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GENERAL LIMNOLOGICAL SURVEY OF LA.K£ CUNNINGHAM, A BRACKISH LAKE
IN THE ISLAND OF. NEW PROVIDENCE. BAHAMAS.

OBJECT OF THESIS. .

When the first beginnings of this work were made in 1939
investigation of 2ll the available titerature éﬁé the Natural
History of the Bahamas served to show that while some aspects
had been covered in great detail others had been touchedlnot at
all. For example, marine life was wéll known and.had been well
studied but; as often happens in the opening up of Natural History
of a new region, the lakes had received but very écant attention.
In illustration, I have found nowhere more than one reference
to sﬁch a common alga as Spirogyra and yet I have found a number
of different species of this alga in small pools quite incidentally

while engaged on other work.

It seemed obvious thereforeéthat any work of a limnological
nature should be aimed at a gene?al survey of the lake typeé
rather than any attempt at a mor;'specific problem. The main
difficﬁlty, however, was the nat%re of the Colony. The vast
majority of the lakes are in the:so-called Tout islands“ i.e.
islands other than New Providenc; on which the.Colony's capital,
Nassau, is located. Belng separated from New Providence &nd
from one another by sea they are not easy of access. The only
pps§ibility therefore was to investigate one lake in the island
a;;nof New Providence aﬁa to determine, by such means as were

possible, how far this particular lake was typlcal of the Bahamian

lakes in géneral.

/The
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The object of this work then 1s to outline the general
| limnology of Lake Cunningham, on'tﬁe island of_New“Pfovidence;
-——The._scope- of-the survey has included the marginal land flora
peculiar to the lake, what small amount of macrophytic flora_
existé in the lake itself and the nature, amount and period%%y
of the plankton. Free swimming Copepoda are included in the
plankton. The animal life was also studied and included fish,
aégrgg%w%een made of the physical and chemical conditions obtaining
in the lake over the whole period with a view to comparing general
conditions and seasonal variation in this lake with such lakes .
"as have been studied elsewhere. By this means it may be possible
to assign this lake to one or other laske types existing elsewhere
either in the United States of Amerigg or Burope. This work may
also assist in 1llustrating the affinities of the Natural History
of the Bahamas with surrounding land masses. Finally, as mich
data as possible concerning otheé Bahamian lakes has bgen collected

and examined in comparison with the results of the work on Lake

Cunninghamn.

PREVIOUS WORK ON BAHAMAS.

- The outstanding work is that of the Bahama Expedition usually
referred to as the Shattuck Expedition seﬁf'out by the Geographical
Society of Baltimore in 1803 under the direction of George
Burbank Shattuck a Professor of Geology in John Hopkins University.
Although this is now nearly 40 years ago it is still the out- '
standing work on Natural History of the Bahamas. Tﬁe results of
this work were published as a largé volume (1905) and ineclude

chapters on the Geology of the Bahamas, Climatic observations,

/Soils
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Soils, Vegetation, Mosquitoes, Batrachians and Reptiles, Birds,
Fish and Mammalél The only references to lakes, however, are
incidental in the description of the vegetétion types and refer

solely to marginal flora. The fish described are all marine.

Anothér outstanding contribution to Bahamian Natural History
is the Bshama Flora compiled by Britton and Millspaughv(lgzﬂ);.
 This comprehensive Flora collected together, confirmed and corrected
mﬁch'scattered work on the flora done 5y various workers. It
contains an exhaustive list together with distribution, of
Angiospermae, Gymnospermae, Pteridophyta, Bryophyta, Fungi and
Lichenes. Consideratiop of Algae is comprehensive only as regards
larger marine ganera. Miscroscopic marine forms and inland types
are recorded only from odd collections made with no systematic

thoroughness.

C.M. Bréder (1934) deééribeé the findings of an expeditibn
to the island of Andros in 1932 énd, although the monoéraph
desls expressly with the fish fégna of a fresh-water lake, it also
includeszmention of planté and-ihvertebrate fauna of brackish
lakes there. He discusses the question of the adaptability of

marine fish to varying degrees of fresh and brackish wéter.

Vaughan (1914) described the nature of_the limestone rock
which constitutes the wholg of all the islands in the Bzhamas
group and later (Vaughan 1918)_examinéd the marl or so-called
"mud® which covérs large areas of the sea-floor in the shallow

seas on the Great Bzhama Bank, On the basis of mechaniecal and

chemical analyses he distinguished four main categories of bottom

/deposits.
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deposits. This work 1s of interest in so-far as precipitation

of marl takes place in many of the inland lakes.

Drew (1914) on the basis of a stﬁdy made on the "mud" oF
calcapeous deposits on the West coast of Andros postulated the
precipitation of calcium carbohate by action of bacteria chief
among whicngacterium calcis. This hypothesis was extended by
Kellerman and Smith (1814) and Bavendamm (1932) who attributed a

major part in the precipitation to ammonifying bacteria.

smith (1940) made systematic analyses of ccean water in the
region of Andros Island and comparison will be madgfwith similar
amalyses of the water of Lake éunningham; Smith also investigated
calcium carbonate precipitation in the shallow Bahamian seas
and here again comparison will be made with simllar precipitation
in Lake Cunningham. He interpreted this precipitation from a
purely physico-chemical stand point and considers Drewfs (1912)
bacterial hypothesis of calcium 9arbonate precipitation as being

unnecessary.

PREVIOUS WORK ON LAKFS OF RELATED TYPE

Welch (1935) gives a resume.of the theories of the mechanism
of marl precipitation and also describes the general unprbduc-

tivity of marl lakes.

Basg'Lake near Ann Abbor, Michigan is deseribed by Raymond
(1937) asﬂa concretion forming marl lake. He destribes the
plénktongin some detail both qualitatively and quanfitatively and
attempts.én explanation of the relative unproductivity of this

lake.,

/Weléh
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Welch (1935) discusses the general features of false bottoms
due to considerable bottom deposits. Later (1932) he investigated
—-thermal conditions in such false bottoms in some Michigan lakes.

His references are to bog-lakes.

Whereas biological conditions of ffesh waférilakes have now
received as much attention as ocean and sea water the problem
of braékish lakes has received little attention either in the

United States 6r elsewhere.

Carl (1937) describes the flora and fauna of a lake ianahcouver,
British Columbia. This lake was formerly a part of the sea but
was cut off by an embankment in 1916 and hés since gradually decreased

a
in sXlinity dde to continuous inflow of fresh water.
Subsequently (1940) Carl outlines the physico-chemical .
conditions obtaining in this saﬁg brackish lagoon over a period

of two years.

Moore (1940 unpublished) gives a comprehengive survey of
some 42 saline lakes in the Province of Saskatchewan. In an
iﬁienious representatlion of the solutes of these lakes he graphs
the relative abundance, in termg of percentéges cf total solutes,
of the important ions as milligrém equivalents and, by arranging
the lakes in decreasing order of salinity; reveals some interesting
facts about.occurrence of solutes in tﬁese lakes. He further

describes the plankton of the lakes.
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STRUCTURE OF THE BAHAMAS.

The Bahama Islands lie on a submarine platform which arises
steeply from the surrounding ocean floor of the Atlantic. In
one instance in the east there is a rise of 15,000 feet in less
than 25 miles. The depth of water on the shelf is iittle varying
from a few feet to a few fathoms. Coral activity is common giving
rise to only slightly submerged reefs. These reefs are of more
recent date geologically speaking than the main iéland-masses

themselves.

The land forms are for by far the greater part mostly
aeolian. The sand bordering the islands is very calcareous and
this is blown by wind to form dunes on the sea-front which support
a characteristic dune vegetation, These dunes gradually harden
into limestone rock and thus the.tendency is for the dunes to
increase ip height rather than—ﬁé migrate inland. The low
ridges further inland were formed in this way their aeolian origin
being evident in the cwposs-bedding to be seen in section in
various cuts, such as roads, madé through them. In addition
fossil land shells and casts of roots ete.,are to be found in
this limestone. These deposits are found generally to rest
on older mariﬁe deposits containing fossils of marine origin.
These deposits may lie is téuéo feef above sea-level thus indicating

uplift. This is furtﬁer supported by the presence of raised

/beaches
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beaches backed by raised sea-cliffs. Further evidence of land

movement is said by Miller (Shattuck 1905) to be the'presence of

ocean holes on land containing salt water which rises and falls

. with the tide. These are supposed to be comnected with similar
oéean holes in the sea floor and reported by Agassiz to be at
least 300 feet deep., Miller states thaﬁ these must have had
their ‘origin at sta-level thus indicating a time when the

Bahamas were 300 feet higher than at the present time. Depression
of about 300 feet was followed by uplift of some 15 to 20 feet.
Th; present tendency is not known though it is interesting to
nogg:%ench marks set up by the Shattuck Expedition at the
beginning of the century established "Low water mark ordinary
spring tide® at a level to which)water in Nassau harbour falls
only on very rare occasions, probably less than once a year on

an average, when an extraordinarg spring tide coinecides with wind
in such an arc as to blow water éut the harbour. This would

seem to indicate a subsidence, q? tiie island of New Provicdence

at any rate, of about 1 - élfeet;in the last 38 years. However,

a definite statement of this fac@ is left to expert geologists.

One other geological fact ta which reference will later be
made is the presence of deposits”on the bed of the sea of finely
divided calcareous med known as white marl. It has the
consistency of chalk and it occurs most extensively on the west
shores of Andros and Abaco where_it is the main habitat of sponges

in the Colony.

/€limate
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CLINATE. | _ |
- Of the climate it is sufficient to say that it is sub-tropical
being cpggiggggply_podified by maritime influénéés. The annual
range aﬁ:temperaturg is little over 10°F between the limits
70 - 83°F., The.minimum temperature ever recorded was only slightly

less than 50°C and therefore there is never any frost.

The average rainfall is 50 inches per year, four-fifths

of which fzlls in the months May - Getober.

The prevailing winds are Trade winds being mostly in a due

east direction.

LAKES OF BAHAMAS.

A considerable proportion of the total area of the islands
is occupied by inland lakes. Thére are varying numbers of lakes
“on all of the larger islands butithe character of them varies
considerably. Many are-quite large. “The_Lake" on Inagua is
18 miles long and half as wide. ﬂAnother large one is the "Great
Lake" on Watling's Island or San Salvador (the land fall 6f
Columbus) and it is believed to be the one seen by Columbus
on the morning of the day he lanaed there. At the other extreme
are very small bodies of water o% ponds. A few of the lakes are
-quité-deep.whereas many are so sﬁallow as to pass overjimpefééptibly
into swémps or "swashes? with here and there a patch of oben
water. Such is Lake Killarney on the island of New Providence.
A few of these lakes contain water fresh enough to drink while
at the other extreme are "salt pansY with a salinity exceeding

that of sea-waterﬂ

/Mention
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Mention should also be made of the ocean-holes which are not

particularly big but are very deep and contain salt water and

lsupport marlne life. The level of tnese rises and fzlls with

the tide and here again there are all possible gradationsffrom
these very deep ocean holes to much shallower "banana-holes“"
. which may be 25 feet deep and which may or may not contain water

but which usually contain humus and black soil.

In the matter of tidal ebb and flow, again there are many
gradatlons between those whlch are definitely tidal through
those in which the tidal effgct is less,pronouncea to those such
as'thé particular lake under consideration in which connection
with the sea cannot be deduced from any ebb and>flow becausé
this does not occur. As a result it is not-surprising that ‘a
considerable amount of popular misconception exists concerning

this matter of diurnal variation of the level of Bshamian lakes.
The lakes also vary in respéct of préciﬁitation of marl.
There is usually marl present buﬁ the amount varies from only a-

little to many feet, in many cases displacing the water itself

and changing the lake into a swarhp.

It is interesting to conjecture just how far these various
gradations of lake characteristics may be indicative either of
the course of the development of any one advanced or senescent

lake or the future changes 1ikely to occur in any one relatively

young and undeveloped lake.

Usually there is not any surface ocutflow by which they are

drained nor yet is there any surface inflow such as a stream or

/ricar
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.river such geographical or phylographical features being comﬁara;
tively unknown to the Behamas though.a few are said to exist on
the weSt_gige of Andros but even these flow only at certain

times in the year.

~ It would be instructive to have some data on the heights
above sea level of these lakes but at the moment no such facts

‘are available.

Commonly the margins are surrounded by.mangrcves,buttonwood
and other plants typical of lake or marsh borders. Many of these

are also common to the sea-shore.

There is very little other information available éoncerning
fhe flora of these lakes end of their margins, It is presumed
that the fauna 1is considerably varied but loecal knowledge of thié
matter.is not to be relied on and there is a lamentable lack of

reliable literature dealing with it.

P

'POSITION OF LAKE. (See Fig. 1 on page 13)

Lake Cunningham lies in the,?iddle-of the length of New
Providence which is less than 20 miles long (E to W) and about
7 miles bfoad (N to 8) at its widest point. The lake lies in
longitude 77° 30" W and latitude 25° 0! N. It lies in a WNW -
ESE dfection about 1 mile from the sea on the north side between
tﬁo ridées both of which are fossilized sand-dunes. To the

north is Prospect Ridge running parallel to the lake and nowhere

excrading B0 faot in helght ond on the South are the Reillon
(or, erroneocusly, Blue) Hills which in places reach sn elevation

of 100 feet.
/The



-1g-
" The maximum leﬁgth of the lake is 4030 yards or jusf over

2% miles. This is from the extreme east end to the exteeme
.—west_end_of the South Arm which is some.2500 yards long and _

separated by a nagrow peninsula from the North Arm which is 1300

yards long. In direct line with this peninsula and 150 yards

from its;east.end is a small island, Burnside Cay, which is 300 yendé

long. The width varies but is about 200 yards or slightly more

at its widest. The area of the lake exclusive of Burnside Cay is

518 acres or 0.81 squere miles, This data haé been taken

from United States Hydrographic Chart of New Providence No, 1377

the authority for which is éritish Adwiralty Chert No. 1489;

The depth of the lake will be'described in detall later
suffice it to say here that the maximum depth of water above

the false bottoﬁ of marl is 13 feet.

METHODS.
Sounding | .
For this purpose z brass chandelier chain.about 20 feet

in length was used with a suitable weight attached to the end.
The chain was marked at intervals'of éne foot with brass discs
with the éepth 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 eaét end of the peninsula and
on the north shore, the east and west boun&ary walls of three

11 z=s a2 poad

~
S .

nrivatas lote of land 20 w Anart fram thoos Pizad
- points which were located in too small an area to be of very

much help it ﬁas impossible to find any salient features in the

éurrounding land the location of which could be set down on a
; /map
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The difficulty was solved as well as possible by commencing froﬁ
one or other of these knéwn"fixed points, setting the boat on a
straight course on the lake and reading the direction of the
cburse.froﬁ a small marinerts compass fixed in the boat for the
puipbsé. " On reaching the opposite shore the boat was set on a
new course for the opposite shore. By making a series of such .
courses and by observing’the direction of the course each time
on-the coup&ss, progress was made alohg the lake either ‘to the
edst or to the west ané.finally ending at a point on the shore
- which could ﬁe located on the map - such as the south-east
corner. On the return trip a series of courses was set-as fér-
- far as possible to criss-cross with the first series. It was
" obviously necessary that each sefies should begin 2nd end at some
-point whose position could be.ﬁéfinitely set down on_thé map So
that anylerrofrin réading tﬁe co@paés (accpracy was possible
only within.a margin of about 25;on'each side) could be evenly
distributed among all the-tréverges in one sefies.in“the manner

of %closing® a surveyor's traverse on land.

In order to operate thié'éy;tem saﬁisfacté&ly.four peop;e
were necessary. One kept the boét on a course by'p;cking out a
suitable mark such as a conspicu@us tree and made the observations
with the compass. A sécond in the bow called out the. time from |
a stop watch at intervals of 20 seconds. -The third took soundings
by swinging the lead forward in approved fashion and the fourth_
recorded in a bock the soundings made and the direction,of the
course. By going at full speed with a half to one ﬁarse power
engine it was possible to make a maximum of 16 to 17 soundings

in a single traverse across the lake at its wideét point.

/Water
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WATER-LEVEL.

FPor a time a convenient mark was macde on a fixed iron poét
in the water and the level above or below this mark was measured
by ruler and recorded as MM op N_xM irches. Later a suitable
piece of wood was painted and marked off in intervals bf'l/th"
and fixed to a private wﬁarf. As-the height-of the lzke ‘above
sea-level is not definitely known the figures on this scale wz;e
purély arbitrary.- It waS'believed to be more convenient to retain
the first method of writing down levels and zn mveragé level was
established and calleéd zero. Levels are therefore recorded as
being above (#) or below (=) this zero merk. This method giveé
a much clearer impreséion of the relative level of watef than the

use of any arbitrary numbers.

