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1,—The Idea of a Marine Biological Survey.

Volume IT of the University of California Publications,
Zoology, is now either published or in the Editor’s hands, waiting
to be put into type. It is composed exclusively of ‘‘Results
from the Laboratory of the Marine Biologieal Association of San
Diego.”’

The investigntions ou the coast of Southern California now
having been in progress for several years, and their continuance
being assnred for a few years move at least, it seems fitting that
thig 1 of results should be introduced by some state-
ment o we general ideas animating the nndertaking, and of the
efforts being made, and means available to realize these ideas,
Investigations in marine biology, intensive rather than cxtensive
i character (to borrow a useful agrienlural phrase) is the key
note of the iden. An immediate eonsequence of the adoption of
suceh an idea as a rule of action, has been the necessity of making
a clear distinetion between marine biology, and general biology
prosecuted by researches on marine organisms. T have elsewhere
written as follows of this distinetion:

““The former has for its aim, in the large, the getting of as
comprehensive an understauding as possible of the life of the sea.

It, of course, presents itself under a g mdary
questions; but the sum total of the phe plants

and animals will never be lost sight of as its real aim. The latter
makes use of animals and plants that live in the sea in general
biological researehes, That these organisms happen to he marine
is an ine ly. The iuvestigator turns away from them
without hLestwuon when others, from whatever souree, come to
hand that suit his purpose better. Further, the user of marine
organisms in such investigations iy qnite indifferent to every-
thing concerning them that does not bear upon his particular
problem. e puts aside the marine animal ifter it has served
his purpose without having even noticed, perhaps, the major part
of its traits and qualities and the guestions concerning it.”’

For this partieular undertaking, I believe the ideal, hroad
and general as it is, is eminently useful. It is useful becanse it
gives definiteness and eodrdination to action, and furnishes a
commanding point of view and stimulus. It is justifiable to hold
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and be guided Dy it, even though assnranee .of opportunity to
carry it out fully is absent.

The aim as formulated in the articles of ineorporation of the
Association is, “‘To make a Biological -Survey of the waters of
the Pacifie adjacent to the Coast of Southern California,”’

2,—Tho Axea to he Surveyed.

The fuuds available being small, an important and ever-
present practical question is that of fixing Hmits. One of the
first of these was that of Hmiting the territory to be snrveyed.
The irregularly triangular area extending from Point Coneep-
cion, Lat. 34° 277, at the north, to a base line extending westward
from the southern boundary of the United States, Lint. 32° 28,
hounded on the east by the eoast line, and on the west by the

me! 1ol Poiut Coneepeion, Long. 120° 25/, was selected. The
sho e of this area, exclusive of the islands, is about 280 miles.
The th of the western side is about 120 miles, and that of its

southern side about 194 miles. The area contains, therefore, over
11,600 square miles.

It is, of course, not to he supposed that a stone wall has been
built ahout this area, and that we give no heed to anything out-
side of it. As a matter of faet, nothing is clearer than that com-
plete knowledge of it is impossible without extending the explora-
tions widely beyond it. That it makes a well defined base of
operations, is about-the view we take of it.

The qualifications of the region ave: a position well to the
south; a considerable extent of continental shelf, presenting a
large diversity of hottom, with numerous islands aund shoals;
proximity to oceanic depths and other truly oceanie eonditinng;
a favorable climate; a large variety of shore H i-
bility through sea ports and railvoads, Two of ,
that of climate and proximity to oceanie conditions, are held to
he of very preat importance. A fundamental element in investi-
gatious of the sort contemplated is continuousness of the field
work. Data gathering must go on throughout the year at fve-
quent intervals. The weather here offers little obstacle to this.
Heavy storms are rare, and these ave practically limited to three
or four months—Janunary, Ifebruary, March, and April. - For the

3
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rest of the year there ave few days on whieh, for a portion of the
day at least, work cannot be carried on anywhére in the area with
slight interference from heavy seas; and even during the months
subject to storms only ravely is it interfered with. The praetical
importance of this ean hardly be overvalued, as all experienced
in this sort of work will appreciate. Not only does it make a
completeness of field observations practicable, that could hardly
be seeured with any kind of a vessel in more storm afflicted
regions; but it veduces the cost of exploration to the minimum,
for -the work can be done in a vessel much smaller, and hence
much less expensive of operation than is ordinarily required for
such work. Dredging and trawling to a depth of 500 fathoins
at least from a vessel of 60 foot keel, manned by three men, is
perfeetly feasible; and sounding and various kinds of work on
surface and. intermediate waters can be done at considerably
areater depths with the same equipment.

