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GENERAL LIMftOLOGICAL SURVEY OF LAKE CUMING HAM. A BRACKISH LAKE 

IN THE ISLAND OF. NEW PROVIDENCE. BAHAMAS. 

OBJECT OF THESIS. 

When the f i r s t beginnings of t h i s work were made i n 1939 
o n 

i n v e s t i g a t i o n of a l l the a v a i l a b l e l i t e r a t u r e -a»4 the Nat u r a l 

H i s t o r y of the Bahamas served to show t h a t while some aspects 

had been covered i n great d e t a i l others had been touched not at 

a l l . For example, marine l i f e was w e l l known and had been w e l l 

studied but, as often happens i n the opening up of Nat u r a l H i s t o r y 

of a new r e g i o n , the l a k e s had r e c e i v e d but very scant a t t e n t i o n . 

I n i l l u s t r a t i o n , I have found nowhere more than one r e f e r e n c e 

to such a common al g a as Spirogyra and ye t I have found a number 

of d i f f e r e n t s p e c i e s of t h i s a l g a i n small pools quite i n c i d e n t a l l y 

while engaged on other work. 

I t seemed obvious t h e r e f o r e ' t h a t any work of a l i m n o l o g i c a l 

nature should be aimed at a general survey of the l a k e types 

r a t h e r than any attempt at a more' s p e c i f i c problem. The main 

d i f f i c u l t y , however, was the nature of the Colony. The v a s t 

m a j o r i t y of the l a k e s are i n the s o - c a l l e d "out i s l a n d s " i . e . 

i s l a n d s other than New Providence on which the.Colony's c a p i t a l , 

Nassau, i s l o c a t e d . Being separated from New Providence and 

from one another by sea they are not easy of a c c e s s . The only 

p p s s i b i l i t y t h e r e f o r e was to i n v e s t i g a t e one lak e i n the i s l a n d 

-ae4 of New Providence and to determine, by such means as were 

p o s s i b l e , how f a r t h i s p a r t i c u l a r l a k e was t y p i c a l of the Bahamian 

l a k e s i n g e n e r a l . 

/The 



The object of t h i s work then i s to o u t l i n e the general 

limnology of Lake Cunningham, on the i s l a n d of New Providence. 

-The-scope- of—the survey has included the marginal land f l o r a 

p e c u l i a r to the l a k e , what small amount of macrophytic f l o r a 
ci' 

e x i s t s i n the l a k e i t s e l f and the nature, amount and p e r i o d j ^ y 

of the plankton. F r e e swimming Copepoda are included i n the 

plankton* The animal l i f e was a l s o studied and included f i s h , 
tuaminoitieri 

and Ahas been made of the p h y s i c a l and chemical conditions obtaining 

i n the l a k e over the whole period w i t h a view to comparing general 

conditions and seasonal v a r i a t i o n i n t h i s l a k e with such l a k e s . 

as have been studied elsewhere. By t h i s means i t may be p o s s i b l e 

t o a s s i g n t h i s l a k e to one or other l a k e types e x i s t i n g elsewhere 

e i t h e r i n the United S t a t e s of America or Europe. T h i s work may 

a l s o a s s i s t i n i l l u s t r a t i n g the a f f i n i t i e s of the N a t u r a l H i s t o r y 

of the Bahamas with surrounding l a n d masses. F i n a l l y , as much 

data as p o s s i b l e concerning other Bahamian l a k e s has been c o l l e c t e d 

and examined i n comparison with the r e s u l t s of the work on Lake 

Cunningham. 

PREVIOUS WORK ON BAHAMAS. 

The outstanding work i s t h a t of the Bahama Ex p e d i t i o n u s u a l l y 

r e f e r r e d to as the Shattuck Exped i t i o n sent out by the Geographical 

S o c i e t y of Baltimore i n 1303 under the d i r e c t i o n of George 

Burbank Shattuck a P r o f e s s o r of Geology i n John Hopkins U n i v e r s i t y . 

Although t h i s i s now n e a r l y 40 y e a r s ago i t i s s t i l l the out­

standing work on Natural H i s t o r y of the Bahamas. The r e s u l t s of 

t h i s work were published as a l a r g e volume (1905) and i n c l u d e 
chapters on the Geology of the Bahamas, C l i m a t i c observations, 

/ S o i l s 
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S o i l s , Vegetation, Mosquitoes, Batrachians and R e p t i l e s , B i r d s , 
F i s h and Mammals. The only r e f e r e n c e s to l a k e s , however, are 
i n c i d e n t a l i n the d e s c r i p t i o n of the v e g e t a t i o n types and r e f e r 
s o l e l y to marginal f l o r a . The f i s h d e s c r i b e d are a l l marine. 

Another outstanding c o n t r i b u t i o n to Bahamian Natural H i s t o r y 

i s the Bahama F l o r a compiled by B r i t t o n and MillspaugSi (1920). 

T h i s comprehensive F l o r a c o l l e c t e d together, confirmed and co r r e c t e d 

much s c a t t e r e d work on the f l o r a done by v a r i o u s workers. I t 

contains an exhaustive l i s t together with d i s t r i b u t i o n , of 

Angiospermae, Gymnospermae, Pteridophyta, Bryophyta, Fungi and 

Lic h e n e s . C o n sideration of Algae i s comprehensive only as regards 

l a r g e r marine gsnera. Miscroscopic marine forms and i n l a n d types 

are recorded only from odd c o l l e c t i o n s made with no systematic 

thoroughness. 

CM. Breder (1934) d e s c r i b e s the f i n d i n g s of an expedition 

t o the i s l a n d of Andros i n 1932 and, although the monograph 

deal s e x p r e s s l y w i t h the f i s h fauna of a fresh-water l a k e , i t a l s o 

i n c l u d e s mention of p l a n t s and i n v e r t e b r a t e fauna of b r a c k i s h 

l a k e s there." He d i s c u s s e s the question of the a d a p t a b i l i t y of 

marine f i s h to va r y i n g degrees of f r e s h and b r a c k i s h water. 

Vaughan (1914) described the nature of the limestone rock 

which c o n s t i t u t e s the whole of a l l the i s l a n d s i n the Bahamas 

group and l a t e r (Vaughan 1918) examined the marl or s o - c a l l e d 

°mud n which covers l a r g e areas of the s e a - f l o o r i n the shallow 

seas on the Great Bahama Bank, On the b a s i s of mechanical and 

chemical a n a l y s e s he d i s t i n g u i s h e d four main c a t e g o r i e s of bottom 

/ d e p o s i t s . 
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d e p o s i t s . T h i s work i s of i n t e r e s t i n so- f a r as p r e c i p i t a t i o n 
of marl takes p l a c e i n many of the i n l a n d l a k e s . 

Drew "("1914)' on the b a s i s of a study made on the nmud n~or 

calcaeeous d e p o s i t s on the West coast of Andros p o s t u l a t e d the 

p r e c i p i t a t i o n of calcium carbonate by a c t i o n of b a c t e r i a c h i e f 
was 

among which^Bacterium c a l c i s . T h i s hypothesis was extended by 

Kellerman and Smith (1914) and Bavendamm (1952) who a t t r i b u t e d a 

major p a r t i n the p r e c i p i t a t i o n to ammonifying b a c t e r i a . 

Smith (1940) made systematic a n a l y s e s of ocean water i n the 

region of Andros I s l a n d and comparison w i l l be made/with s i m i l a r 

a nalyses of the water of Lake Cunningham. Smith a l s o i n v e s t i g a t e d 

calcium carbonate p r e c i p i t a t i o n i n the shallow Bahamian seas 

and here again comparison w i l l be made with s i m i l a r p r e c i p i t a t i o n 

i n Lake Cunningham. He i n t e r p r e t e d t h i s p r e c i p i t a t i o n from a 

pur e l y physico-chemical stand point and considers Drew's (1914) 

b a c t e r i a l hypothesis of calcium carbonate p r e c i p i t a t i o n as being 
i 

unnecessary. 

PREVIOUS WORK OH LAKES OF RELATED TYPE 

Welch (1935) giv e s a resume.of the t h e o r i e s of the mechanism 

of marl p r e c i p i t a t i o n and a l s o d e s c r i b e s the general unproduc-

t i v i t y of marl l a k e s . 

Bass Lake near Ann Afebor, Michigan i s de s c r i b e d by Raymond 
" / 

(1937) as' a concretion forming marl l a k e . He d e s c r i b e s the 

plankton I n some d e t a i l both q u a l i t a t i v e l y and q u a n t i t a t i v e l y and 

attempts-an explanation of the r e l a t i v e u n p r o d u c t i v i t y of t h i s 

l a k e . 

/Welch 
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Welch (1935) d i s c u s s e s the general f e a t u r e s of f a l s e bottoms 
due to considerable bottom d e p o s i t s . L a t e r (1939) he i n v e s t i g a t e d 
-thermal conditions i n such f a l s e bottoms i n some Michigan l a k e s . 
His r e f e r e n c e s are t o bog-lakes.. 

Whereas b i o l o g i c a l conditions of f r e s h water l a k e s have now 

r e c e i v e d as much a t t e n t i o n as ocean and sea water the problem 

of b r a c k i s h l a k e s has r e c e i v e d l i t t l e a t t e n t i o n e i t h e r i n the 

United S t a t e s ©r elsewhere. 

C a r l (1937) d e s c r i b e s the f l o r a and fauna of a lak e i n Vancouver, 

B r i t i s h Columbia. T h i s l a k e was formerly a par t of the sea but 

was. cut o f f by an embankment i n 1916 and has s i n c e g r a d u a l l y decreased 
a 

i n s a l i n i t y due to continuous i n f l o w of f r e s h water. 
i 

Subsequently (1940) C a r l o u t l i n e s the physico-chemical . 

con d i t i o n s obtaining i n t h i s same b r a c k i s h lagoon over a period 

of two y e a r s . 

Moore (1940 unpublished) g i v e s a comprehensive survey of 

some 42 s a l i n e l a k e s i n the Province of Saskatchewan. I n an 

ingenious r e p r e s e n t a t i o n of the s o l u t e s of these l a k e s he graphs 

the r e l a t i v e abundance, i n terms of percentages of t o t a l s o l u t e s , 

of the important ions as m i l l i g r a m e q u i v a l e n t s and, by arranging 

the l a k e s i n decreasing order a f s a l i n i t y , r e v e a l s some i n t e r e s t i n g 

f a c t s about.occurrence of s o l u t e s i n these l a k e s . He f u r t h e r 

d e s c r i b e s the plankton of the l a k e s . 

ACKNOWLEDGEMENTS. 

My s i n c e r e thanks are due to S i r Harry Oakes, B a r t , f o r 
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a s s i s t a n c e i n t h i s work e s p e c i a l l y by the loan of a s u i t a b l e 
boat f o r use on the l a k e and by permission to use h i s property. 

V a l u a b l e - a s s i s t a n c e was rendered throughout by Messrs. John 

S. George, L t d . , who constructed v a r i o u s p i e c e s of apparatus. 

The plankton trap was constructed by Mr. Wm. B r i s c o , engineer on 

I . L . T . " F i r e b i r d * . 

Dr. R.R. Langford of Toronto U n i v e r s i t y gave h e l p f u l advice 

on many methods used i n the survey and i n a d d i t i o n he i d e n t i f i e d 

the Copepods. I n a d d i t i o n , my thanks are due to the S t a f f of the 

Department of Biology of Toronto U n i v e r s i t y who extended the use 

of l a b o r a t o r y and equipment both i n Toronto and i n the Ontario 

F i s h e r i e s Research Laboratory i n Algonquin Park and provided 

l i b r a r y f a c i l i t i e s during my v i s i t to Canada i n the summer of 

1940. 
i 

Dr. C.S. Dolley, emeritus P r o f e s s o r of the U n i v e r s i t y of 

Pennsylvania, gave h e l p f u l suggestions throughout and a l s o indentified 

the Molluscs and the Pblychaete Annelid. 

I n the matter of i d e n t i f i c a t i o n s g r a t i t u d e i s owed tos 

Dr. F r a n c i s Drouet of the F i e l d Museum of Natural Higtory, 
Chicago who i N d e n t i f i e d the-^Myxophyceaej 
"Dr.C.L.Hubbs, Curator of F i s h e s in. the Museum of Zoology, 
U n i v e r s i t y of. Michigan, Ann Arbor, for i d e n t i f i c a t i o n of f i s h . " 

Mr. Erdman West, Keeper of the Herbarium i n the U n i v e r s i t y 
of F l o r i d a who i d e n t i f i e d many sp e c i e s of the l a r g e r v e g e t ation; 
"C.F.W.Muesebeck, U.S. Bureau of Entomology, Washington, D.C., 
, for the i d e n t i f i c a t i o n o f i n s e c t s . " 

P r o f e s s o r Wm. Randolph T a y l o r of U n i v e r s i t y of Michigan, 

Ann Arbor who k i n d l y arranged for the i d e n t i f i c a t i o n of 
the a l g a l planktonts and h i m s e l f i d e n t i f i e d some of the groups. 
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I am v e r y g r a t e f u l to Dr. H.H. Brown and the S t a f f of the 

Sponge F i s h e r i e s I n v e s t i g a t i o n s Department who, i n o f f e r i n g advice, 

by the l o a n of apparatus and e s p e c i a l l y i n compiling t h i s t h e s i s , 

rendered i n v a l u a b l e a s s i s t a n c e . 

STRUCTURE OF THE BAHAMAS. 

The Bahama I s l a n d s l i e on a submarine platform which a r i s e s 

s t e e p l y from the surrounding ocean f l o o r of the A t l a n t i c . I n 

one i n s t a n c e i n the east t h e r e i s a r i s e of 15^000 f e e t i n l e s s 

than 25 m i l e s . The depth of water on the s h e l f i s l i t t l e v arying 

from a few f e e t t o a few fathoms. C o r a l a c t i v i t y i s common giv i n g 

r i s e to only s l i g h t l y submerged r e e f s . These r e e f s are of more 

recent date g e o l o g i c a l l y speaking than the main island-masses 

themselves. 

The l a n d forms are f o r by f a r the g r e a t e r part mostly 

a e o l i a n . The sand bordering t h e . i s l a n d s i s very c a l c a r e o u s and 

t h i s i s blown by wind to form dunes' on the sea-front which support 

a c h a r a c t e r i s t i c dune v e g e t a t i o n . These dunes g r a d u a l l y harden 

i n t o limestone rock and thus the..tendency i s f o r the dunes to 

i n c r e a s e i n height r a t h e r than to migrate i n l a n d . The low 

r i d g e s f u r t h e r i n l a n d were formed i n t h i s way t h e i r a e o l i a n o r i g i n 

being evident i n the cooss-bedding to be seen i n s e c t i o n i n 

v a r i o u s c u t s , such as roads, made through them. I n a d d i t i o n 

f o s s i l land s h e l l s and c a s t s of roots e t c . , a r e to be.found i n 

t h i s limestone. These d e p o s i t s are found g e n e r a l l y to r e s t 

on older marine deposits containing f o s s i l s of marine o r i g i n . 

These d e p o s i t s may l i e 15 to 20 f e e t above s e a ^ l e v e l thus i n d i c a t i n g 

u p l i f t . T h i s i s f u r t h e r supported by the presence of r a i s e d 

/beaches 
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beaches backed by r a i s e d s e a - c l i f f s . F u r t h e r evidence of land 

movement i s a a i d by M i l l e r (Shattuck 1905) to be the presence of 

ocean h o l e s on land containing s a l t water which r i s e s and f a l l s 

with the t i d e . These are supposed to be connected with s i m i l a r 

ocean h o l e s i n the sea f l o o r and reported by Agassiz to be at 

l e a s t 300 f e e t deep. M i l l e r s t a t e s t h a t these must have had 

t h e i r 'origin at sfca-level thus i n d i c a t i n g a time when the 

Bahamas were 300 f e e t higher than at the present time. Depression 

of about 300 f e e t was followed by u p l i f t of some 15 to 20 f e e t , 
•o 

The present tendency i s not known though i t i s i n t e r e s t i n g to 

note^bench marks s e t up by the Shattuck E x p e d i t i o n a t the 

beginning of the century e s t a b l i s h e d nLow water mark ordinary 

spring t i d e " at a l e v e l to which}water i n Nassau harbour f a l l s 

only on v e r y r a r e occasions, probably l e s s than once a year on 

an average, when an ex t r a o r d i n a r y spring t i d e c o i n c i d e s with wind 

i n such an arc as to blow water put the harbour. T h i s would 

seem to i n d i c a t e a subsidence, of the i s l a n d of New Providence 

at any r a t e , of about 1 — 2 f e e t i n the l a s t 38 y e a r s . However, 

a d e f i n i t e statement of t h i s f a c t i s l e f t to expert g e o l o g i s t s . 

One other g e o l o g i c a l f a c t to which r e f e r e n c e w i l l l a t e r be 

made i s the presence of deposits on the bed of the sea of f i n e l y 

d i v i d e d calcareous mad known as white marl. I t has the 

c o n s i s t e n c y of chalk and i t occurs most e x t e n s i v e l y on the west 

shores of Andros and Abaco where i t i s the main h a b i t a t of sponges 

i n the Colony. 

/Climate 



CLIMATE. 

Of the c l i m a t e i t i s s u f f i c i e n t to say th a t i t i s s u b - t r o p i c a l 

being considerably modified by maritime i n f l u e n c e s . The annual 

range 6$ temperature i s l i t t l e over 10°F between the l i m i t s 

70 83°F. Th&.minimum temperature ever recorded was only s l i g h t l y 

l e s s than 50°C and the r e f o r e there i s never any f r o s t . 

The average r a i n f a l l i s 50 inches per ye a r , f o u r - f i f t h s 

of which f a l l s i n the months May - October. 

The p r e v a i l i n g winds are Trade winds being mostly i n a due 

east d i r e c t i o n . 

LAKES OF BAHAMAS. 

A considerable proportion of the t o t a l a r e a of the i s l a n d s 

i s occupied by i n l a n d l a k e s . There are v a r y i n g numbers of l a k e s 

on a l l of the l a r g e r i s l a n d s but\the c h a r a c t e r of them v a r i e s 

c o n s i d e r a b l y . Many are quite l a r g e . "The Lake" on Inagua i s 

18 m i l e s long and h a l f as wide. .Another l a r g e one i s the "Great 

Lake" on Watling's I s l a n d or San" Salvador (the l a n d f a l l of 

Columbus) and i t i s b e l i e v e d to be the one seen by Columbus 

on the morning of the day he landed t h e r e . At the other extreme 

are very small bodies of water or ponds. A few of the l a k e s are 

q u i t e deep, whereas many are so shallow as to pass over/imperceptibly 

i n t o swamps or "swashes 0 with here and there a patch of open 

water. Such i s Lake K i l l a r n e y on the i s l a n d of New Providence. 

A few of these l a k e s contain water f r e s h enough to drink while 

at the other extreme are " s a l t pans" with a s a l i n i t y exceeding 

t h a t of sea-water. 

/Mention 
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Mention should a l s o be made of the ocean-holes which are not p a r t i c u l a r l y big but are v e r y deep and contain s a l t water and support marine l i f e . The l e v e l of these r i s e s arid f a l l s with the t i d e and here again there are a l l p o s s i b l e gradations from these v e r y deep ocean holes to much shallower nbanana-holes n which may be .85 f e e t deep and which may or may not contain water but which u s u a l l y contain humus and b l a c k s o i l -I n the matter of t i d a l ebb and flow, again t h e r e are many gradations between those which are d e f i n i t e l y t i d a l through those i n which the t i d a l e f f e c t i s l e s s pronounced to those such as the p a r t i c u l a r l a k e under c o n s i d e r a t i o n i n which connection with the sea cannot be deduced from any ebb and flow because t h i s does not occur. As a r e s u l t i t i s not s u r p r i s i n g t h a t a cons i d e r a b l e amount of popular misconception e x i s t s concerning t h i s matter of d i u r n a l v a r i a t i o n . o f the l e v e l of Bahamian l a k e s . 

The l a k e s a l s o vary i n r e s p e c t of p r e c i p i t a t i o n of marl. 

There i s u s u a l l y marl present but the amount v a r i e s from only a 

l i t t l e t o many f e e t , i n many cases d i s p l a c i n g the water i t s e l f 

and changing the la k e i n t o a swamp. 

I t i s i n t e r e s t i n g to conjec t u r e j u s t how f a r these v a r i o u s 

gradations of l a k e c h a r a c t e r i s t i c s may be i n d i c a t i v e e i t h e r of 

the course of the development of any one advanced or senescent 

l a k e or the f u t u r e changes l i k e l y to occur i n any one r e l a t i v e l y 

young and undeveloped l a k e . 

U s u a l l y there i s not any surface outflow by which they are 

drained nor yet i s there any s u r f a c e i n f l o w such as a stream or 

/ri'vey 
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r i v e r such geographical or phyiographical f e a t u r e s being compara­
t i v e l y unknown to the Bahamas though.a few are s a i d to e x i s t on 
the west s i d e of Andros but even these flow only at c e r t a i n 
times i n the year.. 

I t would be i n s t r u c t i v e to have some data on the h e i g h t s 

above sea l e v e l of these l a k e s but at the moment no such f a c t s 

are a v a i l a b l e . 

Commonly the margins are surrounded by mangroves,buttonwood 

and other p l a n t s t y p i c a l of l a k e or marsh borders. Many of these 

are a l s o common to the sea-rshore. 

There i s very l i t t l e other information a v a i l a b l e concerning 

the f l o r a of these l a k e s and of t h e i r margins. I t i s presumed 

that the fauna i s considerably v a r i e d but l o c a l knowledge of t h i s 

matter i s not to be r e l i e d on and there i s a lamentable l a c k of 

r e l i a b l e l i t e r a t u r e dealing w i t h ' i t . 

POSITION OF LAKE. (See F i g . 1 on page 13) 

Lake Cunningham l i e s i n the.middle of the length of New 

Providence which i s l e s s than 20,miles long (E to W) and about 

7 m i l e s broad (N to S) at i t s widest point. The l a k e l i e s i n 

longitude 77° 30* W and l a t i t u d e 25° 0* N* I t l i e s i n a WNW -

•ESE d i r e c t i o n about 1 mile from the sea on the north s i d e between 

two r i d g e s both of which are f o s s i l i z e d sand-dunes. To the 

north i s Prospect Ridge running p a r a l l e l to the l a k e and nowhere 

( o r , erroneously, Blue) H i l l s which i n p l a c e s reach an e l e v a t i o n 

of 100 f e e t . 

/The 
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The maximum length of the lake i s 4050 yards or ju s t over 

Z\ miles. This i s from the extreme east end to the exteeme 
_w.e^.t_end_of_the South Arm which i s some 2500 yards long and _ 
separated "by a narrow peninsula from the Worth Arm which i s 1300 
yards long. I n di r e c t l i n e with t h i s peninsula and 150 yards 
from i t s east end i s a small island, Burnside Cay, which i s 300 yeads 
long. The width varies "but i s about 300 yards or s l i g h t l y more 
at i t s F/idest. The area of the lake exclusive of Bnrnside Cay i s 
518 acres or 0.81 square miles. This data has teen taken 
from United States Hydrographic Chart of New Providence No. 137,7 
the authority f o r which i s B r i t i s h Admiralty Chart No. 1489. 

The depth of the lake w i l l be described i n d e t a i l l a t e r 
s u f f i c e i t to say here that the maximum depth of water above 
the false bottom of marl i s 13 feet.. 

