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The bacterial flora of the Atlantic ocean in the vicinity of
Woods Holl, Mass.

Acontribution to the morphology and physiology of marine
bacteria.

H: L. 'RUSSELL.
WITH PLATE XXXVI.

2 previous paper! was recorded a series of observations
%on the bacterial life of the Mediterranean which were made
::hffN;ples Zoological station during the spring and sum-

ol 1991,

This paper contained a number of facts that had been gath-
#d from o study of the bacterial life of that region, but the
:;f;etovered Was too limited to allow any general conclusions

drawn concerning the bacterial life of the sea. The im-
g’l'tance e more thorough biological knowledge of the mi-

,‘*ﬁfgqms-mal life of the marine waters led to a desire to con-

uti;]:;: line of research, so the opportunity offered throu_gh

'OIOﬁcaleis of Prof. C. O. Whitman, Director of the Marine
Smilar |; aboratory at Woods Holl, Mass., to carry on a

et ne of work at that station was eagerly accepted. ? :
orough elucidation of the laws that govern the dis-
this class of organic life can only be made upon
ata gathered not only under similar but widely di-
A comparative study of the bacterial flora

Atlantic with that of the Mediterranean

portance, so the plan of work this season

reference i sdme as that of the previous year. Fre-
ication Eai will of necessity be made to the previous com-
"l haye been ome of the results that will be detailed here
"elusiong the;c:]nmdered before to some extent, but as tgc
“lrmation of th 14Wn were only provisionally suggested, the
“Pport, €M will substantially increase their basis for

therefore of ik
Pfattically the

ens
. ain Ob].ect of the work at Naples was a study of the

‘."Psea b
% examiicffna and the sea bottom as well as the water wis
! 5"'{1-21_‘?? the shore line down to a depth of 3,500
e Hyg. xy, s £

fuantit,

tive . 2 ]
i Uy Qart. qf the work was done at this station while the more
N‘tha .V!l::i;?dl;guf’l forms was carried on at the biological labora-

ot Chicago.

J
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A continuation of the study of the deeper waters was pre-
cluded at Woods Holl by reason of the shallowness of the
ocean in the vicinity of this port. The shallow continental
platform which skirts the eastern edge of the U. S. is here at
its greatest width and the broad shoals of Nantucket are even
out of sight of land. The conditions however were favorable
for the investigation of marine forms in general.

Woods Holl is situated at the extremity of a narrow neck
of land that pushes southward from the southernmost point of
the Cape Cod peninsula. This narrow land strip is continued
seaward in the chain of the Elizabeth Islands and .di\rldcs
Buzzard’s Bay, an almost land-locked sea, from Vineyard
Sound. This latter body of water separates the mainland and
the Elizabeth Island chain from an outer range of islands com-
prising Nantucket, Martha’s Vineyard and others.

The soil of the mainland is of a sandy nature and the gfﬂ;
eral aspect of the surrounding country is that of low hills such
as usually characterize a glaciated region. As there a!reﬁ[t; |
rivers of any magnitude, and no large cities to add their f '
to the ordinary land drainage, the factor of land" contamind -
tion is here reduced to a minimum.

Both the bodies of water mentio
Vineyard Sound, served as a collecting groun _
Both are subject to tidal changes; the'dSc)und being
from end to end by an especially heavy tide. i

The physical cthactcrE of the sea-bottom of these two bod

ies of water differed considerably, that of the Sound ECI?ga-
the bottom of the ba¥: =

ned, Buzzard's Bay and
d for this work. |
swept |

a sandy or rocky nature, while - dvis
cluding a narrow littoral belt which is more OKI]QSSNS;“ y |
covered with a uniform sheet of blue or gray silt: ded 65"

within a working distance of the laboratory excee€

while the 20-fathom line was out of sight of 1an tyg
quently all samples secured were from COll}Par]f‘t':: }t;hc i
depths, although in some cases twenty mlleskfﬂ‘ < di
land, with the exception of a few that were ta Cﬂf v
the U. S. F. C. steamer Grampus at a distance ©

miles from the coast.

