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Preface 

This cruise report is intended to serve as an outline of the 

academic program and marine research conducted on ~he fifty-fifth 

cruise of the research vessel Westward which took place between 

26 November 1980 and 7 January 1981. Included are abstracts from 

twenty-four student projects conducted and completed during the 

cruise and preliminary results of oceanographic studies designed 

by the chief scientist. Also reported here are data which are being 

incorporated in the long-term studies of S.E.A. staff scientists and 

other associated researchers. The bulk of this report was written 

while at sea and is not intended to represent the final analysis or 

interpretation of data generated during Westward cruise W-55. 

This cruise, involving a particularly large number of oceanographic 

stations and a cruise track of over 3000 nautical miles, required the 

cooperation and help of all staff and students. I am particularly grateful 

for the tireless efforts of my two assistant scientists, Alan Hickey and 

Neil Glickstein. Alan contributed to the cruise in a way that only an 

oceanographer of his broad experience and expertise could, and Neil, with 

several years of experience as an educator and scientist in other programs, 

provided the glue that was needed for a strong academic program. Alan 

and Neil relieved me of the burden of nearly all technical matters in the 

laboratory, providing me with time for coordination of oceanographic 

stations and twenty-four very ambitious student projects. Westward's 

master, Captain Rick Farrell, helped us to squeeze the best possible 

cruise track into forty-two days at sea, frequently against unfavorable 
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winds. (He also makes a very interesting, nautical Santa Claus.) 

I also owe thanks to John Wigglesworth, Phil Sacks, and Bill Curry 

for their skills in navigation and seamanship which helped us to 

accomplish our scientific goals. In addition to keeping a spotless 

engine room, Jeff Wheeler frequently had a hand in keeping laboratory 

gear in good repair. I have a particular personal interest in the 

work of the ship's steward. The culinary skills of 'CilIa Brooks 

went well beyond all of our hopes. 

In addition to the ship's regular crew, three visiting scholars 

participated on cruise W-55. Graham Lewis, from Florida State University, 

joined us on Leg I to study the invertebrate associates of Sargassum 

and seagrasses. He spent many hours helping students aboard Westward 

and in Les Saintes. On Leg II Tim Rumage, from the Rhode Island School 

of Design, joined Westward. Tim is a veteran Westward researcher who 

consistently assists us with his vast knowledge of both marine birds 

and mammals. An expert on Caribbean history from Harvard University, 

Dr. John Parry, joined us on Leg III. Dr. Parry provided us with a 

series of insightful lectures and discussions which inspired in us all 

an interest in the history of the Caribbean as well as many other far 

away places. All of us associated with cruise W-55 appreciate 

particularly the efforts of Professor Stuart Frank who contributed a 

class theme song which so well captured the spirit and adventure of 

our time at sea. To all of these people and each of the Sea Semester 

students on W-55, I thank you for contributing to the success of a 

productive, pleasant, and memorable Westward cruise. 
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Allan W. Stoner 

Chief Scientist 
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Introduction 

This cruise report is a product of cruise W-55 of the research 

vessel Westward and the laboratory section of the course Introduction 

to Marine Science offered by Boston University (course number NS 225L). 

The cruise tract (Fig. 1) was designed to permit collection of oceano

graphic data from several different water masses including the Sargasso 

Sea, the tropical North Atlantic Ocean, the Caribbean Sea, the Straits 

of Yucatan, and Straits of Florida. The ship's itinerary, including 

two intermediate ports of call (Table 1), permitted students and visiting 

scientists access to terrestrial and neritic habitats in addition to 

the open ocean environment .. Cruise W-55 provided the opportunity for 

students to conduct individual projects while at sea and to participate 

in a diverse range of oceanographic research. Several major oceanographic 

problems were investigated during the cruise, each of which will be in

troduced in its own section; introductory remarks will be followed by 

data generated by group efforts, and by abstracts of individual student 

projects which make up a large portion of this report. 

The ship's complement is provided in Table 2. The position of 

oceanographic stations and scientific operations performed are listed 

in Appendix 1 and data from the stations is tabulated in Appendices 2 

and 3. Information reported herein may not be excerpted or cited without 

the written permission of the Chief Scientist. 
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Figure 1: Cruise track of R/V Westward cruise W-55. 

Dates indicate noon positions . 



TABLE 1 Itinerary of R/V Westward Cruise W-55 

Depart Arrive 

St. Thomas 26 November 1980 Les Saintes 8 December 1980 
U.S.V.I. Guadeloupe 

Les Saintes 12 December 1980 Montego Bay 24 December 1980 
Guadeloupe Jamaica 

Montego Bay, Jamaica 27 December 1980 Key West 6 January 1981 
Florida 
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TABLE 2 Ship's Complement for R/V Westward Cruise W-55 

Nautical Staff 

Richard Farrell, Jr., B.A. Ocean Operator 
John Wigglesworth, B.S. 
Philip Sachs, B.S. 
William Curry, Ocean Operator 
.Jeffrey Wheeler, B.S. 
Priscilla Brooks, B.S. 

Scientific Staff 

Allan Stoner, Ph.D. 
Alan Hickey, B.S. 
Neil Glickstein, M.S. 

Visiting Scholars 

Captain 
Chief Mate 
Second Mate 
Third Mate 
Engineer 
Steward 

Chief Scientist 
Second Scientist 
Third Scientist 

Graham Lewis, Ph.D. candidate, Florida State University 
Timothy Rumage, M.S., Rhode Island School of Design 
John Parry, Ph.D., Harvard University 

Students 

John Abrams, Junior, Cornell University, Biology 
J. Brooke Aker, Junior, Univ~rsity of Vermont, Economics 
Michael Aubrey, Junior, University of Vermont, Cormnunication 
Julianna Bates, Junior, Smith College, Psychology 
Nancy Blakney, Junior, Plymouth State College, Biology 
Nicholas Bowen, Junior, University of Vermont, Computer Science 
Jane Caffrey, Senior, Cornell University, Biology 
Elaine Consuegra, Sophomore, Florida International University, Biology 
Edward Denney, Sophomore, Middlebury College, Political Science 
Samuel Greason, Junior, Cornell University, History/Government 
James House, Junior, University of Mississippi, Chemistry 
Malinda Jones, Senior, Wofford College, Accounting 
Peter Kalajian, Senior, Cornell University, Electrical Engineering 
Lisa Laubach, Junior, Sweet Briar College, Biology 
Lois Lovett, Junior, Connecticut College, Human Ecology 
Brian Marotz, Senior, University of Wisconsin, Biology 
Hilda Marquez, Junior, Boston University, Geology 
Geoffrey Merrill, Sophomore, Connecticut College, Human Ecology 
Mary Myers, Senior, SUNY at Stony Brook, Biology 
Marc Overlock, B.S., Defiance College, Social Work 
Susan Payne, Junior, Colorado College, Biology 
Gare Reid, Senior, Massachusetts Institute of Technology, Chemical Engineering 
Anne Walther, Sophomore, University of Santa Clara, Biology 
Thomas Warren, Junior, Colby College, Environmental Studies/Biology 
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Academic Program 

Throughout the six week period covered by R/V Westward cruise W-55 

a 24-hour science watch was maintained by teams of three students and 

one member of the science staff. During science watch students were 

instructed in the use of gear and scientific procedures spanning many 

aspects of physical, chemical, geological, and biological oceanography. 

Instruction was provided in the form of oceanographic and marine bio

logical research which was conducted either for individual projects or 

the work of visiting investigators, S.E.A. staff, or long-term cooperative 

programs. Routine meteorological and oceanic observations were made 

and weather data were transmitted during science watches. During the 

last two weeks of the cruise, students were sufficiently familiar with 

scientific procedures to operate activities of the laboratory without 

significant help from the marine science staff. 

Formal instruction on a daily basis was provided in the form of 

lectures given by the marine science staff and visiting scholars. 

Lecture topics, designed to cover aspects of science and history not 

readily gained from laboratory experience, are listed in Table 3. In 

addition to lecture material, a small museum of organisms called 

"Creature Features" was developed during the cruise to familiarize 

students with the life history and adaptations of important marine 

vertebrates, invertebrates, and plants. 

Oceanographic studies fell into four categories: (1) Each student 

took to sea a well-planned project which could be completed during the 

cruise. These projects were chosen by the students and completed as 

independent research. A short seminar at the end of the cruise was 

given by each student to summarize their findings. (2) Several projects, 

designed by the marine science staff, were completed to demonstrate or 

test particular oceanographic principles. These cruise projects required 

the participation of all student crew members in data gathering, sample 

processing, and data reduction. (3) Several long-term projects are 

being conducted by S.E.A. staff members and associated organizations. 

These include meteorological observations, analysis of sea bird distribu

tion, and distribution of phyllosoma larvae. These projects will be 

discussed later. (4) Visiting scientists joined Westward with particular 

-5-



.research goals. Students were given the opportunity to participate in 

the activities and learn the methods of those visitors. 

Every oceanographic station was made for the purpoSe of actual 

research and no sample was taken solely for the purpose of demonstration. 

In this way, students were given the opportunity to learn from meaningful 

participation in actual research activities. 

Letter grades for Introduction to Marine Science were established 

on the basis of a mid-term examination, a final examination and laboratory 

practical, a seminar, and individual performance in the marine science 

laboratory. 
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Table 3: Marine Science and Visiting Scholar Lectures given during W-55. 

W Nov. 26 Orientation to R/V Westward Staff 

T Nov. 27 Bathythermograph Hickey 

F Nov. 28 Sargassum community Lewis 

M Dec. 1 Reversing thermometers & Nansen bottles Hickey 

T Dec. 2 Dissolved oxygen & salinity Glickstein 

W Dec. 3 Collection of plankton Stoner 

T Dec. 4 Seagrass community Lewis 

F Dec. 5 Caribbean geology & coral reefs Stoner 

M Dec. 8 Ecology of reef fishes Stoner 

M Dec. 15 Spectrophotometry Hickey 

T Dec. 16 Sound in the sea Rumage 

, W Dec. 17 Mesopelagic fishes Stoner 

T Dec. 18 Upwelling zones Glickstein 

F Dec. 19 Mid-term examination 

M Dec. 22 Marine birds Rumage 

T Dec. 23 Trace metals in the sea Glickstein 

F Dec. 26 Introduction to Jamaica Parry 

S Dec. 27 Student Seminars 

M Dec. 29 Student seminars 

T Dec. 30 Dugouts and discovery Parry 

W Dec. 31 Student seminars 

Silver fleets Parry 

T Jan. 1 Pirates and buccaneers Parry 

F Jan. 2 Student seminars 

Slaves and sugar Parry 

S Jan. 3 Final examination 

M Jan. 5 Student seminars 
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Sargasso Sea Studies 

Although the Sargasso Sea has long been delineated using the distri

bution of Sargassum weed (Parr, 1939), the sea is better defined in terms 

of physical properties of the water mass itself. Gordon (1966) defined 

the Sargasso Sea as the calm center of the anticyclonic gyre in the North 

Atlantic Ocean. The gyre is bounded on the west by the Gulf Stream, on the 

east by the Canary Current, on the north by the North Atlantic Drift, and 

on the south by the North Equatorial and Antilles Currents. The Sargasso 

Sea is actually a thick mass of warm saline wat~ overlying the 10 DC 

isotherm which drops to 800-1000 m below the surface. The 10DC isotherm is 

only a few hundred meters deep to the west of the Gulf Stream. The Sargasso 

Sea is known for its low biological productivity, in part due to a strong 

permanent thermocline found between 400 and 500 m which serves as a barrier 

to upward diffusion of nutrients. Of course, the Sea is named for the two 

predominant brown algae species Sargassum natans and S. fluitans, which 

commonly float there. 

R/V Westward was taken into the Sargasso Sea for several reasons: 

1) To study the southern boundary of the Sea, which is normally dif

fuse and difficult to locate. 

2) To examine patterns of nutrient abundance and biological produc

tivity as one goes toward the center of the north Atlantic gyre 

system, including comparison with other geographic locations. 

3) To study the biology of the Sargassum plants and invertebrate and 

bacterial associates. 

While traveling north into the Sargasso Sea (Fig. 1), the thermal 

profile of surface waters was examined with the use of standard bathytherm

ograph equipment. Immediately upon leaving the shelf, both the depth of 

the mixed layer and the isotherms began to increase (Fig. 2). Isotherms 

became increasingly deep until approximately 20°50' N latitude, where the 

isotherms began to rise again. The same trend appeared further to the east 

on the return to the Caribbean Sea (right side Fig. 2). The lens of warm 

water between 20°30' and 21°00' N is most likely created by a branch of the 

North Equatorial Current, the Antilles Current, which flows to the west and 

north along the north side of the Leeward Islands, Puerto Rico, and Hispan

iola. True Sargasso Sea water was probably not sampled until a latitude of 

2l o N was reached. 

