


Region 113 

No. Title 

431 Oceanography 

Program: 

Briefing Statement 
(In thousands of dollars) 

Program "i)'7ithout Increase 

1965 

$ 28.0 

pp o 

Work plan: Contract with 'Woods Hole Oceanographic Institution. 

Coastal and Offshore Research 
(Subacti vity) 

1964 1963 1932 

28.0 28.0 28.0 

o o o 

Objective: To study the meteorological and hydrographic conditions that might relate to the changing 
abundance of fishes in the Northwest Atlantic. 

Accomplishments FY 1963: Observation posts at lightships were maintained and the annual reports 
of temperature and salinity published. Drift bottles and sea bed drifters 
were released throughout the area Cape Hatteras to Nova Scotia. Analy
sis of surface currents made. 

Base of operations: "1.1oods Hole~ Massachusetts. 



Region #3 

No. Title 

131 Jceanogra phy 

Increase: 

Briefing sta( lent 
(In thousands of dollars) 

1= rogram with Increase 

1965 

$ 2(;.6 

P ... > 1 
.1-

--~--- - - -----

Coastal and Offshore hesearch 

(Sub activity) 

Increase 1964 196j 1962 

2&.6 - - - - - -
1 - - - - - -

---- ------ "----------- --- --

Need: Until this year S-K funds have supported a contract with the #oods Hole Oceanographic Institution 
to maintain coastal oceanogi~aphic observation posts and study ocean currents. Additional funds 
C!.re required to make offshore observations with the ALEATft')3...; IV" and analyze the results on 
a sustained basis. 

,Jork plan: Surveys with the A.LBATRJSS IV and the placement of recording devices. 

Objective: To provide the environmental information required to understand the fluctuations in abundance 
and availability of groundfish in the New 3ngland area • 

.l'dditional positions: One GS-13 oceanographer. 

Program: 

Objective: To understand the relationship betwe~n oceanographic conditions and the groundfishes of 
the Northwest Atlantic. 

Accomplishments FY 1963: Under S-I( funds observations posts at lightships were maintained and the 
annual report of temperature conditions and salinities were published. 
Surface current observations were made by means of drift bottles. 

Base of operations: {Ioods Hole" Niassachusetts. 



Revie,,; of Whiting Research 

The first full year of the whiting project was in 1955. Immediately 
a study "ras started to determine the different stocl{s of "Jhi ting 
present. l'1orpbometric studies indicated that the southern New England, 
New York, and Nev.J <Tersey whi tine: could be separated from the fish in 
the Gulf of lVi:aine, Conover et. ale (1961). 

InvestigatLms "rere conducted to develop a successful tagging method. 
Fritz (1959) reported that v-rhitjng were very difficult to obtain in 
good condition for ta~ging. Even with considerable effort to mini
mize the effect of capture by trawls, only one-third of the fish vJ'ere 
jl1 dgpd to be in a condition sui table for tagging. Nevertheles s, a 
modii'ir:::d nlastic tube tag did sha1-Y returns of 5%, 8% and 9% in three 
experiments. 

Observations wore reported on the food habits (Jensen and Fritz, 
19&1). Fish and shrimp sllpplied the bulk of the diet. A larger 
study, still unpublished by Dr. Ralph V. De x t,3l' of Kent State Univer
sity, corroborated ttc findings 0::: this LaboratoI"J. An abstract of 
this study (Dexter, 1962) is published. 

IcIesh selection studies r~3ported by Clark (in press) and Clark and 
.?ritz (in press), as "\fell as studies completed s:,nce then, shO'TtJ a 
very dull selection C1J.rve for vJhi tinge ~-Jhi ting were shown to escape 
in great numbers through the forward part of the net. 

The history of the fishery was reported by lritz (1960). Since 1930 
the anllual lancEn;:"s have incr9ased more tban ten-fold. In addition 
the method of fishing has changed from pound nets and float traps to 
otter travTls. 

A general revie-w of our knowledge 01 the whi tine; vIas published by 
Fritz (1962). A sir:1Dlifi3d life history was presented. 

It should be noted that the Russians are fishing whiting. Domanevsky 
and Nozdrin .19_63 have reported on general observations made on this 
spscL;s. 

Whiting in the N'2w York bight were investigated by Shaefer (1960). 
General Growth analyses and food habit studies wer'2 reported. 
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UNITED SLATES -
DEPARTMENT OF TIlE INTERIOR 
FISH AND WILDLIFE SERVICE 

BUREAU OF COMMERCIAL FISHERIBS Contract No. 14·17-0007-175 

Thi. Contract. entered into this ~ day of October ,19~ 
by the United State. of America. hereinafter call.d the Gov.rn~nt. 
represented by the Contracting Officer executing thl. contract a and 

Woods Hole Oceanographic Institution, Woods Hole, Massachusetts, 

hereinafter called the Contractor p witn •••• th that the p.rt1~1 hereto 
do agree al follow., 

ARTICLE I. STATEMENT or WORK. The Contractor shall furnish the nec* 
essary personnel~ facUities; materials for performance of the follow
ing work. 

