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INTRODUCTION

Most natural bodies of water which have been investigated have
been shown to contaln bacteria, Exceptions apparently occur where we
£ind those waters which, dus to their chemical constitution and physi-
cal makeup, are inimical even to the growth of bacteria,

Since bacteria are virtually ubiquitous in waters, it would
necessarily follow that biologists interested in this aspect of
biology would have intensively studied bacteria and the part they
play in the biology of water. Quite the contrary; instead of the
study continuing along lines laid down by early scholars it has
shifted to a study of bacteria which are not indigenous to water,
Emphasia has been placed on the public health aspscts of water
and studies of pathogenic organisms, and mamrial pollution have
supplanted investigations largely taxonomic.

Ecological investigations on innate bacterial flora have to
date besn fragmentary. Kleiber (1894) investigated the fate of
bacteris washed into lakes from inflowing streams. Ward (1897)
made the first intensive study of microorganisms in water. Ward
isolated eighty-fon'ns from the water of the River Thames. Classi-
fication of Ward's isolates was based entirely on pigmentation,
gelatin litjnefaction, and capsulation. Also along taxonomic lines
there appeared the work of Fuller and Johnson (1899) in which they
divided water bacteria found in the Ohio River at Cimncinati into,
fluorescent and non-fluorescent types. The non-fluorescent types
were subdivided into four groups, the bacteria of these groups being

apportioned according to chromogenesis., Further subdivision of ths



non-fluorescent forms depended upon the fermentation properties of the
orgenisms in question, or whether they produced proteus-like or sub-
tilis-like colonies on gelatin. The authors claimed that the charac-
teristics upon which the classification depended were quite fixed, a
view not in agreement with that of Ward. Boyce and Hill (1900) after

a year's examination of Liverpool waters arrived at conclusions that
largely supported those of Waerd. They closely followed Viard's classi-
ficotion and supplemented it with certain types, "possibly variants,”
that he hed not recorded. The most detailed study was that of Jordan
(1903) in which he isolated 543 cultures from the waters of the Illinois,
Misgissippl, and Misasourl Rivers and classified them on the basis of
their cultural, morphological, and biochenmical characteristics. Topley
and Wilson (1946) found it convenient to divide bactoria found in water
into three éategories. The first included bacilli divided into fluores-
cent, chromogenic, or non-chromogenic types. The second conaisted of
chremogenic and non-chromogenic cocel, and the third contained the
sarcinae.

There appear to be very fem studies on the bacterial flom of
lakes, Lavanchy (1914), Grovitch (1918), and Marca (1927) published
theses on the bacterial flora of Lake Geneva, but the number of or-
ganisms studied was swall. Fred end his colleagues (1924) isolated
organisms from Lake Mendota. The majority of the bscteria were bio-
cherically inactive, gelatin liquefaction being the only physiological
test observed in the majority of capes. Chromogenic forms represented
a large percentage of the isolations. Further studies by Fred and his

colleagues were concerned with the significance of decreases in the



numbers of bacteria entering a lake from one of its tributaries, The
most recent work on microorganisms fourd in water was that of Taylor
(1940) who exnmined several lakes in England. Taylor's most signifi-
eant finding was the predominsnce of gram negative rods, with sporula-
ting rods appesring in only six percent of the cases. Bilochemically
the cultures showed 1little activity, gelatin being liquefied in
approximately one-fourth of the cages. Chromogenic types in this
study also represented a large proportion of the total number of
organisms, Taylor's findings generally verified the findings of Fred
and his co-workers, Further studies by Taylor dealt with ecological
subjects such ag the reduction in the numbers of bacteria that enter
a lske and the several factors responsible for this: (1) sedimenta-
tion, (2) competition of organisms for food, (3) variations in
tenperature, (4) the presence of predatory protozoa.

Smither (1948) in a thesis concerned with the effects of chemical
factors on plankton-in Westhampton Lake, determined the amount of dis-
solved oxygen present from October to March. Plerce (1947) considered,
among other things, the correlation between the dissolved oxygen content
and temperﬁture of an aquatic habitat, With few exceptions the dis-
solved oxygen content increased or decreased as the temperature fell or
rose. Plerce also made hydrogen ion determinations throughout the
year and fourd an increase of pH from September through the winter,

A decrease occurred in the spring followed by & small rise as summer
approached.

Previous research has been concerned in some instances with an

enumeration and identification of bacterisl forms found in particular



bodies of water, At other times work has deelt with environmental
factors or chemical alterations affecting the numbers of bacterisa,
The purpose. of the present investigation is a survey of environmental
factors affecting the numbers of bacteria and a study of the species
of bacteria found in a particular body of water.



WESTHAMPTON LAKE

Héat!xampton Iake, the body of water upon which this study was
conducted, is an artificial lake. It is located on the University
of Richmond campus where is cams into existence approximately one
hundred years ago by the construction of & dam across Westham Creek.
At the northern head of the lake are two streams from which the leke
derives part of its water. The stream flowing in from the northwest
collects water from several drainage pipes at its beginning end picks
up water from two small tributaries, one from the Westhampton College
campus and the other from # tributary of Westham Creek, in its journey
toward the leke. The strean entering from the northeast originates
beyond Patterson Avenue near & housing development known as Sunset
Hills. In addition to these two sources of water there are four
springs within the lake. Three of these springs are located in the
center of the lake bed, while the fourth is located on the west shore.
Westhampton Lake is approximately fifteen feet deep at its deepest

part, and covers an area of approximately twelve and one-half acres.



MATERIALS AND METHODS

Part 1 Bacteriological Analyasls

Water samples were taken from Westhampton Lake from November 1951
to July 1952. Prior to collection of the samples, ground glass-stopper-
ed botties were cleansed by rinsing them, first, with strong sulfuric
acid, then rinsing again with distilled water, and wrapping them in
paper held secure by & string. The bottles were sterilized in the auto-
clave at & pressufe of fifteen pounds per square inch for fifteen minutes,
after which they were placed in cardboard containers. The sterilized
end covered botiles after having received the above treatment were con-
sidered bacteriologicelly sterile,

In considering the selection of sampling points great care and
discretion was necessary in order that the samples would be representa-
tive of all ecological situations and variations that might affect the
numbers and kind of bacteria, To this end eight sampling stations were
gstablished and from each, samples were taken at regular intervals,

¥hen collecting a sample care was exercised to eliminate the
possibility of contamination from the Air or the collector's hands,

In order to obviate the abnormal results occurring when collected
samples are left alone for any great length of time, bacteriological
examination was begun as soon as possible., In no case not more than
six hours elapsed from the time of sampling until analyses were begun,
The mamual of Standard Methods for Examimation of Water Supplies ad-
vises that examination be initiated before a six to twelve hour time
lapse, because storage would reduce the bacterial numbers and suspended

‘matter after this period,



Since Westhampton Lake cannot be considered as grossly polluted
it was feasible to use water dilutions up to and including 131000
dilutions. The bottles containing the samples were shaken &and then
1l cc.»portions were removed and pipetted into each of two Petri plates.
One of these plates was incubated at 370 C. and the other kept at room
temperature (200 C. - 25% C.). From the same sample bottle 1 cc. of
water was pipetted into a water dilution bottle and 0.1 cc.. of sample pi-
pétted. into a' gsecond dilution bottle, The dilution bottles were
shaken and from each, 1 cc. portions were pipettad into each of two
Petri plates.. One of these plates therefore, contained the 1:100 dilu-~
tion of sample and the other, the 1:1000 dilution. After the lake water
had been pipetted into the Petri dishes, melted but cool,. (40° C.), agar
was poured into the plates, and after gentle rotation to assure uniform
distribution of the sample, the agar was allowed to harden. Three
plates from each sample of water taken were Incubated and the fourth
kept at room tempergtnre. After forty-eight hours the plates were exa-~
mined for bacterial growth, and by using a Quebec Colony Counter the
colonies were counted and recorded., The medium found most favorable
for bacterisl multiplication, and therefore one on which the greatest
mumber of colonies would appear, was sodium caseinate agar, (Appendix B).

The plates were next examined for different types of colonies Judged
principally on morphology, consistency, color, and appearance through
transmitted light. Different colonies were *fished" and restreaked on
fresh Nutrient Agar, (Appendix B). All colonies that differed by the
aforementioned characters were picked from the plates and streaked on

ager slants. All agar slants were incubated at 37° C., and when a



period of twenty-four to forty-eight hours had elapsed 8 grem stain pre-
paration, (Appendix C), and a hanging drop preparation were wade of each
slant., The staining schedule was as follows; the smears were stained
for cne minute with ammonium oxalete crystal violet and then washed in

- tap vater. The sme8rs were then immersed for one minute in iodine solu-
tion, washed in tap water and blotted dry. They Were then decolorized
for thirty seconds with gentle agitation in 95 per cent alcohol and
blotted dry. The smears were counterstained ten seconds in safranin
solution and washed in tap water. They were then dried and examined.
Gram positive organisms stalned blue and gram negative organisms stained
red. Aside from obtaining the morphology of the bacterium by employing:
the gram's stain technique, the organism in question could be classified
into a gram positive or gram negative category &nd detection of any con-
tamination could be made,

| In addition to the gram stain preparation & hanging drop preparstion
of each isolate was made. The hanging drop preparation consisted of a
suspension of the organism on a cover slip which was inverted over a
depression glass slide: The use of this method allowed the observer to
verify his results obtained from the gram reaction as to the purity of
the culture arnd the morphology of the bacterium, and also allowed for
claasificatiop of the organism as a motile or non-motile form.

If contanmination was observed by either of the above two methods,
ths contaminsted culture was restresked on an agar plate and an isolated
colony picked, restreeked on an agar slant, and again subjected to the
above procedures. In the event that various colonies were found to be
pure cultures. they were stored in & refrigerator until the author was

ready to perform diagnostic tests for their identificationm.



The tests employed for the identification of the isolated bacteria
varied with the organism in question. The media used and the dimgnostic
testa performed most often in the identification of organisms were as
foliowa:

Fermentations
Monosaccharides (hexoses) « « « « « « « « « o Glucose
Dieticcharides .« « ¢ ¢ o ¢ ¢ ¢ ¢ ¢ o o ¢« o« « Loctoss
Y¥altose
Sucrose

Polysaccharides « « « ¢ ¢« o « ¢ ¢ « o« « « « o Starch

Honohydric Alcohol . . ¢ ¢ ¢ ¢ ¢ & « ¢« &« o o Glycerol

Polyhydric Alcohol .« ¢ ¢ ¢ ¢ o ¢ ¢« ¢ o « o » Hannitol

 (Appendix B)

After inoculation of the unknown organism into the above media,
the tubes were observed for a change of color of the indicator which
was indicative of the fermentable properties of the bacterium in ques-
tion. Gas products;on was detected by the displacement of the liquid
pedium in the fermentation tube inverted In the larger culture tube,

Physioclogical Reactions

EKoger's Citrate Test: This test depended upon the ability of an or-
ganism to utilize the citrate medium, (Apperdix B), as a sole source
of carbon.
Litmus Milk: (Appendix B). This medium demonstrated the ability of
an organism to produce a fermentation, or a peptcnization. The indi-
cstor litmus detected acid production or an alkelins reaction.

ogeg-Proskauer Tegt: This test detected the formation of acetyl-

ﬁethyl-earhinol from glucose. Glucose-Peptone Water, (Appendix B),
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was the medium employed with alpha-naphthol and potassium hydroxide,
(Appendix B), as reagents,

Methyl Red Test: The same medium used to demonstrate the Voges-Proskauer
reaction was employed here. Ths methyl red indicator was turned red by
cultures having a pH of 5 or less, and yellow by organisms taving a pi
greater than 5,

Nitrate Reduction Test: Nitrate Broth, (Appendix B), was employed as a
test of the ability of bacteria to reduce nitrates to nitrites. Sul-
phanilic acid ard dimethyl-alpha-naphthylamine, (Appendix C), were the
reagents used in this test,

Test for the production of Indole: Bacto-Tryptone in a 1 per cent con-

centration and Kovac's reagent, (Appendix C), were used to demonstrate
the production of indolse,

Test for the formation of Hydrogen Sulfide: Lead acetate agar, (Appen-

dix B), detected hydrogen sulfide production by the uhknown organisms.

Demonsgtration of Proteolysis by the use of Gelatin: Difco gelatin,
(Appendix B), showed any proteolytic activity by its liquefaction after

inoculation and incubation.
Cultural Characters

Potato Medium: The pigment production of orgenisms was enhanced by in-
oculation into this substratum.
Nutrient Broth: Difeco nutrient broth, (Appendix B), was a medium in
which most of the bacteria investigated produced characteristic growths,
such &8s the formation of a pellicle, or a distinct sediment.

After thegse tests had been performed and interpreted, Bergey's

Manual of Determimstive Bacteriology was consulted as an aid in



identification. Fhen certain fastidious organisms were encountered,

special media supplemented the media previously mentioned.

Part 2 Chemical fnalysis

Bacteria are, in the main, dependent upon oxygen.for their contin-
ued well being. Niti-ates and phosphates, their intermediate products
eand end products, are good indices of metabolic activity.

Wiith this In mind chemicel tests were performed on samples of
water taken from the lake in order to deternmine the amount of oxygen,
nitrates, and phosphates, present, and to correlate this data with the
nmumbers of bacteria found at the same time. fhen a sample of water was
taken from the lake and brought to the laboratory, part was retained
for chemical analysis and the other portion wag removed aseptically.
This latter portion was pipstted into an undiluted petri plete, and
into two other petri plates after having been first pipetted into
dilution bottles in order to get 1:100 ard 1:1000 dilutions. Cooled
agér iaa poured into the plates.and, after hardening, the plates were
ﬁlaced in the incubrtor and the colonies counted forty-eight hours
later. The bacterial numbers were recorded with the chemical deter-
minstions obtainad the samé day the sample was taken.

In order to determine the amount of dissolved oxygen care was exer-
clged éo that atmospheric oxygen would not diffuse into the water and
give erroneous results in the fimal titration. To elimiﬁate this pogsi~
bility an apperatus was used as described by Suckling (1944), and shown

in Figure 1,

-
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The arrcws indicate the direction of flow., The apparatus shown
atove was employed in order that atmospheric oxygen would not inter-
fere with the final results by diffusing into the water and being
interpreted a2s dissolved oxygen. When’thc larger bottle had become
filled, one could infer that a three-fold displacement of water had

oceurred@ in the smeller cne, since the larger bottle was three times

the volume of the smaller, 4 three-fold displecement was all thst

wac necessary to eliminate the presernce of any atmospheric cxygen.
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The Winkler method was cmployed to determine the dissolved oxygen.
The determination wos divided into three stages as set forth by Suck-
ling (1944).

1. Preliminary oxidation.
2. Fimtioﬁ of the dissolved axygen.
3. Memsurement of the dissolved axygen by liberstion of
iodine and titration with thiosulfate solutiomn.

1. Preliminary Oxidation. After the sanple of water had been
obtained, 1 cc. of concentrated sulfuric acid was added bty pipette,
followed by sufficient g potessium permanganate to leave & slight
excess of the latter after the sample, (stoppered without an air
bubble), had stood for fifteen minutes. One-half of a cubic centi-
reter was usually sufficient.

Then a slight excess hed been maintained for fifteen minutes,
as shown by & faint pink color remaining, this excess was destroyed
by the addition of 1 cc., of a 2 per cent potassium oxalate solution,
the bottle being cérei‘ully re-stoppered,

2, Fixation of the Dissolved Oxygen. !hen the liquid md be-
come colorless, 1 cc. of 30 per cent manganous sulfate was added by
pipette, followed immediately by 3 cc. of & mixed solution contain-
ing 70 per cent potassium hydroxide and 10 per cent potassium iodide.
The stopper was inserted and the semple taken to the leboratory where
the final part, the meagurement of oxygen, was begun.

3. Measurement of the Dissolved Oxygen. 5 cc. of concentrated
sulfuric acid were run in from a pipette, the bottle re-stoppered and
inverted until the precipitated hydroxides of manganess were dissolved,
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The iodine set free in the acid mixture was then titrated by % thio-
sulfate solution. The titration wes carrled out by messuring out
250 cc. of the liquid amd transferring it to a separate flask for
titration. Thiosulfate solution wes run in until the yellow color
was almost dispelled, and the titration completed after addition of
a little freshly premred starch solution, (Appendix C). Since

250 ce. of the 1liquid were used for the titration, the rmumber of cc.
of thiosulfaste required, multiplied by 335, gave mg. of oxygen per
100 cc. or parts per 100,000 by weight.

2fter the estimation of dissolved oxygen & nitrate nitrogen de-
terminntion was carried out. A colorimetric determinetion was employ-
ed for this estimation. The color discs of the Hellige Aqua Tester
were based upon the reaction between the nitrate content of & water
sampple and 1, 2, 4~phenol disulfonic acid, with the ulitimate formation
in alkaline solution of the yellow tripotassium salt of nitrophenoldi-
sulfonic acid. A fresh sample of water was used, as nitrate can be
converted uninterruﬁtedly into ammonia by bacterial action.

