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TRUSTEES 

(As of December 31, 1932) 

To serve until 1936 

WILLIA)I BOWIE, U . S. Coast & Geodetic Survey , Washington, D.C. 
A . G. HUNTSMAN, University of Toronto 
ALFRED LOOMIS, Tuxedo Park, New York 
JOHN C. MERRIAM, Carnegie Institution, Washington, D.C. 
T. WAYLAND VAUGHAN, Scripps Institution of Oceanography, La Jolla, Calif. 

To serve until 1935 

ISAIAH BOWMAN, American Geographical Society, New York, N.Y. 
E . G. CONKLIN, Princeton University 
ALEXANDER FORBES, Harvard Medical School 
Ross G. HARRISON, Yale University 
FRANK R. LiLLIE, University of Chicago 
HARLOW SHAPLEY, Harvard University 

To serve until 1934 

CHARLES FRANCIS ADAMS, Navy Department, Washington, D .C. 

THOMAS BARBOUR, Museum of Comparative Zoology, Cambridge, Mass. 

BENJAMIN M. DUGGAR, University of Wisconsin 

JOHN A. FLEMING, Carnegie Institution, Washington, D.C. 

SEWARD D . PROSSER, New York, N.Y. 

ELIHU ROOT, JR·., New York, N .Y. 


To serve until 1933 

NEWCOMB CARLTON, New York, N.Y. 
G. W. LITTLEHALES, Hydrographic Office, Washington, D.C. 
T . H. MORGAN, California Institute of Technology 
R. S. PATTON, U. S. Coast & Geodetic Survey, Washington, D.C. 
E . W. ST. CLAIR, West Lynn, Mass. 
R. P. SCRIPPS, Ridgefield, Conn. 

Ex officio 

HENRY B. BIGELOW, Museum of Comparative Zoology, Cambridge, Mass. 
LAWRASON RIGGS, JR., New York, N.Y. 

OFFICERS 

FRANK R. LILLIE, President of the Corporation, University of Chicago 
LAWRASON RIGGS, JR., Treasurer, 25 Broad Street, New York, N.Y. 
HENRY B. BIGELOW, Clerk of the Corporation, Woods Hole, Mass. 
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II 

Act of Incorporation 

THE COMMONWEALTH OF MASSACHUSETTS 

BE IT KNOWN That whereas 

Ralph G. Boyd, Elizabeth D. Peabody, 

Charles F. Dunbar, William E. Hays, 


E. Curtiss Mower, Jr., Bertha A. Patten 

and E. Louise Malloch 


have associated themselves with the intention of forming a cor poration under the 
name of the 

WOODS HOLE OCEANOGRAPHIC INSTITlITION, 

for the purpose of the following:-To prosecute the study of oceanography in all its 
branches; to maintain a laboratory or laboratories, together with boats and equip
ment and a school for instruction in oceanography and allied subjects; to accept and 
hold money, and property of any kind whatsoever, and wherever situated, and 
whether received through bequest, devise, gift or otherwise ; and to apply from time 
to time a nd at a ny time to the purposes of the corporation, or to ally of them, all or 
any part of the income and/or principal of any funds and/or property held by the 
corporation; and have complied with the provisions of the Statutes of this Common
wealth ill such case made and provided, as appears from the certificate of the 

Proper 0 fficers 

of said corporation, duly approved by the Commissioner of Corporations and Taxa
tion and recorded in this office: 

Now, THEREFORE, I, Frederick W. Cook, Secretary of the Commonwealth of 
Massachusetts, DO HEREDY CERTIFY that said 

Ralph G. Boyd, Elizabeth D . Peabody, 
Charles F. Dunbar, William E. Hays, 

E. Curtiss Mower, Jr. , Bertha A. Patten 
and E . Louise Malloch, 

their associates and successors, are legally organized and established, and are hereby 
made, an existing corporation under the name of the 

WOODS HOLE OCEANOGRAPHIC INSTITUTION, 

with the powers, rights and privileges, and subject to the limitations, duties and re
strictions, which by law appertain thereto. 

WITNESS my official signature hereunto subscribed, and the Great Seal of The 
Commonwealth of Massachusetts hereunto affixed, this sixth day of January in the 
year of our Lord one thousand nine hundred and thirty. 

(signed) F. W. COOK 

(L.S.) Secretary of the Commonwealth 
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III 

BY-LAWS 

Article I 

OFFICERS AND THEIR ELECTION 

Section 1. Officers. The officers of the corporation shall be a Board 
of Trustees: a Director, a Treasurer and a Clerk (none of whom need 
be incorporators or members of the corporation), a President, who 
shall be chosen always from the Board of Trustees, and such other 
officers as the Board of Trustees may from time to time appoint. 
Any two or more of the offices of Director, Treasurer, Clerk and 
President may be held by the same person. The Director, Treasurer 
and Clerk shall be ex officio members of the Board of Trustees addi
tional (except when Trustees by election also) to the members of 
such Board elected pursuant to the provisions of the following para
graph. 

Section 2. Elections. The incorporators shall elect three Trustees 
and these three, together with such additional persons, if any, as at 
the time of such election are already Trustees ex officio, shall consti
tute the first Board of Trustees. The Board of Trustees may from 
time to time prior to the first annual meeting of members of the 
corporation, to be held in 1930, elect additional Trustees to a number 
not exceeding in the aggregate twenty-one (21), and, subject to the 
limitation aforesaid, the Trustees present at any meeting of the 
Board, if constituting a quorum of the Board as it existed at the be
ginning of the meeting, may elect any number of additional Trustees, 
notwithstanding that none of the persons elected at the meeting 
were present to participate in any of its proceedings. At said first 
annual meeting twenty-four (24) Trustees shall be chosen, who shall 
be divided into four classes, each consisting of six (6) persons, to 
serve one, two, three and four years respectively, and thereafter at 
each annual meeting of members of the corporation, six (6) Trustees 
shall be elected to hold office for the term of four (4) years. The Trus
tees chosen pursuan t to the provisions of this paragraph prior to said 
first annual meeting shall hold office until said annual meeting and 
until a new Board shall be elected as in this paragraph provided. 
The Trustees chosen at said annual meeting, or at any subsequent 
meeting of members of the corporation shall hold office until the end 
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6 WOODS HOLE OCEANOGRAPHIC INSTITUTION 

of the period for which they are elected and until their successors are 
chosen. 

The first Treasurer and first Clerk shall be elected by the incor
porators and shall hold their respective offices until said first annual 
meeting and until their respective successors are elected and quali
fied. At each annual meeting of the members of the corporation said 
members shall elect a Treasurer and a Clerk, who shall hold their 
respective offices until the next annual meeting and until their respec
tive successors are elected and qualified. 

The President and the Director shall be from time to time elected 
by the Board of Trustees and each shall hold his office until the 
Trustees shall have voted to terminate his tenure thereof or shall 
have elected his successor. 

The election of all officers herein designated by title shall be by 
ballot. Any officer may resign by presenting a written resignation to 
the President, Clerk, or Board of Trustees, such resignation to take 
effect at the time therein indicated. 

Section 3. Vacancies. Every vacancy occurring in the Board of 
Trustees as at any time constituted prior to said first annual meeting 
may be filled by the Board of Trustees at any meeting and the person 
chosen to fill such vacancy shall hold office until said first annual 
meeting and until a new Board of Trustees shall have been elected. 

Every vacancy occurring in the Board of Trustees after the elec
tion of the four classes of Trustees, as hereinbefore provided, may 
be filled by the Board of Trustees at any meeting and the person 
chosen to fill such vacancy shall hold office until the expiration of the 
term for which his predecessor was elected and until his successor has 
been elected. 

Every vacancy occurring in the office of Treasurer or of Clerk 
may be filled by the Board of Trustees and the person chosen to fill 
such vacancy shall hold office until the next annual meeting of the 
members of the corporation and until his successor is chosen and 
qualified. 

Article II 

MEMBERS' MEETINGS 

Section 1. Annual Meetings. The Annual Meeting of the members 
of the Corporation shall be held at the office of the corporation at 
"\Toods Hole, Massachusetts, or at such other place in "\Toods Hole 
as the Trustees may have designated as a place for holding such 
meetings, on the Thursday following the second Tuesday in August 
of each year, at twelve o'clock, noon. 
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Section 2. Special Jl!feetings. Special Meetings of the members of 
the corporation may be called by the Trustees, to be held respec
tively at such places in V,Toods Hole or Boston, Massachusetts, and 
at such times as the respective calls may designate. 

Section 3. Quorum and Voting. At any meeting of the members of 
the corporation a majority of the then members of the corporation, 
if present in person or by proxy, shall constitute a quorum for the 
transaction of business. For the purposes of all elections and other 
matters left to the decision of the members of the corporation each 
member shall be entitled to one vote. 

Section 4. Proxies. All proxies shall be in writing signed by the 
members giving them. 

Section 5. Adjournments. Reasonable adjournments may be made 
from time to time of any meeting of the members of the corporation. 

Section 6. Notices. Notice of the time and place of every meeting 
of members of the corporation shall be served on each member by 
the Clerk, or by some officer of the corporation authorized by the 
Trustees to serve such notices, by delivering to him personally or 
mailing, postage prepaid, addressed to him at his address as regis
tered on the books of the corporation (or, in the case of a member 
who has no such recorded address, at his last known address) a 
written or printed notice, not less than ten (10) days before the day 
fixed for the meeting. Notices of special meetings of the members 
shall state the purposes thereof. 

Article III 

TRUSTEES'MEETINGS 

Meetings of the Board of Trustees shall be held at such place 
within or without Massachusetts as may from time to time be fixed 
by resolution of the Board, or as may be specified in the call of any 
meeting. Meetings of the Board may be held at any time upon call 
of the President or any two (2) Trustees made by giving notice (or 
causing notice to be given by the Clerk or the Secretary, if any, or by 
any other person) to each Trustee (other than the person or persons 
making the call) of the time and place of the meeting, written or 
printed ·and mailed to his last known address, postage .prepaid, at 
least three (3) days before the day of the meeting. Seven (7) Trustees 
(or, at any time when there are in office less than thirteen (13) Trus
tees, a majori ty of the Trustees then in office) shall consti tu te a 
quorum for the transaction of business. In all matters to be acted 
upon by the Board of Trustees, each Trustee, regardless of whether 



8 WOODS HOLE OCEANOGRAPHIC INSTITUTION 

he holds that office by reason of election thereto, or by r~n of 
holding one or more other offices, or for both said reasons, shall be 
entitled only to one vote. 

Article IV 

POWERS AND DUTIES OF OFFICERS 

Section 1. President. The President when present shall preside 
at the meetings of the Board of Trustees and of the members of the 
corporation. 

Section 2. Treasurer. The Treasurer, subject to the control of the 
Trustees, shall have custody of the money and books of account of the 
corporation and keep full, regular and accurate accounts of the finan
cial transactions of the corporation and keep the funds of the corpora
tion other than permanent funds invested in investments legal in one 
or more states for the investment of trust funds. 

Section 3. Clerk. The Clerk, who shall be a resident of Massachu
setts and be sworn to the faithful performance of his duties shall keep 
a true record of all meetings of the Board of Trustees and of the mem
bers of the corporation at which he is present. In his absence from 
any meeting a Clerk pro tempore shall be chosen and need not be 
sworn. 

Section 4. Trustees. The Trustees shall have the control and man
agement of the property and affairs of the corporation. Subject only 
to the foregoing provisions of these By-Laws they may choose such 
officers and agents as they think best, fix the compensation and define 
the powers and duties of all officers and agents and at any time re
move them, or any of them, from office. They shall cause a report of 
the condition of the corporation to be presented at each annual 
meeting of the members of the corporation. 