The Contractor shall continue a pror: ,'.'" of investigation and observa'tioru~ 
(1) to detect changes in oceanic circulati~;l (2) analysis of climatic and 
weather records to determine cause of such changes (3) investigation of 
circulatory system along North Atlantic co~st to facilitate interpretation 
of observations, and (4) consultation and collaboration with 1I~ S. Fish 
and Wildlife Service Laboratory, Ii'oods Hole, Massachusetts" and as 
particularly set forth in the Contractor's proposal dated July 30, 1963, 
with the exception that on page 2 of the proposal, item 8 j iiBstimated 
cos U : per year" this contract shall be limited to a total colt of 
$28,OOO~OO~ This adjustment is per a joint agreement between your 
Institution and Dr. H. W~ Graham of this Bureau. 

AR'l'ICU 2. COST. lor pe-rformanca of this contract the Govermaent .haU 
pay to the Contractor the .umof $28.QQQ,QQ payable as follow., 

Quarterly on December 31, 1963, March 31, 1964, June 30, 1964, and 
September 30, 1963, in equal amounts of $7,000.00 
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ARTICLE 3. PERIOD OF CONTRACT. Work shall be commenced 

October 11) 1963. 

and shan be completed not later than September 30, 1964. 

ARTICLE 4. GENERAL PROVISIONS. The attached "General Provision." & 

Form 2-127&, are incorporated here!.n and made a part of this contract. 

ARTICLE 5. ALTERA1'IONS. The following changes were made in thh ~or.'" 
tract before it was signed by the parties hereto: 

Work performed beginning October 1, 1963, pursuant to informal 
instructions from Regional Director, Bureau of Commercial Fisheries~ 
Glqucester, Massachusettl, is hereby c0nfirmed and shall be deemed 
to have been performed under this contract. 

IN WITNESS WHEREOF. the parties hL ::r· 1:0 hwe execuud thh contract liS .::f 
the day and year first above written. 

, ~oods Hole Oceanographic Xnsti tution 

t!;;;;;;~or) 1L ~ ~ £. J . BY;~{~~ 

OF AMERICA 

I 

BYI~r-~ __ ~~~~~~_ 

.. # 

V'· '-. 
v 

Ac ting Direc tor 11/4/63 Chief, Branch Property Management 
(Title) (Title) -
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3. 

Department of the Interior 
Fish and Wildlife Service 

PROPOSED PROJECT UNDER SALTONSTALL-KENNEDY ACT 
(P.L. 466, 83rd Congress, 2nd Session) 

For consideration by the Industry Advisory Committee 

Major field: 

Title of Project: 

Proposed by: 

Oceanography 

Investigation of climatic and oceanographic factors 
influencing the environment of fish. 

Woods Hole Oceanographic Institution 
Paul M. Fye, Director 

4. General description: The abundance and distribution of the great populations 
of fish change from time to time. The objective of this research proposal is 
to find out to what extent these chan&es are related to shifts in the ocean 
circulation, and what climatic influences may bring about such shifts. The 
fishing industry will benefit if it is known what factors other than 
fishing have influenced or are likely to influence the fisheries. 

5. Method of procedure: 

1. Continuation of program of observations to detect changes in 
oceanic circulation. 

2. Analysis of climatic and weather records to determine cause of 
such changes. 

3. Investigation of circulatory system along North Atlantic coast 
to facilitate interpretation of observations. 
(Supported by other agencies). 

4. Consultation and collaboration with U. S. Fish and Wildlife 
Service Laboratory, Woods Hole, Massachusetts. 

6. Work to be performed by: Woods Hole Oceanographic Institution. 
Personnel available - Oceanographer with 26 years' experience, meteorologist 

with 20 years' experience. 
Facilities - Oceangraphi~ equipment aboard 15 Lightships. 

7. Estimated duration of the project: This contract is for 1 year. 
Continuation to be anticipated since objectives are long range. 



8. Estimated costs: per year 

Salaries 

Indirect Costs 
(55% provisional) 

- 2 -

Retirement (8 5/8% provisional) 

Materials and Supplies 

Travel (See Text) 

Fee at 5% 

$14,150 

7,782 

1,220 

13,419 

2,000 

1,929 

$40,500 

D. F. Bumpus, Principal 

Bostwick H. Ketchum, Associate Director 



The Problem 

- 3 -

Amplification of Project for 

Investigation of oceanographic and climatic 
influences on the environment of fish 

Proposed by Woods Hole Oceanographic Institution 

One of the hazards of the fishing industry is the uncertainty in the numbers 
of fish to be found in any place at any time on any given fishing ground. Over longer 
periods the area frequented by a given species may contract or expand unaccountably. 

The short-term fluctuations in the fisheries are known to result from "good" 
pr "bad" success in each year's reproduction, but why large numbers of young fish sur
vive in some years and not in others is not understood. Even more mysterious are the 
causes of the expansion of fish popuiati@ns into new territory, or their disappearance 
from regions where they were formerly abundant. 