 TRANSPARENCY, TEMPERATURE AND DENSTITY.

An ordinary Secchi disc;wag'used in the usual manner.
Temperatures were recorded (a) Qir temperaturé in the shade
(b) surface water teuperature in the shade of the boat (c)
wéter temperature on bottom by sénding fhe'thermométer down
inside the apparatus for obtainiﬁg oxygen samblés.(desqribed'below)
and by reading it vwhile still iﬂ-the water immediately on fetching
the apparatﬁs'to-the surface,' As the depth was not great no |
appréciable change in temperature of the bottom sample took place
befpre thé thermometer was read. These temperatures were always
rade in duplicate and no discfepancy was observed. All
témpératﬁres were recorded to 0.1C°., They were later traé?osed
to the Fahrenheit scale.

| /Density
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Density was measured by a Tloating hydrometer graduated in
thousandths from 1.000 to 1.100. The temperature of the water

at the time of this observation was also reécorded.

HYDROGEN ION EXPONENT (pH) AHD OXYGEN.

$h§ pH was found to lie in tbe range of Thymol Blue (algéline
range 8.0 - 9.6)-and_so_thislindicatqr was used. .In the absence
of g.series 9f.bg£fer solutions of known pH,(cqmparator,tubes).
an attempt was made to_use a2 Colour Chart of Indicators, a reprint
from “The Detexminatién of_ﬁydrogen Ions" by W.Mansfiéid-CLark
and prepared by the Williéq§ and_Wilkins Company of Baltimore,
U.S.A., in:whiéh the colouré of comparator solutions is recorded
on paper with printer's ink.' This method is most unsatisfactory -
aﬁd cannot be used with accuracy within 0.1 pH. It was therefore

judged useless tco keep any number of such observations. . .

Dissolved oxygen was eétimgted by the Winkler method as
outlined by Thresh, Beale and Suckling (1926) and the samples
were taken with the usual precaution to avoid contact with air

in the apparatus illustrzted in Fig. 2 on page 17.

The apparatus was lowered by chandelier chain marked off

in feet from the leyel of the inlet.

A difficulty that was encountered upon occas;on - chiefly.
after prolonged wind vhen the water was stirred up was that the

additicn of acid liberated carbqn dioxide from the particles of

/marl




‘FIGURE 2,

OXYGEM SAMPLING APPARATUS.

CHAIN MARKED OFF.IN

FEET FROM™M LEVEL O IRLET

CHANDELIER CHAIN

L Hore

-~

BRACKET SOLDERED To Tird

n
Correg Tode (5 )
SOLDERED JOWT

RUBBER TOUBE

' ] BOTTLE {170 <s. o—eprov_)

LEAD




-17=-

FIGURE 2.
OXYGEN SAMPLING APPARATUS.
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marl in suspension. How fzr this affected the gccuracy of the

estimation is not knowm but fortunately is occurred rarely and

it was slways possible to repeat the analysis a few days later

after the suspended material had settled.

CHFMICAL ANALYQIQ FOR SOLUTES.

Tn all these analy es the methods outlined by Thresh Beale
and Suckllng in "Examlnation of Water and Water Suppliest®

(1926) were followed with a few exceptions as indicated.

Total Solids. were determined by'evaporation 6f SOcca.;of
water and by.drying the residue at 180°C. First attempts
revealed-that.the:residue W&s SO hygrosbopic that any degree of
sccuracy was impossibie. Vari0u§ modifications. were attempted
and finally the method of precipitating solublé salts of calcium
as carbonate and magnesium as ba51c carbonate by the addition of

sodium carbonate vas adopted.. It was found by practice and by

-ealculation that 1 gram of sodlum carbonate wav a sufficient

excess. Accordingly, to every Egccs of water 1lOces of a 10%
solution of sodium carbonate were. added and a deduction made
from the'weioﬁi7aggﬁt 0.002 grams and therefore all results were

recorded to the second decimal place,

Arnmonia Free ammonla was estimated'by distillation endéd

Nesslerlzation of the distillate and albumlnoid ammonia bv niftlllat*on,

after addltion of alkaline potasvium permanganate, of the '

residual water after estimation of free ammonia.

/Nitrates

Omission:

"of the residue. This method was found to be accurate to within.."
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Nitrates. These were reduced by zinc-copper couple and estimated
as ammonia. After deduction of free ammonia the result wés

converted to (NOz) by multiplying by 3.648.

Phosphates. These were 8letermined by Denigés eolorimetric
method as modified by Florentin and Atkins. As the water is
practically colourless very little difficulty was encountered

in colour comparison with standards.

Silica was estimated by ammonium molybdate and sulphuric
acid, comparison of colours being made as usual with picric

acid solutions.

Chlorine as chlérides was ;resent in such iarge amounts
that the method adopted was to titrate only 10¢ecs of water ggainst
standard silver nitrate solutions of strength lce = 10 mgs, C1
this being ten times strongér than the solutlon suggested by

Thresh Beale and Suckling. Potassium chromate was used as indicator.

Free CO5 was determined by titration with N/20 sodium carbonate

solution using phendlphthalein as indicator.

Combined COg was estimated as outlined in the American Publie

Health Association's "Standard Methods for she Examination of Water
and Sewage" -(1938). 100 ces of the water is titrated with N/50
.sulphuric acid, first of &ll to an end point about pH 8.0 using
‘phenolphthalein and then to an end point about pH 4.0 using

ﬁéthyl orange. The relative amounts of half-bound and bound carbon

dioxide were computed from the volume of acid required in each

titration. Since in this case the phenolphthalein alkalinity
was less than Balf the methyl orange or total alkalinity the

/value
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Value of normal carbonate present expressed in terms of parts
_CaCOS/mlllion was equal to twice the titration phenolphthaleln
'alkalinlty, and the bicarbonate present expressed in terms ‘of
CaCOg/million was calculated from the formala (T - 2P) where
T = total alkallnlty and P phenolphthaleln._

s ,'The_ -re‘.spective:ivalues of [005"] and [H_C'Os']:'were then computed
. and also.the amount of COp present -in-the forn of normal -
carbonate and blcarbonate. From thls the bound CO5 Was computed
| .by adding the COo present as (003) with ‘'one-half that present
as (HCO3) The half-bound COg was equal to half that present
as (HCOz). | |

Sulphate. The amounts of sulpnates present were found t/b
so cons1derable that it was most convenient to estimate them
grav1metrically. The method used was that outllned by Newth c
in "Chemlcal Analysis, Qualltatlve and Quatitative™., The method |
consists essentlally in precipitatlng the sulphates with barium |
- chloride in the presence of ammdnium chloride-to_eoagulate'the
precipitate, filtering and incinerating. The weight of the residue

is multiplied by 0.412 to obtain the value of SO4".

Calcium. Agaln the method outlined by Newth. was used. The

Omission:
Magnesium . The gravimetric method according to Newth 1is

to precipitate the magne sium- (from the filtrate after removal of
calcium) by disodium hydrogen phosphate, filter and incinerate.
The weight of the residue multiplied by 0.2162 gives the value

of Mg. in grams.

W T UG WO A T UM T VT O A D ULLWS  PTeSTIIVe
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ghuretted Hydrogen was tesfed.for with lead acetéte'and-
estimdted by t1tration agalnst N/100 iodine’ solutlon in the
presence of starch as indlcatcr. lce of N/100 i{odine is equivalent

to 0.17'mgs Hy S.

BIOLOGICAL EXAMINATION.
PLANKTON. Qualitative -samples were obtained by drawing’
a townet of bolting cloth (175 meshes to -the inch) behind the boat

with engine running at very slow speed.

| Quantitatlve aamples were taren by pas ng 16 Jars full
(40 11tres) of water tbrough a smaller net withile6: meshes
to the 1nchy. 40% formaldehyde Wgs added equal in volume to
1/10th. total.volume of liguid tihus preserving the organisms in
a 4% solutioﬁ; The plankton was'counted'in the following-manner.
The'éatch'waé'ﬁéll'shaken and a glass tube inserted vertically-

in the- liquiu and resting on the bottom of the jar.. A finger

Omission-

"removed to a small test tube. By this means a constant and
definite proportion of the total volume of the catch was....."

this depending on the fact that the area of the cross'seqtion of”
the glass tube bore a fixed definite ra%io to the surface area

of the jar containing the cateh. "As both jar and glass tube
contalned the same height of 11qu1d the volumes were also in

the same ratio. Very conven*ently a length of glass tube was used

. the whole time which removed'exactly 1/100th. part of the catch

every time this simple operation was repeated. A counting cell
was made from two ordinary microscope slides, one being cut

with a diamond, such that it had two parsllel troughs in depth

a equal to the thickness of one slide. These were filled with

the liqﬁid, dravn by the tube from the catch, by means of a fine
/pipette.
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pipette. In the absence of a mechanical stage the slide was
moved over the stage,b& hand so that every pgrt of each trough
was closely.éxamined. The numbers of organisms countedfin this
l/looth part were. then divided by 0._ to. bbtain the numbers of

organisms per lltre of lake water.

COUNTING CELL. | S ' Fig. 3.
. - Lo ]
Z.1 ' ] &
. . B
[ . 17
3.

ACTUAL.SIZE.

Nots 1 = 7 indicate pieces of slide cut with a ulamond and
cemented to thé lower slide with Canada balsam.

S Although all the plankton connts.were made from:cgtches o
taken in this wag it was realized that fhis method . cannot be
accurate as.fag‘a§:the freefswimming organisms were concerned,-

In the first case most if not all of the catches were taken in
the afternoon in bright sunlight when such free-sw1nming organisms
would tend to move down to a lowér level in the water. Secondly,
what frpe-swimmlng organisms did remain in the top 12 1nches'of
water would be caused to move away from the spot where the sample
was being taken by the strong water cufrents 1neV1tably caused

by plunging in the jar, viodlently filling it and removing. 1t

on 18 consecutive occasions. = .

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

/vere
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were made latterly with a plankton trap demonstrated to the writer
in the summer of 1940 by Dr. R.R. Langford of the Department
of Biclogy, University of Toronto at the laboratory of the
Ontaris Fisheries Research Baaré onn Lake Ospeongo in Algonquin
Provincial Park in Ontearic, ﬁanada. At that time Dr. Langford
was himself experimenting with the trgp and hacd not yet perfected

it. (Risgrams of the trep are on Fig. 4 on page 25).

It consists essentizlly of a rectangular copper or galvanized
iton box M 11" tzll x 53" square with & recess on one side 13"
deep tc accommodate the door N when open. The door is 64" x 530

and is pivoted on a brass rod R.- Scldered to bbth ends of this

. rod outside the box are two levers L attached by strong springs

8 to two pegs P soldered to the other end of the base opposite
the plvoting ber., These springs cause the door to fly shut when
the ceatch holding the door open is tripped. The bottém of the bhox
carriés a square hole leaving a harrow flange around the outside
%“ wide excépt.at the side near the pivoting bar wvhere it is

13" wide. The joint between dco% and flange is made water tight
by 1/8%" sheet rubber C fastened to the flange on the

inside. The door carries a circular hole with a circular band

D soldered to its circumference 43" in diameter. To this is
fastened, the upper end of a bol;ing cloth cone of Né.ls cloth.
F which beérs at its lower narrow end the bucket as described

by WarB and Whipple in "PFresh Water Biology", from the Wisconsin

" plankton net designed by Professor E.A. Birge. Lest the weight

of the bucket when suddenly dropaed (when the eatch is tripped)
should tear the net it is supperted from the metzl band:D by
two strings. To the upper end of the box is attached by a

/metal
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metal band K- a long cylinder G of heavy unbleached cotton, 67
_in dlameter‘and supported by metal rings H sewn tc the. inside
‘at intervals.of 6", Before being used the door is opened and held
open’ by the rod B eand the bucket is clamped.in the bracket 4.
The box'is lowereo gently (to aveid canusing too much.cirrent-in
' the water) into: the lake, followed by as much cof the cylinder as:
is .necessary to carry the box to thé desired depth. - .By pulling
a strlng J the catch B is tripped thus releasing the door vmlch
1s immed*ately closed by tbe spring © and at the same tlme, by
a serles of levers whosa action can be seen from the diagram, .
the baCKet is shot out of the braCket A ‘ A column of water of
known dlameter end known height is thnrefor~ enclosed in the trap
and as the trap is 1ow1y removed from the lake this column of
.water 1s filte reo bj t;e cone F and bucket. The volume of the
flltered water may be calculated and tne organlsms counted in
the usual way. By this apparatus a sample of plankton may be
faken from the.whcle depth of a'lake of moderate depth or from
whatevor stratum of water is desired in a leke of any depth .In
thls partlcular 1ake a sample rerresentotlvo of the total planktm
poleatlon is obtained no mat*er wbat the temperature or insolation
or resultant ver+1cal dJstrlbution of organisms &t the same
time, by virtue of the fact that: there is notllna to cause & great
current of water as the trap is lowered, (as tnerc is in the
Wisconsin plankton trap), the error due to movine away of free-

sw1mm1ng organisms 1is reduceo to a minimunm,

/Collection
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FIGURE 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 Fig. 5 page 27).2 feet square was constructed and floated
by means of two cylindrical tin cans (with 1lids and joints
'soldered to make them water-tight). These were attached at
opposite sides by brackets fitting into slots so that they
could be quickly and easily detached to 1lift 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 tightly
l& double thickness of cheese~cloth (or butter-muslin or mosquite
‘netting) and tacked by drawing pins to the wooden fréme. The

trép was set where desired and kept in position by a rope attached
to an anchor, the rope being comnected to both buoys so that these
.did not float away when the trap‘was lifted. When emptying the
trap the frame and "tent® was.li%ted from the water into the boéf
and rested on a2 wide seat. The énsects were removed by tilting
the frame on one side and touchiég the insects lightly with a

small wad of cotton wool soaked in algghol attached to the end

' ' 2 0
of a stiff wire. They-were immedlately transferred to alchol.

COLLECTION OF FISH.
These were collected in a tfap (see Fig 6 on page 28)
A frame was made of three circul;r 2/8" galvanised iron rings
8" in diameter and soldered to tﬁree 2/8" iron bars 24" long
in the form of a cylinder. This'frame was covereﬁ with mosquito
wire screening malle of a special anti-rust wire (Monel). At

one end was made a cone of this wire with the wide end soldered

/to
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FIGURE 6.
FISH TRAP.
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to the end ring and the narrow mouth (1" wide) directed inwards.
Fish tend to follow the sldes of the cone and so enter the trap
Lnd are not able to find the way out. The other end of the_
trap 1is ciosed by a hinged door which can be openéd to empty
the trap.l An anchor attached by 2 very short rope to the lower
lside of the trap keeps it stationary and atropé fastened to a
buoy suspended the trap just above the bottom and, at the same
time, marked its position., For counting purposes the trap was
eﬁptied into & large bucket and the fish removed with a net,

sorted and counted.

BOTTOM FLORA AND FAUNA. !

‘The plants growing on the bottom were obtained by means of

2 dredge of common type.

The bottom fauna consisted éhiefly of bivalve mclluscs
and these lived in the mud. The dredge simply scraped the surface
and broﬁght up an add assortmentiof broken écrapé of shells.
An apparatus (see Fig. 7 page 505 was therefore constructed to
obtain mud samples at any requiréd'depth. It was also used to
record temperatures at varying dépths in the mud. A cylindrical
| tin.about 22n inches diameter and © ins. long (such as is used,
for packing tennis balls under ﬁressure) was used and a .piece
cut out of the side 22" x 6". A smsller concentric cylinder
rotated inside and had a flange which protruded through the
fwindow" in the outer jacket, this flange being about 8" x 2.
The window could be closed or'opened by rotating the inner cylinder.

A pointed cone 8Y long and of the same maxinmum dismeter as the

tin was soldered to the lower end and the top was closed by a

| | /eircular
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éircular piece of wood in which was fitted a wooden handle 8 feet
» long marked off in % feet. Before being driven into the mud the
hindow.was closed and when the desired depth was reached a twist
Lf the handle caused the dopr to open as the flange was held
bygfhe mad and prevented the inner cylinder from turning. By |
continuing this twiet the flange scooped mud into the sampler.
The sampler was closed by 2 quick backward twist and then lifted.
If necessary a temperature of the mud was taken immediately by
inserting a thermometer into the m‘ddle of the mud through an
H shaped Sllt bored in the side of the tin, The mud was, then sieved

_through wire mosqulto screen.

THE RESULTS.