-8-
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Figure 2: Bathythermograph profile of the southern Sargasso Sea. 

Isotherms are in 0 F and ML is the depth of the mixed layer. 
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A series of hydrocasts made in the Sargasso Sea (Fig. 3) showed that 

the vertical thermal profile to 1000 m depth was approximately the same 

at four stations between 18 0 and 2l oN latitude (Fig. 4). Ammonium and 

phosphate concentrations showed the predicted patterns for Sargasso Sea 

water at 2l o N - very low surface values and increasing levels with depth. 

Higher levels of both ammonium and phosphate at lower latitudes (Fig. 4) 

provides further evidence that true Sargasso Sea water was sampled only 

at the most northerly station on Leg I of the cruise. Typicalnutrient 

patterns occurred, however, with highest values at the bottom of hydrocasts. 

At 19 0 and 20 0 N latitude intermediate peaks in nutrient levels, near 

100 m depth, may be related to affects of the Antilles Current flowing near 

the surface in this area. 

Several student projects dealt with aspects of Sargassum weed associates. 

The following reports are related to those topics. Other data gathered 

in the Sargasso Sea were used in comparison with data from the Caribbean Sea 

and are discussed in the "Biology of the Pelagic Zone" section of the 

cruise report. 

Gordon, A. 1966. Sargasso Sea. In: 

encyclopedia of oceanography. p. 

R. W. Fairbrldge (editor), The 

765-766. Reinhold Pub!. Co., N.Y. 

Parr, A. E. 1939. Quantitative observations on the pelagic Sargassum 

vegatation of the western north Atlantic. Bull. Bingham Oceanogr. 

ColI., Vol VII., Art. 7. 94 p. 
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A study of Epiphytes on Sargassum 

Anne Walther 

Abstract. Samples of pelagic Sargassurn plants (order: Fucales) were 

collected from regions of the North Atlantic Ocean and Sargasso Sea. 

The samples were separated into old and young plants and weighed. The 

buoyancy of each sample was determined in terms of lift per unit weight 

and the species composition and abundance of epiphytes was examined 

(Table 4). Epiphytes were then removed by scraping the plant surface 

and buoyancy was again measured, in an attempt to correlate mortality 

of the older plants with negative buoyancy caused by the biomass of 

attached epiphytes-. No correlation between age and buoyancy in Sargassurn 

plants was found, however, the older samples- demonstrated a larger increase 

in buoyancy with the removal of epibionts than did the young samples 

(Table 5). This suggests some adaptation to compensate for the additional 

weight of the epiphytes on the part of the older plants. The results of 

the study also showed a definite succession pattern of epiphytes with older 

plants carrying more heavy calcarous species than the younger samples. 

-13-
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Table 4: Species of epiphytes and epizoans on Sargassum plants found in the North Atlantic Ocean. 

Species Young Plants Old Plants 

Stems Blades Floats Stems Blades Floats 

Diplosoma gelatinosum + + 
Membranipora tuberculatum + + + 
Plumularia setaceoides + + + + + 
Spirorbis corrugatus + + 
Zanclea costata + + + 
Unident. algae + + + + 

.< 



--- --------------------

Table 5: The effects of removing epiphytes and epizoans on the buoyancy 

of old and young Sargassum plants. From the Caribbean Sea and North 

Atlantic Ocean. Values are means ± S. D. 

Plant 

Caribbean 
Very young 

Caribbean 
Old 

Atlantic 
Young 

Atlantic 
Old 

Buoyancy with 
Epiphytes 

(g 1ift/ g plant) 

0.286 ± 0.085 

0.345 ± 0.152 

0.349 ± 0.032 

0.364 ± 0 
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Buoyancy 
Epiphytes Removed 
(g 1ift/ g plant) 

0.366 ± 0.045 

0.429 ± 0 

% Increase in 
Buoyancy 

4.9 

17.9 



Luminous Bacteria in the Sargassum Community 

Elaine Consuegra 

Abstract. Luminous bacteria were isolated from the sargassum plant, Sargassum 

fluitans (Table 6). These bacteria are commonly found in the water as free

living members of the planktonic microbial populations and as commensal orga

nisms living in the digestive tracts of marine fish and invertebrates. The 

commensal forms have been traced to the free living forms of bacteria. With 

this finding of luminescent bacteria in the sargassum plant, a means by which 

the free living forms reach the gastrointestinal tracts of fish and inverte

brates can be postulated (Fig. 5). There is a high probability that the 

bacteria are being dispersed and recycled through food chains. In the case 

of the sargassum community these bacteria could be partially responsible for 

the flow of nutrients back into the environment to support new plant growth 

and thus act as decomposers of dead animals and plants. 

-16-

p 



Table 6: Presence of luminescent bacteria in the Sargassum fluitans 

corrununity. 

Plate Sample Luminescent Bacteria 

1 Sargassum gas vesicle surface positive 

2 Sargassum gas vesicle crushed negative 

3 Sargassum blade surface negative 

4 Sargassum blade crushed positive 

5 Portunus gastrointestinal tract negative 
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Figure 5: Hypothesized pathways of luminescent bacteria in the Sargassum 

community. 
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Sargassum Associates from Benthic and Pelagic Ecosystems 

Edward Denney and Jane Caffrey 

Abstract. Sargassum associates were found in different types of communities; 

benthic and pelagic. Pelagic Sargassum weed was netted from the side of the 

ship throughout the cruise and transferred to jars and preserved until 

identification could be accomplished. The benthic samples taken from lIes 

des Saintes were bagged, concentrated and preserved in a similar fashion. 

A distinct difference in the numbers of certain organisms/gram of algae was 

found between benthic community while shrimp and polychaete were the major 

groups present in the pelagic samples. When the pelagic samples were put 

in age categories the oldest, usually collected in the Sargasso Sea, had the 

most organisms/gram of algae (Fig. 6). The benthic and pelagic samples showed 

these radical differences in major groups for different reasons: primarily 

the differences in habitat, energy input to the systems, and nutrient avail

abilities. This also had an effect on the species diversity found in the two 

systems. The age and succession analyses imply that as clumps age the number 

of organisms increases, explained by increasing recruitment and reproduction. 

Older clumps are able to recruit individuals and thus over time show an in

crease in number of organisms. These organisms, associated with the clump, 

can then reproduce and increase the number of organisms present. These 

trends illustrate the normal successional pattern in the Sargassum community. 
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Table 7: Animals founa on pelagic and benthic Sargassum. 

Pelagic Samples Benthic Samples 

Phylum Cnidaria 

Anemonia sargassensis 

Unident. anemone 

Unident, nematodes 

Platynereis sp. 

Phy llodoc idae 

Spirorbis corrugatus 

Unident. polychaetes 

Litiopa melanostoma 

Unident. Nudibranch 

Unident. anemone 

Phylum Nematoda 

Phylum Annelida 

Ampharetidae 

Cirratulus sp. 

Nereidae 

Syllidae 

Unident. polychaetes 

Phylum Mollusca 

Phylum Arthropoda 

Idoteidae 

Bagatus minutus 

Ampithoe sp. 

Biancolina sp. 

Unident. amphipods 

Hemiaregina minutus 

Hippolyte caerulescens 
Latreuteus fucorum 

Leander tenuicornis 

Portunis sayi 

Halobates micans 

Hargeria sp. 

Cymodoce sp. 

Ampithoe sp. 

Melitidae 

Batea sp. 

Majidae 

Paguridae 

Hippolyte sp. 

Unident. crab 

Phylum Echinodermata 

Unident. brittle star 
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Table 8: Number of animals per unit weight on pelagic and benthic Sargassum. 

Taxonomic 

Group 

Shrimp 

Crabs 

Amphipods 

Isopods 

Polychaetes 

Pelagic 

0.57 

0.03 

0.03 

0.23 

0.46 
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Benthic 

0.04 

0.24 

2.20 

0.53 
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Windward/Leeward Studies and Iles des Saintes 

R/V Westward cruises have included work near Guadeloupe and Iles des 

Saintes in the past (W-43, W-49). The research done there, however, was 

concerned with island mass effects and little was done with the nearshore 

and intertidal environments. On W-55, four days were spent on Les Saintes 

with primary emphasis on the shallow-water systems of the island of Terre 

d'en Haut (St. Peter). More specifically, projects Were designed to study 

the effects of wave action and windward/leeward effects on benthic habitats 

and organisms of the tiny tropical island. Because windward/leeward re

search has been concentrated on intertidal and reef communities (Gurjanova, 

1953; Adams, 1968; Roberts, 1972; Alldredge and King, 19-7; Menge, 1978; 

and many others), an attempt was made to study a wide variety of habitats 

on Terre d'en Haut. Such an approach provided the comparative data useful 

for drawing broad conclusions about windward/leeward effects. ~ediments, 

algae, seagrasses, soft bottom macrofauna, corals, and reef fishes were all 

examined. 

Iles des Saintes 

Iles des Saintes are a small group of islands eight miles south of 

Grand Terre, Gaudeloupe (Fig. 7). Anchoring in the lee of the principal 

island of Les Saintes, Terre d'en Haut, and the town of Bourg des Saintes, 

day trips to all portions of the two-mile long island were possible. Terre 

d'en Haut is covered with a tropical foliage and grass cropped short by 

large flocks of goats which are frequently seen on the eastern part of the 

island. Although provisioning in Les Saintes was not particularly good, high 

elevations, rugged coastlines, friendly people, good local cuisine, and 

historical sites such as Fort Napoleon make Terre d'en Haut an interesting 

and enjoyable port of call for Westward cruises. 

The coastline around Terre d'en Haut is a mixture of steep, rocky cliffs, 

and sandy beaches; therefore, areas exposed to different levels of wave expo

sure and bottom type were available within relatively short distances., Grand 

Anse on the windward side of the island is an extensive beach area of particu

larly heavy wave energy; whereas, beaches and rocks on the leeward side of 

the island show only small wave action. A large portion of the benthic 

studies were conducted in Baie du Pontpierre on the northeast corner of 

the island, in the lee of the "perforated rocks." This area offered sand 



beaches, high and low energy rocky intertidal habitats, seagrass meadows, 

and patchy coral reefs and algae beds. The Baie, however, is subject to 

quickly deteriorating underwater visibility. The best coral and best under

water visibility (>25m) was found under Pain de Sucre at the western end of 

Terre d'en Haut, with the added convenience of a pleasant veranda on the 

beach. Coral reef abundance and diversity was good at Pain de Sucre al-

though the reef is a combination of boulders and corals rather than a classical 

coral reef. However, the area provides an ideal site for easy snorkeling and 

underwater observation. 

Adams, R. D. 1968. The leeward reefs of St. Vincent, West Indies. J. Geol. 

76: 587-595. 

Alldredge, A. L. and J. M. King. 1977. Distribution, abundance, and sub

strate preferences of demersal reef zooplankton Mar. BioI. 41: 317-333. 

Gurjanova, E. F. 1953. The influence of water movement upon the species 

composition and distribution of the marine fauna and flora throughout 

the Arctic and North Pacific intertidal zones. Sarsia 34:73-94. 

Menge, B.A. 1978. Predation intensity in a rocky intertidal community. 

Relation between predator foraging activity and environmental harshness. 

Oecologia 34:1-16. 

Roberts, H. H. 1972. Coral reefs of St. Lucia, West Indies. Carib. J. 

Sci. 12:179-190. 

-24-

.. 



I 
N 
U1 
I 

A 

B 

" 

Baie du Pontpierre 

Roches Percees 

C Grand Anse 

D 

E 

Anse a Cointe 

Baie du Marigot 

I mile 

.. 
,-

'
1

1
''''''- -\1 .. " " ..... -, II' ' 

-s,.'/II~ ~'.I 
• ·0 .. : . ...., 

\ , 0°". 

TERRE D'EN BAS 

CST PAUL) 

t? 

lLET A CABElT 

CST GEORGE) 

~'" .. ' '~. 

" l'i./f 
,-
."'.~ 

... ~ 
: .... 

f) 

OS-~ 

LA COCHE 

Figure 7: lIes des Saintes, Guadeloupe. 

o 

A 

GRAND lLET 

CST JOHN) 

TERRE D' EN HADT 

CST PETER) 



Sediment Distribution on Sand Beaches in Iles des Saintes 

Hilda Marguez 

Abstract. The distribution of sediments around St. Peter in Iles des 

Saintes, Guadeloupe was studied with emphasis on supratidal, intertidal, 

and shallow subtidal areas. Sediments were found to have largest grain 

diameter near coral reefs where calcium carbonate rubble and sand were 

dominant. Also, sediments near coral reefs were poorly sorted. Grain size 

was found to decrease with wave energy on respective beaches, where wave 

energy was related to windward and leeward sides of the island and in 

individual bays. Sorting coefficients increased with wave energy. Grain 

size was relatively uniform throughout the transects, decreasing slightly 

downshore. 
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Windward-Leeward Effects of an Oceanic Island on Benthic Marcofauna 

Mary Myers 

Abstract. Nearshore benthos was sampled on windward and leeward sides 

of Terre d'en Haut island, Guadeloupe. The high energy of the windward 

beach probably caused the lack of filter feeders and sessile fauna there 

(Table 9). The more stable and probably more organic sediment to leeward, 

related to a reduction in wave and current intensity, caused the observed 

increase in filter feeders. There were indications of an increase in 

benthic production such as increased numbers of animals per core, and an 

increase in higher level consumers. These differences may be evidence for 

a windward-leeward effect on beach fauna. 
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TABLE 9. Macrobenthic species found in shallow soft-bottom substrata 

windward and leeward of Terre d'en Haut, Guadeloupe, with 

notes on movement and feeding type. 

