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PROGRAM FY-1965, I. Title of Project: Marine Biology Program 2. Inscription: Puerto Rico Nuclear 
Center Project abstract: The research program outlined herein is a continuation of studies started at 
the Puerto Rico Nuclear Center in January, 1962 and continues the project present time. Although 
the program is composed of five major areas, the functions are integrated. The five original areas of 
research, although altered in some details to fit the aims of the program, remain at present time. It 
is proposed that they be continued and that an additional area, Marine Ecology, be recognized. The 
Program was designed to provide measurements of the distribution and movement of selected 
trace elements in a restricted but complex ecological and biogeochemical system. It includes 
limited investigations into the Lithosphere as well as detailed studies of the marine biosphere and 
hydrosphere. In order to obtain information on interactions between the biosphere and 
hydrosphere, measurements are being made of biological products [AZM amounts of trace 
elements in the organisms and the environment, bios 
 
logical half-lives of trace elements, characteristics of food webs, and the influence of physical and 
chemical oceanographic factors upon the distributions of elements in the marine waters, organisms, 
and sediments offshore from the west coast of Puerto Rico. The latter studies include sheer 
speculation on the effects of varying rates of deposition of mineral-rich silt upon the distribution 
patterns of marine organisms. The research projects are as follows: (1) Measurements of Biological 
Productivity. The clear method for measuring biological productivity is being developed. The uptake 
of C14 is correlated with plankton volumes, the account of chlorophyll, phosphate and nitrate 
content of the water, depth of water, distance from shore, amounts of suspended material in water, 
salinity, temperature, and uptake of selected radioisotopes by phytoplankton. Activity 
measurements have been made in water samples from the surface, 50m and 300m distant from the 
outflows of rivers. Analyses have been started to determine specific activity of C14 in the total 
carbonate of seawater and in various plankton. The amounts of C14 in the samples are measured 
by liquid scintillation and the total carbon content determined by gas chromatographic techniques. 
---Page Break--- (2) Analysis for Selected Elements. Trace element analyses have been continued 
in samples of marine organisms, seawater, marine sediments, river water, river sediments, and 
selected rocks, minerals, and soils of the Añasco River valley. The methods used to determine the 
amounts and forms of trace elements in the variety of samples include destructive and 
non-destructive neutron-activation analysis, atomic absorption spectrophotometry, flame 
spectrophotometry, fluorescence analysis, fluorometric analysis, X-ray emission spectrography, 
and X-ray diffraction analysis. In addition to the measurements of trace elements, analyses are 
being made for carbon, hydrogen, nitrogen, lithium, potassium, calcium, strontium, and magnesium 
in many of the samples recently. The amounts of elements were determined on the 
 
basis of ash, dry and wet weight of organism. The amounts of trace elements are now calculated 



relative to the carbon, nitrogen, and hydrogen content of the samples, (3) Measurements of 
Concentration Factors of Selected Organisms for Given Radionuclides, and Organon for Given Red 
and hPR, MEDS are recorded and contained a crust) F659) 2065) rays, K? and Ce! Ag Sargassum 
lendigerum and other selected algae; and Mn**, orl, re°9, 2n®, and Tal8? with. ‘Acanthopleura nt 
WS with detritus (4) Measurements of Radioactivity and Radioisotopes now Present in the Marine 
Organisms, Waters and Bottom Sediments and Rete Measurements of world-wide fallout in several 
large samples of marine sediment, algae, gorgonians, sponges, crustaceans, and fishes have been 
completed.” The disintegration rates of the radionuclides have been calculated on the basis of wet, 
dry, and ash weight. Co3!, ts Ose) Phytoplankton, have been measured in the samples and have 
been compared with the Cob? /ost0 ratio in samples from the Pacific Ocean. Determinations of 
specific activity for all of the samples are in progress (disintegration rate of radionuclide per gram of 
the corresponding stable element in the sample). (©) Background Observations in Physical and 
Chemical Oceanography off the West Coast of Puerto Rico. Measurements of bottom contours, 
salinities, temperatures, turbidities, dissolved oxygen contents, and current directions and velocities 
are in progress and will be continued. The work has been concentrated mainly in the area off the 
Anasco River and west of the Bonus site at Punta Higuero, (6) Marine Ecology ‘The marine ecology 
project has been carried out on Limited parts of projects two and three for the past two years. The 
ecological studies are concerned primarily with investigations of food web relationships ---Page 
Break--- Associations now under observations include algae-mollusks, algae-echinoderms, 
echinoderms-gorgonians, sponges-arthropods, omnivorous fishes, and 
mollusks-sipunculids-annelids-echinoderms-crustacean relationships. 
 
