrient~ that. competition a~d selec

tion appear to take place. ,yensen and Jiystad q.973) des

~Fibe sorne practical attem;ts to utP,~' 4ia1ysis cul ture~. __ f~1-'" 
monîtDrrng the, capaci ty 0 f sea watS,f ~ t~ support the growth 

of' phytop1anktq.n, and they further ïn.ve~tiga te the 'rela t:ion

ship between ntttrient concentra tion artq, ~l:gal growth (3 epp. 

only) • .~ 
! \ 

'" 

~I , -/ , _/ , rf 
-"\>'"1"<' j r 

Hader'lie (1971) provided base1ins. data before 

construction -of an 'addi~ breakwater in Monterey Harbour 

actually began, and proposed to continue the investigation . . '.,.. , 

for several y~ars until sorne new equilibri~ was established. 

l t is ;0 be hoped that Barbados will follow thils good exam-
< , 

pIe after the instéÙlation of the propo~~d outfall. 

, J~ f 

Hu tchinso.lJ, (1961) specula~e-'d on how i t is possible 

for a number of species 0 f phytoplè.nkton to coexist in a 

re1atively isotropie or unstructured environment aIl compe

ting ,for the same sorts of materials. The results of a 

study in Bedford Basin by P1att and Fili?n (1973) support 

the spe~ulations of Margalef (1967) and Richerson et al 

(1970) ," who did not regard the phytoplankton communi ty as 

an assembl'age of species with essentially similar require

ments 'and responsés living in, an environment wi th éssentially 

no spatial' (at least horizontal) structure. Plat't and Filton 

ascri,be the spatial he~erogenei ty in production efficiency , 
ob,served on 6 out of 10 sampl:ine; days (six stations, l hour 

collee t-ing .. 't'ime) ·eï ther to local variations in the physico

chemical characteristics 0 f the medium, or to local differ

ences (taxonomie or physlological) l.n phytoplankton commun-, 
i ty structure. The present study does not cast much light 

on the subject. The only indi-cations of spatial horizontal 

. structure were in the two very different, stable, phyto

plankton associations, not differentiated by normal types 

of chemical tests • 

\' 
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FUTURE 'WORK 

Although this study ha~ led to some interesting 
.-

0' resul ts, i t has certainly l.eft many questions unanswered. 

Phytoplankton associations depend on more than nutrient 
-

upta.ke; other factors may include advect~o~, diffusion, 

grazing pressure, or sinking. A study of th~ secondary 
. -

producers in ~he harbour - Fresh Water Bay area might be 

very revealing. C14 measurelJl,~ts at the - 1 inp.er' stations 
,\ ~ 

would help to determine the "efficiency" of the plankters 

o}n th~s area; although there were signs of stress there 

was no apparent reduc tion in generic diversi ty. In fact 

diversi ty appe,ared to increase in the harbour Fresh 

Water Bay .area. C-J 

The harbour wfter it; worth further -study as the 

differe.nt parameters studied do not agree with- resul ta 

reported in other areas of the Caribbean. A phytoplankton 

study- wi th a view te determine why chlorophyll a concen

t'ration i8 low would be instructive • 

. Before it wa~ di:scov~red" -that the careenage water 
~ 

was---saline this area wa~. regarded as being uninteresting ~o 

a marine biolo&i;st. The prospects for, future study are vast; 

il}deed,Mr. J.K{ Partlo has already commenced a further study 

of the phytoplânkton "and in addi-tion is studyine the zoo-
"-

plankton and keeping a regular WB. tch on the salini ty. He 

was initially under t!le supervision of the late Professor 

D.l'1. Steven and is continuing under Professor Finn Sander • 

, ... 
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SUMMARY • 

'1. Repeat-ed colle'ction-$ of s~rface (lm) water 

$'amples were carried out af\ v~eklY intervals from July 

\~972 to July 1973 to provide information on the (early) 

e'ffects of organic po1~u tion on phytpplaru..:ton associations 

and seawater quali ty us:Lng a grid pa~ tern 0 f stations 

'immediately north of the Deep Water Harbour on".the wed, 

qoast of BDrbados. Tqe stattons forrning the grid were 

co~pared with the Bellairs Station occupied concurrently , 
and considered to be, representative .0 f unpolluted condi-

tiohs in the area. 
, 
1 

2. Rat,her than the expected north-soutl1~ gradi-
",1 

ent the significant differences found in the differept 

'--- ~chemical 'parameters studied were genera~A;r ~n an east

west axis between the 'inner' and 'outer' lines of sta

tions forming tht grid pattern, with the 'Ç)uter' line 

stations being much ~e same as the~ Bellaix"s station. 
...,.. 

.J ~ 
3. Evidence'was given proving that chemical 

Ci 

measurements alone of t~e water column a~e not a reliabl~ 

guide to "water quali ty," as two very different types of 

phytoplankton associations were found off th,e west coast 

not differentiated by normal types of che~ical tests; 

ie. at bot~ the rinn~r' and 'outer' lines of stations there 

~ - ( 

..... ""-

---- - '" ~--- - -- --- ,- - ~ ----, ( ---' -,--- ---
existed a stable ... phytoplarù'>:ton assdcip tion comprised of . 

~ostly small naked flagellates anct'diatoms, eac~ contr~

buting _ nearly 50~(.to the t~tal population, and di.fI}rent 

from the Bellairs phytoplanktop. association. ~ ~\ 

, , 

,4'... Bloorns did not oc~ur :i.,n Barbado~, as the 

production effects of organic pollution at the 'inner' and 

'outer' line stations were still indirect, showing only 

subtle stresses'which produced changes in the resident 

,. phytoplankton associations. 
,:' . (" --~'. " 

, , 
" 

,. 

• 
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5. lLess frequent sampling of careenage wa~er 
provided evidè)Q.ce that in- the nutrient impoverished con
ditions of tropical seas considerable additions of nut-

, , 
rfe~ts may he accepted w~thout the effecta being wide- ~ 
spread. 6 

.. 