A rticle V 

MEMBERS OF THE CORPORATION 

The Board of Trustees may from time to time elect members to 
the corporation upon such terms and conditions as they think best. 
The Incorporators shall not be deemed members of the corporation 
and shall not be entitled to receive notice of or to vote at any of the 
meetings of members of the corporation provided for in A rticle I I 
hereof. 
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Article VI 

EXECUTIVE COMMITTEE 

The Board of Trustees may at any time and from time to time 
designate an Executive Committee, to consist of three (3) or more 
of the Trustees, as the Board may from time to time determine. 
The Executive Committee shall have such of the powers of the Board 
of Trustees as the Board may from time to time delegate to it. Said 
Committee may make such rules as it sees fit for the conduct of its 
business. 

Article VII 

CORPORATE SEAL 

The corporate seal shall be circular in form and have inscribed 
therein the foHowing :-WOODS HOLE OCEANOGRAPHIC 
INSTITUTION MASSACHUSETTS 1930. 

Article VIII 

AMENDMENTS 

These By-Laws may be from time to time in any manner altered 
by the Board of Trustees, at any meeting thereof, provided that the 
notice of the meeting states that an alternation of the By-Laws is to 
to be acted upon. 



IV 

REPORT OF THE TREASURER 

June 1, 1933 . 

To THE MEMBERS AND TRUSTEES OF THE 'NOODS HOLE OCEANO

GRAPHIC I NSTITUTION: 

GENTLEMEN: 

The accounts of the Treasurer through February 28, 1933, have 
been audited by Messrs. Seamans, Stetson & Tuttle, certified public 
accountants, and copies of their reports covering the three fiscal years 
are on file in the office of the Institution . Following are summaries 
of the various accounts: 

PLANT ACCOUNT 

Received from Rockefeller Foundation. $580, 100.00 
Interest on bank balances less Federal Tax on checks. 542.13 
Received from Carnegie Corporation. 27,000.00 
Transfersfrom Current Funds: 
For the year ending Feb. 28, 1931. 5,0i2.32 
For the year ending Feb. 29, 1932. 8,386.94 
For the year ending Feb. 28,1933. 7,734.21 
Reserve for Depreciation .. 7,479.17 
A tlantis construction. $218 ,674.47 
Atlantis equipment. 25,991.95 
Land. 27,072.32 
Laboratory construction. 323,213.12 
Laboratory equipment.. . ............ . . . 20,755.24 
Asterws construction and equipment. 6,570.55 
Crew Room. 557.95 
Books ..... 6,000.00 
Cash Depreciation Fund. 7,479.17 

$636,314.77 $636,314 . 77 

ENDOWMENT FUNDS 

There was received from the Rockefeller Founda
tion for the General Endowment Fund ....... . $1,000,000.00 

Less Loss on sale of Securities .............. . .. . 1 ,305.50 S 998,694.50 

and from the same source for 
Endowment for Upkeep ......... . $419,4 19 .96 
Less Loss on sale of Securities ... . . . . . . 559.50 418 , 860.46 
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A reserve has been set up for amortization of Bond premiums, which 
now amounts to. ....... ........... ........ . .. .. $ 868.00 

making a total of .... $1,418,422.96 

This is represented by Bonds of the cost of. 
and preferred Stocks at a cost of. 
and Cash on hand 

$1,281,499.39 
134,793.75 

2,129.82 $1,418,422.96 

a full list of the securities will be found in the Auditors' reports. 
Interest and Dividends receivable from the Endowment Funds, if 

all securities pay in full, amount to. . ....... . $64,310.00 
During the year 1932-33, the actual amount received from the En

dowment Funds, was . . . ....... . $63,818.92 

RESERVE FUND 

On March 14, 1931, the Institution received an anonymous gift of. $30,000.00 
consisting of Cash in the amount of........ $4,271.50 
and the balance in stocks. 

This has been treated as a Reserve Fund to be used at the discretion of the 
Trustees. 

GENERAL ACCOUNT 

The current receipts and payments have been as follows: 

For the period January 6, 1930, the date of its Charter, to February 28, 1')31: 


Receipts: 
From the Rockefeller Foundation for Current Expenses for the 

year ended February 28, 1931. $50,000.00 
Interest on Bank balances. . . ... .... . .. .... . . .... . . .. . . 94.87 

$50,094.87 
Payments : 

Scientific salaries ..... $ 6,500.00 
Administ rative salaries, expenses, petty cash, 

etc......... . 3,323.82 
Organization expenses. 3,245.27 
Insurance ..... . 830.32 
Travelling expenses ... 310 .00 
Maintenance, Building and Grounds. 269.55 
Interest on loans .... .. . 84.72 

$14,563 .68 
Payment from Current Funds for 

-Plan t Assets: 
Library . .... $5,000.00 
Land. 72.32 5,072.32 

Subscription to Trans. Arctic Submarine Ex
pedition .... 25,000.00 $44,636.00 

BALANCE ON HAND, February 28, 1931. $ 5,458.87 
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For the period March 1, 1931 to February 29, 1932: 

Income: 
From the Rockefeller Foundation for Current Expenses for the 

year ended Februa ry 29,1932 . . .. .. ..... . ..... . . 
Interest and Dividends from Investments .. . .. .. . . . . .. .. . . . . 
Interest on Bank balances . ..... ... . .. . .. . . . . . . .. . .. . . . .. . 

$49,541.13 
35,452.05 

68.76 

Total Income . . . .. . . . . . .. . . . . . .. . . . .. . . . ... . . . . . . .. . .... . $85,061. 94 

Expense: 
Atlantis-Operation . . .. .... ..... . ... . .... . 
Asterias-Operation . ... . ... ... .. . . .... .. . . 
Scientific salaries .. . . . .. . . . . . . . . . . . . . . . . . . 
Laboratory supplies . . .. .. .. . . . . . . . 
Administration expense ....... . .. . . . . . ... . 
Travelling expenses, etc. .. . . . .. . . . . . .. .. . . 
Office supplies ... .. ... . . .... .. ... . . . . ... . . 
Operation of truck ... . . . . .. ... . . . .. . .. . . . 
A tlantis-Upkeep ...... .. . . . . .. . .. .. . . .. . . 
Upkeep of Building and Grounds . . .. . . . 
Insurance .. ... .. . . .. ... . . .. . .. . . 
Depreciation ..... . .... . .. . . ... ... . .. . 
Amortization of Bond Premiums .. . ... . ... . . 

$24,057.79 
626 . 73 

22,114.58 
1,096 . 74 
4,803.25 
1,336.08 

590 .39 
107.38 

10 ,486.00 
5 , 824 .08 
6,997.65 
3,000 .00 

434.00 
Payment to Bermuda Biological Station for 

Research.. . . .. .. . . ..... . .... .. . . 2,000 .00 

Total Expense . .. . .. . $83,474.67 

Excess of Current Income . . .. .. . . ..... . .. ..... .. .. .. . .. .. .. .. . . $ 1,587.27 

Of the above figures of expenditures $5,886.57 was credited to Plant Funds from 
Current Account, and later an additional amount of $2,500.37 was similarly treated. 

Also a special gift of $10,000.00 was received for the Wilkins-Ellsworth Trans
Arctic Submarine Expedition and was turned over to them for the purchase of scien
tific instruments. 

For the period from March 1, 1932 to February 28, 1933 : 

Income: 
From the Rockefeller Foundation for Current Expenses for the 

year ended February 28, 1933 . .. ... .. . . .. ... .. .... ... .. . $ 50 ,000.00 
From Bingham Oceanographic Foundation of Yale University 

towards expense of Caribbean Voyage .... ... .. . ... . .. .. . . 1,500.00 

Interest and Dividends from Investments .. . . . . . . .. . . 63 ,818 .92 

Interest on Bank bala nces .. ... . . ... . .. . . ... . . .. . . 46.25 


Total Income . . .. ... . ... .. .... . . . .. ... . . . . . . . ..... .. . ... . $115,365 . 17 


Expense: 
Upkeep of Plant: 

Upkeep of Building and Grounds $ 6,958.47 
Atlantis-Upkeep. . . 6,831. 25 
Asterias-Upkeep .. . . . . . . . . . . . . 75.72 
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Insurance ..... . ............. . $ 7,004.13 
Reserved for Depreciation ... . . 6,000.00 

$ 26,869.57 
Operating Expenses: 

Atlantis-Operation . ......... . . $28,009.43 
Asterias-Operation ...... . . . .. . 975.62 
Scientific salaries ........... . . 34,944.34 
Scientific supplies and equip

ment ... ...... . . ........ .. . 4,156.43 
Travelling expenses . . . . 710.88 
Grant to Bermuda Biological 

Station for Research .. . .... . 2,000.00 
Publications .. . . . ........ . ... . 678.08 
Administration .............. . 8,293.45 
Miscellaneous Expense ... .. . . 149.19 
Amortization of Bond Premiums 434.00 80,351.42 

Total Expense . .. ........ . . .. . .. ...... . . .. . $107,220.99 


Expenditure for Permanent Plant Additions: 
Additions to building. . . . . . . .. $ 250.00 
Additions to laboratory equip

ment .. ......... . . . ... . . . . . 381 .06 
Additions to Atlantis equipment 6,103.15 
Additions to library ..... . ... . 1,000.00 7,734.21 

Total Expenditure . .. . .. . . . . . . .. .. . .. . ... . ...... .. ... . . . . . $114,955 . 20 


Excess of Income .. ... . .. .. . . . ... . 409.97 


The situation at the beginning of the present fiscal year, was as follows: 
CURRENT ASSETS: CURRENT LlADlLlTlES 

Cash .. . ........ .. ....... 

Accounts-Receivable . . . . . 

$3,581. 69 

46 . 60 

Accounts-Payable . . .. . ... . 
Accrued Payroll .... . 
Current Surplus 

and Reserve 

$4,010.62 
548.50 

for "Working 
Balance": 

Reserve for 
"Working Bal
ance" ... ..... $5,000 .00 

Current Surplus 
(Deficit) ...... 5,930.83 930.83 

$3,628.29 $3,628.29 

Respectfully submitted , 

LAWRASON RIGGS, JR . , 

Treasurer 
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REPORTS OF THE DIRECTOR 


BY HENRY B. BIGELOW 


FIRST ANNUAL REPORT FOR 1930 

The concrete events that led up to the establishment of the Woods 
Hole Oceanographic Institution were, briefly: the appointment by 
the National Academy of Sciences of a Committee on Oceanography , 
the presentation by the latter, in the autumn of 1929, of a report on 
the scope and problems of oceanography and on the status of this 
science in North America; the adoption of this report by the Acad
emy, with recommendation to the Rockefeller Foundation that an 
independent oceanographic institution be established on the east 
coast of North America; and the action of the Foundation in grilnting 
to its Executive Committee authority to aid in the construction and 
maintenance of such a station. 

The Institution, incorporated under the laws of Massachusetts, 
received its charter on the sixth of January, 1930, for the following 
purposes as detailed in the Act of Incorporation: 

To prosecute the study of oceanography in all its branches; to maintain a laboratory 
or laboratories, together with boats and equipment and a school for instruction in 
{)ceanography and allied subjects; to accept and hold money, and property of any 
kind whatsoever, and wherever situated, and whether received through bequest, de
vise, gift or othenvise; and to apply from time to time and at any time to the pur
poses of the corporation, or to any of them, all or any part of the income and/or 
principal of any funds and/or property held by the corporation. 