aedinect ‘coupositions and sizes. SCIENTIFIC BACKGROUND Investigations of trace element 
distributions in the sea are of scientific interest in the field of oceanographic chemistry and in allied 
areas including those concerned with biological productivity, the influences of organic detritus upon 
the chemical and physical features of sediments in seawater, and the geochemical histories of 
elements introduced into the sea by natural processes. In addition to the scientific value of the 
investigations, an understanding of the biogeochemistry of trace elements is of critical importance 
for humanity insofar as radioactive isotopes of the same elements can be incorporated into food 
webs from which food for human consumption is derived, the relative influences of the physical, 
chemical, and biological factors which control the transport and distribution of these elements. 
There is evidence of the relationships between rates of photosynthesis by marine phytoplankton 
and the rates of incorporation of trace elements into marine food webs. Distribution patterns, in the 
same environment, of selected trace elements which represent the different chemical groups. The 
analyses for the trace elements should be made on a limited number of minerals, rocks, sediments, 
river waters, and river sediments from the landmass which contributes trace elements to the 
neighboring marine waters and on a representative number of samples of estuarine and offshore 
deep-sea marine waters, pelagic and littoral organisms and sediments. Several elements naturally 
present in trace amounts in the marine hydrosphere are concentrated by factors of at least 10 by 
some marine organisms. Radioisotopes of the same elements are present in radioactive waste and 
contaminants produced in nuclear technology. An understanding of the geochemical routes of 
these stable elements may be utilized to predict geochemical routes of radioactive contaminants 
which may be introduced into the marine environment from a variety of sources. The use of the 
oceans for disposal of low-activity radioactive contaminants is 
 
and will continue to be attractive for several reasons. Man resides primarily on land, which 
constitutes only 29.22% of the overall surface of the earth. The remaining 70.8% is covered by the 
sea which is more or less remote from human habitat, contains a large volume of dissolved 



(approximately 1.4 x 10^9 km³), and has a mean depth of about 3800 meters with deep trenches or 
depressions far removed from land or its food organisms. In addition, the division of the earth's 
crust between continental blocks is abrupt, with the continental shore comprising more than 6% of 
the total area of the earth. The oceans contain large amounts of salt (4.8 x 10^15 tons) which may 
contribute to the process of isotope dilution. Because of the large quantity of contained salts, even 
those elements which occur in sea water only in trace amounts constitute a large reservoir of 
material for the dilution of radionuclides introduced at a controlled rate. They can be used to define 
the factors introduced into given areas of the sea under specified conditions; other data are not 
available. The latter include (1) the distribution patterns of trace elements in the marine 
environment both near and offshore, (2) for which specific marine organisms concentrate different 
elements and the individual variability which may exist within species from the same locality, and 
(3) the effects of biological activities and ecological relationships upon the distributions of the trace 
elements in a given geographical area. The answers cannot be derived entirely from laboratory 
experiments but must be obtained from field observations, analyses, and experiments in a natural 
and functioning ecological and biogeochemical system. Certain laboratory experiments may be 
used to demonstrate and assess the underlying physical and biological mechanisms which control 
the patterns of distribution observed in the field work. Such laboratory investigations include: (1) the 
determination of the physical and chemical forms of elements in river water before and after mixing 
at which 
 