' . .. 

1. 

r 

. . 

- --~-- -~--~-- , 

~ 
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TABLE 16. ~ 

'. 3' ChI ~ (mg/m ) for Stations 1-11; 7 /72 ~73 

STATION 1 2 3 4 5 6 7 8 9 0 10 Il ~ 
1 

DATE 

1 \. 

~ .-i1·4 ~ • 
i 

11/ 7/72 .214 , .520 .183 .171 . 26,Z,;t .216 .141 0.306 .221 
20/ 7/72 .310 .474 .542 . ,241 .299 .294 : c .323 .226 .244 .442 .346 
26/ 7/72 .634 [ .599 .544 ~ L64 6 .529 1. 313 . 717 , . 9~4 .870 1. 241 .411 
1/ 8/72 .133i 

~, 

1 .213 ~397 " .170 .158 .256' .2610· .~65 .130 .304 .148 
9~8/72 .094' , 1 .196 .432 .115 .139 .203 .263 .129 .136 ,'.371 .136 

J..o/ 8/72 .191 .277 " 404 .169 .177 .323 .399 .284 .;;~ 183 . 7~ 9 .213 
23/'8/72 .201 .352 .452 'r .152, .206 .415 .290 .192 .210 .5T4 .237 
30/ 8/72 .196 '.230 .655" \184, .281 .519 .291 .195 .197 .362 .172 

5/ 9/72 .224 .240 .. 340 '" 10 .153 .431 .214 .161 .173 .421 .087 
Il/ 9/72 ,,219 .29f, .348 ·.1~7 ; .178 .313 .363 .176 .152 .381 .175 
18/ 9/72 .128 .401 . 

'iN .217 .. 179 .303 .370 .160 .158 .751 .169 
26/ 9/72 .111 .303 .8 9 : .218 .283 .324 , .773 .337. .259 .705 .133 

2'110/72 .103 .380 .37 .143 .193 .~04 .346 ~. 114 .153 .;,~ .387 .124 
9/10/72 .150, .28'4 . 5 08~ '.232 .232 .367 .401 ~151 .193 . '.455 .249 

'16/10/ 72 .P .339 .548 .541 -Il .344 ) . .4'55 .326 .548 ~ 428 .437 1.001 o. 585 
23/10/72 .149

1 
.. .672 1.117 

~ 

.456 .406 .824 1'.049 .321 .564 .901 1. 032· 
7/11)72 . 18Z I .348 .973 .332 .378 .503 .528 .213 .Z'02 .459 .168 

23/11/72 .189, .185 .993 .175 .280 1. 604 .895 .197 .225 .640 .104 
6/1Z/72 .251 .612 .796 

, 
.45~ .300 .527 .403 .205 .160 ' .,.385 .209 

12/fl2/72 .234 .... 408 1'.371 .Z97 ~2Z8 .808 .476 .196 .182 ," .805 .216 
Z3/r~ 2/7 2 .173 .(jOB .761 .291 \ '\ ~ 404" o 'z .111 .. 667 .262 . t34 .799 .286 
29/ 2/72 . 207

1 
.277, .278 .191 ~ \.161 .428 .47) 0. 183 . • .140 .430 .313 

t 
.... ,. .... J 1 

\ l, ~ 
\ , 

, 
...",... ..... ., .. 
"\... ~ ~ 
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r TAfLE 16 (cont'd) 
w 

-;, , 3 
ChI a (mg/m ) for StatIons 1-11; 7/72 - 7/73 

.,. 
~ 
l , 

STATI01~ 1 2 3 4 5 6 7 8 9 10 Il 

DATE 

li t:> r 

5/ 1/73 .282 .457 
J 
.671 . 222 .181 .508 .609 .217 .. 157 .946 .349 

12/ 1/7~ .310 .534 .842 .367 .349 .846 .828 .343 .358 .674 .353 
22/ 1/73 .398 .586 .561 .369 .343 .309 .609 .344 .344 .927 .421 
30/ 1/73 .417 .488 
6/ 2/73 .385 .634 .511 .373 .295 .302 .417 .222 .211 .697 .278 

14/ 2173 .573 .274 
21/ 2/73 .3pO .665 

.,/ 
.585 1 .280 ,j 308 .578 .713 .271 .285 .682 . ..l03 

28/ 2/73 .381 -:..Î .372 .313 .331 .420 .318 .401 .866 .453 
7/ 3/73 ".166 .566 2.127 .346 .214 .456 .643 .208 .243 .700 .162 

141 3/73 .230 .978 .730 .590 .354 ' .1502 .364 .222 .198 1. 403 .105 
21/ 3/7,3 .138 .174 .678 .208 .]73 .~85 .:410 .192 .231 1.154 .176 
29/1 3/73 .172 .519 • 3.111 .33-7 .174 ., 37 .793 .160 .281 .751 .185 
4/; -L(73 .. 160 .551 .437 .248 .4b9~"_ .483 .204 .248 .915 > .147 

11/47.03 .305 .469 .442 .250 .220 ( .332 .449 .265 . :: 2 5 .63'5 .244 
16/ 4/73 . 26 'Y 1 

, 
.211 

18/ 4/73 1 .317- .370 .733 .362 .350 1.286 .913 .435 .29~ ,493 .216 
251 4/73 .176 .558 .-! 718 .232 .408 

1 
.750 1.062 .609 .37~ 11.159 .414 

2/5/73· .184 .715 l. 060 .302 1.398 .704 .517 .669 .21! 1. 322 .24'9 
9/ 5/73 .129 .,242 .312 .178 .167 .356 .380 .143 .14} .425 .212 