Methods.
mud and o

The methods used in securing the samples of ot those th#
ter to be analyzed were essentially the szmehave '.
were employed at Naples. These methods
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wibed elsewhere, so that a detailed account of them again is
unecessary. 3

The use of the water apparatus for the second season has
wnfirmed the favorable results obtained during the preceding
jar. By means of it, a sample of water may be taken from
iy depth without the slightest contamination from the inter-
wning water masses. The cheapness and ease with which
s simple piece of apparatus can be made makes it all the
fore applicable for its purpose.

The culture technique was substantially the same as used
#Naples, so that direct comparisons might be made. Sea

Waler was usually used in the preparation of the agar and gel-
dline media,

Relation of bacteria to marine waters.

lﬂ00n§idering the bacterial content of the sea, attention will
be directed toward the water itself, as a home for bacterial
 When tested by culture methods, the results of the an-
8 of waters taken at Woods Holl have been of a posi-
fature, with but two exceptions. -Samples were se-
Underas different conditions as possible, ranging from
Surfac?- of the water to the ground layer, and from
sore line to a distance of twenty miles from ma nl.nd.
: I;Ptnlber of germs per unit of volume (1%) varied within
whf:nm,;lts ot to a much less extent than in fresh waters.
turesmmmdlm.lry numbers of bacteria were found in the
begree , ‘Et[r‘]}:3 Speu?s_"‘f]‘_nOSt always predominated to a large
‘hiiu € Possibilities of the introduction qf a small bit
ers tl?i Z?Ogloea. that might happen to be in the water
ined asf aCt easily explainable. If the sample .secured
hbmken u fagment of the gelatinous mass of germs, it would
germp " the preparation of the cultures and the sep-
e ¢ enors i develop as isolated colonies and thus
e . |
lteir"‘l}’m‘f:w‘ng table summarizes the results obtiinzd from
mﬁgllress' . Rcarly fifty samples of water that were taken.
g ber of cl::l th-e table indicate the averag: of the whc:ile-
. Sampleg 0n|e5? that appeared in all the cultures made
Menol’ it different depths. Those samples that con-
. MOUS numbers and all of one kind were excluded

15 set Of av
) €rages,
T £

¥gi 3
Vol Siene, x1. 166, Botanical Gazette, xviI1. 312.
; [~No, 10,
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NUMBER OF BACTERIA PER CC. FOUND IN THE
WATER AT DIFFERENT DEPTHS (IN FEET).

DEPTH OF WATER IN FEET.
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As the above table indicates, the limits of variation per -
.unit of volume varied from a few germs to about 120. Pf: |
especial difference in numbers can be noted in'the various depths
that may not be ascribed to local variations. The :’3:;
seems to be peopled at all depths with bacterial life, and
deeper layers appear to be as rich as the more supe e i
These results, on the whole, agree quite closely with |
obtained at Naples. Although the depth there was f:ﬂ*
greater, no marked diminution could be detected be?ezcnﬁ- |
superficial and the bottom layers. Almost every CUbEE
meter of water subjected to analysis contaired t?acttf:r;z-lum
ally not exceeding one hundred germs per unit onco
Karlinski* in studying the waters of Lake Borke, odi ¥
fresh water lakes in Bosnia, arrives at a s.OmeWh?th =
conclusion. He finds that the germ life is ‘muc.h ric ebeﬁ pr
surface and that there is a gradual diminution “;.[n;givcshs* :
samples from increasing depth are examined. o lfeet. :
tion, however, only extended to the depth of g’ase o
surprising that there should be so marked a dgﬂ' o This B |
bers as he gives with such a slight change i eg examined: |
certainly not the case with marine waters alre:s yHloll fail t0
as the analyses made at Naples and at Woo -
show any law of distribution in this manner-t i : nhabited

Whether the great bulk of the ocean V}:ao‘:m as 110 b2
by micro-organisms’ is not yet pOSlthCly; r:;ter ;tg'l'c 5
teriological examination has been made of W o

tances from land. In fact the knowledge that we |

4Cent. fiir Bakt. xi1. 220.
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tif'sc!'ass of life m the open ocean is practically nothing, for
dentific expeditions have as yet paid no attention to the
avestigation of these forms.