the changes in form occur, (2) the measurements of the salt which precipitates, produced by the 
action of seawater on the major five thousand coloidal elements in river water, settle as a result of 
gravity, (3) the measurement of the adsorptive capacities of known types of marine organic detritus, 
inorganic colloids and precipitates and specific saving sediments and (4) the determination of the 
rates of uptake and loss at radiostopes of trace elements by dominant marine species of plankton 
and animals. SCIENTIFIC SCOPE OF THE RESEARCH The research is designed to measure the 
distribution and, indirectly, the movements of selected trace elements from a land mass into the sea 
and the marine sediments and to relate measures of biological productivity and movements of 
organic components through food webs and chains with the incorporation and transfer of trace 
elements through the trophic levels. ---Page Break--- The studies may be divided into two major 
divisions: (1) The measurement of the distribution patterns of trace elements in the watershed of 
the Anasco River, in the biosphere and hydrosphere of Atascocita Bay and in the offshore areas in 
Mona Passage (fig. 1). This work includes studies on the interactions of the biosphere and 
hydrosphere upon the distribution patterns of the elements (2) The development of techniques with 
sufficient accuracy, reproducibility, sensitivity, and simplicity to achieve the measurements in a 
large number of samples. This includes not only the development of methods for trace element 
analysis in the microgram range, or less, but the adaptation of ecological field procedures to 
quantitative measurements in which correlations of observations with large numbers of biological 
and environmental variables may be made by sorting the data with machine methods. The initial 
plans for the geographical range of the marine biology program included the marine areas west 
from La Parguera on the south coast of Puerto Rico, along the entire west coast, and east along 
the north coast to the town of 
 
Arecibo. However, the surveys which were needed to establish background conditions offshore 
from Punta Higuero, the site of the Bonus power reactor, were given first priority in the program. 
This was done to establish the radioisotope levels in the offshore areas before startup of the reactor 
so that subsequent alterations in the marine environment, produced by the operation of the reactor, 
might be utilized in the trace element studies. As a result of the observations in that work, it became 



apparent that the geographical area of the investigations could be reduced without loss of scientific 
scope or coordination in the program. Rather, a more closely integrated series of research could be 
realized by studying a restricted but complete ecological and biogeochemical system—studies 
which included measurements of the movements of selected trace elements from the land mass, 
through the rivers, into the neighboring marine waters, through the marine biota, and into the 
marine sediments. The geographical area in which the marine phases of investigations have been 
concentrated for the last two years extends north from Mayaguez past Atasco Bay and Punta 
Higuero to the south of the Culebrinas River and west into Mona Pass to Desecheo Island and 
Sponge Bank. The area includes the island shelf and waters to depths greater than 1000 meters 
(e.g., 1D). A small sampling program was also initiated to provide samples from other marine 
environments for comparison with those collected in the experimental field area. Sampling, on a 
limited basis, has been completed in three areas: The open Atlantic Ocean to the north, the 
Caribbean Sea to the south, and an up-current area east of Puerto Rico. In addition, samples of 
seawater taken at depths to 4000 m in the open Atlantic Ocean have been provided by Dr. Vaughn 
T. Bowen of the Woods Hole Oceanographic Institute and dried samples of plankton and fish 
collected off Ilo, Callao, and ---Page Break--- eres ssv4 Yon y souyeainy 1) onsen 021 oxwang 0.01 
nva20 ouNVULY - FT wr rr Se eS ow 
 
lel lee lel lle lel rll lle ---Page Break--- Srisbote, Peru have been invited to the Marine Biology 
Program, PRNC, by Hes Blanco Rojas of the Peruvian Marine Research Institute. The terrestrial 
studies have been restricted to the Afasco watershed, which is located primarily in a mountainous 
area. Of the 129,000 acres comprising the watershed, only 6,400 acres are flat bottom land 
situated at the Auaese Plata near the sea. All of the uplands of the watershed are rugged and most 
of the tributary streams have steep gradients and high rates of erosion. The minerals and rocks 
exposed in the watershed are mainly extrusive (volcanic, andesite, and basaltic rocks) or 
sedimentary rocks containing volcanic or igneous debris and limited amounts of limestone. The 
soils of the uplands are mainly of the sub-lateritic, red acid type and consist in clay. The soils of the 
flat land have high contents of silty clay, are neutral to slightly acid, and are subject to frequent 
flooding. Rainstorms in the watershed cause the introduction of varying but generally large amounts 
of silt-laden water into Afasco Bay. The sedimentation of the silt into the bay is the basis for locating 
the field studies of the marine biology program in the Afasco Area. Upon entering Afasco Bay, the 
river water, with its dissolved and suspended material, usually forms a surface layer of a few 
centimeters thick, floating over the heavier saline waters of the bay except during periods of high 
wave and breaker activity when rapid mixing occurs near the mouth of the river. During periods of 
relative calm, however, the lighter water of low salinity may maintain its identity as a distinct surface 
layer of high turbidity as far as five miles out from the mouth of the river. Upon mixing of the river 
water with the ocean water, rapid precipitation accumulates, and sediments which are enriched with 
trace elements including manganese and scandium are deposited in the bay. The deeper and 
predominant current pattern in Afasco Bay results in the transport of the river water to the north 
along the coast. 
 