Before making the nitrate determination, the nitrite content of
the water sample was determined, since the presence of nitrites in
excess of 1 part per million would lead to erroneocus results., If the
nitrite content had exceeded 1 part per million it would heve been
converted into nitrate by heating a few minutes with the addition of
hydrogen peroxide. This situation never arose since in 81l the deter-
minations the amcunt of nitrite present never exceeded an amount which
would interfere with thes nitrate nitrogen estimation.

2nother preliminary test that had to be performed before the fiml
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nitrate analysis could be made, was the determination of the hydrogen
ion concentration. Aside from using this teat as a preliminary to the
Nitrate Test, p! determinations were made throughout the complete pro-
blem to ascertain the differences of acidity and/or alkalinity in the
winter 2s compored to the summer, The Hellige pH meter was the appara-
tus eaployesd for these determinations,

In using this apparatus when performing ths preliminaries tc the
Nitrate Test, if the pH reading was definitely on the alkaline sids,
0,02 N sulfurie acid was added until neutrality was reached,

.After this prelinimary treatment the nitrate determination was
begun, A water sample of 100 ml, was evaporated to dryness, Two ml.
of phenoldisulfonic acid solution, (Appondix C), was added,

The mixture was then diluted with distilled water, and approxi-
nmately 12 N potagsium hydroxide was slowly added until definitely
alkaline, Eight ml. of the 12 N potassium hydroxide would neutralize
about 2 ml, of the phenoldisulfonic acid. The yellow alkaline solu-
tion was diluted to 100 ml., allowed to stand overnight then filtered
and poured into the Nessler Tube for comparison with the glass color
standards,

The determination of phosphates is a color reaction based upon
the reduction of the rhosphomolybdate complex in acid solution by
means of l-amino, 2-naphthol, 4-sulfonic acid. One ml. of the test
sample wag measured into 8 100 ml, graduated cylinder. Distilled
water was added to bring the volume to 8 ml. Under constant stirr-
ing 10 ml. of molybdate reagent, (Appendix C), were added and mixed;

then 4 ml. of aminonaphthol sulfonic acid solution, (Appendix C),
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added and mixed, The tirme was noted. The developed color was compared
against the glass color standards during the time interval of 10 to 15
minutes after the addition of reagents.
After these chemical tests had been performed, their results were
recorded with the corresponding bacterial counts in order that any

correlation between the data could be chserved.



EXPrRIKENTAL RESULTS AND DISCUSSICN

I. PBacterial Population Studies in Relationship to Feologiecnl Factors

Plate Counts

Bacterial plate counts were made from January through March and
from May through July. Inspection of the data revealed an increase
in the number of bacteria during the summer months as compared to
their decrease during the winter.

Temperature, above a&nything else, was the factor responsible
for this increase. During the winter months the temperature mss
low causing a dscrease in the metabolic activities of the organisms,
and thereby limiting their multiplication. On the other hand, dur-
ing the summer months the high temperature allowed for an increase
of metabolism resulting in an increase in bacterisl numbers, The
results bear this point out and one may conclude that similisr find-
ings would be made by other investigstors examining other bodies of
water whose degree of pollution was the same as that of Westhampton
Laks,

Taylor (1940) in his examination of several bodies of water
in England arrived at conclusions that differed from ths author's,
Taylor's bacteriasl counts were the reverss 6f the counts of this work.
This discrepency mey be attributed to the fact that the areas he con-
sidered were ones of gross pollution which resulted .1n a competition
~among microscopic life for sustenance. This, in turn, resulted in an

eventual decrease in their mumber. During the winter months where the

17
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tempersture maintained bacteriel metabolism =t & ninizum, the organisms
oresent persisted and multiplied, because their food supply was always
abundant since their populatior was not so great as to bring about a
competition among the brcteris for thse avellable nutriment. The re-
sults of the writer's studies of bacterial populations ere rocorded

in table I and Graph I,

Table I. Plate Counts of bacterie per cublc centimeter of sample
made from Jepuery to July.

Samples

mean

1 #2 §3  #4 5 H$#6 #71 #8 temperature
Jamusry 79 154 215 65 97 87 100 197 8.5°C.
Months February 169 124 212 154, 170 137 108 100 11.0°C.
Merch 226 200 200 163 301 246 2R 169 13.0°C.

Samples
meén
1 £ 43 #, #5 #6 #1 #8 temperature
May 237 217 298 292 287 296 322 34, 28.8°%.
Months June 390 344 417 402 376 344 341 353 30.6°C.

July 614 501 403 398 351 311 388 279 32.9°C.

Reference to the above Table and Graph I reveals the fact that
as the summer approached the bacterial numbers increased, and when
nidgurmer was reached, the highest counts of bacteria were made.

Under normal conditions the bacterial population of Westhampton

ILake passed through seasonal fluctuations involving an increased number
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of microorganisms with increases in temperetwrs, and & decrease of
bacterial mumbers with decreases in the temperature. There did
occur however, sbnormal incrcases in the bacterisl populntion when
rain fell, This increase of bacteriel numbers persisted for forty-
eight hours after the rain fell, after which, the count of micro-
organiamﬁ began to decrease, The return to normaley came sbout,
usually, after seventy-two hours hed elapsed &s evidenced by plate
counts made at that time which revealed a count close to the counts
made before precipitation had occurred.

Rain falling after & relatively dry spell would wash a large
runber of soil organisms into the water. Bocterial percolation
through the soil, by introcducing fresh wmash from the surface ground,
increased contaminaticn of the lake. If more prolonged moderate rain
fell an opposite effect would have been exerted. This opposite effect
would be a dilution of the body of water cauvsing in turn, & decrease
in the number of bacteris found,

Table I showé the incresse in the pumber of microorganisms after

a reinfell of 0.47 inches,

Table II. Effects of Precipltation on_Baeterial Counts

Precipitation = 0,47 inches

Before precipitation After precipitation £ _increage
Collection # 1 2145 bacteria/cc. 3735 bacteria/cc. 57%

Collection # 2 1885 bacteria/cc. 3735 bacterin/cc. 54%
Collection 4 3 1755 bacterie/cc. 2275 bacteria/cc. 7T



Table I1 - continued

Bofore_precipitation
Collection # 4 975 bacteria/cec.

Collection # 5 1040 bacteria/cc.
Collection # 6 715 bacteria/ec.
coilaotion #7 845 bacteris/cc.
Collection # & 652 bacteria/cc.

After precipitation
2340 bacteria/cc.

1820 bacteria/cc.
2275 bacteria/co.
1300 bacteris/cc.
121/, bacteria/oc.

21

¢ increase
42%

576
3%
65%
53%

Thet an increase in the muber of organisms lasted for forty-

eight hours with their return to normulcy occurring at the seventy-

hour period is evident from Table III.

The counts rade in this table

contain data collected after a 0,35 inch rainfall, showing that even

when & rainfall as slight asg this occurrcd the phenomenon of hacterial

increase mas still evident,

Table III, Time YIntervals_ for the Roturn of Bacterial Popula-
tions to _their normal Counts after Precipitation.

Precipitation = 0,35 inches
Collection # 2 Collection # 3

Collection £ 1
2/ hrs. before pption. 575 bacteris/cc.
2/, hrs, after pption 1750 bacteria/cc.
48 hrs, after pption 1365 bacteria/co.
72 hrs. after pption 47, bacteriz/cc.

572 bacteris/cc.
1700 bacteria/ecc.
1407 bacteria/cc.

411 bacteris/cc.

463 bacteria/cc.
998 bacteria/ecc.
992 bacteria/cc.
/03 bacteria/cc.

Table IV illustrates the dilution effectas occurring after a

moderate rainfall. After 0.85 inches of rain had fallen samples



were collected in order to determine if this amount of precipita-

tion was sufficient to produce dilution of ths lake causing a de-

"crease in the number of bacterisa,

Table IV. Dilution and Flushing Effects of a Prolonged Rainfall

Collection # 1
Collection # 2
Collection # 3
Collection # 4
Collection # 5

Precipitation = 0.85 inches

Before precipitation

393 bacteria/cc.
409 bacteria/co.
473 bacteria/cc.
400 bacteria/cec.
362 bacteria/cc,
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After precipitation

76 tecteria/cc.
81 bacteria/cc.
83 bacteria/cc.
76 bacteria/ca,
69 bacteria/cc,

From Tables II, III ard IV it is readily evident that the dilution
and flushing effect of rain occurred between a rainfall.range of 0.35
inches where increases of bacteria due to washed in soil were still
evident, and 0.85 inches where decreases of bacteria dus to dilution
and flﬁshjng appeared. One can conclude that between these two amounts
may be found that amount of precipitation where bacterial increase stops
and bacterial decrease begins,

Another interesting phenomenon regarding bacteriel numbers and the
ecological factors influencing them, was the decrease in bacterial
counts obtained when microorganisms entered a lake from an inflowing
stream. Kleiber (1894) studied this ecological problem and arrived
at the conclusion that the zone rich in bacteria due to en entering
stream did not extend out in the lake beyond twenty metera. In the
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author's treatment of this situation the data showed that in Westhampton
lLake a few meters beyond twenty wes where the bacterial counts tended to
become constant. Taylor (1940) in his work on the mumber of bacteria at
various distances from the mouth of the River Brathay in England, obtain-
ed data showing a steady decrease in bacterial numbers, although his
initial decrease just bsyond the river mouth was gradusl and not in
keeping with the author's figures where an abrupt drop in bacterial num-
bers was noted the first few meters beyond the inflowing stream.

The teasons for the decrease of the nﬁmbers of bacteria at various

, ¢ROGAB LY -

distances from the mouth of & tributary were® (1) The factor of sedi-
mentation which was the falling of organisms caused by their j:ntroduction
from a relat:lvaly fast moving body of water to a slow moving oms. (2)
There occurred a deprivation of food substances in the lake since tlnre
were more organisms competing for the available food in the lake. (3)
Predatory protozoa were present consuming bacteria as part of their food
intake. With the data at hand, the first factor, a physical one, is the
most significant. '.l“able V shows the bacterisl nmumbers at different dis-
tances from the mouth of the stream flowing in from the northeast at the
head of the lake. Graph IT shows these results in graphic form. Table
VI shows the results of colleotions made at a different time and after
slight precipitation. Rainfall does not alter the results in any way
other than to increase thes bacterial numbers. In Table VI as in Table V
the independent variable was the distances from the mouth of the inflow-
ing stream, while the dependent variable was the bacteriel numbers at
various distances away from the mouth of the stream, Graph III shows

the tabulations of Table VI graphically.
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.- Table V. The Numbers of Bacteria as compared to their

- Distances from a_Tributary

Distances in

room

meters from in- tenip .

flowing stiream

1685 tact./cc.

Plate Counts 48 hrs,

incubator

temp,

1:100
dilution

3500 bact./cc.
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1:1000
dilution

0 meters 2145 bact./cc. 3000 vact./cc,
5 meters 1755 bact./cc. 1950 bact./cc. 900 bact./ce. 2000 bact./cc.
10 meters | 975 btact./cc. 1040 bact./ec. 200 bact./cc. 1000 bact./cc.
15 meters 715 tact./ec. 845 bact./éc. 200 hact./cc. 1000 bact./cc.
20 meters 910 bact./cc. 650 bect./co. 100 bact./cc. 1000 bact./cc.
25 meters 910 bact./cc. 585 bact./cc. 200 bact./ce. 1000 bact./cc.
40 meters | 780 tact./cc. 585 bact./cc. 200 bact./cc. 1000 bact./ce.
75 mter; 715 bact./ce. 520 bact./cc. 100 bact./cc. 0 bact./cec.
‘Table VI, Bacterial Counts made after & slight precipitation
as compared to Distances from & Tributary
Plate Counts A8 hrs, "
distaxice in  roon incubetor 1:100 1:1000
meters from iﬂ- femp. temp, dilution dilution

flowing stream

3446 bact./oc.

4200 bact./cc.

4000 bact./cc,

0 meters 3735 bact./cc. |

vs m;-térs 2500 bact./cc. 2260 bact./ce. 1100 bact./cc. 2000 mt./cc.
10 meters 2400 bact./ce. 2210 bact./ce. 1700 bact./cc. 1000 bact./cc.
itj mvters‘ 2275 bact./cc. 2405 bact./cc. 2200 bact./ec. 3000 bact./cc.
2vo meters: 2340 bagt./cc. 1820 baét./cc. 900 bact./ce. 1000 bact./cc,
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Table VI - continued

distancs in room incubater 1:100 1:1000

| meteré froﬁ in- temp, temp, dilution dilution

f’ioﬁing'étream
25 meters 2275 bact./ce. 1300 bact./cc. 1100 bact./ee. 1000 bact./cc.
40 meters 1875 bact./ec. 1430 bact./cc. 900 bact./cc. 1000 bact./cc.
75 meters 1690 bact./cc. 845 bact./cc. 900 bact./cc. 1000 bact./co.

One may observe from this table and the preceding graph that after
an initial decrease in mumbers there occurred & very noticeabls increase
followed by a 7gradual decrease the farther one left the mouth of the in-
flowing stmah. This the author attributed to the fact that these data
were collected immediately following & slight reinfall, The rainfall
wag enough to cause a decided increase in the bacterial counts at all
distances from the mouth of the inflowing stream, but even with the
rainfall factor entering the picture the general trend of bacterial
nunbers was a decrease.

1‘0 further justify this part of the study dealing with ecological
situations affecting the bacteria in Westhampton Lake, the author treat-
ed ths data statistically in order to determine the degree of correlation
between bacterianl nmﬁbers and distsnces from inflowing streams. Tha
"rank~difference® correlation coefficient was computed'rather than the
Pearson product-moment correlation coefficient because of the small num-
bers of pairs of observationa. This coefficient measured the degree to
which the two variables were assoclated and was symbolized by rho ( ).

could vary from +1,00 through zero to -1.,00. A correlation coeffi-~
cient of ;sl-l',',OO would indicate a perfect positive relationship between
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two variables; 2 zero coefficient would indicste no relationship; and
~1.00 would indicate a perfect negative relationship. In terms of a

formula the rank-difference correlation coefficient mmy be given thusly:

(rho) £ = 1 - E2E

where
P = the rank-differenc‘o correlation cosfficient
I? = the difference squared between each pair of ranks
N .=thenumber of pairs of ranks

Teble VII. Computation of Correlation of Room

Temperature Counts of Table V¥

Rank
Distance Bact. Counts Difference Bact. Counts D _D_z_
0 . 1885 8 1 7 49
5 1755 7 2 5 25
10 975 6 3 3 9
15 715 5 7.5 2.5 6.3
20 910 4 45 o5 3
25 910 3 45 o5 o3
40 | 7¢0 2 6 4L 16
75 715 1 7.5 6.5 _42,3
14842

=1 - 6(148,2
p =1 "g‘l‘a(es')""

2] - 889,2
P 504.0
F =1-121.76

/9 = =7
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-,76 indicates a strong negative correlation between the distances from
the mouth of the tributary and the counts of bacteria kept at room tem-

‘ perature. Using thi's method the correlation coefficlents of the bacterisl
counts at incubator temperature, 1:100 and 1:1000 dilutions of Tables V
and VI were computed. The results were:

Correlation Coefficients of Data from Table V
Incubator temperature - ,98
1:100 dilution - .50
1:1000 dilution - .37
Correlation Cosfficlents of Data from Table VI

Room temperature - .95

Incubator temperature - ,73
1:100 dilution - 62
1:1000 dilution =~ .50

In order to observe the significance, if any, of these computed
correlation coefficients, the writer referred to tables for converting
the Rho Coefficient into its equivalent Pearson Product-Moment Correla-
tion Coefficient, sﬁce no tables containing significant values of the
Rho Coefficient could be found. With ths exception of oms instance

the Pearson Product-Moment Coefficients had to be derived from the Rho

Coefficients by interpolation.