While we have no direct knowledge concerning their pres-
fe in mid-ocean, it is not unreasonable to suppose that they
# present throughout the great mass of oceanic waters.

The conditions for their development here are quite as
®dasare found in fresh water. True it is that many forms
Alresh water are of undoubted land origin, but we recognize
sumbers of Species as being so well adapted for development
"“Frflfme, that they have received the name of ‘“‘water

teria.”  As we look upon the sea as the original home of
“.g::.l;.c emteﬂct-?, it is not at all improbable that these
;e generalized types of life may have been dwellers in

f&dcep from time immemorial.

: Ithpugh Positive proof concerning the universality of bac-
- cidm“huthn inthe ocean is yet wanting, we have the strong-

yrt;‘:ﬂsl:;c’;gtlal e}ridence gnd.th.at is the presence of identi-

found & o Pecies on this side of the Atlantic that have

: doung 0 EU‘I'Opean waters. This point will, however, be
e;adll?:ﬁ;!n another connection._ I

kes 36 the dist ISappearance of bactt?nal life in fresh water

¥ think i b;CTCC. from the sho_re increases ‘has led_ some

5 The €ria are present in sea water in only_ltmlted

fidence of lan{} edrd the presence of micro-organisms as

orisexcluded C{;lnt‘?"mlnatlon and where thls_'dlsturblng

‘-'Xtremely Sma’llt ¢ normal nurpber of bacterla: is reg.arde:d

B s oy e -d That there is a .marke.d diminution in
B S5 reache ‘e-fr‘om' the shore:e is undisputed, but this
"*Mains fai] s mlnln}‘al point and then the propor-
UCtion of iaydconSt-a”t- hvcr} where the condition fc?r
F“harbor of l} -derived forms is as favorable as it is in

s ug arge seaport, the point of minimal diminu-
hﬂhndl.lany reached within o distance of three or four miles
inl"‘\filt-:r fOrr::sh;he ordinary coastal drainage the influx of
7 3 distance 5 ?}‘:?qm)t affect the average content to as

. (om . D

‘."ﬁ thE::;?:?a?tf germ life of salt with that of fresh water

Pal reage, fOt'etri]l'S usually much richer in bacteria. The
:" 0 the soil | IS 1s perhaps the closer proximity of fresh
il bacterial .Ayer, the upper strata of which are so
life. Every rain fall brings innumerable
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germs to the water level and thus raises the average greatly
for the time being at least. Then another cause is the greater
rapidity of multiplication in these waters on account of the
higher temperature. |

Comparisons can scarcely be made under equal conditions
between the bacteria found in streams and springs and those
inhabiting the ocean. The proportions existing between the
waters of our great inland seas and that of the ocean would
be much more reliable but as we have no data concerning the
bacterial contents of these large fresh water masses, this can
not at present be made. :

In the light of our present knowledge, the assertion seems
to be warranted that marine waters are not as rich in bacter-
ial life as fresh water masses. o

The question of the vertical distribution of bacterial life
throughout large bodies of water has a direct relation to the
problem of sedimentation. The specific gravity of_bactclm
cannot exceed very much that of water, especially saline soi
tions like the sea, yet it would not be unreasonable to su{;pc'
pose that these organisms would slowly tend to se-ttle tc.t tid
bottom in obedience to a universal law. ESPffC_‘a”Y 1"’!:
this be likely with forms that are in a spore condition, astitf

. . : : ‘ active proto-
are immotile and of higher specific gravity than
plasm. o

But the question as towhether thersisa “pEFPet“al Sh(?“cr
of germ life on the sea bottom is not so easily ;-mswerg nake
number of opposing factors enter into the question ztmral e
it difficult to say what actually takes place under nal:J :
ditions. The experiments of Bolton, and Hiippe Positi“
settling of bacteria in tall cylinders do not give anybl-:?ancd
answer, for the natural increase by growth is countert
by the constant dying off of old forms. <o oerms