cone fen Higuero-” Usually during the afternoon, however, wind driven surface currents displace 
the surface waters in a southerly direction although the deeper currents maintain their northerly 
movement. During the night the surface and deeper currents again move to the north. In the vicinity 
of Pea. Higuero, the westernmost end of the island, the northerly current with the nearby Anasco 
River water is usually met by a southerly current containing added River water from the Culebrinas 
watershed. The currents merge at the point and move westward into Mona Pass. Occasionally a 
clockwise surge forms immediately north of the point. The Punta Higuero marine area is of interest 



biogeochemically due to the convergence of the north and south shore currents containing the 
entrained waters from the two rivers. The Anasco River drains a watershed primarily of volcanic 
origin. In contrast, the Culebrinas River drains a watershed predominantly comprised of limestone. 
Because the marine waters containing the outflows of the Anasco and Culebrinas rivers converge 
at Pta. Higuero, individuals of the same species of organisms located to the north and to the south 
of the point live in waters containing different compositions of trace elements. The differences in 
environment are reflected in the trace element compositions of the organisms which have been 
analyzed thus far. Analyses for additional elements and species of organisms will be continued on 
samples from the Guayanilla River which enters the sea seven miles to the south of the Arecibo 
and drains a different type of watershed containing large areas of serpentine outcroppings. In the 
proposed research, the trace element analyses are of limited value unless they are related to 
ecological investigations, especially to studies of food webs. The ecological studies are being 
conducted by direct observations using scuba gear, by analyses of calibrated plankton and dredge 
hauls, and by analysis of stomach contents. Quantitative estimates of infaunal abundance in 
 
sediments collected off the Anasco River have been analyzed and will be continued. Species 
composition and feeding type have been related to distance offshore from the mouth of the river 
and analyses for trace elements in selected species of the benthic organisms have been started to 
determine if concentration with distance offshore can be related to trace element content. The 
distribution of concentrations of the elements in the sediments does change with distance from 
land. The amounts of scandium, manganese, and iron decrease, but the amounts of calcium and 
strontium increase with increasing distance offshore from the mouth of the Anasco River, which has 
been reported to be in the value of 8.9 x 10^-3 (Schretber, 1962), about equal to that reported for 
the crustal average of the earth (9 x 10^-3) (Taylor, 1964). These values differ from those found in 
the present work for Anasco River water (5.5 x 10^-3) and, in sediments of Anasco Bay (2.7 x 10^-3 
at 2 miles offshore and 5.5 x 10^-3 at 5 miles offshore). Samples of benthic organisms have been 
collected from the sediment core stations and will be analyzed for Sr/Ca ratios to determine if the 
ratio of strontium to calcium in the sediment influences the ratios of the two elements in the 
organisms. A change in Sr/Ca ratio has been reported by Odum (1951) in studies in which the 
environmental Sr/Ca ratio was experimentally varied. However, the effect of the elemental 
composition of the sediments upon the elemental content of the contained benthic organisms is not 
dependent only upon the total amounts of a given element in the sediment but is also influenced by 
the chemical and physical forces of the elements in the sediments. The availability of the elements 
to the benthic organisms is being studied by leaching experiments and by the determination of 
crystalline components. X-ray diffraction and emission diagrams of sediments with X-ray diffraction 
measurements from Anasco Bay and the offshore sites have been made and more than 65 
compounds have been identified. In addition, X-ray diffraction diagrams of the gut contents of 
 