Far too often the fishermen themselves are made a scapegoat, when 
charged that the changes are due to overfishing. Certainly this is not the 
the good or bad years of reproduction, or of the cataclysmic desttuction of 
populations, such as have occurred from time to time. 

it is 
cause of 
whole 

It is re~sonab1e to believe that many of the fluctuations in the distribution 
of fish and in the success of their natural breeding arise from actual changes in the 
quality of their environment; to shifts in the temperature of the water, or its 
salinity, or in the currents which control the supply of food. This is the hypotheses 
on which the present proposal is based. 

Along the Atlantic seaboard fishing is conducted chiefly within the limits 
of the continental shelf. In these waters the conditions influencing the environment 
of fish depend on three factors: (1) the general circulation of the Atlantic Ocean, 
and particularly the behavior of the Gulf Stream; (2) the discharge of rivers along 
the shore, which establishes and maintains the coastal circulation; and (3) the 
local climate which influences the temperature of the water. 

A great quantity of information is being collected which bears on these 
influences. Oceanographers are now studying actively the oceanic circulation and 
have investigated from time to time various aspects of the coastal circulation. 
Systematic records of water temperatures are made at the tide stations maintained by 
the Geological Survey. Climatic data are now available in the records of the 
Weather Bureau. The flow of the coastal rivers are recorded by the Geological Survey. 
The fishery statistics supply an abundant record of the availability in time and place 
of the important fish populations. 

The previous contract between this Institution and the u.S. Fish and Wild
life Service (Contract 14-19-008-2377, 14-17-008-62, 14-17-007-9 and 14-17-007-104) 
commenced a sustained effort to relate the existing information to the behavior of 
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fish. 

and 

systematic observations were made of the variability of the environment in the coastal 
waters where fish live, and of the variations in the circulation of that environment. 

The Woods Hole Oceanographic Institution is qualified to secure and continue 
such observations and to correlate the information obtained, to the end that the re
lations of climate and oceanic circulation to the varying distribution and abundance 
of fish may be better understood. 

Procedure 

1. A program of observations will be maintained consisting of: 

a. The establishment, maintenance and servicing of systematic 
observations of temperature and salinity on twelve available 
lightships along the Atlantic coast. The object will be to 
secure data from as far seaward as possible. 

2. A.program of coordination of data will be maintained consisting of 

a. The collection and analysis of all available data from the tide 
stations, lightships, weather ships, and research vessels 
bearing on the actual state of coastal waters, and on the 
circulation of the adjacent deep ocean, including the Gulf Stream. 

b. The collection and analysis of all available meteorological 
and hydrological data bearing on the climate of the North 
Atlantic coast and on the flow of rivers into the sea. 

c. The analysis of the above information in relation to the 
accepted views of the coastal circulation, and the correla
tion of the findings with information obtained from fishery 
statistics. 

3. An essential part of the proposal is that fundamental studies of the 
circulatory system of the continental coast be made as an aid in 
interpreting the fluctuations in the state of the coastal waters. 
The observations to be obtained will be of limited value if they 
cannot be interpreted in terms of well.recognized patterns of 
circulation. The character of the circulation in the Gulf of Maine 
and along the middle Atlantic coast has been studied by Bigelow 
and others but much more information is required, particularly in 
areas of acute interest to the fisheries. South of Cape Hatteras 
little was known of the coastal circulation until recently when 
Mr. Bumpus, who would serve as project leader under this proposal, 
undertook its study. Much valuable data on the hydrography of this 
area are available, to which attention should be given to perfect 
our knowledge of its waters. (This part of the project will be 
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supported in part by funds from other agencies.) 

4. Personnel engaged in the program will be available to the Fish and 
Wildlife Service at all times for consultation on oceanographic 

Results: 

and climatological problems. The Institution is located adjacent 
to the Woods Hole Laboratory of the Service and enjoys relations 
with the personnel of that laboratory which assure the cooperation 
and collaboration necessary for the success of the present proposal. 
Close relations have also been maintained with the Biological 
Laboratories at Boothbay Harbor, Maine; Sandy Hook, New Jersey and 
Beaufort, North Carolina. 

The monitoring of the distribution of temperature and salinity at light
ships along the Atlantic seaboard has resulted in a series of reports which des
cribe the annual cycle of temperature and salinity and seek to explain the causes 
of changes which are observed. 

Bumpus, D.F. 1957: Surface water temperatures along the Atlantic and Gulf 
Coasts of the United States. U.S.F.W.S. Spec. Sci. Rept. - Fisheries 
No. 214, 153 pp. 

Bumpus, D.F. 1957: 
United States. 

Oceanographic observations, 1956, east coast of the 
U.S.F.W.S. Spec. Sci. Rept. - Fisheries No. 233, 132 pp. 

Chase, J. 1959: Wind induced changes in the water column along the east 
coast of the United States. J. Geophys. Res. 64(8):1013-1022. 

Day, C.G. 1959: Oceanographic observations, 1957, east coast of the United 
States. U.S.F.W.S. Spec. Sci. Rept. - Fisheries No. 282, 123 pp. 

Day, C.G. 1959: Oceanographic observations, 1958, east coast of the United 
States. U.S.F.W.S. Spec. Sci. Rept. - Fisheries No. 318, 119 pp. 