141 5/73 .263 " -.......... .247 
16/ 5/73 .272 .466 .679 .415 ) .349 .451 .544 .383 ".300 .639 .483 
25/ 5/73 .213 .277 .664 .249 .213 .349 .552 .441 .399 .942 .204 
30/ 5/73 .172 .185 .467 .159 .157 .188 .258 .164 .198 .373 .277 
6/ 6/73 .224 .310 .419 .163 .202 .325 .327 .238 .258 0 .328 .232 

13/ 6/73 .1.64 .470 .904 .287 .346 .343 .444 .268 .287 .494 .269 
18/ 6/73 .181 \ 

\ - .293 . -
20/ 6/73 ~. 171 '.342 .483 .181 ;~80 .. 510 .571 . 226 . 2,49 . .575 .337 
27/6/'13 .350 .336 .596 .350 ,.327 .399' .636 .254 ~ 31 S .590 .263 
4/ 7/73 .260 .605 1. 216 .246 :.3:ii6 .525 .510 .319 .260 .426 .248 

16/ 7/73 .285 \ - .293 
lk ---.J 

---.J 

G \. 
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-' --- ~I~-- - -
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\- t TABLE 17 (cont'd) 
~ "-

D.p. (m1/1) for Stations 1-11; 7/72 7/73 "'-

STATION 1 2 3 .4-' 5 6 7 8 -9 10 Il 

DATE 
'-' 

1 t ~ 

5/ 1/73 4.34 4.20 3.38 -. 4 L-22 4.07 3.66 3.44 4.17 4.29 4.45 4.23 
12/ 1/7'3 4.40 4.15 4.00 4.\25 4.13 3.87 3.38 4.28 4~20 4.52 4.50 
30/ 1/73 4.47 ~ 4.47 

6/ '2. /7 3 4.44 4.33 3.78 4.30 4.28 3.89 4.32 3.87 4.16 4.06 4.r50 
14/ 2/73 4.34 4. '40 
21/ 2/73 4.39 4.28 4.11 4.2'9 ~ 

3.91 3 ~tB 7 ~.01 4.47 4.55 4.48 
7/ 3/73 4.42 4.31 3.11 4.19 3.50 4.30 3.98 4.17 4.45 4.55 
~j73 4.34 4.25 3.97 4.26 4.20 3.80 4.12 4.27 4.36 4.33 4. ST 
21/ 3/73 4.59 4.53 4.04 4.49 4.42 4.03 4.59 4.2,4) 4-.32 4.70 4. 6i~ r 
29/ 3/73 4.45 4.38 3.64 4.21 4.44 4.31 4.2 Z 4.53 ' 4.18 4.90 4.41 
4/ 4} 7 3 4.49 4.30 3.84 4.27 4.31 3.68 4.19 4.01 4.14 4.45 4.44 

11/ 4 73 4.34 4.08 3.93 4.22 4.22 3.<92 4.07 3.88 4.09 4.73 4.41 
16/ 4/73 4'.41 - '\ 4.32 
18/ 4/71 4'.25 4.08 " 2.98 4.25 3.64 4.10 3.39 4.01 4.21 \1 4.22 ~.54 
25/ 4/73"- 4 :i36 4.11 3.98 ,4.43 3.71 3.50 3.90 3.90 4.44 1 4.40 4--.24 

2/ 5/7~ 4.28 4.20 L_ 4.05 J,'4. 26 3.98 3.74 3.94 3.82 4.04 4.07 4.36 
4.54 4.36 4.41 4.32 • 4.19 3.94 ' 4.27 4.04 4.54 4.67 4.56 9/5/711;) . 

\ 

14/ 5/73 4.49 4.~7 
16/ 5/73 4.41 4.16 3.47 4.19 4.28 3.70 ~ 3.80 3.99 4.04 4. '00 4.28 
25/ 5/73 4.4:8 4.16 4.23 0 '4.30 4.14 4.06 4.22 4.15 4.23 4.38 4.50 
30/ 5/73 

, 
4.26 ~4.24 4.04 4.42 4.45 4.15 3.57 4.44 4.36 4.13 4.24 

6/ 6/73 4'.34 4.46 3.95 3.94 4.23 3.91 4.52 4.34 4.46 4.45 4.54 
·13/ 6/73 4~ 38 . 4.22 . 2.37 4.29 4.20 3.79 3.83 4'.19 4-.05 3., :ft--- 4.31 
18/ 6/73 4. A1i--

l"/," - 4.35 -
2 (If 6/73 4.49 . ' 4.30 4.14 4.51, 3.95 4.00 4.04 4.40 4.42 4.42 4.48 
27 / ~J 7 3 4.70 -4.51 3.97 4.60 ' 4.62 3e:91 3.98 3.96 4.32 4.34 4.72 
4/ 7/73 4.55 4.37 3.15 4.24 3.85 3.93 3.94 4.16 4.54 4.28 4.64 

16/ 7/73 4,,: 53 ,- -1 ___ 4.53 

\ L C" 

---:J 

'. ~ \.0 
1 

/ 'r -:-; 
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STATION 

DATE 

S/ 1/73 30/ l/fr 6/ 2/73 
14/ 2/7 , 

7/ 3/73 .. -:. 
4/ 4/ 3 

16/ 4ïfï3 
~ 2/. 5/73 

~ 

14/ 5//73 
6/ 6/73 

18-/ 6/73 
4/ ï/73 

16/ 7·/73 

c& 

" 

\ 
Jl 
~! 

~ \ , , 

,1 

----

.14 
'.28 
.22 
.13 
.19 
.19 
. 15 
.20 
.17 
.16 
.ào 
.3Q 
. q4 

~J 

) 
'il 

2 

. 07-
'" 
.31 , 

'.30 
.23 

.37 

.20 

.21 

-~' 
;:,.. 

t 

1~ 

'. 

1 
1,. 

1 f 
';-

( 

TABLE 18 (cont~d) 

BOD' (m1/1) for' Statio~s 1-11; 7/72 - 7/73 , 

3 4 ;) 6 7 .. • \ 
" . 