Motility is ano);her factor of the problem a.i; thr;:t::c
endowed with locomotor powers are easily able to
the effect of gravity. . 1and deep

Cramer?’ wgho hag investigated both the supefﬁ;:slda;ffcrcnﬁ
waters of Lake Zurich is unable to note any mai It rer. |
in numbers between the surface and the grou.ﬂdf :ie Previﬂ" |

This season’s work substantiates the reSUltjeoeper Jayers
‘year and leads us to the conclusion that theh ther this is %
_as rich in bacterial life as the surface. Whethel -~ = =

SDie Wasserversorgung von Ziirich. 1885.

-

il i s
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or the abysmal depths of the ocean is hazardous to say.

lie diminution in temperature as the depth of the ocean in-
weases will of course retard the growth of micro-organisms.
lhe deepest point from which water samples were taken in
tie Mediterranean (3,200" ) showed thirty germs per cc. but
B¢ temperature in this instance was high for deep water as

ssea has a constant temperature of about 55° F. below the
0 feet line, o
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Relation of bacteria to the sea-floor.

When we consider the bacterial flora of the sea-bottom, the
"Sults of the analyses of mud show a widely different con-
ition, Micro-organisms are always present in very great
" Numerically, as regards the bacterial contents,
 floor bears a similar relation to the superincumbent
T masses that the superficial soil layers do to the
i phe:re above.  This is only true, however, fr?m
: llmenc.al Standpoint, for the water does not derive
derial life from the sea floor, while the germs in
r:llrf have their origin in the soil. In only two instances
i %und at Woods Holl forms in the water that plalply
that they were derived from the slime layers below.
ted :taiis are explainable, however, for a heavy tide was
Wobab) IEtlme the samples were taken and it is highly
b1 tﬁtlat the tidal current detached particles of mud from
e f;m ad thus the mud bacteria were included in the
tton, sfound Water, although five or six feet from the
’{E] :h?sn 1}’535 of the sea bottom that were made at Wood?
: ﬂmplesa:‘ron tovered nearly one hundred tests. Most {:i
Yung and ; ‘I3Fe Secured from Buzzard's Bay and _Vmeyar
Eers iCluded materia] of widely varying physical char-
® area covered was not far from one hundred

Rare : '
"m-ﬁm]]es and included all depths from the shore line to
]' ve f@ﬁt I ;

1 the ni ; .
By o ety-five samples that were analysed from this lo-
i 77 the av

o, 1. °fage number of bacteria per cc. was about
Hture met{:o “4€¢ was a sample of mud tested by means of
Rils of . 098 that did not yield bacteria although the
Iy fewa-natmn were wide.,

000 e ra0CES, the number of germs present were fully

r -
Peree., but these exceptional cases are to be ex
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plained in the same way as in those samples of water that far
exceeded the general average.

Not much of an idea can be gained from an average like
this unless other conditions are taken into consideration.

As there was a wide difference between the physical charac-
ter of the sea bottom at the various places from which sam-
ples were taken, the analyses have been arranged with
reference to this point to see what effect the substratum had
upon the presence of bacterial life.

The opportunity for a comparison of this nature was all the
more favorable at Woods Holl on account of the slight varia-
tion in the depth of the water. Al samples that were anal-
yzed were secured at depths ranging from 25 to 65" 0
that this factor was fairly constant. According to the anal
yses made at Naples, this element of depth entered very
strongly into the problem of quantitative distribution, there
being a marked decrease in numbers as the depth ingrea§cd-

It has already been ascertained through the investigations
of Frinkel® and Reimers? that virgin soil is much poorer if
bacterial life than that which has been disturbed, and that i
a general way, the bacterial contents of a soil are largely de-
pendent upon the amount of organic material that is coi-
tained therein. As the sea bottom is practically ““d“cftur
as far as the influence of man is concerned, a comparison @
the germ life of different soil bottoms ought to yield natd
results.