The first meeting for organization was held in New York on the 
fifteenth of January, when the following were chosen members of the 
corporation and as trustees to serve until the first annual meeting: 

Thomas Barbour Frank R. Lillie 
Henry B. Bigelow John C. Merriam 
William Bowie Seward D. Prosser 
Newcomb Carlton Lawrason Riggs, J r. 
E. G. Conklin Harlow Shapley 
Benjamin M. Duggar T. Wayland Vaughan 

The following officers were elected: 

President, Frank R . Lillie Treasurer, Lawrason Riggs, J r. 
Clerk, Henry B. Bigelow 

14 
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Executive Commi ttee: 

Thomas Barbour Frank R. Lillie 
Henry B. Bigelow Lawrason Riggs, Jr. 
E. G. Conklin Director, Henry B. Bigelow 

Dr. Max Mason, President of the Rockefeller Foundation, in
formed this meeting that the Executive Committee of the Foundation 
was prepared to consider a formal request from the Woods Hole 
Oceanographic Institution for funds to carry out its building plan, 
to purchase equipment and to provide a permanent endowment for 
its support. An application to this effect was shortly forwarded to the 
Foundation and we were duly informed, on February 13th, that the 
latter had adopted the following resolves whereby the financial 
support of the Institution was assured: 

That the sum of Two Million dollars ($2,000,000), or so much thereof as may be 
necessary, be, and it is hereby, appropriated .to the WOODS HOLE OCEANOGRAPHIC 
INSTITUTION, of which $1,000,000 shall be for BUILDING and other construction, 
boats, equipment and endowment for upkeep of building payable as needed; and 
$1,000,000 shall be for ENDOWMENT of the station payable upon completion of the 
building. 

That the sum of Five Hundred Thousand Dollars ($500,000) or SO much thereof 
as may be necessary, be, and it is hereby, appropriated to the WOODS HOLE OCEANO
GRAPHIC INSTITUTION for CURRENT EXPENSES over a period of ten years beginning 
approximately March 1, ' 1930, payments in anyone year not to exceed $50,000. 

Negotiations had already been opened with the Marine Biological 
Laboratory for the acquisition, from them, of the water-front site in 
Woods Hole that the president and director had selected as the most 
suitable for our laboratory building. The Biological Laboratory voted 
to transfer this site to the new Institution . On investigation, however, 
it was found that this could be done legally only through sale to 
the Oceanographic Institution at the fair market value. And as it 
had already been stated in the preliminary negotiations with the 
Rockefeller Foundation that no funds would be needed for the 
purchase of land, an application was made to the Carnegie Corpora
tion for the necessary sum, $26,910. While awaiting their action, 
$5,000. was borrowed under authority of the trustees to make the 
initial rayment, and title was passed from the Marine Biological 
Laboratory (previous owner) to the Woods Hole Oceanographic 
Institution on June 23d, 1930, for the land on which the laboratory 
building is now arising. The remainder of the price is to be paid in 
annual installments. The trustees consider that the Institution has 
been particularly fortunate in obtaining this plot of about 33,594 
sq,uare feet of ground, for it combines the advantage~ of frontage 

r 
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upon deep water, a convenient location for a dock for our ship, an 
opportunity for expansion by further purchase in the future, and 
close vicinity to the laboratories already existing in Woods Hole. 
Under the zoning regulations of the Town of Falmouth, this site was 
in the industrial zone, but on February 12 the voters of Falmouth 
in Town Meeting voted to transfer it to the institutional zone. 

Shortly after the organization meeting, the architectural firm of 
Coolidge, Shepley, Bulfinch and Abbott were engaged to prepare plans 
for the laboratory building. These called for a brick building, 135 feet 
long and 50 feet wide, of four stories and a basement, containing 
laboratories and research rooms to accommodate about 50 students 
and investigators, chart and reading rooms, refrigerating system, and ' 
the usual offices in the basement. The plans were approved by the 
trustees on May 3 and an expenditure not to exceed $400,000, was 
authorized for the construction of the laboratory, dock, float and sea 
wall. Competitive bids were called for, contracts let to the lowest 
bidders and construction commenced in July. 

From the time when the prospects of the new Instifution were 
first discussed in earnest, the trustees have appreciated that one of 
the most important things that it could do would be to operate a 
seagoing research ship of moderate size, with convenient living quar
ters, and equipped to carryon investigation at all depths in the vari
ous lines of sea science. No other American marine laboratory, inde
pendent of the government, is able to do this. A number of ships 
of various types were offered to the Institution, for purchase or as 
gifts. But none of them were satisfactory, either because of age, size, 
cost of upkeep, cost of conversion or because of other considerations. 
And at the May meeting, the Trustees authorized the Executive 
Committee to proceed with the planning and construction of a re
search ship at a cost not to exceed $175,000 including architects' fees 
and special hoisting machinery. 

The firm of Owen & Minot, naval architects, who had already 
made preliminary sketches, were requested to complete the specifica
tions. 

The type of ship that would best fit our needs was the first ques
tion to be decided. Various scientific establishments in this country 
and abroad have most generously supplied us with plans and speci
fications of their ships, with full information as to their advantages 
and shortcomings. With this information at hand, and in view of the 
types of work that the Institution may be expected to carry out as 
well as of the amount of money that can be allotted to the operation 
of the ship, it was decided that a steel auxiliary, of about 350 gross 



FIG. I. Woods Hole Oceanogrr.phic Institution Building, Dock, and Research Vessel A'lantis 



FIG. 2. Atlantis 
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tons, about 140 feet long, with hull of sailing ship type, would best 
serve our purposes. The plans, as finally developed, call for an overall 
length of 142 feet, a beam of 29 feet, a draft of 16 feet, a ketch rig 
spreading 7500 square feet of canvas, and a Diesel engine of 250--300 
H.P. to develop a speed of about 8-9 knots. Two laboratories are 
provided for, one on the boat deck and one on the main deck. There 
are comfortable accommodations in staterooms for six scientists, 
besides the officers, wi th dormitory space for several studen ts, and 
ample accommodations for the crew. The main hoisting winch is to 
be located in the lower hold, but controlled from the deck. On com
pletion of the plans and specifications, competitive bids were re
quested from reputable shipyards in the United States, Germany, 
Scotland, Denmark, Sweden and Norway. The bid made by Bur
meister & \Vain Ltd., of Copenhagen being substantially the lowest, 
the contract was awarded to them, on vote of the Executive Com
mittee under authority conferred by the trustees. The keel has been 
laid, and delivery is promised not later than June, 1931. 

Two permanent appointments have been made to the staff in 
addition to the director: Mr. C. O. Iselin, to be general assistant 
and master of the research ship; Miss Virginia B. Walker, secretary 
to the director and administrative assistant. The selection of members 
of the scientific staff is now under discussion by the Executive Com
mittee. 

One of the inducements for the choice of V·.roods Hole as the site 
for the new Institution was the possibility of making use of the library 
of the Marine Biological Laboratory thus freeing us from the need 
of establishing a library of our own . The Biological Laboratory has 
decided to build up the oceanographic section of its library. And the 
trustees of the Institution have appropriated $5,000. for the current 
year for the purchase of books and sUbscriptions to journals. A 
list has been presented of desirable items not already in the library 
and most of this appropriation has already been spent or contracted 
for. 

SECOND ANNUAL REPORT FOR 1931 

The laboratory building, with pump house, dock, sea wall and 
float was completed during the win ter and opened for occupancy June 
15th. The expenditure for this part of our physical plant was not to 
exceed $400,000. The actual cost of construction complete was only 
$320,544.51 which includes all the furniture for the building for which 
we had originally expected to pay from the equipment appropriation. 
This saving resulted from the elimination of some items that seemed 
unnecessary, and from the favorable conditions.in the building trades. 

http:conditions.in
http:320,544.51
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Attention is especially called to the excellent acoustic properties 
of the building. A departure has also been made from the procedure 
now usual in laboratory construction in the choice of the color for 
the wall surfaces. 

The salt water pump system and cooling system for the aquaria 
tanks in the basement are both working well, and the heating system 
has proved adequate. 

The arrangement of rooms within the building exactly follows the 
plans approved at the last annual meeting, except that a small bed
room has been added in the attic for the janitor. One of the large 
rooms in the basement has been arranged as a club room for the crews 
of "Atlantis" and "Asterias." A bath and shower have been in
stalIed, and furniture purchased, while a radio was presented by Mr. 
B. W. St. Clair. 

Most of the time of the director and secretary during the late 
spring was devoted to ordering the chemical apparatus, glassware 
and the many other items that are called for in a laboratory in opera
tion. None of the staff or associates who have been working in the 
building this summer have been seriously delayed on this score. A 
sum not to exceed $20,000 was voted for this purpose at the Trustees 
meeting on May 3d. The cost of the laboratory equipment to date has 
been about $17,673.03. 

The original plans contemplated the installation of a gas machine, 
there being no other source of local supply. But the Town of Fal
mouth has recently granted a charter to the Buzzards Bay Gas Com
pany, and we now receive gas from the street mains, which is much to 
our advantage. 

The only thing that need be added further regarding our shore 
equipment is that the dock built to accommodate "Atlantis" is en
tirely satisfactory, and that the basin that it encloses has proved a 
convenient harbor for "Asterias." 

One problem that faced us was the selection of a name for the 
research ship. At the meeting of the Executive Committee on Sep
tember 27, 1930, it was voted 

that if Dr. Alexander Forbes is willing to transfer to the Institution the name "At
lantis" now borne by his schooner yacht, the research ship be named "Atlantis." 
Failing this, that she be named "Penikese," provided this name be not preoccupied. 

Dr. Forbes very generously turned over the name "Atlantis" and 
rechristened his own yacht. 

"Atlantis" was launched on December 31, 1930. I was able to 
inspect her in Copenhagen in March, when her interior fittings were 
sufficiently advanced to give a good idea of her finished state. It 

http:17,673.03
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speaks well for the builders that the only important suggestion that 
seemed necessary was for additional strengthening to the pilot house. 

Mr. Iselin went to Copenhagen in April to supervise the last 
stages in construction. Mr. Minot, of Owen & Minot, our naval 
architects, was also in Copenhagen for the trials, which were held 
most successfully on the 18th of June, on which day the ship was 
accepted, payment made, and an American flag, presented to us by 
Mrs. Johannes Schmidt, wife of the famous Danish oceanographer, 
was hoisted over her. The ship has been classified *100 A 1 at Lloyds. 

At the trials " Atlantis" developed a speed of 9.8 knots under 
power over a measured course instead of something like 8 knots which 
we expected, and on a lower fuel consumption than was promised. 

At the meeting of May 3d, 1930, the sum of $175,000 was appro
priated for the construction of the ship, including hoisting machinery, 
naval architects' and engineers' fees, and expenses of Lloyds Survey. 
At the meeting of September 27, an additional ;appropriation of 
$20,000 was made. The total cost of the construction of "Atlantis" 
including the items just stated is $208,129.77. That is to say, the cost 
exceeded the appropriation by $13,129.77. 

The special hoisting machinery was manufactured by the Lidger
wood Winch Company of New York and shipped over to Copenha
gen. Some of the cabin fittings were also sent across, the remainder 
purchased in Copenhagen. Most of the hydrographic apparatus for 
the ship, such as deep sea thermometers, water bottles, chemical 
apparatus, nets, meteorological apparatus and so forth was purchased 
in Norway, Germany and England. At the meeting of May 3d, a sum 
not to exceed $20,000 was voted for this purpose. The total cost of 
equipping the ship has been about $19,000. 

We are indebted to the U. S. Coast and Geodetic Survey for the 
loan of a deep sea wire sounding apparatus, and to the U. S. Navy 
for the loan of a ship theodolite . The problem of sonic sounding gear 
for "Atlantis" has yet to be met, and this also applies to radio for 
sending messages. 