\ 
1 , 

.10 ---------~ ./'. 1 a .~ .41 
-= ---------

.18 .19 - .08 .oq .25 
- -.--, " .43 .14 .09 .15 .~-34 \ 

.04 .10 . ':-16 .06 .09 • L 

.24 .23 .10 .21 .17 
:... 

.12 .08 /.14 .07 .22 

.09 .00 .11 .08 .15 

t 
~ f ... , 

" 
f '--

~ 

tJ. 

, .. 
... 

r 
~ 

./l 
!~ l 

----.. 

e 

• 
8 ~9 la Il 

.18 .. 09 .18 .15 
.23 

.24 .17 .17 .17 
.0 i 

.20 .04 .15 1 .13 

.12 .08 .1S .12 ... .08 
'" , 

.18 .34 .29 .16 
-, .05 

.15 .. 25 .40 .22 
.00 

.18 ~. 16 .27 .27 
-

r 
.....-/ .06 

i 

~ 
/ 

..;.. 
..../:-

1 
1 

(Xl 

f~ I-l 

,J 
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-~ . TABLE 1"9 t Partie. Matter (mg/1) for Statlons 1-11; 7/72 - 7/73 "1 . ,( 

STATION 1 ,., 3 4 5 6 7 8 9 10 Il L. 

DATE A 
~ "" 

/ 1 f 
Il/ 7/72 1.3?" 1. 7 8 A.37 1. 75 1. 46 4.82 3.81 ~.56 1. 54 2.64 .96 

'20/7/72 1. 87 1. 91 2.90 .98 1.12 2.13 . 1. 80 ' ('46 .90 1. 05 1. 52 
26/ 7/72 1.11 - .99 2.54 1. 34 1. 72 24.48 4.75 2.79 1. 43 6.12 1.13 
1/ 8/72 .32 1. 49 '2.32 .67 0 .89 1 .. 88 4.34 1. 89 1. 32 1. 56 ' . 76 
9/ 8/72 .40 .99 3.60 .64 1.11 3.13 3.00_. 1'1.49 1. 55 2.63 r .86 

16/ 8/72 . 50 1. 63 1. 8B .78 .85 . 1. 92 2.26 ! 1. 78 1. 08 1. 21 -1.14 
23/ 8/72 .44 07 1. 44 2.47 1.17 1. 31 ' 2 . 15 1. 71 

0 
.92 1. 20 1. 89 1 .. 04 

30/ 8/72 .57 1. 25 2.60 - 1.62 ' 1. 25 1. 78 1. 31 1 . 8.1 .9s' 1. 15 .74 1 
5/ 9/72 .75 1. 04 2.61 1. 01 .95 2.71 1.18 1 .67 .86 1. 70 .41 

lIt 9/72 • 1.10 1. 77 2.20 1.-00 1. 05 2.39 2.79 j 1. 07 , 1. 45 1. 21 .70 
18/-9/72 .88 1. ~3 t·75 1. 62 1. Il ' 2.41 • 3.18 \ 1.02 .97 . 1.25 1. 23 
26/ 9/72 .46 1. 72 2.12 1. 59 .83 3.52 7.97 " .87 1. 40 4.48 " .48 

t 2/10/1'2- 1. 53 2.06 2.12 1. -31 .76 2.42 ,1 2.53 .74 2.84 1. 30 .90 
9/10/72" 1. 38 , 1. 42 2.18 1.13 .84 2.68 2.54 1. 23 .97 1. 06 .88 

- 16/101'72 .66 1.68, 1. 66 .85 .75 - 2.53 4.22 .87 .74 1. 21 .54 
23/10/72 1. 30 2.98." 1. 97 1.8"0 4.18 9.61 14.35 2.31 4.18 4.29 .91 

7/11/72 " 2.76 .62 .97 - ',2.49 .89 .81\ -3.18.. .94 .66 l. 94 .50 
15/11/72 .85 2.68 4.90 , .75 1.' .. 52 4.79 

0 

1. 87 1. 13 2.93 .65 
73/11/72 .31 . 52 2.'02 : .44 .91 4.42 5.1.1 .60 ~96 1.63, .• .26 • 
6/~72 .46 2.58 1. 88 "0.57 . .,92 2 .19- 1. 43 .78 .65 1.17 . 58 
2/ 7/72 .30 ~ .88 1 3.30- .53-- \26 3.56 1. 88 .34 .64 l. 27 .37 

/2'3/12 72 :2.1 1. 73 \ 5.31 .62 .17 6.93 3.50 .57 .50 1. 77 .33 
29/12/~2 .27 .62 - , .78 . .38 .65 . 2.36 1. 136 .89 .46 .79 .3S 

, 
i.. 

1· \ ~ 
0 ? 

i, 
1 

\ • 

f \ 

r 

. \~' 
CD 

• 1 1 - f\J , 
~~ 

(eont'd) .... f 
\ - , - 1"" 
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\ TABLE 19 (cont'd) 
1 1", l' 

Partie. Matter (mg/1) for Stati(fns 1-11; 7/72 - 7/73 
"'-

, STATICH-f 1 2 3 4 5 6 7 8 '-, ' 9 ID Il 
~ 

, --DATE ~·c. 