Table VIII. Conversion Values of the Rho Coefficient (#) in

terms of the Peargon Product-Moment Coefficient (r)

From Table V L. T from Table VI A

room temperature =76 =.TI5 roon temperature -e95 =.954
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Table VIII - continuved

fromTable V @ A~ p from Table VI Vi r
1:100 dilution -50 —.518 13100 dilution = =.62 =639
1:1000 dilution -.37 =.385  1:1000 dilution  =.50 =-.518

The derived Pearson Product-Moment values were compared with (P)
values at different levels of significance in tables giving this in-
formtion, Fisher (1950),

Table IX. Comparison of Correlation Coefficients

at_different Levels of Significance

From table V From table VI
r=L.77% P=,02 | | rs,9% P=.01
*=,98, P=,01 r=,78 P= 05
r=,518 P=(0.1) ‘ r=.639 P=0.1
= ,385 P=(0.1) r =.518 P =(0.1)

From the above tabulation we see that the correlation coefficients
were significant in five of the cases and not in three. The non-signi-
ficart ones are indicated by parentheses around thelir P values. The
two valuves having correlstion coefficients of .518 were not too far re-
moved from being significant. In 81l cases of bacterial counts made of
plates that were not diluted, significant values were derived, The
three values that were not significant were of diluted samples, two of
these being the 1:1000 dilutions. This in itself seems significant,
since the more dilution emplﬁyed , the more difficult it became to arrive
at a good correlation, the least correlated of all the values being the

1:1000 dilution. Since dilutions are usually employed in those examinatloms
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of grossly polluted badiss of water, high dilutions in this examination
were not necessary and were, in effect, responsible for the discrepan-
cles shown among the correlation coefficients by not giving a close
bacterial count by going from one large unit number of bacteria to
another,

It was previously mentioned that microorgsnisms, for their conti-
nued well-being, are in part dependent upon the amount of dissolved
oxygen present in 2 given body of water. £s far as the metabolic
activities of m;lcroorganisms are concernsd, Nitrates and Phosphates
play 8 more predominant rols than any other of the chemical subatances.
With this in nind the author performed chemical tests on samples of
water taken from the lake in order to determine if the aforementioned
chemicals were of ecological import.

The principal sources of dissolved oxygen in water are, directly
from the atmosphere through the exposed surface, and from the photo-
synthesis of chlorophyllaceocus plants. The atmosphere being in con-
tact with the surfaéa of water becomes & consistent source of oxygen.
The absorption of oxygen from the air is accomplished in two ways:

(a) by direct diffusion a2t the surface and (b) through surface agi-
tation such as wave motlon,

Unfortunately the smount of dissolved oxygen in Westhampton Lake
during the winter months was not determined, but from paat works, and
one in particular, a general picture of the situation as it exists in
the winter can be drawn. Smither (1948) found the amount of dissolved
oxygen to range from 58 parts per million, at its maximum, to 10 parts
per million, at its minimum. His stvdy was begun in late October and
terminated in late March. Pierce (1947) in a chemical study of four
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aquatic habitats in Florida found the dissolved oxygen content of a
body of water to fluctuate with the tempsrature. The amount of dis-
solved oxygen decreased as tha temperature rose and incressed ag the
temperature fell. During the winter months the amount of dissolved
oxygen ranged from 6 parts per million to 11 parts per million. The
average range of dissolved oxygen the year round was. 5 parts per
nillion. The dissolved oxygen determinmations of Westhampton Lake
nade during the summer months by the author were very similiar to
Pierce's findings.

Greater amounts of dissolved oxygen are fourd in bodies of water
in the winter than in the summer. Plerce's year-round study showed
this to be true in one aquatic locale and Smither's work combined with
the author's show this to be true asg far as Westhampton Lake 1s con-
cerned, This reduction of dissolved oxygen is dus to the respiration
of plants and animals, and decanposition of organic mtter. During
the summer months both of these factors are operating at an increased
rate, hence there ooﬁes a decreagse in the amount of oxygen in water,
Reduction may also occur by displacement of the dissolved axygen with
another gas, and also by the inflow of subterranean waters. The biggest
single factor is due to the autometic release of dissolved oxygen from
the water dus to the oncoming of summer temperatures. Temperature
affects the quantity of gas that can be absorbed, the solubility be-
coming less with an increase in tempesrature.

Graph IV shows the dissolved oxygen determimtions for the months
of Yoy, Jupe, and July. There are no major fluctuations, and the data
are in keeping with the findings of Pierce regarding the dissolved
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oxygen of a bow of water during the summcyr months. Although tempera-
_ ture recordings were made every time a sample of water was obtained
thers exists no apparent correlstion between the two in these data
since the temperature did not decrease enough to show any increzse in
the amount of dissolved oxygen.

Table I showed how bacterisl numbers decreased in the winter,
and incressed in the summer. Fram Graph IV cne observes the amount
of disaolve# oxygen present in Westhampton Lake at various times dur-
ing the summer. That this amount is lower than the amount that would
be found in the same body of water in the winter, is true primarily
because of physico-chemical laws in operation that are directly de-
pendent on the temperature, If dissolved oxygen exerted any great
influence on the nmumber of bacteria, its presence in the summer would
have to be greater than in the winter to correspond with the increase
of bacteria in the summer. The amount of dissolved oxygen i3 less in
the summer than in the winter, therefore it cannot be validly corre-
lated with bacterial rumbers, since bacterial numbers incrcased durirg
the summer months and dscreesed during the winter months. This in-
cresge 8s ths weathsr became warmer end decrease as the weathsr got
colder shows that temperature affects bacteria more than any other
factor, and that dissclved oxygen, although necessary, can proceed
through reasonmable fluctuations without adveraely affecting the number
of bacteria. The fluctuations of dissolved oxygen like bacterial
numbers is depandent upcn the temperature.

The emount of nitrates present in a body of water is signifi-
cant becauss of the role that nitrates play in thes biochemical

34
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activities of micrcorganisms. Some bacteria are capable of reducing
nitrates to nitrites, others can oxidize nitrites to nitrates. Nit-
rates, because of these biochemical reactions, have been recognized
as indiecators of the amount of oxidation and decomposition of organie
matter in water,

Examination of Westhampton Lake for the amount of nitrate pre-
gent showed that there occurred a gradual decrease in the nitrates
present from spring to mid-summer. Unfortumately & year-round sur-
vey was not made, but from the data awvailable the nitrate content
diminished steadily from esrly spring to late summer. Because of
this apparent uninterrupted decrease, and the fact that Plerce (1947),
and Whipple (1933) have indicated thet nitrate nitrogen increased in
the winter and gradually decreased through the spring and summer,
the author concluded that the same general sitmiion held truve for
Westhampton laks, Graph V shows the nitrate diminution ocowrring
from early spring to 18fe sumner,

The phosphorous of a2ll living tissue, vegetable and animal, in
the process of disruption is finally oxidized to phospha tes. Phos-
phates are, therefore found in menure, sewage, and soil, and conse-~
quently in water. The nlement phmph&ws is never found in the fres
state but in the oxidised form of phosphates. These phospletes bhave
been thought of by some workers as being the limiting factor affect-
ing plankton numbers. In the field of bacterisl ecology there have
been no data regarding the significance of phosphates. The data
obtained by the author concerning phosphates yielded no definite
conclusions, The study was not conducted throughout the yeer and

the data collected through the spring and summer months were few,
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Table X. Phosphates present in parts per million as corpsred to_ the

scterie nts _pesr ic centineter of sample

Phosphates (parts per million) Bacterina/ce.
90 575
62
431
542
418
474
391
500
544,
411
419

3 3 88 333 83 8

As seen from Table X all the phosphate analyses of Westhampton
Lake water showed 70 parts per million as the minimm amount present
and 90 parts per million as the mximum amount. There were no inter-
vening velues. That there must be some correlation between the phos-
phates present and mumber of microorganisms can be observed in Table X,
In all cases where the minimum valuve for phosphates wes- found the
lowest number of bacteria appeared and vice versa.

Determinations of the pH of the Westhampton Lake water were made
in the winter and summer. Table XI compaeres the pH determimations

of the summer end winter,



Teble XI. pH determinations of thes Winter as

compared to those of the Summer

Winter pH Summer pH
determinations determinations

detérmination #1 7.3 8,3
2 7.2 ' 8.7
3 7.2 . 8.5
4 7.4 8.5
5 7.2 8.3
6 Te3 8.5
7 7.2 8.7
8 7.4 8.5
9 7.6 8.3
10 7.3 8.5
11 7.3 8.5
12 7.4 | 8.7

mean pH - Te3R 8.5

That an increase toward alkalinity occurred in the summer is
evident from the above table, The water was at all tines definite-
ly alkaline, |

A correlation ws found to exist between rainfall and pH

Table XII, Effects of rainfal]l on the pH of Westhampton lake

pH_before pption. pH_after pption.
Observation # 1 8.7 8.5

Observation # 2 8.7 845
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Table XII continued

pH _before pption. pd after pption.
Observation # 3 8.7 : 8.5
Observation # 4 8.5 8.3
Observation # 5 8.7 8.3
Observation # 6 8.3 8.1
Observation # 7 8.5 8.3

Observation # 8 8.5 8.3

The pH decreased 0.2 units every time calculations were made,
This observed decroass of pH was attributed to thes washed-in soil
which wmag acidic in nature.

An interesting observation made in passing, in connection with
ths highly alkaline nature of ths water, was that chromogenic farms
both in numbers and variety occurred in greater abundance during the
sumner months when the lake water was so definitely alkaline., This
fact together with the fact that almost all chromogenic forms reacted
in an alkalirs mnner when inoculated into litmus milk seems to indi-
cate that an alkaline situation enhances color production. In vitro,
pigment production is better manifested at room temperature, there-
fore at 8 lower temperature than that of the incubatar. In vivo,
pigment production is better manifested at the high temperatureg of
the summer months rather than the low winter temperatures. This para-
doxical situation seems to rule out the temperature factor and its
influence on chromogenesis, placing greater emphasis on the factor of
alkalinity which showed positive correletion in every instance.
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II,_ Nature of the Bacterisl FMom of Westhampton Lake

The introduction to this wbrk spoke of the treatment the Aquestion
of in'cligenoﬁa floiig had received from past worksrs, There have been
coniributions but not nearly as numerous as the contributions that
have stemmed from studies concerned with the presence of excretal bac-
teria in water. Past workers have identified aquatic forms by bio-
chemical means or staining properties. In the first case they would
enmumerate the percentage of proteolytic forms es compared to the non-
proteolytic forms, or the percentage of biochemically active forms as
distinguished from the biochemicelly inactive ones. Others mentioned
the percentage of gram negative rods as compared to the percentage of
gram positive sporulating rods., In this work the author, by employing
various biochemical criteria and cultural characters , has obtained re-
sults of the kinds of natural water bacteria found in Westhampton Leke.

In a situation dealing with the enumersation of bacteria found in
fresh Iatar the point, that aquatic farms alone do not comprise the
indigenous flora of water, should be emphasized. Practically all of
the organisms of the Family Bacillaceae are inhabitants of the soil,
and.by various means, ptinéipally by percolatioﬁ through the soii, find
their way into a body of water, That this bacterial egress is brought
about by preciritation is evident from Table II, The occurrence of
these forms in water is considered natural anmd one may conclude that
many‘of the bacteria found in water are thus derived from soil and vege-
tation. Falling rain introduces the bacteria of air into a body of water.
Therefore it is correct to speak of matural water ‘bapteria if one under-

standé by this that besides aquatic forms, soil, vegetation, and air



make noticeable contributions to the natural sitwmtion. On the ’ot.her
hand we £find forms introduced into Westhampton Lske that do not comprise
the natural fiora. These forms, which the author has chosen to refer
to as “Xepotypes* s belong, in the majority of ceges, to the Femily
Entercbacteriaceae, Members of this family have as their source the
intestinal tract, Ienotypes may then be regarded as "foreigners® or
'sﬁ'a_tngors;‘“, ﬁith the mplication of not belonging in a natural situa-
tion of this sort. Some members of the Family Enterobacteriacegs,
which are characterized by their production of acid and gas when lno-
culated into lactose broth, are found occurring in mturs, btut diffe-
rentiation of matural forms from intestinal forms cammot be made,

Aside from these intestinal forms members of the Genus Alcaligenes of
the Family Achromobacterisceae were encountered. These foo are intesti-
nal form_s and therefore are foreign to a natural water arrangement,
S8everal species of micrococci, mmely, Micrococcus ureae, Micrococcus
candidus, and Micrococcus epidermidis, which are derived from Inman
sources, were isolated. These were found to be present in Westhampton

Lake and could also be considered as xenotypes. Pseudomonas aeruglinosa,

another zsnotypic form, which according to Hitchens '(1948) may be found
in poll'dted water or sewage, also occurred in Westhampton Lake, Disre-
gﬁ‘ding the small pefcantage of xenotypic forms the rest of the bacteria
Mentified could be considered as the true water bacteria, the indigenous
flora of Westhampton Lake, The Family Achromobacteriaceae was well re-
presented, as was ths Family Bacillaceae., HMany members of the former
family, with the exception of the Genus Alcsligenes, are inhabitants of

water, Members of the Family Bacillaceae were found in greater numbers



during the winter than eny other represented family. From this the
author concluded that the indigenous flora of Westhampton lake derived
most of its forms from the soil because of their greatet number at this
time of yesr.

In & work concermsd with the indigenous florz of a body of water
caliform organisms, ordinarily, would not be dealt with. This 1s true
in most cages but in respect to Westhampton Lake the ecological situe-
tion has been so modified that a brief discussion is nacessary.

Twenty years ago & bacteriological study of the lake would have
been wholly concernsd with the natural flora, At this time, however,
with the growth of communities in areas swrrourding the lake the natu-
ral flora, although still very much evident, have been joired by bacte-
rial forms that are inhabitants of the intestinal tract. To the pre-
existing natural arrangement there has been added the coliform organisms.
These xenotypes have found their way into the lake via streams that drain
into this body of water originating nesr areas of human habitation.
Differentintion of these forms was not difficult since a1l were lactose-
fermenting organisms, while the natural water tecteris were not. The
only difficulty that arose in regard to means of differentiation was
tiat all identified members of the Family Enterobacteriaceze are widely
distributed in nature ard a distinction between the forms found in nature
from the forrms found inhabiting the intestinal camsl could not be made.
Although this is true, in America any presence of these lactose~fermenting
organisns is considered an index of pollution and the body of water under
consideration would be regarded as being polluted.

In the bacterisl examination of Westhampton Lake samples were
collected from every body of water that entered the lake. Coliform
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organisms were found in every stream that entered tﬁe lake, the stream
entering from the northwest contributing more of these intestiml forms
than any other tributary. Samples were collected along the entire
leﬁgths of every tributary in hopes that the source of contamination
could be i{raced. In every instance lactose-fermenting organisms were

- pregent well into the upper-most reaches of these streams,

Even though the presence of these inhabitants of th» intestinal
tract was readily evident, their number did in no way alter the natural
arrangement, Bacteria, both soil and water forms, that may be con-
sidered as being indigenous were found In greater abundance than this
intestinal group. The gram-negative rods belonging to the Family
Achromobacteriaceae, with the exception of members of the genus alcali-
genes, ars considered as being widely distributed in mature. The
members of this family were well represented. Hence one can conclude
that Westhampton Lake although being polluted, is not grossly polluted,
oar polluted to the extent where there would be an exclusion of naturally
oceurring bacteris,

The bacteria identified and described on the following pages repre-
sent the flora collected by the author in his examimation of Westhampton
Lake, The -enumeration 1s divided into two sections, the first contain-
ing the organisms ma-king up the winter flora, and the second, represent-
ing the bacteria of the summer flora, The biochemical tests employed in
identification of the organisms and the results of these tests may be
found in the tables in Appendix A, The following section merely lists
the organisms and discusses certain ones which are of interest, morpho-

logically, taxonomically or otherwise. If & medium or test was required
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in the identification of the organism that was not ordinarily used,

mention is made of it in this section also.

Isolate # 2
Isolate # 8 .
Isolate # 9 .
Isolate # 10
Isolate # 12
Isolate # 15
Isolate # 22
Isolate # 31
Isolate # 33
Isolate # 39
Isolate # 4O
Isolate # 41
Isolate # 42
Isolats # L4
Isolate # A8
Isolate # 49
Isolate # 51
Isolate # 57
Isolate # 59
Isolate # 61
Isolate # €6

Winter Flora

Family Achromobacteriaceas

* ® o

Flavobacterium marinum
Alcaligenes mestalcaligenes

Alcalipenes viscosus var, dissimilis

e o & o

Alcaligenss metalcaligenssn
Alcaligenes faecalis

Achramcbacter superficiale
Flavobacterium aquatile
Flavobacterium aguatile
Achromobacter delicatulum
Flavobacterium aquatile
Alcaligenes viscosus
Alcaligenes recti
Alcaligenes faecalis
Alcaligenes recti

Alcaligenes bookeri

Alcaligenes faecalis
Flavobacterium devorays
Achromcbacter iophagum

Flavobacterium marinum

lealigenes bookeri
Alcaligenes faecalis



Isolate # 77
Isolate # &
Isolate # 83
Isolats # 89

Isolate # 3
Isolate # 6
Isolate # 13
Isolate # 14
Isclate # 17

Isolate # 20 .