The following table, made up from data contained in the
Monthly Synopses of the United State Weather Bureau, presents
information eoncerning climatie conditions at San Diego during
1904, an entirely typiecal year. ‘

TABLE OF METEOROLOGICAL CONDITIONS, 1904

TEMPERATURR, PRECIPITATION, < W,
g 4 B
. . 4 g = z8 e
s g -
E LOGATITY. é 2 E é 'g g-; ;2
| 2 = & A5 &8  HF
JANUARY,
Nantuekot .......... 34 22 5.98 16 11,849 G0
Koy West «.ovvnnnn 73 82 1.42 7 7,834+ 31
Parall L....... 54 49 .88 7 12,117 . 48
San 1 0 ...... B6 45 1.05 5 4,202 26
San Diego .......... 65 47 .04 2 4,310 27
FEBRUARY: - ’ :
Nantuekeb .......... 32.. 19 3.86 . 15 11,386 47
Key West ...,...... 76 66 - 1.08 4 7,106 33
TFarallone .... 53 49 6.138 16 10,149 50
San' Franciseo ...... 55 46 5.8 16 5561 31
San Diego .......... 61 48 150 6 3,802 36
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San I'raneiseo

San Diego ...

Avuirn,
Nantueket

Koy Wost ......

[farallone
San Prancisco
San Diego ...
May.
Nuntuneleet
Koy West .
TParallone
San Franeiseo

San Diego ...

JUNR,
Nantunelket .

Koy West .....
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San Iranciseo .

San Diego ...
JuLy.

Nantueket

Koy Wast ...

TFarallone ...

San Francisco

Ban Diego ...
Avuaust,

Nantuneket ...

v

Koy Wast .oivvins.
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San I'ranciseo .

San Diego ...
SEPTPEMIER,
Nantueket
Koy West ..
Tarallono ....
San Francisco
San Diego

TEMPERATURE, PRECIPITATION,

Il
g 4
El
30 20 11

18 38 4.08
30 71 1.51
a7 50 2.29
63 50 1.29

86 562 .16

61 a0 2.39
82 73 13.01
ah 51 .88

60 h2 .30
66 568 .12

65 54: 2.38
86 77 1.70
56 51 0L
466 52  'Trace

56 52 0
62 52 02
71 62 0
71 [ixk 2.25
88 77 4.24
H6 53 Trace
G2 58 .06

76 66 Trace

67 56 .78
87 77 3.55
No records.

71 57  5.07
76 64 - Trace

Days with .0lm.
or more.

@

=]

Wixn,

£ BE
gR I
EE:] PE
EER
88 AF
11,204 45
7,242 30
11,940 70
7,126 48
5,041 27
10,274 49
7,378 48
10,890 45
6,54 32
4,665 23
9,083 36
6,018 32
14,093 56
8,021 42
4,153 27
9,019 42
6,856 28
18,757 54
9,448 36
4,631 20
8,011 30
6,760 28
11,074 40
10,674 38
4,336 23
8,377 35
6,417 31
11,066 40
9,674 36
4,165 17
8,869 h8
6,002 27
7,141 36
4,132 20

v
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TEMPERATURE., PRECIPITATION, Winn,
‘ £ i g
. - 5, ER 2%
E LOOCALITY, E 2 5 E § .:‘é 4 Z
g O U 5 4 u B W
A = = 3] =X} 3L Ae
(CTOBER,
Nantueket ......... 57 47 1.01 8 11,700 48
Key West .......... 82 4 1.57 14 8,675 71
Farallone ........,. 61 56 2,01 7 10,701 50
San  Iranciseo ... 68 66 2.387 7 5,500 32
San Diego .......... T¢ 59 A7 3 4,171 20
NOVEMBER.
Nantueket ..... v 46 R5 3.20 8 11,394 60
X Vest .......... 70 68 G.22 12 TATE 48
n ME e, DY 51 1.58 [§} {168 43
St raneigeo ..., G3 BB 1.07 5 3,851 22
S iego ..... N £ 54 0 0 3,930 23
DEcE :
Nantueket ......... 85 25 4.67 17 18,184 [
Key Wogt ........... T4 65 L34 2 6,941 20
Tarallone ..o.ovv.. B7 51 2,22 10 11,431 n8
San I'rancisco ...... 55 46 1.59 10 4,870 38
San Diego ......... . 68 51 2.46 7 3,884 19