Day, C.G. 1960: Oceanographic observations, 1959, east coast of the United 
States. U.S.F.W.S. Spec. Sci. Rept. - Fisheries No. 359, 114 pp. 

Day, C.G. 1963: Oceanographic observations, 1960, east coast of the United 
States. U.S.F.W.S. Spec. Sci. Rept. - Fisheries No. 406, 59 pp. 

Chase, J.: Oceanographic observations, 1961, east coast of the United States. 
U.S.F.W.S. Spec. Sci. Rept. - Fisheries in ed. 

The study of the circulation on the continental shelf has resulted in the 
following papers: 

Bumpus, D.F., J. Chase, C.G. Day, D.H. Frantz, Jr., D.D. Ketchum and R.G.Walden 
1957: A new technique for studying non-tidal drift with results of 
experiments off Gay Head, Mass., and in the Bay of Fundy. Jour. Fish. 
Res. Bd. Canada 14(6):931-944. 



Bumpus, D.F. and C.G. Day, 1957: 
and Georges Bank, 1931-1956. 
No. 242, 61 pp. 
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Drift bottle records for the Gulf of Maine 
U.S.F.W.S. Spec. Sci. Rept. - Fisheries 

Day, C.G., 1958: Surface circulation in tbe Gulf of Maine as deduced from 
drift bottles. Fishery Bull. 58(141):443-472. 

Bumpus, D.F., 1960: Sources of water contributed to the Bay of Fundy by 
surface circulation. J. Fish. Res. Bd. Canada, !l(2):181-197. 

Bumpus, D.F., 1961: Drift bottle records for the Gulf of Maine, Georges 
Bank and Bay of Fundy, 1956-58. U.S.F.W.S. Spec. Sci. Rept. -
Fisheries No. 378. 

We intend, in the foreseeable future, to publish a folio on the surface 
circulation on the continental shelf, Cabot Straits to Florida, in the American 
Geographical Society's Serial Atlas of the Marine Environment. 

Personnel and Facilities 

The Woods Hole Oceanographic Institution is a non-profit corporation with 
over thirty years' experience in investigation of the western Atlantic Ocean. It 
operates five seagoing research vessels and employs a scientific staff of some 
sixty oceanographers, meteorologists, chemists, and biologists. It maintains simple 
technical services to support the scientific staff. 

The proposed investigation will be placed under the leaderShip of Mr. Dean 
F. Bumpus, an oceanographer with twenty-six years' experience in the study of the 
hydrography and biology of coastal waters, assisted by Mr. Joseph Chase, a 
meteorologist with 20 years' experience, 13 of them directly associated with prob
lems in physical oceanography. 

Duration of Project 

A continuation contract for one year is proposed. It is evident from the 
nature of the proposed work that its objectives are long range, and will have little 
value if not continued for a longer period. 

The salary schedule provides for 20% of the principal investigator's 
salary, 50% of his associate's salary, full salary for two clerk-technicians and 
about 1000 hours of minimum wage service. 

Indirect Costs are estimated to cover cost of occupany, maintenance, and 
administration. The actual rate is computed every six months based on actual costs 
as determined by Navy Auditors. All indirect costs are allocated between contracts with 
the government, with other contractors and the Institution's own work on the same basis. 

The sum of $2000 budgeted for travel includes travel of the principal inves
tigator to the ICNAF Environmental Symposium to be held in Rome in late January 1964, 
where he will be the convenor of one of the panels. 

Signed 
July 30, 1963 D. F. Bumpus, Prine I 



Investigations of Climate and Oceanographic Factors 

Influencing the Environment of Fish. 

Accomplishments to date are these: 

1. Continuing series of temperature and salinity measurements at a dozen 

or more lightship and other locations from Maine to Florida since the end of 1955. 

These measurements have revealed the effect of drought and subsequent high pre

cipitation on the hydrography of the Gulf of Maine, the annual mid-summer intrusion 

of cold saline water along the bottom toward the coast off New Jersey, Delaware and 

Virginia, and are beginning to be useful in examining the effect of climatic trends. 

2. Never before have so many drift bottles been released and recovered as 

there has in the joint U. S. and Canadian surface circulation study. During the 11 

year period ending in 1962, 160,423 drift bottles were released; over 10.1 % were 

recovered. This data is being used to prepare a series of surface circulation 

charts to be published in the American Geographical Society's Folio Atlas series. 

3. A simple device, for use in much the same manner as the drift bottle, 

has been developed for gaining information on the non-tidal drift along the bottom. 

Our understanding of this circulation is beginning. 

4. A telemetering or transponding drift buoy system has been devised for 

observing non-tidal currents at mid-depths. Experiments have been conducted 

south of New England, in the Bay of Fundy, on Georges Bank, and between Cape 

Cod and Cape Hatteras. 

5. Through contracts with AEC, experiments employing Richardson 

Current Meters have been conducted south of New England. Some experiments off 

Cape Canaveral have been highly successful. If we can maintain our patience 

during this trying developmental period, we shall have a real break-through. The 

need for direct current measurements has been obvious for many years. Its 

achievement is in sight! 
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Bibliography of Publications Concerned with the Oceanography 

of the Gulf of Maine 

John B. Colton, Jr. 