Isolate # 21
Isolate # 23
Isolate # 24%
Isolate # 26
Isolate # 27
Isolate # 28%
Isolate # 29%
Isolate # X%
Isolate # 36
Isolate # 37%
Isolats # 38%

Iéo]ate # 43
Isolates # 45
Isolate # 50

L

45

® s oo e Flavobacteriumaquatile
. .V ©* e e o e s o« Flavobacterium devdrans
¢ 6.0 e 0o o00s0e s o Alcaligenes bookeri

* o o6 o000 e 09 ¢ Alcalipenes fascalis

Family Bacillaceae

e e o e oo s o 00 oo Bacillus megstherium

© « % e oo+ o Bacillus cereus var, mycoldes
...‘......'... Bacillus cereus

e 6o e s oo s s s e e Bacillus megatherium

e e s o o o o o Baclllus cereus var, mycoides

o ¢ ¢ o o o o o Bacillus gceresus var, mycoideg

o o s s o o s o Bacillug gereus var, mycoides

c et et e e e Bacillus lentug

Bacillus megatherium ~ Baclllus mycoides intermediate
* e o s 00 e s e oo Bacillus memthsrium
Racillus megatherium - Bacillus ceresus intermedinte

Bacillus megatherium - Bacillus cereus intermediate
Bacillus megathsrium - Bacillus ceresus intermsdiate

Bacillus megutherium - Bacillus mycoides intermediate

‘e o« o o o o« o Bacillus cereus var, mycoides
Bacillnus megntherium - Baclllus mycoides intermsdiste

Bacillus megatherjum - Bacillus mycoldes intermsdiate
e e e o s o0 o5 s o s pBacillus megatherium

e s e0o o0 v.e e o o Baclllus cereus

e e e oo oo o oo« o Bacillus pumilis

® Vid. discussion at end of this section concerning intermsdiates.
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180151’0#?....-...........&cilh:smeggtheriun
Is018t8 # 53 « o o o ¢ o o s s o o s o o o o Bacillus cereus
Isolate # 56* . . . Bacillus megatherium - Bacillus mycoides intermedinte

Isolate # €0
Isolate # 62%
Isolate # 64
Isolate # €8
Isolate # 69
Isolate § 71*
Isolate # 73
Isolate # 7.
Isolate # 75
Isolate # 76
Isolate # 78
Isolate # 79%
Isolate # 80
Isolate # 81%
Isolate # 85%
Isolate # 86%
Isolate # B88*
Isolate # 91
Isolate # 92%
Isolate # 93%
Isolate # 94
Isolate # 95
Isolate # 96

* o e e o o0 s 00 e« Bacillus pumilis

« Bacillius megetherium - Bacillus mycoides intermediate
e oo e s 0550 e+ o pacillus gubtilis

e o e e o0 ee oo Bacillus pumilis

o s e o s 0o e s Bacillus cereus var. mycoideg
Bacillus meggthariim‘- Bacillus mycoldes intermediate
e e o oo e 0o 0600 ¢ o Bacillus pumilis

e oo o o000 9o0e 0o Bacillus pumilis

e e oo oo oo oo o pacillus pumilisg

e e e o0 0 s e 9 0 oo Bacillus pumilis

e« e oo oo 9 0s 00 o Bacillus subtilis

. Bacillus megathorium - Bagillus mycoides intermsdiate
¢ e s s 009 s 0 900e oo Bacillug sphaericus

« Bacillug megntherium - Bacillus mycoides intermediate
« Bacillus pegatherium - Bacillus cereus intermediste

o Bacillus megatherium ~ Bacillus cerews intermedinte
« Bacillus megatherium - Bacillus mycoldes intermediate

.............EBQAIUSM
o Bacillus megatherium - Bacillus cersus intermediate

. Bacillugs megatherium -~ Bacillus cereus intermediste
e e ¢ o0 s 0o s oo o s o Bacillus circulans

e ee oo s o s 0 oo oo Bacillus pumilis

e o o6 o s o o0 s e+ o Bacillus pumilis

s yid, discussion at end of this section concerning intermediates.



Isolate # 97
Isolate # 98

Isb]éfe #1

Isolate # 7

Isolate # 4

Isolate # 11
Isolate # 18
Isolate # 19
Isolate # 30
Isolate # 34
Isolats # 35
Isolete # 46
Isolate # 54
Isolate # 55
Isolate # 58
Isolate # 65
Isolate # 67
Isolate # 87

Isolate # 5
Isolate # 25
Isolate # 70
Isolate # 72
Isolate # 90
Isolates # 84
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Family Entercbacteriaceae
“ e e e e s s s Escherichia freundii

o Escherichia intermedium
o Eacherichia freurdii

. Eascherichia intermedium

. Aerobacter'aerogenea
» Escherichia intermedium

o Escherichia freundii
. Aerobacter aerogenes

. Paracolobactrum intermedium

‘. Escherichia intermedium
« Escherichins freundii

. Escherichia freundii (variant)

'« Escherichia intermedium

« Aercbacter aerogenes

. Aerobacter aerogenes

« Aerobacter aerogenes

. Family Micrococcaceae

o Hicrococcus Candidus

« Micrococcus epidermidis

o Micrococcus ureae

« Hicrococecus rhodochrous

-« Micrococous ureas

o Sarcim flava
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. Femily Pseudomonecacece

]isolaba F LT o o oo o6 o se'es o » o Pseudomones asruginosa

I3010t8 # 63 o « ¢ o s o ¢ s ¢ e o o o o » o Pseudamoras Aeruginosa
IBOlau # 16 * L * ® o [ ] * L e o [ ] L L] > @ [ ] SEirill.m. _vj'r.Lnia.—-nmn

Isolates-& # 28 # 55 were identified as Flaypbacterium marinum
vhich, according to Hitchens et 2l., (19/8) was originally isolated
from fish in the Pzcific Ocean. Beocnuse of this the orgnism under
discussion was given the specific mme merimm. The author has un-
qQuestiombly found this organism present in the fresh water of Test-
hampton Lake in two instances and has concluded thet this fomm is
present in both salt water and fresh water.

Isolate # 57, identified as Achromobacter iophagum, was found to

be fermentatively rore active than Hitchens et al., (1948) would lead
one to believe, According to Hitchens acid is produced from glucose
anl sucrose and occasionally from maltoss and glycerol. The author
in his investigation of thiz organism fourd it capeble of fermenting
Glucose, lactose, Hzltose, Sucrcse, Hannitol, and Glycerocl. No ges
was produced. |

Isolate # 15, identified as jchromobacter guperficisle would show
no growth an potato (Jordan), 1imited growth (Bergey), or abundant
growth (Steinhaus), according to Hitchens et al,, (1948). The authar
found that this organism would produce a acanty flesh colored growth
when cultiwted an potato.

Isolate # 33, Achromobacier delicatulum, gave 2n acid reaction
in litmus milk, Hitchens et sl., (1948), or underwent slow reduction
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and peptonization according to Steinhaus! report found in Bergey's
Manual of Determinatiye Bacteriology. This worker reports that Achro-
mobacter superficiale gives an acid reaction in litmus milk which no
subsequent indications of being reduced and peptonized.

Among the organisms identified in the Family Bacillaceae, Isolate
# 23, Bacillus lentus was of significance becsuse according to Hitchens
et al., (1948) this organism produces no growth on potato. The author
found Bacillus lentus capable of producing a moderate, butyrous, creamy
growth on potato medium after twenty-four hours of incubation.

Bacillus pumilis, one of the most numerous of the organisms com-

prising the winter flora, was of interest to the author because of its
action on litmus milk. Although no tirme for the arganism to react in
this medium was given in Bergey's Manual, one would consider & period of
twenty~-four to seventy-tiwo hours sufficient for this particular organism
to react. On the contrary it consistently took 2ll isolates & minimum
of seventy-hours to begin to give their cheracteristic reaction in
1itmus milk, peptcnization.

Bergey's‘uanual of Determinative Bacteriology in treating of the
mambers of the Family Bacillaceae reserves a section in which it dis-
cusses those forms which, according to certain authorities, are inter-

rediate between Bacillus megatherium and Bacillus cereus in regard to

certain physiologicalkreactions. In the asuthor's investigation these
intermediate forms appeared and the basis upon which their intermediate
position rested depended upon their action in Lactose, Mcnnitol, Nitrate,
and Voges-Proskeuer media. Seventeen forms were isolated which were

found to be intermediate between the typical Bacillus megatherium and
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the typical Bacillus cereus and its variamt, Bacillus cereus var,

mycoides. Of the seventeen forms Isoletes 27, and 28, gave identi-
cal reactions, isolatec g5, 86, end 93 gave similiar reactions, 88,
ond 71, did likewise, &2s dfd 32, ard 24, 72, ahd 81, and 37, 56, 62.
Therefore only three isolates exhibited eny individuality with re-
gard to blochemical reactions. The following table illustrates this
and another significantb vpoi.nt, that 1s, that when Isolate # 88 is
encountered we find rhizoid growth present in all cases for the
x':eminderv of the table, Rhizoidal growth in agar is a characte-
ristic £ypical of Baeillus cereus and coincident with the appearance
of rhizoidel growth in the following table, the biochemical reactions
lean more toward the typical Bacillug cereus reactions rather than

~the reactions of Bacillus megatherium,
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This condition is not unlike the taxonomic situation of Esche-

- richia coll and its many intermediate forms, although there is no

- paucity of typical forms of Bacillus megatherium and Bacillus cereus,
as there is of Escherichia coli. Five typical forms of Bgcillus mega-

~therium end nine typical forms of Bacillus cereus and its variant,
Bacillus cereus var, covi.des s Were isolated., It is evident from the
‘accunulated data that Baeillus m coides, the "variant,” of Bacillus
' eereus, 1s no longer in the dublous position of whether it should be
| "givan the dignity of a wriety or merely the designation of a stage of
growth (morphotype). The data show that not only does Bacillus mycoides
vary from Bacillus cereus in its rhizoid growth on agar, but that varia-
~ tion ocours in the biochemical reactions in six different sitwations
encompassing fourteen intermediate forms, |

‘In the Family Entercbacteriaceas Isolate # 55, Escherichia freundii
gave a negative nitrate reduction test. The test was repeated and‘;the
same results were obtained. The writer concluded that this organiés
mé a variant of the true Escherichia freundii where nitrites are always
produced from nitrates, |

In the jdentification of organisms belonging to this group Brillient
Gréen Bile Broth, (Appendix B), was used as a presumptive test for gas
prodﬁction. Eosin-methylens-blue Agar, (Appendix B), was employed as
a means of distinction between colonies of the gemis Escherichia and the
gerus Aerobacter, The colonies of the former were small, isolated, *and
possessed 2 metallic sheen when cultivated on this differential medium,
The colonies of the latter were not small and isolated but ran together,

Becoming confluent, when cultivated on E.M.B. Agar,
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In the identification of orgsnisms belonging to the Family Micro-
coccacsae, Ammonium hypophosphate, (Appemdix B), and Urea were employed
aside from the ususl tests. Some members possessed the ability to uti-
lize NH/H2PO,es a sole source of nitrogen. The test was interpreted as
positive if a visible turbidity appeared in an inoculated culture and
negatiwe if no such turbidity wms evident,

Micrococcus urene was identified twice in the investigation of
the winter flora, This micrococcus, unlike other members of its group,
possessed the propsrty of decomposing Urea, therefore Urea broth, (Appen-
dix B), was employed in the identification of these organisms, The
omnge colored solution would become red in positive cases. No color
change occurred if the reaction w85 negative,

| Spirilium virginiapum, a member of the Family Pseudomonadaceae,
was the only member of this family that warranted mention here., This
organism was blochemically inactive and identification depended upon
its size, and the use of Uschinsky's Medium, (Appendix B, Spirillum
vhw mm produced a marked turbidity when cultivated in this medium.

Einety%ight organisms were identified &s members of the winter
flora. Twenty-five forms belonged to the Family Achromobacteriaceae,
forty~elght forms to the Family Bacillecese, sixteen forms to the Family
Enterobacteriaceae, six forms to the Family Micrococcaceae, and three
forms to the Femily Pseudomonadaceae, Thirty different species were
isolated. 48% of the total number of isolates were aporulating rods,
LL% weré gram negative rods, and 6% were cocci. 12% possessed chromo-
genioc properties, 16} were lactoss fermenters.



Isolate # 3 .
Isclate # 6.
Isolate # ‘7 .
Isolaﬁ # 10
Isolate # 13
Isolate # 25
Isolate # 26
isalaﬁ # 28
Isolaﬁ # 29
Isolate # A
Isolate # 3R
Isolate # 41
Isclate # 43
Isolate # 47
Isclate #f 48
Isolate # 49
Isolate # 51
Isolate ¥ 56
Isolate # 57
Isolate # 59
Isolate # 64
Isolste £ 66
Isolate # 73

54

Summer Flora

‘Family Achreomobacteriaceze

« a2 s = o e @ % o s o @ Elavobacteriuﬂ arinum

¢ ® ¢ @ * o & o o 8 8 o @ Achromobacter e_‘g!gic@

¢« ® 6 8 & o o & & 0 o w @ Achromobacter gtationig

Ce s e e e e e e Flavobacterium harrisonii
e« e« s o o o o oo o o o Flavobacterium sewanense
W e e o s s ee e s s o s Alonligenes metalcaligenes
W e e eee e eense Alcaligerss fascalis
..’...........,Alcaliggncg_rg_;g_g;

€t e e s e s e s oo oo hlcaligenes metalcaligenes
e o s o s s s s e o o Achromcbacter liguefacisns
W os s e e s s s s s e Alcaligenssg recti

oo oo s s s oo s Achrombbacter surydice

W e oo e se e« Aloaligenes bookeri

W e e s e e e e e hlcaligenes marshaliig

. + « Flavcbacterium aquatile

s e s s e e A;l.g__éliggggghoolmri
Flavobacteriumvmar.mum‘
W oo es oo Flavobacterium devorans

e o o« o o Alcaligenes faecalis
M&m

e e e e oo HAlecaligenes faeealis

. o Alcaligenes recty

. » o Flavobacterium devorans



Isolate # 75
Isolate # 76
Isolate # 77
Isolate # 80
Isolate # 82

Isolate # 90

‘Isolate # 18
Isolate # 19
Isolate # 21
Isolate # 22
Isolate # 23
Isolate # 33
Isolate # 36
Isolate # 40
Isolate # 52
- Isolate # 54
Isolate # 60
Isoiate # 65
Isolate # 69
Isolate # 72
Isolate # 81
Isolate # 86
Isclate # 87
Isolate # 91

Isolate # % ase

Family Bacillaceae

.o @ L ] - * o L * L] * L 4

¢ ¢ & & & o 8 s & o
® & & © o 0 ¢ o ¢ s ¢
.o e & & & & 0 & v ¢ 0o
® & & o & o 5 & & » o
o @ & & & o ® & * 9 o

. * ® o L] L L L] L J o .
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« Achromcbacter delicatulum

« Alcaligenes metalcaligenes
» Achromobacter liquefaciens

.o Flayobacterium marinum
° ,Achromob‘acter liquefaciens

» Flavobacterium aquatile

Bacillus cereus var, mycoides
« Bacillys_megatherium
Bacillus cereus var, mycoides
« Bacillus sphaericus

k. ﬁacillus megatherium

; Bacillus punilus

. Baéillus circulang

. Bacillus punilus

Baéillus cereus var, mycoides
. Bagillus subtilis

.' o Baclllus pumilus

.v Bacillus megatherium
. ﬁécﬂlus pumilusg
‘Bécill'us cereus var, mycoides
. Becillus cereus
. Bacillus pumilus
. Bécillus megatherium
. Bacillus mega ther iunm



Isolate # 93 .
Isclate # 95 .

Isolate # 97 .
Isolete # 99 .

Isolate F1 .
Isolate # 2 .
Isclate # 5 .
Isolate # 15 .
Isolate # 16 .
Isolate # 24 .
fsolate #30.
Isolete # 34 .
Isolate # 35 .
Isolste # 37 .
Isclate # 38 .
Isolate # 42 .
Isolats # 45 .
Isolate § 50 .
Isclate # 53 .
Isolate # 55 .
Isolate F 62 .
Isolate # 63 .
Isolate # 67 ,
Isolate # 68 ,

L d
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Bacillus cereus ver. mycoides

Bacillus cereus var, mycoides

. Bacillus megatherium
. Bacillvs pumilug

Family Enterobacterieceze

*

[ 2

.

.

L 4

, . L L L] [ )

. Aerotecter aerogenes
. o Aorobmdter cloacae

. JAerobacter serogenes

. Serrvatis marcegcens

« Escherichis freundii

» Serratia marcescens

- Paracolobaotggl aerogenoides

« Paracolobactrum aerogenoides
- Serratia marcesceng

.« Escherichia intermedium

. Paraco‘loba ctrum aerogenoides
« Egcherichia i}gtem’dmm

« Egcherichia freundii

» Escharichia freundij

« Paracolobactrum intermedium

« Aerchecter aerogenss

« Escherichie freundii



Isolate # 70 .
Isolate # 71 .
Isolate # 74 .
Isclate # 78 .
Iao}ate #7179,
Isolate # 83 .