METHODS. 
Sounding 

For this, purpose a brass chandelier chain about 20 feet 
i n length was used with a suitable weight attached t o the end. 
The chain was marked at inte r v a l s of one foot with brass discs 
with the depth impressed on them* Where possible traverses were 
made across the lake between points whose positions could be 
accurately located on a map. Convenient marks were the east and 
west ends of Burnside Cay and the east end of the peninsula and 
on the north shore, the east and west boundary walls of three 
YTn ̂  TTO +" r\ 1 e? r\f* 1 * ? v i ^ I* «•* 1 rs<? o -vtr\r+ A T"* O-v» +• •f 1*rj /-s vn 4- Vx /•-, e-« r». v a i A *.» x V &. v » - u ».» V * ' •' ' 1 *-J J," -•- -»- • t£ 1 » ' <-*«.• * £%:* t? • • «..'»••"• v ' • *-- ». T-*.1. 

points which were located i n too small an area to be of very 
much help i t was impossible to f i n d any salient features i n the 

surrounding land the location of which could be set down on a 
/map 
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PIGURE 1. 
MAP OP NEW PROVIDENCE. 
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The d i f f i c u l t y was solved as well as possible by commencing from 
one or other of these known f i x e d p o ints, s e t t i n g the boat on a 
s t r a i g h t course on the lake and reading the d i r e c t i o n of the 
course from a small mariner rs compass f i x e d i n the boat f o r the 
purpose. On reaching the opposite shore the boat was set on a 
new course f o r the opposite shore. By making a series of such . 
courses and by observing the d i r e c t i o n of the course each time 
on the compass, progress was made along the lake either t o the 
east or t o the west and f i n a l l y ending at a point- on the shore 
which could be located on the map - such as the south-east 
corner. On the retur n t r i p a series of courses was set as fa r 
f a r as possible to criss-cross with the f i r s t series. I t was 
obviously necessary that each series should begin and end at some 
point whose po s i t i o n could be d e f i n i t e l y set down on the map so 
that any errori-in reading the compass (accuracy v:as possible 
only w i t h i n a margin of about 2°;On each side.) could be evenly 
d i s t r i b u t e d among a l l the traverses i n one series .in'the manner 
of "closing" a surveyor's traverse 1 on land. 

• f* 

I n order to operate t h i s system satisfactorily., four people 
were necessary. One kept the boat on a course by picking out a 
suitable mark such as a conspicuous tree and made the observations 
with the compass. A second i n the bow called out the., time from 
a stop watch at i n t e r v a l s of 20 seconds. The t h i r d took soundings 
by swinging the lead forward i n approved fashion and the f o u r t h 
recorded i n a book the soundings made and the d i r e c t i o n , o f the 
course. By going at f u l l speed with a h a l f to one horse power 
engine i t was possible to make a maximum of 16 to 17 soundings 
i n a single traverse across the lake at i t s widest point. 

/Water 



-15-
WATER-LEVEL, 

For a time a convenient mark was made on a fi x e d i r o n post 
i n the water and the l e v e l above or below t h i s mask was measured 
by r u l e r and recorded as n+x" or n - x n inches." Later a suitable 
piece of wood was painted and marked o f f i n i n t e r v a l s of l / 8 t h n 

and iftiXed t o a private wharf. As the height of the lake above 
sea-level i s not d e f i n i t e l y known the figures on t h i s scale were 
purely a r b i t r a r y . I t was believed to be more convenient t o r e t a i n 
the f i r s t method of ?/riting down levels and an average l e v e l was 
established and called zero. Levels are therefore recorded as 
being' above (*) or belor/ (•-)• t h i s zero mark. This method gives 
a much clearer impression of t h e ' r e l a t i v e l e v e l of water than the 
use of any a r b i t r a r y numbers. 

TRANSPARENCY. TEMPERATURE AND BENSITY. 
An ordinary Secchi disc was used i n the usual manner. 

Temperatures were recorded (a) a i r temperature i n the shade 
(b) surface water temperature i n the shade of the boat (c) 
water temperature on bottom by sending the thermometer down 
inside the apparatus f o r obtaining oxygen samples (described below) 
and by reading' i t while s t i l l i n the water immediately' on fetching 
the apparatus t o the surface. As the depth was not great no 
appreciable change i n temperature of the bottom sample took place 
befpre the thermometer was read. These- temperatures were always 
made i n duplicate and no discrepancy was observed. A l l 
temperatures were recorded to 0.1C°. They were l a t e r transposed 

A 
to the Fahrenheit scale.. 

/Density 



Density was measured "by a f l o a t i n g hydrometer graduated i n 
thousandths from 1.000 to 1.100. The temperature of the water 
at the time of t h i s observation was also recorded. 

EYDR0GEN ION EXPONENT (pH) AMD OXYGEN. 
The pH was found to l i e i n the range of Thymol Blue ( a l k a l i n e 

range 8.0 - 9.6). and .so t h i s indicator was used. .In the absence 
of a series of buffer solutions of known pH (comparator .tubes) . 
an attempt was made to use a Colour Chart of Indicators, a r e p r i n t 
from "The Determination of Hydrogen Ions",by W.Mansfield Clark 
and prepared by the Williams and Wilkins Company of Baltimore, 
U.S.A., in,which the colours of comparator solutions i s recorded 
on paper with p r i n t e r ' s ink. This method i s most unsatisfactory 
and cannot be used with accuracy w i t h i n 0.1 pH. I t was therefore 
judged useless t o keep any number of such observations. , 

Dissolved oxygen was estimated by the Winkler method as 
outlined by Thresh, Eeale and Suckling (1926) and the samples 
were taken with the usual precaution t o avoid contact with a i r 
i n the apparatus i l l u s t r a t e d i n Fig. 2 on page 17. 

The apparatus was lowered by chandelier chain marked o f f 
i n feet from the l e j j e l of the i n l e t . 

A d i f f i c u l t y that was encountered upon occasion - c h i e f l y 
a f t e r prolonged wind when the water was s t i r r e d up was that the 
addition of acid l i b e r a t e d carbon dioxide from the p a r t i c l e s of 

/marl 
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FIGURE 2. 
OXYGEN SAMPLING APPARATUS. 
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marl i n suspension. How f a r t h i s affected the accuracy of the 
estimation i s not known but f o r t u n a t e l y i s occurred r a r e l y and 
i t was always possible to repeat the analysis a few days l a t e r 
a f t e r the suspended material had s e t t l e d . 

CHEMICAL ANALYSIS FOR SOLUTES. 
I n a l l these analyses the methods outlined by Thresh Beale 

and Suckling i n "Examination of Water and Water Supplies" 
(1926) were followed with a fevy exceptions as indicated. 

Total Solids, were determined by evaporation of 50ccs. of 
water and by.drying the residue at 180°C. F i r s t attempts 
revealed that the residue was so hygroscopic that any degree of 
accuracy was impossible. Various modifications.were attempted 
and f i n a l l y the method of p r e c i p i t a t i n g soluble salts of calcium 
as carbonate and magnesium as basic carbonate by the addition of 
sodium carbonate was adopted.. I t was found by practice and by 

i . . . . 

c a l c u l a t i o n that 1 gram of sodium carbonate was a s u f f i c i e n t 
excess. Accordingly, to every 50ccs of water lOccs of a 10$ 
sol u t i o n of sodium carbonate were,added and a deduction made 
from the weign^aboui 0.002 grams and therefore a l l r e s u l t s were 
recorded to the second decimal place. 

Ammonia Free ammonia was estimated by d i s t i l l a t i o n and 
Nesslerization of the d i s t i l l a t e and albuminoid ammonia bjr d i s t i l l a t i o n , 
a f t e r addition of alkaline potassium permanganate, of the 
residual water a f t e r estimation of free ammonia. 

/Nitrates 

Omission; 
"of the residue. This method was found to be accurate to w i t h i n . . " 



-19-
N i t r a t e s . These were reduced by zinc-copper couple and estimated 

as ammonia. After deduction of free ammonia the r e s u l t was 
converted t o (N0 3) by mul t i p l y i n g by 3.648. 

1 

Phosphates. These were determined by Deniges eolorimetric 
method as modified by F l o r e n t i n and Atkins. As the water i s 
p r a c t i c a l l y colourless very l i t t l e d i f f i c u l t y was encountered 
i n colour comparison with standards. 

S i l i c a was estimated by ammonium molybdate and sulphuric 
acid, comparison of colours being made as usual with p i c r i c 
acid solutions. 

Chlorine as chlorides was present i n such large amounts 
that the method adopted was to t i t r a t e only lOccs of water ggainst 
standard s i l v e r n i t r a t e solutions of strength lcc = 10 mgs. CI 
t h i s being ten times stronger than the solution suggested by 
Thresh Beale and Suckling. Potassium chromate was used as i n d i c a t o r . 

Free C0g was determined by t i t r a t i o n with N/20 sodium carbonate 
solution using phenolphthalein as i n d i c a t o r . 

Combined CO© was estimated as outlined i n the American Public 
^^^^^^^^^^^^^^^^^^^^ ^ ^ S i 

Health Associations "Standard Methods f o r fehe Examination of Water 
and Sewage" (1933). 100 ccs of the water i s t i t r a t e d with N/50 

^sulphuric acid, f i r s t of a l l t o an end point about pH 8.0 using 
phenolphthalein and then to an end point about pH 4.0 using 
methyl orange. The r e l a t i v e amounts of half-bound and bound carbon 
dioxide were computed from the volume of acid required i n each 
t i t r a t i o n . Since i n t h i s case the phenolphthalein a l k a l i n i t y 
was less than Balf the methyl orange or t o t a l a l k a l i n i t y the 

/value 
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Value of normal carbonate present expressed i n terms of parts 
CaCOs/million was equal t o twice the t i t r a t i o n phenolphthaiein 
a l k a l i n i t y , . a n d the bicarbonate present expressed i n terms of 
CaCOg/million was calculated from the formala (T - 2P) where 
T,= t o t a l a l k a l i n i t y and P = phenolphthalein. 

The respective.:values of [COg"] and [BCOgiJ: were then computed 
and also.the amount of COg present i n the form of normal -
carbonate and bicarbonate. From t h i s the bound COg was computed 
by adding the COg present as (COg) with one-rhalf that present 
as (HCO3). The half-bound COg was equal t o h a l f that present 
as (HCO3). 

Sulphate. The amounts of sulphates present were found toffee 
so considerable that i t was most convenient t o estimate them 
gr a v i m e t r i c a l l y . The method used was that outlined by Newth < 
i n "Chemical Analysis, Qualitative and Quatitative". The method 
consists es s e n t i a l l y i n p r e c i p i t a t i n g the sulphates with barium 
chloride i n the presence of ammonium chloride t o eoagulate the 
p r e c i p i t a t e , f i l t e r i n g and i n c i n e r a t i n g . The weight of the residue 
i s m u l t i p l i e d by 0.412 to obtain^the value of SO4".. /' 

Calcium. Again the method outlined by Newth- was used. The 
Omission: 

Magnesium . The gravimetric method according to Newth i s 
to p r e c i p i t a t e the magnesium ..(from the f i l t r a t e a f t e r removal of 
calcium) by disodium hydrogen phosphate, f i l t e r and incinerate. 
The weight of the residue m u l t i p l i e d by 0.2162 gives the value 
of Mg. i n grams. 

/Sulphuretted 
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Sulphuretted Hydrogen was tested f o r with lead acetate and 

estimated "by t i t r a t i o n against N/100 iodine'solution i n the 
presence of starch as in d i c a t o r . Ice of N/100 iodine i s equivalent 
t o 0*17'mgs Hg S. 

BIOLOGICAL EXAMINATION. 
PLANKTON. Qualitative samples were' obtained bjr drawing' 

a townet of b o l t i n g c l o t h (175 meshes t o the inch) behind the boat 
with engine running at very slow speed. 

Quantitative samples were taken by passing 16 j a r s f u l l 
(40 l i t r e s ) of water through a smaller net v;ithi;166i'; meshes 
to the inch). 40JS formaldehyde was added equal i n volume t o 
1/lOth. t o t a l volume of l i q u i d thus preserving the organisms i n 
a 4j£ solution. The plankton was counted i n the following manner. 
The catch' was ?fell shaken and a glass tube inserted v e r t i c a l l y -
i n the l i q u i d and resting on the bottom of the j a r . , A fing e r 
Omission: 
"removed to a small t e s t tube. By t h i s means a constant and 
d e f i n i t e proportion of the t o t a l volume of the catch was " 

t h i s depending on the fact thatT~the area o f - t h e cross" s'ection ofT 
the glass tube bore a fi x e d d e f i n i t e r a t i o t o the surface area 
of the j a r containing the catch. As both j a r and glass tube 
contained the same height of l i q u i d the volumes were also i n 
the same r a t i o . Very conveniently a length of glass tube was used 
the whole time which removed exactly l/100th. part of the catch 
every time t h i s simple operation was repeated. A counting c e l l 
was made from two ordinary microscope s l i d e s , one being cut 
with a diamond, such that i t had two p a r a l l e l troughs in. depth 
equal t o the thickness of one s l i d e . These were f i l l e d with 
the l i q u i d , drawn by the tube from the catch, by.means of a f i n e 

/ p i p e t t e . 



pipette., I n the absence of a mechanical stage the s l i d e was 
moved over the stage by hand so that every part of each trough 
was closely examined. The numbers of organisms counted i n t h i s 
l/100th. part were.then divided by 0.4 to obtain the numbers of 
organisms per l i t r e of lake water. - ' • 

COUNTING CELL. Fig. 5. 

j 

' i , 

ACTUAL 5IZE. 
Nc^s 1 - 7 , indicate pieces of slid e cut with a diamond and 
cemented to the lower s l i d e with Canada balsam. 

Although a l l the plankton counts were made from catches 
taken i n t h i s way i t was realized that t h i s method.cannot be 
accurate as far,as the free-swimming organisms were concerned. 
I n the f i r s t case most i f not a l l of the catches were taken i n 
the afternoon i n b r i g h t sunlight when such free-swimming organisms 
would tend to move down to a lower l e v e l i n the water. Secondly, 
what free-swimming organisms did remain i n the top 12 inches of 
water would be caused t o move away from the spot where the sample 
was being taken by the strong water currents i n e v i t a b l y caused 
by plunging i n the j a r , v i o l e n t l y f i l l i n g i t . and removing i t 
on 16 consecutive occasions. , . ... 

l i . 

NEW TYPE PLANKTON TRAP. 
To eliminate errors from both of these sources experiments 

/were 
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were made l a t t e r l y w i t h a plankton trap demonstrated t o the w r i t e r 
i n the summer of 1940 i>y Dr. R.R. Langford of the- Department 
of Biology, University of Toronto at the laboratory of the 
Ontario Fisheries Research Board on Lake Ospeongo i n Algonquin 
Provincial Park i n Ontario, Canada. At that time "Dr. Langford 
was himself experimenting with the trap and had not yet perfected 
i t . (Biagrams of the trap are on Fig. 4 on page 25). 

I t consists es s e n t i a l l y of a rectangular copper or galvanized 
i r o n box M 11° t a l l x 5§-n square with a recess on one side 1-|" 
deep t o accommodate the door N when open. The door i s 6^" x 5|n 

and i s pivoted on a brass rod R.• Soldered to both ends of t h i s 
rod outside the box are two levers L attached by strong springs 
S to two pegs P soldered t o the other end of the base opposite 
the p i v o t i n g bar. These springs cause the door t o f l y shut when 
the catch holding the door open i s trip p e d . The bottom of the box 
carries a square hole leaving a narrow flange around the outside 

wide except at the side near the piv o t i n g bar where i t i s 
X i " wide. The j o i n t between door and flange i s made water t i g h t 
by 1/8" sheet rubber C fastened t o the flange on the 
inside. The door carries a c i r c u l a r hole with a c i r c u l a r band 
D soldered t o i t s circumference 4-1" i n diameter. To t h i s i s 
fastened, the upper end of a b o l t i n g c l o t h cone of Wo.18 clot h . 
F which bears at i t s lower narrow end the bucket as described 
by War& and Whipple i n "Fresh Water Biology", from the Wisconsin 
plankton net designed by Professor E.A. Birge. Lest the weight 
of the bucket when suddenly dropped (when the catch i s tripped) 
should tear the net i t i s supported from the metal band- D by 
two s t r i n g s . To the upper end of the box i s attached by a 

/metal 



-24- -
metal band K a long cylinder G of heavy unbleached cotton, 6 n 

i n diameter and supported by metal ring's H sewn to the inside 
at i n t e r v a l s . o f 6 n. Before being used the door i s opened and held 
open: by the rod B and. the bucket i s clamped i n the bracket A. 
The box i s lowered gently ( t o avoid causing too much, current i n 
the water) i n t o the lake, followed by as much c f the"cylinder''-as" 
is^necessary t o carry the box to the desired depth. -By p u l l i n g 
a s t r i n g J the catch B i s tripped thus releasing the door which 
i s immediately closed by the spring S end at the same time, by 
a series of levers whose action can be seen from the diagram, 
the bucket i s shot out of the bracket A. A column of water of 
known diameter and known height i s therefore enclosed i n the trap 
and as the trap i s slowly removed from the lake t h i s column of 
water i s f i l t e r e d by the cone F and bucket. The volume of the : 

f i l t e r e d water may be calculated and the organisms counted i n 
the usual way. By t h i s apparatus a sample of plankton may be 
taken from the whole depth of a'lake of moderate depth or from 
whatever stratum of water i s desired i n a lake of any depth. I n 
t h i s p a r t i c u l a r lake a sample representative of the t o t a l plankton 
population i s obtained no matter.what the temperature or i n s o l a t i o n 
or resultant v e r t i c a l d i s t r i b u t i o n of organisms. At the same 
time, by v i r t u e of the fact that"-.there i s nothing to cause a great 
current of water as the trap i s lovjered, (as there i s i n the 
Wisconsin plankton t r a p ) , the error due to moving away of free -
swimming organisms i s reduced to a minimum. 
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PIGURE 4. 
PLANKTON TRAP. 
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COLLECTION OF INSECTS 

Adult forms of insects were trapped as they emerged 
from pupal skins at the surface of the water. A frame of wood 
(see F i g . 5 page 27) 2 feet square was constructed and floated 
by means of two c y l i n d r i c a l t i n cans (with l i d s and j o i n t s 
soldered to make them water-tight). These were attached at 
opposite sides by brackets f i t t i n g into s l o t s so that they 
could be quickly and e a s i l y detached to l i f t the trap out of the 
water. Two lengths of 1/8" wire were bent into the form of two 
arches from corner to corner.. Across these was stretched t i g h t l y 
a double thickness of cheese-cloth (or butter-muslin or mosquito 
netting) and tacked by drawing pins to the wooden frame. The 
trap was set where desired and kept i n position by a rope attached 
to an anchor, the rope being connected to both buoys so that these 
did not f l o a t away when the trap was l i f t e d . When emptying the 

I 
trap the frame and "tent" was l i f t e d from the water into the boat 

t 
and rested on a wide seat. The insect s were removed by t i l t i n g 
the frame on one side and touching the insects l i g h t l y with a 

i 
i 

small wad of cotton wool soaked i n alcohol attached to the end 
o 

of a s t i f f wire. They^v/ere immediately transferred to alcho l . 
A 

COLLECTION OF FISH. 
These were collected i n a trap (see F i g 6 on page 28) 

A frame was made of thssee c i r c u l a r 3/8" galvanised iron rings 
8 n i n diameter and soldered to three 3/8° iron bars 24" long 
i n the form of a cylinder. This frame was covered with mosquito 
wire screening ma8e of a sp e c i a l anti-rust wire (Monel). At 
one end was made a cone of t h i s wire with the wide end soldered 
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PIGURE 5. 
INSECT TRAP. 
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PIGURE 6. 
PISH TRAP. 
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to the end ring and the narrow mouth ( l M wide) directed inwards. 
F i s h tend to follow the sides of the cone and so enter the trap 
Jand are not able to find the way out. The other end of the 
trap i s closed "by a hinged door which can be opened to empty 
the trap. An anchor attached by a very short rope to the lower, 
side of the trap keeps i t stationary and a rope fastened to a 
'buoy suspended the trap j u s t above the bottom and,' at the same 
time, marked i t s position. For counting purposes the trap was 
emptied into a large bucket and the f i s h removed with a net, 
[sorted and counted. 

BOTTOM FLORA AND FAUNA. 
The plants growing on the bottom were obtained by means of 

a dredge of common type. 

The bottom fauna consisted c h i e f l y of bivalve molluscs 
and these l i v e d i n the mud. The, dredge simply scraped the surface 
and brought up an add assortment :of broken scraps of s h e l l s . 
An apparatus (see F i g . 7 page SO) was therefore constructed to 
obtain mud samples at any required depth. I t *as also used to 
.record temperatures at varying depths i n the mud. A c y l i n d r i c a l 
t i n about 2f" inches diameter and 9 i n s . long (such as i s used', 
for packing tennis b a l l s under pressure) was used and a piece 
cut out of the side 2|" x 6". A smaller concentric cylinder 
rotated inside and had a flange which protruded through the 
"window" i n the outer jacket, t h i s flange being about 6" x 2". 
The window could be closed or opened by rotating the inner cylinder. 
A pointed cone 6" long and of the same maximum diameter as the 
t i n was soldered to the lower end and the top was closed by a 
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c i r c u l a r piece of wood i n which was f i t t e d a wooden handle 8 feet 
long marked off i n -| feet. Before being driven into the mud the 
yvindow was closed and when the desired depth was reached a twist 
of the handle caused the doer to open as the flange was held 
by" the mud and prevented the inner cylinder from turning. By 
continuing t h i s twiefe the flange scooped mud into the sampler. 
The sampler was closed by a quick backward twist and then l i f t e d . 
I f necessary a temperature of the mud was taken immediately by 
i n s e r t i n g a thermometer into the middle of the mud through an 
H shaped s l i t bored i n the side of the t i n . The mud was. then sieved 
through wire mosquito screen. 

THE RESULTS. 
I . Higher Plants. 

i " 

The paucity, and i n many places, complete absencej; of l i t t o r a l 
vegetation i s very pronounced. The only emergent hydrophyte 
(the c l a s s i f i c a t i o n used by Welch i n "Limnology" i s here referred 
to ) i s the common mangrove, Rhizophora Mangle (3L) . This forms 
a belt of varying width around the lake but ite width i s most commonly 
narrow, amounting to only a few feet and i n many pl a c e S j e s p e c i a l l y 
at the western end of the lake and the eastern end of Burnside Cay 
and the eastern end of the peninsula where the shore i s mostly 
bare rock, i t i s absent for considerable distances. Except where 
the belt i s absent as j u s t mentioned, the wi'fith of the zone seems 
to bear d i r e c t relationship with the depth of the water near the 
shore. Thus the greatest development i s found at the.east end 
and on the nofcth shore p a r t i c u l a r l y east of Anderson's Wharf, 
the north shore of the south arm aiid at the west end of Burnside 
Cay. I n these places there are iso l a t e d patches extending 30 
to 40 feet into the lake. The mangrove flourishes where the 
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water i s not more than 3 feet deep and the locations described 
have a greater area of inshore water of t h i s shallow depth than the 
south shore of the lake where the bottom slopes more quickly. 
There are instances on the north shore where an i s o l a t e d shelf of 
rock extends some distance into the lake 2 - 3 feet below the surfa 
of the water to the lakeward side of which i s a steep drop. On 
these shelves the mangrove grows out into the lake ceasing where 
the shelf ends. 