Perhaps the most important fact, from the present point of
view, ¢ " "ted by this table is that pertaining to winds. It will
be noted, for San Diego, that the maximum velocity for the year
wag 36 miles an hour, in February. On the basis of the *‘ Beaufort
Seale’ of wind veloeities, this is a ‘‘Strong Breeze.”” February
and Mareh are the elimax of the stormy season. For the months
May to December, inclusive, the maximmn veloeities run from
“(tentle Breeze’ to ¢ Fresh Rroasze,”

La Jolla, the suburb of S: iego at which the laboratory is
located, is on a rocky point ji g into the open sen with water
of 200 fathoms attainable ins of five miles; so the ecological
problems of oceanic plankton, «nd of bottom-forms ean be here
attacked under peculiavly favarahlv conditious,

The westerm Dboundary of the area corresponds roughly to
the edge of the continental shelf in this region, and immediately
beyond this 2,000 to 2,300 fathoms are veached. While this
extreme cdepth is distant about 200 miles fromm San Diego, by
making San Nicholas Island a temporary base the 2,000 fathom
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Map 1.—Showing the Area to be surveyed. Modified from United States Coast and Geodetie Survey Chart,
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eurve is only 65 miles away., Within the area is a wide range of
depth and preat variety of botton, A Dbasin 40 niles off Point
Lowa has a depth of over 1,000 fathoms. On the other hand,
the Cortes Banks, jnst beyond the southern boundary, earey but
15 feet of water at low tide.

There ean be no doubt that deep sea and “longshore investiga-
tions Liave not yet heen hronght together to the extent they ought
to be.

3,---The Initial Step.

The first step in such a survey wonld obviously be to find

out what plants and animals inhabit the area; to establish a
speaking acquaintance, as one may say, with the organisms that
are later to be more intimately known. So far this has absorbed
most of the effort, and it will of neecessity demand the continu-
aiee of mueh effort for a long time in the future. The ideal
being kept always in view, the mere deseription of the new spe-
cies for the exclusive use of expert taxonomists in the several
groups, would uot be sufficient. The entive fanna and flora must
be recorded in such a way as to make the vecords a good founda-
tion for the hroader and deeper stndies to follow. These consid-
erations have determined the character of the faunistic papers
now published, and that will come hereafter, The present vol-
mmne containg the following contributions to a knowledge of the
fauma:

No.l.—The Hydroids of the San Diego Region, by Professor
II. B. Torrey.

No, 2,—The Ctenophores of the San Diego Region, by Iro-
fessor H. B, Torrey, ,

No.3.—The Pelagic Tunicata of the San Diego Region, except-
ing the Larvacea, by Professor W, E. Ritter.

No. 4¢—The Pelagic Copepoda of the San Diego Region, by
C. 0. Isterly. '

No. 5—The Nouencrusting cheilostomatous Bryozoa of the
West Coast of North America, by Dr. Alice Robertson.

No. 6.—~The DinoHagellata of the San Diego Region, by Pro-
fessor C. A. Kofoid.
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Not only are new species deseribed, but all that have thus far
been found in the area are characterized, and in most cases illus-
trated by figures, so that these papers will constitute a series of
ho " * r as they go, for the identification of the species
t: 0 intended that the bibliographieal lists acecom-
panying the papers shall serve as useful guides to the literature
of the several groups for those who may take them up for the
study of special problems connected with then.

4,—Order of Advance on the Numerous Lines of Investigations,

While there is no reason for attempting a rigorously laid
out order of attack on the numerous problems, at natural sequence,
within certain limits, will establish an order; and where practical
administrative conditions conveniently adapt themselves to such
sequence this order will be followed. Tor example, the species
representing a given pelagic group having been got well in hand,
a natural second step would be the determination of the seasonal
distribution of the group, since the study of the collections for
the taxonomy would surely bring together, incidentally, consid-
erable data on this problem. Following close npon the treatment
of seasonal distribution would come that of horizontal and ver-
tical distribution, the chorology ; and inseparably linked with these
wonld be the problems of food and reproduction ; and these again

[ lead to problems of migration, with their intimate depend-
( npon temperature and other environmental factors. And
here, completeness of knowledge being ever the watchword, the
demand would arise for applying experimental and statistical
methods in the effort to get at the deeper significance of the facts
observed, and generalizations reached from the observational
investigations, The chain of questions hanging one to another
is endless and, of course, completeness of knowledge in a hter'
sense, is an unattainable ideal.