In this bibliography the term "oceanography" has been 

used in its broadest sense and includes basic studies of biology, 

chemistry, physics, geology, paleontology, ecology, and fish

eries hydrography. Published reports through June, 1962, of 

oceanographic surveys for the period of record are included. 



REFERENCZS 

EAILEY, /I. E., :-J. :3. IV'"J.ACGR~G'::;~i" and H. E. HACHEY 

1954 Annual variations of temperature and salinity in the 
Bay of Fundy. J. Fish. Ees. Ed. Canada, 11: 32 .... 47. 

BASSLER, R. S • 

1936 Geology and paleontology of the Georges Bank Canyons. 
III. Cretaceous bryozoan from Georges Bank. Bull. 
Geol. Soc. Amer. 47: 411-412. 

EIGj~LO-J~I, H. B. 

1926 Plankton of the offshore ·~ifaters of the Gulf of Maine. 
Eull. U. S. :Lur. Fish., 40(2): 1-509 

1927 Physical oceanography of the Gulf of Maine. Eull. U. S. 
Eur. Fish ... 40(2): 511-1027. 

BIGELO-v.J, H. E." L. C. LILLICK, and IVIAHY SEARS. 

1940 Phytoplankton and planktonic protozoa of the offshore 
,.-.raters of the Gulf of Maine. I. Numerical distribution. 
Trans. Amer. ?hU. Soc., 31: 149-191. 

EIGELO"~;! .. H. E. and -v,;. C. SCHROEDER 

1936 Supplemental notes on fishes of the Gulf of Maine. Bull. 
U. S. Eur. Fish., 43: 319-3<l3. 

1939 Notes on the fauna above mud bottoms in deep water in 
the Gulf of Maine. Eiol. Bull., 76: 305- 324. 

1953 Fishes of the Gulf of lV~aine. Fish. Eull. 74, Fish. Bull." 
Fish and "Wildlife Service, 53: 1-577. 

BIGELO-\iv, H. E. and Vi. \IV. v/ELSE 

1925 Fishes of the Gulf of Maine. Bull. U. S. Bur. Fish ... 
40(1): 567 p. 

ERAARUD, T. 

1934 A note on the phytoplankton in the summer of 1933. Eiol. 
Dull., 67: 76-82. 

-41-



BULLETIN I-IYDROGRAPHIQUE 

1933 Cons. into Explor. Mer. Copenhagen 1934. 

1934 Cons. into ExploJ; Mer. Copenhagen 1935. 

EUMPUS, D. F. 

1957 a. Surface water temperatures along the Atlantic and 
Gulf coasts of the United States. U. S. Fish and 
·'Y.iildlife Service, Special Sci. Rept., Fisheries No. 
214: 153 p. 

1957b. Oceanographic observations, 1956, east coast of the 
United States. U. S. Fish and "'v~jild1ife Service, Special 
Sci. Rept., l:t'isheries No. 233: 132 p. 

1960 Sources of water contributed to the Bay of Fundy by 
surface circulation. J. Fish. Res. Ed. Canada, 17: 
181-19'1. 

1961 Drift bottle records for the Gulf of Maine, Georges 
Bank and Bay of Fundy, 1956-58. U. S. Fish and 
'l.'ildlifc Service, Special Sci. :s.ept., Fisheries No. 
378: 127 p. 

BUMFUS, D. F., J. CHASE, C. G. DAY, D. H. FRANTZ, D. D. 
KETCHUM and R. G.vJALDEN 

1957 A neVi technique for studying non-tidal drift with results 
off Gay Head, Mass., and in the Bay of Fundy. J. Fish. 
H.es. Ed. Canada, l l1: 931-944. 

EUMPUS, D. F. and C. G. DAY 

1957 Drift bottle records for Gulf of Maine and Georges Bank# 
1931-1956. U. S. Fish and Wildlife Service, Special 
Sci. Rept., Fisheries No. 242: 61 p. 

CHASE, J. 

1955 -v~ inds and temperatures in relation to the brood-strength 
of Georges Bank haddock. J. Cons. into Explor. Mer., 
21: 17-24. 

CHEVRIER, J. ii,. and R. -~J. TRITES 

1960 Drift-bottle experiments in the 'Quoddy region, Bay of 
Fundy. J. Fish. Res. Bd. Canada. 17: 743-762. 

-42-



1933 :Jiurnal migration of plan:-cton in the Gulf of 'Maine and 
its correlation with changes in submarinr irradiation. 
E iol. :Cull" 65: 402-438. 

1934a. Factors effecting the vertical distribu-ion of copepods. 
Zeol. 1/;on" 4: 530-540. 

1934b. Further observations on the diurnCl-' migration of copepods 
in the 8ulf of Maine. E iol. Bull. 67: 432-455. 

1946 Dynamics of production in a ma.;'ine area. Ecol. Mon., 
16: 32(;-335. 

CLARK0, G. L. and '.). F. E U l\rlP US 

1950 The plankton sampler - aZl instrument for quantitative 
plankton investigations. (Revised) Amer. Soc. Limnol. 
Oceanogr. Spec. Pllb. 5: 8p. 