I The reason for. t h i s d i s t r i b u t i o n i s f a i r l y obvious.' B a i l l o u 
H i l l s to- the south have a steeper slope, which i s continued into 
the lake, than-Prospect Ridge to the north. Complete absence 
of the mangrove•from the west end of the north and south, arms and 
jthe east end of the peninsula and the cay i s no doubt due to the 
fact that prevalent winds are easterly and wave action i n the local­
i t i e s removes any bottom sedimerit ..that might offer a' foothold 
to the roots. This also i n some part explains the narrowness of 
the belt of mangrove along the southern shore which, due to the 

4 

WSW - ESE direction of the lake,experiences more wave action than 
the north shore. This wave action i s b e a u t i f u l l y evidenced by 
the l i n e of foam b u i l t up along the whole of the south shore 
and i n the other l o c a l i t i e s moved by a fresh breeze. 

Of Welches "floating hydrophytes" there i s no example at 
a l l either rooted or fre e - f l o a t i n g . 

There are but three submerged hydrophytes. The commonest 
i s the tufted alga Batophora Oerstedi. The occurrence of t h i s 
i s influenced la r g e l y by wave action. I t grows abundantly wherever 
there i s opportunity for attachment and not s u f f i c i e n t movement 
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of water to wash i t away. As a r e s u l t i t grows densely i n those 
same l o c a l i t i e s where mangrove occurs. The a e r i a l roots of the 
mangrove are covered with' i t right up to the surface of the 
water. I n small sheltered "bays on the north side east of 
Anderson*s Wharf where the. water i s always clearer the bottom i s 
densely covered with a luxuriant growth of t h i s alga. The other 
submerged plant i s Chara Hornemannii (Wallm) which i s l e s s common 
than Batophora, but which occursin very s i m i l a r s i t u a t i o n s i Although 
the most abundant growth of both these plants occurs i n shallow 
water they appear to be able to grow at any depth found i n t h i s 
lake,. IscLated patches a few feet i n diameter are a common sight 
i n deeper water- and a dredge seldom f a i l s to bring up a few pieces 
of one or other of these plants though more commonly the Batophora 
i s the plant appearing i n such dredging. 

Immediately behind the mangrove belt and very often mixed-
i n with i t i s a very varied c o l l e c t i o n of plants which, though 
not ••cohering a great area, i s of exceptional b i o l o g i c a l i n t e r e s t . 
For i n t h i s narrow belt there are to be found herbs and shrubs 
with hydrophytic adaptations andrwith xerophytic adaptations, plants 
commonly associated with sand-dunes and plants associated with 
inland f l o r a , plants'-associated with marshes and swamp f l o r a , 
p a rasites, iemiparasites, vines,' saprophytes, saprophytes and 
epiphytes. The zone i s reached by what i s described i n Shattuck 
(1905) as Coppice. We are not concerned here with a description 
of the Coppice growth s u f f i c e i t to. say that the slopes of 'Baillou 
H i l l s are covered with High Coppice while on the north Prospect 
Ridge supports Low Coppice. Plants of the Coppice are frequently 
found down near the water's edge. 

/Most 
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Most conspicuous i n t h i s marginal belt i s Conocarpus e r e c t a ( L ) , 

jButtonwoody which for the most • part i s merely a shx*ub. Associatedd 
;with i t i n no regular manner are the shrub. Baecharis angustifolia 
(Michx) and the sedge Mariscus jamaicensis (Crantz) Saw-grass; the 
fern Acrostichum aureum (L) and the low grass D i s t i c h l i s spicata ( L ) . 
Outstanding are the scattered specimens of Sabal palmetto (Walt) 
the c h a r a c t e r i s t i c palm of wet places. There are occasional specimens 
of Coceothrinax argentea (Lodd) which are strays from the coppice 
behind which i s t h e i r usual habitat. 

Pesculiar to marshy and wet habitats but occurring i n l e s s 
abundance are Annona glabra (L) Pond-apple; Eustoma exaltatum 
( L ) , Marsh Gentian; Lippia stoechadifolia ( L ) ; Aster Bracei 

( ( B r i t t o n ) , an endemic species; Agalinis s p i c i f l o r a (Engim); 
Rynchospora sp; Beaked rush; Dichromena Jolorata ( L ) , White-, 
headed Rush; Chrysobalanus I c a e o - ( L ) , Cocoplum. 

This sees to be the i d e a l habitat for the epiphyte 
T i l l a n d s i a which grows i n great profusion on the branches of the 
mangrove. The following species'were found; T. Balbisiana 
(Schultes), T. f a s c i c u l a t a (Bw) and a T. a l o i f o l i a (Hook). 
To overcome the lack of water r e s u l t i n g from t h e i r habitat the. bases 
of the leaves are convex and closely appressed thereby acting as 
a very e f f i c i e n t receptacle for the storage of water f a l l i n g as 
r a i n . Their boots serve the function of anchorage s o l e l y , being 
so t i g h t l y bound around the branch of the tree that often the 
easies t way of taking a specimen i s to break the branch. I n 
addition to these habitual epiphytes there are occasional specimens 
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of Ficus epiphytic only i n the younger states. Another epiphyte 
usually found on Sabal i s the Serpent fern Phlebsodiuni aureum 
! 
( I i ) . An occasional epiphytic ordhid i s found. 

The t r a i l i n g and climbing vines show gradations from s e l f -
Sufficiency as f a r as food i s concerned to a state of complete 
parasitism as i n the case of Cassytha americana (Wees), Love-vine, 
whose slender stems often form.such a-dense mat on.the host plant 
as to-obscure i t almost.completely. Cuscuta i s not found i n t h i s 
habitat nor indeed on the i s l a n d of New Providence at a l l though 
i t does occur on other Bahamian Islands. Other vines growing, i n 
t h i s belt are P h i l i b e r t e l l a clausa (Jacq.), milk-vine; Mikania 
scandens ( L ) ; Hhabdadenia paludosa (Vohl). Both of these are 
peculiar to wet places. Others which occur i n a greater v a r i e t y 
of habitats are Rajania microphylla Knuth; Smilax sp.5 Cryptostegia 
grandiflora (R). , ' 

Shrubs and herbs of the common to t h i s habitat and sand-dunes . 
are; Borrichia arborescens ( L ) , Bay marigold; R a c h i c a l l i s americana (Jacq 
Scaevola Plumierii ( L ) , Inkberryj r i a r i occasional' Casasia C l u s i a e f o l i a 
(Jacq.); Chrysobalanus Ieaco (L)"j Cocoplum; E r i t h a l i s f r u t i c o s a ( L ) , 
Black-torch. 

Occurring here and generally throughout the i s l a n d there are 
a number of plants which may be considered as having strayed 
into t h i s marginal zone from the coppice behind and are able to 
withstand the additional dryness occasioned by more rocky s o i l 
but c h i e f l y due to s a l t water, Thece-i include Metopium toxiferum 
( L ) , Poison-wood; Cassia bahamensis ( M i l l ) , Stinking Pea and other 
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Cassia spp; Leueaena glauca (L) j Pithecolobium guadalupense 
(Chapm), Ram' s-horn; Zanthoxylum Fagara ( L ) , Wild-lime; Agava 
sjisalana (Engelm), SisaM, an escape from c u l t i v a t i o n ; Mimusops 
emrginata ( L ) , Wild Sapodilla;. Coccplobis sp., Pigeon plum; Acacia 
choripphylla (Benth) Cinnecord; Myroxyion i l i c i f o l i u m (Northrop); 
Anemia a d i a n t i f o l i a ( L ) ; Calyptranthes p a l l e n s ( P o i r ) , White 
Stopper. 

Saprophytes were represented i n t h i s all-embracing marginal 
bjelt by an occasional bracket fungus (\i5iientified)§.nd other 
agarics (unidentified). 

MARSH AT EAST END. 
At-::the east end of the lake i s a large area of f l a t ground 

surrounded on the north, east and south by honey-comb rock and 
bordered oh the west by the lake. 1 After a few days of r a i n the 
whole of t h i s area becomes swampy and a large part of i t has 
water above the s o i l . Alternating with t h i s t o t a l l y waterlogged 
condition, evaporation by the sun.dries out the top few inches of • 
s o i l leaving i t cracked into smali slabs, i n appearance much 
akin to an enormous jig-saw puszle. 

{ 

• V 

Here i n t h i s marsh as nowhere else around the lake the 
vegetation i s marked-ly zoned. These zones were measured 
approximately by pacing and a map of t h i s marsh was drawn (see 
Fi g . 8 page 3 9 ) . Walking east from the margin of the lake along 
a l i n e continuous with the long axis of the lake the following 
zones may be described. Immediately bordering the lakg and 
for the most part growing i n it . was the usual zone of Rhizophora, 
The width of the zone here v a r i e s . I t i s very narrow at the 
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S3L corser, about 10 vends wide i n the middle of the east end 
and increasing to 50-100 yards i n a few places along the north 
shore where the mangroves extended into the lake .as previously 
described. Immediately behind t h i s zone was a zone resembling 
the marginal zone described previously, being here a confused 
mixture of Rhizophora, Conocarpus and Baccharis a l l three being . 
covered densely with the parasWe Cassytha. The lower stratum 

A 

of vegetation included Borrichia, Acrostichum, Mariscus, Aster, 
Eustoma and Agalinis. I n the middle of the east end t h i s zone 
i s febout 10 yards wide but around the WE corner and along the 
north side i t increases to 50 yards and then f a i r l y quickly 
narrows into the usual width of ai few yards as around the r e s t 
of the lake. To the east of t h i s zone i s a zone about 64 yards 
wide containing only two plants ccoh growing in/fewo distinct, 
l a y e r s . The large one'was the shrub 3accharis and the lower 
Mariscus. At the WE corner the Baccharis disappears and the Mariscus 

i 

continues, merging into the next zone. This i s a peculiar 
zone i n -which there i s a reappearance of Rhizophora and Conocarpus 
forming clumps l i k e islands standing up i n a sea of Mariscus. 
This gsone extends east for 89 yards but at the north east 
corner the clumps of Rhizophora aftd Conocarpus abruptly disappear 
and the remaining Mariscus merges.into the Mariscus of the 
previous zone to form a wide zone', of pure Mariscus which quickly 
narrows and f i n a l l y merges' into zone 2 which continues along' 
the north side of the lake. To the east of zone 4 i s a curious 
area of some considerable s i z e (105 yards wide i n the middle). 
By f a r the greater area of t h i s zone i s completely devoid of 

vegetation the surface being either under water or alternately 
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cracked into irregilar blocks by desiccation by the sun. There 
are very infrequent patches of very poor and dwarfed Mariscus, 
Rhiz&ophora dnd Conocarpus. This zone disappears abruptly to 
the north. 

East of t h i s region of bare s o i l i s zone 6 covered f a i r l y 
densely with a rush, a species of Rychospora, with dwarfed 
Rhizophora and Conocarpus again forming i s o l a t e d patches. I t 
i s 65 yards wide and i t disappears abruptly when the s o i l suddenly 
ceases and i s replaced by honey-comb rock* Here there are two 
zones 37 yards and 22 yards wide respectively and d i f f e r i n g only 
i n the occurrence of Inodes with an occasional Coccothrinax 
i n the eastern one and i n the absence of these palms i n the 
western one. The r e s t of the vegetation i s very low and dwarfed 
and includes R a c h i c a l l i s , Myroxyion, Scaevola, Dichroinena, 
Mariscus, Conocarpus, Aster, Metopium and the p a r a s i t i c Cassytha. 

To the east of t h i s zone i s a Pine zone, Pinus bahamensis 
extending some considerable distance east far beyond the road. 
To the south of t h i s on the slopes of B a i l l o u H i l l s there i s 
High Coppice while to the north of the marsh the Pine i s not 
replaced by, but mixes with, the Low Coppice covering the slopes 
of Prospect Ridge. 

The deposits of t h i s marsh are of two kinds. I n the margii 
of the lake i s the familiar g©ft yellow marl and a similar marl 
covers zones 5 and 6. But between zones 4 and 5 i s a very, 
d i s t i n c t dividing l i n e with a black s o i l , apparently with very, 
high humus content, covering zones 1 to 4. 
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I t appears that r e a l l y the s o i l i s a l l predominantly marl 

but that i n the regions of dense vegetation (zones 1 - 4 ) 
a considerable amount of humus has been added to the surface 
l a y e r s . This i s supported by the fact that i n zone 5, the bare 
zone, there was an isolated'patch of comparatively luxuriant 
vegetation, which had a single specimen of Clusia i n the centre. 
The surface. Iayei2 of s o i l was quite black, lying on top of yellow, 
marl. However, repeated attempts, without s a t i s f a c t o r y apparatus, 
to discover yellow marl beneath e£ the humus i n zones 1 - 4 feet 
met -with no success.. 

As the zonation and the nature of the s o i i of t h i s marsh 
was so unique the whole area received considerable attention 
and the theory was f i n a l l y suggested•that the .whole area 
occupies what was formerly the o r i g i n a l eastern end of the bed 
of the lake. 

I n support of t h i s theory two sets of observations were 
made which proved to be very s i g n i f i c a n t . A s e r i e s of points 
was sighted i n a straight l i n e AB (see map) which was roughly 
taken to be continuous with the long median axis: of the lake. 
A point at the lakeward end of the l i n e was i n the lake at the 
margin. At these points along t h i s l i n e a pole was thrust 
v e r t i c a l l y into the soft marl u n t i l i t reached rock. I n t h i s 
manner i t was possible, with the aid of a metre r u l e , to find 
the depth of riarl above bed rock at each point. I t was .found^ 
that at the edge of the lake there was a deposit of 6 feet 
of marl underlying 22 inches of - water making.a t o t a l of 8 feet. 
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i n a l l . SO yards from the margin of the lake the water level, 
was found to he 7 inches below the surface, the s o i l "being 
7^ .feet deep. As there had been no recent heavy r a i n and as 
•undue evaporation v/as prevented by the t a l l , dense vegetation 
at t h i s point i t seemed l o g i c a l to conclude that t h i s water l e v e l 
was issdentical with the lake-water-level. Under that assumption 
rock bottom was therefore approximately 7 feet below water 
l e v e l as compared with 8 feet at the margin of the lake. 100 
yards, from the lake the water l e v e l v/as 13 inches below s o i l 
l e v e l the s o i l being 7 feet deep. Accordingly the depth of mud 
below water l e v e l was calculated to be approximately 6 feet.. 
At three of the remaining f i v e points the water-level was found 
to be within a few inches of the surface of the s o i l . - The s o i l 
here was not covered with dense vegetation as i n the previous 
two stations and therefore the water l e v e l was very probably a 
few inches below l a k e - l e v e l . The]depths of s o i l at these points 
were respectively 6 feet, 5| feet :, 4 feet, 20 inches and 0 n - t h i s 
l a s t s t a t i o n having honey-combed rock at the surface which was 
completely exposed from t h i s end of the transect eastwards to 
the Pine-zone. This data i s §et forth i n the following table: 

• 1 • 

i 
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Depths of s o i l and water i n East End Marsh. TABLE I . 

Station Not Distance from.Water l e v e l * Depth of Depth of 
•i lake. s o n deposit, reek below 

V . - • • lake l e v e l . 
1. In- lake 25 yards +22 i n s . 6 ft.6 i n s . 8 f t ; 

from shore 
2. 20 yards. -7 i n s . 7 f t i 6 i n s . 7 f t . 
3. 100 yards -13 i n s . 7 f t 0 i n s . 6 f t . 
4. 1,50 yards Hot observed6 ft. 6 i n s . 6 f t . 
5. 200 yards -4 i n s . 5 ft . 6 i n s , 5^f t . 

6 250 yards. -2.ins. . '4 f t 0 ins 4 f t . 

7* 300 yards -3 i n s . o ft.20 i n s . 1§ f t . 
8. 320 yards 0 i n s . N i l , . N i l . ; 

+ '= above s o i l deposit 
. ... * - = fcelow s o i l deposit* 

Again, using the assumption that the- l e v e l of" water i n the 
s o i l was approximately equal to the water l e v e l i n the lake a section 
was constructed ( F i g . 9 page43 ) . Examination of t h i s section i s 
alone"fairly.conclusive evidence I n support of the assumption that 
t h i s marsh occupies the eastern ehd .-of the o r i g i n a l bed of the :lake. 
Observations of depth of s o i l werp-made at only three points i n a 
l i n e at right angles to t h i s transect to the south towards the 
road* 

DEPTH OF LAKE. 
I n a l l , some 600 soundings of the lake wer e taken along 

55 traverses across the lake. These were plotted on the 
most accurate map available which was provided by the Nassau Contracting 
Company and by t h i s means the bathymetric chart of the lake v/as 
compiled and i s seen on Pig. 10 page 44^ . 

/The 
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FIGURE 9. 
VERTICAL SECTION EAST END MARSH. 
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The deepest sounding taken was l S ^ f t . There are only two 

areas with depth greater than 18 f t . the one i n the middle of the 
main body of the lake j u s t to the east of Burnside Cay and the 
other i n the middle of the North Arm. The greatest sounding taken 
i n the South Arm was 10 f t . and towards the west end of t h i s arm 
there i s a considerable area deeper than 9 f t . The greatest 
extent of shallow water i s found at! the east end of the lake'where 
these i s a large area l e s s than 9 f t . i n depth. This area i s covered 
on the bottom with a considerable' amount of marl. At the east 
end of the north shore the manner on which shallow bottom swings 
out into the lake i s c l e a r l y seen.. I t i s on these banks that the 
majority of the Rhizophora grows.., 

The Cay is^seen to be, i n effect, a continuation of the Peninsula 
to which i t i s connected by a s t r i p of bottom for the most part 
shallower than 6 f t . To the 7/SW of Burnside Ca;y i s a small island,, 
not shown on the masp because of i t s smallness, which i s part of 
another- peninsula, a branch of the large one and f o r - t h e most 

t 

part, submerged by l e s s than 6 f t * of water. 

Cross-sections of the lake have been drawn along the. l i n e s 
AB and CD and are to seen on F i g . 11 page. 45. .The difference i n . 
slope on north and south sides is.not marked here but i t can be 
seen that the south bed slopes a l i t t l e more steeply than the north 
side. This fact i s seen more c l e a r l y i n the South Arm. 

/Depths 



B A T H Y M E T R I C C H A R T 
F I G U R E . I O . 

O F 
L A K E . C U N N i N a H A f l N . P 

B A H A M A S . 

\ 

O 

A 

T O U B 

S C A V- E- •• I = COO-CMH 
DEPTHS A T tNT&gyftt-s Q(- 3 P e e r 



,-45.-
Depths of s o i l i n East End Marsh. 

Station No. Distance from main transect. 

9. 
10. 
11. 

150 yards 
175 yards 
180 yards 

Table 2. 
Depth of S o i l . 

31 i n s . 
6 i n s . 

N i l (Rock). 

An attempt was made to continue the main transect further into 
the lake but the usual p r a c t i c a l d i f f i c u l t i e s attendant upon 
investigating depth of true bottom below f a l s e bottom from an 
UBstalfie boat made i t impossible. 

A discussion of the possible o r i g i n of t h i s marsh w i l l 
be l e f t u n t i l l a t e r i n ths t h e s i s . 

PHYSICAL AND CHEMICAL.STUDIES. 
Water l e v e l and R a i n f a l l . 

R a i n f a l l and water-level records appear i n Table 3 and 
these values are graphed i n Pig. 12 page 4t. 
R a i n f a l l and Water Level. 
Date 
1940, 
A p r i l 1. 
May 4 
June 4 
June 29 
August 9 
Sept. 14 
Oct. 14 
Nov. 10 
Dec. 13 
1941. 
Jan. 21 

Water l e v e l 

-5f 
-5? 
-3§ 
-37. 
-2 
+5f 

- I f 
- u 
- s i 
- l 

TABLE 3. 
Average d a i l y r a i n f a l l since 
predegding record. 

.014 i n s . 

.036 i n s t 

.066 i n s . 

.173 i n s . 

.081 i n s . 

.211 i n s . 

.385 i n s . 

.025 i n s . 
.006 i n s . 
.170 i n s . 
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PIGURE 11. 
SHAPE OF LAKE BASIN. 
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A p r i l 6 ; .' -,Q|- • \- .183 ins V 
May' 7 . • -2,| \-~ .170 ins'. 

i 

The i e v e l of water i n the lake varied between two extremes 
which were 11 i n s . apart. Broadly speaking the. lowest l e v e l s are 
recorded at the end of the dry season i . e . the months of A p r i l 
and May before the onset of the summer rai n s which begin before 
the end of May. From t h i s lowest l e v e l there i s a f a i r l y uniform 
increase to a maximum at the end of the wet season when the 
l e v e l was highest i n the month of September following a period' 
when'.the ay'erage r a i n f a l l per day was 0.211 i n s ; 

However, the beginning of the year 1941 was by no means t y p i e a l 
as there was an abnormal r a i n f a l l there being 13.91 i n s . 
from January 21st. to A p r i l 6th, an amount of p r e c i p i t a t i o n 
3 times the average r a i n f a l l for those months. ;As a r e s u l t 
the l e v e l of the lake did not f a l l to the l e v e l recorded for 
A p r i l 1940 but remained 5 ind* above i t . 

The f a c t that heavy.rainfall produces sudden large changes 
i n water l e v e l i s seen from the records for A p r i l 6th and A p r i l 
8th. During t h i s short period of two days the water l e v e l rose 
2-g i n s . the t o t a l r a i n f a l l for these two days being 1.81. 
S i m i l a r l y , the l e v e l rose by 2 i n s . over a period of three days 
from A p r i l 28th to May 1st. and dropped l£ i n s . i n the next four 
days. R a i n f a l l of 1.68 ins for May 7th to 9th was accompanied 
by a r i s e i n l e v e l of 3§ i n s . This would indicate that seepage 
(not drainage =- because of the porous nature of the r ock) : contributes 

substantially to the amount of water i n the lake. The l e v e l 
therefore fluctuates a great deal with p r e c i p i t a t i o n and evaporation., 

/On 
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FIGURE 12. 
WATER-LEVEL AND RAINFALL* 
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On several occasions records of•water l e v e l were observed 

at regular i n t e r v a l s on the .same day over aperiod of several house* 
These observations showed that there was no suggestion of a r i s e 
and f a l l i n the nature of t i d a l action. Therefore i t must be 
assumed that the popular b e l i e f .that. t M s lake ebbe and flows 
with the t i d e i s a f a l l a c y . 

2. Nature•of Lake-Bed. 
As: has.been described previously the.lake l i e s i n a Mallow 

of land between.Baillbu H i l l s and Prospect Ridge. The whole 
of the bed-rock o f t h i s depression i s limestone. I t i s consider-' 
ably exposed around the margins of the lake p a r t i c u l a r l y on the 
south shore, western end of both arms and the western end of the 
north shore. Here, wave action prevents any deposition of marl 
and weathers the exposed rock i n t o smooth rounded surfaces known 
as "plate rock" (Shattuck 1905). However, at the east end the 
rock bordering the marsh on the east side, (which i s postulated 
above as being the original east end of the-; lake) is Mhoney-comb n 

rock,'"weathered i n t o innumerable small pockets with k n i f e - l i k e 
edges. This i s chara c t e r i s t i c of solution by r a i n and i s most 
probably subsequent to the f i l l i n g i n of the lake'.at the east end 
t o form the marsh now existing there, . •. 