From a mechanical standpoint, a fine silt wou-ld offer bc:;tf;
conditions for bacterial life than a coarser soil, as thcrdc.
more room in the interspaces in which the bacteria may
velop. :

Whitney® has estimated the absolute empty space ;EH:':‘;
to be 45 per cent. of its volume while that of clay 15
per cent. more. sed

The majority of the samples that were taken ity rth: fine
bottom were either composed of a very ‘?‘“e silt Osamp
quartz sand mixed with clay. In several mstanccs.ed y 25
of pure ‘live” sand, as these shifting shoals are ;:’a an'af}""’
also tested as to their bacterial life. Grouping t ff-om whi
according to the physical character of the bottom

; 9 hat thirt¥
the respective samples were derived, it was fo_uE_L—-—-"’

T

®Frinkel: Zeits. f. Hygiene 11 (1887). 521.
TReimers: Zeits. £ Hyg. vir (1889). 307. 3
*Whitney: Fourth Md. Agric. Rept. (1892). 28I.

'
1
3
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tests of the very fine blue and gray silt yielded on the average
fout 17,000 germs per cc.  Thirty-five samples of a mixed
flartz sand and clay gave an average of nearly 20,000 germs
prunit of measure.  The few samples of pure shifting sand
vite practically free from organic matter and contained only
it 5,000 germs.  Not enough tests were made to say
Mether this ratio would be maintained or not, but the dif-
trence between the sandy clay and silt is quite within the
imits of ordinary variation. The species found in the pure
i did not differ from those growing in the clay soils.
Ouantitatively, the marine mud in the vicinity of Woods
Wil ontains much less germ life than that of the Mediter-
axan in the vicinity of Naples. The Naples cultures made
™ mud taken at the depth of 150" or less, yielded
“‘“”)’ffﬂm 200-300,000 germs per cc., while those made
0 this side of the Atlantic in only exceptional instances ex-
It e 50,000 germs while the average content was about
7#0,000 per unit of volume. Just what conditions bring
utsthamarked diminution is not easy to see. The
RIS for the Naples analyses include only the sam-
From then at a distance of two miles or more from land.
e jfiﬁpe_arence of the cultures, this l_umt see‘med to be
B of ge ¢ influence of land contamination. The major-
l‘linditignwage and fresh water forms do not ﬁn‘d .favo.rablc
iﬂlprobab? n the sea for their development, but it is highly
froyed & Hat. al} germs introduced in this way are de-
oy g, 1° doubt adapt themselves to their changed
% Woods Hnu e f‘ble to live. At all events, the condltléms
ﬂf!’are 5 Oll are in a]] probability more near.ly. norma.lt anf
aples, as the possibility of the introduction o
> umbers as would be derived from a large city
I3 se °¢ excluded,
"nw;:lstons Work has been carried on in p‘nuch morte
Periog §rs but th? difference in temperature is not g.rleat.
HT; the teo Observatlon at Naples extended frc-,m Apri : o
( mcperature of the water during this time varying
Mat |yt & This year the work was carried on some-
" dter (June-A . e 550_
rr. ugust), the temperature ranging fro

ME{ fnormoy
% in this .,

em :
p.unﬁ?z'{re.ls one of the more important factors that
Uthis .. Stribution of micro-organisms, but it would Sefhm
that the difference in bacterial contents of the
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two localities examined must be explained in some other
way.

As.yet, we do not possess sufficient knowledge concerning
the distribution of bacterial life to satisfactorily explain this
peculiarity. '

Relation of the bacteria of the sea bottom to the superposed
water masses.

The idea was advanced as a result of last year's tests that
the high content of mud when compared with water was in
part due to the growth of distinct species that were to be
found only in the mud. This indigenous flora was in no way
derived from the water masses above but had spread itself
over the sea bottom in a way not at present thoroughly
understood. This theory was based upon the fact as deter-
mined by cultures that at least 35 per cent. of the total bac-
terial contents of the Mediterrancan mud in the vicinity of
Naples was included in three species that were exclusively
slime bacteria.