Isolate # 84 .

Isolate # 85 .
Isolate # 89 .

I_solaie #96 ., .
Isolate # 98 . .

Isolate # 14 .

Isolate # 17 . .

Isolate # 58 .
Isolate # 20 .
Isolate # 46 .

Isolate #4 .
Isolate # 11 .
Tsolate # 12 .
Isolate # 27 .
Isolate # 44 .
~ Isolate # 61 .

*

-
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« Egcherichia intermadium
« Aerobacter cloacae

-« Escherichia intermedium
» Egcherichia intermedium

« Egecherichia intermedium

. Izgchérichm coli

o fAercbacter aerogenss

« Paracolobactrum intermedium
V. Paracolobactrum intermedium

o Eacherichia fresundii

» Escherichia freundii
« Egcherichia freundii

Family Mizrococcaceas

" e & o 9 v & v e ..mie!gcmcusvariﬂm

e o ¢« o o's ¢« o o o » Hicrococcus rogeus

e« 4 ¢ & ® & 4 & ¢ ¢ ¢ -

Micrococcus ureae

.....-.....-Sarcimglava,‘

o o 0 o o @ .»....ﬁrcimm

Family Pseudoﬁoﬁadaeeae

® & 5 & o & o > s o

.

[

L 2

*

L 4

o Poevdomoras geniculata

« Pgeudomones geniculata
. Pgseudomoras Jjaegeri

« Pseuvdomonas geniculata
« Pseuvdomonas geruginosa

« Pessudomoras aeruginosa
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Family Rhizobiacese
Isolate # 9 e & » 06 ¢ & 8 o B 6 2 0 0 0 v & Chromobacterium violaceum
Isoclate # 39 e ® 6 0 & 8 ¢ ® & & s O ® b P @ Qm‘cmoba eterium violaceun

_ Among the organisms comprising the summer flora, Isolates # 2 and
# T1, Aerobacter cloacae appear for the first time, Aerobascter cloaceze
was distinguished from Aercbacter aerogepes by not producing gas in
glycerol broth,

Isolates # 3, # 51, and # 80, Flavobacterivm marinum appeered in
the summer flora, justifying the author's contention that this organism
occurs in fresh wmter as well as salt wter,

Isolates # 6 and # 41, Achromobacter eurydice,occur as secondary
invaders of European foulbrood of bees according to Hitchens (1948).
The habitat of this bacterium is unknown and from the findings of this
study it appears that this organism i1s widely distributed in m2ture,

Isolate # 7, Achromobacter stationis i1s found in gea water accord-
ing to Hitchens (1948). This orgsnism was fourd in Westhampton lake,
leading the suthor to believe that this foarm may elso be found in
fresh water. The biochemical end cultural reactions of Isolate # 7
were: it exactly as those given by Hitchens (1948) and the possibility
exists that this may be a new form.

Isolate # 13, Flevobacterium sewansnse, was first isolated from
gea water, This form, 83 were 8 good number of the forms inhabiting
gea water, was found in Westhampton lLake,

58
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Isolates # 9, and # 39, Chromobacteriun violsceum, appeared for the
" first time in the summer collections.  This organism produces & deep vio-
let pigment. |

Bacillus pumilus was well represented amcng the members of the Family
Bacillaceas that compn:ised the summer ﬂora. In every case this organism
did not peptcnize litmus milk until after seventy~two hours had elapsed.
This situstion was also found to occur in the 1soclatlons of Bacillus
pumilus in the winter collectioms.
| Isolates # 55, and # 83 were identified as Escherichia coli., This
is the first appearance of this intestinal form. The blochemical reac-
tions given by Isolates # 55 and # 83 were identical to those given by
Hitchens (1948). The suthor did not review the literature to see if
this farm was a typical one or not.

' Many organisms belonging to the Genus Paracolobactrum appeared in
the summer collections as compared fo the winter collsctions. This
was not only true for members of this genus, since all intestinal forms
rade up & larger percentage of the summer flora than the winter flora.
The warm weather seemed to favor their multiplication.

Hinety-nine organisms were identified as members of the winter
flora, Twenty-nine forms belonged to the Family Achramcbacterisceae,
twenty-three forms to the Femily Bacillaceae, thirty-two forms to the
Family Enterobacteriacese, five formgs to the Family Micrococcacese,
eight forms to the Famlly Peseudomonadaceae, and two forms to the Family
Rhizobiacaae. Thirty-eight different spscies were isolated. 23% of
the total number of isolates were sporulating rods, 77% were gram nega-
tive rods, and 5% were cocci. 18% possessed chromogenic propertiss.

32¢ were lactose fermenters,



SUMHARY

| The writer has carried out a study of tha ecclogical factors in-

fluencing the bacterial population of a fresh water leks, and has
enumerated the speciss of organisms encountered in this study.

The fresh water lake investigated was Hesthampton Lake located
on the University of Richmord campus. This lake was under investiga-
ticn frem January to July.

Plete counts of the bacterial population of Westhampton lake
were nade, Sodium caseinate agar was employed in making ’t.hesa plate
counts. The lowest bacterial populations were encountered during
the month of Jarmusry. A progressive rise in bacteriel populetion
occurred from this month to July where the highest plate counts were
nade, |

Precipitation of the magnitude of 0 1.7 incbcs eaused a mean per-
centags increase of 54. 5% in the mmber of bacteriu, uhereas precipi~-
tation of the magnitude of 0.85 S.nches caused @ decrease in bacterial ‘
population. The increase was atiributed to the introduction of soil
- forms into the lake by rain draining through the soll. The decrease
in the numbers of tacteria was dus to the diiution and flushing effects
of the rain.

It was shown tﬁat after 0,35 inches of raipfall a times interval
of seventy~two houra elapsed before bacterial populetions returned
to their normal number,

Statistical methods showed 2 strong negative correlation existed
between the mumber of bacteris in & lake and the distances they ocourred



from the mouth of a tributary, Thes numbers of bacterin decreased the
. farther away they were from the mouth of an inflowing stream. -
Dissolved oxygen determinations showed that bacterlal numbers are
- not as dependent upon the amount of dissolved oxygen in the lake as
they are upon the temperature., |
Nitrate determinations showed &n uninterrupted decrease in the
amount of nitrates present indicating that they are dependent upon
temperature also. |
Phosphates, ag indices of metabolic activity, were investigated
to see if any correlation existed between the amount of phosphates
present and the nmbom of bacteria, The phosphates fluctuated some-
what with the mumbers of bacteria, but the data were too few to draw
any conclusions,
Hydrogen ion determinations showed & mean pH of 7.32 in the winter,
and 8.5 in the sumer. Rainfall decreased the pH of the lake water.
Although evidences of manurial pollution and human contamination
were detected in Westhampton Lake, tacteriz regarded as being indigenous
to & body of water were found in greater abundance.than intestinal forms.
Ninety-eight organisms were identified in the winter flora, Fiwe
families, eleven geners, and thirty-one different species made up the
sumrer flora group. Seventeen initermediate forms of Bacillus mega~-
therivm and Bacillus cereus var. mycoides weres isolated. lany of these
seventeen forms showed the ssme biochemical reactions.'
Nirety-nine oi-ganisms conprised the summer flora, Six families,
‘thirttyeen genera, and thirty-eight different 'spucies represented the

punmer flora,
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In the winter collections 4S% were sporulating rods, 44% were
-.gram negative rods, and &% were cocci. 12% possessed chromogenic
properties. 167 were lactose fermenters. In the summer collections
23% were sporulating rods, 77% were gram negative rods, and 5% were
.cocci. 18% possessed chromogenic propertiss. 32% were lactose fer-

menters,
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The following tables 1list the results of the morphological,
gram's stain and biochemical tests performed on the organisms of
the winter and summer flore. |

Legend

Hedin Tests

Dex. - Dextrose Fermentations

lac. - Lactose 8 & g - acid and gas

Mal. : Heltose - = negative

= Litmus milk
Sue. - Sucrose

Gly. - Glycerol . a = acid

Man. - Kannitol alk = alkaline

Cit. - Citrate pep. - peptonized

L.M. = Litmus milk coag. = coagulated

v.P. = Voges-Proskauer red. = reduced
H.R. - Methyl Red dig. = digested
Nit. — Hitrate n.c. = no change
Ind. = Indole VOgeB-Prosknuer
PbAc. = Lead Acetate lethyl Red
Gel. = Gelatin Nitrate
Pot. = Potato Indole

Lead Acetate

Nut. Br. = Hutrient Broth

E.M.B. - Eosin-nethylene-blue Agar + - positive

- negative

B.G.B. - Brilliant Green Bile Broth

NH;H2PO, = Ammonium Hypophosphate

st. = Starch + = liquefied

not liquefied



Legend - continued
Tests

)

Starch
4-- = hydrolized
~ = not hydrolized
Rutrient Broth
cl. = clear
t. = turbid
v.8. = viscid sediment
g.8+ = granular sediment
pell. = pellicle
Characteristics
motility:s + = motile
~ = non-motile
gram's reaction: 4 = gram positive
- = gram negative
‘Endospoiea: 4+ = endospores present
- <= endospores absent
_Growth on Potato: yel. = yellow
| brn. = brown
or. - cream
w, = white
sc. = scanty
ab. = abundant
shin, = shiny
wr. = wrinkled



WINTER FLORA



SUOIOTW U} 818 SJUGWAINSHOW TTE 4

palotod 0°¢c @Terorgaedns
-yseyy 3 4 - - *otu + - 4. pox - J8308G0WOIYOY
fe08 0°1 ST # equtosy
C g . T Sfreo95]
7 °Ted - - - Are + =~ 4&q  pox - BeueITTwOTY
fro8- g | 9°0 . et # o3sro8]
¢THTOD . . o°T T EeUATITeOTEIo0
fém  ‘red - - 4 AT - - = £ pox - BeusITTeo 1y
‘o8 . 9°0 | 0T # e3utos]
STLTULGETD
‘utys ‘3 S°1 *X8A SNBODGJA
» Qo._ » - - - - - v.—‘ﬁﬁ - - hﬂ g.H - gﬂﬁﬂ%
‘*qe. °Ted L°0 6 # erur08]
e R T BOUSITT 60 63 ol
08 *Ted - - A1e - - - & pox - ' goUeHTTwO1YV
. . 9°0 8 # eyero8]
Riit 51 S
FTL " 4 - - - X1e 8. -~ - £q pox -  En{Ie3oeqoAsiy
8°0 Z # @yuto8

— N I —— R — TS
8,up aToyl M
suol}etosy

TIEB] TEOTUOUO0TY pus "UTHIs ©,usaD *(e07I0ToqdIoN 3O S3TNEeY - I FIaVl



e LT 13081
.nmu Ty *YT® £q poa BOUJTTIBOLY
¢eutys g0 v 7% # ©3wlosl
. ot B{Te008]
u ‘B'A e q poJ BOUeB [ [BOLY
3% Z°T _ Ty09a
Cfupy - - *g *JT8 Aq pox BOUGITLHOLY
¢ sutys G'0 TV # e3eT08I
—g§ v Ted Zdox 't ~ENS00BTA
~ tegpye » R Lq pod - BoUeSTIvOTY
AL TR qTe L'0 .. 0% # eystoel
aaagng Ak e113e0DE
LEL Y SRS *o°u 4q  pox WNFI0308qOABT
ée08 g0 6¢ # 9BosT
02 T3 ST 10D
- +10k 9 B £q pox I8399qouoIqoy
-*J0 0°T €€ # ojuro8]
SOT[AY ce STT3unbe
terek 3 *o°u 4q pox finjie308q0ABLd
¢e08 g0 T€ # WoT3uTosT
STOJATQ (4] 31T 5005
¢orok 9 o'u £q pox M{4030€q0AG 4
‘08 , L°0 Ze # @3°108]
UAIOR J0€0d  BUOTFEOTI 1FUGD
~ o X793 YITA
SUOT}ETOS]

penuTaU0d ~ SBo0BTA030BQOUOIYOY ALTUDA

IT eTasl



15K A ~oTT3enbs

me ‘3 4 - - °sp*u - - £q pox - UMTJI510B{0ABTS
g°0 LL # ©39T0s]
pal _ . 0°T 8719098}
~sulq °s'A = - - *Jre + - £q pox - BIUVITL8OLY
feupys fey g0 99 # ®3vT08]
*qE | 1 T38300q
SepecToh *8°A 4 - - +dad {4 - fq pox - SoUPs T LUo 1Y
A WU 4 o
L CHERT S S "8 v 4 - 4 pox -~  GI[IOWOATT
i LTS 8°0 69 # ®3sT08]
(447 W3 wydot
*m=UIq *a + *o*'u 8 8 4 v v 8 8B 4 = £q poax - J030B00mOIYO Y
o't LS # ®1s108]
. A AR T BUBIOAGD
*13k q 4+ - - *o*'u + =~ £q pox - wnTIe30eqoAB g
Lyatp 8°0 ¢ # ®juToSI
el \ - 0°1 ST1v008]
‘-tUIq  *6'A - - - - *H1e . 4 - Lq pox - FouSHTLeoTY
‘eurge ‘-3 §°0 67 # e1sT08B]
= o1 REC N
‘u~1oh °£°A 4 - - *ded + - £q pox - .. 'EoUPBTLGOLY
Coutys ¢4 . G0 87 # eyeros]
8,ud YT YITA
suoj3sTosl

PONUT{UOD ~ VGO0 BT A8306qoUCIYDY A1 Fueg
III oTquy



0L , 8j{o0o8]

. uB} *9°A - - - *J1e S - & pox - . TouesjLeoLY
feugys ‘g . - $°0 | 68 # 9397081
T qe T T yae500q
fopmT0h S°A = - - *ded - = £Lq pox - . SouUldTIeoLY
© feupys ‘g ) $°0 €8 # 9381051
ARd “FUBA0AOD

*Toh 1 4 - - *otu 4 = Lq pox - fMjae30 wq0ABLa
£axtp B 8°0 8 # ®¥eT08]
R*T 3T0 Gei ATD 30 06 L8N 0¢] XoQ JON opuy 9z}5 UAION jo8ad SUOTIUOTITIUSP

8,ud . SEOUT YITM

suoT3 8108

PeIUTIUOD ~ 0Ge0 BEL030 BQOWOIYD

Tl
AI 9TqBL



qe03d
*J0
Y3118

‘%

.o.n

e

0°¢
9°0

poa

L ER
CRVRR L
€2 # #e1o8l

by
[ 4 aaﬂﬁ.m

..v

dad

0°¢

€0pTo0AW °*JeA

wzoneo.meﬁ«oam
T2 # @387108]

THIOT

oy

'3

......

deod

§0pjOVAW °JTA
SRoI60 GATTTVE
0z # ®3e708]

30
fagys

‘3

" ded

&

&

pox

i

BOPLOVAN *d8A
ENode0 SNLLIoB4
LT # @08l

*Tohk="a0

‘%

ded

. Sniiiosd
YT # #BTosI

TR=I0
UG

‘%

ded

poJ

sNalsd
. enTitosd
€T # @39108L

.pd
¢ OB.DDNU

‘3

ded

SOp}OOAU ‘JdBA
Thoedso SalLIo%d
9 # °918TOSI

——

!pﬂ

'3

ded

GYIDVTIIOVE ATINVS

S CIEERLT
saTLro9d -
€ # 3VIOST

U073 50T JTTUODY
116Uy WITM
SUOTYBOST -

A oTasl



R AL CE Gl iy
..553 " g 4+, 4 dad 8 4 @ + 4q pox <4 sreded eur1ioog
1 9¢ # eyslo8}
i) *q . , . 2'e —__o3appeudeur
Seurys - + - ded 5 4+ ® + £q pox + B063e0'g -~ *Fou °q
©rred L 0°t 2t # eymrosy
TR | . | $°¢ __equipendonuy
‘rrnp cTred - ~ ded e 4 B t 44 pox ¢ TARXEG- FowF
S . 0°'tT 6c # eymiosy
‘qe _ 0°: SjeTpoulogar
fon *a - - ded 2 4 ® + 4&q poa + ®Bnexed g-+IJou g
-4Lead . 0°1 _ 8e %358&
IS 0t . smmﬁmﬂaw
¢ *ugys °q - - ded " 4 ® + £q poJx 1+ ©ne3es *g-+Fou g
, ¢'T . L # muaﬁomm,
*I0 °q - -  daed B 4 % + £ poX + ENrLo84
. , . : $°T ‘ wN # 9o39losy
ojBjpeuozay
* X0 : '6°2 8NOLE0 g
fops 9 4 - dad 8 4 u + £q pox 4 - V@50 g
o €T ¢ 4§ »ysro8]
uom SIgInN 1ep ovud P 3TN m.: d*A R™T 370 UE] £{D 38 o485 LGN O] & 30K ocFm en« YddoK qoead a:oﬁaﬁ.ﬁpnevﬁ w
8, IToU3 UITA
8UOTG<TOBT:

IA oTqul



vqo 07 Ui paLL o3 UT
Sog 'q 4+ ded ¢4 = £q pox fedoo g-Tow °d
(AN 9% # ®3uTosl
“qe 07 gnodao
Cogas20 2 ¢t dod 4 = Aq pox snrrroed
‘cutye 0°1 €5 # =eros]
O...q__m,,. ife v+
a T - dod 4+ ® £q | poax YRR
61 mm § ¢yutoRl
S C 0'e BT Lo
LT ™ B ¢ dod ¢ ® 4q  pox sar et
‘. .Q.«H.mﬂmu oﬂ.ﬂ& @oo om % S.Q.HOQH
Cog ‘a 4 dod -~ - £q pot m:.n.ﬁoam
¢ ruypys §*1 ST 4 #oT08]
0°% WN[I543 8050
‘a3 - dod 4 ® £q  poa sarLroeg
0°2 €7 # 381091
, &'t 83 8] poudajuy
°a 3 4 dod ¢ =~ £q pox Fhedeo ' g-"Jow 4
o't - gE # 35.%“
5 A STSTORIITIT,
-*Tok 3 4 dod ¢ - £  pox snedeo-g- *Bew °q
y3nox . 2T LE # 3eTo8]
+70g "IN 190 ovdd val BN S H d'A W1 310 USH ALD 38 005 (8n 0wl Xe(Q JOH opuy 9z% A
, 2,u) n«cﬁ pey]
_ - SUOT}eTOS]Y

penujjucd - 98e0BL1}00d ALFES

IIA o198l




*qe 't 07 6} DOBXOFU L

$om *Q - ded - ] + £q pox Bnodeo  gecFou' g

- 0°1 98 # @38{08l

g% FAL o 9} 9] POBIOIUT

TGeyy  en - dod - ] + Lq pox fhedeo g-*Jou' g
0°1 68 # #yuvro8l

g 2t S eTpeRIol T

LT S ! + ded 4 B + Aq pox Tnedes g-°Jew °g

Q.gﬂ Noﬂ .Hw % 3¢‘ﬂomH
T5Y T SHoT4064d0

faxyp 9 - *a'u % - 4 Aq pox BaTIvo8d

L0 03 # 9387081

‘qe 453 93 ¥pOBIAJUT

B S | 4 dod ¢4 ] + Aq pox . Bnedeo’q - Jeuqg

¢curys AR 6L # ¥e108]

—per 7 L) BTTTIa0

B B < ded +4 ° ) Aq pox CLNGRELT:

¢ogn $eqred 8°0 8L f# ©3u108]

e % &'t ByLiEad

» % - ded 4 B + £q pox AR § LT

[ xn € -.H.H& N-oo QP % SQ.HOQH

=TeE '3 0'¢ BT Lrand

2 3 - ded ¢ ® + £q pox EATLToud

-.H’ n..ﬁ.ﬂ& @oc mb % 3QﬂOmH

204 *ag’% N 10D oyqQd ™ IN 4°7 Y4 14 © d° O DA P21 UJJON 10890 BU0T3 0T JYIUeP]

N JFOUY YITA

SuoOT3 s8]

PONUTIUCD ~

) ) T

X1 eTqBL



puet

ek 'y 81 T STLIRd
‘*urys 3 4+ ded ¢ £&q pox ¢ aarryoed
o frrred 9°0 96 # ejuroey
TeA .. 3 0°¢ eyTyand
¢sutye % + dod ¢ £q pox 4 Baiiroea
¢eqred 9°0 86 # eyBTO8I
. 1 ‘ "BUBTNOITO
i Sl CT - 8 - 4 pox ¢ - SRTLFo%€
80 76 # 381081
X5 0'¢t ST pauYSIuT
¢ sutys 3 4 dod - £q poa + SNo1e0 " g=-*Joud* g
T°1 €6 # e3ero8I
*uxq (41 8N8I80
-fp1® g + ded ¢+ £q pox ¢ sarLyoey
0T 26 # e3s1o08I
b C7 Y 8L —erLand
fean 3 + ded ¢ 4q pox ¢ sniiosg
¢s1t1ed 9°0 T6 # e3vT08T
“q% 3 Gt wogomﬂm vIBA
. Sop » 4+ dod 4 £q pox . ] BueIed satryoed
“rupys ¢Tred 81 88 # o3uyosI
8,w) ITOY} UITA
8UOTQeTOBY

panuyquod - BBOOELLTOUd ALTHGS

X oTqel



pex Ty \ 0°Z

sylyaans
teqn 3 + + + dod + v ®w 4+ 8 ® v ® + ¢ Lq  pox - sarirosd
n._.HH& ' 8°0 mm % aleTo8)Y
b 7 0'¢ —srLand
Cean @ + - 4 dod 4 ® B - 8 © - ® 4 4 &q pox 4 . Bnitrosd
= feqred 9°0 L6 f# e3uTo8]
To/ 061 X0 J0R Opul ©2}6 YAJON 30604 BUOT3BOTJTIUOPL

83D IpOYU3 YITM

guotgeTOosY

penuijuod - BLLI08 o

IX eTqsy



"§805 g ¥ 9 9 3% T foUs50100

8 8 cx » 4 % ® ¥ 3 B %2 £q pox J9308q0I0Y
: g ®¥ ®¥ © ®vw 8 9°0 Y€ # eyurOBY

TR 98 ¥ 8 8 3 20T TIpanexy

8 8 -1k 8 + % % % % I 2 £q pox STqoja6U0 8y
: ; *‘qe B ®¥ ®v ¥ ®w ® G0 0f # egerose]
R . [N N R RN RN AR "B} D UL UT

8 8 ‘qu T 4+ ¥ B B B 3 I £q pox BIUSTILUIFY
¥ ®8 ¥ ®w 8w u A 6T # @3s108Y

H THw00 B IS RENS NN N NS ¥ 7T FoUoJ0I00

8 8 a0 2 + 7T 2 3 3 F % £q pox 93560y
-] 8 ® ®% ®w ® ® $°0 QT # e3erosy

g ¥ 95 9§ ¥ 3§ o°T ~GRIPOGIGIUT

8 3 rqu T ¢+ 73 3 % % % 72 £q pox  SrydTaoqoeyd
" ¥ ®w ® ® % g0 1T # s3er08I

) ) N N RN Ea RN | o°T BRI pouIo U

2 8 -°qu v 4+ 2 % B % 3 £q poa BUSTIoqog
8 ® ®w ®v ®v =®u g0 L # eyerosY

B : BENN NN BEN B BEN i TIEanoL]

8 8 c1ef 2 4+ 3 3 P 3 3 ¥ £q pox wyoTaeqon g
S *‘qou ¥ ¥ ®vw ¥ ® ® 60 v # e3urosl

_ ) P AN AN NN NN B o't T TpuUnedy.
3 8 e1eL v 4 % 7 ¥ 3 3 B £q pox TTYOTIe005 Y
‘qe 2 8 ¥ ®v ® 9 G°0 T # eystoe]

€W *8'0°d 30d 10D ovqd Pul 3K U N d'A "R'1 330 Uu{ ALD 005 (SR O] X9Q 0N Opuy ©%18 Udao OT3B0TIF3UaPT
: JTeY3 yjTe

suoTysToe]

IIX oTqul



A . v d 48 49 d 3 3 2L ou Y]

8 Béupyg -« - - 4 - 4 ®w 4 % F P % P B - = A& pa - o308q0I0Y
: % ® ® ®vw ®8 @ 9°0 L8 # @3er08]
R g 8 8 4 8 3 Z° T 8ousz0A98

8 8¢upye ~ - - ¢+ - ¢+ © 4+ 3 % B B P ¥ -~ -~ fq pax - I2305q015Y
. B v v ®vw ® @9 9°0 L9 # eyet08Y

TEw00 g8 &8 4 g 3F Ak foUd30J00

8 3 2 - - - 4 - 4 B 4 B 2 B B B P - - fq pox - 183080019
] B 8B 8 ®¥ ® ®© L0 69 # easr086]

-y d 8 8 48 4 3 oL WA POBdoTUL

il 9 ¢qe - - ¢+ 4 4 - ®w 4+ B 2 % % P R - - 4L pox - BIqoTAeuos Y
® ® ¥ ¥ 8 9 9°0 86 # @3ur08I

R g8 3 8 43 = Z°1 TIpanery

8 ot = 4+ - 4 ¢+ - ® 4 % % B ®» R B ~ - L pox - BTUOTXeuEd
fequ 8 ®8 ®¥ B ® @ 6'0 GG # eyuros]y

i RN S A SRS o't Tipanedy

2 B-*Tok = ¢ - ¢+ ¢+ - ® 4+ % % % %» % % =~ =~ £ pox =~ WIYOIeU0sT
¢equ ® ®w ® ® ® ® 60 9 # e3wros]

iy g2 ¥ 4§ § % 71 : WA PouLel UL

8 8 fqw - - ¢+ 4+ + - ®© ¢+ 2 % % B B F - - L pox =~ YTYOTISYOB Y
, ¥ ¥ ®w ®¥ % =® 6*0 9% # e3eTo8]

) g8 3 3 8iq 3 oL S W} peudojuy

3 8 —rtel - -~ 4+ 4+ - © 4+ B % B B 96 B - =~ £&qg pox -  WNIROEqOODEIE]
8 ® uw ©® 898 w® 6*0 ¢€ # oquros]

SUOTRLDTITIUEDT

8,4 JTOUT YA

SUOTAUTOSY

penuUquod -~ B[O BFLOOBAOLOIUL AL UG
, IIIX eTqQel



Oxﬂﬂ - - - - - -

0T

T0000

BAUTJ
BULOdBS
¥8 # e3wrosI

‘pPT B8 =~ = B = B

L0

8N2200

IgIdN
FMO0000IOT 1
06 # @18T0ST

B - = = - - -

L0

8nd 002

FROIGO0pOYL
BU00000LOL]]
2L # eyeTosy

‘pox 8 - - ®8 = B

8°0

enoo0d

9gadn
SNOD0V00IOTY
0L # o3sr08BY

g*0

8ndo0d

BIpIuLeptde
FRO0000IO T

G2 # eymeros]

¢*0

8sndovod

dYIDVOO0D0UOIN XTIAVE -

-Q

SUPTpUSO
SN0O000JIOT ||

¢ # ®jeTo8]

TD 35 OUQ [6H 091 Xo( JOR Opuy ©Z1s UYAJON Jouod m:o«#aoaha#ﬂcuw
8,ud

ageys ysgm
£UOT38TOST

AIX 91qE]



Y3u0J3 quepunqe umipdy 8,L{supyosq

0*9 UNTTT mueTudITa

- - - e w e - - *o°u £q ~apds  ~ WATLTI7dS

L0 91 # ©38108T

I (457 , BsoUTINIen

uoeJtd B + - 4 pax - Aq  pox - Feuowopnesy

entq °Trad $°0 €9 # 93er08]

LY G°T BSOUTINIe8

usoad ] - - 4 pex .Aq  pox - ~ B@yowopneng

snrq  *TTed | §°0 LS # 93eT08I
*q0d °ag°uN TeD ovad pul 3%

S,u) . ITeUI UITA
‘SUOTABTOST

AX o198



SUMMER FLORA



HVEIDIYHLOVHONOUHOV RIINVA

e)e] uojdweyjsemy U] punoy BOQBIOET POTJI3UEPT UO PeuWIojaod

yanoxd °*s A LT SITBO6BI
suzq ‘9 - ATe - - - - - - \ - £q poJs - SOUSBTIBOTY
-°1ek g*0 92# e3erosy
*08 e°1 S0UedTTBOT BYIOUW
R *11ed - HIB = = = =« = e =« = £q poax - SOUeZ [ [8OTY
‘uey 9°0 G24 e38TOSI
ujys 0°¢ ownmqmsam
¢e10k 9 ¥ *V'U - = = e = e o= - £q poa - WM TI6308Q0ABT 4
8°0 CT# e3eros]
Yyjmoad *s°a 0°*'z TIUOSTIIBY
cuxq ¢*9q val - B -~ = = = . - 4 - £q poa - IMFI6308q0ABTS
*Tek L70 OT# eastos]
yamoad , 0°'l STU0T1BLS
.ou # f A8 = <« = = =« B = = L£q poa - J6498qOWOIYDY

. G*o L# o3BlOST

snoxfqnq °*s°*A 2°1 eo1plane
‘Lead ¢eq - - *0'U - - - - = B - - £q. poa - 169 08B8qOWOIYOY
L*0 g# ©38TOST

uiys 2°T unuiJdsu
$e104 3 F - - X% B - - Lq poa - UM TJI0308QO0NKBT ]
80 ¢# e3mTOST

jod*ag*inN 18D PUI 3IN"H'T UBK ATD ong 18N O&] XoQ 10K OPpUY 6%15 UJJOl 308B6d BUOTFBOTJ[3UGPT
8,WwH JITeY] UTM
SUOT3BTOST

838675, TBOTWAUOOTH pPUB ‘UIBlS £,WBIH °"TBOTIOTOUdIOW JO SITNE6H =~ I FIEVI



‘ “8°A ded 2°'1 TITIvUSJIBm
*1ef g 7 R - £q poa S6USITIBOTY
: H1® F*0 LT # 8318TOST
qimoxd *s°a ded 8°T Tae¥o0q
axq ‘*3 ¥ » # £q poa SOUOIITBOLY
=10k . AT® S0 S%## e3BTOS8]
SNOJAING *S°A 2°'1 80 TpAINS
Lea8 fe+q - *o°u - £qg poa J9908QOTWOIYOY
: 3 L°0 Tv# ejetosT
CEYCE] g°*2 , P EELE
pex *3 7 HT® # L£g poa SOUPITTBOTY
sfuxq g*0 2¢# ejerosT
Heoe1qe ; 0*g sueTowIONDLTIT
1ok *q v *5°U va £q poua J0308(0WOIUDY
g*0 Te# ejeiosT
*08 e*'T suedITBOTBlOW
R *q - ATe - £q poa SUeIJTTBOTY
‘ueg 9°0 62# ©1%810FT
ymoas S*1 J3oeda
pog *q # N1e 7 Lq poa seledITBOTY
~*urq g0 82# e3sIOSI
Jod°ag*3InN TeH puI I TN°K°®T UB{ ATD 9ng T8N 98T XeQ 30K opuy ©2ZTS UAIGN 309860 SUOTFBITITIUGPT
JTOU3 Ylia -
SUOT1BIOBT

penupjuod

- £860BTJIB]OBAOWOIYOY ATTWwed

IT TI9VL



GETGRE

g*2 ~ T390J

pox  °3 # A1e £q poa FOUPBILEOTY
*axq g"0 99# egeyos]
Yyjaoad *g*a FAR Y 8TIBO6B]
*uiq “°3 - HIe £q poa souodTTwoTY
*104 c*0 $9# e1BIOST
EET TR & g2 T31906X
pea g 7 HT® £q poa U3 ITBOTY
Stuaq g0 6S# e3syosy
Y3M0x4 *s*A L°T g€1I8o0EY
axq ‘3 - bR £q poa SeUed[LBOTY
*18f g*0 LG# 9387081
"{oX 2°T 8UBJIOAGD
Lqatp  *3 va *g°u £q poa UnTIe308qOABT
8°0 9Gg# e3eiosT

o*T T ONUTI B8O

*fok 3 # HI® £q poux mNTJae308Q0ACT T
8°0 16# e38108T

qiro0JId *"S°A ded 0°*2 1103004
arq “*3 # ] £q pous 80U0S T (BOTY
=*19& ATe g*0 8%# ©38708T
*Tek g*g T jaenbu
‘epg *g ¥ *gvy £q poax BN TIO} 0BGOABT A

. . , L*0 mw%.owmaomw

jog*ag*gny 1eH PUT TN R UeH LTD ong 1®p 997 Xeq 3O0[ Opud 821§ YdJION 3068 SUOJIEOTIIIUEP]

C JITeUT GITA

SUOTIRTORT

ponNUTIuUOD t,mmoomanopaaaoaouzo¢,hﬁwaﬂ&

IIT F19VL



*Tok oz 8T T1sube
€s05 - eg - *a*u - £q poa WNTI8%08QOABT ]

4 g8*0 06# @3BIOSI
780115 0°2 guelosyorbIl
*10h 3 4 *o* ¥ Lg poa J0798qOWOJI0Y

. g*0 88 ejerocy

4 2T umuyJeu

10k *g # H1e - £q poax ENTa03 0BOOACT

: 8°0 084 038TO0ST
Aecaye 0°*2 suatoeIenbiy
*Tef *3 ol *o°u o+ Lq pou I63 08qOWoI0Y
9°%0 LL# ©38TOBI