The depth and nature of the true bottom of the lake i s 
unknown except at the margins. I n a l l other places i t i s covered 
by varying depths of marl. I n colour t h i s marl i s a pale yellow 
or grey with a s l i g h t suggestion of redness i n some l o c a l i t i e s . 
I n texture i t i s exceedingly f i n e . When disturbed i t emits a 
most disagreeable odour of hydrogen sulphide. The whole of.the 
eastern shore of the lake i s marl and wherever dredgings were 

/taken 



taken anywhere i n the lake the dredge was always f i l l e d with 
t h i s soft mud. Around the shores of the .lake i t i s found nowhere 
except.east end and north east corner where i t i s commonly 
6 feet deep! The surface of t h i s marl i s by no means f i r m . -
I n appearance i t i s very, flocculent' and remains half-suspended 
i n the water, and the merest a g i t a t i o n of the water causes i t 
t o r i s e i n clouds t o the top. The anchor of the boat, a large 
rock, when lowered gently i n t o the mud disappears completely. 
The deposit i s apparently flocculent i n the top twelve inches 
at l e a s t . Further down, however, i t i s much firmer and a pole 
thrust through the whole 6 feet i s removed only with d i f f i c u l t y . 

Microscopically t h i s deposit i s not organized i n t o any 
apparent c r y s t a l l i n e form but appears' as irregular, grains each 
of which has at i t s centre a colony of the blue-green alga 

/ \ i 3 

Aphanothece Castagnei (Breb; Rabenh. This^ s t r i k i n g l y evidsnt 
when a drop of hydrochloric acid i s added t o a sample of the 
marl on a microscope s l i d e . The outer calcareous portion of 
the grains disappears and the algae can be seen d i s t i n c t l y . 
;Furthermore, a sample of t h i s marl, when exposed t o l i g h t i n • 
a P e t r i dish turns d i s t i n c t l y green due to' a l g a l growth. This 
phenomenon i s discussed-later-but i t may be mentioned here that 
i t seems that the algal colonies act as f o c i f o r the formation 
of the calcareous grains. With the increase i n amount of marl 
accumulating around each colony i t s density becomes heavier than 
that of water and i t therefore sinks but may be Brought back 
temporarily i n t o suspension by movement of the water. 
COLOUR. LIGHT PEMETRATIOHAAND TURBIDITY. 

The water i s colourless. On occasion there may be the 
/ s l i g h t e s t 



-50-
s l i g h t e s t suggestion of yellowness but only s u f f i c i e n t t o cause 
a s l i g h t greenish t i n t frith the blue colour produced by the 

a 
reagents added i n the Deniges tes t f o r phosphates. However, 
the lake usually has a decided green colour due to the r e f l e c t i o n 
of blue from the sky coupled with the yellow colour of the false 
bottom. 

Light penetrates t o a l l depths of water above the f a l s e 
bottom but usually a Secchi disc can be seen only with d i f f i c u l t y 
i n the deepest parts (greater than 10 f e e t ) . I n August 1940 
the Secchi disc was i n v i s i b l e at 10 feet and i n September 1940 
i t was v i s i b l e only down to 8 feet depth. This was due to 
t u r b i d i t y caused by the disturbance of the marl by vigorous 
c i r c u l a t i o n of the water by strong-winds. However, i t may be 
stated that there i s s u f f i c i e n t l i g h t at any point on the f a l s e 
bottom to allow plant.growth. 

DENSITY AND TEMPERATURES. 
The S.G. of the water fluctuates between the l i m i t s of 

1.0070. fend 1.0090. The monthly v a r i a t i o n of S.G. i s set f o r t h 
i n Table 4, the temperature of the water when the density was 
observed also being given. These observations are graphed 
i n Fig. 13 page 51. 

An analysis of these figures shows that the S.G. increases 
gradually from October 1939 to February 1940 the temperature 
showing a corresponding decrease. From February to September 
there i s a decrease accompanied by increase of temperature. 
Thereafter the f i r s t trend i s repeated. 

/ I n 
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FIGURE 13. 
ACTUAL S.G. 



Specific Gravity /' TABLE 4. 
Date Actual observed Temperature of S.G. correct t o 

S.G. observation °c 25°CV 1939. 
Oct. 23 1.0070 25.5 1.00767 
Nov. 18 1.0074 24.0 1.00765 
Dec. 8 1.0076 22.2 1 .00692 
1940. " 
Jan.. 9 1.0079 22.2 1.00722 
Feb. 3 1.0090 21.6 • ' 1.00818 
Mar. 2 1.0080 • 24.3- 1.00782 
A p r i l 1 •• 1.0080 • 23.0 100751 
May 4' ' 1.0078; • • 35.2'• ' ' 100788- -
June 4 1.0075 - 27.0 ' ' 1.00803 
June 29 1.0070 29.8 1.00842 
Aug. - -. 

Sept. 14 1.0080 23.3 1*00808 
Nov. 12 1.0085 22'. 9 li00798 
Dec. 13 1.0085 26.4 1.00887 
1941. 
Jan.21 1.0083 24.7 1.00822. 

I n the t h i r d column of Table 4 are given the'values f o r the 
S.G. corrected f o r temperature differences using Birge fs table f o r 
differences which i s found i n Welch's Limnology p.33. A i i S.Gs. are 
brought t o a uniform temperature of 25°C.. I n Fig. 14 the density 
corrected t o 25°C i s graphed together with the t o t a l s o l i d content of 
the water. The s t r i k i n g s i m i l a r i t y of the two graphs i s self-evident 
and shows that,the density varies d i r e c t l y with t o t a l dissolved 
solids content as might well be expected. 

The S.G. of the water corrected by.the same method t o 4°C 
i s 1.011. Average sea+water at the same temperature has a S.G. 
of 1.025. 

/Table 
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PIGURE 1 4 • 
CORRECTED S.G. 
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Table 5 gives a i r temperatures (shade), surface water temperatures 

and,.in some instances, bottom temperatures at depths varying from 8| 
feet t o IS f e e t . These values are graphed on. Fig. 15. page 57. 

The surface temperature of the water varies from 20;6 °C. 
i n January 1941 to 31.2 °C i n July 1940 (69.1. op t o 88.0 OF). 
The lake obyiously belongs t o the class "Tropical Lakes" i n Whipple's 

I 

c l a s s i f i c a t i o n and because of s i m i l a r i t y of bottom and surface temperatures 
i t i s a 3rd. Or&er Lake i n the same c l a s s i f i c a t i o n i . e . one so shallow 
that c i r c u l a t i o n i s possible throughout the year. I t might be 
suggested that auch high summer temperazures are l e t h a l I n e f f e c t on 
organisms. The only observations made at t h i s time were on plankton 
and so f a r /from being l e t h a l the increased temperature i s accompanied 
by considerable increase i n plankton population. No observations were; 
made, however, at that time on any other of the plants or animals I n 
the lake. 

Air temperatures i n the shade bear no apparent close agreement 
with water temperatures at the same time, being sometimes lower and 
sometimes highfer. 

The greatest difference observed was i n October when the water 
temperatures was 25.3 °Cs 2.6° below the temperature of the 
a i r at. the same time. I t should be noted however that these readings 
were made at 11.30 a.m. whereas observations were usually maSe at 
4 - 5 p.m. The difference observed i n May was also due to the same 
cause. Otherwise there was not a great deal of difference between 
the a i r and surface water temperatures.; 

Depth temperatures agree very closely with surface temperatures, 
d i f f e r i n g by not more than 1.2°C. This indicates complete c i r c u l a t i o n 

/of 



Temperatures. TABLE 5. 
Date 
1939 

Air Temperatures Surface 
Water Temp. 

Bottom Water 
Temp. 

°c . 
Depth. 

Nov. 18 - 23.0 - -
Dec. 8 
1940 
Jan. 9 22.3 23.0 

— •-

Feb. 3 - - -
Mar. 2 • 24.5 22.6 - . -
Apr. 1 26.8 27.0 26.8 10 f t . 
Mjcy 4 26.8 24.4 24.4 10 f t . 
June 4 28.6 28.0 28.0 . s i f t . 
June 29 31.4 31.2 31.0 15 f t . 
Aug. 9 2616 31.0 30.8 10 f t . 
Sept. 14 29.4 30.8 70.7 11 f t . 
Oct. 14 27.9 25.3 - mm 

Nov. 12 24.1 23.4 - 0 
Dec. 13 
1941. 
Jan. 21 20.6 

22.7 
20.6 

22.5 8J f t . 

of water above the false bottom. This may be a t t r i b u t e d t o shallownes 
and wind action both of which are factors contributing to complete 
c i r c u l a t i o n of water. That c i r c u l a t i o n i s not complete i n the 
false bottom of marl r i g h t down to bed rock i s evidenced by the 
values shown i n Table 6 of water and mud. temperatures at the east 
end of the lake. The three values i n column 2 were from one 
st a t i o n while the two values i n column. 4 were from another 
the stations being only 5 feet apart. 
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FIGURE 15. 
TEMPERATURES. 
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Temperatures i n False Bottom at East End".. TABLE 6. 

Station Depth. 1 Temp, O Q Depth. Station 2 Temp.°C 
Water 26.2 Water 26.2 
Mud 3 ins. 25.9 
Mud 18 i n s . 25.7 Mud 2 f t . 6 i n s . 24.5 
Mud 4 f t . 6 ins.25.3 Mud 4 f t . 6 i n s . 24.4 

Fi g . 16 page 59 shows t h i s v e r t i c a l d i s t r i b u t i o n of temperature 
i n the false bottom. ' 

At t h i s place the water was 2 feet deep and of uniform 
temperature. The figures indicate a drop of 0.3°G i n the 
f i r s t 3 inches of mud and a f u r t h e r decrease of 0.6°C from 
top t o bottom of the marl. The values at Station 2 indicate a t o t a l 
f a l l i n temperature, from water surface to 4§ feet depth i n the 
false bottom of 1.8°C. A comparison of the figures at both 
stations indicates a horizontal v a r i a t i o n i n the mud of as much 
as 0.9OC i n a distance of 5 f e e t . A similar h o r i z o n t a l v a r i a t i o n . 
was observed by Welch i n a Michigan Bog Lake (1939) and also 
by Birge, Juday and March (1923). i n bottom deposits of Lake 
Mendota. Welch suggests that one important cause may be the 
differences i n thermal conductivity of the f a l s e bottom materials 
i n d i f f e r e n t places at the same l e v e l since these materials are 
not always homogeneous i n character. The w r i t e r of t h i s present 
paper has no evidence at t h i s time which would j u s t i f y any attempt 
at an explanation of the variations but i t seems probable that 
another co--ntributory cause may be the d i f f e r e n t rates of organic 
decay, which i s undoubtedly going on i n t h i s marl, with a consequent 
d i s - s i m i l a r i t y i n production of heat. 
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FIGURE 16. 
VERTICAL DISTRIBUTION OF TEMPERATURE IN FALSE BOTTOM. 
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HBDROGEN IN CONCENTRATION AND OXYGEN, 

As mentioned previously the method f o r determining pH 
(hydrogen ion exponent) of the water was unsatisfactory and therefore 

- no regular observations were made. Observations that were made 
at d i f f e r e n t times are given i n Table 7. 

HYDROGEN ION EXPONENT. TABLE 7. 
Date pH. 
1940. 
A p r i l 1 8.4 
May 4 8.5 
June 4 8.6 
Dec. 15 8.4 
1941. 
Jan.SI 8.5 

From these 5 specimen re s u l t s i t i s seen that the pH varies 
between the l i m i t s of 8.4 - 8.6. These values are d i s t i n c t l y 
on the alka l i n e side of n e u t r a l i t y . 

I n Table 8 are given amounts-of dissolved oxygen expressed 
both as mgs/litre and as c c s / l i t r e at N.T..P. These values 
are equal to values expressed as p a r t s / m i l l i o n by weight and by 
volume respectively. F ig. 17 page 62^epresents these values 
graphically. , 



^ 6 1 -
Dissolved Oxygen. TABLE -8. 
Date 
1940 

mgs/1 
Surface 

ccs/1 Depth 
Bottom 
rags/1 ccs/1 

Beb. 3 8*1 5;67 8 f t . 8*9 6; 23 
Mar* 2 8,9 6.23 - -

A p r i l 1. 8*0 5.60 10 f t . 8.0 5.60 
May 4 7.1 4; 97 10 f t . 8*2 5; 74 
June 4 6*7 4.6® 8 | , f t . 6.5 • 4.55 
June 29 6.7 4*69 . . 12 . f t . -6*6 4.62 
Aug i 9 6*5 4.55 - ' '•- . 

Septi 14 6*9 4*83 11 f t * 7*2 5.04 
Oct; 30 6.7 4.69 12 f t * 6*7 4*69 
Wovs IS 8*0 5.60 9| f t ; 7.8 5.46 
Dec; 13 ; 

1943, 
7.3 5.11 8|. f t . . 7*0 4.90 

Jan;. 21 8*'5 5*81 • 

The amount of di s s o l v e d oxygen i n the.surface water was highest 
i n March 1940 when the value was 8*9 m g s / l i t r e (6*23 ccs) and 
i s h i g h g e n e r a l l y i n the winter months. The amount decreases 
i n summer and the lowest recorded was 6.5 m g s / l i t r e (4.55 ccs) 
i n August 1940i 

The amount i n the bottom water d i f f e r s v ery l i t t l e from 
t h a t i n the surface water being s l i g h t l y ' l o w e r on f o u r occasions, 
higher on thr e e occasions and the same on t h r e e occasions." 

OTH^ ftftFF-P» 
The amounts o f d i s s o l v e d ( f r e e ) c a r b o n d i o x i d e are given 

i n Table 9 expressed both as m g s / l i t r e and as c c s / l i t r e at 
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PIGURE 17. 
DISSOLVED OXYGEN. 
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N.T.P. These values are equivalent t o p a r t s / m i l l i o n expressed 
by weight and by volume r e s p e c t i v e l y . Fig.13 page 64 represents 
these r e s u l t s g r a p h i c a l l y . 

Free Carbon Dioxide TABLE 9. 
Date Surface Bottom 
1940 mgs/1 ccs/1 Depth mes/l ccs/1 
A p r i l 1 4.3 2.2 10 f t . 3.7 1.9 
May 4 4.6 2.-3 10 f t . 4.8 2.4 
June 4 5.2., 2.6 8| f t . 6.1 3.5 
June 29 4.9 2.5 12 f t . 4.9 2.5 
Sept. 14 9.5 4.8 1 1 . f t . 9.6 4.8 
Oct. 14 9.0 4.5 12 f t . 8.8 4.4 
Nov. 12 2.8 1.4 9| f t . 3.2 1.6 
Dec. 15 1.6 0.8 8 j f t . 2.4 1.2 
1941. 
Jan. 21 11.0 5.5 — — — 

There i s considerable v a r i a t i o n i n the amounts o f f r e e 
carbon d i o x i d e found but as might be expected from the r e a c t i o n 
o f the water a l l the values are low. The lowest amount w&s observed 
i n Dec. 1940 - 1.6 m g s / l i t r e (0.8 c c s ) . Oddly enough the highest 
amount was recorded a month l a t e r i n Jan. 1941 when t h e r e was 
11 rags/litre (5>.5 ccs) . But t h i s appears t o be an anamolous 
value. I n Sept. and Oct. 1940 there was more than 9 m g s / l i t r e 
(4.5 c c s ) . The f r e e carbon d i o x i d e i n the bottom water never 
d i f f e r e d by a l a r g e amount from t h a t i n the surface water. On 
f i v e occasions i t was s l i g h t l y h i g h e r, onee t h e same and t w i c e 
s l i g h t l y lower. 

Tests f o r sulphuretted' hydrogen i n the water always gave 

r e s u l t s o f l e s s than 0.2 m g s / l i t r e (0.13 ccs) but whenever the 
/ f a l s e 
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FIGURE 18. 
FREE CARBON DIOXIDE. 
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f a l s e bottom o f marl was dffistur,.bed t o any great depth ( l f o o t, or 
more) the odour o f t h i s gas was unmistakeable evidence of i t s 
presence. This i s most probably associated with, decay t a k i n g place 
and i n the l a b o r a t o r y . A number of p l a n t s o f Batophora and Chara 
were dredged up from the bottom o f the.lake and,placed i n . a l a r g e 
j a r f u l l o f lake,,, water. This water was t e s t e d f o r hydrogen sulphide 
and found t o contain 0.19 mgs/lit're. . Only three days l a t e r t he 
smell of the gas became o b j e c t i o n a b l e and a t h i n c r u s t of sulphur 
was forming on the surface o f the water. The water was t e s t e d 
q u a l i t a t i v e l y w i t h lead acetate and estimated q u a n t i t a t i v e l y 
w i t h i o d i n e and found t o c o n t a i n 5.34 m g s / l i t r e . 

TOTAL SOLIDS. ' 
Table 10 gives the r e s u l t s o f analyses f o r t o t a l s o l i d s 

- 1 

i n gs/100 ccs and also .in p a r t s / m i l l i o n . F I G . 19 page 67i shows 
t h e s e - r e s u l t s g r a p h i c a l l y together with,average monthly temperatures 
as recorded at the Bahamas.Government Met e o r o l o g i c a l Observatory, 
S o l d i e r Road, New Providence. 

T o t a l S o l i d s . TABLE 10. 
Date T o t a l s o l i d s . 
1939 mgs/100 ccs p a r t s / m i l l i o n . 
Oct. 28 1,14 11,400 
Nov. 18 1.10 11,000 
Dec. 8 1.08 10,800 
1940 
J an. 9 1,04 10,400 
Feb. 3 1.10 11,000 
Mar. 2 1,13 11,-300 
Apr. 1 1.17 11,700 
May 4 1.23 12,300 

/June 
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mgs/100 ccs. p a r t s / m i l l i o n 

June 4 1.29 12,9.00 
June 29 1.31 13,100 
Aug. •:. . - - i 

Sept. 14 .1.19 11,9,00 
Oct. 14 111. 19 11,800 . 
Nov. 12 ; 1.23 12,300 
Dec. 13 1.30 13,000 
1941 
Jan. 21 • 1.26 12,600 

The t o t a l s o l i d s are seen t o vary from 1.04 gs/100 ccs ' 
(10,400 p a r t s / m i l l i o n ) present i n January 1940 t o 1,31 gs/100 ccs 
(13,100 p a r t s / m i l l i o n ) present i n J u l y 1940. Mo a n a l y s i s was 
made in.August. 1940. The genersL t r e n d o f the s a l i n i t y shows, 
t h e r e f o r e , a gradual-decrease through the wint e r months t o 
a minimum i n January f o l l o w e d by an increase t o a maximum i n 
J u l y f o l l o w e d again by a decrease. That v a r i a t i o n i s d i r e c t l y • 
associated w i t h increase and decrease i n average monthly 
temperatures i s seen from F i g . 19.page 67. 

There s t i l l remains t o be explained however the ancmolousy 
h i g h values from October 1.940 . t o -January 1941. There:.is no 
obvious explanation of them as they show a d i s t i n c t r i s e from 
October t o December when one-would expect,a steady decrease 
as eK h i b i t e d i n the same months of the previous year. This 
abnormal increase i s not p a r a l l e l e d by the, temperature curve 
but examination o f F i g . 1&. page53. reveals a s t r i k i n g s i m i l a r i t y 
between the corrected S.G. and the t o t a l s o l i d s content. 

I t i s i n t e r e s t i n g t o compare these values w i t h the s a l i n i t y 
3$/ 

of sea-v/ater i n Bahamian water. The average value is*°/oo but 

i n c r e a s i n g i n the shallowest p a r t s o f the Bahama Bank t o 
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PIGURE 19. 
SALINITY. 
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40 °/oo (see Smith 1940). Expressed i n s i m i l a r terms the s a l i n i t y 
o f t h i s b r a c k i s h water v a r i e s from 10 °/oo - 13°/oo i . e . approximately 
l e s s than l / 3 r d . 

ALKALINITY 
Regular observations were made only o f t o t a l a l k a l i n i t y or 

methyl orange a l k a l i n i t y . These r e s u l t s are set f o r t h i n Table 
p a r t s COs/million and as 

11 and are expressed both as^parts CaCOg/million. They are 
i l l u s t r a t e d g r a p h i c a l l y i n F i g . 20 page69. 

T o t a l _ A l k a l i n i t y . B 5 t i 
1959 
Oct. 
Nov. 
Dec. 
1940 
Jan. 
Feb. 
Mar. t o Aug. 
Sept. 
Oct. 
Nov. 
Dec. 
1941 
Jan. 

TABLE 11. 
Total. A l k a l i n i t y 

p a r t s CQg/milllon p a r t s CaCog/miilion 
80 136 
82 139 
78 133 

77 
88 

85 
84 
85 
89 

90 

No analyses 

131 
150 

145 
143 
145 
151 

153 

The t o t a l a l k a l i n i t y i s t h e r e f o r e seen t o be h i g h v a r y i n g from 
1.3 p a r t s CaC03/millioh (77 p a r t s C0 S) t o 153 p a r t s CaCOg/million 
(90 p a r t s C O 5 ) . There i s not a s u f f i c i e n c y of r e s u l t s t o o b t a i n 
a c l e a r p i c t u r e o f the manner o f v a r i a t i o n throughout the ypar but 
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PIGURE 20. 
TOTAL ALKALINITY. 



t h e r e I s some suggestion, evident from the graph, o f a s l i g h t increase 
i n a l k a l i n i t y through the w i n t e r months. 

The p r o p o r t i o n s of hound and half-bound carbon d i o x i d e was com­
puted from an ana l y s i s 6 f the November 1940 sample which gave the 
f o l l o w i n g r e s u l t s . 

TABLE I S . 
A l k a l i n i t y a n a l y s i s of November 1940 sample, 

T i t r a t i o n t o t a l (methyl orange) a l k a l i n i t y 143.0 p.p.m. CaCOg 
T i t r a t i o n c a u s t i c (phenolphthalein) a l k a l i n i t y 11.7 p.p.m. CaCOg 
Hydroxide present 0;0 p.p.m. 
Carboante present 33.4 p.p.m. CaCOg 
Bicarbonate present 109.6 p.p.m. CaCO-i* 

14.0 p.p.mi COS 
145.9 p.p.m. CO g 

COg present as carbonate 14.7 p.p.m. COg 
COg present as bicarbonate 96.4 p.p.a. COg 

Bound carbon d i o x i d e 62.$ p.p.m. COg 
Half-bound carbon d i o x i d e * 48.3 p-.p.m. COg 
Free Carbon d i o x i d e (from Table 9) 2.8. p.p.m. COg 
T o t a l carbon d i o x i d e present \ 113.9 p.plm. COg 
jSage bound - 55 i 5% 
#age half-bound 42.3$ 
#age f r e e 2i5# 

The f i a a l l r e s u l t reveals t h a t an i n s i g n i f i c a n t p a r t o f the 
t o t a l carbon d i o x i d e present i s completely f r e e . As f o r the r e s t 
the bound carbon d i o x i d e i s i n excess o f the half-bound carbon d i o x i d e , 
AMMONIA - FREE AriD ALBUMINOID 

Table 15 contains the r e s u l t s o f ammonia analjrses for- the 
whole p e r i o d . Albuminoid ammonia was estimated f o r only a p a r t o f 
t h a t p e r i o d values are expressed i n p a r t s NHg/million. 



Free Albuminoid Ammonia. TABLE 15. 
Date Free ammonia Albuminoid Ammonia 
1959 m g s / l i t r e m e s / l i t r e " 
Oct. 28 ,07 -
Nov. 14 .11 ;59 
Dec.8 .27 .61 
1940 
Jan.9 .32 .73 
Feb. 3 .18 .70 
Mar.2 .12 .74 
Apr. 1 .15 .61 
May 4 , .10 . .68, 
June 4 .07 
June 29 .08 
Aug. 
Sept.14 ' . 0 5 
Oct. 14 .12 
Nov. 12 . ' .09 
Dec. 13. • r .15 ! ' 
1941 \ 
Jan. 21 

The amount of. f r e e 1 ammonia v a r i e s from a minimum o f 6-.05 p a r t s / 
m i l l i o n recorded i n September. 1940 t o a maximum o f 0.32 p a r t s / m i l l i o n 
i n January 1940. I n general there i s a decrease o f f r e e ammonia 
through the summer and an increase d u r i n g the w i n t e r . On the whole 
the f r e e ammonia present i s not e x c e p t i o n a l l y h i g h . 