"Atlantis" sailed from Copenhagen on July 2d, reaching Ply
mouth, England, July 7th, where she took on board such of the ap
paratus as had been ordered in London. She sailed from Plymouth 
July 16th, and arrived in Boston August 26th. 

Shortly after "Atlantis" arrived in Woods Hole, in the autumn of 
1931, she was docked at the Atlantic Iron Works, East Boston, for 
certain ,changes, the need of which became evident on her Atlantic 
crossing. The more important of these were : improvements to the 
plumbing system; installation of a new burner in the galley stove; 

http:13,129.77
http:208,129.77
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installation of 37 tons additional ballast; and some alterations to the 
rigging . The total cost was approximately $9,000, which was paid 
from current funds. 

On December 13th, 1930, the Executive Committee voted not to 
exceed $7,000 for the construction of a 40 ft. launch for work near 
shore. The contract for this boat was let to the Casey Boat Building 
Company and she was delivered to us early in June, total cost 
$6,559.91. "Asterias," as she has been named, has proved extremely 
useful, providing for all the wants of the investigators at the labora
tory during the past summer. 

FIG. 4. Asterias 

During the year, the following appointments were made to the 
scien tific staff: 

Alfred C. Redfield, Professor of Physiology, Harvard University, 
Senior Biologist. 

Norris W. Rakestraw, Assistant Professor of Chemistry, Brown 
University, Research Associate in Physical Chemistry. 

C. G. Rossby, Associate Professor of Meteorology, Massachusetts 
Institute of Technology, Research Associate in Dynamic Oceanogra
phyand Meteorology. 

Henry C. Stetson, Assistant Curator of Palaeontology, Museum 
of Comparative Zoology, Research Associate in Submarine Geology. 

Selman A. Waksman, Microbiologist, New Jersey Agricultural 
Experiment Station, Research Associate in Marine Bacteriology. 

http:6,559.91
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c. O. Iselin, Assistant Curator of Oceanography, Museum of 
Comparative Zoology, to be Research Associate in Physical Ocean
ography, as well as master of Research Ship "Atlantis." 

Olav Mosby, Senior Physical Oceanographer, U. S. Coast Guard, 
Research Associate in Oceanography. 

Captain Sir Hubert Wilkins, Research Associate in Oceanogra
phy. 

An appropriation of $5,000 was provided for research assistants, 
of whom ten were appointed for varying terms. Vve have also had five 
visiting investigators. In all twenty-nine people (investigators and 
their assistants) worked in the laboratory during the past summer. 
The principal projects which it was planned to undertake during this 
first year of operation are listed in the first annual announcement; 
work has been started on all of these and in most cases appreciable 
advances have been made, as appears from the summaries of progress, 
forming the appendix to this report. 

The scientific staff of "Atlantis," on her maiden voyage, consisted 
of Dr. Franz Zorell, who was enabled to take part through the co
operation of the Deutsche Seewarte in Hamburg, in charge of phys
ical and chemical observations; Dr. George L. Clarke, Research 
Assistant in charge of Biological work; and of Mr. Raymond Mont
gomery, general scientific assistant. The scientific program consisted 
of physical and chemical observations at stations closely spaced along 
Long. 30° from Lat. 53° southward to a point about 200 miles south 
of the Azores, thence more widely spaced westward; experiments on 
light penetration with the light apparatus devised by Dr. Atkins of 
the Plymouth Laboratory; on the vertical distribution of plankton; 
and tows especially for the collection of eel larvae undertaken at the 
request of Dr. Johannes Schmidt. 

Through the courtesy of the Marine Biological Laboratory, the 
staff and visitors to the Oceanographic Institution have enjoyed the 
full facilities of the library of the former. 

Dr. C. J. Fish, Executive Secretary of the In ternational Passama
quoddy Commission for Fisheries Investigations came to the Labora
tory in October, to work there during the autumn and winter. In 
March I attended the meeting of the International Council for the 
Exploratfon of the Sea in Copenhagen, representing there not only 
this Institution, but the North American Council on Fisheries In
vestigations, and took part in most of the sectional meetings, through 
the courtesy of Mr. Henry G. Maurice, president of the Council. 

At the final session of the latter, the following resolution was 
passed: 
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The Council has heard with great interest the account given by Dr. H . B. Bige
low, Director of the Woods Hole Oceanographical Institution, of his plans for the in
vestigations of the North Atlantic, particularly in its western part. It welcomes this 
important new development, and considers the moment opportune to enter into close 
co-operation both with the Woods Hole Oceanographic Institution and with the North 
American Council on Fisheries Investigations, believing that such co-operation will 
be fertile in results. It is of the opinion that effective co-operation can best be achieved 
by close personal touch between the workers and accordingly invites representatives 
of both sides to take part regularly in its deliberations, in order to arrive at unity of 
plan and methods, in the study of those fundamental problems which are similar or 
identical on both sides of the Atlantic. 

The Council has extended an invitation to us to be represented at its 
future meetings. 

THIRD ANNUAL REPORT FOR 1932 

I 

This report covers the first complete year of scien tific activi ty. 

Equipment 

No important alterations or additions have been made to the 
buildings, nor have any extensive repairs been called for. 

Experience on long cruises, and in heavy weather, has proved 
that "Atlantis" is an excellent sea boat; that no mistake was made 
in the selection of an auxiliary sailing ship for our particular work; 
and that her gear is well designed for modern deep-sea exploration. 
The fuel and water supply are ample for continuous passages up 
to two months in length. The fuel cost has also proven gratifyingly 
low; less than $15.00 per day on the average, depending, of course, 
on how much the engine is run. 

On April 29, 1932, on her return from her long cruise in the Equa
torial Atlantic, "Atlantis" struck a rock in New Bedford Harbor, with 
slight damage. She was docked in East Boston; and in carrying out 
repairs several plates were replaced, all expenses being borne by the 
underwriters. The period of this enforced docking, extended by a 
strike, gave opportunity for our own crew to clean and repaint parts of 
the tanks, and skin of the vessel, which are difficult of access. 

I need only add further, with regard to the vessels, that all the 
ordinary work of maintenance, on both, has been carried out by their 
crews; so that both "Atlantis" and "Asterias" are in better condition 
today than when they were delivered by the builders. 

Considerable additions have been made to the scientific equip
ment, the most important being a sonic sounding machine for "At
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lantis." After investigation of various types, in use in this country 
and abroad, a Fathometer, manufactured by the Submarine Signal 
Company, of Boston, was purchased, and installed in October. It 
was given its sea trials !?hortly after; and has been in regular use on 
the ship since then. Up to December 31, 1932, 422 sonic soundings 
had been taken with it, in depths greater than 200 meters. 

II 

Library 

The arrangement by which workers at the Oceanographic Institu
tion enjoy the facilities of the library of the Marine Biological Labo
ratory works well. During the current fiscal year $1,000 has been 
allocated to purchase of books and subscriptions to serials; including 
a small collection of text books, frequently needed, that are to be 
kept permanently in our own reading room, for the convenience of 
the staff. 

III 

Personnel 

During the year the scientific personnel has been placed on a more 
permanent basis, through additions and reappointments. The present 
staff (December 31, 1932) is listed on p. 29. 

The budget for the current fiscal year included an item of $4,000 
for stipends for research assistants. The following sixteen appoint
ments were made, for terms ranging from three to six months :- A. E. 
Alexander, Eliot F. Beach, Miss E. May Bixby, Frank A. Brown, 
Jr., Miss Mildred H. Campbell, Erik F. B. Fries, E. Monroe Har
wood, Stephen Lichtblau, Frank B. Lutz, Raymond lVlontgomery, 
C. E. Renn, Raymond "V. Root, Miss Mary Sears, Mrs. Gladys 
Seiwell, John H. Welsh and Miss Carola Whitman. 

During the past year, the following fourteen visiting investigators 
have worked in our laboratory:- Dr. N. A. Borodin, Dr. Cornelia 
L. Carey, Mr. John S. Colman, Mr. Gardner Emmons, Dr. C. J. 
Fish, Dr. H. H. Gran, Dr. Arda A. Green, Dr. Margaret Hotchkiss, 
Dr. Martin Johnson, Dr. Roderick Macdonald, Dr. P . H. Mitchell, 
Miss Louise Palmer, Dr. Leif St~rmer and Dr. C. B. Wilson. 

Staff, visiting investigators and research assistants represent the 
following eighteen institutions:-Barnard College, Brown Univer
sity, Cambridge University, England, Carnegie Institution, City 
College of New York, Clark University, Harvard University, Inter
national Passamaquoddy Commission for Fisheries Investigations, 
Massachusetts Institute of Technology, Massachusetts State 
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Teachers College, New York Homeopathic College, New York Uni
versity, University of Oslo, Radcliffe College, University of Toronto, 
Tufts College, University of Washington, U. S. Bureau of Fisheries 
and U. S. Coast Guard. 

Professor H. H. Gran, of the University of Oslo, Norway, is visit
ing the Institution, by invitation, under item provided in the budg
et. 

The list also includes five technicians and other laboratory as
sistan ts. 

The major projects, on which the staff and visiting investigators 
have been engaged, are summarized on Pages 10-12 of the annual 
announcement for the current year. 

In May, Mr. W. C. Schroeder, formerly of the U. S. Bureau of 
Fisheries, was appointed "business manager" of the Institution. 

On June 1st Captain Frederick S. McMurray was given a tempo
rary appointment as master of "Atlantis" in order that Mr. Iselin 
might be relieved of the responsibilities of command to devote him
self primarily to his researches in physical oceanography. Captain 
McMurray's appointment was made permanent later on October 
10th. 

Mr. \i\1illiam Warner was again in charge of "Asterias," assisted 
by an amateur crew. 

IV 

Publication 

Consideration of facilities at present eXistIng in America for 
publications in oceanography, and of the lines of work now being 
done in the Institution, lead to the conclusion that our original intent 
to start a journal to cover the whole field of oceanography would not 
adequately meet the situation. To care for papers in physical ocean
ography, an arrangement has been made for the joint publication, by 
the Institution, and the Massachuse tts Institute of Technology, of a 
serial, entitled "Papers in Physical Oceanography and Meteorology," 
in continuation of the Meteorological serial now published by the 
Massachusetts Institute of T echnology. The scientific results of the 
"Nautilus" Expedition, to form the initial volume of the new journal, 
'are now in press. Arrangemen ts for the publication of work in oceanic 
biology and chemistry are now under consideration. 

Several reports on work done last year at the Institution, listed 
below, have either appeared or are in process of publication. We 
have contributed to the cost of one of these, by Professor Ross
by. 
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v 

Co-operation with other Institutions 

The measures of economy put in force by the Federal Govern
ment have made it necessary for the Bureau of Fisheries to lay up the 
Fisheries' steamer "Albatross II." To provide for the continuation of 
the Bureau's investigation of the biology of the mackerel, "Atlantis" 
was sent out on two short cruises during July, for this work, in charge 
of Mr. O. E. Sette, of the Bureau. And tentative plans have been 
made for similar cruises, next spring, to map the distribution of eggs 
and larvae of the haddock. 

Dr. C. J. Fish, Dr. Martin Johnson, Dr. E. W. Watson and Mr. 
Trygve Braarud of the International Passamaquoddy Commission 
came to the laboratory in October to spend the winter. 

On the other hand a recording tide gauge has been loaned to 
the Institution by the U. S. Coast & Geodetic Survey. The U. S. 
Lighthouse Service has made it possible for us to obtain evaporation 
measurements at Nantucket Lightship; the Canadian Meteorological 
Service has arranged for pilot balloon observations at Sable Island; 
while the U. S. Navy Department, the U. S. Coast Guard, the U. S. 
Bureau of Fisheries, the U. S. Coast & Geodetic Survey, and the 
Marine Biological Laboratory have aided our activities in many 
ways. 