Animal 

polychaeta 

Syllidae 

Orbiniidae 

Arabellidae 

(;lyceridae 

Maldanidae 

unident. polychaetes 

rolychaeta 

Syllidae 

Orbiniidae 

Glyceridae 

Maldanidae 

Paraonidae 

Cirratulidae 

Ampharetidae 

Unident. polychaetes 

Crustacea 

Mysidacea 

Brachyura 

paguridae 

Hoplocaridae 

Cnidaria 

Anthenaria 

Nematoda 

Sipuncula 

Scaphopoda 

Movement 

Windward 

crawler 

burrower 

burrower 

burrower 

tube builder 

Leeward 

crawler 

burrower 

burrower 

tube builder 

burrower/tube builder 

burrower 

tube builder 

crawler 

crawler 

walker 

walker 

burrower 

burrower 

shell dweller 

burrower 

-28-

Feeding Type 

predator 

predator/deposit feeder 

scavenger 

predator/scavenger 

deposit feeder 

predator 

predator/deposit feeder 

predator/scavenger 

deposit feeder 

scavenger ? 

deposit feeder 

deposit feeder/filterer 

filterer/surface feeder 

scavenger/predator 

scavenger 

predator 

filterer/predator 

variable 

deposit feeder 

deposit feeder 



A Study of Algal Species Diversity Moving Offshore 

Marc Overlock 

Abstract. In Iles des Saintes, Guadeloupe, a 25-m transect line was laid 

down to approximately 10-m depth along the bottom, perpendicular to the 

shoreline of Plage de Pont Pierre. Four stations were qualitatively 

sampled, at 6-m intervals along the transect. Algae were collected at 

each site, deposited in plastic bags, preserved, and identified to species. 

Four species were found: "Halimeda opuntia - at 6, 12, 18, and 24 meters, 

Caulerpa cupressoides - at 18 meters only, Chamaedoris peniculum - at 18 

and 24 meters, Dictyota cilolata - at 24 meters. A fifth species was found 

at the 24-m site, but it was a gamotophyte form which could not be iden

tified (Table 10). 

A seagrass bed consisting of Thalassia testudinum and Syringodium 

filiforme started at approximately 8 meters and continued well beyond the 

end of the transect. Without the protection offered by the seagrass, the 

algae would not have been able to sustain the water motion and turbulence 

in the shallow habitat. A long-term study will be required to test the 

hypothesis that algal species diversity increases offshore in Baie du 

Pont Pierre. 
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TABLE 10: Algal species abundance with distance offshore in 

Baie du Pont Pierre, lIes des Saintes 

Distance from 
shore (m) 

6 

12 

18 

24 

Species 

Halimeda opuntia 

Halimeda opuntia 

Halimeda opuntia 

Caulerpa cu;eressoides 

Charnaedoris peniculurn 

Halimeda opuntia 

Caulerpa cupressoides 

Chamaedoris peniculurn 

Dictyota cilolata 

unident. gartletophyte 

-30-

Abundance 

Cornmon 

Abundant 

Abundant 

Cornmon 

Abundant 

Abundant 

Cornmon 

Abundant 

Occasional 

Rare 

co 



Seagrass Distribution and Morphology in the Tropics 

Lois Lovett 

Abstract. The distribution and blade morphology of seagrasses was studied 

at Baie du Pont Pierre in lles des Saintes, Guadeloupe. Samples were 

collected at 15-m intervals across beds at three different sites. Syringodium 

filiforme and Thalassia testudinum were found. Leaf widths of Thalassia were 

found to increase with decreasing light, probably an adaptation to corre

sponding light levels. Blade lengths were varied because of grazing by 

reef fishes and sea urchins and a halo effect occurred around corals. The 

quantity of epiphytic algae on the blades and the extent of grazing was 

used to determine the age distribution of the beds. Wet biomass measure

ments revealed that there was no correlation between distance from shore or 

depth of light penetration and the dominance of a particular species; how~ 

ever, number of plants decreased with distance away from shore (Table 11). 

The ideal substratum for seagrasses is at least 4 m from shore where the 

particle size was clay, silt, and sand. Once propagated, the blades help 

to trap suspended particles, increasing bottom stability. Environmental 

factors appear to be important in determining the complexity of seagrass 

beds and morphological variation of individual species. 
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TABLE 11: Number of plants and plant biomass at three different transects 

in Iles des Saintes, Guadeloupe. Quadrants A, B, and C represent 

samples collected at l5-m intervals, seaward across beds 

Quadrant A B C 

Transect 1 

Biomass 2 (gm/0.25 m ) 35 3 41 

No. plants/0.25 m2 69 32 27 

Transect 2 

Biomass 2 (gm/0.25 m ) 25 28 41 

No. plants /0.25 m2 25 28 6 

Transect 3 

Biomass (gm/0.25 m2) 25 12 19 

NO. plants /0.25 m2 29 15 12 
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Windward/Leeward Effects on Vertical Distribution of Benthic Epifauna 

Susan Payne 

Abstract. A study was made to examine windward and leeward effects of 

wind and wave force on the zonation and diversity of the rocky inter

tidal benthic community. . Representative transect sites were chosen 

on Roches Percees in the Baie du Pont Pierre on lIes des Saintes, 

Guadeloupe. Evidence was found to support the following conclusions: 

(1) diversity decreases with greater exposure (Shannon-Wiener index 

being 1.44 on the windward and 1.55 on the leeward transect); (2) zones 

broadened vertically above the air/sea interface due to the extension 

of the spray area (3.75 meters, windward; .75 on the leeward), thus 

extending upward the faunal boundary normally set by desiccation (Fig. 8); 

(3) greater numbers of predatory species (1 to 4) and motile organisms 

with decreasing exposure; (4) a decrease in body height with exposure; and 

(5) higher numbers of individuals on the windward site. In summary, as 

physical forces such as wave and wind exposure increase, the limiting 

factor on the epifaunic community transfers from a biological to a 

physical concern. Biological limitations being represented by competition 

and predation; physical stresses include other effects such as desicca

tion, drag and friction. 
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Figure 8: Vertical range demonstrated by intertidal fauna in high and 
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Dashed line is the water level. 
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Windward and Leeward Effects on Coral Species Diversity 

Julie Bates 

Abstract. The windward/leeward sides of an island provide a unique 

experimental setting for comparison of wind effects on species 

diversity. One of the lIes des Saintes, St. Peter, was used used 

as the experimental site for a windward/leeward study of coral 

species diversity. The hypothesis was that windward and leeward 

sides of the island would demonstrate more and less diversity, 

respectively. Continuous line transects at three different depths 

were conducted at a windward site (Baie du Pont Pierre) and a lee

ward site (Anse a Galet). The number of species plus their relative 

abundance along each transect were recorded to compare windward/lee

ward effects on the coral population (Fig. 9). Results unexpectedly 

showed more species on the leeward side than the windward side, though 

the species found, as well as their zonation, were in agreement with 

predicted findings. Further study of rocky coral reefs and windward/ 

leeward effects is necessary before major conclusions can be drawn. 
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Figure 9: Relative abundance of coral species in Baie du Pontpierre, Les 

Saintes, at three different depth zones and two sites. 

A Acropora palmata, B = Millepora comlanata, C = Porites porites, 

D Acropora cervicornis, E = Diploria clivosa, F = Siderastrea siderea. 
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The Diversity of Fishes on a Guadeloupian Reef: The Role of 

Substrate Complexity 

Michael Aubrey 

Abstract. Species diversity, abundance of reef fishes, and substrate 

complexity were examined on a leeward reef (Anse a Cointe) of Terre 

d'en Haut, Guadeloupe. Four zones and one sub-zone Were established 

in order to determine the relative diversity in specific areas of 

the reef: (1) The sandy bottom surrounding the reef, (2) the reef 

fringe, (3) directly over the reef, (4) shallow, high turbidity, and 

sub-zone (2a), near the protection of a ledge or crevice (Tables 12, 

13). Species diversity was highly correlated with substrate rugosity 

over the total reef area. A trend of decreasing numbers of individual 

species with an increase in complexity of the substrate was observed, 

although the two Were generally poorly correlated. The reef fringe 

was determined to be the most diverse zone on the reef, and diversity 

decreased as observation moved away from the fringe and high rugosity 

areas. 
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TABLE 12: Relationships between reef fish diversity and abundance, 

and substrate complexity on reefs in Iles des Saintes, Gaudeloupe 

Zone Depth (m) 

1 1-15 

2 2-5 

3 1-2 

4 0-1.5 

2a 1-5 

Zone 
Description 

Over sand and 
surrounding reef 

Reef fringe and 
water column 

Over reef 

Shallow and 
turbid 

Near ledge or 
crevice 
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No. fish 
Species 

6 

18 
24 (with 

2a) 

12 
18 (with 

2a) 

4 

6 

Fish 
Abundance 

Large schools 
Individual 
herbivares 

Singular or few 

Few 
Occasional 

school 

Rare to none 

Singular or few 

Substrate 
Rugosity 

None 

Very high 

Moderate 
to high 

Moderate 

High 

" 
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TABLE 13: Fish species observed on reefs near lIes des Saintes, Guadeloupe. 

R = rare, F = few, A = abundant, 5 = schooling 

Zone 1 

~canthurus bahianus 

~therinomorus stipes 

Chromis multilineatus 

Chaetodon striatus 

~ 

S 

S 

F 

Eupomacentrus leucostictus F 

Mulloidichthys martinicus ~ 

Zone 2 

Acanthurus coeruleus 

~themnomorous stipes 

Cephalopholis fulva 

Chaetodon striatus 

Chromis cyaneus 

C. multilineatus 

Clepticus parrai 

Eupomacentrus variabilis 

E. leucostictus 

Halichoerus ~ 

Holocanthus tricolor 

Lactophrys trigonus 

F 

S 

R 

F 

F 

5 

F 

F 

F 

R 

F 

R 

Microspathodon sphoeroides A 

Mulloidichthys martinicus ~ 

Pomacanthus paro F 

Pseudopeneus maculatus R 

Sphoeroides greeleyi R 

Thalassoma bifasciaturn F 

Zone 3 

cephalopolis fulva 

Chaetodon striatus 

Chromis multilineatus 

EUpomacentrus leucosticus 

~. planifrons 

E. variabilis 

Haemulon flavolineaturn 

Halichoeres bivatiatus 

!!. gannoti 

Holacanthu5 tricolor 

Lactophrys trigonus 

Microspathodon chryurus 

F 

F 

A 

F 

R 

F 

A 

F 

R 

F 

R 

F 

Zone 4 

Chromis multilineatus F 

Eupomacentrus variabilis R 

Haemulon flavolineatum R 

Holacanthus tricolor R 

Zone 2a 

Aulotomus maculatus 

Eguetus punctatus 

Gramma loreto 

Gymnothorax mar inga 

Holacentrus rufus 

Odontoscion dentex 

F 

R 

R 

R 

F 

F 



Associates of Algae in the Sargasso Sea and at Iles des Saintes, Guadeloupe 

Graham Lewis, Visiting Scientist 

My research efforts aboard the first leg of the Westward cruise W-55 

were directed primarily toward an examination of the faunal associates 

of various species of macroalgae; these included pelagic species of 

Sargassum from the Sargasso Sea and several attached benthic species from 

the shallow coastal waters around the Iles des Saintes, Guadeloupe. 

Since the publication of The Theory of Island Biogeography (MacArthur 

and Wilson, 1967) numerous studies have expanded the general predictions 

of the basic island biogeographic model to include a wide variety of 

"habitat islands." Isolated patches of the pelagic brown alga (Sargassum) 

floating in the Sargasso Sea offered a suitable test of the hypothesis 

concerning species number and island size. Br1efly stated, smaller 

islands contain less species than large islands. A mathematical expression 

(usually logarithmic) may be derived to describe the relationship between 

species richness and island size. This hypothesis was to be examined 

with the fauna collected from varying sized clumps of Sargassum. Unfor

tunately, a puzzling lack of the seaweed prevented the completion of the 

study. A total of only fifteen samples, all less than 150 g wet wt., 

were collected precluding any statistical data analysis. 