I. Higher Plants.

| : . .
' The paucity, and in many places, complete absence; of littoral

#egetation is very pronocunced. The only emergent hydfonhyte

(the classification used by Welch in ?Limnology® is here referred
to ) is the common mangrove, Rhizophora Manole (1) . This forms

a belt of varylng width around the lake but its iv::.dth is mcst commonly
' ?arrOW, amountsng to only a few feet and in many places, evpeCﬁally
at the western.end of the _ake and the eastern end of Burnside Cay
and the‘eastefn'end of the peninsﬁla where the shore is mostly
bare rock, it is absant for conSiderable distances. Except where
the belt is absent as just'mentiened, the wiBth of the zone secems
to bear direct relationship_with.the depth of the water near the
shore. Thus the greatest develépment is found at the.east end
‘and on the notth shore particularly east of Anderson's Wharf,

the north shore of the south arm and at the west end of Burnside

Cay. In these places there are isdlated patches extending 30

to 40 feet into the lake. The mangrove flourishes where the
' /water
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water is mnot moré than S feet deep an@ the lécatiops deseribed
have a greafer area of ihshore waterléf this shallSW depfh than the
south shore of the 1ake where the bottom slopes more qulckly.
There are instances on the north shore where en isolated shelf of
.rock extends some dlstance into the lake 2 - 3 feet below the =urf¢ce
of the water to the 1akeward side of wnich is a steep dron On
theqe shelves the mangrove grnxe ozt 1nto thf>lak ceasing where

the shelf ends.

l' -The reason. for. thls distribution is fairly obv1oug. Baillou
Hills to- the south have a steeper slope, which is contlnued into
the 1ake, than- Prospect Ridge to the north. Complete absence .
of”the mangrove: from the west eﬁd of the north and south. arms and
the east end of the peninsula and the cay is no doubt due to the
}act that prevalent winds are easterly and wave action in the 1ocal;
1ties rempves any bottom sedimeﬁt“that migﬁt»offer a' foothold

to the roofs. This also in some ‘part explains the narrovmess of
the beilt of'mangrove along the southern shore ghich, due to the
VWSW - ESE dlrection of the lake experlences more wave action than |
the north shore. This wave acthn 1s‘beauti£ully eV1&¢nced by

.thelline of foam built up zlong thé whole of the south shore

and in the other localities moved by a fresh breeze.

Of Welch's "floating hydrophytes" there is no examplé at

all either rooted or free-floating.

There are but three subﬁerged h&ﬂ;ophytes. The conmonest
is the tuffed alga Batophora Oerstedi. The occufrence of this
is influenced largely by wave actlon. It grows abundantly wherever

?here is opportunity for attachment and not sufficient movement

/of
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of water to wash it away. As a result it_grows densely in those
same localities where maﬁgﬁové occﬁrs. The aerial root$ of the
&éﬁgrove are covered with it rizht up to the surface of the
water. In small sheltered bays-on the north side east of
Angerson's Wharf where the_water-is always clearer the bottom is
densely covgred with a luxuriant growth of this alga. The other
submerged plant is Chara Hornemannii (Wailm) which is 1ess.common
than Batophora, but which occursin very siﬁila; situatiohs; Although
the most abundént growth of both these plaﬁts occurs in shgllow
wéter'they éppear to be able to grow at any déﬁth found in this
lake, Isdated patches a few feet in diametef are a common.sight
in deecper water  and a dredge seldom fails to brihg up a few'pieces
of one or other of theSéuplants though more commonlyﬂthe Batopﬁora

ié the plant appearing in such dredging.

' Immediately behind the mangrove belt and very often mixed-

in with it is a very varied collsction of plants which, though

not ~cowering a great area, is of exceﬁtional bhiological interest.
For in this narrow belt there are to be found herbs and shrubs
with hydirophvtic adaptations and’with xerophytic adaptations, plants
|ccmmonly associated with sand—duﬁeS'and.plants asscelated with
inland fiora,_ﬁlanté*assodiated with marshes and swamp fiora,
parasites, semiparasites, vines,;saprophytes, sapfephytes and
epiphyﬁes; The zoné is reached ﬁy what 1s described in Shattuck
(1305) as Céﬁﬁidé:' We are not conceérned here wiéh a description
of the Coppice gréwth suffice it to say that the slopes of'Baillou
Hills are covered with High Coppice while 6n the north Proséect

Ridge supports Low Coppice. Plants of the Coppice are freguently

found down near the water's edge.

/Host




-34-

Most conspicuous in this marginél.belt is Genocarpus erecta(L),
Bdttanood;-which“for'the most ‘part 1s merely a shrub. 'Assoclatedd
?with-it in nc regular manner are the shrub. Baccharis sngustifolia
:(Michx) and the sedge Mariscus JamaiCGHSlS (Crantz) Saw-grass; the
'fern Acrostichum aureun (L) and the low grass Distichlis spicata (L).
Outstanding aré theé scattéered specimens of-Sabal-paImétte.(Walt)
the characteristic palm of wet places. Thefe are occasional specimens
of Coccothrinax argentea (Lodd) which are strays from the coppice

behind- whicn is thelr iisual habitat.

Petcullar to marshy and wet hab1tat= but occurrlqc in less
abundence are Annona glabra (L) Pond-dpple, Eustoma exaltatum
(), Marsh Gentianj Lippia stoechadifolla (L), Aster Brace1
ﬁBlltton), an endemic species; Agalinis splciflora (Engdm) ;
Rynchospora sp; Beaked rush; Dichromena ‘lolorata (L), White—

headed Rush; Chrysobalanus Icaco’ (L), Cocoplum.

This seég to be the ideal. habitat for the epiphyte .
Tllland51a whlch grows in great profu51on on the branches of . the
mangrove. The follow1ng species were foundy T. Balbisiana
(Schultes), T. faSC1culata (Bw) and a T. aloifolia (Heok)

To overcome the lack of water resultlng from their habitat the,bases
~of the leaves are convex and olo sely appressed thereby acting as |
a very efflclent receptacle for the toragc of water ;alllng as
railn. Their boots serve the function of anchorage solely, belng

S0 tLJ”tly bound around thn branch of the tree that often the .
easiest way of taklng a specimen is to break the brench In

addition to these habitual epiphytes there are occasiocnal specimens

Jof
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of PFicus epiph&tic only in the younger sfates; Anothier epiphyte
#sueily'found on Sabal is the Serpent fern Phlebsodium auréum
km).' An occasional epiphytic ordhid i$ found.

The ;railing and climbipg vines ehow gradations from se}fe
. Qufficiency-as far as food is concerned to a state of complete
para51tlsm as in the case of Cassytha ameliCGne (Nees), Love-V1ne,
whose"s;ender_etems often form . such e\dense mat on.the host plant
as to.obscure it almost.completély. Cuscuta is not found in this
Pabitat_np: indeed on the island of New P:ovidence et all though
it does neccur on other Bahamian islands. Other vines growing. in
this beltlarelPhilibertella clause (Jecq.), milk-vine; Mikania
scandens (L); Hhabdadenia paludoea (Vohl). Both of these are
peculiar to wet blaées. Oi':here which occur in a greater varieby
ef haoltats are Rajania microphylla Knuth; bmllat sp., Cryptostegla
grandlflora (R). )

fShrubs arid nerbs of the_common to this habitat and Sandedunes_
are; Borrichia arboresceas (L),jBay marigold; Rachicallis americana (Jacqg
Scaevola Plumierdi (L), Inkberryg ~arn occasional ' Casasia Clusiaefolia
(Jacqg.); Chrysobalanus Icaco (L), Cocoplumj Erithalis fruticosa (L),

Black-torecih,

Occurring here and genﬂrglly throughout the island there are
a humber of plants which may be considered as haj;ng strayed
into this marginal zone frcm the copﬁice behind and are able to
Wltlstand the additional dryness occasioned hy more rocky soil
‘but chiefly due to salt water, These:s include Metopium toxiferum

(L), Poison—woed; Cassia bahamensie_(ﬁill), 8tinking Pea and other

/Cassia
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Cassia spp; Leucaena glauéa (L) ; Pithecolobium guadalupense
(Chanm), Ram's-horn; Zanthoxylum Fagara (L), Wild-lime; Agava
siealana (Engelm), Sisadl, an escape from cultivation; Mimusops
emarginuta (L), Wild Sapodillaj. Cocpp;obis 8p.,. Pigeon plum; Acacia
choripphylla (Benth) Cinnecord; Myfdxyion iliecifolium (Northrop);
Anemia adiantifolia (L); Calyptranthes pallens(Poir), White

Stopper.

Saﬁrorhyteﬂ Wnre represented in this ?ll-embracinw marginal
belt by an OLCaqlonal bracket fungus (uﬁﬁent1f¢ca)and uther

'agarlcs (unideutlf ed).

MARSH AT EAST END.

At..the east end of the lake is a large area of flat ground
surrounded on the north, east and south by honey-comb rock and
bordered oh the west by the 1ake.; After a few days of rain the
wﬁole of this area becomes swampy and a large part of it has
water above the soil, Alternatiné with this totally water~logged
conditioﬁ, evaporation hy the sun:dries out the top few inches of
soil leaving it cracked into smali slabs, in appearance much

akin to an enormous Jig-saw puzzle.

Here im this marsh ss nowhere else around the lake the
vegetation is marked-ly zoned. These zones were measured
approximatély by pacing and a map of this marsh was drawn (see
Fig. 8 page 39). Wealking east from the margin of the lake along
a line continuous with the long axis of the lake the follawing
zones méy be described. Immediately bordering the laké and
for the most part growing in it was the usual zone of Rhizophora,

The.width of the zone here varies. It is very narrow at the

/SE éornef
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E cormer, -about 10 yemds wide in the middle-of-the east end
~and increasing to 50-100 yards in a few places along the north
shore where the mangroves extended into the lake as previously
described. Immediately behind this zone was a zone resembling
the marginal zone described previously; being here a confused
mixture -of Rhizophora, Conocarpus and Baccharis all three being .
covered densely with the para%?ie Cassytha, The lower stratum
of vegetation included Borrichie, Acrostichum,'Mariscus, Aster,
Eustoma and Agaslinis. In the mi&dle of the east end this zone

1s Bbout 10 yards wide but around the NE corner and along the
north side it increases to 50 yaras and then fairly quickly
narrows into the usual width of a:few yards és arouné the rest

of thé lake, To the east of this zone is alzoné about 64 yards
wide containing only two plants éegg growing itho disﬁinct
layers. The large one was the shrub Baccharis and the lower
Mariscus. At the NE corner the Béccharis disappears snd the Mariscus
continues, merging into the next éone. This is a peculiar

zone in wnich there is a reappearance of Rhizcphora and Conocérpus
forming clumps like islands standing,ug in & seé_of Mariscus.
This zone extends east for 89 yaras but at.the norfh east

corner the clumps of Rhizophors aéd Conocarpus abruptly disappear
and thé remaining Mariscus merges, into the Mariscus of the
previoﬁs'zone to form a wide zone. of pure'Mariscus which quickly
narrows and finally mergés into zone 2 which continues alcﬁg'
..the north side of tﬁe lake. To the east'af zone 4'is a curious
area of some considerable size (105 yards wide in the middle).
By far the greater area of this zone ig completely devoid of
vegetatibn the surface being either under water or alternately

% - /cracked
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cracked into irregdar blocks by desiccation by the sun. There
are very infrequent patches of very poor and dwarfed Mariscus,
Rhiz&ophora énd Conocarpus. This zone disappears abrupily to

the north.

East of this region of bare soil is zone 6 covered fairly
densely with a rush, a species of Rychospora, with dwarfed
Rhizophora and Conocarpus again forming isolated patches.. It
is 63 yards wide and if disappears'abruptly when the soil suddenly
cFases and is replaced by honey-comb rock. Here there are two
zones 37 yards and 22 yards wide respectively and differing only
in the occurrence of Inodes with an occasional Coccothrinax
in the easfern cne and in the absence of these palms in the
wéstern-one. The rest of the vegétatibn is very low and dwarfed
and includes Rachiecallis, Myroxyon, Scaevola, Dichromena,

Mariscus, Conocarpus, Aster, Metoplum and the parasitic Cassytha.

To the east of this zone is a Pine zone, Pinus bahamensis
extending some considerable distance east far beyond the rqad.
. To the south of this on the slopé;-of Baillqu Hills there is
High Coppice while to the north o% the marsh the Pine is not
replaced by, bﬁt mixes with, the-iow Coppilce covering the'siopes

of Prospect Ridge.

The deposits of this marsh are of two kinds. In the margh
of the lake is the familiar feft yellow ﬁarl and a similar marl
covers zones 5 and 6. But between zones 4 and 5 is a very,
distinet dividing line with & black soil, apparently with very,

high humus content, covering zones 1 to 4.
/It
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FIGURE 8.
EAST END MARSH.
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It appears that really ‘the soil is all predomlnantly marl
but that in the regions of dense vegetation (zones 1 - 4)
a con51derable smount of QJumus has been added to thp surface
layers.' This is supported by the fact that in zone 5, the bare
zone, there was an isolated patch of compsratively iuxurianf
vegetation, which had a single specimen of Clusia in the'éentre.-
The surface layee of soll was quite black, lying on top of yellow
marl. However, repeated attempts, without Satisfaétory apparatus,
to discover yeliqw marl beneath ef the humus in zones 1 - 4 feet

met 'with no success..

 As_£he_20na£i0n-and the nature of the goil of this marsh
was so unique the whole area received -considerable attention
and the theory was finally suggested that the whole area
occupies what was formerly the original eastern end of thé-ﬁed

of the lake.

Tﬁ'sup56f£ of thié'thebry two sets of obs ervatlons were

_ made which proved to be very gignlficant A series of 901nts
wes 51ghted in a stralght line AB (see map) which was rougnly
‘taken to be continucus with the 1ong median axis’ of the lake.

A point at the lakeWard end of tuc line was in the lake at the
margin, At these p01nts along tu;s line a pole was thrust
vertically into the soft marl until it reacled rock. In this -
manner it was possible, witn the aid of a metre rule, to find
the depth of marl above bed rock at each point. It was found
that at the edge of the lake there was a deposit of 6 feet

of ﬁarl underlying 22 inches of  water making a total of 8 feet.

/in
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in ell. 20 yards from the margin of the lake the water level

was founa to be 7 1nche% below the surfpce, +b° so1l be1ng

73 Teet de As there had been no recent heavy rain and as

-undue evaporation was prevented by the tall, dense vegetation

at this ncint.it seemed logical to con clude that this weter level
was ;\dentical with the lake<water-level. Under that essumption
rock bottbm was therefore approximately 7 feet below water

level as compared with 8 feet at the margin of the lake. 100

.yards, from the lake the water level was 13 inches below soii

1eve1 the aOll being 7 feet deep. Accordlngly the depth of mud

- bélaow water tevel was calculatec to be apr roximatoly 6 feet..

At three of the remaining five p01nts the water-level was found

to be within a few inches of the eurface of the soil.: The soil
ﬁere‘was not -covered with dense'végetation as in the_previous

two stations and therefore the water level was very probably a
few inches below lake-ievel. Theédepths of soil at these points
were respectively 6 feet, 5% feet; 4 feet, 20_inches and O" - this
last station having honey-combed rock at the surface whlch wes

completely exposed from this end of the transect eastwards to

the Pine-zone. This data is éetlgorth in the following table:

/Pepths
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Depths of soil and water in Fast End Marsh. TABLE I.
Station Noi Distance from.Water level® Depth of  Depth of
' § lake. ' Soil deposit. rak below
L i o Take level.
1.  In"lake 25 yards  +82 ins. 6 ft.8 ins,’ 8 ft.
.. from shore . : L
R. 20 yards. ' =7 ins. 7 £t.6 ins. . - 7 ft.
Z. 100 yards ~13 ins. 7 £t 0 ins. 6 ft.
4. .- 150 yards ot observedé ft.0 ins. 6 ft.
‘5. ' 200 yards’ -4 ins. 5°ft.6 ins,  '5ift.
' .6 850 yards: o -2 ins, 4 £t 0 ins - 4-ft,
7. 200 yards -3 ins. . - 0-ft.20 ins, 13 ft.
8.  #R0 yards ) 0 ins. -~ Nil; . NI,
* 4 = ahove soil deposit
¥ - = bélew scil deposit.

Lgein, using-the assumption that the level of water .in the
Sdil'waé'apprqximately-equal-to the water level in the lake a section
" was constructed (Fig. 9 pagé-éS”)?: Examination of this section is
alone fairly.conciusive evidence’in SQppoftidf the assumption -that
this marsh occupies the easterﬁ eédgcf the original bed of the :lake.
Observations of dppth of soil wefgamade at only three points in a

line .at right engles to this transect to the 'south Bowards the

road.