CLARKE, G. L., :-I;. L. PIERCZ, and U. F. EUMPUS 

1943 The distribution and reproduction of Sa~itta elegans on 
Georges Eank in relation to hydrographical conditions, 
BioI. Eull., 85: 201-226, 

COE, '!". R. 

1938 Primary sexual phases in the oviparous oyster 
(Ostreavirginica). Eiol. Eull., 74: 64-75. 

COLTON, J. E. I JF., 

1955 Spring and summer distribution of haddock on Georges 
Eank. U. S. Fish & ";iildlife Serv., Spec. Sci, Rept. 
Fisheries No. 156: 65p. 

1959 A field observation of mortality of marine fish larvae 
due to '7rarming. Limnol. Oceanogr., 4: 219-222. 

1961 The distribution of ,eyed-flounder and lantern fish larvae 
in the Georges Bank area. Copeia, 1961, No.3: 274-
279. 

COLTON, J. E" JR.., K. A, HONB~Y and R. F. TEMPLE 

1961 The effectiveness of sampling method used to study 
the diatribution of larval herring in the Gulf of Maine. 
J. Cons. into ~xplor. Mer" 26: 180-190. 

-43-



COLTON, J. E., ']l1... and R. F. TEIVL .... 'LJ!: 

1961 The enigma of 3eorges Bank spav/ning. Limno1. 
Oceanogr., 6: 280-291. 

COLTON, J. :2., JR., R. F. TEIVl:F LE and K. A. HONEY 

1962 The occurrence of oceanic copepods in the Gulf of lI.fiaine -
Georges Bank area. :2:cology" 43: 166-171. 

1936 Geology and paleontology of the Georges E ank canyons 
IV. Cretaceous and late Tertiary Foraminifera. Bull. 
3eol. Soc. Amer., 47: 413-440. 

iJAVIDS8l'J, v. n. 

1934 Fluctuations in the abundance of planktonic diatoms in the 
F assamaquoddy Region, New Brunswick, from 1924 to 
1931. Contrib. Canad. Eio1. and Fish. New Series. , 
8: 357-407. 

DAY, C. G. 

1958 Surface circulation in the Gulf of Maine as deduced from 
drift bottles. Fish. 3ull. 141" Fish. Eull., Fish and 
""j/ildlife Service, 58: 443-472. 

1959a. Cceanographic observations, 1957 east coast of the 
United States. V. S. Fish and \ivildlife Service, Spec. 
Sci. i-=<.cpt .• , Fisheries No. 282: 123P. 

1959b. Oceanographic observations, 1958 east coast of the 
United States. Spec. Sci. Rept., Fisheries No. 313: 
119 p. 

1960 Cceanographic observations, 1959 east coast of the 
United States. Spec. Sci. Rept., Fisheries No. 359: 
114 p. 

FISH, C. J. 

1929 ?roduction and distribution of cod eggs in Massachusetts 
Bay in 1924 and 1925. Eull. U. S. Eur. Fish., 43(2): 
253-296. 

1936a. The biology of Calanus finmarchicus in the Gulf of Maine 
and Eay of Fundy. Eio!. bull., 70: 118-141. 

-44·· 



1936b. The biology of ?seudocalanus minutus in the Gulf of Maine 
and Eay of Fundy. 2iol. :Sull., 70: 193 .. 216. 

1936c. The biology of 2Uhof1,a similis in the Gulf of Maine and 
Bay of Fundy. Eiol. Eun., 71: 163-187. 

FISH, C. J. and k. -/J. JOHNSON 

1937 The biology of the zooplan~don population in the Bay of 
Fundy and Gulf of Maine with special reference to 
production and distribution. J. Eiol. Ed. Canada, 3: 
108- 322. 

GRA:-:LAM, lVi. 

1933 Investigation of the herring of :::assamaquoddy and 
adjacent regions. J. BioI. 3d. Canada, 2: 95-140. 

GH.AN, E. -'.i. 

1933 Studies on the biology and chemistry of the Gulf of Maine, 
II. Dist ribution of phytoplankton in August, 1932. Eiol. 
Eull., 64: 159-182 

GRAN, E. }-1. and T. ERAARU::J 

1935 A quanti tative study of the phytoplankton in the Bay of 
Fundy and Gulf of Maine (including observat ions on 
hydrography, chemi stry and turbidity). J. BioI. Ed. 
Canada, 1: 279-467. 

:HACHEY, H. E. 

1934 The replacement of Eay of Fundy waters. J. Eiol. Ed. 
Canada, 1: 121-131. 

HUNTSMAN, A. G. 

1924 Oceanography Handbook of the Erit ish Association for 
Advancement of Science, Toronto: 274-290. 

1952 The production .f life in the Eay of Fundy. Trans. Roy. 
Soc. Canada, 46: 15-38. 

HOUCH-I, J. L. 

1942 Sediments of Cape Cod E ay, Massachusetts. J. Sed. 
Petr., 12: 10- 30. 

-45-



I-LSIAO" G. C. T. 