The albuminoid ammonia however i s comparatively higher v a r y i n g 
w i t h i n the l i m i t s 0.59 - 0.74 p a r t s / m i l l i o n d u r i n g the few months 
i t was estimated. A comparison o f these values w i t h the f r e e 
ammonia content i n d i c a t e s the presence o f organic matter o f vegetable 

/ o r i g i n . 
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o r i g i n . The monthly v a r i a t i o n o f albuminoid ammonia shows s i m i l a r i t y 
w i t h the v a r i a t i o n o f f r e e ammonia. 

SULPHATE AND CHLORIDE. 
Table 13 shows the values obtained by ana l y s i s f o r sulphate. 

These values are found t o vary between the l i m i t s o f 824 - 872 
p a r t s / m i l l i o n d u r i n g the few months t h a t the analyses"were made. 

Table 13 shows s i m i l a r values f o r c h l o r i d e content. These., 
values are graphed i n P i g . 19 page 67 together,, w i t h t o t a l s o l i d s . 

The cHoride content v a r i e s between the l i m i t s 6520 - 7070 
p a r t s / m i l l i o n . F i g . 19 page 67 reveals i n a s t r i k i n g manner the 
close s i m i l a r i t y between the v a r i a t i o n i n t o t a l s o l i d s and i n 
c h l o r i d e content. 

Sulphat es and Chlorides• TABLE 13. 
Date . Sulphates Chlorides 
1939. m g s / l i t r e m g s / l i t r e 
Nov. 18 863 mm-. 

Dec. 8 , 839 
1940 
Jan 9 ; 872 -
Feb 3 824 -
Mar. 2 - -

Apr. 1 - -
May 4 - 6830 
June 4 - 7030 
June 29 - •• 7030 
Aug. ' - -
Sept. 14 - 6590 

Oct. 14 
1 

. - 6520 

Nov* 12; 825 6870 
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Dec. 13 - . 7070 
1941 
Jan. .81 - 6930 

NITRATE PHOSHHATE AND SILICATE 
Table 14 set forth the r e s u l t s of estimations of n i t r a t e , 

phosphate • and s i l i c a t e r a d i c l e s . F i g . .21 page 74. i l l u s t r a t e s . 
a l l these values i n graphical form 

Nitrates. Phosphates. S i l i c a t e s . TABLE 14. • 
Date 
1939 

Nitrates 
nigs/litre 

Phosphates 
tags/litre 

Silicates„ 
mes/litr«>. 

Oct. 28 7.6 .6190 
Nov, 18 7;5 ; 00.50 2.5 
Dec. 8 
1940 
Jan. 8 

2.1 .0044 
.0038 

2.5 
0.5 

Feb. Z 2/6 
i 

.0040 1.0 
Mar. 2 - .0035 2.0 
Apr. 1 1.7 .0030 3.2 
May 4 2.5 .0040. 2.5 
June 4 1-3 .0030 3.0 
June 29 2.2 - 3.5 
Aug. - - -
Sept. 14 4.0 .0030 8.0 
Oct. i a .\-\ 3.3 .0100 6.0 
Nov. 12 6.1 .oooc V 7.0 
Dec. 13 4.4 .0000 6.0 

Jan. 21 / 2.5 .' .0000 1.1 

amounts of n i t r a t e s present vary from 1.3 to 7.6 parts . 
(NO3)/million. The graph reveals that the n i t r a t e s are low through...the 
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FIGURE 21 
NITRATES: PHOSPHATES: SILICATES. 
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summer months generally and increasing rapidly i n the " f a l l " of the 
year or at the beginning of the winter. 

Phosphates have been present i n exceedingly small quantities never 
being greater than 0.005 parts PgOs/million except for two i s o l a t e d high 
values of 0.019 and 0.01 i n the months of October of 19S9 
and 1340 respectively. During the winter of 1931 — 40 and throughout 
the summer of 1940 the phosphate content gradually diminished. The 
t o t a l absence of phosphate i n the l a s t three months of t h i s period i s 
surprising and cannot be compared with the gradual decline i n the previous 
year. . »- '•' '• * "' ' \ •; 

• S i l i c a has shown a minimum of l e s s than 1 part SiOg/miiblion 
i n January 1940 and a maximum of 8 parts/million i n September 1940. 
Values were higher i n the summer months than i n January and February and 
the peak was reached i n the l a s t four months of the year. There i s thus 
not much s i m i l a r i t y between the graphs for phosphate and for s i l i c a t e . 

t t 

METALLIC IONS. 

Table 16 shows the r e s u l t s of "analyses for calcium and magnesium. 

Calcium and Magnesium TABLE 16. 
i 

Date , Calcium Magnesium 
mes/llfre mgs/litre 

Nov. 18 168 412 
Dec. '8 - 397 
Jan. 9 174 406 
'Feb.-3.. 212 "379 
Ma'r . ,2 174 ' 
A p r i l to!. Oct.. .no analyses taken. 
Mov. 12 .191 469 
Dec. 13 190 463 
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The calcium content varied between the l i m i t s 16S - 212 

p a r t s / m i l l i o n showing a minimum value i n November 1939 and a maximum 
in February 1940. 

During the same months the niagnesium content varied from 379 
parts/million to 469" parts/million. Two observations are worthy 
of mention. The f i r s t i s the r e l a t i v e abundance of these two 
ions. By actual weight the magnesium content i s approximately 
t?;iee the calcium content. Expressed as i a i l l i - e q u i v a l e n t s t h i s . 
r a t i o i s even more pronounced. I n November 1940 there were 
39.1 and S.5 milli-equivalents of magnesium and calcium respectively 
the magnesium being thus about four t i ies as abundant i n solution 
-Jas:.n the calcium. The second point i s that during the four months 
November 1939 - February 1940:the calcium and magnesium varied 
inversely with each other. 

Only one analysis was made for iron and that i s November 1939. 
The amount present was exceedingly small and can be described only 
approximately as being much l e s s t h a n ! part/million. 

I n November 1940 a co;-nplete analysis of a l l the most important 
r a d i c l e s was made and \>j finding t h e i r sum the amount of sodium and 
potassium present was found by subtraction from the. t o t a l s o l i d s . 
I t was found to be 3785 parts/million. By computation of a l l the 
most important ions i n terms of milli-equivalents (which w i l l shortly 
be described) the number of milli-equivalents of Ka and K was 
calculated by equating the number of cations with that of anfons. 
This was found to be 165 m.eqs/litre. By further c a l c u l a t i o n i t 
was found that the difference of 3785 parts/million reckoned as 
being the amount of Wa and K present corresponded to 164.6 m.egs/litre 

/ i f 
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i f calculated, as being Na alone.. Therefore allowing for error 
i n analyses i t may. be concluded that;the ion potassium i f not e n t i r e l y 
absent i s present i n exceedingly small amounts. 

CORRELATION OF RESULTS OF ANALYSES. 
I n November 1940 a complete analysis was made for a l l the . 

important ions and^ as outlined above the amount of Wa/K present 
was computed by subtraction from t o t a l s o l i d s . These values were 
expressed as mgs/litre (parts/million) and. then converted to • 
m i l l i - e q u i v a l e n t s / l i t r e . From these values the amounts of important 
Ions present were expressed as a #age of the t o t a l s o l i d s . These • 
r e s u l t s are set down i n Table 17 and a graphic representation of the 
f i n a l r e s u l t i s found i n Fig.'22 page 79. 

Analysis of November 1940 Sample. TABLE 17. 
1 . Ion 

(+ye) 
mets/litre meqs/litre 5?age of 

t o t a l ions 
• 

Magnesium (Mgn) '•469 39.1 9.1 
CATIONS. Calcium (Can) 191 . 9.5 2.2 

Sodium (Ha*) ) 
Potassium (K»)) 3785 164.6 38.7 
Total cations 213.2 50.0 

(-ve) 
Sulphate ( S 0 4

n ) • 825 17.2 4.0 
ANIONS. Carbonate (C0^ n) 14 .0.5 0.1 

Bicarbonate (HCOg1) 146. 2.4. 0.6 
Chloride (Cl») 6870 193.5 45.3 

Total anions 213.6 50.0 
Total s o l i d s 12200 426.8 100.0 
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The most abundant s a l t i s obviously sodium chloride, HaCl. 
There i s also some magnesium chloride present and probably also a 
l e s s e r amount of calcium chloride. There i s a small amount of sodium 
carbonate or calcium carbenate and larger amounts of calcium and magnesium 
sulphates. The Ca/mg r a t i o i s high. Another feature of i n t e r e s t 
i s the high sulphate (S0^ ! l) content. 
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PIGURE 22. 
PROPORTION OP COMMON IONS. 



-80-
BI0L0GICAL EXAMINATION 
PLANKTON. 

Occurring i n the plankton a t 
year or throughout the year were the 
Table 18„ The words i n column 3 are 
of plankton. 

T T 

ZOOPLANKTONTS AND RELATIVE ABUNDANCE 
Group Genera and Species 
Copepoda Acartia tonsa 

Laophonte sp. 
s 

Nauplii 
Rotifera , 
Ostracoda 
Hirudinea 
Mollusca Velegers 
Protozoa Vaginicola sp. 

PHYTOPLANKTONTS AND RELATIVE ABUNDANCE 
Group Genera and species 
Myxophyceae Aphanothece Castagnei 

Chroococcus minutus 
Lyngbya Lagerheimii 
S p i r u l i n a subsalsa 

one or other periods during the 
following forms as shown i n 
purely r e l a t i v e to the t o t a l amount 

B a c i l l a r -
ibphyceae 

Coscinodiscus 
concinnus 
Chaetocerous sp, 
Cymbella sp. 
Navicula sp. 

Chlorophyceae 

Occurrence 
Abundant 
Infrequent 
Abundant 
Rare 
Common 
Frequent 
Common 
Abundant 

Table 18 
Months 
A l l 
A l l 
A l l 
Oct. - JMov. 
May - Jan. 
A l l 
A l l 
Jan. - Aug. 

Table 19 
Occurrence Months 
Very abundant A l l 
Frequent A l l 
Infrequent June - March 
Rare Spasmodic 
Abundant A l l 

Abundant A l l 
Infrequent A l l 
Infrequent A l l 
Rare 

S i m i l a r l y , the phytoplanktonts may be analysed as i n 
Table J3. 



TOTAL PLANKTON / 
Table 20 shows the numbers of a l l planktonts present per 

l i t r e throughout the whole period and F i g . 23 page 83 shows the • 
va r i a t i o n i n t o t a l animals, t o t a l plants and combined t o t a l . 

ANALYSIS OF. DISTRIBUTION OF PLANKTON Table 20 

1 9 4 Q I n d i v i d u a l s / l i t r e . ; ^ 1 9 4 1 

Genera Mar. A p r i l May June J u l y Aug. Sept. Oct. Nov. Dec. Jan. Feb. 

Copepods 90 96 33 24 12 78 7 24 37 28 6 36 

Nauplii 19 10 16 23 11 7 1 5 6 3 3 6 

3 Velegers mm 23 7 4 12 0 6 6 3 1 14 

%Ostracods o 0 fil 13 6 6 0 22 24 3 13 0 

O-vaginicola 68 
ft 

57 1239 52 7 25 o 0 0 0 6 22 

S o t i f i e r s 9 0 * ' Q > 0 0 0 0 21 4 0 0 0 

T o t a l 
Animals 167 172 }273 m 41 127 18? 78 76 37 29 78 

Genera 
To t a l 
Colonials 250 270 365 1023 612 5420 20 144 266 183 397 325 

_ Lyngbya 0 0 0 7 15 26 6 2 4 8 4 11 
o 
EH Coscinod-
g i s c u s 112 80 897 290 117 203 60 21 U 8 101 51 

g Chaetoceros 0 0 200 806 317 1850 10 60 213 28 0 0 

g Other 
diatoms 9 7 96 101 46 27 0 10 11 8 10 14 

Total 
Plants 382 328 1557 2104 1065 7415 80 237 505 235 812 401 

3 Total 
^ Plankton. 549 500 2930 2226 1106 7542 88 315 581 272 541 479 
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The plankton of the lake was very .poor i n a l l respects; i n 

respect of number of species, i n respect of number of genera and i n 
respect of t o t a l number of individuals present a t any one time;. The 
highest t o t a l number of individuals of a l l species present reached 
a low maximum of l e s s than 8000 per l i t r e i n August. This maximum 
when compared with the lakes of Michigan and Wisconsin i s found to be 
barely more than the minimum recorded f o r some of the lakes considered 
to be poor i n plankton. This maximum was followed immediately i n 
September 1940 by the minimum number of pl&nktonts recorded v i z , 88 per 
l i t r e . I n eight months out of twelve for which counts were made the 
number of individuals per l i t r e was about 500 o r - l e s s . The greatest 
numbers occurred i n the four summer months May - August 1940. I n respect 
of t o t a l number of plankton there occurred a secondary maximum i n May -
June while the largest maximum occurred i n August. The former i s a 
combination of the zooplankton maximum and the secondary phytoplankton 
maximum. I n the remaining months the population was f a i r l y uniformly 
low with a decided minimum i n September (immediately a f t e r the greatest 
maximum) and a secondary minimum i n December. 

V7hen separated into plants and animals i t i s seen that the 
plankton i s composed for the greater part of phytoplankton (see Fig.23 
page 83 ) • On no occasion did the zooplankton exceed or even equal the -
phytoplankton though i n May a large increase i n Vaginicola brought the 
animals t o t a l very nearly to that of the plants. Apart from t h i s one 
occasion when the t o t a l animals exceedt&OOO/litre the t o t a l was never as 
much as 2 0 0 / l i t r e and i n seven months was l e s s than 1 0 0 / l i t r e . 
Zooplankton, therefore showed only one maximum ( i n May) whereas 
phytoplankton exhibited two maxima - the main one i n August and a 
subsidiary one i n June. 
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PIGURE 23. 
TOTAL PLANKTON * 



PHYTOPLANKTON. 
The greatest part of the phytoplankton and of the t o t a l plankton 

was made up of Aphanothece Castagnei, (Breb) Rabehh. The c e l l s of t h i s 
Myxophycean here ranged from 4-5 microns broad and up to 10 or more 
microns long. There were occasional other Myxophyceae which were counted 
with Anphanothece but formed an i n s i g n i f i c a n t part of the t o t a l . This 
t o t a l reached.a maximum of 5420/ l i t r e i n August and within a month 
f e l l to a very low minimum'of r.20/litre. The main maximum was preceded 
by a subsidiary maximum i n June, i n d i v i d u a l s of Aphanothece were 
commonly coated with a deposit of marl which quickly disappeared when 
attacked by a c i d . The action of a strong wind on the lake had the 
apparent effect of increasing the population of t h i s alga considerably. 
This was due to the s t i r r i n g up of marl whose p a r t i c l e s , as described 
previously, a l l . contain a colony. I t was necessary, therefore, on 
occasion to repeat a plankton catch a few days l a t e r when the o r i g i n a l 
had been taken a f t e r stormy weather. This alga can apparently stand a 
heavy coating of marl as samples of damp mud, when exposed to l i g h t i n 
the laboratory, quickly assumed a d i s t i n c t l y green colour. 

A species of the ce n t r i c d i a t o m j Coscinodiscus cpnciimus 
(W.Sm.), was the second most evident plank ton t due to i t s large s i z e .. 
although i n numbers i t was l e s s than Chaetoceros when that diatom was to 
be found i n the plankton. Their average diameter was 200 microns. I t i s 
t y p i c a l l y a marine genus found i n northern waters. However, Grunow i n 
hi s paper on the diatoms of Franz Josefs - Land states that a. form which 
he synohymixed with Co. concinnus W. Sm. has been found i n B r a z i l and 
Hagelstein i n h i s work on diatoms of Porto Rico states he has found the 
vari e t y arafurensis of t h i s species. There are many species of i t i n 
the seas around the Bahamas. Individuals of Coscinodiscus were always 
to be found i n the plankton (See Fig.24 page85a .}. There was one maximum/ 
i n May of 8 8 7/litre. I t did not f a l l to a minimum i n September i n 



-86- C 

common with a l l other planktonte but i t s minimum was delayed u n t i l 
December. This plant, together with Vaginicola was responsible for the 
subsidiary t o t a l plankton maximum i n May. That the maxima of these two 
forms coincided i s to be expected since the individuals of Vaginicola 
were epiphtie on the Coscinqdiscus, 

Although i t was completely absent i n the winter months 
January to A p r i l the small chain diatom Chaetoceros was more abundant 
than Coscinodiscus by virtue of sheer numbers but the individuals are 
so delicate and small (9 microns wide and up to 54 microns long) that 
they were not nearly so conspicuous. Furthermore, t h e i r long spine-like 
processes which were swollen a t the base were numesous and v a r i e d from 
102 microns to 143 microns i n length. They seemed to spread out on the 
surface of the water i n the counting c e l l and, by v i r t u e of surface 
tension, prevented them from sinking. As a r e s u l t , the process of 
counting, with these organisms present, had to be done a t two d i f f e r e n t 
l e v e l s , - a most tedious process. Each chain of t h i s diatom was made 
up of from 3 - 10 c e l l s dach about 6 microns i n length. The numbers i n 
Table 20, therefore, r e f e r to chains and not single diatoms. These 
plants showed a unique p e r i o d i c i t y having thsee d i s t i n c t maxima. I n 
common with Aphanothece there was a main maximum i n August and a 
subsidiary one i n June but i t showed yet a t h i r d i n November a f t e r 
which i t quickly disappeared to reappear again i n May. As to t h i s 
diatom, Dr. Ruth P a t r i c k states that sheYcan f i n d no species to which 
these specimens exactly correspond, f t i s believed to be nearest to 
Chaetoceros perpusillus (CI.) but may be. a'new species. On t h i s point, 
however, Dr. Patrick has been unable, up to. the present, to give a 
positive answer. : 
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FIGURE 24. 
DISTRIBUTION OP PHYTOpLANKTON (1) 



-86-
The remaining diatom f l o r a included species of Cymbella and 

Navicula. Hheae were not nearly so abundant (see Fig.24a page 87 ) 
as the Coscinodiscus and Chaetoceros. I t i s most probable that they 
were not t y p i c a l l y planktonic but rather were individuals which had 
become separated from Batophora where they were more abundant. I n 
p e r i o d i c i t y they showed a maximum from May - June but the maximum 
number present was only 1 0 0 / l i t r e . 

tyngbya Lagerheimii (Gom.) was the only filamentous planktont 
and a t the best consisted of short fragments of filaments. I t was by no 
means abundant and was completely absent i n March and A p r i l . I t reached 
the low maximum of 26 f i l a m e n t s / l i t r e i n August. 

Also present occasionally i n small numbers were Chroococcus 
minutus (Kutz.) Nag. and Spirulina subsalsa (Gom.) the l a t t e r l e s s 
commonly than the former. 
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PIGURE 24a. 
DISTRIBUTION OP PHYTOPLANKTON (2) 
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gooroancxai 
Sfca chief Co^epod v&u i&s&rtia tones & fore: of w&is 

distribution feeing fOBnd I n tfas tropical ? s c i f i c . f tforfch .Atlantic 9 

California* Australia ami l a oa* of wiie cocaanost coptpotin found at 
owl's iiole i n aasstero The i>ot>y i s translucent to i**in&par<sni with a 

faint greenish tittle inoajn not v«x*y *vi<i*nt fe«mu I t can udu$t i t s e l f 
t o varying d o r * ft© of s a l i n i t y has even tmm found i n ffetsfe water* 
*fee periodicity -of t k l a ana otae.* anieals i s i22os>t?«itui graphically 
? i g # 28 pagt go * I t was never very tv&oiKiant* ^ t i ie fi&ribsr. of adults 
never rc&cblng age/litre 4*©e Tas>lo- 20 po^e 81)« tfcs ̂ paph ®i:o«« 
sraxisxm occurrence .at tLree periods the Xurgeat ^ein*; Starch •» April. 
<1Q£/Xitre)* I t showed two leseer sajBtaa the one i n August and tbo other 
i n ]907eaoer« Ueit&er adults nor nanplil completely disap^e&r^^roia the 
plankton tkoqjh U.ey showed a low fiinlaaB of 8/3iire i n Septea&er sn& ' 
another of ©/litre i n tfcaia*y« 

Epiploic on tiie diatoea Coseinodlscus wss tte Infaao?i&g& 
Va&inlcola*, a d i l a t e S^rotoaoan wltfi & vaslfore XerSea «ithoat a vsl^e 
and occurring i n considers t>3,y varying nna&ers* I t exhibited a Isr*/* 
sstxiasm of 1239/litr© i n 8ay «fcen the population of coeelnouiecas mis 
also at« s&xlauai* f&ey «sre foond on £62 inuiulda&ls (lees than 1 
i n 3) i n nu&.~e.vA varying froa 1 to SI* They aisapne&red eoKplstely 
froa the plankton i n Ssptsjriber una did not reappear o n t l l Junttury* Apart 
froa ti>ls ©ae occtarrencs of over liOOO/litre they were not &&on&*nt» 

A l i t t l e ostMeod. wbich Gas not, bem identified occurred i n tfes 
SionttiS my - ̂ angary* I t reached i t s js&xisajtt oban&ince of 61/11 t r * i n 
t!« f i r s t aenth of i t s appearance* I t ass aassnt i n S«pte»;er «nt 
reappeared i n Getoaer «na r*as~ nrosent i n s a a l l quantities i n October •> 
J&nm ry wfcen i t als^ppcared again* 

?fce only otl&r «boplAnktont£ t&s t iere oouEtcd wre tLe 
veXejera or ^otaa '̂ s tc jea o f vlut u«re preGUBcd to Ui« blvulvo 
jcolluscs tl»t &m so *.bim&m.t i n tto wsi& on t h« lakt botto«0 '"hey 
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They exhibited no apparent p e r i o d i c i t y t h e i r maximum abundance being 
2 3 / l i t r e . 

I n addition there occurred other animals very infrequently. 
I n October there appeared a Rotifer which disappeared equally suddenly 
before assuming large population and before opportunity was had to 
make any attempt a t i d e n t i f i c a t i o n . There also occurred an occasional 
l^ech i n the plankton catch* -

v • 

4. 
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FIGURE 25. 
DISTRIBUTION OP ZOOPLANKTON. 
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HIGHER ANIMALS 
INSECTS 

The i n s e c t fauna was perhaps the most varied fauna of the lake 
but egen so there were few species to be found. Dragonflies were 
common and showed considerable range of colours. They were not 
natu r a l l y taken i n the trap but occasional adults were caught on the 
wing and a le s s e r number of larvae were taken from the lake. Examination 
showed that they were probably species of Aeschna but c e r t a i n l y they 
belonged to (the Aeschhidae. They were not i d e n t i f i e d . I n a l l 
p r o b a b i l i t y they fed on the abundant pasyhelea to be mentioned now. 

Table 21 gives an an a l y s i s of 18 sample l o c a l i t i e s i n which 
the ins e c t trap was set and emptied a f t e r a period of 24 hours. The 
depth of the water and the nature of the bottom are also given. 