1Y

DEETH oF LAKE. )
| In'all, soﬁe.soo soundings of the 1ak¢ werle taken:along |

55 travefses.écross ﬁhe lake. These were plotted on.the |

mbét aécurate-map available which was provided by the Nassau Contraéting

Compeny and By this means the bathymetric chart of the lake wés

compiled and is seén on Fig. 10 page 44} . o

/The.
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FIGURE 9.
VERTICAL SECTION EAST END MARSH.
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The deepeét.ééunding taken was 133ft. There zre only two
areas with depth gregtgf than 12'ft,'the one in tﬁe middle 6flthe
main body of the lake just to the east of Burnside Cay and the
other in the middlé-of-the North Arm, The.gféatest sounding teken
in the 8outh Arm was 10 ft. and towards *he west end of this are .
there is & considerable area qneper than g ft The gréétesﬁ'
extent of shallow water is found at the east end of the 1&ﬁézwhere
there is a large area less than 9 ft. in depth. This sres is covered
on the bottom with a considerable amount of marl. At the sast °
end of the north shore the mannerlan which shallow bottom swings
out into the lake is clearly seen, It is on these banks that the

majority of the Rhizophora grows.

A

The Cay iﬁheen to be, in effect, a contlnuatwon of the Peninsula
to which it is connected by a strlp of bottom for the most purt
shallower than 6 ft. To the WSW'of Burnside Cay is a small island,
not shown on the manp because of its smallness, which is part of
another peninsula, a branch of the large one and for the most
part, submerged by less than 6 ft; of water.

Cross-~secticns of the lake have been drawn along the lines
AB and CD and are to seen on_Fig.'ll page. 45. .The dlfference.in .
slope on north and south sides ié;not marked here but it can be
seen that the’south bed slopes a iittle more steeply than the north

side. This fact is seen more clearly in the South Arm,

/Depths
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Depths of soil in Fast End Marsh, Table 2.
Ptation No. Diétance from main transect, Depth of Soil,
9, 150 yards 31 ins.
10. 175 yards 6 ins.
11, 180 yards Nil (Rock).

An attempt was made to continﬁe the main transect further into
the lake but.the usual practical difficulties attendant upon
inﬁestigating depth of true bottom below false bottom from an
unstable boat made it impossible.

A discussihn of the possible origin of this marsh will

T

be left unt11 1ater in the thesis.

PHYSICAL AND CHEMICAL STUDIES
Water level and Rainfall

Rainfall and water_level records appear in Table 3 and

theqe values are graphed in Fig. 12 page 47.

Rainfall and Water Level. . ' ' TIABLE 3.
Date Water levél Average daily ralnfall since
1840, " Qredeedlng record.
April 1, -53 .014 ins.
May 4 | -53 .036 ins,
Jﬁne 4 ~3% .066 1ins,
June 29 18 .173 ins.
August 9 - .081 ins.
Sept. 14 +53 | .21l ims.
Oct. 14 =13 .385 ins.
Nov. 10 ' -1% .025 ins.
Déc. 13 -3% .006 ins.
1941,

Jan. 21 -1 : .170 ins.
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FIGURE 11,
'SHAPE OF LAKE BASIN,
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April 8- .183 ins’

?L%%i

';"ll"- »

May- 7 D -2

.170 ins.

The level of water in the lake varied between two extremes
which were 11 1ns. apart. Broadly spesking the lowest levels are
recorded at the end of the dry season i.e. the months of April
and May befere the onset of the sumner rains which begin-before
the.end of May. From this lowest 1eve1 there is a fairly unifnrm
increase to a maximum at the end of the wet season when tne ;

;level was’ thhest in the month of September follow*ng a period”

When the gverage rainfall per day was O. 211 ins:

However, the beginhing of'the jear'1941 was by no means typieal
as there was an abnormal rainfall there being 13.91 ins.
from January 21st. to April 6th, an amount of precipitation
3 times the average rainfall for those months.viAs a result
the level of the lake did not fall to the level recorded for
April 1940 but remained S ind. above 1it.

The fact that heavy.reinfall produces sudden large changes
.in water level is seen from the records for April 6th and April s
8th., During this short perid& of ‘two éeye_the water level rose
2% ins. the total rainfall for these two days'being'l.al}
Similarly, the level rose by 2 ins. over a period of three days
from April 28th to May lst. and dropped 1% ins.in the next four
days. Rainfall of 1.68 ins fpr May 7th to 9th was accompanied
by a rise in level of 33 ins. This would indicate that seepage
(not drainage.-~ because of the porous nature of the rock): contributes

substantially to the amount of water in the lake. The level

therefore fluctuates a great deal with precipitation and eveporation..

/0n
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On several occasions records of -water level were observed
at régular intervalsfon the.same day orer aperiod:of several houss.
"These obeervations showed that there was no suggestion of & rise
and fall in the nature of tidal ection. Therefore it must be'
assumed that the popular belief th:t thls lake ebbs and flows

with the tiae is a fallacy.

2..Natgre.o§ Lake-Bed.

'As;has_been deszribed previoﬁsly the :lake lies in e-hhllow
of‘land'betWeen.Baillou Hills and BroSpect.Ridge,.'The~whole -
of the bed<rock of this depression is limestone. It is consider-
ably exposed around the marglns of the lake partlcularly on the
south shore,.western end of both arms and the western end of the
north shore. Here, Wave action prevents any deposltlon.of marl
and weatherS‘the exnosed rock into smooth rounded surfaoes known
as "plate rock" (Shattuck 1905) . However, at the east end the
rock bordering the marsh on the east side, (which is postulated
above as being the 0r1%P&1 east end of thqilahe) is"honey-comb"
rock,' ‘weathered into innumerable small pockets with knife-like;
edges. This is characterlstlc of solution by rain and is.most;
probably subsequent to: the £illing in of the lake:at the esst.end

to form the marsh now existing there,

The depth and nature of the true bottom of the lehe is
unknown except at the msrglns. In all other nléces it is'covered

' by varying depths of marl In colour this marl io a pale yellow

- or grey w1th a slivht suggestlon of redness in some localltle

In texture 1t 1s exceedlnglyvfine1 'hen disturbed it emlts a

most disagreeablelodour of hydrogen sulphlde.: The whole of the .
eastern shore of .the lake is marl and wherever dredglngs were
/taken
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taken anywhere in the lake the dredge was aiways filled with -
this soft mud. Around the shores of the .lake it is found nowhere
except.east .end and north east corner whére it is commonly |
6 feet deepl ‘The 'surface of this marl is by no means firm, -
In apoearance it is very flocculent and.remains helf;snspended
in the watex and the merest agitation of the water causes it |
to rise in clouds to the toL The ghohor of the boat, a large‘
rock, when lowered gently into the mud disappears.oomole£e1§: |
The dep031t is arnarently flocculent in the top twe1ve 1nches.-
at 1east Further down, however, it 1s much flrmer and a pole

thrust through the whole 6 feet is removed only w1th dlfflculty.

'Micnoscopically this deposit is not organized into any
apparent erystalline form but appears as irregular grains each
of which has at its centre a colony of the blue-green alga
Aphanothece Castagnei (Breh) Rabenh. 'Thisi%tfikingly evidanf-
when a drop of hydrochloric acid is added to a sample of the
marl on a microscope slide. The outer calcareous'portion'of
the grains disappears and the algae can be .seen distinctly.
Furthermore, a sample of this marl, when'exposed to light in.
g Petri dish -turns diStincﬁly.green due to algel growth. This
phenomenon is discussed- later -but it may be mentioned here that
it seems that the algal‘colonies act es'foci for the‘formation
of the calcareous graine. With the increase in enounf of merl
accumulating around each colony its density becomes heavier than.
that of water and it therefore sinks but may be Brought baCk

‘temporarllv into suspension by movement of the water.

COLOUR, LIGHT PENETRATION: 1AND TURBIDITY.
The water is colourless. On occasion there may be he

/slightest
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slightest suggestion of yellowness but only sufficient to cause
a slight greenish tint ¥ith the blue colour produced by the
reagé;ts added in the'Denigés test for phosphates.. However;
the lake usually has a decided green colﬁﬁr due to the reflection
of blue from the sky coupled with the yeliow colour of the false
bottom. |

Light penetrates to all depths of water above the fﬁlse
bottom but usually_é Secph% disc can be seen only with difficulty
in the deepest parts (greé;ér'than 10 feet). In August 1940
the Secchi disc was invisible at 10 feet and in September 1840
it was visible only down‘to 8 feet depth. ~This was due to
turbidity caused by the distnrbapce of the marl by vigorous
circulation of the water by strong-winds. However, it may he
stated that there is sﬁfficieht light at any point on the false
bqttom to allow plant.érowth.

DENSITY AND TEMPERATUR?S.

' - The 8.G. of the wa?er fluctuates between the limits of
1.0070. &nd 1.0080. The monthly variation of S.G. is &et forth
in Table 4, the temperature of the water when thie density was
obsenve@ also being given. These 6bservations are graphed

in FPig. 13 page 51.

An analysis of these figures shows that the S.G. increases
gradually from October 1959 to February 1940 the temperature
showing a cofresponding decreasé. From February to September
there is a decrease accompanied by increase of -temperature.

Thereafter the first trend is repeated,
/In
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FIGURE 13.
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Specific Gravity ,~ | TABLE 4.

Date Actual observed Temperature of S.G. correct t

j S.G. observation. og- -250C.,. -
1939. - | )
0ct. 28 1.0070 25,5 | 1.00767
Nov. 18 1.0074 24.0 - 1.00765
Dec. 8 1.0076 . g2.2 1 .00692

' 1940. © A | | o

Jan. 9 1.0079 22,2 1.00722
Feb. 3 1.0090 21.6 - .. - - ..1,00818-
Mar. 2° 1.,0080 . . 24,3 . 1.,00782
April 1 . 1,0080"-. J@B0 T 100781
May 4’ ' 1.0078i% . - - . BS.2° - - T 100788 -
June-4 - . 1.0075- . 27.0 © " 1,00803
June 29 1.0070 ‘29,8 - . 1,00842
fug. - R -
Sept. 14 1.0080 23,3 | 1.00808
Nov. 12 1.0085 22.9 1.00798
Dec, 13 ~  1.0085 - 26.4 | 1.00887
1941, : ¥ - L T
Jan.21 1.0083 24,7 | 1.00822.

In the third colum of Table 4 are glven the'vaiues for the
S5.G. corrected for temperature differences using Birge's'taﬁle for
. differences .which is fouhd in Welch's Limnology p.33. A%% S.Gs. are
brought'to a2 uniform temperature of 25°C.. In Fig. 14 the-dggsity
corrected to 25°C-is graphed together with the total'solig content of
the water. Thgistriking similarity of the two graphs 1s self-evident
and shows that}the density varies directiy with toteal dissolvg@

sdiiqé'content as might well be expecfed.

The S8.G. of the water corrected by the saﬂe method to 4?0

is 1.011. Average seaéwater at the same temperature has a S.G.

of 1.025.

/Table
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FIGURE 14.
CORRECTED S.G.
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Table 5 gives air temperatuyes (shade), surface water temperatures
and, in some instances, bottom temperatures at depths varying from 8%

feet to 12 feet. These values are graphed on Fig. 15. page 57.

The surface temperature of the water varies from 20:6 °C.
in January 1941 to 31.2 OC in July 1940 (69.1 OF to 88.0 oF).
The lake obﬁiously belongs to the class "Tropical Lakes" in Whipple's
classification and beeause of similarity of bottom and surface temperatures
;t is a 3rd. Or#er Lake in the same classification i.e. oﬁe so shallow
that circulation 1s possible throughout the year. It might be
suggested that such high summer temperaﬁﬁres are lethal in.effect on
organismé. The only observations made &t this time were én plankton
and so far fiom being lethal the increaéed témperature is accompanied
by considerable increase in plankton population. No observations were
made, however, at that time on any other of the plants or animals in

the lake.

Air temperatures in the shade bear no apparent close agreement
with water temperatures at the same'time, being sometimes lower and

sometimes hightr.

The greatest difference observed was in October when the water
temperatures was'25,5 OC: 2.69 ©below the temperature of the
air at. the same tinme, It should be noted however that these readings
were made at 11.30 a.m. whereas observations were usually maﬁe at
4 -3 p.u. The difference obsefved in May was also due to the same
cause. Otherwise there was not a great deal of difference befween

the air and surfabe water temperatures.

Depth temperatures agree very closely with surface temperatures,

differing by not more than ;.200. This indicates complete circulation

/of
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Temperatures. - " TABLE 5.
Date ALy Temperdtures Surface “Bottom Water  Depth.
, o Water Temp. Temp.
1939 °c O¢
Nov. 18 - 23.0 - -
‘Dec. 8 - : - - : -
1940 - :
Feb, 3 - - - ' -
‘Mar, 2 24.5 ~ 28.6 - -
Apr. 1 26.8 _ 27.0 26.8 10 ft.
Mgy 4 26.8 24.4 24.4 10 ft.
June 4 28.6 28.0 28.0 - .8} ft.
Aug. 9 2616 - 31.0 30.8 10 ft.
Sept. 14 29.4 ' Z0.8 70.7 11 ft.
Oct. 14 27.9 95,3 - -
Nov. 12 24.1 0%.4 - 0
Dec., 13 - = - 22.7 22.5 8% ft.
1941,

of water abévé the false bottom. This may be attributed to shallowness
and wind action both of which are factors contributing to complete
circulaticn of water. That circulation is not complefe in the

false bottom of marl right dovm to bed rock is evidenced by the

values shcwn in Table 6 of water and mud. temperatures at the east

endd of the lake. The three values in column 2 were from cne

station while the two values in column 4 were from eancther

the stations being only 5 feet apart.
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Temperstures in False Bottom at Eaét End.. ';‘-TABLE 6.
| Depth.Station ; Temp. OC Depth;'SFation € 'Temp.éc
Water ' 26.2 - Water - N 6.2
Mud 3 ins. 25.9 ' - ‘ -
Mud 18 ins. 25.7 ' Wud 2 ft. 6 inms. 24.5
Mud 4 ft. 6 ins.25.3 Mud 4 ft. 6 ins. 2a.4

Fig. 16 page 59 shows this vertical distribution of temperature

in the false botton.

At this place the water was 2 feet.deep and of‘unifcrm

temperature. The figgres indicate a drop of 0.3°C in the

first % inches of mud and a further decrease of 0.66C from '
top to bottom of tﬁe marl. The values at Station 2'indicate a-fotall
fall in temperature, :rom water surfaceipO'éé feet depth 1n the .
false bottom of'l.BQC: A comparison of the figufes at both

stations indicates a horizontal variation in the mud of as much

as 0.90C in a distance of 5 feet. .A similar horizontal variation
was obseybed by_Welch_in a Michigan Bog Lake (1938) and also
' by Birge, Juday and March (1228). in bottom deposits of Lake

Méﬁdota. Welch suggests that one important cause may be the
differences in thérmal‘cpnductivity of the false bottom materials

ih different places at the same level sihce these nmaterialg are

hot alwéys homégeneoué in charaétef. The writer of this present
 paper-has no evidence at this time which would Justify any attempt
at an:gkplanation of the variations but it seems probable that
énéfher coghtributory céuse.may'be-the different rates of organic

decay, which is undoubtedly going on in this marl, with a2 consequent

dis-similarity in production of heat.
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FIGURE 16, _
VERTICAL DISTRIBUTION OF TEMPERATURE IN FALSE BOTTOM. .
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HEDROGEN IN CONCENTRATION AND OXYGEN.

As mentioned previously thé method for determining pH |
(h&drogen ion exponent) of the water was unsatisfactory and therefore
- no regular obéervations were made; Obsergafions that were made

at different times are given in Table 7.

EYDROGEN ION EXPONENT. : TABLE 7.
: Date pH,
1840,
April 1 8,4
May 4 ' - 8.5
June 4 : 8.6
Ded. 1% ' 8.4 -

Jan.21- ' . 8.5

. From these 5 specinen results it is seen that the pH varies
between the limits of 8.4 - 8.8. These values are disfinctly

on the alkaline side of neutrality.

In Table 8 are given amounts-.of dissolved_oxygen.expressed
both as mgs/litre and as ccs/litre at N.T.P. These vélues
are equal to values eRpressed as parts/million by weight and by
volume respectively. Pig. 17 page.szkepresents these'valueé

graphically.
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Dissolved Oxygen. | TABLES.
Date - Surface o Bottém ,
mgs/1 ces/1 Depth ~ mgs/I ces/1
1920 .
Beb. 3 8.1  °  5.67 8 ft, 8.9 6.23
Mar; 2 8:9 6.25 = - 23 <
April 1. 8,0 .  5.60 - 10 ft. 8.0 5,60
May 4 7.1 4:97 10 ft. 8.2 5.74
June 4 6.7 4.69 ééﬁft. - :ézs - 4.55
. June 29 8.7 ? 4;69. . 12 .ft. 8i6 4,62
©Aug:9 ¢ 8.5 . 486 = e
Sept: 14 . 6.9 - 4;835 11 ft. 7.2 ° . 5,04
Oct: 30 8.7 4.69 12 ftaj 6.7 . . 4.69
Novi 12 8.0 5.60 o} ft. 7.8 5,46
Dec: 13 7.3 5.11 -B%jft; 70 © 4,90
adl P | ' 2
Jan;-zi;'- 8.3 5:81. - : = : -

Thg'am¢unt‘of dissolved'qugen in the surface water was highesf

in Mareh 1940 when the value was 8;9'mg§(iitre (6.23 ccs) and

-
4]

- high_genéraliy in the winter nmonths. ‘The amount decreases
in summer znd the lowest recorded was 6.5 mgs/litre (4.55 ccs)

in August 1940.