5.—Knowledge of the Physical Conditions of the Area.

It does not need to be said, in the light of general biolog-
ical conceptions reigning in this day, that an aim at comprehen-
siveness of knowledge cannot for a moment negleet the physical
conditions under which organisms live. "What has to be consid-
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ered in connection with a marine undertaking like the present, is
the specific things that must be done, and the means for doing
them, Oceanography is in position to hand over to the marine
biologist, ready prepared, a large amonnt of the information he
must have; and, likewise, physies and chemistry have important
resources that can be drawn upon. But these general sounrces in
nowise obviate the necessity for constant and searching studies
on the sea water in eounection with such a survey as that contem-
plated, Conditions of the water as to temperature, and enrrents;
mineral, gaseous, and albuminoid eontent, ete., must be known at
the particular time and place to which the biological studies per-
tadn, and no general knowledge of this character can suffice.
Physies, echemistry, and hydrography must, therefore, be integral
parts of such a survey.

(.—Instrumentalities for Prosecuting such a Survey. '

It is obvious that no small outlay of money would be essen-
tial for even a good beginning; and that considerable progress in
it could be made only with large .expenditures for hoth equipment
and operation. The ideal laboratory building would 1ot be large,
but would be constrncted with great eare. Agquaria would con-
stitute an important element in the plant for the work on shove.
From $50,000 to $75,000 should build and equip an ample labora-
tory and aquaria. :

Equipment for the work at sea would demand the greater
poftion of the capital. For the deep-water work a ship of the
class of the U. 8. Fisheries steamer Albatross would be essential.
For less depths, say 1,000 fathoms and under, a much smaller
vessel would be ag efficient or even more so, since it ean be han-
dled so muech more quickly. As noted above, onr area is extremely
favorable for this purpose. A vessel that could be built and
~made ready for sea (withont scientific apparatus) for $10,000
or $12,000 would be ample.

Operating expenses wonld be considerable; and this leads me
to speak of the factor most important, but least tried, for the
suecessful carrying out of sneh an idea.
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7.—Neceessity of a Salarled Staff.

Obviously, there must be cotrdinated effort of numerous
special investigators to make any headway. Ilow is this to be
secured? In ouly one way: by paying for it. The diversity of
talent and training ealled for, and the prolonged period of service
requisite, preclude the possibility of suceess on any other basis,
Botanists and zoologists there are who wounld gladly, and without
thought of mouney compensation, prepare reports on eollections in
their gpecial groups that might be sent to them; and oceasionally
one would be found not only willing but able to stand the expense
of a sojourn for a few days or weeks at the Station, that he might
make observations in the field and participate in the collecting.
But for repeated and long continued work on both living and
preserved material such as is implied by the range of problems
contemplated, gratnitous service of this sort cannot be connted
on.  And why should it be expected or asked?

So with the other lines of research; a chemist could casily he
found who would De glad to examine water samples that might
be seut to his own laboratory; and geologists there wonld be who
nuder like conditions, from their geologieal interest, would will-
ingly report on hottom deposits. But where is the chemist, or
physicist, or geologist, or hydrographer, who would be willing,
or condd afford, to undertake such systematic studies, larvgely of
neeessity at the Statimf, as would meet the Dbiological require-
meuts? There is really little more ground for assuming that a
chemist’s scientific interests should be sufficient to induce him to
enter upon such a task, than that they should be sufficient to
induee him to do the chemieal work at a sugar factory, or a gas
works. ) ‘

In short, the only way by which snelt a survey can be carried
on with any considerable measure of suceess is through an organ-
ized, salaried staff. This, of eourse, means a large and contin-
wous expenditure. But the size of the expenditure would be
fortuunately lessened by the circnumstance that while the staff
would be in the aggregate rather large, only a portion, and in the
main a comparatively small portion, of the time of each member
would he demanded. In most cases oceasional visits to the Sta-
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tion Tor hrief periods, with most of the work done elsewhere,
wonld suffice. So the ehief and move permanent members could
as well as not be pevsons in regular positions and with regular
incomes i other institutions,  Furthermorve, the investigations
are of such a nature that students in the stage of advancement
of candidacy for the doctor's degree in a University could, by
working under the gnidance of those more experienced, be of

much service,

§.~Prosent Status, ag to Ways and Means.