ANALYSIS OF INSECT CATCHES FOR 24-HODR PERIODS. Table 21 
L o c a l i t y Depth 'Nature: of. bottom I n s e c t s 

1 _.Batophora-.t 20 
2 1 f t . Ba tophbra i - 19 
3 3 

i 
Batophoraj . . 16 

4 2& fto Btitophora i n shade of 15 
5 
6 

2& f t 
2 f t . 

iXiijiZi'jpXiOra -
B^tophdra i n shade of 

Rhizophora 
Batophora 

14 
10 

7 1 £%. Batophora 9 
8 2 f t . Batophora 9 
9 1 f t . Batophora 8 
10 l i f t . Batophora, Burnside Cay M 
11 2 f t . Batophora, Burnside Cay 2 
12 4 f t . Batophora and marl 1 

13 l£ fto Batophora, Burnside Cay 1 
14 2 f t . Batophpra, Burnside Cay. 1 
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ANALYSTS OF--INSECT. CATCHES FOR 24-HQUR PERIODS (Contd.) Table SI 
L o c a l i t y Depth Nature of bottom I n s e c t s 

15 4 f t * .Batophora and marl. 0 
. i 6 " 4 f t . Marl'' 0 

17 10 f t . Marl 0 
- 18 ' 10 f t . Marl • 0 

Except f o r the two.insects taken i n L o c a l i t i e s 13 and 14 the 
i n s e c t s r e f e r r e d to belong to- the genus Dasyhelea. I t was nqt possible 
to refer, themoto avspecies_.but^theyj:are -being sent to the London School 
of T&opical Medicine. There was a s o l i t a r y specimen of Spaniotoma -
which.was not referred to a species. I n addition there was a s o l i t a r y 
specimen of a minute beetle which has not been i d e n t i f i e d . They never 
appeared i n the trap again. 

9 . An examination of Table 21 reveals, that most favourable 
l o c a l i t i e s are those of shallow water 3 f t . or l e s s i n which the bottom 
i s covered with a dense growth of Batophora. They are not found i n 
deeper water nor yet over a pure marl bottom. A t h i r d factor may be the 
r e l a t i v e amount of shade offered by the larger marginal vegetation. 

But l o c a l i t i e s 10, 11, 33: and 14 are located i n shallow 
water off Burnside Cay, had dense growth of Batophora. on the bottom and 
also afforded as much shade &nd more i n some cases) as the l o c a l i t i e s 
1 - 9 . But the i n s e c t population was low. The only explanation that 
can be given i s that the Gay i s surrounded by more than 200 yards of 
open water on a l l s ides. Though t h i s does not necessarity a c t as a 
ba r r i e r to the adult Da syhelea yet the f a c t that the i n s e c t seems to 
feed on blood l i m i t s i t s population i n t h i s Cay because of the small 
number of animals on the i s l a n d . This therefore may be yet a fourth 
factor i n the d i s t r i b u t i o n of t h i s i n s e c t . 



-93-

WATER-MITES 
There occurred i n the trap on three separate occasions i n 

the same l o c a l i t y oh Burnside Cay i n shallow water over a bottom 
densely covered with Batophora, a small number of water mites 
(Hydracarina).. There were three d i s t i n c t species but they were 
found i n no other l o c a l i t y i n the lake. They are being i d e n t i f i e d 
by Prof. J . S i Rogers. 

CHAETOPODAb, 
Worms were represented'by a mere half-dozen specimens of 

the Pol,ychaete type,—They appeared only r a r e l y i n mud samples that 
were being sieved for molluscs but they never appeared when the mud 
was being sieved e s p e c i a l l y for them." They were exceedingly b r i t t l e 
and up to 2 or 2.5 cms* long. The body was l i t t l e more than 1 mnu 
wide a t the swollen part a t the anterior end. Their colour was blood 
red. I t has been i d e n t i f i e d as Arenicolfl c r i s t a t a (Simp). 

MAIACOSTRACA. 
Higher crustaceans were represented by a few crabs whose . 

habitat was a c t u a l l y i n holes on land these being land crabs which 
occasionally wander into the sea or* a l t e r n a t i v e l y , the lake. The 
majority of these crabs were small, about 1 inch across the carapace. 
I n addition there was a fewer number of caabs of l e s s s i z e whose 
habitat was completely aquatic. 

Occurring i n the dense masses of Batophora were f a i r l y 
numerous specimens of the Amphipod Hyalella sp» These creatures 
were very a c t i v e and consequently d i f f i c u l t to. catch. I n length they 
were l e s s than.1 cm. 

MOLLUSCA. 
A dredge drawn along the surface of the mud always brought 

up large quantities of d e l i c a t e empty bivalve s h e l l s . L i v i n g 
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bivalves were c o l l e c t e d with the mud sampling apparatus (see Fig.7 
page 30 ) . When the mud was sieved there remained these .small •• 
white or pinkish wlte Lamellibranchs of maximum length 15 mms. and 
greatest width 10 mms. The s h e l l was very d e l i c a t e and the l i v i n g 
animal was translucent. Large numbers of the s h e l l s , however, although 
t i g h t l y closed, were f u l l of f i n e l y divided marl and smelied strongly 
of sulphuretted hydrogen when broken. They were i d e n t i f i e d as Donax 
v a r i a b i l i s (Say). 

I n addition there were found, c h i e f l y on the bare surfaces 
of rocks or of submerged objects, numbers of the Gastropod Terebra 
cohcava vinosa B a l l . The average length was 15 mms. but a few 
exceptionally large specimens were found. Another Gastropod found 
but r a r e l y was the small exceedingly d e l i c a t e Retusa perfenuis with 
a pure white shell.. 

Broken fragments of separate s h e l l s of a much larger 
Lamellibranch were a l s o found but on no occasion was a l i v i n g animal, 
nor yet a complete undamaged s h e l l , found. From the fragments i t was 
estimated that the s h e l l may be as much as 18 cms. long when complete. 

FISH. 
The f i s h population of the lake was not abundant. There 

were no large f i s h such as might a t t r a c t the angler. Indeed the 
l a r g e s t was no more than 55 mms. long. The d i s t r i b u t i o n of the f i s h 
was very limited. 

Dr. C. L. Hubbs has i d e n t i f i e d two out of three, species of 
these f i s h . Unfortunately the j a r containing the most abundant of 
these species was broken and i d e n t i f i c a t i o n of i t nas not yet been 
received. Of .the others one i s Gambusia hubbsi, a new species found 
but once previously by Breder i n Lake Forsythe i n Andros. T h i s , f i s h 
has a c h a r a c t e r i s t i c spine on the anterior border of the v e n t r a l f i n . 
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I t s colour i s shaded from steel-blue on the back to blue-grey l a t e r a l l y . 
I t s average length i s 30 mats, or s l i g h t l y more, The other 4 according 
to Hubbs, i s a new species of Cyprinodon. He describes i t as being 
remarkably unlike the one species of the genus, C. baconi Breder, which 
has been named from the Bahamas. This species i s 65 mms. i n length. 

Table 22 shows a record of a sample number of catches over 
24-hQur periods. 

RECORD OF FISH CATCHES FOR 24-HOUR PERIODS Table 22 
Lo c a l i t y No. Depth L o c a l i t y Gambusia unidentified Cyprinodon 

f t . SpeciesT 
1 3 Ea s t side of wharf. 

Rock, marl and 
Batophora 

37 6179 0 

2 10 Marl - i n middle of 
lake. 

0 3 'I 

3 2 Rock and Batophora . 10 69 0 
4 7 Marl 0 6 5 0 
5 2 Sheltered side of 

promontory. Marl. 8 41 2 
6 1 Dense Batophora. 

Sheltered bay. 
41 81 28 

7 2 Under old wharf. Rocks. 
Batophora i n v i c i n i t y . 

26 230 4 

8 5 Over marl. 0 0 33 
9 3 Near l a s t l o c a l i t y . 

Over marl. 
2 1 0 

10 7£ Marl 1 1 5 
11 4& E a r l 1 1 5 
12 4£ • Marl 16 14 3 
13 5 Mangrove roots. 1 2 0 
14 3 Very s o f t mud. 3 2 0 
15 3 Marl. Considerable 

wave a c t i o n . 
0 1. 0 

J A l l , very small - l e s s than 15 mms.. : •< 
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The following observations may be made: 

Fully-grown specimens of Cyprinodon were taken on only 
one occasion i n 5 f t . of water - L o c a l i t y 8. However, younger and 
smaller individuals were commoner i n shallower water. 

A l l the f i s h , therefore, excluding the adult forms of 
Cyprinodon were most abundant i n shallow water (3 f e e t or l e s s ) . 
This i s s i g n i f i c a n t i n that i t i s the depth i n which the most 
luxurious growths of Batophora are found and, as mentioned above, 
i s a l s o the depth i n which the Dasyhelea larvae are most abundant. 

Systematic examination of stomach contents was not made 
but the stomachs of the unidentified species were alv/ays crammed with 
Batophora. From t h i s f a c t , and also from the data i n Table 22 i t 
would appear that the d i s t r i b u t i o n of t h i s alga plays an important 
part i n the food chain of these f i s h either d i r e c t l y or i n d i r e c t l y . ON 
one occasion specimens of Gambusia were put into a tank with some 
small (10 rams, long) f i s h . Within three days a t the most, the Gambusia 
were the only f i s h l e f t . This species i s apparently predacious. 

Another factor influencing the d i s t r i b u t i o n of a l l these 
f i s h i s the amount of sh e l t e r afforded. The three most abundant 
catches were made i n l o c a l i t i e s affording considerable shelter e.g. 
on the lee side of a wharf or promontory. 

REPTILES. 
Although no attempt was made to study them or i d e n t i f y them, 

mention should be made of the very abundant number of l i z a r d s running 
around the rocks and i n the trees around the margins of the lake. 
Most of these are small but others have large bodies and are up to 
I S i n s . i n length. 
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DISCUSSION 
EVOLUTION OF THE LAKE. 

The f a c t that the Hake water contains such a large amount 
of t o t a l dissolved s o l i d s , and e s p e c i a l l y the high percentage of 
sodium chloride together with unusually high amounts of sulphate 
indicate some connection with the sea either a t the present time or 
formerly. That there can be no appreciable i n f l u x of s a l t water 
from the sea i s evidenced by the f a c t that there i s no r i s e and f a l l 
of lake l e v e l comparable to t i d a l influence. What fluctuation i n 
l e v e l does e x i s t can be explained quite s a t i s f a c t o r i l y on the basis 
of evaporation and p r e c i p i t a t i o n . I t i s true that there would be 
some lag i n any e f f e c t that the t ides might have i f there was such 
connection, t h i s being due to the resistance of the rock to the 
r a t e of movement of water through i t * This lag i n t i d a l ebb and flow 
might considerably reduce the a c t u a l r i s e and f a l l observed i n the 
lake. I t i s even true that t h i s resistance might possibly reduce 
t i d a l r i s e and f a l l to n i l ( i t i s not very appreciable even i n the 
sea i n any c a s e ) . And i t i s possible that such t i d a l e f f e c t might be 
reduced to n i l without a c t u a l l y preventing some mixing and passage 
of water. But i f t h i s i s so, then there remains to be explained the 
seasonal difference i n lake l e v e l . Any f a l l i n lake l e v e l during the 
dry season should, i f there were any connection with the sea.at a l l , 
be compensated by an inflowing or sea water. S i m i l a r l y , seasonal 
r i s e should be counteracted by a seepage of water out through the 
bottom of the lake. Neither of these compensations a c t u a l l y occurs 
and the r e s u l t s show that throughout the period of recording lake 
l e v e l s there was a t o t a l v a r i a t i o n of nearly a foot which would not 
have occurred had there been even a s l i g h t connection with the sea. 
Therefore for these reasons i t has been concluded that whatever 
connections there may have been i n time past there i s no such con-
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n e c t i o n now a n d any a u c h c o n n e c t i o n t h a t n a y have once e x i s t e d has 
b e e n s e a l e d toy some means o r o t h e r . 

J n t h i s c o n n e c t i o n t h e r e may be m e n t i o n e d t o g e t h e r , p o p u l a r 

b e l i e f and a l s o t h e r e m a r k "ebbs and f l o w s " t h a t appea r s on t h e l a k e 

o n U . S . F y d r o g r a p h i c C h a r t No .1377 o r i g i n a l l y p u b l i s h e d i n 1 8 9 3 . 

On c o m m u n i c a t i n g w i t h t h e U . S . H y d r o g r a p h i c O f f i c e a b o u t t h e 

a u t h o r i t y i t was l e a r n e d t h a t t h e s t a t e m e n t had been t a k e n f r o m 

B r i t i s h A d m i r a l t y C h a r t N o . 1489 w h i c h was c o m p i l e d p r i o r t o 1 8 8 1 . 

A l e t t e r was d e s p a t c h e d t o t h e A d m i r a l t y b u t no r e p l y has been 

r e c e i v e d as y e t . I t i s q u i t e p o s s i b l e t h a t , n o t b e i n g p a r t i c u l a r l y 

i n t e r e s t e d i n s u c h i n l a n d l a k e s f r o m t h e p o i n t o f v i e w o f s h i p p i n g , 

t h e c o m p i l e r s o f t h e s e o r i g i n a l s u r v e y s s i m p l y a c c e p t e d p o p u l a r b e l i e f 

a s f a c t . T h i s b e l i e f may have been f o u n d e d o n t h e f a c t t h a t such ebb 

a n d f l o w does e x i s t i n o t h e r b o d i e s o f w a t e r e . g . o c e a n - h o l e s . B u t 

o n t h e o t h e r hand i t may have been f o u n d e d o n the f a c t t h a t ebb and 

f l o w d i d a c t u a l l y t a k e p l a c e e i t h e r t & e n , 60 y e a r s a g o , o r w i t h i n l i v i n g 

memory a t t h a t t i m e . T h a t t h i s i s p o s s i b l e , a n d t h a t changes may 

be so c o m p a r a t i v e l y r a p i d , i s w i t n e s s e d b y t h e f a c t t h a t a p e n i n s u l a 

a t t h e w e s t end o f New P r o v i d e n c e i s known as L y f o r d Cay ( p r o n o u n c e d 

as " k e y " . Cay i s t h e Lucayan I n d i a n w o r d f o r i s l a n d ) a n d i t was ,as 

l a t e as 1 8 3 0 , a c t u a l l y a n i s l a n d , b o a t s b e i n g a b l e t o pass where 

t h e r e i s now l a n d 10 f e e t above sea l e v e l . Assuming t h e n t h a t such 

c o n n e c t i o n w i t h t h e sea d i d e x i s t t h e p re sence o f s a l t wa Ler i n t h e 

&ake may be s a t i s f a c t o r i l y e x p l a i n e d . B u t what^does n o t e x p l a i n i s 

t h e manner i n w h i c h t h e bed o f t h e l a k e came t o be f o r m e d i n t h e 

f i r s t p l a c e . 

B a i l l o u H i l l s a n d P r o s p e c t R idge a r e b o t h a c c e p t e d b y 

g e o l o g i s t s a s b e i n g , i n e f f e c t , f o s s i l i z e d sand dunes . There must 

have been a t i m e , t h e r e f o r e , when t h e sea c o v e r e d a l l t h e l a n d up t o 

t h e n o r t h s i d e o f P r o s p e c t R i d g e and t h i s r i d g e was t h e c o a s t l i n e . 
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S i m i l a r l y , a t some t i m e p r e v i o u s wha t i s now B a i l l o u H i l l s mus t have 
been sand dunes o n t h e n o r t h e o a s t o f t h e i s l a n d ( t h i s dune f o r m a t i o n 
t a k e s p l a c e o n l y o n t h e n o r t h o f New P r o v i d e n c e because o f i t s 
p o s i t i o n r e l a t i v e t o t h e d i r e c t i o n o f p r e v a i l i n g w i n d s ) . I n t h e l i g h t 
o f w h a t i s known a b o u t c o r a l a c t i v i t y i n t h e sea a t t h e p r e s e n t t i m e , 
r e s u l t i n g i n t h e f o r m a t i o n o f a r e e f p a r a l l e l w i t h t h e sea c o a s t 
a n d a b o u t a q u a r t e r t o one m i l e f r o m i t , i t seems l o g i c a l t o suppose 
t h a t such a r e e f t h e n e x i s t e d a b o u t h a l f a m i l e f r o m t h e c o a s t i n t h e 
l i n e now o c c u p i e d by P r o s p e c t R i d g e . A t t h a t t i m e t h e r e f o r e , w h a t i s 
now t h e bed o f Lake Cunningham, was t h e n t h e b e d o f t h e sea w i t h i n t h e 
r e e f . T h i s t h e o r y i s f u r t h e r s u p p o r t e d ~oy t h e e x i s t e n c e o f a l i n e o f 
swamps o c c u p y i n g t h e v a l l e y be tween B a i l l o u H i l l s a n d P r o s p e c t R i d g e 
a n d e x t e n d i n g f o r some m i l e s e a s t f r o m Lake Cunningham w h i c h i s t h e 
w e s t e r n m o s t a n d t h e l a r g e s t o f t h e s e b o d i e s o f w a t e r . The n e x t b i g g e s t 
i s a f a i r l y e x t e n s i v e b u t s h a l l o w e r p o n d l e s s t h a n two m i l e s s o u t h o f 
Nassau ( F i g . l page 13 ) . T h i s s t a t e o f a f f a i r s was f o l l o w e d b y u p l i f t , 
ev idences o f w h i c h have a l r e a d y b e e n d i s c u s s e d , t h u s l i f t i n g t h e r e e f 
o u t o f t h e w a t e r . The r e e f was p r o b a b l y above w a t e r a l r e a d y - w i t n e s s , 
t h e p r e s e n t r e e f . A t t h e same t i m e t h e a r e a o f sea be tween t h e c o a s t 
a n d t h e r e e f (now P r o s p e c t R i d g e ) was d r a i n e d t o a c e r t a i n e x t e n t b u t 
pe rhaps n o t c o m p l e t e l y . I t now f o r m e d a n a r m o f t h e s a a a l m o s t c u t 
o f f b y t h e e l e v a t e d r e e f . T h i s a rm was d r a i n e d t o t h e sea t h r o u g h a 
gap i n t h i s e l e v a t e d r i d g e i n t h e r e g i o n o f w h a t i s now C h i p p i n g h a m 
( F i g . l page 13 ) • The p r o c e s s o f d u n e - f o r m a t i o n was t h e n recommenced 
o n t h e new c o a s t l i n e . T h i s d u a e i s now f o s s i l i z e d a n d i s now P r o s p e c t 
R i d g e . A t t h e same t i m e a n o t h e r p r o c e s s was b e i n g r e p e a t e d i . e . t h a t 
o f r e e f - b u i l d i n g s t i l l f u r t h e r t o t h e n o r t h . Subsequent f u r t h e r 
u p l i f t p a r t i a l l y d r a i n e d t h e sea be tween t h i s new r e e f a n d t h e new 
c o a s t , l i f t e d t h e new r e e f o u t o f w a t e r , e s t a b l i s h e d y e t a n o t h e r new 
c o a s t l i n e s t i l l f u r t h e r t o t h e n o r t h and a l s o f u r t h e r e m p t i e d t h e 
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t h e v a l l e y be tween B a i l l o a H i l l s and P r o s p e c t R i d g e r e d u c i n g i t t o a 
s t r i n g o f l a k e s a n d swamps. F i n a l l y a new r e e f was f o r m e d . T h i s i s E H 
r o u g h l y t h e c o n d i t i o n a t t h e p r e s e n t d a y . G o i n g n o r t h f r o m B a i l l o u 
H i l l s , w h i c h a r e p o s t u l a t e d a s b e i n g t h e o r i g i n a l c o a s t l i n e , one f i n d s 
t h e f o l l o w i n g a l t e r n a t i o n o f dune and v a l l e y : 

1 . The v a l l e y o c c u p i e d b y Lake Cunningham a n d o t h e r b o d i e s 

o f w a t e r a n d swamps, t h i s b e i n g o r i g i n a l l y t h a t p s r t o f t h e sea 

l y i n g be tween t h e c o a s t a n d t h e r e e f , 

2 . P r o s p e c t R i d g e , o r i g i n a l l y t h e r e e f , a n d l a t e r t h e sea 

c o a s t where t h e p e n u l t i m a t e d u n e - f o r m a t i o n o c c u r r e d , 

3 . L o w - l y i n g l a n d o c c u p i e d by swamps a n d a r e a s o f s t a n d i n g 

w a t e r , f o r m e r l y t h a t p a r t o f t h e sea be tween t h e c o a s t a n d t h e r e e f 

p r i o r t o t h e l a s t u p l i f t , 

4 . The p r e s e n t c o a s t , f o r m e r l y a r e e f b e f o r e t h e l a s t 

u p l i f t and now t h e scene o f d u n e - f o r m a t i o n , t h o u g h t h e s e a r e s t i l l 

v e r y young and l o w , 

5 . T h a t p a r t o f t h e sea now b e t w e e n c o a s t a n d r e e f a n d 

6 . The p r e s e n t r e e f now above sea l e v e l i n many p l a c e s . 

Lake Cunningham, t h e r e f o r e , b e f o r e t h e l a s t u p l i f t , was more 

e x t e n s i v e a n d , d e p e n d i n g o n t h e h e i g h t o f t h a t u p l i f t may have been 

d r a i n e d t h r o u g h t h e gap i n P r o s p e c t R idge i n t h e r e g i o n o f C h i p p i n g h a m . 

Subsequent t o t h e l a s t u p l i f t i t may f o r some t i m e , p e r h a p s u n t i l 

q u i t e r e c e n t l y ( i . e . e a r l y p a r t o f l a s t c e n t u r y ) have r e t a i n e d com­

m u n i c a t i o n w i t h t h e sea by seepage o f w a t e r t h r o u g h t h e p o r o u s l i m e s t o n e 

r o c k . B u t i t i s now q u i t e c o m p l e t e l y s e a l e d o f f f r o m t h e s e a . I n 

f u r t h e r s u p p o r t o f t h i s s u g g e s t e d p r o c e s s o f e v o l u t i o n i s t h e f a c t , 

t o be d i s c u s s e d l a t e r , t h a t many a n i m a l s a n d p l a n t f o r m s , now i n t h e 

l a k e a r e d i s t i n c t l y m a r i n e . 

One f u r t h e r change has t a k e n p l a c e a n d t h a t i s the f i l l i n g 

i n , b y m a r l , o f t h e e a s t e r n end o f t h e l a k e t o f o r m wha t i s now 
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E a s t End Wfersh. I t w o u l d a p p e a r t h a t t h i s p r o c e s s i s d e s t i n e d t o 
p l a y c o n s i d e r a b l e p a r t i n t h e f u t u r e e v o l u t i o n o f t h e l a k e l a n d 
t h e r e f o r e b e f o r e c o n s i d e r i n g t h i s m a t t e r , i t w o u l d be w e l l t o t u r n 
t o t h e p r e c i p i t a t i o n o f c a l c i u m ca rbona te , . 

CALCIUM CARBONATE PRECIPITATION. 