The staff of the Institution also takes an active part in the activi
ties of the following bodies; International Ice Patrol; North American 
Council for Fisheries Investigation; International Passamaquoddy 
Commission for Fisheries Investigation and the Marine Biological 
Laboratory. I was not able to attend the meeting of the International 
Council for the Exploration of the Sea last spring, but hope to attend 
the next meeting. 

VI 

Field Work 

"Atlantis" carried out the following Cruises from July 15,1931 to 
Dec. 31, 1932;

Cruise f. Plymouth, England, to Boston 
2. Woods Hole, Nantucket Shoals 
3. Cape Cod to Cape Hatteras 
4. To the southward of vVoods Hole 
5. Bermuda, Cape Hatteras, Nova Scotia 
6. Equatorial Atlantic 
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7. Continental shelf, between Cape Cod and Chesapeake Bay 
8. Gulf of Maine 
9. New York to Gulf of Maine 

10. Gulf of Maine and Georges Bank 
11. Nova Scotia, Bermuda, Chesapeake Bay 
12. Gulf of Maine 
13. To the southward of Woods Hole 
14. Cape Hatteras to Bermuda, Chesapeake Bay to Cape Cod 

Total days at sea .. ... ... . .... ........... . ..... . 251 
Total number of stations ...................... , . . 450 
Length of scientific sections ................. .. ... . 14,100 miles 
Temperature and salinity observations ............ . 3,923 
Oxygen determinations........... ..... . .. ..... . . . 2,370 
Alkalinity determinations ... . ........ . ....... .. . . 2,132 
Phosphate determinations ... . .... . .. . . . . ..... .. . . 2,591 
P04 •...•..... .. .................•.•.... • .... •. 750 
Samples for Nitrate and Nitrite......... .... ...... . 256 
Evaporation measurements ....... . .............. . 160 
Pilot Balloon ascents........... ... ........... .. . . 58 
Light intensity determinations .......... .... . .. .. . . 23 
Hauls for vertical distribution of plankton ......... . 49 (275 

samples) 
Tows for larval eels ... . ................ . .. . ..... . 33 
Deep sea tows, especially for fishes . ................ . 17 
Oblique plankton hauls, deep . . . .............. .. .. . 57 
Vertical plankton hauls, 3000 meters .... . ...... . 6 
Plankton hauls for U. S. Bureau of Fisheries ...... . . . 110 

"Asterias" was used from the middle of June until October, for 
trips in the vicinity of Woods Hole, the continental shelf to the south
ward, and around Cape Cod. Lines of bottom samples were taken off 
Block Island, No Mans Land and Cape Cod, for Mr. Stetson; in 
most cases out to the 100 fathom curve. Water samples for chemical 
analysis and temperatures were taken on all the lines. Some analyses 
were made on board; bu t this is di fficul t on so small a boat. Water 
samples and temperatures were also taken in the neighboring bays. 
Long cores (3-4 feet) of the bottom mud were collected at a dozen 
stations. Water and mud samples have been taken at a large number 
of stations, for bacteriological study. Plankton tows were taken in 
Vineyard Sound for Dr. Clarke and Miss Campbell; visits were made 
weekly to the fish traps in Menemsha bight, to obtain squid, and cer
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FIG. 5. Profiles of Atlantis Cruises during 1931 and 1932 
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tain fishes , for Dr. Redfield and his associates; and more than 1,000 
horseshoe crabs were collected, also for Dr. Redfield. 

VII 

Scientific Program 

The major projects on which the staff and visiting investigators 
have been engaged during the year are listed in the annual announce
ment. And following the procedure introduced last year, brief sum
maries of progress are included in this report. 



VI 

STAFF 

(As of December 31, 1932) 

The staff consists of permanent scientific members and of re
search associates appointed for definite terms. The present personnel 
is as follows: 

HENRY B. BIGELOW, Professor of Zoology, Harvard University, Director 
GEORGE L. CLARKE, Tutor and Instructor, Harvard University, Junior Biologist 
C. 	 O. ISELIN, II, Assistant Curator of Oceanography, Museum of Comparative 

Zoology, Research Associate in Physical Oceanography 
A. 	 E. PARR, Director, Bingham Oceanographic Foundation, Yale University, Re

search Associate in Oceanography 
NORRIS W. R-\KESTRAW, Associate Professor of Chemistry, Brown University, Re
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APPENDIX A 

Reports of progress by investigators working at the Institution 
during 1931. 

PHYSICAL STUDY OF THE SHELF WATERS, 

CAPE COD TO CHESAPEAKE BAY 


H. B. BIGELOW 

Horizon tal projections for temperature and salini ty at various 
depth levels, have been prepared for most of the cruises of the "Alba
tross II" in the sector, the dynamic contours have been calculated 
for several of the months, and a general report is in course of prepa
ration . 

INVESTIGATION OF THE PHENOMENA OF RESUS

CITATION OF FISHES, AFTER FREEZING 


N. A. BORODIN 

Studies were made of the prol;>lem of the "Anabiosis" of several 
species of fishes, or their recovery after being froz,en. The duration of 
exposure and the lowest temperature which each species can with
stand were determined. 

STUDIES OF THERMAL DISTRIBUTION AT THE SURFACE 

OF THE NORTHWESTERN ATLANTIC, BASED ON 


THERMOGRAPH READINGS ON COIVIMERCIAL 

STEAMSHIP ROUTES 


C. F. BROOKS, P. E. CHURCH AND K. B. ALLAN 

Thirty-seven synoptic charts of surface temperatures of the At
lantic, west of 62° W. Long. and north of 30° N. Lat. have been made 
from data automatically recorded by thermographs installed on com
mercial vessels, which cross the area at regular intervals. The period of 
record is from January 1929 to May 1931. A detailed report of the 
variations and fluctuations of the temperatures is in process of prepa
ration. 
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VERTICAL DISTRIBUTION AND VERTICAL MIGRATIONS 

OF PLANKTON, IN THE ATLANTIC BASIN, IN RE


LATION TO PENETRATION OF LIGHT 


GEORGE L. CLARKE 

a) Collections to determine the vertical distribution of zooplank
ton were made at 10 "Atlantis" stations. Five 75-cm. tow nets at
tached at intervals to the main cable and opened and closed simul
taneously were used for this purpose. The series of observations were 
repeated at different hours of the day to study the diurnal vertical 
migration of the plankton. 

b) Collections to determine the vertical distribution of phyto
plankton were made at one "Atlantis" station. 

c) Measurements of the intensity of daylight falling on deck and 
penetrating to depths down to 175 m. beneath the sea surface were 
made at 13 stations, and at different times of day under various con
ditions. The photo-electric method developed by Poole and Atkins 
was used. The observations were made at the same time as the plank
ton hauls in order that the relation between the conditions of sub
marine illumination and the changes in the vertical distribution of 
the plankton could be studied. 

STUDY OF THE CIRCULATORY AND THERMAL RESULTS 

OF THE PUMPING EFFECT OF THE TIDES OVER 


SUBMARINE SLOPES 


GARDNER EMMONS 

In connection with a study of thermal effects produced by the 
tide flowing over the slope between Nantucket Shoals and the deep 
waters of the Gulf of Maine, hydrographic observations were made 
from an anchored boat at two stations to the eastward of Pollock Rip 
Lightvessel. Each station was occupied for a period of 12 hours and 
50 minutes through one complete tidal cycle. Temperatures and water 
samples from various depths were taken at intervals of one hour. In 
addition two hydrographic sections running northeast from Great 
Round Shoal whistling buoy were made on opposite stages of the tide. 

SUMMARY OF HYDROGRAPHIC OBSERVATIONS TAKEN 

FROM "ATLANTIS" ON VOYAGE FROM PLYMOUTH, 


ENGLAND, TO WOODS HOLE 


COLUMBUS ISELIN 

July 26-Aug. 6, 25 stations down to 2000 meters between Lat. 52° 
N. Long. 30° W. and Lat. 37° N. Long. 32° W. 
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Aug. 9-Aug. 18,5 stations down to 4000 meters between Lat. 37° N. 
Long. 32° W . and Lat. 37° N. Long. 57° W. 

Aug. 18- Aug. 20, 8 stations down to 3000 meters between Lat. 37° N. 
Long. 57° W. and Lat. 39° N. Long. 59° W. 

The temperature observations totaled 454 and about the same 
number of water samples were analyzed for both salinity and oxygen. 

STUDIES OF THE OCEANOGRAPHY OF THE GRAND 

BANKS REGION IN THE SPRING OF 1931 BASED 


ON DATA OBTAINED BY THE ICE PATROL 


OLAV MOSBY 

The investigations accomplished this summer in the northwestern 
Atlantic consist of 184 oceanographic stations arranged in 14 dif
ferent sections across the Labrador current between 40° N. and 61 ° 
N., one section between Resolution Island and Ivigtut, one section 
between Cape Farewell and Straits of Belle Isle, and observations in 
the middle of the sea between Labrador and Greenland. 

STUDIES OF THE PHYSICAL CHEMISTRY OF SEA WATER 

NORRIS W. RAKESTRAW 

The chemical work carried on at the Woods Hole Oceanographic 
Institution during the summer of 1931 consisted for the most part of 
a general chemical survey of the waters of the region, with respect to 
the following factors: chloride, phosphate, nitrate, nitrite and oxygen 
(on a few samples). 

Thirty-eight stations were visited at least once during the sum
mer, and a few stations were visited twice. Samples were of course 
taken at various depths at each station. The results, particularly 
complete in the case of phosphate, nitrite and nitrate, give a fair 
picture of the conditions in this neighborhood, from the shore out as 
far as the edge of the continental shelf. Some interesting variations 
in distribution were observed and several new opportunities for 

J investigation were revealed. 
Some progress was also made in the perfection of methods for the 

determination of arsenic, iron and aluminum in the sea water. This 
field will be further developed in the future. . . 

Samples were also collected from particular stations upon which 
we hope to carry out complete analyses during the next year. 
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STUDIES ON THE PHYSICAL CHEMISTRY OF 

RESPIRATORY PROTEINS 


ALFRED C. REDFIELD 

During the past summer equipment was assembled for the study 
of the effect of temperature upon the equilibrium of the blood of 
marine invertebrates with oxygen. A complete series of data has been 
obtained upon the blood of the horseshoe crab at temperatures vary
ing between Soc. and 44°C. 

Material has also been collected to be used in studies of the chem
istry of hemocyanin now in progress in the laboratories of Prof. J. B. 
Conant at Harvard, Prof. J. Barcroft at Cambridge University, 
and Prof. E. Philippi at the University of Innsbruck. 

STUDIES OF THE STRESS EXERTED BY THE \VIND AS A 

PROPULSIVE FORCE ON THE SURFACE OF THE SEA, 


AND OF THE EVAPORATION FROM THE LATTER 


c. G. ROSSBY 

To calculate the tangential stress of the wind along the ocean 
surface about sixty pilot balloon observations were made on two trips 
of the U. S. Bureau of Fisheries' steamer "Albatross II," to Georges 
Bank and the Gulf of Maine. Through the courtesy of Dr. J. Patter
son, Director of the Canadian Meteorological Service, regular pilot 
balloon observations from Sable Island have been made available to 
us for the same purpose. 

Some preliminary stress calculations were made from the numer
ous pilot balloon observations collected by staff members of the 
Deutsche Seewarte on trips between Europe and Central or South 
America. 

Regular evaporation measurements were carried out during the 
home cruise of the "Atlantis." Arrangements have now been com
pleted to obtain similar measurements from the Nantucket Lightship 
during the winter of 1931-1932. 