'., , 
$ 

5/ 1/73 .07 1. 09 1. 50.- .74 .92 3.09 4.08 .92 " .43 1. 63 . 37'/ 
12/ 1/73 .32 3.34 2.59 .87 1. 23 5.5.6 3.72 , .72 .59 1. 8j6 .37 

";0 22/ 1/73' .24 1. 89 .63 .35 .94 3.94 5.58- .il8 .78 _ .7~' .57 
-"30/ 1 / 7 3 .48 - . 56 

6/ 2/73 l .24 1. 06 1.°L- .43 .41 1. 47 2.73 .74 .62 1. 12 .30 -14/ 2/73' .34 .25 
21/ 2/,7~ .16 1 '1.15 3.59 .50 .69 4.36 7.35 1. 28 .62 2.80 .47 
28./ 2/73 

d 

.38 1. 04 .96 .48 .47 2.90 4.19 .83 ~.58 .82 gO 3 
21/ 3/73 .43 .75 2.97 .72 '; 5 !J 3.02 4.77 .761 1.19 6.22 .53 
29/ 3/73 .4·8 1.18 3.82 .75 .50 10.78 13.70 1. 09 1. 78 3.40 .79 
4/ 4./73 .67 2.03 3.38 1.14 1. 15 3.82 4.66 1. 31 2.36 .73 

11/ 4/73 .71 ',\ 1.40 1. 91 .60 .90 2.60 2.86 .73 .1.40 2.91 . .45 
161 4J 7 3 .49 -rI. - .55 
)8/ 4/73 .60 1. 5 3 .~ 1. 88 .56 1\.12 2.71 7.42 1.19 .90 1. 38 .52 

~. , 
25/ 4/73 .44 1. 25 3.15 .31 1. 66 7.32 10.97 2.4~ 1. 45 6.08 .62 

2/ 5/73 .24 4.08 1. 40 .27 '.96 1. 24 3.46 . 9 .55 1. 65 .66 
9/ 5/73 ' 1. 15 1. 2f [ , 2.23 .73 .91 3.01 2.60 .87 .80 2.38 ~ .,97 

141. 5/73 .75 7' 
, .'84 " 

16/ 5/73 .72 1. 76 2.11 2.91 \.64 4.76 5.11 1.'83 1. 28 3.51 3.50 
25/ 5773, 1. 27 1. 57 2.00 1. 27 2.33 1. 95 2.34 1. 25 \ ".89 ..f 1 2.34 3.93 
30/ 5/7"3 .61 .94 1.' 61 ~ 72 .67 1. 25 1. 03 .46 .96 1. 60 .31 
6/ 6/73 .-56 1. 00 , 1. 03 .59 .81 2.22 1. 21 .59 .67 1. 66 .51 

13/ 6/73 .55 1.2) 1. 74 .54 .87 -' 1. 68 2:98 1. 07 .77 1. 49 .52 
18/ 6/73 4.67 1. SI 1 

20/,,6/73 2.15 5.17 3'.52 2.42 4.83 3.62 5.19 4.09 2.36 2.52 2.80 
27/1 6/ 73 1. :( S 1. 03 2.32 .9S 1. 03 2.48 2.98 1. 24 1. 31 1.11 ' .90 
4/ 7/73 '14 3.2J 2.68 1. 21 3.45 3 . ;:;9 4.04 4.26 2.10 1. 93 2.10 

16/ ,7/73 2. 7 
, 

, - t ~ 2.17-
"" 

/ 
CD 
\..N 

v 
r. 
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TABLE 20 (cont'd) 
,-' 

" 

- ... ~"Q ... -\ 

P0 4-P (rg-at11)ofor Stations 1-11; 7/72 - 7/73 .f 
,~ ,- ~ 

" 
, 

STATION 1 2 J 4 5 _ 6 Î 8 J 9 10 ' Il 
c) 

DATE ;. 

5/ 1/73 .030 .039 .118 .069 .039 .059 .005 .054 .059 .054 .104 
12/ 1/73 .030 .069 .059 .064 .059 .039 .064 .044 .079 .069 .074 
22/ 1/73 .040 .055 .065 .070 .099 .035 .015 .065 ~ .050 .080 .070 
30/ 1/73 .055 .065 

6/ '2/73 .0'61 .066 .O~l .046 .051 .051 .005 .046 .041 .061 .076 
14/ 2/73 .046 • .020 -
21/ 2/73 .090 .100 .075 .105 .120 ' .095 .025 .110 .050 .075 .030 
28/ 2/73 .065 . .065 .080 .050 .040 .125- .005 .050 .115 .030 .045 
7/ 3/73 . '015 .050 .000 , .030 .085 0. 000 .005 .085 .035 .045 .025 

14/ 3/73 .010 .045 ' .060- .030 .035 .020 .015 .010 .035 .065 .005 
21/ 3/73 .047' .042 .0~3 .068 .058 .068 .047 . 08~ .042 _.079 .037 
29/ 3/73 .05>8 < .074 ~. 058 .047 .0.95 .037 .047 .084 .074 . 089~ .068 
4/ 4/73 .0410 .051 .030 .046 .061 .051 .. 02 a 0 .051 .025 .127 . 010 

11/ 4/73 .061 1. 285 .076 .056 .036 .076 .051 .020 .025 .<..04'6 .046 
16/ 4/73 .030 .i .076 
18/ 4/73 .010 .046 .061 .020 .036 .025 .02"'5· .010 .025 .117 .066 
25/ 4/73 .030 .--005 .040 .000 '.030 .035 .010 .015 .010 .025 .015 

2/ 5/73- .015 .OO~ .025 .020 .035 .035 .- 010 .040 .056 .172 .015 
9/ 5/73 .086 .051 .086 .061 .091 .030 .035 .061 .051 .051 .045 

14/ 5/73 .030 - .045 
< 

, 
16/ 5/73 .051 .045 .056 1.257 .101 .076 .04)3 .061 .030 .136 .020 
25/ 5/73 .045 .076 '.071 .051 .056 1 .177 Q '-.025 .040 .066 .040 .040 
3Q! 5/73 ' .035 .076 .040 .035 .051 .051 .056 .035 .0'61 .182 .035 

6/ 6/73 .063 ,_0.49 .093 .068 .054 .. .0 34 .059 .054 .054 .083 .039 
13/ 6/73 .020 .'035 0 .060 .040 .035 .055 .045 .040 .055 .164 .025 
18/ 6/73 .030 

, 
.045 

20/ 6/73 .040 .060 .060 .035 .065 .090 .045 , .055 .050 .090 .035 
27/ 6/73 ~a .000 .000 .010 :000 .DOO .010 .000 ."DI0 .000 .070 .000 

4/ 7/73 .020 .'025 .040 .. 030 .030 ' :-O~O~O~O .015 .010 .030 .015 
16/ 7Y73 .1)30 _1 .015 

i1t 

0:> 
,1 rn 
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TABLE 21 

~ 

, N0 3 -fN0 2:'N C)lg-.at/1) for St~tions i-11; 

!1' 

STATION 1 t 2 ... 3 4 , , 5 6 
.......----." 