The work this season afforded an opportunity to test the
correctness of this view on data from a widely different source.

The idea has already gained some ground that the soil bot-
toms of the oceans have derived their bacterial contents from
the water mainly as a result of sedimentation. ;

This result is based upon the fact that while river w.att:;
is usually rich in germ life, lake water is poor; therefore lt'fl
inevitable that the mud must have derived its bacterial lile
from the lake water by sedimentation. : hness

Practically no data had ever been gathered on the ncm_t ;
of either lake or sea bottoms in bacterial life from a quaﬂtf:_l.
tive standpoint so that the conclusion was mafﬂl)’ - ff";ot
one. The results of experimental sedimentation tCStbd ;e
show that bacteria have any decided tendency towar : ufe{z
sition. The self-purification of polluted stregms,Fha W ac-
to be explained upon the theory of sedimentation 1S -I:;c ex-
counted for largely in another way and we have no post micro-
perimental knowledge that sedimentation of all. theseon’qo
scopic vegetative forms exists.  The results of thisseas re‘:'ious
servationsare entirelyin conformity with those of the l:-tiO“ 0
year, and indicate beyond a doubt that a large propohahitat
the bacteria in the mud are inhabitants solely of tl'“sml:u'a':

The majority of the individual germs present are €M
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ina few species. One form, Bacillus limicola, is very com-
mon and is almost always found in every culture that is made
fom the mud. Besides this predominating form there
ue several other species that are also exclusive mud dwell-
es. This indigenous mud flora, however, does not make up
lie entire percentage. In every sample analyzed there is to
be found a goodly number of germs that are also inhabitants
o the superincumbent water masses. These have not fallen
iothe sea bottom in a dormant condition, but are actively
legetating, as will be shown in the succeeding paragraph.

The actual stage of development in which marine bacteria
are found.

'The quantitative analysis of the ocean waters and the under-
lying floor by means of cultures givesusanapproximateidea as
e number of individuals that are to be found therein, but

“eresults do not in themselves tell us the actual condition
Othe bacteria—whether the germ life is in an actively vege-
#ing condition, or is merely in a quiescent spore stage.
e the waters of the globe filled throughout with bacterial

Sl activity? - Is the ocean bottom peopled with forms
It :t e “ndergoing their cycles of development, or is i.t me‘rely

: 'esﬁmg place for the “‘perpetual shower” of organic beings

\m,aho"e whose active existence is at an end? -
iqﬂf ave determined the presence on the sea bottom Ohm-
O?msor's SPeCies, so the most natural inference is that t est’;;
i 1ted to the mud layers must possess the means o

ying on their metabolic activity. ; ¢
‘_hiceiqltl)espon can be approached in two ways. (d)“e ;’n
"Dthees Y inferentia] reasoning and can only be relie t?]%d

e :‘te“t of affording a check upon the other me! i

Pear io determine the number of colonies day by day ﬁ? h ;’
'cgftati: the cultures, [ the bacteria present are mf 0 ihe
iferen s ¢ and spore stage, the time of incubation be Or?ible
¥ill be g.ermf? dcvelop into colonies microscopically ¥3® #:
v, 1Ute different. Those cerms that are already “;l -
Sowth :eget*{ti‘fﬁ condition will immediately —begmn:a::i-

& w‘nc! “"It_h most saprophytic species thlS- will belt 18
With thlthm thirty.six hours from the preparation of cul 13 o
. tit:'-:)nse forms that are in a resting stage, e peggvan-
S will be considerably lengthened. Taking o

I8 fact, we can by counting the number of develop
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colonies in the cultures on successive days get an approximate
idea as to the actual condition of the bacteria in the sample
when it was taken. This method is of course only applicable
under certain conditions, for if there is a great variety in the
number of different species, the rate of development of the
various forms may vary to such an extent as to impair the
accuracy of this method.

The method, however, possesses a certain value in the case
in hand as the number of species is not large and as it affords
a check on the second method which is experimental.