The amount in the bottom water differs very little from
that in the surface water being'slightly‘lower on four occasions,

higher on three occasions and the same on three oceasions.’

QTHER _GASES,

_The amounts of dissolved (free)carbon diozxide are given

in Table 9 expressed both as mgs/litre and ss ces/litre at

<]
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FIGURE 17,
DISSOLVED OXYGEN.
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N.T.P. These values are eogulvalent to parts/millién‘éxpressed

by weight and by volume respectively. Fig.l8 page 64 represents

these results graphically.

Efee Carbon Dioxide TABLE 9.
'%%ﬁg' mgs/1 '§E££§%§§/l Depth B; go?
April 1 4.3 2.2 16 ft. 3.7
May 4 4.6 2.3 10 ft. 4.8
June 4 5.2, 2.6 8% ft. 6.1

.. June 29 ' 4.9 2.5 12 ft. 4.9
Sept. 14 9.5 4.8 11 ft. 9.6
Oct. 14 . 9.0 4.5 12 ft. 8.8
Nov., 12 2.8 l.4 9% ft. - 3.2
Dec. 13 1.6 b.s 8% ft. 2.4
1941,

Jan, 21 11.0 : 5.5 - -

There is considerable variation in the amounts of free

carbon dioxide found but as might be expected from the reaction

ces/1
1.9
2.4
3.5
2.5
4.8
4.4
1.6
1.2

of the water all the wvalues are low, The lowest amount was observed

in Dec. 1940 - 1.6 mgs/litre (0.8 ccs). O0ddly enough the highest

amount was recorded a month later in Jan. 1941 when there was
11 mgs/litre (535 ces). But this appears to be an anamolous
value. In Sept..ahd Oct. 1940 fhere vas more fhan S mgs/litre
- (4.5 ces). The free carbon dloxide in the bottom water never
differed by a largé amount from that in the surface water. On
five occasions it was slightly higher, onee the same and twice

slightly lower.

Tests for sulphuretted hydrogen in the water always gave

results of less than 0.2 mgs/litre (0.13 ccs) but whenevér-the

/false
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FIGURE 18.
FREE CARBON DIOXIDE,
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false bottom of marl wsas dastunbed to any great depth {1 foot or
more) the odour of'th;s gas was unm;stgkeable evidenqe of its
presence. This is most probably associated with.decay taking place
and in the laboratory. A numbnr of plants of Batophora and Chara
were dredgod up from the bottom uf the. laxe and . placed dn.a large
Jar full of lakeﬁwater, This watgr was tested.fqr hydrogcn.sulphide
and found to conéain 0.19 mgs/litre.,,Only three days lafer tﬂe
_‘sme 11 of the gas became obaectlonable Pnd a uhin crust of "ulphur
- was forming on the surface o f the watﬂr.m The water waa tested
qualltltlvely with lead aqetate and Qstimnted quéntltatively.

with iodine and found to contain 5.34 mgs/litre.

TOTAL SOLIDS. |
Table lQ gives ﬁhe results of analyses for totalfsolidg
in gs/100 ces and also in pgrts/million.FIG, 18 pagezﬁi shows
these results graphicallv ‘together with. averaﬂe'monthly temppratures
as recorded at the Bahamas Government Meteorological Oboorvatory,

Soldier Road, New Provjdence.

Total Solids. _ | ) - TABLE 10,

Date { o . Total solids.

1939 - ' 'q ' mgs/100 ces Qérts/million.
Oct. 28 Lo 1,14 . 111,400
Nov. 18 _ 1.10 - 11,000
Dec. 8 1.08 - 10,800
1940 . .
Tan. 9 1,04 10,400~
Feb. 3 - 1.10 . 11,000
Mar. 2 1,13 11,300
Apr. 1 1.17 o 11,700
May 4 . . 1,23 12,300

/June
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mgs/100 ces, _ parts/million

June 4 1,89 : 12,900
June 29 1.71 13,100
Augo '.;'-. . . - . . -,
Sept.14 . 1.19 11,900
Oct. 14 “F1.19 11,800
Nov. 12 - -1.25 12,300 -
Dec. 13 1.30 13,000
Jan, 21 - 1.26 12,600

The total solids are seen to vary from 1,04 gs/lOO ces

(10,400 parts/million) present in January 1940 to 1,31 gs/100 ces. , -

(13,100 parts/million) present. in July 1940. No analysis was
- made in:Augﬁst.lgéO. The generd trend of the salinipy shows,
therefore, a gradual -decrease through the winter months to

a minimum .in January followed by an increase to a maximum in
July fdllowéd agéin by é dec%ease. That variatlion is difectly
associated with increase and’decrease in averzge monthly

temperatures is seen from Fig. 19.page 67;

‘There still remains to ée explained hpwevef:the gncmolousy
.high values from October 194d_tb—génuary 1941, fheréiis ne
obvious explanation of them as the& show & distinect risé from
October to Hecember when one-wogl@ egpectka steady decrease

as erhibited in the same ﬁonths of the_previouslyear. This
.abnormal increase is not garalleled by- the. temperature curve

i

but examination of Fig. fﬁ;pagess. reveals a striking-similafity

between the corrected S.G. and the total solids content.

It is interesting to compare these values with the salinity
. . . 3
of sea-water in Bahamian water. The aversge value iskﬁ/oo but

increasing in the shallowest parts of the Bshama Bank to
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FIGURE 19,
SALINITY.
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40 ©/00 (see Smith 1940). FExpressed in similar terms tho salinity
of this bfackish water varies from 10 ©/00 - 13%/o0 i.e. approiimately

less than 1/3rd.

ALKALINITY
Regular observations were msde only of totel alk alin1t7 or
methyl orange alkalinlty. These results are set forth in Table
parts 'COz/million and as
11 and are expressed both asAparts C?COS/;illion. They are

-11llustrated graphically in Fig. 20 pdéeeg

Total Alkalinity. : ' TABLE 11.

DEte Total Alksalinlity
1939 . Darts COx/million parts CaCos/million
Oct. B 1z
Nov. Y- 1139
Dec. ‘ .78 133
1940
Jan, . 7™ 131
' Feb. | . 88 150
Mar. to Aug. ; No analyses f
Sept. . 85 145
Oct. B84 . 143
Nov. 85 | 145
Dec. 89 151
1941

Jan, . 90 153

The total alkalinity is therefore seen tc be high varying from
1.3 parts CaCOz/million (77 parts COz) to 153 parts CaCOz/million
(90 parts C0z). There is not a sufficiency of results to obtain

a clear pictuﬁe of the manner of vériation throughout the ypar but
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FIGURE 20,
TOTAL ALKALINITY.
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there is some suggestioh, evident from the graph, of a slight increase

in alkalinity thréugh the winter months.

The proportions of bound and half-bound carbon dioxide was com-

puted from en analysis 8f the November 1940 sample which gave the

following results.

TABLE 12,

Alkalinity analysis of November 1940 sample.

Titration total (methyl orange) alkalinity 143.0 p.p.m. CaCOz
Titration caustic (phenolphthalein) alkalinity 11.7 p.p.m. CaCOgz
Hydroxide present 0.0 p.p.m.
Carboante present . 5%.4 p.p.m. CaClz
Bicarbonate present 109.6 p.p.m. CaCOg
0" . _ ~ 14.0 p.p.m:. COg
d - | | 145.9 p.p.m. CO g
COo present as carbonate : 14.7 p.p.m. COo
CO2 present as bilcarbonate ~ 96.4 p.p.n. COg
Bound -cerbon dioxide " ' 62.9 p.p.m. COg
Helf-bound carbon dioxide : 48.% p.p.m. COg
Free Carbon dioxide (from Table 9) 2.8. p.p.m, COg
Total carbon dioxide present ? 113.9 .p.plm. COg
%age bound - : 55: 3%
%age half-bound 42.3%

Fage free : 2:5%

The fimsliresult reveals. that an insignificant ﬁart of the
total carbon dioxide present is ecompletely free. As for the rest
the bound carbon diogide is in excess of the half-hound carbon dloxide.

AMMONTA - FREE A#D ALBUMINOID

Table 15 contains the results of ammonia analyses foir the
whole period. Albuminoid ammonla was éstimated for only a part of

that period values are expressed in pa ts NHz/million.
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Free Albuminoid Ammonia.

Date
1030

Oct. 28
Nov, 14

De¢.8
19840

Jan,9
Feb, 3
Mar.2
Apf. 1

-7l

jfx ee_ammoniag

mgs/litre

.05
12

.15

TALBLE 15.

Albuninoid Ammonia
mgs/litre

.81
.68,

The amount of free' ammonia varies from a minimum of 6&95 parts/

million recorded in September. 1940 to a maximum of 0.32 parts/million

in January 1940. In genéral there is a decrease of free ammonia

through the summer and an increase during the winter. On the whole

the free ammonia present is not exceptionally high.

The dnbﬁmindid ammonia however is comparatively higher varying

within the limits 0.58 - 0.74 parts/million during the few months

it was esﬁimated. A comparison of these values with the free

ammonia content indicates the presence of organic matter of vegetable

/origin.
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origin . The monthly variation of albuminoid ammoriia shows similarity

with the variation of free ammonia.

SULPHATE AND CHLORIDE.

Table 13 shows the values obtained by analysis for sulphate.
These values are found to vapy Yetween the limits of 824 - 872‘

parﬁs/million during the few months that the analyses 'were made.

Table 13 shows similar values for cnloride content These.

values are graphed in Fig. 19 page 67 togetnenﬁw th total solids.

The cHoride content varles between the 11mits 6520 - 7070
pafts/mlllion. Flg. 19 page 67 reveals in a strlklng manner the
close similarity between the variation in total spllds and in

chloride content.

Sulphates and Chlorides. - TABLE 13.

Date . Sulﬁhates _ Chlorides
1939, ggs(litre mgs/litre
Nov. 18 - 863 -
Dec. 8 , B39 . -
1940 - '

Jan 9 : 872 ' -
Feb 3 824 -
Mar. 2 : - _ ' --
Apr. 1 - | -
May 2 - | 6830
June 4 o - ) . 7030
June 29 - . 7030
Aug. ' L - T -
Sept. 14 - 1 6590

Oct. 14 - 6520
Nov.12] 825 . 6870

|
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‘Dec. 13 - . 7070
1941 |
Jaen, 21 C - 6930
NITRATE PHéSHHAmE_ANn SILICATE
 ' Table 14 set forth the results of estimations of nitrate,
phosphate;and silicdate radicles. Fig. 21 page 74 illustrates .
all these values in graphical form | .
o D . '
Nitretes, Phosphates. Silicates. ) . IABLE 14, -
gy nuster o Domse Sl
Oct. 28 o 7.6 .6190 S
Nov, 18- : 7.5 ;0050 2.5
Dec. 8 ; 2.1 . .0044 2.5
1240
Jen, © - | .~ .00Z8 0.5
Feb, 2~ z/6 .0040 " 1.0
Mar, 2 - 0025 . 2.0
Apr. 1 t 1.7 0070 . 2.2
May 2 | ' 2.5 .0040 .. 2.5
June 4 g 1.3 | .0030 . 3.0
June 29 . 2.8 ' - _ 3.5
Avg. ' - - .
Sept. 14 . 4.0 .0030 - 8.0
Oct. 18 L BB L0100 % 8.0
Nov. 12 T e .000¢ ¥ 7.0
Dec. 13. 4,4 L0000 1. 8.0
1941 ;o ‘

" Tan. 21 ; 2.5 . 0000 1.1

. The.amppnts of nitrates present vary from 1.3 to 7.6 parts . .~ .

(NOz) /million. The graph reveals that the nitrates are low through: the

T e
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FIGURE 21
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summer months generally and increasing rapidly in the "fall® of the

year or at the beginning of the winter,

Pnosphates have been present in exceedingly small quantities never

being greater than 0.005 parts Pgos/million except for two isolated high
values of 0.019 and 0.0l in the months of October of 1989

and 1940 respecti&eiy. During the winter of 1931 -~ 40 and throughout

the fummer of 1940 the phosphate - content grdduaTIy diminished The

total absencé of phoqphate in the last three months of this period is
surprising and czannot be compdrnd w1th ‘the gradual decline in the previous

year. ‘ ' JE

Silica has shown a mininun of less than 1 part SiOg/mimiien'%
Ain January 1940 and a maximum of 8 parts/milllon in September 1840,
Values were higher in the summer months than in January and February and
the peak was reached in the last four months of the year. There is thus

not much similarity between the graphs for phosphate and for siliecate.

. METALLIC IONS.

Table 16 shows the results of analyses for calcium and magnesium.,

Calcium and Magnesium : TABLE 186.

Date . | ° | ga;01umre Mggge51g?e
Nov. 18 | " 168 a1z
Dec. 8 - | | - 597
 Jan.$ - 174 406
Feb.3 . bl 379
Mar. 27 | 174 -

April td;Oet;tnelanalyses taken.
Nov. 18 . . " 191 . 288
Dec. 13 S 190 | D 463
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The calcium content varied between the limits 168 - 212
'paftS/million showing a minimum value in November 1939 and a maximum

.in Febyuary 1240,

Imring the same monfhu the maenesium content variéd frnu-u79
':parts/nllllun to 469 pdrts/milllon. Two obsnrvationq are worthy

" of mention, 1he first is the relutlve ahundanoc of trese two

Tions. By ectual weight th? _agn051um cont@nt ib aprrcxim }
“téiée the 1c1Lm content. EXpres sed s milli -equ1va1ents th 15
ratio is even more prounounced. 'In Roverber 1946 there were

'SQ.L and 9.5 mllll-eq11valents of mugnesium and calelium nespectlvely
the magnesium being thus about four ti.ies as abundant in sqlution
‘as: i} the calcium. The second point is that during the four months

' November 1539 - Februaiy 1940 the calecium and magnesium varied

- inversely with each other.

Cnly one analysis was made for iron and that is November'lggs.
The amount present was exceedingly small and czn be described ohly

approximetely as being much less than 1 part/millicn.

In November 1940 a coisplete analysis of all the most important
radicles was made and by finding their sum the amount bf sodium and.
potassium_present was found by subtraction from théytotal sclids.

It was found to e 3785 parts/million. By COmputation of all the

most impoftant ions in terms of m{lli—equivaTe nks (whlcn will shortly_
be deqcr;bed) the number of mllll-equlvalentc of Na and K was
calcuiated by equating the nultber of cations with that of arbns.
This was found to be 165 m.eqs/litfe. By further calculation it

was found that the difference of 3785 parts/million reckoned as

-beiﬁg the amount of Na and K present corresponded to 164.6 m.egs/litre

/if
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if calculated as being Na alone. Therefore allowing for error
~-in analyses it may be concluded that:the ion potassium if not entirely

absent is present in exceedingly small amounts.

————————

. CORRELATION OF RESULTS OF ANALYSES.

Ih November 1940 a éomplete analysis was made for all the.
impdrtant ions and; as outlined aboﬁe the amount of Na/K p:egent
was computed by subtraction from total solids.. These'values.were
. expressed as mgs/litre (parts/million) and then converted to
ﬁilii-equivalents/litre.- From fheSe values the_ampunté bf'important
1pns present were expressed a; a %age of thgntoﬁal solids,_ These_i;
;eéults aré set down in Tzble 17 and a gragﬁic represehtaticn of the

findl result is found in Fig.:' 22 page 79.

Analysis of November 1940 Szuple. | - TABLE 17.

T Ion S . mgs/litre megs/1litre fage of
o o ST o

, Magnesium (Mg") '?.463' 38,1 - 9.1

dAEidES;’églcium (ca") 191 _ .. . 9.5 | e.2
.gggiggiggaZ%,); B85 - 1ea.6 8.7
Total cations 21&.2 50.0
(-ve) | | .
Sulphate (SO4") °  .825 e . a0

ANIONS. Carbonate (COz") 14 . 0.5 0.
Bicarbonate (HCOz') 146 : 2.4 0.6
Chloride (C1T) 6870 193.5 453
Total anions . T z13.6 ~-.50.0

Tctal solide 12200 B - 426.8 100.0
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.The mﬁst.abundant salt 1s obeiously sodium chloride, NaCl.