1 

DATE , 
Q , 

1 

',11/ 4/73 .830 13~6 1.069 • .874 k .775 8.004 
.16/ 4/73 .266 ~ 1 

25/ 4/7,3 .059 1.067 .360 \ Q94 .775 .150 
2/ 5/73 .415 .148 .267 , .258 . 539 ~, .301 
9/ 5/7.3 ;'826 .314 .365 .372 .411 .0:7 1 

14/ 5/°73 .485(' a 

16/ 5/73 .• 207 a .280 .457 .518 ' .348 .282 
25/.5/73 .209 , .040 .344 .346 . 32 S' 
3-0/ 5/73 ~. 000 .166 .050' .000 .08J) .278 

6/ 6}73 .736 .703 .6Ll .644 .515 1. 004 
13/ 6/73. .037 .234 .247 .257 .346 .411 
18/ 6/73 .000 
20/ 6/73 .053 .240 .302 .022 1.176 .378 

[27/ 6/73 .138 . 27"3 ,. '.855 :191 '.266 .593 
4/ 7/73 .026 .235 .714- .280 .940 .397 

16/ 7/73 .150 

Q <b 
~ '0 

\~ 
1 

./ 

~ 
"1 

: ~l , _ 
~ \ ' 

/ 

4/73 - 7/73 

'7 8 

~ 

1.723" 3.718 
0-

.738 1. 093 

.207 .770 

. 3 5P.,~ Q .572 
_ 00 

.846 .437 

.440 .987 

.177 .145 

.489 .499 

.307 .419 

1. 17.4 .169 
1. 385 

.491 ,.595 

1 

f 

" 

~ ) 

9 

11. 534 

.256 
13.10g 

.604 

.900' 

.562 
5.887 

.574 
11. 991 

.164 
5.394 

.128 

\ 

• j;>, 

10 

4.307 

4.352 
67.741 

.475 

69.461 
71.429 

62.906 
3.074 

67.117 

~79 . 000 
. 41 

Il 

.370 

.190 

.750 

.037 

.172 

.929 

. o7's 

.989 

.091 

.842 
:047 
.242 
.932 
.194 
.170 

co 
0'\ 
" .. ..,1"" .... "", 



TABLE 24 
," 

BOD (m1/1) for Stations A-G; Jan .'-Ju1y (exc1. Marcll~ 1973 
-:::::,.. 

STATION A B C "D E F C> G ... , ......... --

DATE 
_ .. :,~ 

301 1/73 ".25 . ~3 5 . S S .28 .41 .80 .25 _ 
1" 14/ 2/73 .00 .18 . S 5 .27 .27 .99 .13 

16/ 4/73 .24 .12 .40 .08 .33 1. 43 n' .1"8 

• 14/ 5/73 .21 • '2 3 .09 .16 .27 1.04 f .24 
18r/ 6/73 .03 .00 .00 .00 .08 .sr .02 

, 

16/ 7/73 .0"6 .13 .24 .00 .12 .64 .11 
\, 

iji-'\ 

Cl -- . , ---
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• , " • ~i- TABLE 25 " 
~ 

(mg/1)~Or 
fi- • 

PartiG. Mat ter Sta t Ions A-G; Jan. -,Ju1y (exc~ ~ ,Marc,h~ 1973 -
STA'f~N 

" 

A~ B ç D E 
(> 

F G " 
DATE 

" . , , 
~ } __ r 

" 30/ 1/73 .23 .65 .95 • 40 2,.09 . 2: S'9 .50 
14/ 2/73 .74 .32 ~1. 27 . .1l ,,, .09 6 2 . 65 \ .38 

. 16/ 4 /73 .53 'iS 1. 00 1.17 1~.1·0 5.38 .38 
14/ 5/73 3.89 4. 6 3.72 ~._63 6.52 'i2.02 . 1. 35 
18/ 6/73 1. 77 ~·'3.72 2.30 1.22 7.44 ,,'9.22 1. 84 
16/ 7/73 2.29 3.76 3.48 2 . 62_~: V.87 .,16.25 4.84 