CHEMICAL STUDIES OF SUBMARINE SEDIMENTS 

H. R. SEIWELL 

A critical study of certain physical-chemical characteristics of 
sediments of the coastal shelf was undertaken with the object of 
evaluating the relative importance of the sea bottom as a source of 
supply to the chemical fertility of the waters of the Woods Hole re
gion. The study was limited to observations on the phosphorus cycle. 
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Two types of phosphorus were determined, the available or water 
soluble phosphate and the potential or organically combined phos
phate. Quanti tative estimations of organic matter and complete me
chanical analyses were made as parallel determinations. 

Sixty-three bottom samples from as many localities on the coastal 
shelf were collected and analyzed. A special technic for a critical 
analysis of these sediments has been developed. Methods for the 
colorimetric estimation of both soluble and insoluble phosphate of 
sediments have been improved and a method for determining the 
exact weight of the various fractions of sediments after their contami
nation with sea salts has been developed. 

INVESTIGATION OF THE DISTRIBUTION OF MARINE 

SEDIMENTS FROM THE SHORE LINE OUT TO 


THE CONTINENTAL SHELF 


HENRY C. STETSON 

A new type of bottom sampler devised by C. Iselin was used. This 
consists of a circular tube rotated by a gear, driven by a drum upon 
which flexible wire has been wound. It is released by the usual type 
of tripper, and the wire on the drum, which now becomes the hoisting 
line, is completely unwound before the dredge is lifted from the bot
tom. The main advantages over other types of surface samplers are: 
the cutting tube is self closing so that no particle of sediment can 
wash out on the trip to the surface; a uniform sample is secured at 
each station as the cutter always scoops to the same depth below the 
surface. 

Two lines of bottom samples (about 70 in each) were taken off 
Martha's Vineyard and Block Island, from the shore out to the 100 
fathom curve. Two short lines of about 12 samples each were taken 
over the edge of the shelf off Martha's Vineyard from the 66 fathom 
to the 300 fathom contour. Two lines of 25 samples each were run 
off Truro and Highland Light, Cape Cod, from the shore out to the 
100 fathom contour. 

The coarse fraction of every sample has been worked up, and the 
fine fraction has been prepared for the hydrometer tests. 

Some experiments were made with pans for collecting sediment, 
which opened up an interesting problem, for it appears that in or
dinary weather the character of the sediment, moving over the bot
tom, is very different from the character of the latter. 

Eighteen long cores were taken and sent to Dr. J. A . Cushman, 
to be examined for the contained Foraminifera. 
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Several gallons of gelatinous material, from the superficial layer 
of the sediment, were collected for Prof. ]. B. Conant, for chemical 
study. 

STUDIES IN MARINE BACTERIOLOGY 

SELMAN A. WAKSMAN, ASSISTED BY H. W. REUSZER 

The work in marine bacteriology has dealt with the determination 
of the total numbers of bacteria present in sea water and bottom 
deposits, and with the occurrence of bacteria capable of carrying on 
specific physiological processes. 

The methods of approach have been: 

1. 	 The use of synthetic media. 
2. Utilization of specific silica-gel media for determining the pres

ence of bacteria active in specific processes. 
3. 	 Employment of enrichment culture media for studying marine 

bacterial 	processes under controlled conditions. 

Results so far obtained are as follows: 

1. The numbers of bacteria in the vicinity of V'loods Hole range 
from 55,000 to 466,000 aerobic, and 4,000 to 40,000 anaerobic per 
cubic centimeter of sea water; from 14,000 to 430,000 aerobic and 
3,300 to 40,000 anaerobic per gram of mud. 

2. At least four distinct types of bacteria capable of decomposing 
cellulose have been isolated from sea water and from mud. 

Most of these cellulose-decomposing bacteria are capable of 
liquefying agar and bring about the hydrolysis of the agar. Further 
studies are being undertaken on the relation between this process and 
the fixation of nitrogen by bacteria in the sea water. 

3. Agar-liquefying bacteria have been isolated, but in smaller 
numbers than have been found in brackish situations in the Ba
hamas. 

4. The presence of nitrogen-fixing bacteria in the sea water has 
been demonstrated by chemical determination of the amount of 
nitrogen fixed by them in laboratory experiments. The cultures seem 
to comprise both aerobic forms, of the Azotobacter type, and anaero
bic, gas forming bacteria of the Clostridium type. 

Studies of the role of bacteria in the decomposition of organic sub
stance, and in the liberation of inorganic nutrients, in sea water and 
sea bottom deposits, are in progress. 
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INVESTIGATIONS ON THE NATURE OF THE PHYSIOLOGI

CAL FACTORS CONTROLLING DAILY RHYTHMS 


AND PHOTOTROPIC RESPONSES IN MARINE 

ORGANISMS 


J. H. WELSH 

The work consisted of a study of light intensity and temperature 
as factors controlling the rate of swimming of crustacean larvae. The 
larvae of the mussel crab, Pinnotheres, were selected as being easily 
obtained in large quantities throughout the season. The experiments 
were all carried on in the dark room under carefully controlled condi
tions and results were obtained which show that free-swimming or
ganisms such as crab larvae show a change of rate with change of light 
intensity, which obeys the Bunsen-Roscoe Law. 



APPENDIX B 

Report of progress by investigators working at the Institution 
during 1932. 

PHYSICAL OCEANOGRAPHY OF THE WATERS ON THE 

CONTINENTAL SHELF, CAPE COD TO CHESAPEAKE 


BAY 


HENRY B. BIGELOW 

During the year 1932, "Atlantis" cruised the area in June, Sep
tember and December, adding serial observations at 68 stations to 
the data previously obtained. The report on the cycle of temperature 
is now nearly ready for publication. 

INVESTIGATION OF THE PHENOMENON OF THE "ANABI

OSIS" OR RESUSCITATION OF FISHES, 


AFTER FREEZING 


N. A. BORODIN 

Continuing the investigation started in 1931, 151 experiments on 
freezin g fishes and efforts to revive them were made. There were 
about as many positive results as negative. 

Besides this, 15 observations were made on the temperat ure of the 
body of 7 species of fish during the process of freezing. 

Most of the experiments were made in dry cold air. Attempts to 
revive fish after freezing in water invariably gave negative results. 
The temperature of freezing and the duration of exposure are both 
of great importance. I n most cases a temperature below -18°C. and 
a duration of one hour or more were fatal to all the species of fish es 
used in our experiments. There is, however, a considerable variabili ty 
in the resistance of different kinds of fish. Fish that have recovered 
after being frozen may live for weeks. 

Fish frozen to different degrees may be classified as either stiff, 
soft-frozen or hard-frozen. Histological examination has shown that 
the blood vessels of fish frozen only to stiffness, or soft-frozen, still 
bleed and there are no crys tals of ice in muscles or intestines , while 
in hard-frozen fish the muscles, blood vessels and intestines contain 
ice-crystals. Hard freezing of the body of a fish is always accompanied 
by a complete freezing of the heart, which stops beating, and such 
a fish cannot recover. 

38 
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The observations show that the temperature of the body decreases 
very slowly during the process of freezing : 4S minutes was needed to 
lower the temperature from + 22°e. to -1.8°e. Only if the tempera
ture of the fish remains above - 0.6°e. or - 1°e. do they recover. 
This body temperature seems to be the limi t of life in the fish experi
mented upon. 

Some supplementary experiments were made in the laboratory of 
the Museum of Comparative Zoology with Alaska blackfish (Dallia 
pectoralis Bean) known to be very hardy in regard to frost. Our ex
periments have shown that this fish can recover after being frozen at 
a temperature of -20°e. for 40 minutes, i.e., it is the hardiest fish of 
all so far experimented upon. But it did not recover from freezing in 
a block of ice. The temperature of its body was found to be +22°e. 
while the temperature of water in which it was kept was only +6.S°e. 

STUDIES OF THERMAL DISTRIBUTION AT THE SURFACE 

OF THE WESTERN NORTH ATLANTIC, BASED ON 


THERMOGRAPH RECORDS ON COMMERCIAL 

STEAMSHIP ROUTES 


c. F. BROOKS AND E. M. HARWOOD, JR. 

Thirty-three weekly synoptic charts of surface temperatures, in 
addition to the thirty-seven previously made, were drawn for the 
surface of the Atlantic, west of the 10ngitiIde of Bermuda to the 
Straits of Florida, and north of the latitude of San Juan, P.R. , from 
the thermograph records taken on commercial steamships, which 
cross the area at frequent intervals. The charts now include the period 
from January, 1929, to April, 1932. Tabulation of the temperatures 
by weeks has been completed for most of the steamship lines, and for 
the New York-Puerto Rico line the tabulations have been graphed 
by major temperature divisions from October, 1926, to April, 1932. 
A report is in progress on tabulated temperatures and departures by 
degrees of lati tude along the Puerto Rico line, with comparisons of 
monthly mean sea temperatures and departures with corresponding 
temperatures at land stations. 

EXPERIMENTS ON THE CULTURE OF DIATOMS, AND 
STUDIES OF THE YOUNG STAGES OF COPEPODS 

M. H. CA1VIPBELL 

I. CULTURE OF DIATOMS 

The culture of a food supply for planktonic animals in the labora
tory was attempted during the summer of 1932 in association with 
Dr. George L. Clarke. 
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The most abundant and healthiest growth of the diatom Nitz
schia closterium, chosen for experiment, was obtained when the cul
ture medium recommended by Dr. H. H. Gran was used . This is a 
modification of that employed by Dr. Allen in the Plymouth Labora
tory, its formula being as follows: 

1000 cc. sea water (sterilized by heating at 70°C. for 20 minutes) . 
10 cc.-.1% KN03 

10 cc.- .1 % Na2HP04 

5- 10 cc.-soil extract. 

No "pure," i.e. "bacterial free" cultures of Nitzschia closterium 
were obtained, but "persistent" cultures have been established to be 
used as food in cultural experiments with the copepod Centropages 
typicus Kroyer. 

II. A COMPARISON OF THE DEVELOPMENTAL STAGES OF Euchaeta 

norvegica BOECK, WITH THOSE OF Euchaeta japonica 


MARUKAWA 


The six copepodid stages of Euchaeta norvegica, identified from 
plankton hauls from the Gulf of Maine, closely resemble the corre
sponding stages of the Pacific species E.japonica, but are distinguish
able from the latter by the presence of an additional spine on the 
outer margin of the first joint of the outer ramus of the first swimming 
leg. Adult females of the two species differ in size and in the lateral 
projections of the thorax, adult males in the structure of the fifth leg. 

III. VERTICAL DISTRIBUTION OF DEVELOPMENTAL 


STAGES OF Euchaeta norvegica 


A quantitative study was made of the occurrence of these stages 
in plankton hauls from various depths in the Gulf of Maine. The 
youngest stages were found in the deeper, never in the shallower 
samples, indicating that the species breeds in the deeper layers. These 
results are in agreement with Stormer's observations on this same 
species, as well as with the vertical distribution of E. japonica in the 
Strai t of Georgia. 

VERTICAL DISTRIBUTION AND DIURNAL MIGRATIONS 

OF PLANKTON IN RELATION TO THE PENETRATION 


OF LIGHT 


GEORGE L. CLARKE 

1. Collections were made over periods of 24 to 48 hours at 3 sta
tions in the Gulf of Maine to study diurnal migrations down to a 
depth of 100 meters. 
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2. Measurements of the intensity of daylight falling on deck and 
penetrating to depths down to 53 meters beneath the sea surface were 
made at frequent interva ls during these stations.* 

3. Detailed analysis of the plankton hauls has been completed. 
The ca tches were di vided into species, sexes, and stages of growth. 
The numbers of each of these groups taken at the different d epths and 
times of day were estimated and correlated with the submarine il
lumination. 