. There is also some magnesium chmoride_preséﬁf and ﬁfbbébly also a

‘ lesser amount of calcium chloride. Thére'is a small amount of sodium
carﬁbhapé or caleium cerbenate and 1argerfamonpts of céicium and magnesiu
sulphates. fhe Ca/mg ratio is high. Ancther feafurempf interest

is the high sulphate (804") content. N
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?f_OLOGICAL EXAMTNATION
BLANKTON

| Occurring in the plankton at one or other periods during the

year or throughout the year were the following forms as shown in

Table 18,
of plankton.

ZOOPLANKTONTS AND RELATIVE ABUNDANCE

Group, Genera and Species
Copepoda  Acartia tonsa
i Laophonte sp.
’ Nauplii
Rotifera !

| Ostracoda ' |
Hirudinea

Mollusoa-Vo;egefo

] Efotozoa Vaginicola sp.

" PHYTOPLANKTONTS AND HELATIVE ABUNDANCE -

Group ~ Genera and species
Myxophyceae Aphanothece Castagnei
' Chroococcus minutus
"Lyngbya Lagerheimii
-Spiz"uli'na subsalsa
Bacillar- Coscinodiscus
iophycaae concinnus
Chaetocerous 8P
Cymbella sp.
Navicula sp.
"Chlorophyceae '

The words in column 3 are purely relative to the total amount

Iable 18

Occurrence Months |
Abundant Al; '
Infrequent All
Abundant ALl
Rare Oty = Nov,
Common May - Jan:
Frequent ALl
Common. - All o
Abundant Jan., - Aug.

_ _ Table 19
Occurrence  Months

Very abundant All

Frequent
Infrequent
Rare
Abundant

Ahundant_

Infrequent

Infrequent

Rare

Al; .
June - March
Spasmodic
ALl |

All
All
All

‘Similarly, the phytoplanktonts may be analysed as in

Table .19-0
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Tahle 20 shows the numbers of all planktont.s present per
litre throughout. the whole period and Fig. 23 page 83 shows the -
variation in total animals, total plants and combined total.

ANALYSIS OF, DISTBIBUTIQN OF P TON : _ - Iable 20

1940 — R Ind:lvidualsllit.re. ' 7\ 1941 —>

' "Genera Mar, April May ‘June July Aug, Sept. Oct. Nov,. Dec. Jan. Feb.

Copepods 90 96 33 24 12 78

7 24 37 28 6 36
Nauplii 10 10 16 23 11 7 1 5 6 3 3 6
Velegers - = 28 7 4 12 0 -6 6 3 1 14
< Ostracods -Q (0} 61 13 6 b o 22 24 3 13 (0]
S vaginicola 68 &7 1239 62 7 26 0. O ©O0 O 6 22
Rotdf{ers © 0 - 0,0 O O ©0 21 4 0 0 O
Animals 167 172 1373 122 41 127 18 78 76 37 20° 78
. Genera - .-
- Total -

Colonials 250 270 3656 1023 612 5420 20 144 266 183 397° 325
lyngbya © © 0 7 16 26 ¢ 8 4 1

& Coscinod- ' - o L
iscus 112- 80 897 290 117 203 &0

b Chastoceros 0 O 200 806 317 1850 10

Other ' S ' A
A diatoms 1] ? 88 101 456 27 o 10 11 8 10 14

©
N "
N

S E

11 8 101 . 81
213 28 0 0

8

To-t;al on  1RE" . \
_ plants 352 azs 1557 ‘.210.4. 1065 7415 80 237 6086 ._.235 812 401

J Total - ' N
Pianicton 649 500 2030 22261106 7542 88 316 581 272 64l 479
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_ The plankton of the lake was very. poor in a11 reepects- in
respeet of numher .0f species, in respect of number of genera - and in
respect o: total number of :_I_.ndiyidua]_.e_ pres_eh_t_,at any one time' ;_l‘he '
high‘eet- total number of 1hdiyidu,e'1e of a.li Species I_?reeeht reach_ed_
a low maximu;n of ‘l_eee than_ 8000 per litre in August. This maximuﬁ -
when compared with the lakes of Michigan and Wisconsin is found to be
barely more than the minimum recorded for some of .t_h.e_ lakes considered
to be poor in plankton. ' Thi:s: maximum was fo:ll.ldwed-imme_diat'e:‘ly 'i_n. |
September 1940 by‘the’-" min:_l.muié number of planktonts' recorded viz, 88 per
_ lit_“re-o In eight months out of twelve for which counts were-'made the
number of 'ihdividuals ‘per Jitre was about 500 or.less. The greatest
numbers occ'lu'rred;in the four summer months May - August 1840, In *reepect
of total hum_b_er: of plankton there occurred a secondary maximum in May -
June while the' largest maximum occurred in Ahg'uet. The former is a
combination of the zoop‘]ankton maximum and the secondary phytoplankton
maximum. In the remainlng months the population was fairly uniformly
low with a decided minimum in September’ (immediately after the greatest
maximum) and a secondary minimum 1in December,

When separated into plants and animals. it is seen that the
plankton ie compoeed for the greater part of phytoplankton (see Fig.23
page 83 ). On no occasion did the zooplankton exceed or even equal the .
phytoplankton though in May a 1arge increase in Vaginicola brought the o
animals total very nearly to that of the plants. Apart from this one
occasion when the total animals exceed:leOO/litre the total was never as
much as 200/1:i.tre and in seven months was less than 100/1itre. '
Zooplankton, therefore showed only one maximum (in May) whereae N
, phyt0plankton exhibited two maxima = " the main one in August and a.

subs:.diary one in June.,




PER LI TRE

PLANKTONTS

— NUMBER OF INMVIDUALS

§ooo

Jooo

Looo

_‘5ooo

4000

Jooo

fooo

PLANKTOHN

MAR AfR  MAY

JONE JTuly Aua SEPT OcT Nov DEC

~

1940

4

FIGURE

23,

. TOTAL PLANKTON
L4‘54§§2§§§///G==:PHVToPLANKTON
: ZOOoPL. ANKTOMN

AN FERg AR
194 ——



“83-

FIGURE 25.
TOTAL PLANKTON®



| _PHYTOPLANKTON. .

The greatest part of the phytoplankton and of the total plankton
was made up o:.Aphanothece_QastagneiigBreb) Rabenh, The cells of this
Myiophycean here ranged from;4~5'm1croms broad and up to'loior more
‘microns long. There were occasional other Mnyphyceae which were-counted
with Anphanothece but formed an insignificant part of the total. This
- total reached a ‘maximum of; 5420/ litre in August and within a month o
.fell to a very low minimum of .20/1itre. The main maximum was preceded
by a suhsidiary maximum in June. Individuals of Aphanothece were -
commonly coated with a deposit of marl which quickly disappeared when
attacked by acid. The action of a strong ‘wind on the lake had the
.'apparent effect of increaSing the population of this alga considerably. B
This was due to the stirring up of marl whose particles, as described :
previously, all contain a cqlony.»_It-aas'necessary.,therefore,;onif .
occasion to repeatca planhtdg catch a few days later when the original
had been taken after stormy weather. This alga can-apperehtly-stand a
heavy coating of marl as Sampiesvof’damp mud, when exposed to.light in ~
the lahoratory, quickly assumed a distinctly green colour.

| A speciées ‘of the centric -diatom,- Coscinodiscus. concinnus
(W Sm ), was the'second most ev1dent ‘planktont due to 'its large- size _
although in numbers it was less than Chaetoceros when that diatom was to
be found in the plankton. Their average diameter was 200 microns. It is
typically a marine genus found in northern waters. However, Grunow in
his paper on the diatoms of Franz Josefs = Land states that a form which
he synonymized with Co. concinnus W. Sm, has been found in Brazil apd
Hagelstein in his work on diatoms of Porto Rico states he hss found the
variety arafurensis of thie species. There are many_species_of it in
the seas around the Bahamas, Indiwiduals.of COscinodiscus.were always
to he found in the plankton (See Fig.24 page85a ). There was one maximum x
in May of 887/litre. It did not fall to a minimum in September in
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common with eil other planktonts but its minimun was delayed until
peeembera' This plant, together w;th,%aginicola waS'responsible.for the
subsidiary total plankton maximum in May. That the maxima of these two
forms coincided is to be expected since the individuals of Vaginicola"
were epiphtic on the Coscinodiscus, -

| Although 1t was completely absent in the winter.mbnthe
January to April the small chain éiatom Chaetoceros was more abundant
than Cosoinooiscus by virtue of qneer numbers but the individuals are
so delicate and small (9 microns wide and up to 54 microns long) that
*they were not nearly so consplcuous. Furthermore, ‘thelr long spine-like .
processes which were swollen at the hase were numeeous and varied from
102 microns to 143 microns in length, They Seemed to spread out on the
surface of the water in the counting:ceil.and, by virtue of surface
tenéion, prevented them from sinking‘ As a resulﬁ,-the process of
counting, with these organisms present, had t0 be done at two different
levels, - a most tedious progess. Each chain of ‘this diatom was made
Qp‘of from 3 ;_1o_¢5115_§$ch about 6 mierone.in length. The numbers in
Table 20, therefore, refer to chains and not single dlatoms. These
. plants shoned a unique periodicity having theee distinct maxima.
common with Aphanothece there was a main maximum in August and a
subsidiary one in June but it showed yet a third in November af;er
which it quickly disappeared to reapbear again inlmay. A8 to tnis
diatom, Dr. Ruth Patrick states that she ‘can £ind no species to which
these specimens exactly correspond. 1t is believed to be nearest to
Chaetoceros perpusillus (Cl.) but may be a new Species. On thie-point; |
however, Dr. Patrick has ‘been unable, up to the present, to give a -

pos1tive answer,.
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The remaining diatom flora included species of Cymbella and
Navicula. These were not nearly so abundant (see Fig.24a page &7 )
as the Coscinodiscus and Chaetoceros. It is most probable that they
were not typically planktonic but rathef were individqals which had
become separated from Batbphora where they were more abundant., In
periodicity they showed a maximum from May - June but the maximum
number present was only 1l00/litre.

Lyngbya lagerheimii (Gom.) was the only filamentous planktont
and at the best consisted of short fragments of fijdaments. It was by no
meane abundant and was completely absent in March and April. It reached
the low maximum of 26 filaments/litre in August.

Also present occasionally in small numbers were Chroococcus
minutus (Kutz.) Nag. and Spirulina subsalsa (Gom.) the latter less
commonly than the former. |
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FIGURE 24a.
DISTRIBUTION OF PHYTOPLANKTON (2)



The chief Cosepod wos deartia tonss & fore of wide
Gietrilotion beinz found in the tronieul Pacific, dNorth itlantie,
california, Australis and is one of ihe cormonest Copepous found at

cod’s livie in cummer. The bBOSy is translucent %o ivuncpurent with &
faint greenish tin e thounih not very evident hare. X1 can adupt itself
to varying de . rees of salinity and bhas cven toen Tound &n {sesh saler.
-.‘.‘Ehe. periodicity o this and otler anisnls is 111ostrated srapkically on
Fig. 26 page 90 « It Was never viry abundanty =% the nuwber of adults
never reaching IGi/livre {sce T2dle 20 poge 81l ). The Sraph s.0us -
maxizum occurrence at tiree periods the lorsest .eing Murch » April
{108/111re). It siowed two lescer maximoe the one in Ané;ust and the ather'
in Fovemoer. Neither adulis nor nsuplil complstely disappeardfvom the
plankton though tiey showed & low minimum of 8/litre in Sestemder and
another 0£ 2/11tre in Junuirye )

Epiplytic on the Aistom Coscincdiscus wais ths Infosoriaon
Vaginicola, ¢ elilate Protozoen with & vosiZors lorfoa uithotut & valve
and occurring in coneldersuly varyin nuwxbers. It uxﬁi’ixited a larce
maxinum of 1239/1itre in ¥ay shen the populatfon of césgmﬁdiacu_s: s
also at & maxisum. They ware found on 262 inuividusls (less m-ai;- b A
in 3) in num.ers varying from 1 tn 21. They disappeared compleisly
from the plunkton in September and did not reajpcay until Junuury. Apart
from t.is one occurrence of over 1000/1itre they wers not ssundant.

A little Ostracod which Bas not bean ddentified occurred in the
months Mey = January. It reached its moximum abundance of 61/1itre in
the first month of its oppeerance. It wae ausent in Sgptemuer uub
resppeared in Octobar and wos prosent in smal) guantities £0 Gololer ~
Jenw.ry when it aisappoared agoine '

 Tha only other sboplanktonts that were eounted were the
vele ers or joun; stages of what uere prosumed to ce the bivwulve
molluscs that are so abundant in ther #2048 on the loke tottom. They

\ -
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Thej exhibited no apparent periodicity their maximum -abundance being
23/litre. . | | |
In addition there occurred other animals vv.ery 1nfré§uent_.1y.
k In October f,here appeared a Rotifer which disappeared equally suddenly
before assuming large population and beforé opportunity was had to
_ make any attempt at identification. There' also occurxfed an occasional

’leech in the plankton catch.: ' o .
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HIGHER ANIMALS
' INSECTS L L |

The insect fauna was perhaps the most varied fauna of the lake
but ewen se there were few species to be found,' Dregonflies were
common and showed considerable range of colours. They were not
naturally taken in the trap buﬁ_oecesional aculte were caegpt on the
wing and a lesser number of ‘larvae were taken from the lake. Examination
showed that they were probably species of Aeschna but certainly they
belonged to the Aeschnldae. They were not identified. In all
“.probahillty they fed on the abundant Dasyhelea to be mentioned now.

Table 21 gives an analysis of 18 sample 1ocalit1es in whlch
the insect trap was set and emptied after a period of 24 hours. The

depth of the water and the mature of the bottom are also given,

ANALYSIS OF INSECT CATCHES FOR 24~HOUR. P‘ER‘ib_D‘S-,_ Table 21
Locality Depth ®Nature of bottom Insects
1 14 f£t. _Batophoraz -
2 1. f%, Batophora:r. . 19
3 ‘3. £3: Batophord .. . 16
4 Eé,f%. Batoﬁhora in eaade of i 15
. o Rh¢z09u ‘
s - 24 £t Bgtophora in shace of 14
:;7 1 £, Batophora‘ '-Q
8 _'2 £%, Batophora 9
9 1 ft. .Batophora_ - | _ §' 
tin-- ~_¥1£Lf£.‘ BatOphora, Burnside Cay ;2.
11 s fto Batophora, Burns1de Cay .2 ‘
22 l'4 ft. Batophora and marl R
13’ _ 1% ft. Batophora, Burnsiée Cay 'i
14 2 £t Betophppe, Burnsi?e Cayf 1 .




(SIS OF , Table 81
" .Locality Depth  Rature of bottom Insects

15. 4 ' ft.  Batophora and marl 0
:iG“*"i4 £4s  Marl I 0.
37 10 f4  Marl - - s 0.

. 18 16 ft'o . ’ Mal‘l L.

, _ Except for the two. insects taken in Localities 13 and 14 the
insects referred to belong to: the genus Dasyhelea. It was not possible
to refer. them,to a. species but.they.are -being sent.to the London School
' l of Tropical Medicine. There was a solitary apecimen of Spaniotoma
'which was not referred to a sPecies. In addition there was a solitary .
specimen of a minute beetle whuch has not been identified. They never f
-appeared in the’ trap again. T AR

An examination of Table 21 reveals, that most favourable

- localities: are’ those of shallow water 3 ft..or less.in which the bottom

'1s covered w1th a dense growth of Batophora. They are .not found in
‘ deeper water nor yet: over a pnre-marl bottom. A-thirdnfacter may be the
relaiive_amoun}_ef shade offered by the larger marginal vegetation,
_ But locelitiesilo;‘II; Jﬁ‘and 14 afe 1ocateduin.ehallow

water ofvaurnside'Cay;-hae dense growth of_Batophore”on-the botton and
also afforded as much shade @nd more in,eeme cases) as ‘the localities

i - 9, But the insect population was low. The only explanation that
can be giyen_is.that_theZCay is surrounded by more than 200 yards of
‘open water on alllsides. - Though this'does not necessarily_eet.as a
._barrier to the aduitlDasyhelea.yet-the fact that the insect seems to
feed on hleod limits its population in this Céy because of the small
number of animals on: the island. This therefore may be yet a fourth

factor in the distribution of this insects




| =0

There occurred in the trap on three separate occasions in
| the same locality oh Burnside cay 1n-shallow water over a bottom
densely covered with Batophora, ‘a emall nuiber of water mites
(Hydracarlna). There were three distlnct SpGCleS but they were
found in no other locality in the lake. They are being identified
by Prof. Je S. Rogers.