deposit: feeders have been made and compared with those of the sediments. Differences serve 
---Page Break--- separate the attraction sequences of the gut content of the heart urchin and the 
sediment in which it lives. These investigations depowie several species of benthic organisms, 
including deposit and suspension feeders. In addition to the use of x-ray techniques, studies are 
being used for the identification of the interpretation of trace element analyses in marine organisms. 
Studies show that the effects of individual variability complicate these analyses. In studies, 
numbers of individuals of a given pelagic species at one place at the same time show greater 
individual variability than that found in benthic species. In addition, greater relative variability exists 
for elements which are not biologically significant (i.e., <0) than the ones thought to be biologically 
important (i.e., >1), although the water-insoluble, biologically important element, iron, exhibits a 



high degree of variability. Investigations on individual variability have been made on several 
species of marine organisms including algae, echinoderms, bivalves, and fishes. Further work is 
needed to determine the biological factors, including feeding habits and size of organisms, that 
correlate with the environmental factors which influence variability. A potential "tag" for measuring 
incorporation of trace elements by marine organisms is provided by radionuclides in worldwide 
fallout. Goes serge transfers have been made on large samples of algae, plankton, corals, 
gorgonians, molluscs, and fishes. The analyses will be continued with samples of the same species 
collected in areas across the watersheds of the three rivers in the field study area as well as in 
adjacent locations expected to receive "upcurrent" flow from Puerto Rico. The data will be used for 
(1) assessing radioactive signatures amounts of radioisotopes measured in the marine organisms, 
(2) analysis of the effects of 
 
river influences the radioisotope content of the marine organisms growing in the shore (area 
Patterns of the three watersheds, (3) specific activities analyzed See one Tadtolnotone per gram of 
corresponding stable elements) on a variety of marine organisms. The fractionation unit is located 
in the Solid State Physics Division of the College of Agriculture. The radiochemistry spectrograph is 
owned by the Department of Agriculture, Institute of Agriculture and Engineering, U.P.R. Through a 
cooperative agreement, a unit of the X-ray equipment is furnished without cost in exchange for 
---Page Break --- 10 variations in specific activity between organisms collected at the same time 
and place provide indices of variations in water equilibrium achieved by the organisms with the 
elements in the water. Variations collected at the same time but in different localities or at different 
times in the same locality also provide specific activities in the different environments. This would 
be true whether the variations in specific activities were due to variability in the rates of addition of 
the same isotope or in the rates of addition of the stable element to the waters of a given area. 
Among the marine organisms analyzed for worldwide fallout in the present work are phyto- and 
zooplankton. These two types of organisms exhibit markedly different patterns of radioisotopes 
content but both geochemically propel toward equilibrium with the radioisotopes and the 
corresponding stable element in the surrounding seawater. The amounts of the radioelements 
present in the phytoplankton are presented alongside the photoluminescence activity of the 
organisms. Bachess (74 Odua (1960) reported that the uptake of Zn-65 by marine benthic 
organisms was linearly related to oxygen production. They suggested that zinc can be taken up in 
direct proportion to the rate of photosynthesis, a function of net biological production. In the present 
study, photosynthetic rates are being correlated with the uptake of radioactive isotopes cobalt, 
manganese, ruthenium, cerium, and iron. Although methods are available for 
 
assessing the effects of photosynthesis by the primary producers upon the uptake of trace 
elements, the subsequent transfer of organic matter and the associated trace elements through 
ascending trophic levels cannot be easily measured. Hedgepeth (1957) notes that "the most difficult 
problem in modern ecology is that of determining an accounting efficiency" - in the transfer of 
energy and matter through food webs or chains. Although the measurements of such transfers 
through a given series of marine trophic levels will not necessarily provide applicable data for other 
marine food webs, it will provide the basis for planning securements and analyses of transfer in 
other ecological systems. In measurements of organic and inorganic matter in food webs, one of 
the problems to be solved is that of determining which units of reference should be used for 
defining the amounts of trace elements in the samples. In the present work, the weights of trace 
elements have been reported on the basis of wet, dry, and ash weights of organic matter - they are 
now also reported on the basis of organic nitrogen and carbon content. For correlations of the 
amounts of trace elements with the transfer of potential energy (i.e., storage matter) through the 