4. The photometers have been standardized against a 1000-wa tt 
Mazda standard lamp for which the spectral emission had been deter
mined. The spectral sensitivity of the photo-electric cells was deter
mined and the range of sensitivity applied to the standardization. 

5. Simultaneous measurements of submarine illumination and 
the photosynthetic activity of pelagic diatoms were made in Woods 
Hole harbor at 3-meter intervals from the surface to the bottom. This 
work was performed in conjunction with Dr. H. H. Gran. 

6. Development of methods for culturing copepods and diatoms 
in the laboratory was begun. It is hoped to test the physiological 
activity and reactions of these organisms under controlled conditions. 

• The addition to the subma rine photometer of an interna l shutter operated 
electrically and of a new four-conductor cable permitted observations to be con
tinued even in rough wea ther. 

INVESTIGATION OF PHYTOPLANKTON 

DR. H. H. GRAN 

Dr. H. H . Gran, visiting the laboratory at the invitation of the 
Institution, carried out an intensive quantitative survey of the hori
zontal and vertical distribution of phytoplankton in the parts of the 
Gulf of Maine, and of Georges Bank visited by the "Atlantis" in 
August. The procedure followed was the collection of known vol
umes of water at each station at several depths, from the surface 
downward, which were subsequently centrifuged in the laboratory, 
and the planktonic content counted. Dr. Gran also made a series of 
experiments on the influence of soluble organic compounds of iron on 
cultures of planktonic diatoms, by the method he has used previously 
on the' Norwegian coast, and arranged a preliminary experiment on 
the relation of marine bacteria to planktonic diatoms, in collaboration 
with Dr. \Vaksman and Dr. Reuszer. 

Before leaving Woods Hole Dr. Gran completed a paper on the 
results of these investigations, which is now in press, in the Biological 
Bulletin. 
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THE DISTRIBUTION OF TEMPERATCRE AND SALINITY 
IN THE WESTERN NORTH ATLANTIC 

COLUMBUS ISELIN 

I. Since January 1st, 1932 the "Atlan tis" has made 8 cruises, to
talling 162 working days, on which temperature and salinity observa
tions were made. During this time, data were secured from 125 deep 
stations and from 190 stations over the continen tal shelf. Work in the 
laboratory has been interrupted by 97 days at sea. 

II. The reduction of the observations to a suitable form has in
volved: 

a) The correction and checking of abou t 500 protected ther
mometer readings. 

b) The calculation of depth by 500 unprotected thermometer 
readings. 

c) The titration for chlorine of about 3000 water samples. 
d) The recording of corrected depths, true temperatures and 

salinities on cards . 
e) The construction of curves for T, S, (Ft, and T-S ratio for all 

the deep stations. 
£) The drawing of 9 temperature profiles and similar representa

tions of the distribution of salinity and density. 
III. Myown time has been partly taken up in the above work ,but I 

have progressed far enough in the examination of the material to have 
most of the diagrams and about half the manuscript ready for a pre
liminary report which will cover: 

a) The distribution of temperature and salinity along the Ber
muda sections and a study of the seasonal variations on the southern 
of the two lines. 

b) The "Atlantis" observations across the North Atlantic Drift, 
the northern Equatorial Current, and the Antilles Current. 

c) A study of the spreading at mid-depths in to the Sargasso Sea 
region of water from the Mediterranean and from the South Atlantic. 

STUDIES OF THE CHEMISTRY OF SEA WATER 

NORRIS W. RAKESTRAW 

Several chemical projects were undertaken in 1932, with the fol
lowing resul ts: 

l. A more comprehensive study of the place and significance of 
nitrites in the nitrogen cycle in the sea was begun. Nitrite determina
tions were made on water samples from more than fifty stations, be
tween New York and Portland, sometimes in conjunction with simul
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taneous determinations of nitrate. The effect of filtering and of long 
standing of samples was also ascertained. Nitrite and nitrate were 
determined in a few samples of water directly in equilibrium with the 
bottom. These experiments will b~ extended further, in view of im
portant bacterial changes shown to take place in the bottom mud . 
The normal variations in nitrite were ascertained over a twelve-hour 
tidal cycle at one station in Buzzards Bay. Nitrite and nitrate at nine 
stations in the Gulf of Maine and on Georges Bank were correlated 
with phosphate, dissolved oxygen, and the results of phytoplankton 
and bacteriological investigations. The collection and publication of 
these general results have been delayed, awaiting similar determina
tions to be made during the winter months, for comparison. 

2. A preliminary, but fairly extensive study of the occurrence of 
arsenic in sea-water was made. Total arsenic was determined by the 
best available method in the water from twenty stations, including 
two deep-sea stations on the line to Bermuda. Although the method 
used did not prove to be as accurate as was expected, still the results 
yielded a satisfactory measure of the normal amount of arsenic in sea 
water and established the fact that it is not subject to the regular, 
vertical variations characteristic of the compounds of phosphorus 
and nitrogen. 

3. Methods for determining copper and iron in sea water were 
examined critically and the possibility revealed of improving the 
determination of the latter metal. 

4. A substantial beginning was made on a method for the positive 
determination of dissolved nitrogen in sea water. 

S. Some preliminary work was done on the adaptation of quanti
tative spectrographic methods to the analysis of sea water. 

6. (By P. H. Mitchell) Improvements were made in one of the 
methods for determining the "buffer capacity" (alkalinity) of sea 
water. \\lith the experience and data now at hand we can hope to 
make such measuremen ts with a greater accuracy than heretofore. 
Preliminary resul ts seem to show a remarkable constancy in this 
property. 

INVESTIGATIONS BY THE PASSAMAQUODDY 

COMMISSION 


On October 1, 1932 the following members of the staff of the In
ternational Passamaquoddy Fisheries Commission transferred from 
their summer laboratory at St. Andrews, New Brunswick, to the 
Oceanographic Institution at 'Woods Hole for the winter: Dr. E. E. 
\-"atson, Dr. C. J. Fish, Mr. Trygve Braarud, Dr. M. W. Johnson, 
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and Miss H. E. Rigby, clerk. Dr. H. H. Gran, and Mr. M. Graham, 
returned to Norway and Great Britain respectively where they will 
complete their reports. 

Field work in the Bay of Fundy and Gulf of Maine terminated in 
October and the staff will devote the remainder of the year in labora
tory work and preparing a report to be submitted to the Interna
tional Commission. 

The object of this investigation has been to determine the existing 
hydrographical, chemical and biological conditions in the Fundy 
Region with a view to estimating what effect the proposed Cooper 
tidal power project might have on these conditions and the resulting 
effect on the fisheries. 

STUDIES IN MARINE BIOLOGY AND 
BIOLOGICAL CHEMISTRY 

ALFRED C. REDFIELD 

During the summer of 1932 work was continued on the equilib
rium of oxygen with the respiratory proteins of marine animals. 
Complete series of data were obtained for the blood of the squid at 
various carbon dioxide pressures and temperatures ranging from soc. 
to 2S°C. 

Studies have been made of the oxygen dissociation curves of the 
hemocyanin of the squid when diluted with various solutions. These 
studies, together with others previously made, form the basis for an 
extensive paper now in preparation on the comparative aspects of 
the equilibrium of bloods containing hemocyanin with oxygen. 

Mr. Eric Fries was engaged in studies of the asphyxiation of the 
squid at various temperatures, which may be interpreted in the light 
of the data obtained upon the physical chemistry of the blood. 

The capture of two porpoises by the collecting crew of the Marine 
Biological Laboratory has afforded an opportunity to study for the 
first time certain properties of the blood of a marine cetacean impor
tant in respiration. An account of this investigation written by Dr. 
Arda A. Green and myself has been published. 

Dr. Raymond W. Root and Dr. Arda A. Green completed during 
the summer a study of the oxygen dissociation curves of the blood 
of the toadfish, Opsanus tau (Linnaeus), tau tog, Tautoga onitis 
Linnaeus, and goose fish , Lophius piscatorius Linnaeus. Their re
search throws new light on the nature of the equilibrium of hemo
globin with oxygen. The report of this investigation is in press. 

Mr. Frank A. Brown investigated the carotinoid pigments of 
Crustacea. He found that two pigments may be extracted from the 
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shells of Carcinides maenas, H omarus americanus, and Palaemonetes 
vulgaris. One of these appears to be similar to plant carotin; the other 
is identical with the red pigment found in the blood of the lobster and 
in the shells of deep sea prawns. Experiments showed tha.t the quan
tity of these pigments in the shrimps may be varied by keeping the 
animals under various conditions of illumination. Previously such 
color changes have been explained solely as due to contraction and 
expansion of the chromatophores. 

My laboratory has continued to co-operate with Professor J. B. 
Conant of Harvard, Professor J. Barcroft of Cambridge University,. 
and Professor E. Philippi of the University of Innsbruck, in supply
ing material for studies on the chemistry of hemocyanin which they 
are conducting. 

During a short cruise on the "Atlantis" to the Gulf of Maine I 
made observations with a view to determining whether there existed 
diurnal alterations in the hydrogen ion concentration and oxygen con
tent of the sea water occasioned by the interruption of photosyn
thetic activity during the night. No such effects could be established. 
Observations on the chemical constituents of the water occurring at 
various depths in the western basin of the Gulf of Maine showed, 
however, that the deeper waters have been considerably modified by 
biological agencies. The oxygen content below one hundred meters is 
only about three-fifths that observed at the surface. The water down 
to a depth of ten meters appears at this time of year to be in complete 
equilibrium with the oxygen of the air. That at twenty-five meters is 
supersaturated with oxygen, presumably as the result of photo
synthetic activity. The water in the deeper layers also contains more 
phosphate and nitrate and is more acid than that of the surface 
whereas the nitrites display a zone of maximal concentration at a 
depth of fifty or sixty meters. It is believed that a further study of 
these conditions as they occur at different regions and at different 
times of the year may lead on the one hand to more definite informa
tion on the rates at which organisms modify the composition of sea 
water and on the other hand afford a method whereby the rate of 
circulation of the water in the Gulf of Maine can be determined. 

INVESTIGATIONS IN METEOROLOGY AND 
PHYSICAL OCEANOGRAPHY 

C. G. ROSSBY 

A theoretical study of atmospheric and oceanic turbulence has 
been completed, and is now in print. The main result is a definite 
relation between surface wind, surface drift and the depth of the 
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homogeneous (turbulent) layer in the ocean. Certain reasonably 
satisfactory checks have been obtained from previously collected 
data; additional checks are being made with the aid of about 500 
pilot balloon observations; about 200 of these were collected by Mr. 
Lichtblau and myself on board the "Albatross II" and the "At
lantis," the remainder were made for us on Sable Island by the 
Canadian Government. 

About ten months' evaporation records from the Nantucket 
Ligh tship and from the " Atlan tis" are being studied. Addi tional evap
oration measurements are in progress. Dr. Karl O. Lange has aided 
in experimentation in the development of apparatus for measuring 
the water transport in successive strata below the surface of the sea. 

A seminar on boundary problems (heat and moisture transfer at 
ocean surface) was held three times a week, during part of the summer. 

INVESTIGATION OF THE PHOSPHORUS CYCLE 

AND ASSOCIATED FACTORS IN THE 


NORTH ATLANTIC BASIN 


H. R. SEIWELL ASSISTED BY GLADYS SEIWELL 

Observations on the phosphorus cycle of the western North 
Atlantic (begun in 1931) were continued on the cruises of "Atlan
tis" in 1932. Vife now have observations on seasonal variations in the 
phosphorus cycle and associated factors in the open ocean on sec
tions between the Bermuda Islands and the North American coast, 
between Bermuda and the Nova Scotia coast and between Bermuda 
and Chesapeake Bay. Observations on diurnal variation of oxygen 
and pH have been made at one station approximately fifty miles 
south of the Bermudas. Seasonal variations have also been studied in 
the waters on the coastal shelf between Chesapeake Bay and Cape 
Cod. 