CHAETOPODAa_

| Worms were represented by -a ‘mere half-=dozen specimens of
the Polychaete type.»—They appeared only rarely in mud samples that
were ‘being sieved for melluscs but’ they never appeared when the mud
was being sieved_especially_for them, They were exceedingly brittle
and up to 2 or 2,5 cms. long: .The body was little more than 1 mm.
wide at the swollen part. at the anterior end. Their colour was blood

. red. ‘It has been identified as. Arenlcola cristata (Simp)s

MALACOSTRACA, =

Higher crustaceans were represented by a few crabs whose
habitat was actually in holes on land these belng land crabs whlch
occasionally wander into the sea or, alternatively, the lake. The
magority of these crabs were small, about 1 inch across the carapace.
"In addltion there was a fewer number of eaabs of 1ess size whose '
hahitat was completely aquatic.

Occurring 1n_the dehse-masses of Batophora were fairly
numerous specimens of the Amphipod Hyalella sp. These creatures
were very active and consequently difficult to. catch. In leéength they

were less than 1 cm,

- MOLIUSCA ,
o A dredge drawn along the surface of the mud always brought
\ up large quantities of dellcate empty bivalve shells. Living

e
T



,_bivélves.were collected witﬁ the mud sampling apparatus (see Fig.7
page 30 ). When the mud was sieved there remalned these small -
white or pinklsh wite Lamellibranchs of maximum length 15 mms,o and
greatest width 10_mms._ The shell was very delicate and the 1lv1ng
: animal was trahslicent. ILarge numbers of the shells,-however, although
tightly c_1osec1; were full of finely divided marl and smelled strongly
of sulphuretted hydrogen when broken. They were idéntified as Donax
variabilis (say). c B
In addition there weére found, chiefxy on the bare surfaces
of rocks or of submerged obaects,.numbers.of the GastrOpod Terehra
concava vinosa Dall, The average length was 15 mms, but a few
exceptionally large specimens were found. Another Gastropod found
| but rarely was the small exceedingly dellcate Retusa perfenuis with
a pure white shell, _ N '

' Broken fragments of separate shells of a much larger _—
Lamelllbranch were also found but on no occas1on was a 1iving anlmal,
k:nqr yet a complete vndamaged shell, found, Erpm the fragments it_was
_estiméted that the shell may be as much as 18 cms. leng when complete.

e

7. FIsH. | o ,
' | The fish population of the lake was not abundant. There
were no large-fish such as might attract the apgle;.' indeed-the_~_ﬂ
largest was no more than 55 mms. long. The distribution of the fish
‘'was very limited. IR N
Dr. C. L. Hubbs has identified two out of three species of
these fish. Unfortunately the jar-containihg the"mos£ ébuhdant'of.
these species was broken and identlfieatlon of it nas not yet been
received. Of .the others one is Gambusia huhbsi, a new species found
but once previously by Breder in Lake Forsytheé 'in Andros.  This fish

has a characteristic spine on the anterior border of the ventral fin,.
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Its céiour 1s shaded from steel-blue on the baqk to blue-grey laterally.
Its'average length is 30 mms. or slightly more. The other, according
to Hubbs;_is a new species of Cyprinodon. He describes it as being
remarkably unlike the one species of the genus, C. baconi Breder, which
has been named from the Bahamas, This species is 656 mms. in length.

Table 22 shows a record of a sample number of catches over

24=-hour periods.

- RECORD OF FISH CATCHES FOR 24-HOUR PERIODS Table 22

Locality No., Depth Locality Gambusia Unidentified Qyprinodon
: _& SEecleS.
1 3  East side of wharf, 37 6179 0
Rock, marl and - '
N Batophora
2 - 10  Marl - in middle of 0 3 1
. . : ].B.keo
3 2 Rock and Batophora . 10 69
: Marl 0 6§
& ' 2 Shéltered side of : |
. promontory. Marl, 8 41 2
6 1  Dense Batophora. 41 8l 28
; Sheltered bay. ) _ ]
(4 2 Under old wharf. Rocks. 26 230 4
Batophora in vicinity. :
5  Over marl, 0 0 33
3  Near last locality. 2 1l (0]
Over marl. '
10 : 74 Marl 5
11 4% Marl _ 5
12 4% - Marl . 16 14 3
13 & Mangrove'foots. 0
14 3 Very soft mud, o
15 o 3 Marl. Considerable .0 0

wave action,

| 1 AlIQVer& small = less than 15 mms;;f-‘
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The following observations may be mades

Fully=-grown specimens of Cyprinodon were taken on only
one occasion in 5 ft. of water - Locality 8. However, younger and
smaller individuals were commoner in shallower water,
All the fish, therefore, excluding the adult forms of
Cyprinodon were most abundant in shallow water (3 feet or less),
This is significant in that it i1s the depth in which the most
luxurious growths of Batophora are found and, as mentioned above,
is also the depth in which the Dgsyhelea larvae are most abundant.
Systematic examination of stomach contents was mot made
but the stomachs of the unidentified species were always crammed with ‘
Batophora. From this fact, and also from the data in Tgble 22 it
would appear ihat the distribution of this alga plays an important
part in the food chain of these figh elther directly or indirectly. ON
-one occasion specimens of Gambusia were put into a tank witi. some
small (10 mms, long) fish. wWithin three days at the most, the Gambusia
were the only fish left: This specles 1s apparently predacious.
Another factor influencing the distribution of all these
fish is the amount of shelter afforded., The three most abundant
catches were made in localities affording considerable shelter e.g.

on the lee side of a wharf or promontory.

REPTILES,

Although no attempt was made to study them or identify them,
mention should be made of the very abundant number of lizards running
around the rocks and in the trees around the margins of the lake,
Most of these are small but others have large bodies and are up to

X2 ins. in 1ength;




DISCUSSION

EVOLUTION OF THE LAKE,
The fact that the lake water contains such a large amount

of total dissolved solids, and especially the high percentage of
sodium chloride together with unusually high amounts of sulphate
indicate some connection with the sea either at the present time or
formerly. That there can be no appreciable influx of salt water
from the sea 1s evidenced by the fact that there is no rise and fall
of lake level comparable to tidal influence., What fluctuation in
level does exist can be explained quite satisfactorily on the basis
of evaporation and precipitation. It is true that there would be
some lag in any effect that the tides might have if there was such
connection, this being due to the resistance of the rock to the

rate of movement of water through it. This lag in tidal ebb and flow
might considerably reduce the actual rise and fall observed in the
lake, It is even true that this resistance might possibly reduce
tidal rise and fall to nil (it is not very appreciable even in the
sea in any case). And it is possible that such tidal effect might be
reduced to nil without actually preventing some mixing and passage

of water. But if this is 80, then there remains to be explained the
seasonal difference in lake level. Any fall in lake level during the
dry season should, if there were any connection with the sea .at all,
be compensated by an inflowing oi sea water. Similarly, seasonal
rise should be counteracted by a seepage of water out through the
bottom of the lake. Neither of these compensations actually occurs
and the results show that throughout the period of recording lake
levels there was a total variation of nearly a foot which would not
have occurred had there been even a slight connection with the sea.
Therefore for these reasons it has been concluded that whatever

connections there may have been in time past there is no such con-



nection now and any such connection that may have once existed has

been sealed by some means or other,

In this connection there may be mentioned together, popular
belief and also the remark "ebbs and flows" that appears on the lake
on U, S. Hydrographic Chart No,.1377 originally published in 1893,

On communicating with the U. S, Hydrographic Office about the
authority it wus learned that the statement had been taken from .
British Admiralty Chart No.1489 wpich was compiled prior to 1881;f."
A letter was despatched to the Admiralty but no reply has ﬁeen
received as yet. it is quite possible that, not being particularly
interested in such inland lakes from the point of view of shipping,
the compilers of these original surveys simply accepted popular belief
as fact. This belief may have been rounded on the fact that such ebb
. and flow does exlst in other bodies of water e.g. ocean-holes. But
on the other hand it may have been founded on the fact that ebb and
flow did actually take place either then, 60 years ago, or within living
memory at that time. That this is possible, and that changes may
be so comparatively rapid, is witnessed by the fact that a peninsula
at the west end of New Providence 1s known as Lyford Cay (pronounced
as "key". Cay is the Lucayan Indian word for island) and it was,as
late as 1830, actually an island, boats being able to pass where
there is now land 10 feet above sea level. Assuming then that such
cbnnection with the sea did exist the presence of salt waier in the
dake may be satisfactorily explained. But whaﬁgaoes not explain. is
the manner in which the bed of the lake came to be formed in the
first place.

Baillou Hills and Prospect Ridge are both accepted by
geologists as belng, in effect, fossilized sand dunes. There must
have been a time, therefore, when the sea covered all the land up to

the north side of Prospect Ridge and thls ridge was the coastline,
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similarly, at some time previous what is now Baillou Hills must have
been sand dunes on the north eoast of the island (this dune formation
takes plaﬁe only on the north of New Providence because of its
position relative to the direction of prevailing winds), In the light
of what is known about coral activity in the sea at the present time,
resulting in the formation of a reef parallel with the sea coast

and about a quarter to one mile from it, 1t seems logical to suppose
that such a reef then existed about hali a mile irom the coast in the
line now occupied by Prospect Ridge. At that time therefore, what is
now the bed of lake Cunningham, was then the bed of the sea within the
reef. This theory is further supported vy the existence of a line of
swamps occupying the valley between Baillou Hills and Prospect Ridge
and extending for some miles east from lake Cunningham which is the
wssternmost and the largest of these bodles of water. The next biggest
is a fairly extensive but shallower pond less than two miles south of
Nassau (Fig.l page 13 ). This state of affairs was followed by uplift,
evidences of which have already been discussed, thus lifting the reef
out of the water. The reef was probably above water already - witness,
the present reef.‘ At the same time the area of sea between the coast
and the reef (now Prospect Ridge) was drained to a certain extent but
perhaps not compietely. It now formed an arm of the s@a almost cut
off by the elevated reef. This arm was drained to the sea through a
gap in this elevated ridge in the region of what is now Chippingham
(Fig.l page12 ). The process of dune~formation was then recommenced
on the new coastline. This dumeis now fossilized and is now Prospect
Rldge. At the same time another process was being repeated i.e., that
of reef-building still further to the north. Subsequent furither
uplift partially drained the sea between this new reei and the new
coast, lifted the new reei out of water, established yet another new

coastline still further to the north and also further emptied the
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the valley between Baillou Hills and Prospect Ridge reducing it to a
string of lakes and swamps. Finally a new reef was formed., This is rm
roughly the condition at the present day. Going north from Baillou
Hills, which are postulated as being the original coastline, one finds
the following alternation of dume and valley:

1. The valley occupied by Lake Cunningham and other bodies
of water and swamps, this being originally that pzrt of the sea
lying between the coast and the reerf,

2, Prospect Ridge, originally the reef, and later the sea
coast where the penultimate dune-formation occurred,

3, Low=lying land occupied by swamps and areas of standing
water, formerly that part of the sea between the coast and the reef
prior to the last uplift,

4, The present coast, formerly a reef before the last
uplift and now the scene of dune=-Iormation, thouzh these are still
very young and low,

5. That part of the sea now between coast and reef and

6. The present reef now above sea level in many places.

lake Cunningham, therefore, before the last uplift, was more
extensive and, depending on the height of that uplift may have been
drained through the gap in Prospect Ridge in the region of Chippingham.
Subsequent to the last uplift it may for some time, perhaps until
quite recently (i.e. early part of last century) have retained com=-
munication with the sea by seepage of water through the porous limestone
rock, But it is now quite completely sealed off from the sea., in
further support of this suggested process of evolution is the fact,
to be discussed later, that many animale and plant forms, now in the
lake are distinctly marine.

Ore further change has taken place and that is the filling

in, by marl, of the eastern end of the lake to form what is now
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East End Marsh. It would appear that this process is des&ined;to
play considerable part in the future evolution of the lage;apd;;
therefore before considering this-matter, io,would he;uell_to_tura

to the precipitation of“calcium carbonate.

-_CALCIUM CARBONATE PRECIPITATION.
The problem of the precipitation of calcium carbonate
precioieation has received considerable attentiom., Murray (1895),
Tilden (1897), we-senburg Lund (1901), Pollock (1918) and Kindle
(1927) all made some contribution to the problem and’ suggested
variously the activities of olue-green algae in both the formation
of concretions and the formation of finelyhdivided marlc The
.Myxephyceae, to which were attributed such a role, included various .
species of Schizothrix, lyngbya, Dicothrix, Rivularia, Gleocapsa,
Tolypothrix, Phormidium and Centrosphaeria. Drew (1914), Kellerman
and Smith (1914) and Bavendamn’ (1932) when investigating such
orecipitation ih the sea on the west coast of Andros attributed a
_ considerable'rﬁle-to bacteria-and ammoﬂifyiog hacteria, -Smith (1940)
on the other hand, regards the bacterial hypothesis as unnecessary
and suggests that purely phyeico-chemical conditions are the cause.

_ In this particular lake there is considerable prec1pitation
of calcium carbonate. It has been found distinctly surrounding -
colonies of the blue&green alga, Aphanothece Castagneia Furthermore,
the precipitated marl, when ezamined, is found to contain this alga
in its particles and; wheh exposed to light, will develop a green '
colour due to the growth of this algao

- on the basis of thesé observations it seems logical to
deduce that this alga is responeible for the precipitation. This'is
believed to be: true. But at the"same time it does not seem logical
to argue that this alga is the on 7

conuributo Ty cause. This is to

carry an otherwise logical deduc@ﬁon beyond the point where it ceases
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to be logical., Nor is it believed to be necessary to adopt an
extreme point of view and deny any such rdle to 1iving organisms
altogether. It is always possible, and indeed in the majority of
cases is so, that there is more than any one single cause of any one
observed phenomenon such as this,
| The rroblem revolves around the existence, in solutions
containing caleium and/pr magnesium which are in contact with air,
of the following equilibria:=-
HoO+ COp@HpCO3 @ H' + HCO' = E° ¢ H'4C03% sevversnses 1
CO3" +602+ HoO = 2HCO3 e ceovanvncsccesoscsencsnscosnas 2

In (2) the Ca and/or Mg ions have begn omitted to avoid
cumbersome equations., In any case they are not necessary to explain
the changes.

In this water the pH is high, the bound COois high and the
free CO2 is low. In addition there is ample opportunity for the
water to dissolve salts of calcium and magnesium from the rocks of
the lake shore where wave action is considerable.

'Although the amount of plankton is not great yet the population,
especially that of Aphanothece, increases consideravly in the summer
months particularly August. The demands of these algae for carbon
dioxide for photosynthesis is considerable and the amount of isolation
increases this process. As a result the equilibrium of both these
equations is displaced to the left with an increase in[CO3"]and,
theoretically, an increase in pH. (Although the observations of pH
taken in three summer months of 1940 show this theoretical increase
they cannot be relied upon for reasons discussed previously). Ag
a result of thiks increase in the concentration of (CO3)" ions the ionie
products [Ca* <] x [coan] and [ Uk [coa" are increased. But the
solubility product of MgCO3, though not exceptionally high, is greater
than that of CaCcO3 and as a result, the solubility product of CaCO3
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though not, exceptionally high; is greater than that of Caco3 and as 3
a result, the solubility product of CaCOg is exceeded and this compound
1s precipitated,- Xt is natural to suppose that this precipitation
will take place in the immediate vicinity of the removal of this COg
i.e. near and around the algal colonies. As a result they become
coated with finely divided calcium carbonates - With the advance of this
‘process due. to the continued removal cf COo this deposit bécbmes '
thicker and eventwalxy 80 heavy as to cause the whole particle viz.
algal colony -+ precipitated caceg, to sink. to the bottom of the lake,
where;- as has been proved earlier in this paper, the alga does’ not
necessarily cease active photosyntheeis and so the process is
continued, at any rate by the surface layers, in. the marl.__' _

-With the death and decay of the algae, free .COz 18 once o
again 1iberated in the water (see Fig.1l8 page 64 ) and the equilibria
are displaced to the right thus decreasing the lonie products '
[Ca"] [003] and [Mg'ﬂ [003] and so permittihg further solution
of these salts. This may take place from the precipitated marl on
the bottom but the maJority is most likely to occur from the rocks on |
| the shore where wave action increases solution. According to this, -
perhaps the greater part, but at any rate some part, of the marl
.already precipitated is not brought back into solution and so there.
1s a progréssive accumulation of this deposit on the bottom of ‘the lake,.