~ 
. 

~~~ 
. "., 

"T 
.... -................ ." 

~ ------
\ 

r 7;1' 

'& TABLE 26 
rJ 

-;. 

PO -p 
.. 

~arch) " 
( }l g - a t /1 ) , -f'o r St a t i 0 Il s A-G;. 1973 Q 

4 
~ 

STATION " B 
~ 

"G A 5 D' E 

1A~E . " "-.. 
j 

'?, • ,. ........... ~ 

/ " 
» 

30/ 1 /73 
" 

. 075 .035' . Î\l4 .06'5 .1:-39 1.034 .084 
" 14/ 2/73 :'0 1. 5 .02 a .107 .031 .SDS 1.446 .056 ~ 

.0'86 " ," 
~ 16/ 4/73 .015 .1 ez ~. 015 .564 2. 01,2 .09'7 
14/ 5/73 .OS6 

e 
'.091 .051 ~.18Z .859 2 •. 636 , .066 

,18/ 6/73 .030 '.040 .,060 . O~ 0 .1~4 4. 975 .060 
16/ 7/73 . 085 .795 

. 
• . oz 5 .0 J:,5 .010 3. 925 :025 

." 

l.. ' . , 

n . o' 
c t • ... 

~ 
." ,., 

• ""1-
~,.. t ~ .....- -

~ 

1 
'<J 

1 

, 
y 

TABLE 27 ' , 
'" ~ 

Il NO +NO -N (pg-at/1~ 'fo~ S't,atfo~s_O A-G; \ .t n 3 2 
, " 

.Ma-y, June and Ju1y:1973 ~..-_..::-J--:-.- Q '" / (/ 
() 

STATION A B C D E" F" G '" 
, 

DATE ., , , . 

• J( 

'" 
:- 0 -::(3 1':.1(S8 

0 '. 

14/ 51.73 .533 .105 .170 t ,1.. 8 85 .458 
lS/ 6/73 ·4142 .12? .000 . 000 1. 079 1.29,7 .000 

. 16/ 7/73 .328 . 167 .367 ,,105 . d:150 3: 8'S4 0-,- 2,22 .-.. 

r , 
~ 
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"- 1. 

TABLE 2 8:' A, .". • Total Coliforms for Stations 1-11; 4Jl~_ - 7/73 , 

. 
STATION VOLUME SAMPLED COUNT FINAL COUNT TIME 

(ml) (colonies/lOO ml) 

4 

... 
18/4/73 

1 100 2 2 0745 
" 

-2 t! 20 24 'It 100 07.55 
50_ ,-- 49 

3 ',- 20-:- 31 180 08 05 
50 92 . -- / 

4 100 0 .0 '" 0815 
5 1 OÙ· a 0 0825 

'-", 

6 100 ... 3 3 ' 0830 
{ 

7 , 50 6 49 0840 
100 68 

8 100 a a 0850 
~ 

9 100 a Q 0900 n-

Ia 20 25 73 0915 
50 26 

.>11 100 4 4 0945 

il 
19/5/73 , 

'. 100 9 9 D935 
. 2 20 70 210 0940 • 50 79 

1 
3 20 76 190 

" 
0943 

50 58 

4 100 40 40 ,~ 0947 

5 100 23 23 0952 

6 100· 51 51 0958 
7 50 5 17 10q,2, : ' -

~ 100 21 . 
'8 r 100 2 It :r006 

9 100 44 44- _1009 b 

"-~. 
la .. ) 20 15 61 10i2 

• 50 28 

Il 100 32 32- 1043 
,-

, ' r' 

... ~ 

(cont' cl) ..•• 
,. 

ç 
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. • 
" '. TABLE 28-A (cont'd) 

Total Coliforms for Stations 1-11; 4/73 7/73 .f 
, 

. 
STATION VOLUME SAMPLED COUNT FINAL COUNT TIME 

u 

, 

.- (ml) (co1onies/lOO ml) , 

,.,. 

16/6/73" (Incl udes sample by Cora-l Reef Club Raft: , 

r . 100 ~ 43 43 0840 oQ 

• 
2 20 44 200 0&48 

50 97 
" , 3 20 44 ~ 220 08 SI 

50 ~ 113 

4 100 451 450 0855 

'~ 5 100 307 310 0858 . 
6 

.. 100 31 31 0902 

7 50 12 43 0906 
_,~--I- - 100 52 

8 100 107 110 0910 

9 100 8 8 0915 

10 20 83 280 0918 
--: 50 Ill. 

11 100 21 21 0940 

Coral Reef 50 -27 23 -0945 
Club Raft roo 7 

~ 0 

.. 21/7/73 (Includes sample by Coral Reef Club Raft 

1 100 17 17 0915 

2 50 44 88 0930 

3 ,50 43 86 094 a 
4 100 17 17 095 a . -

.. 
5 100<1 31 31 1000 

6 100, 2 ,2 1010 

7. 100 • 52 52 102 0--

8 100 26 ~., 26 1030 
( 

9 100 9 9 1'04 a 
10 50 28 56 1055 ". , • Il 100 2 2 1125 

Co,ral Reef 100 21 2]. 1137 
Club Raft . . .' 

J 

~~ ,.J:' 

:. • 
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TABLE 28-B /" \/ ... _/ ~ 

"-
Total Colifo.rms for Statians A-G; 7/73 ~ 

~~ .. 
------------------------------------------------------- ~,~------
STATION VOLUME' SAMPLED CO~NT FINAL COUNT TIME 

~G (ml) . (éélon~es/lOO ml~ "'l 

/ ~I 

'! 

" 
14/7/73 

~ral 
{ 

(Includes .stations -1 and Il, plus sample ,by Reef Club Raft) . 
./ 
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) , .. IJ "': .,.~ .. 

• TABLE 29 . 
(oC) Tempera ture for Stations 1-11 and A-G .. 

/ 

STATION 1 2 3 4 - 5 
'7( 

6 7 8 f 9 10 Il 

DATE t 
1.-.. 

< . 
3/8/72 28.0 28.2 29.0 28.2 28.6 29.2 29.0 28.8 28.4 28.4 28.2 

1111/73 27.1 27. 2 27. 7 27.1 27 .1 27\6 27.4 27.3 27 .. _4 _ 27.5 27.1 
- ~ 1/4/73 27. 0 27.3 27.8 27.0 27.1 27. 7 27.3 27,1 27.1 27.3 26. 8 