The p r o b l e m o f t h e p r e c i p i t a t i o n o f c a l c i u m c a r b o n a t e 

p r e c i p i t a t i o n has r e c e i v e d c o n s i d e r a b l e a t t e n t i o n , , M u r r a y ( 1 8 9 5 ) , 

T i l d e n ( 1 8 9 7 ) , Wesenburg Lund ( 1 9 0 1 ) , P o l l o c k ( 1 9 1 9 ) and K i n d l e 

( 1 9 2 7 ) a l l made some c o n t r i b u t i o n t o t h e p r o b l e m a n d s u g g e s t e d 

v a r i o u s l y t h e a c t i v i t i e s o f b l u e ^ g r e e n a l g a e i n b o t h t h e f o r m a t i o n 

o f c o n c r e t i o n s and t h e f o r m a t i o n o f f i n e l y - d i v i d e d m a r l v The 

Myxophyceae , t o w h i c h were a t t r i b u t e d such a r o l e , i n c l u d e d v a r i o u s 

s p e c i e s o f S c h i z o t h r i x , L y n g b y a , D i c o t h r i x , R i v u l a r i a , G l e o c a p s a , 

T o l y p o t h r i x , P h o r m i d i u m and C e n t r o s p h a e r i a , Drew ( 1 9 1 4 ) , K e H e r m a n 

and S m i t h (1914) a n d Bavendamm ( 1 9 3 2 ) when i n v e s t i g a t i n g such 

p r e c i p i t a t i o n i n t h e sea on t h e w e s t c o a s t o f A n d r o s a t t r i b u t e d a 

c o n s i d e r a b l e r $ I e t o b a c t e r i a and a m m o n i f y i n g b a c t e r i a . S m i t h ( 1 9 4 6 ) 

o n t h e o t h e r h a n d , r e g a r d s t h e b a c t e r i a l h y p o t h e s i s a s unnecessa ry 

and sugges t s t h a t p u r e l y p h y s i c o - c h e m i c a l c o n d i t i o n s a r e t h e cause . 

I n t h i s p a r t i c u l a r l a k e t h e r e i s c o n s i d e r a b l e p r e c i p i t a t i o n 

o f c a l c i u m c a r b o n a t e . I t has been f o u n d d i s t i n c t l y s u r r o u n d i n g 

c o l o n i e s o f t h e b l u e - g r e e n a l g a , Aphano thece c a s t a g n e i . F u r t h e r m o r e , 

t h e p r e c i p i t a t e d m a r l , when examined , i s f o u n d t o c o n t a i n t h i s a l g a 

i n i t s p a r t i c l e s a n d , when exposed t o l i g h t , w i l l d e v e l o p a g r e e n 

c o l o u r due t o t h e g r o w t h o f t h i s a l g a e 

On t h e b a s i s o f t h e s e o b s e r v a t i o n s i t seems l o g i c a l t o 

deduce t h a t t h i s a l g a i s r e s p o n s i b l e f o r t h e p r e c i p i t a t i o n - . T h i s i s 

b e l i e v e d t o be t r u e . But" a t t h e same t i m e i t does n o t seem l o g i c a l 

t o a r g u e t h a t t h i s a l g a i s t h e o n l y c o n t r i b u t o r y c a u s e . T h i s i s t o 

c a r r y a n o t h e r w i s e l o g i c a l d e d u c t i o n beyond t h e p o i n t where i t ceases 
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t o be l o g i c a l . Nor i s i t b e l i e v e d t o be n e c e s s a r y t o a d o p t a n 
ex t reme p o i n t o f v i e w a n d deny any such rSle t o l i v i n g o r g a n i s m s 
a l t o g e t h e r . I t i s a l w a y s p o s s i b l e , a n d i n d e e d i n t h e m a j o r i t y o f 
cases i s s o , t h a t t h e r e i s more t h a n any one s i n g l e cause o f a n y one 
o b s e r v e d phenomenon such as t h i s . 

The p r o b l e m r e v o l v e s a r o u n d t h e e x i s t e n c e , i n s o l u t i o n s 

c o n t a i n i n g c a l c i u m a n d / p r magnesium w h i c h a r e i n c o n t a c t w i t h a i r , 

o f t h e f o l l o w i n g e q u i l i b r i a : -

H 2 0 ^ C 0 2 - H 2 C 0 3 ^ H - + H C 0 3 1 - I I " + H* 4-003'*. . . . . . . . . . . . 1 

cos" + eo2+H2O ^ 2HCO3 • 2 

I n (2) t h e Ca a n d / o r Mg i o n s have been o m i t t e d t o a v o i d 

cumbersome e q u a t i o n s „ I n any case t h e y a r e n o t n e c e s s a r y t o e x p l a i n 

t h e c h a n g e s . 

I n t h i s w a t e r t h e pH i s h i g h , t h e bound C 0 2 i s h i g h and t h e 

f r e e C02 i s l o w . I n a d d i t i o n t h e r e i s ample o p p o r t u n i t y f o r t h e 

w a t e r t o d i s s o l v e s a l t s o f c a l c i u m and magnesium f r o m t h e r o c k s o f 

t h e l a k e s h o r e where wave a c t i o n i s c o n s i d e r a b l e . 

A l t h o u g h t h e amount o f p l a n k t o n i s n o t g r e a t y e t t h e p o p u l a t i o n , 

e s p e c i a l l y t h a t o f A p h a n o t h e c e , i n c r e a s e s c o n s i d e r a o l y i n t h e summer 

months p a r t i c u l a r l y A u g u s t . The demands o f t h e s e a l g a e f o r c a r b o n 

d i o x i d e f o r p h o t o s y n t h e s i s i s c o n s i d e r a b l e and t h e amount o f i s o l a t i o n 

i n c r e a s e s t h i s p r o c e s s . As a r e s u l t t h e e q u i l i b r i u m o f b o t h t he se 

e q u a t i o n s i s d i s p l a c e d t o the l e f t w i t h a n i n c r e a s e i n [ C 0 3 f , ] a n d , 

t h e o r e t i c a l l y , a n i n c r e a s e i n p H . ( A l t h o u g h t h e o b s e r v a t i o n s o f pH 

t a k e n i n t h r e e summer months o f 1940 show t h i s t h e o r e t i c a l i n c r e a s e 

t h e y c a n n o t be r e l i e d upon f o r r ea sons d i s c u s s e d p r e v i o u s l y ) . As 

a r e s u l t o f t h i s i n c r e a s e i n the c o n c e n t r a t i o n o f ( C 0 3 ) w i o n s t h e i o n i c 

p r o d u c t s [Ca•• ] x (CO3"] a n d [lag'"] x (CO3"] a r e i n c r e a s e d . B u t t h e 

s o l u b i l i t y p r o d u c t o f MgC03, t h o u g h n o t e x c e p t i o n a l l y h i g h , i s g r e a t e r 

t h a n t h a t o f CaC03 a n d a s a r e s u l t , t h e s o l u b i l i t y p r o d u c t o f CaCOs 
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t h o u g h n o t e x c e p t i o n a l l y h i g h , i s g r e a t e r , t h a n t h a t o f GaCOa and as 
a r e s u l t , t h e s o l u b i l i t y p r o d u c t o f CaCOs i s exceeded a n d t h i s compound 
i s p r e c i p i t a t e d . - X t i s n a t u r a l t o suppose t h a t t h i s p r e c i p i t a t i o n 
w i l l t a k e p l a c e i n t h e i m m e d i a t e v i c i n i t y o f t h e r e m o v a l o f t h i s COg 
i . e . n e a r a n d a r o u n d t h e a l g a l c o l o n i e s * As a r e s u l t t h e y become 
c o a t e d w i t h f i n e l y d i v i d e d c a l c i u m c a r b o n a t e , w i t h t h e advance o f t h i s 
p r o c e s s due t o t h e c o n t i n u e d r e m o v a l o f COg t h i s d e p o s i t becomes 
t h i c k e r a n d e v e n t u a l l y so heavy as t o cause t h e whole p a r t i c l e v i z . 
a l g a l c o l o n y - f - p r e c i p i t a t e d CACO3, t o s i n k t o t h e b o t t o m o f t h e l a k e 
w h e r e , a s has been p r o v e d e a r l i e r i n t h i s p a p e r , t h e a l g a does n o t 
n e c e s s a r i l y cease a c t i v e p h o t o s y n t h e s i s and so t h e p r o c e s s i s 
c o n t i n u e d , a t a n y r a t e by t h e s u r f a c e l a y e r s , i n . t he m a r l . 

W i t h t h e d e a t h and decay o f t h e a l g a e , f r e e CQg i s once 

a g a i n l i b e r a t e d i n t h e w a t e r ( see F i g . 18 page 64 ) a n d t h e e q u i l i b r i a 

a r e d i s p l a c e d t o t h e r i g h t t h u s d e c r e a s i n g t h e i o n i c p r o d u c t s 

p a '* ] * (pQ3 |̂ * [303'] a n d 8 0 p e r m i t t i n g f u r t h e r s o l u t i o n 

o f t h e s e s a l t s . T h i s may t a k e p l a c e f r o m t h e p r e c i p i t a t e d m a r l o n 

t h e b o t t o m b u t t h e m a j o r i t y i s mos t l i k e l y t o o c c u r f r o m t h e r o c k s o n 

t h e s h o r e where wave a c t i o n i n c r e a s e s s o l u t i o n . A c c o r d i n g t o t h i s , 

pe rhaps t h e g r e a t e r p a r t , b u t a t a n y r a t e some p a r t , o f t h e m a r l 

a l r e a d y p r e c i p i t a t e d i s n o t b r o u g h t back i n t o s o l u t i o n a n d so t h e r e . 

i s a p r o g r e s s i v e a c c u m u l a t i o n o f t h i s d e p o s i t o n t h e b o t t o m o f t h e l a k e . . 

As s t a t e d , CaCOg i s t h e f i r s t t o be p r e c i p i t a t e d , i t s i 

s o l u b i l i t y p r o d u c t b e i n g l o w e r t h a n t h a t of-: MgBOQ, T h i s removes many 

o f t h e (COg)*9 i o n s a n d so p r e v e n t s t h e s o l u b i l i t y p r o d u c t o f MgCO^ 

f r o m b e i n g exceeded a n d t h i s compound r e m a i n s i n s o l u t i o n . B u t i f 

t h e r e i s u n u s u a l p h o t o s y n t h e t i c a c t i v i t y then jq03Tj? i s so f a r i n c r e a s e d 

a s t o cause the i o n i c p r o d u c t o f t h e magnesium a n d c a r b o n a t e i o n s 

t o exceed t h e s o l u b i l i t y o f t h i s compound a n d t h i s s a l t i s a l s o 

p r e c i p i t a t e d . B u t t h i s happens b u t r a r e l y a n d i s b e l i e v e d t o e x p l a i n 

t h e s m a l l amount o f magnesium i n t h e m a r l ( see T a b l e 23 ) a n d a l s o t h e 
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h i g h Mg/Ca r a t i o i n t h e l a k e w a t e r ( see T a b l e 16 page 7 5 ) . 

CHEMICAL ANALYSIS Pi*' SUAMP MARL, ( f r o m S h a t t u c k 1905) T a b l e 23 

By a c i d d i g e s t i o n (HC1 S . G . 1 . U 5 ) 

C o n s t i t u e n t P e r c e n t a g e 

P o t a s h ( K 2 0 ) 0 . 3 0 6 

Soda (NagO) 2 . 1 2 0 

Lime (CaO) 4 7 . 5 0 0 

Magnes ia (MgO) 2 . 8 5 0 

I r o n a n d A l u m i n i u m ( F e , A l ) T r a c e 

N i t r o g e n (N) 0 . 0 5 4 

Phosphorus p e n t o x i d e (P2O5) 0 . 1 2 3 

S u l p h u r t r i o x i d e ( S 0 3 ) 0 . 3 7 0 

C h l o r i n e ( C I ) 2 . 9 7 0 

S i l i c a ( S i 0 2 ) 3 . 2 2 0 

Ca rbon d i o x i d e (co2) " 4 0 . 4 8 0 

T o t a l 9 9 . 9 9 3 

B u t , i n a d d i t i o n t o a l l t h i s , i t mus t a l s o be r e a l i z e d 

t h a t t h e h i g h i n s o l a t i o n a t t h i s t i m e o f t h e y e a r i n c r e a s e s , n o t 

o n l y p h o t o s y n t h e s i s , b u t a l s o e v a p o r a t i o n . T h i s e v a p o r a t i o n causes 

a d i r e c t i n c r e a s e inJCX^J • a n d a t t h e same t i m e causes t h e e v a s i o n 

o f a c o n s i d e r a b l e amount o f f r e e c a r b o n d i o x i d e t o t h e a i r due t o a 

l o w e r i n g o f i t s s o l u b i l i t y w i t h i n c r e a s e i n t e m p e r a t u r e . T h i s adds 

t o t h e decrease i n C 0 2 caused by p h o t o s y n t h e s i s a n d p r o d u c e s t h e 

same s h i f t o f e q u i l i b r i a a n d t h e same c h a i n o f e v e n t s . I n l a t e 

summer t e m p e r a t u r e s f a l l and t h e amount o f CO g i n t h e w a t e r i s l e s s 

t h a n i t s s o l u b i l i t y a t t h i s l o w e r t e m p e r a t u r e and i t i s once more 

t a k e n i n t o s o l u t i o n a t t h e s u r f a c e . There i s a l s o a p r o d u c t i o n o f 

C 0 2 i n d e c a y . T h i s causes a d i s p l a c e m e n t t o t h e r i g h t and t h e w a t e r 

i s f r e e t o d i s s o l v e more CaCOg . 
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The w r i t e r t h e r e f o r e a d o p t s a n a t t i t u d e be tween t h e t w o 

ex t remes m e n t i o n e d b e f o r e , n o t f o r t h e sake o f a g r e e i n g w i t h b o t h 

s i d e s , b u t . b e c a u s e i t seems mos t l o g i c a l t o a t t r i b u t e a sha re i n 

t h i s p r o c e s s t o b o t h causes a n d s c i e n t i f i c a l l y i l l o g i c a l f o r 

e i t h e r ex t reme t o deny a share i n t h e p r o c e s s t o t h e o t h e r c a u s e . 

One q u e s t i o n r e m a i n s t o be e x p l a i n e d . Why i s t h i s 

c a l c i u m c a r b o n a t e f o u n d p r e c i p i t a t e d o n t h e Aphanothece a n d n o t 

o n t h e o t h e r p i b y t o p l a n k t o n t s ? The mos t s a t i s f a c t o r y e x p l a n a t i o n o f 

t h i s seems t o be t h a t s i n c e each c o l o n y i s a n a g g r e g a t e o f i n d i v i d u a l 

c e l l s i n a s m a l l space t h e demand f o r , and a b s o r p t i o n o f , CO2 i n 

t h e i m m e d i a t e v i c i n i t y o f t h e c o l o n y i s much g r e a t e r t h a n i n t h e v i c i n i t y 

g f a n y o t h e r o f t h e a l g a l p l a n k t o n t s . As a r e s u l t , t h e amount o f 

C 0 2 a b s o r b e d b y t h e o t h e r p l a n t s i s n o t s u f f i c i e n t t o s e t t h e c h a i n 

o f e v e n t s i n m o t i o n t h r o u g h t o t he . u l t i m a t e c o n c l u s i o n . I t i s a d m i t t e d , 

h o w e v e r , t h a t t h i s e x p l a n a t i o n d e n i e s t h e e x i s t e n c e o f s u c h a t h i n g 

as c i r c u l a t i o n o f t h e w a t e r w h i c h w o u l d cause a n even d i s t r i b u t i o n o f 

t h e c o n c e n t r a t i o n o f a l l i o n s . 

FUTURE DEVELOPMENT OF THE LAKE. 

As t o t h e f u t u r e o f t h e l a k e , one t h i n g i s o b v i o u s above 

a l l o t h e r s , and t h a t i s t h e p r o g r e s s i v e d e p o s i t i o n o f m a r l and t h e 

consequen t f i l l i n g i n o f t h e l a k e l e a d i n g t o i t s u l t i m a t e 

a n n i h i l a t i o n 0 T h i s i s e v i d e n c e d by f i l l i n g i n o f t h e l a k e a l r e a d y 

a t t h e e a s t end f o r a l m o s t a q u a r t e r o f a m i l e i . e . a b o u t 1 / 1 2 t h . 

o f i t s o r i g i n a l l e n g t h . 

The f o l l o w i n g e x p l a n a t i o n i s g i v e n t o a c c o u n t f o r t h e 

f a c t t h a t t h i s f i l l i n g i n has t a k e n p l a c e f r o m t h e e a s t end and t h e 

n o r t h e a s t c o r n e r . P r e v a l e n t w i n d s a r e T rade Winds and t h e i r 

commonest d i r e c t i o n i s due e a s t . The e a s t end o f t h e l a k e i s t h e r e f o r e 

s h e l t e r e d by t h e m a r g i n a l b e l t o f mangrove e t c . and t h e w a t e r i s 
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a l w a y s s t i l l a t t h e ex t reme e a s t e n d . C o n s e q u e n t l y , t h e CaC03 s e t t l e s 

whereas i n t h e r e s t o f t h e l a k e c i r c u l a t i o n o f w a t e r a l w a y s keeps a 

l a r g e amount o f t h e m a r l i n s u s p e n s i o n . B u t t h i s does n o t e x p l a i n 

why t h e r e s h o u l d be a g r e a t e r amount o f m a r l a t t h e e a s t e n d „ I t i s 

t h o u g h t t h a t t h e p r e v a l e n t e a s t w i n d s blow s t r a i g h t down t h e l a k e 

f r o m w e s t t o e a s t a n d so cause a d r i f t o f s u r f a c e w a t e r i n a 

w e s t e r l y d i r e c t i o n . T h i s c a r r i e s w i t h i t suspended m a r l w h i c h i s 

n o t d e p o s i t e d due t o c o n t i n u a l movement o f w a t e r . A compensa to ry 

b o t t o m c u r r e n t o f w a t e r , a l s o c a r r y i n g suspended m a r l w i t h i t , o c c u r s 

f r o m w e s t t o e a s t . On r e a c h i n g t h e ex t r eme e a s t e n d t h e movement o f 

w a t e r ceases due t o t h e s h e l t e r a f f o r d e d by t h e v e g e t a t i o n a n d t h e 

m a r l i s d e p o s i t e d and a c c u m u l a t e s . 

F u r t h e r m o r e , a s t h e amount o f m a r l a t t h e e a s t end i n c r e a s e s 

t h e r e w i l l be a g r a d u a l movement w e s t w a r d o f t h e mangrove zone 

( F i g . 8 page 3 9 ) a n d t h i s w i l l be accompanied b y a n i n c r e a s e i n t h e 

amount o f humus. C o n s e q u e n t l y , t h e o t h e r zones o f v e g e t a t i o n w i l l 

j o i n i n t h e g e n e r a l encroachment o n t h e l a k e . The l a k e w i l l 

t h e r e f o r e d i m i n i s h g r a d u a l l y b e i n g f i l l e d i n f r o m t h e e a s t end where 

i t w i l l be r e p l a c e d by m a r s h . 

A b o u t 12 months a g o , w i t h t h e i n t e n t i o n o f e s t a b l i s h i n g 

a n a q u a t i c c l u b , t h e v e g e t a t i o n was c l e a r e d ( b u r n e d a n d c u t ) o f f t h e 

g r e a t e r p a r t o f t h e marsh t h e r e b y m a k i n g i t s z o n a t i o n r a t h e r 

i n d i s t i n c t . As a r e s u l t , t h e e a s t end i s a l i t t l e more exposed t h a n 

u s u a l b u t a t t h e same t i m e t h e A q u a t i c C l u b d e v e l o p e d t o o much 

w a t e r i n t h e w r o n g p l a c e a n d t h e marsh i s much w e t t e r t h a n f o r m e r l y . 

What e f f e c t t h i s may have o n t h e v e g e t a t i o n r e m a i n s t o be seen 

t h o u g h i t appea r s f o r t h e mos t p a r t t h a t t h e sones a r e b e g i n n i n g t o 

r e a p p e a r i n t h e i r f o r m e r s t a t e . 

As t h e l a k e b o t t o m i s s e a l e d a n d a s t h e r e i s no o u t f l o w 

t h e r e seems no r e a s o n t o suppose t h a t t h e l a k e w i l l become any l e s s 
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b r a c k i s h t h a n i t i s now* 

COMPARISON WITH OTHER I A K B S . 

G e n e r a l o b s e r v a t i o n s we re made o n o t h e r l a k e s i n t h e 

C o l o n y d u r i n g v i s i t s t o them b u t i n a d d i t i o n samples o f w a t e r we re 

t a k e n f r o m a l a k e 7 m i l e s i n t o t h e i n t e r i o r o f A n d r o s I s l a n d * 

A n a l y s i s showed i t t o c o n t a i n o n l y 356 p a r t s / m i l l i o n t o t a l s o l i d s 

i . e . a b o u t 0 . 0 3 o f t h e s a l i n i t y o f Cunningham. I t f a l l s t h e r e f o r e 

i n t o t h e g r o u p o f Bahamian F r e s h w a t e r l a k e s * I t s S . G . was 1*005 

a t 21.7°c o r 1*0027 c o r r e c t e d t o 0 a C . The ( C I ) * c o n t e n t ( 8 3 p . p . m ) 

was c o m p a r a t i v e l y h i g h f o r f r e s h w a t e r l a k e s b u t o n l y a b o u t l / 9 t h 

o f t h a t i n Cunningham. S i l i c a t e ( 7 p . p * m . ) was p r e s e n t i n t h e same 

amount a n d t o t a l a l k a l i n i t y ( 3 4 . 7 m g s . C O 3 / l i t r e ) was a l s o c o m p a r a t i v e l y 
- e x a m i n a t i o i 

h i g h b u t l e s s t h a n £ t h a t o f Cunningham* No e x t e n s i v e b i o l o g i c a l ^ w a s 

made* The m a r g i n a l f l o r a i n c l u d e d A v i c e n n i a n i t i d a as w e l l a s t h e 

Common Mangrove a n d a t t h e e a s t m a r g i n t h e r e was a d e p o s i t o f m a r l * 

The n a t i v e g u i d e d e s c r i b e d t h e p r e s e n c e o f d i s t i n c t l y common t y p e s 

o f u s u a l s i z e b u t no e x a m i n a t i o n c o u l d be made i n t h e absence o f 

a b o a t * 

B r e d e r g i v e s a n a n a l y s i s o f w a t e r f r o m Lake K i l l a r n e y o n 

New P r o v i d e n c e w h i c h a g r e e s v e r y c l o s e l y w i t h s i m i l a r d a t e f o r 

Cunningham e x c e p t t h a t t h e t o t a l s o l i d s were o n l y 7 5 5 1 p . p . m . a s 

compared w i t h 1 0 s 0 0 0 t o 1 3 , 0 0 0 p . p . m * The p r o p o r t i o n o f i o n s was 

a p p r o x i m a t e l y t h e same w i t h t h e e x c e p t i o n t h a t t h e Ca/Mg r a t i o , was 

n e a r l ^ t o u n i t y . The p r e c e n t a g e o f C I a s c h l o r i d e s was h i g h e r , b e i n g 

58 .08%. ( I t i s n o t q u i t e c l e a r how a l l t h i s amount c o u l d be i n 

c o m b i n a t i o n w i t h c a t i o n s s i n c e i t s $age exceeds 5 0 $ ) * 

Cunningham t h e n seems t o be a h a l f - w a y s t age be tween t h e 

f r e s h w a t e r t y p e s a n d t h e s a i t - p a n e s i n c e t h e s e a r e s a i d ( S h a t t u c k 

1905) t o be , i n s a l i n i t y , e q u a l t o o r g r e a t e r t h a n t h e s e a . 

http://34.7mgs.CO3/litre
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E x p l a n a t i o n o f t h e s e ex t remes may he s i m p l y t h a t , i n 

l a k e s a t a l t i t u d e s h i g h e r t h a n sea l e v e l and w h i c h a r e n o t s e a l e d 

r a i n f a l l s a n d t e n d s t o l i e , a s a n upper s t r a t u m , o n t o p o f s a l t 

w a t e r . I t i s a known f a c t ( a u t h o r i t y - P u b l i c I'Jater 1'Jorks 

D e p a r t m e n t ) t h a t , u n d e r l y i n g t h e m a i n r o c k f o r m a t i o n s i n New 

P r o v i d e n c e i s s a l t w a t e r . As r a i n seeps t h r o u g h i t does n o t m i x 

w i t h t h e s a l i n e w a t e r b u t r e s t s o n t o p and c a n t h e r e f o r e be pumped f o r 

c i t y p u r p o s e s . M o s t o f t h e s e f r e s h w a t e r l a k e s a r e a t c o n s i d e r a b l e 

d i s t a n c e s f r o m t h e s e a . 