An organization fueorporated under the laws of Cali-
fornia, known as the Marine Biological Association of San T
is at present the struetural foundation upon which the o
rests: but the Association is prospeetively a department o
University of California.  Provision is made in the articles o
incorporation that under specified conditions and at the expivation
of a certain peviod, all the holdings and undertakings of the Asso-
eiation shall pass antomatically and wholly into the hands and
nnder the control of the Board of Regents of the TTniversity.

In the meantime, the Tiversity’s part in the undertaking
congists in a measure of cobperation through a committee of
Regents, with the Managing Board of the Association, in the
conduet of the business affaivs of the survey ; in the fact that the
Director and most of the Seientifie Staff are members of the Uni-
versity Taculty; fu the granting to the Association permission
to take to the Station cach year a considerable amount of labora-
tory equipment and nmmnerous library books; and finally, in
publishing at its own expense the results of the investigations.

The as o at present arve: a laboratory
building at La Jolla, neither large nor of elaborate constrnetion,
but serviceable for most of the work now in progress; a schooner
of ninsteen tane vowictor with anyilinrvy nower. and fitted with
holsting engine and gear; colleeting apparatus; the nucleus of a
libravy; and a definite guaranteed ineome for three years from
July 1, 1904.

The present officers of the Association are:

T. I. Peters, President.

Dr. Fred Baker, Vice-president.
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II. P. Wood, Secretary.

Julius Wangenheim, Treasurer.

‘Wm. B. Ritter, Scientific Director.

. 'W. Scripps and Miss Ellen Seripps, wembers of the Board
of Directors. .

B. M. Davis, Resident Naturalist, 1904-05.

Manuel Cabral, Collector.

The permanent members of the staff sinee 1901 have bheen
Wm. E. Ritter, Ph.D., Professor of Zoology in the University:
C. A. Kofoid, Ph.D., Associate Professor of Histology and Thn-
bryoloov: H. B. Torrey, Ph.D., Assistant Professor of Zoology.

In . :he following, all connected in some eapacity with
the ¥, have heen members for longer or shorter times
on it to partienlar pieces of work, and for the most

part on the pay roll: W. J. Raymond, B.S., Assistant Professor
of Physies; F. W. Baneroft, Ph.D., Instructor in Physiology;
Alice Robertson, Ph.D., Assistant in Zoology ; C. O. Esterly, A.B,,
Agsistant in Zoology; John F. Bovard, B.S., Assistant in Zool-
ogy; Margaret Henderson, B.8.; H. M, Evans; L. IT. Miller,
M.S., Assistant in Zoology ; Robert Williams, B.S.; and Lffie J.
Rigden.

9,—Historical Note.

Our work in this avea did not begin with the ™ ™" 10
Association, or even with San Diego as a base of vpurauous.
During six weeks of the snummer of 1893 a party of teachers and
students from the Department of Zoology of the University of
California, housed in a tent laboratory at Avalon, Santa Catalina
Island, made the first dip into these w ' 1 Both the money and
equipment for this piece of work we: ipplied by the Regents
of the Uniwversity. Another University iy, with headquarters at
San Pedro, put in several weeks of tlu nmer of 18956, Nothing
further of a formal character was attempted until 1891, thotugh
individual members of the department made repeated collecting
trips to San Pedro throughout the intervening period. All this
served to prove the great riclmess in marine life, the advanta-
geousness as a collecting place, of the San Pedro district. When,
consequently, it was resolved, in 1901, to make on effort on the

‘
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basis of ideas that had beed taking shape for several years—_those,
in a word, which now animate the mdertaking—San Pedro was
Dhelieved to be the most favorable locus for whatever might he
done.  For this summer it was resolved to aim particularly at
dredging operations in the shallow waters, made as thorough as

the time and equipment wonld permit, with a oissance to
San Diego if possible.  The Tniversity being ¢ to supply

the money for this, a suceessful appeal was ‘made to friends of
the University and of geience in Lios Angeles and elsewhere.
Innds to the amount. of ahont $1.800 were sceured, with which a
large though open gasoline launch was hired and fitted for the
work., She was kept tantly from May 20 to
August 6. 'While the ling were the chief ocen-
pation, other lines of work were not wholly negleeted, partien-
larly plankton colleeting and temperature taking. The proposed
run to San: Diego was made, and fromn the days devoted to the
work there a good impression of the hiological conditions of that
rogion was obtained. : :

For the work on shore on old hath house was vented and con-
verted into a -simple laboratory. The summer of 1902 was like-
wise spent at San Pedro, but this year nothing was doue at &,ul,
attention being restrieted to the littoral fauna.