As stateqd, cscqs_ge the first to be precipitated, its
- solubility product being lower than that 6f$ﬂg€0@, . This removes many -
of:the (CO3)" ions and so prevents the solubility product offmggeb
from being exceeded and this compound remains in solution. :But if
there ie unusual photosynthetic activity then[F053? is so far increased
as to cause the lonie product of the magnesiumrand_carbonate'ions-
to exceed the solubility of this compound and this salt 1s also
hprecipitated, But this_happens but rarely and is believed to explain
-the small.amount of'magnesium,in the marl"(see'Téble 23) and also the



high Mg/Ca ratio in the lake water (see Table 16 page 75 ).

CHEMICAL ANALYSIS OF SUAMP MARL. (from Shattuck 1905) Table 23
By acid digestion (HC1l S.G. 1.115)

Constituent Perqentage

Potash (K=20) 0.306
sosa (Nag0) 2,120
Lime (Ca0) 47,500
Magnesia (MgO0) 2.850
Iron and Aluminium (Fe;Al) Trace
Nitrogen () . 0.054
Phosphorus pentozide (Pg0g) 0.123
Sulphur trioxzide (s03) 0.370
Chlorine (C1) 2,970
silica (5102) 3.220
carbon ‘dioxide (C05) ~ " 40:480
Total 99,993

But; in addition to all this, it must also be realized
that the high insolation at this time of the year increases, not
only photosynthesis, but also evaporation. This evéporation céuses
a direct inbrease inJ?og]l'and.at the same time causes the evasion
of a considerable amount of free carbon dioxide to the air due to a
lowering of its solubility with increase in temperature. This adds
to the decrease in COs caused by photosynthesis and produces the-
same shift of equilibria and the samc chain of events. In late
summer temperatursse fall and the amount of CO, in the water is less
than its solubility at this lower temperature and it is once more
taken into golution at the surface. There is also a production of
COy in decay. This causes a displacement to the right and the water
is free to dissolve more CaCOg .,
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. The writer therefofe adopts an.attitude between the two
-extremes mentioned before; not for the sake of agreeing with both
sides, but. because it seems most logical-to attribute a share in
thie process to both causes and scientificélly,iilogical for _:__‘
either extreme to deny a share in the proeess to the othef qause.:

| One question remains to be explalned. Why is ‘thls |
'calcium carbonate found precipitated on the Aphanothece and not .
on the other plumoplanktonts? The most satisfactory explanatlon of
;his seems to be that since each colony is an aggregate of individual
cells in a small space the demand for, and absorption Of; 002 in
the immediate vicinity of the colony‘is much greater than in pﬁe viecinity
af any other of the algal planktonts. As a result, the amount of .
.002 absorbed by tpe other plants.is not sufficient to set the chain
of events in motion through to the. ultimate coné¢lusion. It is admitted,
however, that this explanation denies the existence of such a tﬁing
as circulation of the water which would cause an even distribution of |

the concentration of all ions,

EQEQBE DEVELQPMFEE OF THE LQKE,
As to the future of the lake, -one thing is obvious above

all others, and that is the progressive dep051tion of marl and the
consequent filling in of the lake leading to its ultimate
annihilation. This 1is evidenced by filling in of the lake already'
‘at the east end for almost a qgerten_of a mlle i.e. about 1/12th.
'of its orlginal length.

' The following explanation is given 16 account for the
fact that this filling in has taken place from the east end and the
northeast corner. Prevalent winds are Trade winds and their '

commonest direction is due“east. The east end of the lake is therefore

sheltered-by.the.marginel belt of mangrove etc. and the water is
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always still at the extreme east end. Consequently, the CaCO3 settles
whereas in the reast of the lake circulation of water always keeps a
large amount of the marl in suspension. But this does not explain
why there should be a greater amount of marl at the east end. It is
thought that the prevalent east winds blow straight down the lake
from west to east and so cause a drift of surface water in a
westerly direction. This carries with it suspended marl which is
not deposited due to continual movement of water. A compensatory
bottom current of water, also carrying suspended marl with it, occurs
from west to east., On reaching the extreme east end the movement of
water ceases due to the shelter afforded by the vegetation and the
marl is deposited and accumulates,

Furthermore, as the amount of marl at the east end increases
there will be a graduval movement westward of the mangrove zone
(Fig.8 page 39) and this will be accompanied by an increase in the
amount of humus. Consequently, the other zones of vegetation wi;l
join in the general encroachment on the lake. The lake will
therefore diminish gradually being filled in from the east end where
it will be replaced by mar?h.

About 12 months ago, with the intention of establishing
an aquatic club, the vegetation was cleared (burned and cut) off the
greater part of the marsh thereby making its zonation rather
indistinet. As a result, the east end is a little more exposed than
usual but at the same time the Aquatic Club developed too much
water in the wrong place and the marsh is much wetter than formerly.
that effect this may have on the vegetation remains to be seen
though it appears for the most part that the =%ones are beginning to
reappear in their former state.

As the lake bottom is sealed and as there is no outflow

there seems no reason to suppose that the lake will become any less




brackish than 1t is now,

- COMPARISON WITH OTHER IAKES, _

General observations were made on other lakes in the
Colony duriné visits - to them but in addition samples of water were
. taken from a lake 7 miles into thé' interior oi‘__Ahdros Island.,,
_‘Apalysis showed it to contain only 356 parts/million total solids
i,.é,fébout Q.03 of the salinity of Cunningham. It falls therefore
into the group of Bahamian Freshwater Lakes. Its S.G. was 1.005
at 21.7°C or 1.0027 corrected to 0°C. The (C1)' content (%p..p.ﬁ)
was comparatively high for freshwater lakes but only about 1/9th
‘of that in Cunningham. Silicate (7 g;p..m.’) was present in the same
amount and total alkalinity (34;7mgs;003/1itre) was also .comparat:lvelv
high but less than & that of Cunningham: No exténsive bxologicma.n?ng%on
made. The marginal flora included Avicennia nitida as well-as t,he
Common Mangrove and at the éé"ét-- margin there was a deposit of marl.;
The native guide deseribed the presence of distinctly common types
of usual size‘ but no examination could be made in the absence of
a boat.

Breder gives an analysis of water frén} lake Killarney on
New Providence which agrees very closely with similar date for
Cunningham except that the total solids were only 7551 p.p.m. as
compared with 10,000 to 13,000 p.p.m. Thé proportion of ions was
approximately the same with the except.:lon that the Ca/Mg ratio: was
nearﬁ& %o unity. The precentage of Cl as chlorides was hlgher, being
58 .08%. (It is not quite clear how all ‘this amount could be im
combination with cations since its %age exceeds 50%).

Cunningham -thgn seems to be a half-way stage between the
freshwater types and the sait-péhs since these are said (Shattuck
1205) to be, in sélinit.y, equal to or %x;eatez" than the sea,
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Explanation of these extremes may be simply that, in
lakes at altitudés higher than sea level and which are not sealed
rain falls énd tends to 119,_as_én'u§per stratum, on top of salt
‘water, It is a known fact (authority = Public Uater Vorks
Department) that, underlying the main rock fofmationé in New
Providencévis salt water, Aé'rain seeps through it does not mix
" with the saline water but rests on top and can therefore be pumped for
city purposes. Most of these freshwater lakes are at considerable
distances from the sea,

The possible explanation of the "Salt-pan" type 1s that
these are on low lying land near the sea and likely to be inundated
by such features as tidal waves dccompanying hurricanes. After the
sea has receded evaporation concentrates tnis nater and may even
leadrto the precipitation of salt. Repetition:of these processes
(flooding and subsequent evaporation) causes a further inerease in
the salinity,

The lakes of the Bahamas, then, show a fairly extensive
rangé in saiinity.frcm fairly fresh through brackish to very salt.

But in one respect ali the lakes that have neen seen
have agreed in one respect, namely, the"e is evidence of CaCO4
deposition in all. his 1s not surprising in view of the faet
that the rocks are wholly limestone and remarks made about CaCO3
precipitation in Cunningham may be applied to all lakes in general,
The amount of this precipitation varies and is taken to be an in-
-dication of the age of the lake. It cannot be a precise in-
dication &s the relative proport.ions and absolute amounts of other’
dissolved salts must 1nevitably huve some effect on the solubility
product of CaCOj in these different waters.. But it seems evident
that, unless there is further uplift or:snnsidence'of the iand, the
precipitaiion v1ll convert all the lakes into marl'swampa. In only -

one type of body of water (the ocean-hole) méy this process never
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take plaée, depending on thegs;zé_gf'the conneétion with the sea;
In thése cases CaCOg precipitation may take place but the ebb,éhd
flow of the water may keep the conndction w1th tbe“sea scoured out
and so prevent, or at any rate delay for some con51derable tlme,

the filling in of these ocean-holes,

GENERAL _PRODUCTIVITY

. This is manifestly low. In this respect it compares with
all other'marl lakes ‘that appear to have been studied. ‘Various
possible explanations have been put forward in one place or another
the majority attributing the major rdle to calcium, It is certain
that the abundance of calcium in the soil of these islands gives
rise td serious lack of chlorophyll in many planté the condition
‘\ being known as "calcium chlorosis"; Thisé commonly leads to the
Eéeath of'plants suffering in this manner. As to how far the
a‘:nunda'hce' of Ca 1s an inhibitory factor in this lake or the exact
mechanism of "the part it plays, there is not sufflcient datd to
postuJate any’ views on the matter.

. A limiting factor in the matter of large aquatic vegetation
may be the low conicentration of iron which is an important consti-
tuent of chlorophyll. - _ e

The amounts of the important ions,'silicaié, phosphate
. and nitrate may be significant in this respect. 'The fact that the
minimum br silicates (Fig.21 page 74) preceded by some four monthe
the Coscinodiscus maximum (Fig.24 page 85z2) and by some seﬁén months
.the Chaetoceros maximum (Fig.24 baéé 855) would indicate thatihé".
concentration of silicates does not act as a limiting factor in the
productivity with respect to diatoms, It was unfoftunaté fhaf
because of absence from the Colony no analysis for silicate was

possible during August but there was the anticipated maximum in




September after the. disappearance ot the chaetoeeros._,

Similarly, the fact that although the[NOj (Fig.2l page 74)
decreases in summer-and shows inorease inuwinter‘begioning 1n
September after the death of the plankton; the store of nitrates is
never reduced to exceedlngly low quant1u1es, would indicate that
[NO3] is not a limiting factor.

The P205 is very low and may possibly act as a limiting
factor. Ereo after the decay 'of ‘the plankton in September the amount
of:phoSphete did not .assume any appreciable quantity being only"
0.019 mgs./litre in October 1939 and 0.010 mgs./litre in October
1940 (Fig.2l page 74). ‘'The disappearance of phospbate in November
1940 to January 1941 is anomalous. The paucity of macrophytic and
pﬁytoplahktoh'population may be referred to to explain the general
poorness of fauna, these plants'being the starting point of so .
meny food ehaiﬁs. 'This'exolanation_aoes*not appear to be sufficient
in respect of the fish population. In this connection further
refererice must be made ‘to the rOle of calcium in thé metabolism of

the lake,

ROLb OF CALCIUM.

The role of calcium in the process of photosynthes1s has
already been dlscussed at some length. .

The fact that fish of marine type are said to occur in
the freshwater lake examlned at Andros together w1th the establishéd
fact that such fish do 11ve in, other fresh and bracklsh 1akes on the
west of Andros (Breder 1934) would suggest that there is no reason
why this partlcular lake should not support a fauna of the 1arger
marine species of fish. In this connectlon Breder suggests that the
Ca may compensate for the lower concentratlon of NaCl in such

waters. As a result marine species are able to tolerate water of
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salinity lower than that of sea water provided that the Ca is high.
A simple experiment in support of this was performed in the laboratory.
Specimens of Gambusia manni were rembved from a tank of lake water
where they had been for 24 houis after being taken from the lake, and
placed in a tank of water from the city supply. They immediately

went to the bottom and appeared to be cohsiderably excited. They
assumed a position at the bottom at an angle of about 30° with the
horizbntal and by rapid movement made desperate attempts to rise,
These were in vain as their tails remained on the bottom. They

were soon tired with this exertion and rested on the bottom. They
remained there for about 24 hours and then seemed-to become -
acclimatized and swam about freely in the water. These same specimens
are in the same tank still, three months later. The city supply of
water is very hard and apparently the Ca was sufficient to compehsate
for the less concentration of othef salts esmpecially NaC1;

In the light of this theory, as propounded by Breder,
there seems to be no apparent reason why largerlfish‘should not be
able to exist in this lakey Certainly, there is an abundance of small
fish for food although admittedly a dearth of plants other than
Batophora,

The writer was requested by Sir Harry Oakes and other
residents on the lake to investigate the pbssibility of stocking the
lake with game fish, However, this was outside the scope of the
present work but such experiments in stocking will Shortly be
commenced probably under the guidance of Prof.;W.J.K.Harkness of

Toronto University.
RELATEONSHIPS oF TEE.LAKE. _ ;
 The organisms in the lake may be divided into three

groups:




1. Thoese which are typlcally marine forms,

2., Those which are typically marine but which can stand
considerable variation in salinity and

3. Those which are typically brackish water forms.

The presence of the individuals of Groups 1 and 2 may be

explained on the hypothesis of the evolution of the lake from the sea

by uplift, drainage and dune formation. Where the organisms of

Group 3 originated is not known nor is there any evidence as yet to,

postulate any theories. Some few may be endemic but this subject
cannot be discussed fully:until such time as identifications are

complete and can be examined and compared..
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SUMMARY, .

1. The,macrophytieIVegetation consists of a narrow marginal belt
| in which Rhizophora Mangle'isunredeminani.. Vegetation is merkedly

zoned at East End Marsh. Submerged flora is poor and consists almost

entlrely of the alga BatOphora. ' N |

2e There is active dep051t10n of marl associated w1th the Myxophycean
'Aphanothece Castagnel.. This process has filled in the bed of the

1ake at the east end to ‘form East End Marsh.

3e A bathymetrlc chart has been complled show1ng the lake to have
T A maxlmum depth of 13% ft. above the false bottom of marl,

.U4;- Temperature records reveal that the ‘lake is a Tropical 3rd Order

Iake according to Welch's classification, '

5. The oxygen content of the water is fairly hlgh due to ease of

solution from the atmospheie. It is never a limiting factor,

6, The hydrogen 1on cencenxrat1on of the 1ake is low, the free carbon’
ledee concentratlon is low and the percentage of bound carbon dioxide
. is slightly in excess of the half—beund. o j

' 7. The salinity is high (over 16,00@) p.‘p".m.A)'Wiﬁn a large amount of
. sodium chloride and comparatively Lange amounts of the sulﬁhate ion.

8. The mégnesium concentration is more than three times the

concentration of.calcium_expressed in terms of milligranhequivaients.

9. Albuninoid ammonia is in exeess of free ammenia and suggests the
. presence of organic matter of vegetable brigin;. :

10, Nitrate, phosphate and silicate decrease in summer and increase

in wifter. Phosphatesdisappear completely in ‘the winter of 1940/1.

1l. A graphicai representation is given of the important ions expressed
'ae percentagee (of milligram-equivalents) of the ﬁotallsolids.‘

12.vPhytop1ank£en is poor consisting of diatems and blue-green

a2lgae. One of the diatoms may be a new species.
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13, Zooplankton is more varied in species but poorer in actual |
numbers. Most 1mportant are a COpepod and a ciliate Protozoan.
14, Insect fauna was restricted to one specles of Dasyhelea and
ja variety of Dragon-flies.

15. Molluscs were present in comparatlvely large abundance but there'

. ‘,_‘_.

were few species.

16. The fish were restricted to three species'of small size

: inhabiting shalloWer-water. A new specles of Cyprlnodon was found.
Batophora figures largely in the food chaln. | |

17. Other animals included three species of Hydracarlna,'one species |
of Polychaetae, one sPecies of Hyalella and a few crabs. S

18, A theory of the evolutlon of the lake from the sea is prOpounded.t
and evidence m£ in favour of it ‘discussed. a 5 '
19.' The phenomenon of calcium carbonate precipitation is discuSSed .
and'the Opinionlsuggeéted that'it*is.partly due to photosynthetic '
 activity and partly a result of evaporation. d o

K 20, The future history of the lake will end with its'extinction by {
f11ling in with marl, | - | A

21, lakes of the Bahamas include a wide ragge from very salt to
fairly fresh. Calcium carbonate precipitation is a feature of all

' and the extent to which it has taken place may he an approximate

guide as to its age and maturlty.

22, Theggeneral productivity of the lake is poor in common w1th other
marl lakes though whlle the high calcium concentration may explain
much of this it does not account for the poorness of the fish fauna,
23. In the section deallng w1th methods an account is given of a

new type of plankton trap Whlch can take a representatlve sample of
plankton from all depths of a lake in one haul. |
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