Closely tied to some of the ideas founding island biogeographic 

theory is the notion that habitats which display greater spatial hetero

geneity contain more species-rich faunas than habitats with more spatial 

uniformity. This spatial heterogeneity hypothesis has been used to 

account for the general increase in numbers of species from the polar 

regions to the tropics. The theory implies that certain species have 

specific habitat requirements and with an increase in the number of habitats, 

a concurrent increase in species number should be noted. Habitat specificity 

was examined in the Iles des Saintes by sampling the fauna associated 

with seven species of attached benthic algae: Pencillus, Halimeda, Jania, 

Gonolithion, Laurencia, Dictyota and Sargassum. Whole plants were de

tached from the substrate and collected in ziplock bags. All samples were 

washed through a 0.5 rom mesh screen and the fauna preserved in 10% formalin. 

The samples have not been analyzed to date, yet, on examination, comparisons 

will be made among the fauna of the seven algal species from Guadaloupe as 

well as with the fauna of several subtemperate algal species previously 

collected in the northern Gulf of Mexico. 
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Physical Oceanography of the Caribbean Sea 

The Caribbean is the marginal sea bounded by the Lesser and Greater 

Antilles, the east coast of Central America, and the northern coast of 

South America, including Columbia and Venezuela. From east to west the 

Caribbean is divided into five major basins, all greater than 3000 m in 

depth: Grenada, Venezuela, Columbia, cayman, and Yucatan (Fig. 10). The 

basins are separated by four major submarine rises. 

Because of steady winds from the east and east-northeast across the 

Caribbean, the general flow of water through the Sea is from east to 

west, at least in the upper 1500 m. Most of the passages between the 

Caribbean Sea and Atlantic Ocean are,shallow « 1000 m) and do not permit 

much deep water flow from the Atlantic to the Caribbean. Several notable 

exceptions exist, however, including: (1) the Windward Passage between 

Cuba and Hispaniola, (2) the Anegada-Jungfern Passage between the Virgin 

Islands and Anguilla, (3) the passages north and south of St. Lucia, and 

(4) the passage between Dominica and Martinique. It is through these 

passages that nearly all of the deep water enters the Caribbean Sea. 

Water flows to the west through the Caribbean, turns northward in the 

western section of the Columbia Basin, and leaves the Caribbean Sea through 

the Yucatan Straits (Gordon, 1966). 

Numerous sites were sampled in the Caribbean Sea with the following 

research goals in mind: 

1) To examine the flow of deep water from the Atlantic Ocean through 

the little-studied passage between Antigua and Guadeloupe. 

2) To study changes in vertical stratification of water masses with 

distance across the Caribbean Sea. 

3) To study the pattern of surface water flow from the Windward Passage 

around Jamaica. 

4) To search for potential sites for Ocean Thermal Energy Conversion 

(OTEC) units near Guadeloupe and Jamaica. 
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Figure 10: Five major basins of the Caribbean Sea and positions of the hydrocast stations used to examine 

vertical structure in the water masses of the basins. 

it c 



The Guadeloupe Passage 

Hydrocasts were made at three stations between Guadeloupe and Antigua 

(Fig. ll), W55-1B on the Atlantic side of the passage, W55-19 in the deepest 

part of the shallow sill (650m) between the two islands, and W55-22 on the 

Caribbean side of the passage. To determine which Atlantic Ocean water 

masses enter the Caribbean Sea through the Guadeloupe Passage, water samples 

collected at various depth were tested for temperature, salinity, dissolved 

oxygen, and silicate levels (Fig. 12). Temperature profiles at the three 

sites were remarkably similar except for a slightly deeper thermocline mid

passage (w55-l9). This is most likely a result of turbulence as water 

flows over the shallow sill and related to the close proximity of shallow 

shelf which allows water to warm. Salinity profiles were similar at the 

three stations only down to approximately 250 m, at which point mid-channel 

and Caribbean waters showed lower salinities than Atlantic water below 250m. 

Similar differences occurred with dissolved oxygen and silicate levels. In 

the Caribbean and at the mid-passage station typical Caribbean dissolved 

oxygen minima occurred between 400 and 600 m, whereas Atlantic waters 

showed only a slight decline in dissolved oxygen between the surface and 100m. 

Below 250 m oxygen levels on the Atlantic were quite different from those at 

the other two stations. Silicate levels in the Caribbean and at the mid

passage site diverged from Atlantic levels at approximately 300m, again 

indicating differences in water masses. A sharp subSurface peak in silicate 

levels shown only at the Caribbean station (50m depth) may be a result of 

nutrient runoff from nearby islands. Because all of the physical factors 

tested show divergence at 250-300 m depth, it may be concluded that surface 

water from the Atlantic Ocean down to that depth passes freely into the 

Caribbean Sea through the Guadeloupe Passage. Water below 250-300 m, how

ever does not appear to enter the Caribbean through the passage even though 

the deepest channel is 700 m deep. The volume of water that can be carried 

by the relatively narrow channel is probably very small. T-S diagrams for 

the site provide one more form of evidence that only Atlantic surface water 

passes through the Guadeloupe Passag~ (Fig. 13). Below water samples taken 

at 250-300 m, the T-S plot from the Atlantic site diverges well below that 

for the Caribbean and mid-passage sites, indicating a dense water mass in the 

Atlantic that does not flow into the Caribbean Sea. 
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Water Masses in the Caribbean Sea 

Four major water masses or cores are normally found in the Caribbean 

Sea: (1) surface water from 0-50 m depth, characterized as warm and highly 

saline (35-36 0/00), (2) subtropical underwater from 50-200 m usually being 

shown by a salinity maximum (approx. 37 0/00), (3) Subantarctic Intermediate 

Water (SAIW) from 700-1000 m, normally found as a salinity minimum (34-35 0/00) , 

and (4) North Atlantic Deep Water (NADW), a very cold (40 C), oxygen rich water 

mass found below 1800 m. Typically, SAIW is found at increasing depths in the 

water column going from east to west across the Caribbean (Gordon, 1966). 

Most of the oceanographic data comparing the physical structure of the 

water column in the Caribbean Sea comes from transects made across the 

center of the Sea, in the deepest parts of the five basins. On W-S5, a 

transect was made along the northern edge of the Sea to test whether or 

not the patterns described above hold for this northern transect (Fig. 10). 

For this study, a hydrocast was made in each of the five major basins and 

water samples were tested for temperature, salinity, and dissolved oxygen. 

Temperature profiles in the five Caribbean basins were nearly identi

cal (Fig. 14), but temperatures typical of NADW were found as shallow as 

1200 m. High dissolved oxygen levels and 35 0/00 salinity values at the 

same depth would indicate that NADW may be found at depths nearer the 

surface in the northern Caribbean, than typically found farther south. 

This could be a result of NADW cascading over the deep sills to the north, 

including the Windward and Anegada Passages. Although it is difficult to 

resolve differences in the depths of maxima and minima in salinities and 

oxygen levels without continuous-profile data, it appears that the center 

of the Subtropical Underwater core does, in fact, deepen from east to west 

in the northern Caribbean. Except for station W55-38, salinity maxima 

became deeper from east to west. The centers of the SAIW core were 

impossible to determine given the low number of deep-water samples for 

each cast; however, dissolved oxygen minima (approximately 3.0 ml/l) were 

found at approximately 500 m as is typical for the central Caribbean Sea. 

In summary, except for an apparent upward displacement of NADW in the 

northern Caribbean, and unusually high surface salinities in the northern 

end of the Columbian Basin, the vertical structure of the water column 

appears to be similar in the northern and central Caribbean. Shallow 

NADW and differences in surface characteristics may be related to the 

proximity of deep-water passages and large land masses in the northern 

Caribbean and the possibility of localized upwelling. 
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Figure 14: Temperature, salinity, and dissolved oxygen in 

each of the five Caribbean Sea basins. Closed circles = 
Grenada, open circles = Venezuelan, crosses = Columbian, 
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Surface Water Flow Around Jamaica 

The Windward Passage, between Hispaniola and Cuba, is the source of 

approximately 5 x 106 m3/sec of water (including North Atlantic Deep 

Water, NADW) into the Caribbean Sea (Gordon, 1967). As shown by oxygen 

levelS, most of the NADW flows west into the Cayman Basin, with only 

a small amount going south through the Jamaican Passage. Most of the 

Subantarctic Intermediate Water, moving from the east, passes through 

the Jamaican Passage to the north (Wust, 1963). Gordon (1967) concluded 

from measures of dynamic topography that surface flow generally flows 

south-to-north over the Jamaican Passage and that surface flow from the 

Windward Passage generally flows into the Cayman Basin, like NADW. 

To examine surface flow around Jamaica a bathytheromgraph profile 

was made between Hispaniola and the cayman Islands, north of Jamaica 

(Fig. 15). Surface temperatures (Fig. 16) showed a distinct trend, 

declining with longitude. This would suggest that Warm Caribbean surface 

water flows north and west through the Jamaican Passage and then mixes 

with cooler surface water from the Atlantic which enters through the 

Windward Passage. The thermal profile for the same transect (Fig. 17) 

shows a major rise in isotherms at approximately 7SoW. This is probably 

a result of colder Subtropical Underwater and North Atlantic Deep Water 

being deflected upward at the Jamaica-Hispaniola sill. Another rise in 

isotherms, occurring at 78°40 'W, is directly over the Cayman Trench. 

This core of cool water undoubtedly is the main axis of cold dense water 

entering the Caribbean Sea through the 1600-m deep Windward Passage. All 

of these data are consistent with what is accepted about the pattern of 

circulation in the northern Caribbean Sea. 

Gordon, A.L. 1966. Caribbean Sea - Oceanography. In: R.W. Fairbridge 

(editor), Encyclopedia of Oceanography, p. 175-181. Reinhold Publ. 

Corp., N.Y. 

Gordon, A.L. 1967. Circulation in the Caribbean Sea. J. Geophys. 

Res. 72:6207-6223. 

Wust, G. 1963. On the stratification and the circulation in the cold 

water sphere of the Antillean-Caribbean basins. Deep-Sea Res. 

10:165-187. 
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Ocean Thermai Energy Conversion Site Identification 

Brooke Aker 

Abstract. Bathythermograph transects were made along the west (leeward) 

coast of Guadeloupe, three miles from shore and along the north coast 

of Jamaica, approximately ten miles from shore. Three important upwelling 
o sites were identified west of Guadeloupe where a 20 F temperature 

differential was found in only SOO feet of water. These sites (WSS-BT26, 

BT3la, and BT3lb) (Fig. 18) would all be suitable for OTEC plants; however, 

because of logistics and prevailing currents station WSS-20 (= WSS, BT3la) 

appears to be the best site for OTEC plant operation. The Jamaican 

transect (Figs. lS and 17) showed that sufficiently cool water for OTEC 

plant operation was significantly deeper there, and plant construction 

is not recommended in Jamaican waters. 
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Biology of the Pelagic Zone 

The ocean environment is divided for study into the benthic or 

bottom realm, and the pelagic or open ocean realm. Frequently, the 

pelagic zone is differentiated from the neritic zone; the latter is 

defined as the marine environment over the continental shelf which 

normally extends down to 200 m depth. The pelagic habitat is further 

subdivided into the epipelagic (surface to 200 m), rriesopelagic (200-

1000 m), bathypelagic (1000-4000 m), and abyssopelagic ()4000 m) zones. 

Pelagic animals fall into several categories: the plankton - animals 

which drift passively in the water; the nekton - animals which actively 

swim, such as fish and squid; and the neuston - a recently discovered 

fauna that lives on the surface of the water, most notably the marine 

insect Halobates. Additionally, the oceanic birds and whales are con

sidered .to be part of the pelagic fauna. 

On W-55 animals representing all of the above mentioned faunal 

groups were collected or observed, and all of the pelagic zones were 

sampled for nutrients and organisms except the bathypelagic and abysso

pelagic. The cruise track was designed so that samples could be 

obtained from pelagic zones in the Sargasso Sea ~n:d various sites in the 

Caribbean S~a including the shallow bank area west of Saba, a zone of 

probable localized upwelling west of Guadeloupe, and many open water 

sites. The pelagic studies are summarized in the following pages. 
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Nutrient Regeneration in the Sargasso and Caribbean Seas 

Sam Greason 

Abstract. A study was conducted to compare nutrient regeneration in 

three different water masses: in the Sargasso Sea, on Saba Bank, and to 

the leeward of Guadeloupe. Thermal profiles, nutrient levels, and 

standing crop of zooplankton and neuston were used to determine relative 

productivity of the three areas. It was predicted that the Sargasso Sea 

would be nutrient deficient due to a strong thermocline and vertical 

stratification. Saba Bank and the leeward of Guadeloupe were predicted 

to be nutrient rich because of vertical mixing and upwelling. Data 

showed that differences were not pronounced. The Sargasso Sea was low 

in nitrates, but had intermediate levels of phosphates. Standing stock 

of zooplankton and neuston was higher than predicted. Leeward of 

Guadeloupe phosphates were elevated, but ammonium was low. Standing 

stock of zooplankton and neuston was equal to or lower than that found in 

the Sargasso Sea. Upwelling was not apparent. Saba Bank proved to be 

the most biologically productive area with high nutrient levelS and 

heavy vertical mixing (Tables 14 and 15) • 
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TABLE 14: Nutrient levels "found at four sites in the Sargasso Sea 

and Caribbean Sea. 