During both these seasons formal courses of instruetion in
Zoology were given as pdl't of the regular University Summer
Session,

Before the next summer the laboratory building and
hest. eollenting gronnds within the small inner harbor at L

| been destroyed by the harbor improvements b ¢
prosecween there by the U. 8. Governnient. Owing to this |
to encouraging proposals for financial aid frowm San Diego, |
by Drv. Fred Baker, and to the 1 impression made by
experiences there in 1901, it was lved, in the early sprin
1903, to move the base of operations to San Diego. During the
years 1903 and 1904 the boat house at Coronado Beach, given and
in part fitted nn hv the Coranadn Beach Company, served as a
laboratory building. :

The work at San Pedro was made possible largely through
the interest and efforts of Mr. J. A. Graves, Mi. H. W. O’Mel-
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veny, and Mr. Jacob Baruch of Los Angeles. The chief contrib-
ntors of money here were: Mr. Jacob Baruch, Mrs. Phoebe A.
Hearst, Mr, J. A. Graves, Mr, IT. W. O’Melveny, Mr. Wm. G.
Kerchoff, Mr. Win. R. Rowland, Mr. Van Nuys, The Los Angeles
Terminal Railroad, Mrs. Margaret Fette, Mr. J. . Shankland,
Mr. John E, Plater, and Mr. Charles M. Wright,

By far the largest givers to the station since its removal to
San Diego have been Mr. 18, W. Seripps, Miramar; Miss Ellen B.
Seripps, La Jolla, and Mr. T, T, Peters, San Diego. In addition,
the following have contributed substantially: Mr. Wm. Clayton,
for the Coronado Beach Company; Mrs. ®. T:. Keating, Mr,
Henry W. Putnam, Mr, G, W. Marston, and kon. U. 8. Grant.

10,—Remarks on the Present Status of Marine Biology in General.

Situated as our station is, on a biologically alimost nnknown
part of a little kn i, our first concevn, chronologically,
must be with loeal conditions and problems. The meageruess of
kunowledge, not only of the fanna and flova, but also of the ocean-
ography of the eastern part of the North Pacific can hardly he
realized except by the few specialists whose studies have led
them into immediate contact with it. Sir John Murray, the
acknowledged prinee of oceanographers, when the science is
regarded as pertaining to the earth as a whole, has recently

pointed out the urge 1 of further exploration of the Pacific
from abont 1507 'W. to the American coast. OQur informa-
tion about the most Ul facts eoneerning the eurrents, for
ingtance, is wholly Juate to constitute a Loundation for

investigations on distribution of organisms. And as to zoology,
there are whole groups of prime importanee for any of the wider
questions of mavine biology, like the dinoflagellata, the radio-
larie, and th  hactognatha, about which there is hardly a
recorded observation. Even the better studied groups, like the
fishes, the mollusks, and the crustaceans, when ecologically rve-
garded have been hardly more than glanced at.

But, hemmed in as we are and for a long time must be by
the limitations of meager local knowledge, we yet venture to look
somewhat beyond these limits to see where the general idea consti-
tuting the underpinning of ouv enterprise stands with reference
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to the present state of this domain of seience; and in what particu-
lars, if any, Nature has given us opportunities to be of spceial
use in advancing it. Looking over the whole domain, one sees
that while eertain geographieal regions, like the Mediterranean,
the North and Baltie Seas, the environs of the British Islands,
aud, to a less extent, the North American half of the Atlantie,
have been cultivated, intensely even, in certain partienlars, when
attention is direeted to large problems rath 1an to space areas,
the thoroughly subjugated portions are exceeuingly small.