food webs, the amounts of the elements should be related also to the calorific content of the 
organisms. Plans have been made to take ---Page Break--- In addition, the different bases of 
comparison we work for the following applications, needed in the pre (1) Wet weight = Comparison 
of trace element content per gram of living marine organism with the amount of the same element 
per gram of tissue (2) Dry weight - comparison of "trace element to food value" significance 
between trophic levels: “comparison of food values and ecological significance of the dominant 
species (4) Carbon and nitrogen content - comparison of protein content and food (energy) values 
of the species involved: comparisons of trace element to protein ratios between trophic levels (5) 
Calorie content - comparison of trace element contents with 
 
‘amounts of potential energy in success five trophic levels. The correlation of trace elements with 
wet, dry and ash weights and TUE the carbon, nitrogen and caloric contents of the successive 
trophic levels must also be related to other characteristics of the system and populations involved. 
These measurements have been started and continue, ---Page Break--- 12 REFERENCES 1. 
Defane, A. 1961. Physical Oceanography, Vol. I, Pergamon Press, New York, 729 p. 2. Bachman, 
R. W. and P. Odum, 1960. Uptake of 2a and primary productivity in marine benthic algae. 
Limnology and Oceanography. 549. 355. 3. Hedgpeth, J. W. 1957. Concepts of marine ecology in 
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Survey, Wash. D.C, 1296 pp. ---Page Break--- 13 SCIENTIFIC PERSONNEL of time devoted to 
project Principal Investigator: Frank G. Lowman, Ph.D Chief Scientist I, 100 PRNC. Professor of 
Biology, University of Puerto Rico Senior Investigator Robert A. Stevenson, Ph.D, Associate 
Scientist I, 100 PRC. Senior Investigator: Donald K. Phelps, Ph.D, Associate Scientist I. 100 and 
Investigator: Borique Avila Laguna, M.S, Research Associate, 100 and Technical Associate: Ross 
Julia Santiago, M.S. 100 such Associate: Ragl McClain, M.S. 100 Laboratory Technician: Edgar 
Ramos Seda 100 " “ Vilna R. de Vega 100 . Traida 0. de Padovan 100 " ” Lydia Quinones Rivera 
100 “ . Sara Lugo Ufret 100 ” " Rafael J. Garcia 100 " " Russell W. Davis 100 " Donald S. Erdman 
25 OTHER PERSONNEL Technical Assistant: Maria Socorro Cruz 100 Boat Captain: Santos 
Lopez Acosta 100 Boat Engineer: Edwin Zapata Silvestry 100 ---Page Break--- Crewman: 
Secretary: Watchman: Edwin Jusino Laboy Noemi Del Toro José Almenia 14 1% of time devoted to 
project 100 100 100 ---Page Break--- Marine Biology Program Puerto Rico Nuclear Center College 
Station, Mayaguez, Puerto Rico PROGRAM ACCOMPLISHMENTS AND WORK IN PROGRESS 
DURING FY-1965 Introduction: The research program in marine biology was started at the Puerto 
Rico Nuclear Center in January, 
 
1962. It was, and is, sponsored by the Environmental Sciences Branch, Division of Biology and 
Medicine, U.S. Atomic Energy Commission. The work in progress in the Marine Biology Program is 
being conducted with a total of 11 scientific workers including several senior investigators. The boat 
crew and secretarial staff include a total of six people. Although the program is comprised of five 
major projects focusing on areas of research, it functions as an integrated unit with no well-defined 
divisions of staff, equipment, or budget. Research in all of the projects is being carried out, although 
greater emphasis has been placed upon some phases than on others. Work is done on nearly all 
parts of the program, including trace element analyses from a variety of samples collected in 
selected geographic regions and sediments in which they live. Other studies on the accumulation of 
specific trace elements by closely related species are in progress, as well as studies on the 
influences of geographic variation on the uptake and retention of selected stable elements by given 
species. Recently, the amounts of trace elements in the organisms have been related to ash, dry 
and wet weights. In the ecological studies, and especially in the food web investigations, the 
elements should also be related to carbon and nitrogen content. This would allow for a comparison 