Site 

Sargasso Sea 
(W55-6) 

Guadeloupe 
(W55-21) 

South of 
Saba Bank 

(W55-23) 

Saba Bank 
(W55-24) 

Depth 
(m) 

0 
50 
74 

153 
195 
408 
595 
790 
997 

1600 

0 
50 

201 
421 
595 
994 

0 
35 

100 
196 
298 
503 

0 
10 
18 

bd = below level of determination. 
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Ammonium 
(uM/L) 

0.05 
0.04 
bd 
bd 
bd 
bd 
bd 
bd 
bd 

0.38 

bd 
0.53 
0.68 
bd 
bd 
bd 

0.005 
0.51 
0.94 
0.40 

bd 

0.23 
0.19 
0.83 

Phosphate 
(uM/L) 

bd 
bd 
bd 

0.01 
0.05 
0.04 
0.23 
0.51 
0.72 
0.43 

bd 
4.00 
0.09 
bd 

2.12 
3.62 

bd 
bd 

0.18 
0.37 
bd 

0.43 

0.12 
0.18 
0.44 



TABLE 1.5: Physical factors and biological productivity at four sites 

in the Sargasso Sea and Caribbean Sea 

Sargasso Sea Guadeloupe S. of Saba Bank Saba Bank 

Depth of the 128 135 154 to bottom 
mixed layer 

(m) 

Zooplankton 2.19 2.07 2.70 2.87 
Biomass 3 
(ml/100m ) 

Bird Count 0 3.6 14.0 
(no./30 min) 

Mean neuston 
biomass 
(m1/30 min. tow) Sargasso Sea Caribbean Sea 

31.5 27.2 
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Biomass and Species Abundance in Neuston Tows 

Nancy Blakney 

Abstract. A neuston net was used in a series of quantitative tows 

throughout the Caribbean and Sargasso Seas. A total of 16 neuston 

tows (Fig. 19) were examined for overall biomass, using volume dis

placement; species abundance was correlated for Halobates micans, 

Myctophids, and phyllosoma larvae. Abundance of tar was also recorded 

(Table 16). An unexpectedly high biomass and diversity of species was 

observed for the Sarbasso Sea, probably due to the large clumps of 

Sargassum caught by the nets. The majority of the species observed 

showed. highest concentrations during the night tows, corresponding with 

hypothesized nocturnal vertical migration. A decrease in tar was 

observed with distance from coastal areas,associated with dilution 

taking place further from the shore. Halobates abundance was related 

to latitude in the Sargasso Sea (Fig. 20). Overall, the Caribbean 

appears to be a more productive area with respect to abundance of a 

certain organism, as compared with a great diversity in the area of the 

Sargasso Sea. 
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TABLE 16: Summary of neuston collected on R/V Westward cruise W-55 

Station Date Time Sarg:assum Holobates micans Tar Miscellaneous 
(gms) (no. indiv.) (gros) 

W55-1 11/28/80 0030 5 12 5 6 myctophids, 3 leptocephali 

W55-4 11/29/80 1211 10 4 2 

W55-9 12/01/80 1320 40 1 1 1 Monacanthus hispidus, 1 Portunus 

W55-12 12/03/80 1147 15 6 4 

W55-14 12/05/80 0015 41 8 2 36 phyllosoma, 15 myctophids, 1 leptocephalus 

W55-16 12/06/80 1155 7 15 1 2 phyllosoma, 1 Portunus 

W55-17 12/07/80 0015 42 40 3 11 myctophids 

W55-26 12/15/80 1215 3 4 1 4 myctophids 

W55-28a 12/16/80 0615 1 21 1 seagrass 

W55-28b 12/16/80 1408 32 11 3 3 Portunus, 2 juv. flying fish, 1 Physa1ia 

W55-29 12/16/80 2020 0 25 1 3 myctophids, seagrass 

I 
(j\ 

W55-30 12/17/80 0015 1 12 1 3 juvenile flying fish 
~ 

12/22/80 I W55-41 1155 1 25 1 

W55-42 12/28/80 1152 27 20 1 1 juvenile puffer fish, wood, seagrass 

W55-45 1/01/81 1755 1630 8 21 1 Physa1ia, 1 myctophid, 1 puffer fish, seagrass 

W55-47 1/04/81 1209 1 1 1 
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Diurnal Vertical Migration in Zooplankton 

Lisa Laubach and Geoff Merrill 

Abstract. A series of five collections were made to study the vertical 

migration of zooplankton in the western Caribbean Sea. samples were 

taken with a 4-net array; nets placed at 5, 50, 100, and 200 meters 

depth. The tows were made at noon, sunset, midnight in the absence of 

moonlight, midnight in the presence of bright moonlight, and at sunrise. 

The surface net contained the smallest percentage of the total zooplank

ton biomass at noon, whereas the same net contained the highest percentage 

of the organisms at midnight. Dawn and dusk tows revealed that the bulk 

of zooplankton biomass was at intermediate levels. These data provide 

strong evidence for vertical migration in Caribbean zooplankton (Fig. 21). 

To test the effects of moonlight on vertical migration, the two 

midnight tows were compared. In agreement with the hypothesis that 

photoenvironment has a direct influence on the migration of zooplankton, 

it was found that the surface net of the moonlight tow contained 18% 

less biomass than the surface net of the moonless night tow. Also, 

the surface tow in the moonlight sample contained a lower percent of 

the total collection than did the surface tow from the moonless night. 

Unlike copepods and chaetognaths, euphausiids displayed no distinct 

diurnal vertical migrations (Table 17). 



........ 
E 

'--" 

.c 
~ 

0. 
Q) 

I 
0 

(j\ 
01::> 
I 

DAWN NOON 

r--

5 

50 

100 

200 

~ 

Its o "$ If. 0 "s 

0/0 of Total 

DUSK 

.. s 0 "IS "'s 

MIDNIGHT 

MOONLESS 

o 

Tow Biomass 

liS 

MIDNIGHT 

FULL MOON 

'fS 0 liS 

Figure 21: Relative abundance of zooplankton at four depths in the Caribbean Sea shown as a 

function of time of day and at different phases of the moon. 



TABLE 17: Abundance and composition of zooplankton collected during 

the 24-hr vertical migration study 

Time 

Dawn 

Noon 

Dusk 

Midnight 
(moonless) 

Midnight 
(full moon) 

Depth 
(m) 

5 
50 

100 
200 

5 
50 

100 
200 

5 
50 

100 
200 

5 
50 

100 
200 

5 
50 

100 
200 

Biomass 
(ml/100 m3 ) 

7.1 
9.9 
7.0 
4.1 

4.7 
15.6 

7.9 
9.3 

10.7 
14.7 
6.0 
6.3 

29.5 
11.1 

9.3 
7.8 

17.3 
13.0 

7.6 
6.6 

Copepods 
(%) 

20.5 
33.3 
30.6 
15.6 

24.6 
26.2 
26.2 
22.9 

17.6 
36.2 
21.9 
24.1 

27.5 
26.6 
22.9 
23.0 

25.7 
26.9 
25.8 
21.6 
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Euphausiids 
(%) 

7.0 
20.4 
14.8 
57.4 

54.5 
18.2 
34.5 
10.9 

15.9 
29.0 
23.2 
31.9 

40.0 
35.4 
12.3 
12.3 

21.3 
21. 3 
32.0 
25.3 

Chaetognaths 
(%) 

49.2 
31.1 
8.3 

18.9 

8.3 
29.2 
32.3 
30.2 

10.0 
39.0 
26.0 
25.0 

35.4 
20.6 
10.3 
35.3 

36.2 
27.5 
13.0 
23.2 



Biomass and Diversity of Mesopelagic Fauna in the Caribbean and 

Sargasso Seas 

John Abrams 

Abstract. Samples from the three IKMT tows, as well as those from 

night-time neuston and oblique meter tows were analyzed to comparatively 

assess the abundance and diversity of mesopelagic macrofauna in the 

Caribbean and Sargasso Seas. As predicted, the IKMT results indicate 

that, relative to the Sargasso, greater standing stocks and richer 

diversities are present in the Caribbean mesopelagic zone (Table 18). 

The proximity and size of nearby land maSSes may govern the abundance 

and diversity of these communities as was suggested by a correlation 

between distances to land and standing stocks. The types and sizes 

of these islands may also influence diversity and abundance of meso

pelagical fauna in a particular locality. It is unknown, however, 

whether land masses exert direct governing influences as well as in

creasing surface productivities, through the continual provision of 

nutrients, which in turn allows for greater standing stocks and diversities 

within the mesopelagic region below. The Caribbean, being essentially 

a landlocked sea, was thus found to have a greater abundance and a richer 

diversity of mesopelagic macrofauna than the Sargasso midwater zone. 

The neuston and oblique tow data were too variable for consideration 

due to the effects of vertical migration and patchy distributions of 

fauna. 

This comparative survey was designed to assess the validity of a 

proposed framework for identifying the types of factors which are 

governing the diversity of a particular community. The model proposed 

a system in which ultimate factors operate on an evolutionary scale while 

a multitude of short-term proximate factors may sporadically interfere 

with this process. Results from the IKMT tows suggest that ultimate 

factors, namely relative environmental stability and richness, may be 

operating free of interference from more proximate effects to limit the 

diversity of these mesopelagic zones. 
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TABLE 18: Standing stock and taxonomic composition of IKMT collections 

in the Sargasso Sea and Caribbean Sea 

Southern Sargasso Eastern Caribbean Western Caribbean 

Standin9: Stock 

Volume/min. 0.017 0.055 0.059 

Indiv./min. 0.002 0.144 0.152 

Fishes 

Myctophidae 1 Lobianchia sp. 2 Diaphus sp. 1 Diaphus sp. 
1 Notolynchus sp. 1 unident. sp. 

Gonostomatidae 3 Cyclothone sp. 4 Cyclothone sp. 8 Cyclothone sp. 
3 Gonostoma sp. 2 Vinci9:uerria sp. 2 Vinciguerria sp. 

1 pollicthys sp. 1 Gonostoma sp. 

Stomiatidae 1 Eustomias sp. 

Sternoptychidae 1 Polyi;enus sp. 1 POlyipnus sp. 
1 Ar9:yropelecus sp. 

Decapods 

Oplophoridae 2 SystellasEis sp. 4 Systellaspis sp. 4 Systellaspis sp. 

Sergestidae 6 Ser9:estes sergia 2 Sergestes sergestes 
1 S. ser9:estes 

Euphausiacea 2 species 3 4 species 3 2 species 1 
3 species 2 
9 species 3 
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Marine Bird Distribution in the Sargasso and Caribbean Seas 

Torn Warren 

Abstract. Marine bird distribution was studied in the southern 

Sargasso Sea and in an east to west transect of the Caribbean Sea. 

Thirty-two bird watches yielded 17 bird species (Table 19). zoo

plankton biomass was also sampled in an attempt to assess the abundance 

of pelagic food for birds. There was a weak positive relationship 

between plankton and bird abundance (Fig. 22), but a stronger inverse 

relationship occurred between bird abundance and distance from land. 

Other biotic and abiotic factors are probably important in determining 

bird distribution. The Sargasso Sea supported fewer birds than the 

Caribbean Sea. 
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TABLE 19: Bird counts made during R/V Westward cruise W-55. 
* indicates isolated sighting 

Date 

11/27 

11/28 

11/28 

11/29 

11/29 

12/01 

12/01 

12/02 

12/02 

12/03 

12/24 

12/05 

12/05 

12/05 

12/06 

12/06 

12/07 

12/08 

12/09 

12/12 

12/13 

12/13 

12/13 

12/13 

12/13 

12/14 

12/15 

12/15 

Time 

1608 

0935 

1645 

0910 

1715 

0858 

1620 

Lat. (N) 

19°44' 

20°12' 

21°12' 

21°38' 

22°18' 

22°01' 

1120 21°08' 

1743* 20°34' 

1110 

1730 

1310* 19°05' 

1630* 18°50' 

1700 18°38' 

0715* 18°30' 

1515 

0855 

1220* 10°11' 

1700 15°52' 

Long. (W) 

64°50' 

64°59' 

64°45' 

64°28' 

63°27' 

63°14' 

62°52' 

62°35' 

62°07' 

61°30' 

61°15' 

61°15' 

60°52' 

61°05' 

60°10' 

60°55' 

61°48' 

61°35' 

(At anchor Iles des Saintes) 

1705 

1115* 

1135* 

1645 

1900* 

0945 

0920 

1720 

" 

Species 

Fregata magnificens 
Sula sp. 
Unident. gull 
Unident. 