The p o s s i b l e e x p l a n a t i o n o f t h e " S a I t - p a n " t y p e i s t h a t 

t h e s e a r e o n l o w l y i n g l a n d n e a r t h e sea and l i k e l y t o be i n u n d a t e d 

b y such f e a t u r e s as t i d a l waves accompanying h u r r i c a n e s . A f t e r t h e 

sea has r e c e d e d e v a p o r a t i o n c o n c e n t r a t e s t h i s w a t e r a n d may even 

l e a d t o t h e p r e c i p i t a t i o n o f s a l t . R e p e t i t i o n o f t h e s e p r o c e s s e s 

( f l o o d i n g a n d subsequen t e v a p o r a t i o n ) causes a f u r t h e r i n c r e a s e i n 

t h e s a l i n i t y . 

The l a k e s o f t h e Bahamas, t h e n , show a f a i r l y e x t e n s i v e 

r a n g e i n s a l i n i t y f r o m f a i r l y f r e s h t h r o u g h b r a c k i a h t o v e r y s a l t . 

B u t i n one r e s p e c t a l l t h e l a k e s t h a t have been seen 

have a g r e e d i n one r e s p e c t , n a m e l y , t h e r e i s e v i d e n c e o f CaCOg 

d e p o s i t i o n i n a l l . T h i s i s n o t s u r p r i s i n g i n v i e w o f t h e f a c t 

t h a t t h e r o c k s a r e w h o l l y l i m e s t o n e a n d remarks made a b o u t CaC03 

p r e c i p i t a t i o n i n Cunningham may be a p p l i e d t o a l l l a k e s i n g e n e r a l . 

The amount o f t h i s p r e c i p i t a t i o n v a r i e s a n d i s t a k e n t o be a n i n ­
d i c a t i o n o f t h e age o f the l a k e . I t cannot be a p r e c i s e i n ­
d i c a t i o n & s t he r e l a t i v e p r o p o r t i o n s a n d a b s o l u t e amounts o f o t h e r 

d i s s o l v e d s a l t s mus t i n e v i t a b l y have some e f f e c t on t h e s o l u b i l i t y 

p r o d u c t o f caCCyj i n t he se d i f f e r e n t w a t e r s . B u t i t seems e v i d e n t 

t h a t , u n l e s s t h e r e i s f u r t h e r u p l i f t o r suos idence o f t h e l a n d , t h e 

p r e c i p i t a t i o n w i l l c o n v e r t a l l t h e l a k e s i n t o m a r l swamps. I n o n l y 

one t y p e o f body o f w a t e r ( t h e o c e a n - h o l e ) may t h i s p r o c e s s n e v e r 



1 0 9 -

t a k e p l a c e , d e p e n d i n g o n t h e s i z e o f t h e c o n n e c t i o n w i t h t h e s e a . 

I n t h e s e cases CaCCvj p r e c i p i t a t i o n may t a k e p l a c e b u t t h e ebb a n d 

f l o w o f t h e w a t e r n a y keep t h e c o n n e c t i o n w i t h t h e sea s c o u r e d o u t 

a n d so p r e v e n t , o r a t any r a t e d e l a y f o r some c o n s i d e r a b l e t i m e , 

t h e f i l l i n g i n o f t h e s e o c e a n - h o l e s , 

GENERAL PRODUCTIVITY*' 

T h i s i s m a n i f e s t l y l o w . I n t h i s r e s p e c t i t compares w i t h 

a l l o t h e r m a r l l a k e s t h a t appea r t o have been s t u d i e d , v a r i o u s 

p o s s i b l e e x p l a n a t i o n s have been p u t f o r w a r d i n one p l a c e o r a n o t h e r 

t h e m a j o r i t y a t t r i b u t i n g t h e m a j o r r f c l e t o c a l c i u m . I t I s c e r t a i n 

t h a t t h e abundance o f c a l c i u m i n t h e s o i l o f t h e s e i s l a n d s g i v e s 

r i s e t o s e r i o u s l a c k o f c h l o r o p h y l l i n many p l a n t s t h e c o n d i t i o n 

b e i n g known as " c a l c i u m c h l o r o s i s " • T h i s commonly l e a d s t o t h e 

d e a t h o f p l a n t s s u f f e r i n g i n t h i s manner . As t o how f a r t h e 

abundance o f Ca i s a n i n h i b i t o r y f a c t o r i n t h i s l a k e o r t h e e x a c t 

mechanism o f t h e p a r t i t p l a y s , t h e r e i s n o t s u f f i c i e n t d a t a t o 

p o s t u l a t e any' v i e w s on t h e m a t t e r . 

A l i m i t i n g f a c t o r i n the m a t t e r o f l a r g e a q u a t i c v e g e t a t i o n 

may be t h e . l o w c o n c e n t r a t i o n o f i r o n w h i c h i s a n i m p o r t a n t c o n s t i ­

t u e n t o f c h l o r o p h y l l . 

The amounts o f t h e i m p o r t a n t i o n s , s i l i c a t e , phospha te 

a n d n i t r a t e may be s i g n i f i c a n t i n t h i s r e s p e c t . The f a c t t h a t t h e 

minimum i b r s i l i c a t e s ( F i g . 2 1 page 7 4 ) p r e c e d e d by some f o u r months 

t h e C o s c i n o d i s c u s maximum ( F i g . 2 4 page 85a) a n d by some seven months 

t h e Chae toce ros maximum ( F i g . 2 4 page 85a) w o u l d i n d i c a t e t h a t t h e 

c o n c e n t r a t i o n o f s i l i c a t e s does n o t a c t a s a l i m i t i n g f a c t o r i n t h e 

p r o d u c t i v i t y w i t h r e s p e c t t o d i a t o m s . I t was u n f o r t u n a t e t h a t 

because o f absence f r o m t h e C o l o n y no a n a l y s i s f o r s i l i c a t e was 

p o s s i b l e d u r i n g A u g u s t b u t t h e r e was t h e a n t i c i p a t e d maximum i n 
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September a f t e r t h e d i s a p p e a r a n c e o f t h e C h a e t o c e r o s . 

S i m i l a r l y , t h e f a c t t h a t a l t h o u g h t h e [NOa| ( F i g . 2 1 page 7 4 ) 

d e c r e a s e s i n summer a n d shows i n c r e a s e i n / w i n t e r b e g i n n i n g i n 

September a f t e r t h e d e a t h o f t h e p l a n k t o n , t h e s t o r e o f n i t r a t e s i s 

n e v e r r e d u c e d t o e x c e e d i n g l y l o w q u a n t i t i e s , w o u l d i n d i c a t e t h a t 

[NOjJJ i s n o t a l i m i t i n g f a c t o r . 

The ?2^5 * , s v e r v l ° w a n d p o s s i b l y a c t as a l i m i t i n g 

f a c t o r . Even a f t e r t h e d e c a y o f t h e p l a n k t o n i n September t h e amount 

o f phospha te d i d n o t assume any a p p r e c i a b l e q u a n t i t y b e i n g o n l y 

0 . 0 1 9 m g s . / l i t r e i n O c t o b e r 1939 and 0 .010 m g s . / l i t r e i n O c t o b e r 

1940 ( F i g , 2 1 page 7 4 ) . ' T h e d i s a p p e a r a n c e o f phospha te i n November 

1940 t o J a n u a r y 1 9 4 1 i s anoma lous . The p a u c i t y o f m a c r o p h y t i c a n d 

p h y t o p l a h k t o n p o p u l a t i o n may be r e f e r r e d t o t o e x p l a i n t h e g e n e r a l 

poorness o f f a u n a , t hese p l a n t s b e i n g t h e s t a r t i n g p o i n t o f so 

many f o o d c h a i n s . T h i s e x p l a n a t i o n d o e s ' n o t a p p e a r t o be s u f f i c i e n t 

i n r e s p e c t o f t h e f i s h p o p u l a t i o n . I n t h i s c o n n e c t i o n f u r t h e r 

r e f e r e n c e mus t be made t o t h e r o l e o f c a l c i u m i n t h e m e t a b o l i s m o f 

t h e l a k e . 

ROLE OF CALCIUM. 

The r o l e o f c a l c i u m i n t h e p r o c e s s o f p h o t o s y n t h e s i s has 

a l r e a d y been d i s c u s s e d a t some l e n g t h . .. 

The f a c t t h a t f i s h o f m a r i n e t y p e a r e s a i d t o o c c u r i n 

t h e f r e s h w a t e r l a k e examined a t A n d r o s t o g e t h e r w i t h t h e e s t a b l i s h e d 

f a c t t h a t such f i s h do l i v e i n o t h e r f r e s h and b r a c k i s h l a k e s o n t h e 
• • • * • t , . 

o J 

w e s t o f Andros ( B r e d e r 1934) , w o u l d sugges t t h a t t h e r e i s no r e a s o n 

why t h i s p a r t i c u l a r l a k e s h o u l d n o t s u p p o r t a f a u n a o f t h e l a r g e r 

m a r i n e s p e c i e s o f f i s h . I n t h i s c o n n e c t i o n B r e d e r sugges t s t h a t t h e 

Ca may compensate f o r t h e l o w e r c o n c e n t r a t i o n o f NaCl i n s u c h 

w a t e r s . As a r e s u l t m a r i n e s p e c i e s a r e a b l e t o t o l e r a t e w a t e r o f 
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s a l i n i t y l o w e r t h a n t h a t o f sea w a t e r p r o v i d e d t h a t t h e Ca i s h i g h . 

A s i m p l e e x p e r i m e n t i n s u p p o r t o f t h i s was p e r f o r m e d i n t h e l a b o r a t o r y . 

Specimens o f Gambusia mann i were removed f r o m a t a n k o f l a k e w a t e r 

where t h e y had been f o r 24 hour s a f t e r b e i n g t a k e n f r o m t h e l a k e , and 

p l a c e d i n a t a n k o f w a t e r f r o m t h e c i t y s u p p l y . They i m m e d i a t e l y 

went t o t h e b o t t o m and a p p e a r e d t o be c o n s i d e r a b l y e x c i t e d . They 

assumed a p o s i t i o n a t t h e b o t t o m a t a n a n g l e o f a b o u t 3 0 ° w i t h t h e 

h o r i z o n t a l and b y r a p i d movement made d e s p e r a t e a t t e m p t s t o r i s e . 

These were i n v a i n as t h e i r t a i l s r e m a i n e d on t h e b o t t o m . They 

were soon t i r e d w i t h t h i s e x e r t i o n a n d r e s t e d o n t h e b o t t o m . They 

r e m a i n e d t h e r e f o r a b o u t 24 hours and t h e n seemed t o become 

a c c l i m a t i z e d and swam a b o u t f r e e l y i n t h e w a t e r . These same specimens 

a r e i n t h e same t a n k s t i l l , t h r e e months l a t e r . The c i t y s u p p l y o f 

w a t e r i s v e r y h a r d a n d a p p a r e n t l y t h e Ca was s u f f i c i e n t t o compensate 

f o r t h e l e s s c o n c e n t r a t i o n o f o t h e r s a l t s e s p e c i a l l y N a C l . 

I n t h e . l i g h t o f t h i s t h e o r y , as p ropounded b y B r e d e r , 

t h e r e seems t o be no a p p a r e n t r e a s o n why l a r g e r f i s h s h o u l d n o t be 

a b l e t o e x i s t i n t h i s l a k e ^ C e r t a i n l y , t h e r e i s a n abundance o f s m a l l 

f i s h f o r f o o d a l t h o u g h a d m i t t e d l y a d e a r t h o f p l a n t s o t h e r t h a n 

B a t o p h o r a . 

The w r i t e r was r e q u e s t e d by S i r B a r r y Qakes a n d o t h e r 

r e s i d e n t s o n t h e l a k e t o i n v e s t i g a t e t h e p o s s i b i l i t y o f s t o c k i n g t h e 

l a k e w i t h game f i s h . However , t h i s was o u t s i d e t h e scope o f t h e 

p r e s e n t w o r k b u t such e x p e r i m e n t s i n s t o c k i n g w i l l s h o r t l y be 

commenced p r o b a b l y under t h e g u i d a n c e o f P r o f . W . j , K , H a r k n e s s o f 

T o r o n t o U n i v e r s i t y . 

RELATIONSHIPS OF THE LAKE. 

The o rgan i sms i n t h e l a k e may be d i v i d e d i n t o t h r e e 

g r o u p s s 



-112-

1 . Those w h i c h a r e t y p i c a l l y m a r i n e f o r m s , 

2 . Those w h i c h a r e t y p i c a l l y m a r i n e b u t w h i c h c a n s t a n d 

c o n s i d e r a b l e v a r i a t i o n i n s a l i n i t y a n d 

3 . Those w h i c h a r e t y p i c a l l y b r a c k i s h w a t e r f o r m s . 

The p re sence o f t h e i n d i v i d u a l s o f Groups 1 and 2 may be 

e x p l a i n e d o n t h e h y p o t h e s i s o f t h e e v o l u t i o n o f t h e l a k e f r o m ; t h e sea 

b y u p l i f t , d r a i n a g e and dune f o r m a t i o n . Where t h e o rgan i sms o f 

Group 3 o r i g i n a t e d i s n o t known n o r i s t h e r e any e v i d e n c e as y e t t o , 

p o s t u l a t e any t h e o r i e s . Some f e w may be endemic b u t t h i s s u b j e c t 

c a n n o t be d i s c u s s e d f u l l y u n t i l s u c h t i m e as i d e n t i f i c a t i o n s a r e 

c o m p l e t e and can be examined a n d compared . 
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SUMMARY. .' 

1 . The . ,mac rophy t i c v e g e t a t i o n c o n s i s t s o f a n a r r o w m a r g i n a l b e l t 

i n w h i c h R h i z o p h o r a Mang le i s p r e d o m i n a n t . V e g e t a t i o n i s m a r k e d l y 

zoned a t E a s t End M a r s h . Submerged f l o r a i s p o o r a n d c o n s i s t s a l m o s t 

e n t i r e l y o f t h e a l g a B a t o p h o r a . 

2 . There i s a c t i v e d e p o s i t i o n o f m a r l a s s o c i a t e d w i t h t h e Myxophycean 

Aphanothece C a s t a g n e i . T h i s p r o c e s s has f i l l e d i n t h e b e d o f t h e 

l a k e a t t h e e a s t e n d - t o f o r m E a s t End M a r s h . 

3 . A b a t h y m e t r i e c h a r t has been c o m p i l e d showing t h e l a k e t o have 

a Bjaximum d e p t h o f 13^- f t . above t h e f a l s e b o t t o m o f m a r l . 

4 . Tempera tu re r e c o r d s r e v e a l t h a t t h e l a k e i s a T r o p i c a l 3 r d O r d e r 

l a k e a c c o r d i n g t o Welch*s c l a s s i f i c a t i o n . 

5 . The oxygen c o n t e n t o f t he w a t e r i s f a i r l y h i g h due t o ease o f 

s o l u t i o n f r o m t h e a t m o s p h e r e . I t i s n e v e r a l i m i t i n g f a c t o r . 

6 . The h y d r o g e n i o n c o n c e n t r a t i o n o f t h e l a k e . i s l o w , t h e f r e e c a r b o n 

d i o x i d e c o n c e n t r a t i o n i s l o w a n d t h e p e r c e n t a g e o f bound c a r b o n d i o x i d e 

i s s l i g h t l y i n excess o f t h e h a l f - b o u n d . j 

7 . The s a l i n i t y i s h i g h ( o y e r 1 0 , 0 0 0 p . p v . m . ) w i i l h a l a r g e amount o f 

s o d i u m c h l o r i d e a n d c o m p a r a t i v e l y l a r g e amounts o f t h e s u l p h a t e i o n . 

8 . The magnesium c o n c e n t r a t i o n i s more t h a n t h r e e t i m e s t h e 

c o n c e n t r a t i o n o f c a l c i u m e x p r e s s e d i n t e rms o f m i l l i g r a m - e q u i v a l e n t s . 

9 . A l b u m i n o i d ammonia i s i n excess o f f r e e ammonia a n d s u g g e s t s t h e 

p re sence o f o r g a n i c m a t t e r o f ' v e g e t a b l e o r i g i n . 
i 

1 0 . N i t r a t e , phospha te a n d s i l i c a t e decrease i n summer and i n c r e a s e 

i n w i n t e r . Phosphates d i s a p p e a r c o m p l e t e l y i n t h e w i n t e r o f 1 9 4 0 / 1 . 

1 1 . A g r a p h i c a l r e p r e s e n t a t i o n i s g i v e n o f t h e i m p o r t a n t i o n s e x p r e s s e d 

a s p e r c e n t a g e s ( o f m i l l i g r a m - e q u i v a l e n t s ) o f t h e t o t a l s o l i d s . 

1 2 . P h y t o p l a n k t o n i s p o o r c o n s i s t i n g o f d i a t o m s and b l u e - g r e e n 

a l g a e . One o f t h e d i a t o m s may be a new s p e c i e s . 
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13. Zooplankton i s more varied i n species but poorer i n a c t u a l 
numbers. Most important are a Copepod and a c i l i a t e Protozoan. 

14. I n s e c t fauna was r e s t r i c t e d to one species of Dasyhelea and 
a v a r i e t y of Dragon-flies; 
15. Molluscs were present i n comparatively large abundance but there 
were few species'. 
16. The f i s h were r e s t r i c t e d to three species of small s i z e 
inhabiting shallower water. A new species of Cyprinodon was found. 
Batophora figures largely i n the food chain,. 
17. Other animals included three species of Hydracarina, one species 
of Polychaetae., one species of Hyalella and a few crabs. 
18. A theory of th!e evolution of the lake from the sea i s propounded 
and evidence a£ i n favour of i t discussed. 
19. The phenomenon of calcium carbonate p r e c i p i t a t i o n i s discussed 
and the opinion suggested that i t " i s p a r t l y due to photosynthetic 
a c t i v i t y and p a r t l y a r e s u l t of evaporation. 
20o The future history of the lake w i l l end with i t s extinction by 
f i l l i n g i n with marl. 
21. lakes of the Bahamas include a wide- ragge from very s a l t to 
f a i r l y f r e s h . Calcium carbonate p r e c i p i t a t i o n i s a feature of a l l -
and the extent to which i t has taken place may be-an approximate 
guide as to i t s age and maturity. 
22. The general productivity of the lake i s poor i n common with other 
marl lakes though while the high calcium concentration may explain 
much of this i t does not account for the poorness of the f i s h fauna. 
23. I n the section dealing with methods an account i s given of a 
new type of plankton trap which can take a representative sample of 
plankton from a l l depths of a lake i n one haul.' 



BIBLIOGRAPHY 

Bavendamm, W. 
1932 

Birge, EeA.and 
Juday, C. 

1911 

Birge, E.A.., 
Juday, Co and 
March, H.Wo 

1928 

Birge, E.A, 
Juday, Co and 
Meloche. V.W. 

1935 

Breder, C. 
1934 

B r i t t o n and 
Millspaugh 

1920 
C a r l , Ho Co 

1937 

Clark, W.M. 
1928 

Drew, GoHo 
1914 

Kellerman, K»F, 
Smith, N.R. 

1914 

Die inicrobiologische Kalkfallung i n der tropischen 
See. Archiv.f.Microbiologie. vol.3.pp.205-276. 

Inland lakes of Wisconsin. The dissolved gases of 
the water and t h e i r b i o l o g i c a l s i g n i f i c a n c e . Wise. 
Ge o 1 o - Na t .Hi s t . S ur v ey. B u l l .No .XXII. 

The temperature of the bottom deposits of Lake 
Mendota. TransoliVisc.Acad.Sci.Arts, and L e t t . 
Vol.23! pp.187-231. 

Carbon dioxide content and pH of the Lake VJaters 
of North E a s t Wisconsin-, Trans.Wise .Acad.Sic. 
Arts L e t t . Vol.XXIX* 1935. 

Ecology of ah oceanic fresh-water lake, Andros 
I s l a n d , Bahamas with s p e c i a l reference to i t s 
f i s h e s . Zoologica S c i e n t i f i c . Contributions of the 
N.Y. Zoological Soc. Vol.XVIII. No.3 1934. 
pp.57-86, 

Bahama F l o r a . Published by the authors. New York, 1920. 
695 pp. (out of pri n t ) 
F l o r a and fauna of brackish water. Ecology, Vol.18-• 
No. 3 1937. 

The determination of hydrogen ions. Colour chart 
of indicators. Williams and Wilkins..Company.: 
Baltimore, U.S.A. 

On the p r e c i p i t a t i o n of calcium carbonate i n the 
sea by marine ba c t e r i a . Carnegie Ihst.Wash.Publ, 
No.182, Vol.V.p.7. 

B a c t e r i a l p r e c i p i t a t i o n of calcium carbonate. 
journ.Wash.Acad.Sci.,Vol.4.p.400 . 



-116-

Kindle, E,MC 

1927. 

Moore, J.E. 
Unpublished 

1940 

Murray, G. 
1895 

Newth, 
Pollock, J.B. 

1918 

Rabenhorst 
1932 

Raymond, M.R. 
1937 

Shattuck,G.B. 
1905 

Smith, C L , 
1940 

Smith, W. 
Thresh, J.C., 
Beale, J»P. and 
Suckling, 

1926 

The role of thermal s t r a t i f i c a t i o n i n Lacustrine 
Sedimentation. Trans.Roy.Soc.Canada. Vol.21.pp.1-36 

Limnology of the. s a l i n e lakes of Saskatchewan. 
F i n a l report submitted to the National Research 
Council of Canada. 

Calcareous pebbles formed by algae* Phycological 
Memoirs, London, 1895. 
Chemical a n a l y s i s , q u a l i t a t i v e and quantitative. 

Blue«-green algae as agents i n the deposition of marl 
i n Michigan lakes, 20th Rept.Mich.Acad.Sci. 
pp.247-260* 

Kryptogamen-f lora, 

lamnological study of the plankton of a concretion 
forming marl lake. Trans.Am.Microscopical,Soc.Vol. 
LVI, No .4, 1937-, 

Editor. The Bahama I s l a n d s . Published by MacMillan. 

The Great Bahama Bank; I and I I . S e a r s Foundations 
Journal of Marine research, Vol.111,-No".2. 
Freshwater algae of the United Stated. " ' 

Examination of waters and water supplies. 
Published J . and A. Churchill.,' London, 

Tilden, J . 
1897 

Vaughan, T. W, 
1918 

ward,.H.B,, 
Whipple, G.C. 

1918 

Some new- species of Minnesota algae which l i v e upon 
calcareous or s i l i c e o u s matrix. Bot.Gaz. 
Vol.XXIII. 1897i 

Shoal water bottom samples from Murray I s l a n d , and 
comparisons of them with samples from F l o r i d a and the 
Bahamas. Carnegie Inst.Wash,Papers i n Marine B i o l . 
Vol.IX.p.235; 

Fresh-water Bicklogy. John Wiley & Sons, I n c . New York 
1111 pp. 



•-117-

Welch, P.S-6 
1935 limnology. McGraw-Hill Book Company, I n c . New York. 

471 pp. 
1939 V e r t i c a l d i s t r i b u t i o n of summer temperature i n the 

f a l s e bottoms of c e r t a i n Michigan bog lakes. Ecology, 
Vol.20, No.1.1939. 

Wes-t, G.S. 
1916 Cambridge Botanical Handbooks, Vol.1. Algae. 