*og T sBUITTBOT BIGU
fuey '3 - bR - £ poa seuedIT8oTY

. 9*0 g% ©31810ST
TN . 0°2 wnTny ROITep
-*13 *3 - B 7 £q pox J0308qON0IYDY
A 0°1 SL# ©98TOST
*T8A 2*1T BUOJOADD
£aa1p *3 7 ol ¥ £q poa oIS ORGOART A
8°0 oLf e38losT

301°ag°30N 18D PUI JIN A1 U6E A1 ONg Toy OB1 Xoq 301 Opii 6216 Udi07 30664  BUSTI00TIT300DT

penui3uoo

ZTOUY YITA
BUOY1BIOETY

- 9BOOETI0308(OWOAYOY AL IWE]

AT o198y



. o°z mﬂpmﬂgﬂ
l.HQ-h OU h @O.H * ggﬁ;ﬁ.ﬂﬂﬁm
QQEEﬂOHHOQ g9*0 0% . 1870861
0°3 sUeTNoI1D
-n

e ox gEng{iioeg
-l.ﬁmsﬂ eq ‘ ‘ - B = B B NN ] G B B \ \ mmo P * wnm@ 81 BIosT
S 5°3 snyiumd
> . - - 2 ol BNILI984
fesm m 4 - f ded ¥ ® @ 8 ® = 77 wmo P 4 ge# e38TOST

$emtuseyTed : , s
i . : : , - . 5°3 EMTI67] 5760
- £ oI BNITIo8g
*m %3 Ff - - dod f @ =8 / ® ® _ A omm ’ . 4 g3# e3v108]
- . . , S ] . : . _. - : . 557 - - snot.Ie8qay
A3a1p *3 - - =~ oTu 7 7 h.m@, ﬁ_ o 7 g4 81vTOST
. - : G*o BODTAVAW®IBA
*q - . - .hD. poax . Nn sneded sNTIIOBg
.m R F # # ded £ w ®w # ® ® ®© ® 7 : y os
Cemyuyastred T rer xR
. 0°¢ mmTJIe] 8Ieu
, - £ poux suy1Toey
oA - - ddd e fEow © 77 omm pos. ¥ 6T# €3810S]
_ : L e SOPTOOAR*IBA
"q8  °93 . . # m ’ pox \ sneJed sn{LIovg
w7 F f Fdod 4 s ® F8 3 v ® - * “ot# eyvtos
fompyseyred - o €1 (ET# o3vT '
. - = _ . : daom 3089 SUOI3BOTJITIUGODPT
704 aG°3nG 16D 31N 4°A N°T 310 Uoy XTD 35 ONE 18W 081 X6d 301 OPUx oZfg udd 3 oD P o e
8UC73VTO8T

ouooBTT I8 hﬂuaq& - A TIEVY



oo ENOJI0D

*pecgn  * ded e ® B ®B - ® # £q poax # ST 108
.mnqam LA A 4 G*1 984 e1eTOST
*pax  °3 B 0*g sIT13aNn8
B 2 F # A ded ® B #£ ®w v =2 @ 4 £Lq poa # sATT106d
*gm ferrod g8°0 18# ejwe1osT
umM _.M - _ gse , SODTODATD *ama
¢sgyysferred g F o ded B8 ® # 8 8 8B ®u v %mm poux ¥ maonMM%mwwwmwmm
Q.MMMM : o% 0°2 snyyond
‘esm CeTred F - 4 ded ® ¥ « m © =~ @® £ £q pox b ENTT [0BY
9%0 8694 838IOSY

Y 0*q UnIIoIBY O

‘o . T - - dod v B v B - v G poJg snNTITo8Y
urys T ¥ : 7 a 0z 7 g9 4 93BYOST
sTek °*3 0*z sngiund
L7 9 £ - # ded v 88 =~ ®w ® = g ¥ £q poax ¥ sniriony
fearyséerred g*0 09# 838Y08]
ex * T 0°2 ET113q0s

c@ ﬁp Y A ded @ ®w # v © © U # £q poax ¥ sSniTjoey
cam*er1ed g0 ¥oH ©387osT
.pu, (Y . c*C gepjodincaea
bopm 2 F 4 4 dod ® ® # B8 ®w v ® ¥ £q poa ¥ ENBJI63 BRL[198d
feurysderred g T g8# ejeyosl

30d JG*INN TOD ITH 4°A N™T 3710 usy X1D 3§ ong 16j o097 Xod 30i opuy ®ZT§ udaoy] 3088l

8,un

BUOTJ80TI13U6PT
I18U3 UYTR
SUOT36TOS]

penuljucd - eve08TIIoBg LITUsy

IA HTGVE



Ty *q N o'z sny und
» ? f = o ded ¥ ® ® - ®w ® ® 8w f S L pox 4 8011084
Sogm Setrted 8*0 68# 91870BT
0's unTJaeyjesen

' '3 # = « doed ¥ v ® f 8 8w - ® ¥ 4 £Lq pox ¥ snTT109d
0°¢ L8# ejeros]

*qw *° c*Q S0P TOOLW* JBA
fom % 4 F # ded § ¥ Tod 4 @ v B, 8 - ¥ £q poa # ®nexeo sayroeg
Sourtye *etred e*t g8# 9387007
"qe 3 g'e BOPTOOAW® IDA
Gop 197 f # f ded ¥ w® ® # 8 ® ® ® = 4 £q pox ¥ ®uBIoo snilrowd
feurgue ‘*rred 2'T ¢34 03B8TOFI
0*q uniIeuleiew

n *q - « dod g B e B e~ W £Lq poa ¥ snIrI0%d
4 4 4 4 4 0°¢ 264 ©318T08B1

0*% wnyJIey3 8Iiew

°n g 4§ = =~ ded ¥ ®w ® ¥y © @ =~ ®w ¥ 4 £q pog v snTT 08
03 T6# e3weT08]

*TeA *3 . ‘ 0*3 _surpmnd
p ‘gl f = o4 ded ¥ v ®w - 8 @ B B F £ 4&q poa v snLl1o8d
fegn ‘eryved “ g*0 L84 egwloes]

300 T4 auN 1D 3TN Jd°A H*T ITO uBy ATDH 18 O

RE T8, OO X0q 30N opud BZ1g Uddop 3090 SUOT3UOTITIUGDI

8w

J1eus yaa
BUOTR BTOBT

peNuUIUOd - 9BEOBTTIOVY ATTwWed

IIA TI6VL



3 94 8 =3 @ I 0°'T SUCOE00I BN

pax - f ¥ w® » ¥ 2 R B P £ - £q poux - ERELEECH

B B B ® ©®© 9 g0 0g4 ©3910BT

_ ' _ b 3 z Y 3 w 0°T TIPtIoIT

3  B-trel = F = F ¥ = ®w 4 3 B B B B B e - £q poa -  BIUOTI0UOBH
¢aqu P ® ® ® @€ ® g*0 pZH# ©38TO83

o z J b 3 3 0T 8US080DIBW

pex - o 4 u 2 % 3 % B B f - £q poax - v}3BII8¢

e ¥ B ® 8 ® g*0 9T# ©3elosT

3800 d ©§ d 49 &8 3 a*T mmojuznmird

quid o - $ 2 TR " R 3 R f = £q poax - BT18I0F

: . <] ;] ;] B ] : -] a0 QT # ejwvTOBT

, ") Jeod b:] 8 il bi 3 3 g1t 8OUOHOIEE

8 Fa0 = = = f e oL m f n oy R oW R R = o= Rq npoa - 103080010y
- E -] e L e B L g*'o gff ejwvtTOST

A d d 8 8 3 CLE S 8808070

3 3''uiys = - #4 =« £ 8 ¥ n B B 3 [ § = - £q poa - 10308qQOJ0Y
. L] 2 ® B @ g'o 24 o38roBT

) w 3809 ) b:] ] 3 b a3 g1 CERGELREEL]

I3 3 w30 = - = F e L 3 f B B B B P P = - L£q poa - Jeq08q0JeY
) 8 ®W ® ®8 8 @® G*0 T# ©38TOST

W §Dd 304 10D ovad DAl 310 U°H d°A K°T 330 USH ATD ong 154 097 X6Q 30K opuyg eZTg YdJoy 086N SUC T
4 8,15 =BOTITUEPT

7ol yiia

gUOTIBTORY

owvesBIIeq08QOI0 U AT TWEI-TTTA, HTIGVL



5 9 3 9 9 9 0°'T W [poude]uy
3 3 m # - ) » e R R ¥ R - - Lq poa - BTUOTIOUOSH
*‘qQe e ®8 B ®8 ®8 ® g0 "0G# ejwT0ST
"R 7 7 8800 g 9 9 9 9 3 2T “B6U600108
2 3 eqm 0 s R C I S - Lq poa - J6308q0Iey
B ] B B B8 ] ] g0 Qp# ©318T08T
, *8dY 96 gepTeuesodes
3soo’ 3 8 8 8 8 8 0°'T um.Iq 98q
g 8 *nm 7 % R RN R N N - - £q pox - -0T008IB]
=0 8 e ® ®8 ® ® ® g*o gy# e3uTos]
2] b ) a 4 b3 0°'T unipewIequy
8 3 ‘a 7 - ® 2 3% % % R R - - £q poux -  BIYDTIBYOSH
‘qe ‘ - g ® ® ®v ® ® g*0 : 8e# ©3BTOFT
] 3 3 3 3z 3 0T sUeOE8OIBW
pea # f @ 2 % % % B 3 y - £q poa - BT} BIIOS
. ) B B -] -] e . 8*0 LS# ejqwTOST
L] ag. né
: , 985796355 gsepTouedoaes
~  Bw00 3 8 3 3 3 3 0°*t - wnaejveq
8 3 °a d R X % ® R B R .- - £q pox - «0T00BIB]
S°30 e ¥ B ®w ® ¥ ® g0 ge# e3BTOBT
"84 96 8§6]pOUOTOI6Y
. Jwoo 2 38 3 8 8 38 0°T wnrelo8q
3 3 -a v £ 0® ¥ ® R B ® B - - £q pox &t oneoTOOBIBY
%10 : B 8 ® ® ® ® B g0 ot egefoST

8T 94 904 16D 0vad PUI 37N H°W d°A W°1 370 UeH AiD ong L18H 0871 ¥6q 30N obud 6215 UAION

10804
8 -Bm

8UOC 1Y
~BOTJITRUOPT
JTeUy U3TA
- UOTYBTOST

PONUTIU00 = ©6B00116708q0I630 AT B

XI TIdVL



n 3 3 o p] I 3 0°'T Tipunoeary

3 Gee1ek I £ ¥ e 4 % % R ¥ B B - - £q poa - BIUOTJIOUISH

feqe B ® ® ® 8 B Q%0 89# o3erosT

. 4809 3 4 7} q 4 3 oY 56U0IJ0I98

3 8 rao - ¥ - 2 4 ® » % R B R - - £q poua - 1081 0800JI8Y

] ;] <) B8 | e <] 9°'0 - L9# e38TOB]

.awn 96 . unjpewJaejuy

3 3 g 3 3 2 0°'T unJa308q

3 8 £ f e 4 R % R R B B - - £q poua - -0T008I8J]
[ Y L3

104 -] : B B B B g°0 e9# 638BTOST

‘R d 3 3 b} 3 3 ora TIpE eIy

8 Ge*Tel 7 £ oS 8 ¥ ® % ®R % ¥ B - - £q poa - BIYOTJIOUOSH

feqe 2B B8 ®8 B8 B8 ® g*0 294 e18TOST

. , - 3 3 3 3 d 3 . . mra . 1109

3 3 cuxq - 7 ¥ B - 3 % % B R B = - £q poux -  BIYOTI6YISH

~*104 ] B B 8 ® ;] g*0 gg# 84eTOST

R - - B et , 0°T Tipaw ey

8 B-°Ted d f ¥ 8 f£ % %R ¥ B R B = - £q poa -  BIYOTIOUOSH

‘equ ‘ ,  ® B8 B8 8 ¥ g*o ¢g#t 93e1osI

HNH gbd 304 16D oVAd PUT ITN H°W J°*A°W*T 370 usy ATH ong Ten Ov7 XOoq 30K opud 62ZTg YdJaoj 308y SUoTq

8, ,uf) =8ITFTIUSPT

Ieu3 yza

'BUOT3BTOBT

PONUTIUOD = 8B6DBTI6708(0I03UY AL WET

X T149VL



geU0J30.168

de0o 3 3] d b} 4 ] 0°'T
8 3 sao - F - ? 4 ® n B ¥ B 3 e - £q poa - J0308Q0J6Y
B 8 B8 ® @ - B g*0 $8# ©38TOST
3 3 ¥ d 37 32 0°*'T T10°
8 9 *uaq F £ ¥ B - R R RV RN R 0w - £q poa - BTUO TISYOBH
fe104k . ] B .® B e B g*0 : eg# ©98BTOST
‘ , B R 3 3 ! b2] b3) p2] 0°T Eﬁ«cosumpcﬂ
2 3 ‘M A 4 B 4 % 3 R R e - £q poa - BIYCTIOYUOSH
‘eqe ® ® ® B ®w B g°0 8L 918BTOST
_ 3 3 3 ) bij F:] o0°'T ungpemIoquy
8 3 ea £ £ F B ¥ ¥ % 3 B B 3 = - £q poa ~  BTUCTJIGUOBH
‘eqe 8 ® ® ® B B g0 8L# ©3BTOST
& 3 3 3] 3 3 0°' UNTPOWIBSLUT
8 3 °m f r / B % ®» 3 % B Ry - - £q  poa -  BIYSTIOYOSH
B ® ® @8 € ® g0 PLft ©38TOST
3800 . i} g 3 o ] 3 - 0°*'T £6U0I0I08
8 3 a0 - £ - 2 4 % 2 9 3 3 B - - Rq poa = ‘Xejowqodey
. ] B B B 8 .8 B g*'0 _ TL# 638708
3 3 3 d 3] 4 0T UM TPeEIeqUT
3 3 *m A 8 £ ® ® R 3 B R = - £q poa - TUOTI6UIEH
Seqe ‘ v B B B B ;] q*0 OL#t e3elOSY
gNd €99 j0d 16D 9YAd PUI 3TN H*HW 4°A W*T 370 usyg ATD ong TR ow1 xma joif opuy 21§ YAION q986Y BUO I3
: : §,WH «-BOTJTRIUGPT
- IT6Ug YITa
SUOT3BIOST

penuTauoo q_mmmnmﬂumpomnonmusm AT Twed

Ix HIdvad



.oB

a b3] d d 3 ] 0T TTpimeay

8 B-'10f =~ f = 4 4 - ® 4 B B n 3 9 B = - £q poa -  BIYUOTXOUOSH

feqe : - ] -] B ) ) a0 ga# equyosT

..Li 3 3 4 3 b} 3 0°T TIpunear

3  Be*ref =~ f = F 4 - ® 4 3 3 3 R % 3 = - £q poa «  BTYOTIGUIEY

feqe R -] B L] B B ] g0 964 e18YOST

oy ) 3 3 ) a8 E 0°'t TIpurtoay

8 fBetTel = £ = 4 4 = ® of % ¥ » B B B - - £q poa - BIyotIeUOSH

‘eqm  ® ® ®8 ¥ ® g*0 | 684 ©18TOST

_ *BIY G6 . WA TpeuJIeq uf

m : 3 3 3 3 3 3 01t unIqou8q

8 3-cfeh ¥ - ¥4 4 =~ ®w 4 n % n B 3 B = - Lq pox - ~01008.I8d

) . . , e 8 <] 8 ] -] c*o . 887 63vTOST

*8xY 96 unpewIesuy

R 3 3 3 3 3 3 0T , wn.I108q

9 g=eT0f o , - A of = B 4 n 2 3 » R N - - Lq poux - -0T008I8]

o ] )} 5] g B <] a0 GB# ©316TO8Y

gNd gDd 304 TeH Ovad PUI 3TH H°W d4*A N*T 3TD Usy ATH ong B8N 09 Xeq 30y opuy ez3]g YdIol qoeey 8UO TS
: S mwp ~BOTJTIUSDT
dT0YU3 Ul TA

SUOT3BTOET

PONUTIUOD = ©8BOOVBTJIO]0BYGOIOJUT ATTWE

ITY STEVL



BABT I

- *T0L *3 « HTB = ® = ® @ @ - - 0°T o000 ¥ BUTOIWE
91# e38TOST

. , BRBT J

- *10L 3 - A8 = * @ @ - - o= - 0°T o000 ¥4 _ BUTOIBY
02# ejslosy

*E*A . oBoJan

- . Ksa3 -pox ®w - 8 = ® ® <« = g°0 8N0000 f BNDD0V0JIOT]
3 8e# e3eTO8I

pea ) . CRCERES

¥ feugyus  *9 AT® B8 B = = - - - ~ 0°T ©Nno000 = "BND0000IOTH
. 7 LT# e38lOBT

*Tok . , , . BUBTJIBA

b Seutus *3 # ® @ ® ® & B B - - 8°0 snoooo END0000IDTH
_ . \, . PTH# e3e108]