Diomedea sp. 

Unident. 

Fregata magnificens 

Unident. Swallow (on ship) 

" " 

" " 
Unident. 

Fregata magnificens 

Sula leucogaster 
Sula sula ----
Sula sp. 
Sula leucogaster 
Sula sula 

Sula sp. 

Fregata magnificens 

Sula sula 
Sula leucogaster 
Sula dactylatra 

Sula leucogaster 

" 

" 

Stercorarius pomarinus 
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Number 

2 
2 
3 

24 

o 
o 

o 

o 

o 
o 

o 

1 

o 

o 
1 

5 

o 
2 

3 

2 

2 

4 

o 

40-50 
1 

25-30 
50-60 

2-3 

50-60 

11 

16 
7 
1 

o 

3 

2 



TABLE 19: (continued) 

Date 

12/16 

12/17 

12/17 

12/19 

12/19 

12/19 

12/20 

12/21 

12/21 

12/22 

12/22 

12/22 

12/23 

12/23 

12/27 

12/28 

12/28 

12/28 

12/29 

12/31 

12/31 

1/03 

1/04 

Time 

1730 

0908 

1700 

0845 

1040* 

1700 

0907 

0910 

1623 

0830 

1100* 

1705 

0849 

1715 

0800* 

0905 

1000* 

0928 

0900 

1755 

0905 

1605 

Lat. (N) 

17°31' 

17° 04' 

17° 13' 

16° 53' 

17° 10' 

17° 43' 

18° 03' 

19° 24' 

19° 44' 

19° 54' 

22° 13' 

23° 00' 

Long. (W) 

74° 15' 

85° 56' 

Species 

Stercorarius pomarinus 
Unident. swallow (on ship) 

Stercorarius pomarinus 
Unident. 

Stercorarius pomarinus 
Phaethon aethereus 

Fregata magnificens 

Stercorarius pomarinus 

Su1a su1a 
Su1a 1eucogaster 
Stercorarius pomarinus 
Fregata magnificens 

Unident. 

unident. 

Su1a sp. 
Pterodroma hasitata 

Su1a su1a 

Su1a sp. 

unident. 

Pha1ocrocorax auritus 

Larus atrici11a 

Larus atrici11a 

1 
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Number 

4 
1 

5 
1 

4 
1 

o 
1 

2 

50-60 
10 

6 
3 

1 

o 

1 

5 
1 

5 

1 

o 

1 

1 

o 
1 

o 
1 

o 
o 

o 
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Figure 22: Abundance of birds and zooplankton in the Sargasso Sea and Caribbean Sea shown 

as a function of cruise date. 
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Rare Bird Sightings in the Caribbean Sea 

Tim Rummage, Visiting Scientist 

On 15 December 1980 a flock of Pomarine Jaegers (Stercorarius 

pomarinus) was observed at 17°17'N, 64°4l'W. These birds accompanied 

the ship until mid-morning 17 December 1980. During this period a 

maximum of 8 Pomarine Jaegers was sighted at anyone time. On 19 

December 1980, a second flock of Pomarine Jaegers were observed (17°l8.5'N, 

69°24'W). The maximum number observed in the second group was five. 

The second flock was associated with the ship for 24 hours. As silhouettes 

of this species could be seen flying by the ship at night, I assume that 

the individuals are consistent within flocks; but due to differences in 

the stage of molt, I assume that the individuals are different between 

flocks. 

Both Bond (1971) and Blake (1978) consider the Pomarine Jaeger to 

be a vagrant or rare species in the Caribbean. The wintering grounds 

for this Arctic species are considered to be the Gold Coast of Africa 

and the Eastern Pacific (Bent, 1921; Wetherby, 1921). The actual dis

tribution of this species is poorly known. Recent information (Foster, 

pers. corom; Brown, pers. corom) suggests that some Pomarine Jaegers may 

stay on the Caribbean coast of panama, instead of flying over the isthmus 

to the more typical winter feeding grounds. The aforementioned data 

may be why Watson (1965) and Chapman (1958) considered this species 

abundant in the Caribbean, as many of their observations were made in 

Panamanian waters. Also, Pomarine Jaegers may be locally abundant 

during trans-Caribbean migration. 

However, the observations made from R/V Westward, W-55 represent one 

of the few documented mid-Caribbean and mid-winter sightings of this 

species. All individuals seen were undergoing some degree of wing molt. 

All feather losses were paired, and individuals could be recognized by 

the combination of missing feathers. TWo individuals Were undergoing 

body molt from juvenile to adult plumage. 

Jaegers were seen diving after flying fish. Although no captures 

were visually confirmed, the Jaegers did defecate. In addition, both 

Pomarine Jaegers and Magnificent Frigate-Birds (Fregata maqnificens) were 

seen harrassing Brown Boobies (Sula leucogaster), Blue-faced Boobies (Sula 

dactylatra) and Red-footed Boobies (Sula sula) which were feeding in areas 

of local upwellings. 
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Whale Survey on W-55 

Tim Rumage, Visiting Scientist 

One of the major projects on Leg II was a survey census for Humpback 

Whales (Megaptera novaeangliae). This study was an outgrowth of a dis

cussion on current population estimates on this cetacean species. During 

the winter months, an assumed high percentage of Humpbacks travel to 

calving grounds in the Caribbean. The two areas of major concentration 

are Silver and Navidad Banks, located to the north of the Dominican 

Republic. For the past 10 years, winter field work on North Atlantic 

Humpback Whales has centered on that region and current population 

estimates are based on counts conducted during this period. The working 

hypothesis is that the whales found on the banks represent a random 

sample of the population such that an accurate population estimate may 

be ascertained. 

However, from historical data on whale fisheries, it is known that 

Humpbacks had a larger Caribbean wintering ground than that which they 

are presently utilizing. Therefore, a series of transects is being done 

this winter to see if there are other subsets of population in currently 

extra-limital waters. If Humpbacks were using these areas, it would 

mean that our population estimates were low and that the whales were 

recovering faster than presently suspected. 

The survey consisted of two parts, the first was a visual search 

with whale watches maintained during Leg II (Table 20). The second part 

of the program was an acoustic survey in which listening stations were 

conducted in both coastal and off shore areas (Table 21). No Humpback 

Whales were seen or heard. To ensure that data reflects the status quo 

and is not a function of temporal partitioning, other transects are 

currently scheduled for Feburary-March, 1981. 
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TABLE 20: Marine mammals and sea turtles sighted on R/V Westward cruise W-55. 

Date Time Latitude Longitude Species No. seen ~ 

(N) (W) 

11/26/80 1710 18°31' 64°50' Stene11a fronta1ion 2 
(brindled dolphin) 

12/06/80 0730 19°02' 61°02' Ba1aenoptera acutorostrata 1 
(minke whale) 

12/09/80 1240 16°30' 61°35' G1obicepha1a macrorhyncha 6 
(pilot whale) 

12/12/80 1720 16°08' 61°54' Stene11a frontalis 12-15 
(brindled dolphin) 

12/13/80 1025 16°22 ' 62°15' Unident. dolphins 2 

12/14/80 1630 17°25' 63°30' Unident. dolphin 1 

1/03/81 0930 22°13' 85°57' Delphinus de1phis 30 
(sadd1eback,do1phin) 

11/26/80 0855 St. Thomas Harbor Unident. sea turtle 1 
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TABLE 21: Hydrophone stations made on R/V Westward cruise W-55 

Date Time Latitude Longitude Whales Heard 
(N) (W) 

12/14/80 1320 1r22' 63°48' none 

12/17/80 2130 1r27' 6r30' none 

12/18/80 0200 1r30' 6r45' none 

12/18/80 0810 18°01' 6r51' none 

12/18/80 1135 1r55' 68°26' none 

12/18/80 2140 18°01' 68°30' none 

12/20/80 1555 17°24' 71°49' none 

., 
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Estuarine Studies 

An estuary is a semi-enclosed body of water with free access to the 

ocean which shows a measurable reduction in salinity. In most estuaries, 

salinity, currents, and other physical-chemical factors are largely 

governed by tidal flow. On W-55 only one major estuary, that of the 

Montego River (Jamaica), was within sampling range. One student project 

was conducted there, the abstract for which follows. 
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Estuarine Fauna of the Montego River, Jamaica 

Brian Marotz 

Abstract. A study of the fauna inhabiting the seaward portion of the 

Montego River, Jamaica, was conducted to determine the distribution of 

various bottom-dwelling animals relative to microhabitat, salinity; and 

other physical factors. A relatively low faunal diversity was found near 

the river mouth where rapid changes on salinity and current direction 

occurred. SyngnathUs species and fishes in the familiesPercidae and 

Cichlidae were found where there was low water velocity, in vegetation 

near stream banks. The shrimp MacrobraChi~was associated with sources 

of refuge such as rocky substrata where there was a heavy flow of water. 

The crab Callinectes was found on locations with higher salinity and 

hermit crabs (Paguridae) were found on the dry river bank. Oligochaetes 

were abundant and widely dispersed. Because of the reversing nature of 

currents and rapid salini.ty fluctuations in the Mongego River, only 

relatively motile animals are found there. Such a faunal assemblage has 

been termed the "suitcase'" community. Native fishing methods are discussed 

in light of local knowledge concerning river dynamics, and the reversing 

nature of the river is described. 
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The Yucatan Strait and the Florida Current 

Although water flows into the Caribbean Sea through many passages 

along the northern and eastern boundary of the Sea, nearly all of the 

water exits through the 2000 m deep Yucatan Strait. This flow of water, 

approximately 28 x 106 m3/sec, makes up about 30% of the volume trans

ported by the Florida Current in the straits of Florida (Gordon, 1966). 

Because the water below 1250 m in the Gulf of Mexico is richer in dissolved 

silica (24-26 ug-at/l) than water at the same depth in the northwestern 

Caribbean Sea (16-20 ug-at/l), silica can be used as a natural tracer of 

the circulation patterns in the Yucatan Strait (Carder et al., 1977). 

As part of an ongoing study of the Yucatan Strait, silicate values 

are being gathered by S.E.A. scientists for the northwestern Caribbean, 

the Yucatan Strait, and the Gulf of Mexico. Data collected at three 

stations made during W-55 (Fig. 23, stations 44, 45, and 46) were added 

to those collected on R/V Westward cruise W-43, in 1979. 

Analysis of silicates showed the predicted increase in concentration 

to 600-800 m regardless of station (Fig. 24). Below 1250 m, all stations 

except one (W43-50), showed decreasing silicate levels. This indicates 

that Caribbean water flows as far north in the Gulf of Mexico as 24
0

49'N. 

Deep water from the Gulf of Mexico was found only at one station. At W43-50, 

Caribbean water was found to approximately 1600 m, with Gulf water beneath. 

Required now are more stations to better chart the distribution of Caribbean 

deep water in the Gulf of Mexico and Florida Straits. 

Upon leaving the Yucatan Strait, a bathythermograph transect was begun 

to locate the Florida Current and investigate the physical structure of 

the north wall of that current (Fig. 25). Increasing depth of isotherms 

between W55-BT-55 and W55-BT-59 indicates that the Florida Current was 

entered close to 23
0

N latitude and 85
0

W longitude, and rising isotherms 

between W55-BT-60 and W55-BT-63 shows that the ship left the current at 

approximately 23
0

30'N and 84
0

W (Fig. 26). The 250 ft. rise in isotherms 

in less than 80 nm is typical of the north wall of the Florida Current. 

At 230 38'N and 820 11'W (W55-BT-65) the Current was re-entered, providing a 

second look at the north wall. Again, isotherms fell over 200 ft. in only 

40 nm. A similar thermal structure was found between W55-BT-67 and 
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W55-BT-68. The cruise track permitted examination of the north wall of 

the Florida current along three transects and Figure 25 shows the estimated 

~ocation of the Current between 3 and 6 January, 1981. 

Carder, K.L., K.A. Fanning, P.R. Betzer, and V. Maynard. 1977. 

Dissolved silica and the circulation in the Yucatan Strait and 

deep eastern Gulf of Mexico, Deep-Sea Res. 24:1149-1160. 

Gordon, A. 1966. Caribbean Sea - Oceanography. In: R.W. Fairbridge 

(editor). The encyclopedia of oceanography. p. 175-181. 