of "trace element to protein ratios" in trophic levels and to caloric content for comparison of "trace 
elements content to potential energy" between trophic levels. Carbon, hydrogen, and nitrogen 
analyses have been in progress during the past year, and the trace element contents are being 
related to the levels of these primary elements. Investigations on the accumulation of radioisotopes 
from worldwide fallout by marine organisms are being related to the observations on stable trace 
elements. The same species collected in different areas exhibit geographical effects in contained 
radioisotopes, while species differences are found in samples taken in a given geographical area. 
The 
 
Fallout contents of local marine organisms have been compared with those of samples from Peru 
and the open Atlantic Ocean. Investigations on marine sediments collected off the Aflasco River 
have been continued. A preliminary report was presented last year concerning the trace element 
analyses of the first series of sediment cores. This phase of the work has been completed and a 
summary of the distribution of the elements in the cores is given in the present report. In addition to 
the elemental analyses, the sediment samples are being subjected to analysis of grain size by the 
dry sieving technique and the pipette method. Investigations on the biogenous and terrigenous 
components of the sediments are in progress and the physical studies on the sediments have been 
expanded to include x-ray diffraction analyses. The diffraction diagrams are analyzed by a 
machine-sorting program. A limited program of x-ray fluorescence analysis on sediment samples 
has been initiated. The fluorescence peaks are analyzed by a computer technique. A method for 
the determination of stable scandium in rocks, minerals, soils, clays, sands, sediments, plankton, 
algae, invertebrates, vertebrates, and river and sea water was reported last year. The method has 
been in use for more than a year and a total of 260 samples have been analyzed. The method is 
reliable and reproducible and the analyses are being continued. Due to lack of adequate control 
over air contamination in the present laboratories, analyses for elements in sea water, other than 
scandium, cannot be done. The problem will be alleviated this summer with the completion of the 
new laboratory for sea water analysis. Rapid methods have been developed during the past year, 
however, by the use of radioactive spikes, for the determination of lithium, zinc, and bismuth in sea 
water. In addition, a method utilizing neutron activation has been developed for biological samples 
in which sodium, phosphorus, calcium, rubidium, antimony, cadmium, cesium, iron, manganese, 
 
copper, zinc, strontium, and gold may be determined in two aliquots of an ashed sample. A total of 
0.4 g of ash is required, and dried material may be used if desired. The elements which are now 
being determined by the atomic absorption and flame spectrophotometric method include calcium, 
strontium, magnesium, thallium, cesium, potassium, rubidium, lithium, manganese, iron, cobalt, 
zinc, nickel, chromium, antimony, vanadium, cadmium, lead, bismuth, rhodium, molybdenum, 
tungsten, platinum, and gold. The results from the atomic absorption method are being checked 
against those from neutron activation analysis. The productivity measurements have been 
continued and will be reported at a later time when sufficient analyses have been completed to 
demonstrate geographical and seasonal patterns of production. Uptake experiments with 
radioactive tracers were continued during the past year. Measurements of the accumulation and 
loss of zinc (labeled with Zn^65) were made with young and old specimens of the algae Penicillus 
capitatus and Udotea flabellum. In addition, experiments were done to determine the turnover rates 
of several species of algae for Ta^137. Because of the lack of adequate laboratory space, the 
uptake experiments were done in the laboratory used for processing samples for stable element 
analysis. The seawater reservoirs containing the radioisotopes were aerated with compressed air. 
The air stream carried trace amounts of the radioisotopes into the room. The experiments were 
stopped when the contamination problem was discovered. This summer (1965), the marine 



laboratory of PRNC will be completed at the Bonus site. The laboratory is equipped with a saltwater 
system, and the uptake experiments will be started anew this year. The amounts of data which may 
be collected by using the several methods of instrumental analysis have increased to a degree that 
manual methods of tabulation and analysis are no longer feasible. During the past year, an IBM 
method of data storage and retrieval has been adapted to 
 