Y0a%g¥uy eweun 10J°Tg* 9NN TeH TN K*T Wew £1p ong T8N 091 Xeq 30N opuy ezfg udaoy 3080y SUCTIBOTITIUSPT

©800800000X0TN ATTWeI~-FITYX WIAVL

£ ,WD

IT6UG UITA
SUOTIVTOST



uesJd *q ST geouldnIos

-entq 2% 7 per = = = = = = # - fq poa Seuowopnesd

*1t1ed g*0 ¥64 ©38TOST

CCER] *1 g°'T BEOUTIN.IOB

-onTq E 4 ped « = =~ - - - f - Rq poa ssuouwopnesy

fer1ed g*0 T9# ©38T0ST

ueeas *q g1 BsoufdnIes

-enTq ) ¥ ped = - -, = = - # - Lgq poax sguowWopNesJ

feypted . g*0 ¥¥# ©38T0SI

*uxq 0*2 B1BIN0]USS

‘eutys 9 ' A8 = = = = = = o - £Kq poa BeUOwWOpPNesd

. : _ L*0 - LE# ejeToO8I
ueess

geomodeq s Beo00 a1 1210308l

umypew ) 7 00 = - - - - - f - £q poa sguowopnes]d

*uxq ‘*tred g*0 . 21# e3sT0S8T

*uxq . 02 B1BTNOTUSD

feutys *q # TG = =~ = - = = A - Lq poax gsguowopnesy

L0 TT# 381081

‘uaq _ 08 “8lBTNOTUed

feapyse *q 7 HTE = = = = = = ¥ = Rqa pox pauowopnesd

, 10 v# o18T081

304 *TA°30K 19D DUI 3TN W°'1 Usy ALp ong T8l 0¥ Xeq JON Opux e3zlg qdao 4986y SUOCTIBOTITIUGPT

: ITOU] UITA

SUOT4eTOST

oweowpBUOUOpPNEsy ATTWeY ~ATY FI4VI



‘uxq 0%
3937t - = =% -~ ¥ e - - g o - £q unyTY onue;
. 40 ~ax3ds - EN RS TI03
S A | w g# ejerosy
304 TETINN TBH PUT ITN*WST UB{ ALp ong 1ey o8] ¥X6g 307 Opun 6218 UdXoy 3066 ~ BUOT3EDTITRUePT
o . 8,1 ITOY3 YA
SUCTIBIORT

PeNUIjUOD - SBOOBPBUOWOPNEB] AT THEL

AX F14VL



g3 UNMeJBTOTA
10TOTA *3 F f T8 - = 8 = = B - £q poa = WNTJI630B8QOWOIY)

8'0 8g# ejmrocy
, ; , . . g*2
36TRTA *3 F f A8 - =~ ® = = ‘8w f -  fq uMeoeToTA
. 8'0 poa - WNTI83 208G O0WOIYYD
. 8# ©3u10s]
304 *Td*InN 16D 3TN i*7 usy XTH ong 1Bl o®wT X0 30N opuy e2Tg YAJIOoR poaea BUOTABOTITIUGPT
8w LTeU3 YITM -

U042 BIOST

oB00BTA0 ZIUY ATTWE] =-IAY HIAVL



APPENDIX B
MEDIA



Ammonium Hypophosphate 1 per cent solution

"~ Ammoniunm Hypophosphate».. © * * o s 6t e s 0 e e e oo o 10,0 gms,
Diﬁtinedwater ..o.oi.ocooo.ooo.o 2000.0(!0.

Brilliant Green Bile Brdth 2 per cent solution

BactO-Pﬁptono V * o o ® & 2 0 o 2 0 00 v e 0 10 00 gus,
| Bacto-la cloge ® o ¢ 5 0 0 2 0 e 8 6 e 0 s s 0 e @ v 1000 gne,
BactO"oxgall LI I o. ® ¢ * o 6 o 0 0 0 0 o 0 20 o0 gms,

DistilledWater ¢ & 8 ¢ 6 B ° s e 4 e e 0 0 o @ 1000.0cc.

F.M.B, Agar, Levine
BactO-PeptOne L T R e e S 1000@80

Bac‘bo—Lactose ® & % * 0 0 0 8 s 0 0 s e e e e e e 1000 gRs o
Dipot&ﬁaium Phospm te .. ® % & 02 4 5 0 s e s 0o 8 & o 2.0 Ens .
BactO"Agar @ & 0 4 2 0 o ¢ 6 5 e 6 6 5.6 0 s @ 15.0 gnsSe

Bacto-Eosin Y ® & ¢+ % 0 2 0 6 6 0 e s 2 s 8 e O.Agms.

BECtO-MethYIGne Blue ¢ v ¢ ¢ ¢« ¢ ¢ o & ® ¢ o o s o o o 00065 gus.
Distilledmter .oolo‘ocoooooooooo.o 1000.03(!.

Gelatin, Nutrient Bacto
;Bacto-BeefExtract.................

3.0 gms.
BactO‘PBptOne ® * 5 0 0 0 0 0 0 e e e e e s e s s 5.0 gns,
BactO'Gelatin ® @ ¢ & b ¢ o o & 0 0 o @ ¢ o o o o 120.0 @s.

Distilled Water '900000000000000}0 IOO0.0cc.

Glucose (Bacto-Dextrose) 1 per cent solution

Glucosev ) v ® & 8 ¢ % 0 0 00 0 0 s e e 0 0 0 e 10.0 gns,
Phenol Red Broth Base . ¢ ¢ ¢« ¢ ¢ ¢ ¢ ¢ 6 ¢ ¢ 0 0 ¢ o 1600 £gns,
Dia‘hﬂ.led Water e © 5 % 9 6 6 0 & 0 & 2 e " e & v @ 100000 CC.



Glucoze (c,p.)

Glucoss-Peptone Water
Proteoge Peptone (Difco) o o .. .

® o * & o o

Dipotassium Phosphate . . . .

Distilled Water

Glycerol

. L J L] L * .

Glycerol 1 per

® & & o o6 ©

cent solution

® & 9 e o & 5 o 6 O ©° o 0 o

Phenol Red Broth Bas® . ¢ o ¢« o e ¢ o o o o o

Distilled Mater

1.

2.
3.
he
5e
6.
7.

Glyeerol Ammonium Lactate Soluti

Distilled Water . .. , .
Glycerol * s s e s e
Sodium Chloride . . . ..
Calcium Chloride , , ., .
Magnesium Sulfate ., ... .
Dipotassivm Acid Phosphate

Ammonium Lactate

-

*

. 6 5 9 6 4 v " s e e @0

[

Uschinsky!

L . *> L L s @ [ L ] * L

[ ¢ * o L 4 L 4

® 2 o & & ¢ -

* L4 L] L] L . [

Dissolve 2, 3, 4y 5, 6, and 7 in 1.

Kogser Citrate Medium

Sodium Ammonium Phosphate. e o o 0 6 85 ¢ 0 0 0

HonOPOtBSSium Phoslmate * & & o @ ¢ 6 * @ o-o

uagnesj_um sulfate

* . L 4 * *. & & L 4 ®* & o e L ]

L . L] L] . @ * * L] * @ ®* o

5.0 gns,
5.0 gms.,
5.0 gms
1000,0 ce.

10.0 ce..
16,0 gms,
1000.0 co.

1000,0 cc,
45.0 gms,
6.0 gms.
0.1 gnse
0.2 gma,
‘1.0 gns,
10,0 gms,

1.5 gns.
1.0 gns .
0.2 gms,

3.0 gns.



ctose " 1
Lactose ’ e ¢ o o s o
Phem;l Red Broth Base ., . ..
Distilled Tter . .. .. .

ctose Broth, Racto
Bacto-Bgef Extraet . . . . . .
Bacto-Psptone = ., ., .. ..
Bacto-Lactose T P
Distilled Water c o o e o o

per cent solution

. ® ® L ] * & L
® . L] * » * -

1,5 per cent
e ¢ e ot o o n
" s e s s w e
..o‘tooo

* * L L] . »

lead Acetote Agar

Lead Acetate Agar (Difco) . .
Distilled Hater e @ e e o e

- L N » - L] L ]

L ] . ¢ » * ® A 4

Litrmis M1k, Bacto

Ba ctO'Skim Eilk *® ¢ o o o o
Ba cto-Litmus . ko e o o »
Distilled tater o o o o o o

® - L S ) * L2 ]

L L 2 ) * L J . »

L 4 L 2 L d L L L J

e o o e @ 10.0 gms,
e s o o o 16,0 gms,
e o s o o . 1000.0 cc.

solution

e e s o o 3.0 gms.
e e o s o 5.0 gms .,
e o s o o 5,0 gns,
« s ’. . 1000.0 ec,

* % e e ¥ 3600&"13.
e s s s+ o 1000,0 ce,

e« e oo o 100.0 gms,

e o o o s 5.0 gma,
. & o o o 2000;0 cc.

Maltose 1 per cent solution’

Maltoge e & 6 o o
Phenocl Red Broth- Base , . . .

Distilled Water o o o ¢ o o

* » - * * L ®

* & 5 & 2 s o

e e e .. 10,0 gms.
e ¢ o o+ 1600 gms.,
s ¢ o s o 1000,0 ce.

Mannitol 1 per cent solution

Marmmitol o o o o & »
Phenol Red Broth Base , . . .
Distilled Water e e o o o o

. % % o v o

* & e o L J . *

» v s s s 10.0 gms.
e o o o o 16.0 gms .
e o o s o 100000 CC,



Bacto-Beef Extract .
- Bacto-Peptone .
Potassium Nitrate .

Diztilled Water -

- Bacto-Reef Extract .

‘Bacto=Peptone .

" Distilled Water . .

Bacto-Beef Fxtract .
. Bacto~Peptone e
Bacto-Agar .

Diatilled Water .

" Peptone ' .

Sodium Caseinate .
Soludble Starch .

Glycerol .

Nitrate Broth, Bacto

.o ® @ * » L 4 * ©® L] L4 *

$ ¢ ¢ o 06 8 8 8 o 0 o @

Hutrient Broth

L J L] L] . - - L ] L] L 2 * L -
e o L L 4 . & o L ® o L J

* - L] L [T ) L A L] » L >

Butrient Agor, Bacto

L] * » [ ] . . L 3 [ a [ ] L ] L

" Sodium Cageinate Agar

e @& 0 & & & o 0 0 ¢ o
e & & ¢ o o & & * o b
e & & ¢ & 6 &6 4 o ¢ o o

L] L ] L] [ * L 4 L J L L 4 . o L ]

Dipotassium Acid Phosphate « o o o o o o o &

| Kagnesium Sulfate .
Nutrient Agar .
Distilled Water .

® & & & o 0 6 & & » s »

L 4 * o L 3 L J * * L4 ” L 4 » *®

. & o & & & & & ¢ 0 s &

3.0 gms.

5.0 grs.

1.0 gms.
1000.0 ce.

3.0 gms,
5.0 gms.
1000,0 cc.

‘3.0 gns.
5.0 gms,
15,0 gnms.,

1000,0 cec.

0.5 gms,
0.5 gus.
0.5 gms.
1.0 ce.
0.2 gnms.
0.05 gns.
15,0 gms.
1000,0 ce.



- Bacto-Beef Extract .

Bacto~Psptone
Bacto=igar
Soluble Starch

Distilled Water

Suerose

" Phenol Red Broth Base .

Distilled Vater

Starch Agar

L L 2 J L ] * L ] L L J

cent solution

- L L] L L J L ] L L L

.Urea Broth, Bacto

-Bacto~Yeast Extract, . .

Monopotasajum Phosphate

Disodium Phosphate . . .

Ures, Difco

‘Bacto-Phenol Red

R J

. L] [ ) L ] * [ ] L

3.0 gns.
5.0 gms,
15,0 gms.
2,0 gms,
1000,0 ce.

10.0 gms.
16,0 gns,
1000,0 cc.

0,1 gms,
9.1 gns,
9.5 gns.
20.0 gms.

0.0l gms.



APFENDIX C
'REACENTS



Alpha-naphthol solution (Voges-Proskauer Test)
a. Alpha naphthol (reagent quality) « o« « ¢ ¢ o o « « 6.0 gns.
Alcohol (95%) e s oo s s e s s s s e e as o 100,0 cc.
b. Potassium Hydroxide . « « ¢ ¢ o o ¢ o o s s ¢ o o« 16,0 gna.
Distllled Water to mak® .« ¢ ¢ o ¢ ¢ ¢ o o ¢« « » o« 100.0 cec.

Aminonaphthol Sulfonic Acid Solution (Phospmate Test)
1. Sodium Bisulfite Solution

Sodium Bisulfite (CeP.) o ¢ ¢ ¢ o o o o o o o« o o 150,0 gns,
Distilled Water .................1000‘.0cc.
2. Sodium Sulfite Solution
Sodium Sulfite (C.Pe) .+ ¢ o ¢ ¢ ¢ o ¢ o o o e o o 20,0 g,
Distllleqd Water ................lm.ch.
3. 1 ~ Amino, 2 -~ naphthol, 4 ~ sulfonic acid . . . . 0.5 gms.
¥ix 195 cc. of sodium bisulfite solution with 5 cc, of sodium sulfite
solution and add 0.5 gms. of ingredient number 3., Dissolve by stirring
end gentle warming. Filter. Keep in a dark place.

Gram's Stain (Hucker's Modification)
Solution A

Crystal Violet (90Z dye content) 2.0 gms,

]
L)
L]
*
.
.
L)
*
[ ]

Ethyl A1cohol {(95) « ¢ o o o o o o o o s s o o « 20,0 ce.
Solution B

Azmonium Oxalate e e e s s 0 e s e e e ees e 0.8gs,

Distilled Water ce v e s e e e 80.0 cec.

Eix Solutions A-and B



Ime - L 4 e @ L ] L 4 L d - L] * [ - - L] » . & e & [ ] L J 1‘0 gm.
Pﬂtﬂsailm I“ima & © » ¢ ¢ & o & 5 ¢ o s v & o " v @ : 200 gm8.
Distilled Fiater « « ¢« o ¢ ¢ ¢ o ¢ s ¢ ¢ 6 06 o 6 s ¢ & e 200,0 cc.

Ninety~five psr cent Zlcohol |

Safranin 0 (2.5% Solution in 95% alcohol) o 10,0 cc.

L]
[ ]
[ ]
®
[ ]
L)

Distilled Fater e« 6 % 8 6 06 06 0 s 8 06060 000 s« o 100,0 ce.

Ilosvay's Solution (Nitrate Test).

1. Sulphenilic Aeld . . ¢ o o ¢t ¢ s e ¢ et s s e s o+ 0.5 gnms,
Glaclal Acetic Acfd . ¢ e v o ¢ ¢ s 0 o o« o o o« o 30,0 co,
Distilled Water . ¢« ¢ e o o ¢ o ¢ ¢ 0 a0 ¢ v-e » 120,0 cc.
Dissolve.

2. Naphthylamine . .o v ¢ e e e vswwenan. 0.1 gms.

Glacial Acetic Acid . . .. .. . ... ..., 30,0 cec.

Distilled Water . ¢ ¢ o o ¢ ¢ o 0 ¢ oo v 0.4 o 120.0 ce,

Kovac's Reagent (Indol Test)
n-myl Alcohol s e et e st st aeeas 750 ce.
Hydrochlorio pcid (concentrated) ., ., . ., ., .., .. 25.0 ce,
Para-dimthylamino%nzaldehyde © % st o s e e e 5.0 gms,

Molybdate Solution (Phosphate Test)
Amoniunﬁolybdate(copo).............

L

25.0 m [
Disﬁll&d mter ' M A I Y . . 200.0 éc.
pissolve. ' |

Sulfm'ic A01d (10 H) A T T S O 600.0 éco
pistilled Feter Yo mke .. e il 00 0 00



Phenoldisulfonic Acid
Phenol (pure white) e o e e s s e e e e s e oo 250gns.
Sulfurie Ac:ld}(concentrated) e e oo s s o e e s e 150,0 cc.
Dissolve.
Funing SWlfuric 8cdd o o e e o v e o e s s e s e oo 750 cc
Stir and beat for two hours at 100°C.

Starch Indicator Solution

Soluble S'bareh e ® ® ® & 8 8 s @ & & @ s o o @ 10.0 gms o
Z’.nc Chlorida ’ . e ¢ & & & o & @ 8 » & ¢ s & 20.0 @ao
Diatined “aur - *« & o . ” e . & * & L L] . © L ] lmOQO cc.

Dissolve the starch in 100.0 cc. of water, and filter. MNix the starch
with a few cubic centimeters of cold water into a thin paste and pour
into the boiling solution of zine chloride with constant stirring. Di-
lute to one liter. Allow the flocculent material to settile and filter
the supernatent fluid,
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