Reinhold Publ. corp., N.Y. 
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Nautical Studies 

On R/V Westward five student projects were conducted in diverse 

fields of nautical science. These projects were supervised by the 

ship's captain, mates, or engineer. All provide useful information 

which will help in future Westward cruises and the original reports 

should be consulted for detailed information. The abstracts for the 

nautical studies follow. 
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Evaluation of R/V Westward's Watch Schedule 

Malinda Jones 

Abstract. Westward's watch system, involving five watch periods, is 

designed to provide students with experience in all aspects of the ship's 

operation at different times of day and night. The success of such a 

watch system depends upon the equity of the watch scheduling (i.e., the 

distribution of duties among the students). A study was made of: 

(1) the nature of the watch rotation and sequence of duties for each 

student, (2) the efficiency of the schedule in terms of preparing students 

for leadership roles, and (3) the opinions and suggestions made by students 

on the watch schedule. In the study of watch scheduling on W-55, certain 

,inequities were revealed and are discussed. Most notably, it was deter-

mined that the watch rotation should be carefully constructed to equitably 

expose students to day and night watches and activities. The criteria 

for a more equitable watch schedule are specified which will better meet 

the goals of the watch system. A watch schedule based on the new criteria 

is being developed. 
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The Effects of Cold Fronts On Wind Speed artdDirection 

.Jim House 

Abstract. As cold Arctic air moves south across North America it is 

warmed but retains many of its cold air characteristics as it reaches 

the Caribbean Sea. By using a simple anemometer to measure apparent 

wind speed, and the taffrail log reading to measure boat speed, it was 

possible to determine the true wind direction and speed. Weather maps 

showing isobars were used to determine the movements of air masses. 

It was found that change in wind direction is a function of the direction 

of movement by the front and the location of the air mass that is already 

affecting air flow. Because the difference in pressure of incoming and 

stationary air maSSes is small in the Caribbean Sea, no detectable change 

in wind speed was recorded. 
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A Study of Rainwater Collection Aboard R/V Westward 

Peter Kalajian 

Abstract. A study was conducted to test the feasibility of freshwater 

collection aboard R/V Westward, where predicted rainfall, rainfall observed, 

and water collected were compared. Deckhouse roofs and a small portable 

awning collected 570 liters of fresh water compared to a value of 600 liters 

predicted for the month of December in the Sargasso Sea and Caribbean Sea. 

Water collection was a direct function of measured rainfall (Fig. 27). 

The system employed, totalling only 11.5 m2 of rain-collecting surface area, 

supplied each member of the ship's company with just over one half liter 

of water per day, enough for survival. More work in rain collecting is 

required; specifically, larger awning and permanent stowage tanks should be 

constructed, but the feasibility of such a system is high. 
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Energy Flow Patterns Aboard R/V Westward 

Gare Reid 

Abstract. An investigation of the patterns of energy flow aboard the 

R!V Westward was made. Means of production, storage and use were observed 

over a 30 day period in order to obtain data which represents typical 

operating conditions. In addition, the relative drain on the electrical 

system caused by various major pieces of equipment aboard was observed 

to detect types of heavy use, in hopes of finding patterns of consumption 

which might suggest changes to improve the efficiency of the operation of 

Westward's physical plant. The results from the period of study indicate 

that the ship's operating procedures are constrained by external factors 

and therefore are not easily amendable. Such externalities as space 

limitations, noise levels, and the specialized oceanographic needs of the 

ship were found to be the determining factors. They limit the operation 

of the physical plant to its current rather flexible system which has been 

derived from years of use. The flexibility within the system is sufficient 

to deal with the varying needs of the vessel as its objectives change; 

therefore, no alterations are recommended at this time. 
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A Method of Obtaining Sun Lines Without a Sextant 

Nick Bowen 

Abstract. A method of obtaining a sun line without a sextant was 

devised. As the upper or lower limb of the Sun becomes tangent to the 

horizon, the exact time is noted, thus giving an H = 00 0.0'. After 
s 

correcting for height of eye, refraction, and pressure and temperature 

differences, the calculations are the same as those of a normal sun 

sight (although H is negative). o Visual sights all crossed the ship's 

position (obtained from moving a multi-star fix back by approximately 

30 min.). The estimated sights passed between 4 and 8 miles of true 

position. On W-55, an estimated line from sunrises was obtainable 

59% of the time and yielded usable lines in 33% of the cases. The S1.mset 

method was useful 66% of the time. The new method of obtaining lines 

of position was both feasible and reliable and could be used in 

emergency situtations such as loss of a sextant. The method should be 

incorporated in the daily routine of the navigator. 
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Extraterrestrial Guide to Westward Staff 

Neil Glickstein 

la - Limited or no apparent facial hair • . • • 

b - Facial hair, at least 30% of face covered. 

2a - No apparent facial hair, inhabits warm places, 
never far from food, only females found to 

• • • 2 

• 3 

date . . . • . • . . • . • • • • • • • • • • . • .Stewardus cillia 

b - Large stature (in excess of 2.0 m), usually 
smiling, limited facial hair, found in 
marine environment • . . . . • • • • . • . • • . . Bos I nus billeyi 

3a - Dark facial hair · 4 
b - Other than above coloration. · 5 

4a - Inhabits dark, sometimes noisy recesses. 

b - Exhibits strange behavior at erratic 

Engineerus wheeleri 

hours •. . • • .Scientifico glicksteinii 

c - Short head plumage, presents many 
dilemmas to students . . 

Sa - Long, thick facial hair, light color; long 

Matus sackii 

and/or thick head plumage, light color ••..••••... 6 

b - Trimmed facial hair, variable color; 
sparse head plumage. • . • . • 

6a - Height approximately 2 meters, found in Indian 
Ocean, Sargasso Sea, Caribbean Sea, and many 
bars and taverns. Exhibits strange behavior 

• • • • • • • • • 7 

at erratic hours . . . . . . • • . . • . .. Scientifico hickeyi 

b - Height slightly less than 2 meters. Exhibits 
a traditional Down East demeanor when in tropical 
climate. Prone to making strong suggestions to 
students. Usually found in marine environ-
ment . . . . . . . Chiefmatus wigglesworthi 

7a - Usually found in aft cabin or on the quarterdeck 
drinking coffee, smokes tobacco. Prone to giving 
orders. Commonly found in marine environ-
ments Masterus farrellii 

b - Generally, physically smaller than others in the 
family, continuously exhibiting strange behavior, 
often found making observations. • • • • • • .Scientifico stonerii 

(var. Chief) 

* - Commonly found, no unifying characteristics of this 
group except limited duration of observations, 
probably migratory . . . . • . • . • . • . • . . Scholarus visitor 
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Long-Term and Cooperative projects 

Neuston Tows 

For several years S.E.A. scientists have been gathering information 

on the distribution of pelagic tar, Sargassum, and the marine water 

strider, Halobates micans. Neuston samples on W-55 were examined by 

Sea Semester student Nancy Blakney and her abstract should be consulted 

along with Table 16 and Figure 20 of this report. 

Distribution of Marine Birds and Mammals 

In cooperation with Timothy Rumage of the Rhode Island School of 

Design, a formal bird count system has been developed to provide quanti

tative data for analysis of bird distribution, feeding, and migration 

patterns. Daily bird counts were made during W-55 and data are reported 

in the sections of this report submitted by Tim Rumage and Tom Warren. 

Whale and porpoise sightings are also used, in cooperation with 

Tim Rumage, for long-term studies of mammal distribution and behavior. 

Data gathered during W-55 are reported 1n Table 20. 

Distribution of Spiny Lobster Phyllosoma 

The distributions of various phyllosoma larvae are being studied by 

S.E.A. staff scientist Mary Farmer, and all phyllosoma collected during 

W-55 have been turned over to her for identification and measurement. 

preliminary data only for the collections are provided here (Table 22) . 

Weather Observations 

Weather observations are transmitted from R/V Westward twice daily 

when more than 14 miles from shore, as part of the Cooperative Ship 

Weather Observation Program of the National Oceanic and Atmospheric 

Administration. On W-55, fifty-seven complete sets of meteorological 

data were collected and forty-three successful radio transmissions were 

made. All weather data have been sent to the NOAA meteorological office. 
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TABLE 22: Stations at which spiny lobster phyllosoma were collected 

during R/V Westward cruise W-55 

Station Date Time 

W55-11 12/02/80 0825 

W55-14 12/05/80 0015 

W55-16 12/06/80 1155 

W55-17 12/07/80 0015 

W55-19 12/07/80 2240 

W55-27c 12/16/80 1157 

W55-45 01/01/81 1755 

Latitude 
(N) 

20°50' 

19° 52' 

18° 31' 

17° 22' 

16° 42' 

17° 05' 

20° 53' 

Longitude 
(W) 

62 °44' 

61 ° 20' 

60° 59' 

60° 50' 

61° 56' 

65° 53' 

84° 12' 

Mode of 
Collection 

A 

B 

B 

B 

A 

C 

B 

A Oblique tow of I-m net to 200 meters depth (40-min. tow). 
Mesh = o. 50 rom. 

B Neuston net tow - 30 min. Mesh = 0.50 rom. 

C Horizontal tow of I-m net at 200 meters depth - 60 min. 
Mesh - 0.50 rom. 
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Station 

W55-1 

W55-2 

W55-3 

W55-4 

W55-5 

W55-6 

W55-7 

~ 
I 

W55-8 
I-' 

W55-9 

W55-10 

W55-11 

W55-12 

W55-13 

W55-14 

W55-15 

W55-16 

W55-17 

" 

TABLE A-l: Summary of the stations sampled during R/V Westward cruise W-55 (excluding 

bathythermograph casts) 

Date Time Latitude 
(N) 

Longitude 
(W) 

Operation Notes 

11/28 0030 19°06' 64°51' Neuston tow Southern Sargasso 

11/28 1200 19°56' 64°52' Meter net-oblique " " 

11/29 0005 20°45' 64°48' Neter net-oblique " II 

11/29 1211 21°23' 64 °24 '. Neuston tow II II 

11/30 0021 21°50' 64°15' Meter net-oblique II II 

11/30 0800 21°59' 64°15' Deep hydrocast II II 

12/01 0015 22°11' 63°49' Meter net-oblique II II 

12/01 1210 22°25' 63°27' Light attenuation II II 

12/01 1320 22°07' 63°23' Neuston tow II II 

12/01 2357 21°17' 62°55' IKMT II II 

12/02 0825 20°50' 62°44' Hydrocast " II 

Meter tow-oblique II II 

12/03 1147 19°15' 62°04' Neuston tow II II 

12/04 1200 20°20' 61°42' Hydrocast II II 

Meter net-oblique II II 

12/05 0015 19°52' 61°20' Neuston tow II II 

12/05 1100 19°03' 61°14' Hydrocast II II 

Meter tow-oblique II II 

12/06 1155 18°31' 60°59' Neuston tow II II 

12/07 0015 17°22' 60°50' Neuston tow II II 



TABLE A-l (continued) 

Station Date Time Latitude Longitude Operation Notes 
(N) (W) 

W55-1B 12/07 0525 16° 57' 60° 55' Hydrocast Guadeloupe Channel 

Meter tow-oblique " 

1'155-19 12/07 2240 16° 42' 61° 56' Hydrocast " " 
Meter tow-oblique " 

W55-20 12/12 1010 15° 55' 61°43' Hydrocast lIes des Saintes Channel 

W55-21 12/12 IBOO 16° 07' 61° 56' Hydrocast Leeward Guadeloupe 

Meter tow-oblique " " 
W55-22 12/13 0330 16° 25' 62° IB' Hydrocast Guadeloupe Channel 

W55-23 12/13 1700 1 l' 05' 63° 00' Hydrocast South of Saba Bank 

Meter tow-surface " " " " 
:J::' 
I 

lKMT " N " " " 
W55-24 12/14 1140 17° 24' 63°29' Hydrocast Saba Bank 

Meter tow-surface " " 
Benthic grabs (2) " " 

WSS-2S 12/14 171S 17° 22' 63° 48' Hydrophone " " 
WSS-26 12/1S 121S 17°17' 64° 41' Neuston tow Venezuelan Basin 

WSS-27 12/16 0930 17° 07' 64° 37' Hydrocast " " 

W55-27a 12/16 0335 1 l' 07' 64° 37' 4 meter nets " " 
W55-27b 12/16 0652 lr 07' 64° 37' 4 meter nets " " 
W55-27c 12/16 1157 1 l' OS' 6SO 53' 4 meter nets " " 

W55-27d . 12/16 IB06 1 l' 01' 6SO 59' 4 meter nets " " 
W55-28a 12/16 0615 17° 07' 64° 37' Neuston tow " " 
W55-2Bb 12/16 1408 17° OS' 65° 53' Neuston tow " " 

W55-29 12/16 2020 17° 01' 65° 59' Neuston tow " " 

W55-30 12/17 0015 16° 53' 66° 14' Neuston tow " " 

'!:> <' .~ 



TABLE A-I (continued) 

Station Date Time Latitude Longitude Operation Notes 
(N) (W) 

W55-31 12/17 2130 16°56' 65°58' Hydrophone Venuzuelan Basin 

W55-32 12/18 0200 16°50' 66°21' Hydrophone " " 
W55-33 12/18 0810 18°01' 67°51' Hydrophone Mona Island 