The other method consists in destroying all iforms that are
in a vegetative state by sterilization at a low temperature.
This temperature should not be high enough to injure the
germs that are already in a dormant state but should be suffi
cient to kill all forms having protoplasm in an active condition.
The quantitative determination of the bacteria in equal vol-
umes of the sample of water or diluted mud before and after
this sterilizing process affords us data for this problem.

Unequal distribution of the germs in the different _Cllltl""”s
will materially affect this result, but if proper precautions af¢
taken to thoroughly distribute the bacteria in the fluid before
the control cultures are made, this element of erroris mater-
ially reduced. i

Samples of water as well as of mud were subjected to thli
method of differentiation and were sterilized for on€ .hourbiav
the temperature of 70° C. This temperature is cons:d(e;lacl
higher than any known form of active protoplasm can enl ri,;g
so that one may be absolutely sure that all colonies develop
in heated cultures originated from sporiferous germs. =

Ten series of tests were made with samples taken ]faror: the
water at varying depths and in all but one oo esnum‘
“‘heated” cultures developed bacteria in greater of 16;5 water
bers. The percentage of sporiferous bacteria If t eted to
varied widely and in two instances the cultures sublfcnitsas
this partial sterilization showed nearly as many €¢ ?:lemoﬂ'
those untreated. Bacteria, in a spore condition weree bottom
strated in the superficial water layers as well as at t
and intervening depths. the

Ten series ofgteslt)s were also made upon t},'e mud ﬂ:;:lgt
sea bottom. These likewise showed a ;ar_y ”;grgjtri;e condi

. e 1n
the bacteria present on the sea floor to be 11 & 7= and Globi

. i iquel
®Except two or three thermophilous species,according o Miq
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tion. Asin the case with the water cultures the limits of
variation with the mud bacteria varied widely. Inoneinstance
only (forty-five feet deep) were no bacteria found in spore
tondition.

These results accord in a general way with those made in
e Mediterranean and show that while the water and under-
lving sea floor are filled with bacterial life, they are by no
means in an entirely quiescent condition. Both water z}nd
nud are peopled with micro-organisms that are undergoing

their cycle of development here as elsewhere.
(70 be continued.)

University of Wisconsin.

BRIEFER ARTICLES.

eation eolleeting, T haye spent the month of August at Sakonnet
oimt, Little Compton, R. I. For one week I had the company of
I James [, Bennett, who I found had made an extended list of
::‘Pfants of the region. Among the interesting species are Sene-
1 Coronopus in great abundance; Woodwardia angustifolia, quite
Pentiful but ot i, fruit; and all the queer abnormal varieties con-
ivable of Onoclea sensibilis, ;
i ere 1s 4SWamp wood near the house where I am stopping, I
1 X Opaca of large size. I glabra, I. laevigata, and L verticillata,
growioccur.- There is a perfect tangle of Mikania Esc'anden?l,
thr g high up into the trees. It is rich bo-taplzmg a
Iough. this swamp, Nowhere did I ever see more brilliant Lobe-
Adinalis, e fing over forty trees about here, the oak being
ally wel] represented. On all the meadow lands near t_h(,: 5
Oschnds quantities of Anagallis arvensis. The splendid Hlbls-(:;s
m;utt}s 8TOWs in the salt marshes. I have fOUnfi no Sat?b;:)lor..
gty OUS strays have been picked up now and then in the neig
¥n of Tiverton, [ am on the lookout for them here. I might say
Nt YSostegia Virginiana is quite common on the roadsides. :
¢ middle of the swamp wood before mentioned, near a oves
‘ound a boulder thus inscribed: “To the Memory of s
tl;an‘;‘?;: of th; Sakonnates, and Friend of the Whiteman.” 1ha
I PPy hours in this secluded spot.
in e e"‘ﬂ}'_summer I botanized exfensﬁfely about Mt. wa%.h;s::
ity 'ilhpany "th Mr. J. F. Collins. Afterwards I exPlorifr.t%;:?Hms

& the Harrison brothers, of Lebanon Springs.—
' To0Vdence R, 1
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