Liet one go to the Bay of Naples, for iustance, perhaps the
best eultivated locality, and make inquiry about the ecology of
the most familiar speeies found Lhcrv and see how far from satis-
factory an answer ¢ 77 M realm of pelagie life,
no one wonld eontend that the great expeditions of the last half-
century, even that of the Challenger, of the Blake, and the recent
more coneentrated and betted equipped German Plankton and
Valdivia Expeditions, and those of the Albatross, have done more
than to effect a recounoissance of the field. The most general ques-
tions of seasonal, vertical, and areal distribution are still topies of
widest divergence of view, aud of lively discussion; and it is
obvions that this diversity is in large measure due to the
mere matter of dearth of readily ascertainable information,
Beyond the most general truth, important is this is, that the
bottom of the sea, even in its deeper parts, is inhabited by ani-
mals, how immediately one comes against a blank wall when he
beging to ask questions about this life. Ilow abundant is it?
Does it actually reach into the profoundest depths? Are we to
suppose it to be nmiformly distributed over the entire ocean floor,

nodified only bv loeal conditions. ar as helongine exr 7 'y to
» continent arging, with ¢ ar r g-
the continental marging, with only an advance gnar rag.

glers, so to speak, reaching to the localities farthes. removed
from any land? Ilow long, geologically, have the truly abyssal
depths been inhabited, and when and how did they become inhab-
itable? From what sonree did the immigrants to these regions
come? If from the littoral realms, has there been a general
movement of approximately equal importance from all shores,
or has it been chiefly from the polar regions? What is the signifi-
cance, biologically, of the continental shelf? What of Murray’s
“mud line’’?
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When viewing this whole field of knowledge, and the means
and methods of investigation, one must be struck by the prevail-
ing " rmity and inadequacy of the existing marine stations

for ¢ ¢t with the situation, This inadequacy is most manifest
in t wrtienlars: first, in the well nigh complete absence of
endo it, which is essential for the assurance of that certainty

and vegalarity of income by which alone continvous and long
continned, definitely planned investigations can be proseeuted;
and secondly bv the fimdamental idea on which nearly all these
nstititions ¢ ~ have been and are, with few excep-
tions, primaruy resorw ov individual investigators of specifie
hiological problems, and not for systematically attacking the
problemns of marine bhiology proper.

T would wish to guard myself without fail against being
understood as passing adverse eriticism upon these laboratories.
They were, most of them, bhronght into existence by an obvious,
immedinte, and pressing need. This they have met, and arve
meeting, magnifieently. No other instrumentality has contrib-
uted so largely to the promotion of general biology. The partie-
ular nead whielh gave them birth was not, however, that here
consic ly in the course of natnral progress has this need
come , _ ., into existence. We ave able now to formulate
more definitely than has hitherto been possible, the problems in
this field, and to see move clearly what methods and instruments
must be used in their prosecution. '

We arve in position to appreciate, for example, ag never hefore
the importance of knowing the complete life-histories of animals.
We are hacoming ever more impressed as knowledge advances,

with the . no segment of the phenomena presented by
an anin logieal or physiological, is fully understood
until it i in the light of the entire life career of that

animal. ‘We are likewise in position to see as never before what
must be done to attain to this fullness of knowledge. We must, in
the first place, learn by observation all the faets of the life-
history of the animal. In the second place, we must make use
at every point possible of & ¢ 7 “® opvation and
experimentation for the Interproveun ve vy savus.
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I verily believe the value of the experimental and statistieal
methods now so largely used in biology is not fully appreeiated
even by some of the most skilful and eonstant experimenters
themselves, nor will it he until these methods are better coirdi-
nated with obscervation in Nature. The problems of animal
migration, to be specifie, we now know depend largely, at least
so far as the simpler aquatie forms are coneerned, on purely
physiologieal rveactions to temperature, light, sex velations, food,
ete.; and we are already in possession of important elues to the
way these questions must be studied; but we mnst learn, through
¢ " 7 extended observation of the animals in nature, just
what it is we have to interpret. Need for a kind of mavine Dhio-
logical vesearch not speeially felt a few years ago is now becom-
ing urgent.

The laboratory of the Liverpool Marvine Biology Comittee
on the Isle of Man, under the divectorship of Professor W, A.

[Terdman, and the propos='= ~* - International Conmnission

for the Investigation of the istinetly in the dirveetion of
tal ) ¢

what the future must have ug on sueh researches.

The portions of Nature unsuuvjugated by science are vagt—
it almost seems as though they grow vaster the longer we work
at them; and one of the great questions science has ever befove
her is that of making sneh effort as she is able to put forth ecount
for the most. One way of doing this is by giving good heed, not
alome to the talents and tastes of workers, and money endow-
ments, but as well to the opportunities held ont by Nature herself.
' The conditions placed by Nature before us mark unmistak-
ably the road we ought to take.