1939 The reproduction of Limacina retroversa (Flem. ). 
2iol. :::,'ullq 76: 280- 303-.--

JERMOLAJ2V, :2. G. 

1958 Z.ooplan~don of the inner Eay of Fundy. J. Fish. H.es. 
Ed. Canada, 15: 1218-1:23. 

1925 The Ne"'i England Acadian shoreline. John \7iley and 
Sons, N. Y.: 312 p. 

K:8LLY, G. F. and A. 1\II. EARi(3R 

1961 Vertical distribution of young redfish in the Gulf of Maine 
i;app. Cons. into :6xplor. Mer., 150: 220-233. 

KETCHUN~, :2. }I. and D. J. KE~N 

1953 The exchange of fresh and salt waters in the E ay of 
Fundy and in Passamaquoddy Eay. J. Fish. Ed. 
Canada, 10: 97 -124. 

LILLICK, L. C. 

1938 Preliminary report on the phytoplankton of the Gulf of 
Maine. Amer. Mid. J\Tat., 20: 624-640. 

1940 Phytoplankton and planktonic protozoa of the offshore 
waters of the Gulf of Maine. II. ';,ualitative composition 
of the planktonic flor a. ?roc. Amer. Phil. Soc., 31: 
193-237. 

lViARAK, R. R. 

1960 Food habits of larval cod, haddock, and coalfish in 
the .J-ulf of lViaine and Georges Bank area. J. Cons. 
into Explor. Mer., 25: lL~~'-157. 

lV'.t.ARAK, R. R. and J. B. COLTON, J~. 

1962 Distribution of fish eggs and larvae, temperature and 
salinity in the Georges E ank-Gulf of Maine area, 1953. 
U. 3. Fish and ,";i1dlife Service, Special Sci. Rept., 
Fisheries No. 398: 61 p. 

-46-



MARAK, R. R., J. E. COLTON, JR., and D. E. FOSTER 

1962 Distribution of fish eggs and larvae, temperature and 
salinity in the Georges Eank - Gulf of Maine area~ 1955. 
U. S. Fish and V/ildlife Service, Special Sci. Rept., 
Fisheries No. 411: 66 p. 

MARAK, R. R., J. E. COLTON, JR., D. B. FOSTER and D. MILLER 

1962 :Jistribution of fish eggs and larvae, temperature, and 
salinity:n the Georges Bank - G\llf of Maine area, 1956. 
U. 3, Fish andvdldlife Service, Special Sci. Rept., 
Fisheries No. 412: 95 p. 

MAVOR, J • .'i. 

1921 The circulation of the water in the Eay of Fundy II 
Introduction and drift bottle experiments. Contr. to 
Canad. Eiol. New Series, 1: 101-124. 

1922 The circulation of the water in the Bay of Fundy II. The 
distribution of temperature, salinity, and density in 
1889 and the movement of water which they indicate in the 
Bay of Fundy. Contr. to Canad. BioI. New Series, 1: 
353-375. 

McLELLAN, H. J. 

1954a. Eottom temperatures on the Scotian Shelf. J. Ji'ish. Res, 
Ed. Canada, 11: 404-418. 

1954b. Temperature - salinity relations and miJr.ic1g on the 
Scotian Shelf. J. Fish. Res. Bd. CanaJa, 11: 419-430. 

1957 On the distinctness and origin of the slope water of the 
Scotian Shelf and its easterly flow south of the Grand Banks. 
J. Fish. Res. Ed. Canada, 14: 213-239. 

MITCHELL, H. 

1881 PhySical hydrography of the Gulf of Maine. Report, 
U. S. Coast and Geodetic Survey 1897, Appendix 10: 
175-190. 

PARKER, F. L. 

1948 Foraminifera of the continental shelf from the Gulf of 
Maine to Maryland. Bull. Mus. Compo Zool. Harvard 
Coli. 100: 213-241. 

-47-



1952 Foran1inifera species off Portsmouth~ New Hampshire. 
:Cull. Irus. Compo 2.001. ~ Harvard Coll., 106: 391-423. 

FARR, A. 2. 

1933 A geographical-ecological analysis of the seasonal 
change in temperature conditions in shallow water 
along the Atlantic Coast of the United States. Bull. 
Eingham Gceanogr. Coll., t:l: 1-90. 

PI~EGE1~, F. :2. 

1952 Fo:i.~aminifera ecology off Portsmouth, New Hampshire. 
Eull. IV[us. Compo Zool.~ Harvard Coll., 106: 315-390. 

1933 Studies on the biology and chemistry of the Gulf of 
N~aine. I. Chemistry of the waters of the Gulf of 
lV.aine in August, 1932. Eiol. Bull., 64: 149-158. 

1936 The occurrence and significance of nitrite in the sea. 
BioI. Eull., 71: 133-167. 

REDFIELD, A. C. 

1939 The history of a population of Limacina retroversa 
during its drift across the Gulf of TViaine. BioI. Bull., 
76: 26-47. 

1941 'lhe effect of the circulation of water on the distribution 
of the calanoid community in the Gulf of Maine. BioI. 
Eull" 80: 86-11 O. 