In general the observational program has consisted of deter
mination of solu ble phosphoric acid, total phosphorus, oxygen and 
pH at stations and depths wherever practical. Ultrafil trations were 
made of fresh samples of sea water from all depths and the water 
treated for phosphorus analyses. The data are now being prepared 
and reduced for discussion. 

PHOSPHORUS OBSERVATIONS 

The determinations of soluble phosphoric acid on the major 
cruises of the "Atlantis" were all carried out in a special three tube 
colorimeter. Usi ng this colorimeter it was possible, not only to com
pare the sample with the appropriate standard, but also permitted 
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a rapid intercomparison of the samples. In this way, the errors in the 
analyses were reduced to a minimum. A further attachment to the 
colorimeter makes possible the analyses of water samples which are 
discolored by unusually large quantities of plants or debris. 

In addition to determining the soluble or nutrient phosphorus in 
the sea, determinations of the total phosphorus were made on more 
than 500 samples from the "Atlantis" sections. This determination 
cannot be carried out conveniently at sea, thus the necessity of storing 
the samples until laboratory facilities are available. 

H-IoN OBSERVATIONS 

The determination of H-ion concentration of sea water was made 
on a double wedge comparator specially constructed for use at sea. 
The instrument was calibrated against known buffers over a wide 
working temperature range. Special precautions were taken to ob
tain specific temperature of every reading so as to permit the re
duction of relative values to absolute values of pH. 

A detailed study has been made of the vertical distribution of 
oxygen along the 40th meridian between 35° N. latitude and the 
equator as determined at "Atlantis" stations in the winter of 1932. 

Interpretation of northerly and southerly components of move
ments of water masses has been attempted, based on maxima and 
minima of oxygen : also tentative calculation of the amount of 
oxygen consumed per unit per year. A report on this subject is now 
well advanced. 

CHEMICAL ANALYSES OF IvIARINE PLANKTON 

During the 1932 cruises of the "Atlantis" eleven plankton sam
ples from various depths were collected and subjected to organic car
bon, total phosphorus, moisture and ash analyses. 

INVESTIGATION OF THE PHOSPHORUS CYCLE IN 


MARINE SEDIMENTS 


This problem begun in the summer of 1931 was continued with 
certain modifications in the summer of 1932 by Gladys Seiwell. 

In the 1931 investigation a study was made of the phosphorus and 
organic matter contents of sediments in relation to their physical 
properties. 

In the summer of 1932 a more detailed study of the organic mat
ter, organic carbon, total and soluble phosphorus contents of sedi
ments was carried out, in the hope of explaining the results obtained 
in 1931. 
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It appears from the results that both chemical and physical prop
erties of shallow water sediments are to a great extent dependent on 
the conditions of sedimentation arising from the hydrographic char
acteristics of the region. It is for this reason, perhaps, that we find 
more or less well marked regional differences of characteristics. 

The soluble r04 content of sediments was found to vary from 
approximately 0.15 mg. per kg. of sedimen t to more than 6.5 mg. per 
kg . of sediment. However, within individual regions we find less vari
ation as shown by the preliminary results from 1932. 

In general the H 20 2 oxidizable organic matter has been found to 
vary as the colloidal (> 2u) content of sediments. 

The percentage of organic carbon and total phosphorus was also 
determined for a wide variety of sediments. 

INVESTIGATION OF THE SEDIMENTS OF THE 

CONTINENTAL SHELF AND THEIR 


ENVIRONMENTS 


IN CHARGE OF H. C. STETSON 

The methods of investigation, developed in 1931 were con
tinued, in 1932, along traverses from the shore to the edge of the 
continent at the following places, samples being taken approxi
mately every mile: Martha's Vineyard, Block Island, and Ocean 
City, Md., with three shorter traverses, one off Atlantic City, N. ]., 
and two off the outer side of Cape Cod. 

Mechanical analysis yields the following resul ts: 

1. There is a tendency towards progressive decrease of grade 
size from shore to the break slope although subject to violent fluctua
tions. 

2. Degree of sorting bears no constant relationship to present 
depth of water. 

3. Silt and clay usually appear in small quantities in 140-180 
feet of water and gradually increase in amount, though they are, in 
most cases, the smallest part of the sample. 

4. The topographic profile is probably not a profile of equilibrium 
for present sea level, particularly in its middle and outer parts, and 
has no influence on grade size. 

S. The sediments on outer parts of the shelf are mixtures of ma
terial accumulated under at least two different environments. De
position resulting from present sea level has not obliterated traces of 
shallower condi tions. 

6. An area of sand, equalling the St. Peter sandstone in degree 
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of rounding and with many frosted grains is present 20-45 miles off 
Martha's Vineyard, suggesting an ancient beach with sand dunes. 

7. The lines off Nauset, Martha's Vineyard and Maryland, 
though of different lengths, are remarkably similar and show several 
major trends in common. First, a belt of coarse, red sand at 28-30 
metres, second an abrupt change to an area of fine, well-sorted, gray 
sand mixed with silt and clay, and third, in the case of the line off 
Martha's Vineyard and Maryland a marked coarsening of grade size 
at the break in slope and for some distance further down. In the case 
of the Nauset line this coarsening occurs at about 170 metres. Ex
cept for the inner belt of coarse sand, the other features occur at pro
gressively greater depths as we go northeastwards. 

8. Several short lines from the Gulf of Maine are being worked 
at present, in the attempt to tie in this region with the shelf south of 
Cape Cod . 

9. Experiments on transportation and deposition have been con
tinued with sedimentation pans but have met with indifferent suc
cess, largely due to mechanical difficulties. 

It is obvious that the surface sediments of the shelf are not all of 
them the result of conditions depending on present sea level. \/.,There 
to draw the line between those for which the present environment is 
responsible and those left over from the Pleistocene, OJ: even some 
Tertiary stand of the sea, is a problem that cannot be answered until 
more data have accumulated. 

10. The heavy minerals were determined by A. E. Alexander, in 
about 150 of the samples, by the Larsen immersion method; their 
regional distribution shows the mineralogy of the continental shelf 
sediments to be almost identical throughout its length and breadth, 
with few exceptions. Concentrations of limonitic pellets were found 
off Martha's Vineyard and Block Island, and a detailed comparison 
made with limonitic material collected along the coast, leading to the 
conclusion that the limonite in the sea had been formed in place. 
Detailed examination has also been made of the occurrence of glau
conite, found on every line where samples were taken, and of iron 
sulfide bodies. 

REPORT OF STUDIES IN MARINE BACTERIOLOGY 

SELMAN A. WAKSMAN, H. W. REUSZER, C. L. CAREY, 
M. HOTCHKISS, ASSISTED BY C. E. RENN 

The investigations in the field of marine bacteriology inaugurated 
in 1931 were centered in 1932 largely around four general prob
lems: 1. the abundance and distribution of the bacterial popula
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tion in the sea water and bottom deposits of the Gulf of Maine, the 
continental shelf and certain bays about Cape Cod, 2. decomposition 
of zooplankton and algal residues by bacteria, 3. the role of bacteria 
in the nitrogen cycle in the sea, 4. the abundance and chemical nature 
of marine humus. The results can be summarized as follows: 

The number of bacteria found in sea water, only a short distance 
away from land and at a depth which is not affected by the agita
tion of the bottom by currents and by wave motion, is comparatively 
small. Along the shores receiving considerable land drainage, much 
greater numbers of bacteria are found. Sea water in shallow regions 
(Georges Bank) contains larger numbers of bacteria than in the 
deeper waters (Gulf of Maine). There seems to be a definite relation 
between the nature and abundance of the plankton and the abun
dance of bacteria in the water. The sea bottom contains much larger 
numbers of bacteria than the sea water, mud bottoms more than 
sand bottoms. The activities of the bacteria are largely concentrated 
in the very uppermost layer of the bottom material; the numbers 
then diminish rapidly with depth. A definite parallelism was found 
between the organic matter content of the mud and the abundance 
of the bacteria. 

In the study of the decomposition of marine residues by bac
teria, the nature of the medium was found to be of considerable im
portance. The zooplankton was decomposed more rapidly in the 
mud medium than in the sea water medium, as measured by the 
evolution of carbon dioxide; however, the amount of nitrogen liber
ated as ammonia was the same in both media. Probably the nitroge
nous constituents of the plankton are decomposed alike in the 
water and in the mud, while some of the non-nitrogenous complexes 
decomposed more rapidly in the latter, due to the presence of specific 
bacteria. This phenomenon was emphasized particularly in the 
study of decomposition of Ulva and Fucus material by bacteria in 
sea water and in mud media. The Ulva with the higher nitrogen 
content decomposed alike in both media, but very little nitrogen 
was liberated as ammonia. The Fucus with a lower nitrogen content 
hardly decomposed at all in the water but decomposed well in the 
mud. The addition of a little available nitrogen, in the form of am
monium salt or nitrate, hastened considerably the decomposition of 
the Fucus in the water. 

Among the bacteria concerned in the nitrogen cycle in the spa, 
three groups have been studied in detail, namely, 1. nitrogen-fixing, 
2. nitrifying, and 3. denitrifying. The aerobic Azotobacter and 
anaerobic Clostridium were found to be present in the sea and capa
ble of fixing appreciable quantities of nitrogen, provided an avail

.... 
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able source of energy was present. Nitrifying bacteria are absent in 
the water, but are present in the sea bottom, where active nitrifica
tion takes place. The nitrite-forming bacteria develop on artificial 
media more rapidly than the nitrate-forming organisms. Nitrate
reducing bacteria were found abundantly in the sea; however, deni
trifying bacteria or those organisms which are capable of reducing 
nitrate to atmospheric nitrogen occur in the sea but seldom, largely 
in the marine bottom. These observations have an important beal ing 
upon the cycle of nitrogen in the sea. 

Several bacteria were isolated from the sea that proved capable of 
decomposing agar and cellulose. A detailed study has been made of 
the ability of these organisms to decompose carbohydrates under 
marine conditions and their importance in the decomposition of 
plant residue in the sea. 

The occurrence and chemical nature of marine humus were 
studied in detail. The amount of humus in the marine bottom was 
calculated by multiplying the organic carbon content by the factor 
1.923. The organic carbon was most conveniently determined by a 
modification of Schollenberger's method. The amount of humus in 
the marine bottom was found to vary considerably from a fraction 
of a per cent in sand bottoms and in deep ocean bottoms to 4-10 per 
cent in muds. The humus content of the mud usually diminishes with 
depth; in some cases, however, it was found to increase. The ratio 
of carbon to nitrogen in the marine humus was found to be more or 
less constant, varying from 8 to 12. A study has further been made 
of the chemical nature of mal ine humus and its relation to the chemi
cal composition of marine plant and animal residue. 

STUDIES ON (1) LIGHT AND THE BEHAVIOR 

OF MARINE ORGANISMS; (2) BIOLOGY OF 


PINNOTHERES MACULATUS SAY 


]. H. WELSH 

(1) During the summer of 1932 a survey was made of the effect 
of intensity of illumination on the behavior (especially rate of locomo
tion) of a number of marine invertebrates. Particular attention was 
given to comparing the behavior of animals which move principally 
by means of cilia with that of animals which move by means of 
muscles. Included in the survey were flatworms, annelid larvae, 
molluscan larvae and adults, and crustacean larvae and adults. 

(2) Observations were continued on the biology of Pinnotheres 
maculatus Say and additional data were obtained on sex ratio, sexual 
dimorphism, and development. 