2"1/7 /Î 3 27.8 27 . 9 28.0 2'7.9 27 . 8 28.0 28.0 27.9 27.9 28. O' 27.9 

"\'-> - - -. 

'" . 
STATION A B C D E F G 1 ~t 

DATE ~ 
1/1/73 27.2 27.3 27.5 27.1 . 27 .'5 

,/ 
27.1 ./ -

1/4/73 27.3 27.4 27.5 • 47.1 27 . 4 27.5 27.1 --< _..1 
,~ '('( 

14/7/73 27.4 27.5 27.6, 27.5 27. 9 28.1 27.5 27.7 27. 7 "r 

.~- - --

(: 
-r 

:r 0, 

T AB L-r-s-tr-~------ - - - - -- - - - ---- - - -, - - -- --
0 .. 1 

Sa1ini ty (%~) for 'Stations 1-11 ~d A-G 
• f 1 

STATION 1 2 3, 4 '5 6 -'7- 8 9 10 Il , 

DATE 

3/8/72' 35.5 34.-9 35.0 34.9 34.9 35.3 35.0 35.0 34.5 34.1 35.5 
1/1/73 35;0 35.3 35.1 -35.1 35.2 ~3 5.4 35.4 35.4 35.3 '33-. 7 :rs :2 
1/4/73 35.6 35.7 35.7 35.6 35.5 35.8 35.5 35.6 35.6 35.1 35.6 

- 21/7/73 ~'2. 4 32.~2. 7 32.5 32.6 32.8 32.6 32.6 32.5 31. 3 32. 7, 

STATION A B C D a F" G 1 Il 

IJATE 
\ . -, 

f' 

-' <---• 1/1/7.3, 35.1 35.3 35.4 35.2 a 35. 0 35.0 
1 t4 /73 35.6 35.6 35.6 35.6 35.5 35.3 35.'6 

1-4/7/73 32.8 ~2.( 32.7 32.7 32.5 32.4 32.7 3Z.7, 32.8 · '. .' 
" 

--r' ~ 
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• TABLE 31 

South Coast Sa~p1ing 

ChI a 
STATION mg/m3 

10 St. Lawrence .221 

Accra Beach .281 

Asta Hotel .420 « 

r 

Hilton Hotel .796 

1 -

St. Lawrence - .277 
- '( " 

Accra Beach .-292 

---------- Ast~-Ho-t-~l-~~;-~ ~7i 

~, 

• 

Hi1 ton Hote1, .316 

" 

-, 
1 -

~: .. D.O. Bon 
ml/l m1/l 

. 4/6/73 

~4 . 5 S 

4.61 

6.53 

4.98 

5.01 

4. 78 

_4.98 

4.68 

.10 

J .06 

. S8 

.27 

11/6/73 

.32 

.12 

.2fL. 

.18 

-l }---~ 

Partie. Matter 
mg/l 

.. 

3.67 

2.81 

2.28 

4.89 
" • ; 

1. 73 

1. 62 

1-.43 -
~ 
..r1--~.l3 , 

--.. 

'" 

\ 

93 
,~, -

~--- .. ", ' 

~ 

PO -P • 
pg-it/1 

NO -+NO -N 
p~-atr1 

.049 .057 

.044 .124 

.039 . 057 

.112 .358 --

., 
-

:-024 .236_ , 
.039 , .659 

• 1 

.063 .262 1 

.278 ' 1. 388 

'~ 

... 
;- -- ~ 

.... 



• 

l' 

SAMPLE 

1 

2 

3 

5 

6 

7 

8 

9' 

~ _· ... Mean 
, 

j-S • D. 

C.V. 

TABLE 32 
; 

Replication by Subsamp1ing of Single Samp1e 
,. 

.. ..... J 
~ "'~ 

N03+N02-:-7~ 

}lg-at/l 

P04-P 

rg-at/1 

Phytop1ankton 
..1 .. _'" ce1}.s/1 

i[) 
.075 

.073 

. 073 

.-076 

. 075 

.076 
-: ------ .073 

.076 

.071 

.069 
.J< ' 

./ .. .074 
+ -.002 

2.70%' 

. .025 

',02<6 

.020 

J.020 
t 

.025 

.020 

.02-0 

.020 

'.015 

.020 

.021 
+ -.0029 

40400 

42000 ~ ~ ~) 

45200 tl 

53200 
<> 

44400 ~ 
.. ~ 

. \ 47200 
,; 

... 42800 , 

44600 

41600 ~ 

- - - .. - ------
46'000 

44740 

8.14% 

_ 'J~. 

S.D. = standard deviation; C.V. = coefficient of variation 
( 

,j 

'0/ 

.' . ' 

',. 



,) 

r 

l~ 

1 

li 
1 

~ 1 
1 

*' 

"c 

• 
\ 

1 
.~' 

, 

.4 

l, 
:~ r 

TABILE 33 
, 

Replication 
," ~ 

by iRepeated 

1 

Sampling 

• 

SAMPLE 

'= 

1 

2 

3 
': 4 

5 

6 

7 
:8 

'9 

10 

~ean 
j'S. D. 

'C • v-. 

" 

~ 

N03+NO Z-N 

pg-;,at/l , " 

.053 

.060 

.058 ' 

.065 

.062 

.060 

.064 
L 

.065 i 
i 

.064 b 

• A 
.065 ; i 

.062 

t .I!>004 

.6.45% 

1. 

~ 

PO -P 
4 ... 

fg~at/l 

.015 
~ •. 02 a 

.020 

• OIS 

.015 

.015 

· 015 
.020 

.. 020 

.015 
.. 

), 

· 018" 

±.0026 

14.44% • 

2.68 \ 

2.49 

2.44 
Z.07 

2.28 

2.79 

Z.46 

2,32 
~ f\'" 

2.3-l"'-

2.31 

2.42 

t.21 

8.68% 

,., 

Matter 

1 • e 

S. D.' ~ stand'ard deviati.on; C. V. = coefficient of variation 
,:' 

~ ! ~ 
'tt 1 , 

l • 

4 

Ghlorophyll a 

mg/m3 

.110 

~29 

.116 

.110 

.c 114 

.110 

.1ZO 

.125 

.133 

.126 

.119 

t.008 

6.72% 

1, 

1. 
.j 

~ 

, , 

, 

, ~ 

D.O. 

mlll 

4.61 

4'.55 

4.55 

4.55: 

4.56 

'4.54 
c 

4.57 0 

. 4.59 

.. 

4.53 

4.60 

~ 

4.57 

t.03 

0.66% 

, " 

• 
;!~. 

~ 

"..,~ 

BaD 

mlll 

.20 

, .15 

.:16 

.18 

.18 

.15 , 

.18 

.17 

... 15 

.19 

~, 

.17 

t.018 

10.59% 

" 
\.0 
\JT 
" 

'> 

~ 