REDFIELD, A. C. and ALICE EEALE 

1940 Factors determining the distribution of popUlations of 
chaetognaths in the Gulf of Maine. BioI. Bull., 79: 
459-487. 

REDFIEL:iJ, P. .• C. and A. B. KEYS 

1938 The distribution of ammonia in the waters of the Gulf 
of l';iaine. BioI. Bull., 74: 83-92. 

REDFIELD, A. Co, H. p. SMITH and E. H. KETCEUM 

1937 The cycle of ~ganic phosphorous in the Gulf of Maine. 
Eiol. Bull., [ 73: 421-443. 

-48-



REUZER, H. d. 

1933 Marine bacteria and their role in the cycle of life in the 
sea. III. The distribution of bacteria in the ocean waters 
and muds about Cape COd. Biol. Bull. 65: 480-497. 

RILEY, G. A. 

1941 Plankton studies. "N. Georges Eank. Bull. Bingham 
Oceanogr. Coll., 7: 1-73. 

1942 The relationship of vertical turbulence and spring diatom 
flowerings. J. Mar. Res., 5: 67-87. 

1943 Physiological aspects of spring diatom nowerings. Bull. 
Bingham Oceanogr. Coll., B: 1-53. 

1946 Factors controlling phytoplankton populaUcnson Georges 
Bank. J. Mar. Res" 6: 54 ... 73. 

1947 A theoretical analysis of the zooplankton population of 
Georges Eank. J. Mar, Res., 6: 104-113. 

RILEY, G. A. anci D. F. BUMPUS 

1946 Phytoplankton" zooplankton relationships on Georges 
Bank. J. Mar. Res., 6: 33 .. 47. 

SEARS, MARY 

1941 Notes on the phytoplankton on Georges Bank in 1940. J. 
Mar. Res., 4: 247-257. 

SHEPARD, F. p., J. M. TREFETHEN and G. V. COHEE 

1934 Origin of Georges Bank. Bull. Geol. Soc. Amer., 45: 281-
302. 

STEPHENSON, L. V'l. 

1936 Geology and paleontology of the Georges Bank canyons. 
II. Upper Cretaceous fossUs from Georges Bank (including· . 
species from Banquereau, Nova Scotia). Bull. Geol. Soc. 
Amer., 47: 367-410. 

STETSON, Ii. C. 

1936 Geology and paleontology of the Georges Bank canyons. 
I. Geology. Bull. Geol. Soc. Amer" 47: 339- 366. 

-49-



1937 Current-measurements in the Georges Bank canyons. 
Trans. Amer. Geophys. Union, 18th Ann. Meet.,: 
216-219. 

TAYLOR, C. C., H. B. BIGELOVv and H. vlv. GRAHAM 

1957 Climatic trends and the distribution of marine animals 
in New England. Fish, Bull. 115, Fish. Bull., Fish 
and \i;jildlife Service, 57: 293-345. 

TIBBO, S. N" J. g. HENRI LEGARE, L. W. SCATTERGOOD and 
R. F. TEIVfPLE 

1958 On the occurrence and distribution of larval herring 
(Clupea harengus L. ) in the Bay of Fundy and the Gulf 
of lViaine. J. lnsh:--Res. Ed. Canada, 15: 1451-1469. 

TROBRIDG E, A. C. and F. p. SHEPARD 

1932 Sedimentation in Massachusetts Bay. J. Sed. Petr" 
2: 3- 37. 

i-l ALFORD, L. A. 

1938 Effect of currents on distribution and survival of the 
eggs and larvae of the haddock (Melanogrammus 
ae~lefinus) on Georges Bank. Fish. Bull. 29, Fish. 
Bu 1., Fish and Vvildlife Service, 49: 1 ... 73. 

WAKSMAN, S. A., H. W. REUSZER, C. L. CAREY, M. HOTCHKISS, 
and C. E. RENN 

1933 Studies on the biology and chemistry of the Gulf of 
Maine. III. Bacteriological investigations of the sea 
water and marine bottoms. BioI. Bull., 64: 183-205. 

\iIATSON, E. E. 

1936 Mixing and residual currents in tidal waters as illustrated 
in the Bay of Fundy. J. Eiol. Bd. Canada, 2: 141 .. 208. 

WInTELY, G. C. 

1948 The distribution of larger planktonic Crustacea on Georges 
Bank. Ecol. Mon., 18: 233-264. 

WIGLEY, R. L. 

1956 Food habits of Georges Bank haddock. U. S. Fish and 
Wildlife Service, Special Sci. Rept., Fisheries No. 165: 
1 .. 26. 

..50-



1960 Note on distribution of ?analidae (Crustacea, Decapoda) 
in NevI Zngland waters. j}~cology, 41: 564-570. 

1961 a. Eottom sedimensof Georges E ank. J. Sed. Fetr., 31: 
165-180. 

1961b. E enthic fauna of Georges Ean!i:. Trans. of the twenty
sixth 1',Torth American -j-dldlife and Natural Resources 
Conference, March 6, 7 and 8, 1961. PUbl. by the 
-:);ildlife Management Institute, Wire Bldg. ,~.:ashington 
5, D. C.: 310-317. 

#1053 8/16/62 -51-