W55-34 12/18 1135 17°56' 68·03' Hydrophone " " 

Meter net -oblique " II 

W55-35 12/18 2140 18°07' 68°30' Hydrophone Soana Island 

W55-36 12/20 1201 17°16' 7P18' Meter net - oblique " " 
W55-37 12/20 1555 17°24' 7P49' Hydrophone " II 

W55-38 12/21 0410 16°50' 72°40' Hydrocast Columbian Basin 

W55-39 12/21 1200 17°02' 73°00' Neuston tow " " 
W55-40 12/22 0030 17°28' 73° 58' 4 meter nets " " !J:' 

I 
VJ 

W55-41 12/22 1155 17° 52' 74°29' Neuston tow II " 
W55-41a 12/24 0200 18°41 ' 77° 33' Meter net-oblique North of Jamaica 

W55-42 12/28 1152 19° 16' 78° 10' Neuston tow II " 
W55-43 12/29 0025 19° 25' 78° 25' IKMT II " 
W55-44 12/29 1345 19° 21 • 78° 41' Hydrocast Cayman Basin 

W55-45 1/01 1755 20° 53' 84° 12' Hydrocast Yucatan Basin 

Neuston tow II II 

W55-46 1/02 2030 21° 30' 85° 27' Hydrocast Yucatan Strait 

W55-47 1/04 1209 22° 39' 85° 08' Neuston tow Florida Straits 



TABLE A-2: Bathytheromgraph casts made during R/V Westward cruise W-55 

BT NO. Date Time Latitude Longitude Surface Temp. Mixed Layer 
(N) (W) ( °C) Depth 

(m) 
.;; 

1 11/27 1724 18°31' 64°50' 27.8 40 

2 11/27 2210 18°53' 64°52' 27.8 

3 11/27 2320 19°00' 64°51' 27.5 56 

4 11/28 0620 19°25' 64°48' 27.8 52 

5 11/28 1115 19°58' 64°41' 28.8 66 

6 11/28 1410 19°57' 64°52' 28.7 61 

7 11/28 2045 20°34' 64°52' 27.8 67 

8 11/29 0324 20°53' 64°32' 27.4 88 

9 11/29 1547 21°33' 64°33' 27.8 68 

10 11/30 2035 21°47' 64°19' 27.6 73 

11 11/30 0340 21°53' 64°14' 27.5 72 

12 12/01 0930 22°25' 63°27' 27 •. 1 76 

13 12/01 1820 22°51' 63°02' 27.3 70 

14 12/02 0610 21°08' 62°52' 27.0 77 

15 12/02 0810 20°51' 63°15' 27.2 76 

16 12/02 1930 20°34' 63°31' 27.2 58 

17 12/03 0840 19°20' 62°10' 27.2 66 

18 12/03 1845 19°17' 61°56' 27.8 69 

19 12/04 1100 20°20' 61°42' 28.0 67 

20 12/04 2330 19°55' 61°27' 26.0 66 

21 12/05 0510 19°27' 59°06' 26.2 61 

22 12/05 1045 19°03' 61°14' 27.5 64 

23 12/06 0450 16°50' 61005' 27.6 67 

24 12/06 2200 16°41' 60°42' 27.0 76 

25 12/07 0425 16°27' 61°45' 27.8 67 

26 12/07 0600 16°19' 61°50' 27.0 52 
J-

27 12/07 0700 16°15' 61°52' 27.8 76 

28 12/07 0805 16°10' 61°52' 27.7 67 

29 12/07 0910 16°06' 61°50' 27.8 58 

30 12/07 1115 16°03' 61°48' 27.7 67 

31 12/12 1745 16°09' 61°55' 27.0 73 

32 12/13 0315 16°25' 62°18' 27.4 70 

A-4 



TABLE A-2 (continued) 

BT No. Date Time Latitude Longitude Surface Temp. Mixed Layer 
(N) (W) (Oe) Depth 

(m) 

33 12/13 1700 17°05' 63°00' 27.2 85 

34 12/16 0300 17°07' 65°37' 27.4 79 

35 12/21 0315 16°50' 72°40' 28.2 

36 12/21 1505 17°10' 73°15' 28.8 100 

37 12/21 2305 17°28' 73°58' 27.6 119 

38 12/22 1920 18°03' 75°03' 27.6 70 

39 12/22 0015 18°13' 75°35' 27.2 76 

40 12/23 0500 18°16' 75°44' 27.5 85 

41 12/23 0825 18°18' 76°05' 27.9 101 

42 12/23 1318 18°21' 76°19' 28.0 88 

43 12/23 1715 18°30' 76°30' 27.5 104 

44 12/23 2035 18°31' 77°01' 27.2 104 

45 12/24 0105 18°41' 77°33' 27.0 104 

46 12/27 1900 18°44' 77°59' 27.1 104 

47 12/28 1300 19°16' 78°10' 27.0 98 

48 12/29 0830 19°25' 78°35' 27.0 94 

49 12/29 1240 19°21' 78°41' 27.0 79 

50 12/29 2130 19°20' 78°59' 26.6 85 

51 12/30 0145 19°18' 79°24' 26.4 91 

52 12/30 0500 19°15' 79°44' 26.5 98 

53 1/01 1800 20°53' 84°12' 26.4 88 

54 1/02 1955 2P36' 85° 27' 26.0 88 

55 1/03 0835 22°13' 85°57' 26.0 88 

56 1/03 2100 22°34' 85°36' 26.1 107 

57 1/04 0230 22°28' 85°14' 25.6 110 

58 1/04 0510 22°39' 85°22' 26.0 119 

59 1/04 1100 22°52' 85° 12' 25.0 146 

.,. 60 1/04 1700 23°03' 84°43' 25.0 140 

61 1/04 2310 23°29' 84°00' 23.4 107 

62 1/04 0318 23°45' 83°42' 23.0 107 

63 1/05 0820 23° 55' 83°00' 24.2 64 

64 1/05 1100 24°20' 82°40' 25.0 91 

65 1/05 1500 23°38' 82° 11' 25.0 131 

A-5 



TABLE A'-2 (continued) 

BT No. Date Time Latitude Longitude Surface Temp. Mixed Layer 
(N) (W) (oC) Depth 

(m) 

66 1/05 2320 23°28 1 81°36 1 25.0 116 

67 1/06 0410 23°52 l 81°33 1 25.0 125 

68 V 06 0625 24°06 1 81°58 1 25.0 64 

A-6 



r,.: 

TABLE A-3: Summary of hydrographic data from R/V Westward cr~ise W-55. 

bd = below level of determination 

Station Assumed Calculated Temp. Salinity Dissolved NH4 P04 Si02 
depth depth (0 C) (°/00) oxygen (uM/L) (uM/L) (uM/L) 

(mIlL) 

W55-6 0 27.78 35.50 4.89 0.05 bd 

50 27.79 35.86 4.81 0.04 bd 

70 74 28.02 36.02 5.11 bd bd 

150 153 23.58 4.69 bd 0.01 

200 195 20.92 36.32 4.34 bd 0.05 

400 408 16.69 36.27 4.35 bd 0.04 

600 595 12.63 35.52 3.56 bd 0.23 

800 790 8.91 35.05 bd 0.51 
;J:> 

1000 I 997 6.40 3.79 bd 0.72 -...J 

1600 6.04 0.38 0.43 

W55-11 0 27.60 4.90 0.02 0.55 

35 27.60 36.02 4.83 0.02 0.41 

70 27.76 3.55 0.58 0.45 

200 133 23.41 4.84 bd 0.07 

500 303 17.94 4.94 0.18 0.15 

1000 670 11.36 35.81 3.55 0.47 0.62 

W55-13 0. 27.53 36.29 4.88 0.18 0.41 

35 27.44 36.23 4.97 bd 0.45 

70 27.45 35.18 4.84 0.31 0.43 

200 161 21.03 37.32 4.66 bd 0.35 

son 403 15.94 36.63 4.16 bd 0.41 

1000 ( D, i d not t rip ) 



TABLE A-3 (continued) 

Station Assumed Calculated Temp. Salinity Dissolved NH4 PO . Si02 
depth depth ( °C) (0/00) oxygen (uM/L) (uM/i) (uM/L) 

(ml/L) 

W55-15 0 27.54 36.12 4.91 0.16 0.26 

35 27.57 36.15 5.08 bd 0.39 

70 

200 194 19.76 36.77 4.54 0.12 0.43 

500 475 13.80 36.09 4.05 0.25 0.61 

1000 970 6.20 35.07 4.08 

W55-18 0 27.50 35.70 5.25 3.3 

160 23.67 37.07 4.77 3.8 

500 485 11.12 36.47 4.92 10.0 
~ 

1000 974 5.80 34.86 5.08 26.2 I 
00 

1400 1366 4.35 34.90 5.97 26.2 

1800 1763 4.00 35.02 6.59 16.9 

W55-19 0 27.69 36.18 5.13 bd 

80 27.59 36.71 bd 

140 36.89 4.53 1.6 

200 182 26.27 

400 340 15.47 35.97 4.27 12.8 

600 519 10.60 34.90 3.38 26.4 

W55-20 50 27.25 35.82 5.30 0.28 

350 242 17-.76 35.33 4.13 bd 0.42 

t.":) ~. "" 



TABLE A-3 (continued)· 

Station Assumed calculated Temp. Salinity Dissolved NH4 p04 SiO 
depth depth ( °C) (0/00) oxygen (uM/L) (uM/L) (uM/Lf 

(ml/L) 

W55-2l 0 27.57 35.76 5.29 bd bd 

50 27.47 35.74 5.47 0.53 4.00 

200 201 18.93 35.39 3.90 0.68 0.09 

400 421 12.17 3.49 bd bd 

600 595 8.89 34.80 3.48 bd 2.12 

1000 994 5.35 34.70 4.36 bd 3.62 

W55-22 0 27.26 36.06 5.48 1.5 

50 27.29 35.97 5.48 12.0 

200 133 23.53 37.37 4.76 1.5 

~ 400 247 17.41 36.44 4.52 2.4 I 
1.0 

600 340 13.40 35.62 3.56 1l.S 

1000 631 7.94 35.10 3.47 25.0 

W55-23 0 27.37 35.76 5.29 bd 

35 27.39 36.04 5.34 0.005 bd 

100 36.58 0.51 0.18 

200 196 19.64 36.43 3.68 0.94 0.37 

300 298 16.92 36.14 3.54 0.40 bd 

500 503 11. 32 35.31 3.42 bd 0.43 

W55-24 0 26.96 35.69 5.30 0.23 0.12 

10 26.98 35.68 5.27 0.19 0.18 

18 26.97 35.67 5.27 0.83 0.44 



TABLE A-3 (continued) 

Station Assumed Calculated Temp. Salinity Dissolved NH4 p04 sio 
depth depth (oC) (%0) oxygen (uM/L) (uM/L) (uM/LY 

(ml/L) 

W55-27 0 27.35 35.08 5.30 0.003 0.53 

70 27.37 35.08 5.17 bd 0.52 

150 129 23.88 35.76 4.36 bd 0.42 

500 396 14.39 35.92 3.75 0.13 0.49 

1000 725 5.31 34.80 3.57 bd 0.59 

1800 1568 2.87 34.93 5.21 0.42 0.55 

W55-38 0 27.93 37.68 5.55 

70 27.97 37.65 5.50 

400 253 18.70 36.48 4.85 
~ 

600 360 15.83 36.09 4.45 I ..... 
0 

1000 611 9.73 35.22 3.65 

1800 1177 4.76 35.00 5.92 

W55-44 0 27.07 35.71 5.47 1.4 

50 27.22 35.87 5.28 1.5 

200 191 20.56 36.77 4.32 5.7 

500 419 14.40 35.85 3.89 7.4 

1000 887 5.66 34.88 4.12 26.2 

1800 1699 4.33 35.04 5.59 16.2 

:'.;';) :;1 ' .'" 
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TABLE A-3 (continued) 

Station Assumed Calculated Temp. Salinity Dissolved NH4 P04 SiO 
depth Depth ( °C) (%0) oxygen (uM/L) (uM/L) (uM/t) 

(ml/L) 

W55-45 0 26.82 35.91 5.10 bd 

100 26.85 35.96 4.98 bd 

200 196 22.49 36.82 4.10 bd 

500 482 14.23 35.97 3.71 bd 

1000 998 5.23 35.04 4.23 21.6 

1800 1768 4.23 35.04 5.93 14.0 

W55-46 0 26.22 35.85 4.87 1.2 

70 26.27 35.85 4.58 1.2 

200 201 19.81 36.66 3.70 bd 
:;pi 
I 500 498 11.59 35.43 2.93 5.8 I-' 

I-' 

1000 1007 5.69 34.87 3.72 20.9 

1800 1794 4.18 35.00 3.84 12.6 