the marine biology program. This method, as well as the individual research projects, are described 
in the following sections of this report. ---Page Break--- 18 BENTHIC STUDIES = ANASCO BAY 
Benthic infaunal results from a survey of benthic infauna, being carried out in Anasco Bay, indicate 
that numbers of organisms decrease with distance from the river's mouth and with increasing 
depth. Relationships between sediment and faunal distributions have been well substantiated 
(Petersen 1913, Davis 1928, Thorsen 1997, Sanders 1956, 58, 60, 62). Numerical abundance of 
benthic fauna, as a measure of standing crops, places Anasco Bay (X'= 2,346) on par with the 
English Channel (X= 2,365), a little under Buzzard's Bay, Massachusetts (X= 4,430), but well under 
Loch Craggisland, Scotland (X= 14,275) (Mare 1942, Sanders 1958, Raymont 1949). Forty-six 
species of polychaetes, 42 species of pelecypods, 27 species of amphipoda, isopoda, decapoda 
combined, five different echinoderms, three holothuria, two nemertea, and two ostracoda have 
been collected. Special taxonomic interest is being paid to the polychaetes, since they represent 
the major group, and since most of them have not been described previously from Puerto Rico. The 
qualitative distribution of organisms follows relationships between feeding requirements of fauna 
and the nature of sediment, as initially described by Davis (1995). Deposit feeders dominate 
populations in fine sediments located close to the rivers, while filter feeders become more important 
in population structure as the finer portions of the sediment decrease with depth and distance from 
river inflow. Polychaetes dominate fine sediments while mollusks and crustaceans become 
increasingly more significant as the coarse sedimentary fraction increases (fig. 3). An intensive 
sampling program was initiated during October and November 1964. Samples collected during this 
period are still being processed. From these 
 
data, more precise information regarding qualitative and quantitative distributions with depth and 
distance from the river's mouth will be forthcoming. Another sampling of these stations is currently 
being conducted to monitor effects of seasonal changes. Future sampling is planned to follow the 
stability of population structure over time. Stable elements as samples are processed, fauna having 
comparatively large biomass are analyzed for trace element content immediately. Fauna having 
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M5.3 °7e ¢ to %el/ rest a 150! ase FIG.3.' Illustration of the effect of the Aflasco River on the 
composition of populations. P = polychaetes, composed mostly of deposit feeders. mollusks, 
composed mostly of suspension feeders (some deposit feeding mollusks are found in the fine 
shallow water sediments). C = crustaceans, composed primarily of suspension feeders. ---Page 
Break--- - 21 g lesser biomass are saved until enough material has been accumulated for the 
various analyses. Certain echinoderms, polychaetes, mollusks and crustaceans have been 
analyzed for K, Fe, Co, Mn and Ni by atomic absorption analysis, and for Sc by activation methods. 
(Figs. through 7). Sediments are now being prepared for analyses. The nature of the aquatic 
physical properties is being determined by standard sieving and pipetting analyses. Trace element 
content is being determined by atomic absorption as well as activation analysis and elemental 



composition is being studied with X-ray diffraction methods. To date, the stable element 
composition of the detrital fraction of some sediments has been 
 
Accomplished for K, Fe, Co, Zn, Mn, Ni by atomic absorption and Sc by activation analysis (Figs. 4 
through ?). A qualitative sample of benthic feeding fish was made in December, 1964. Qualitative 
analysis of stomach contents demonstrated that Symphurus plagiusa and Larinus breviceps, 
dominant forms, concentrated detritus and shrimp in their respective na ae hal tracts. As with the 
invertebrates, abundance of fish decreased markedly with depth. Similar hauls will be made in the 
future, to monitor and attempt to quantify this next higher trophic level. The fish are being analyzed 
for K, Fe, Co, Zn, Mn, and Ni by atomic absorption methods. Results obtained to date are listed in 
Table 1 and presented graphically in Figures 4 through ?. Symphurus plagiusa was analyzed with 
and without its gastro-intestinal tract. The stomach contents of this fish consisted primarily of 
detritus. While the content of Fe was much higher in fish with their gastrointestinal tracts intact, the 
levels of the other trace elements were not apparently affected. The level of Fe in detritus is very 
high (Fig. 4) and in this instance, the presence of detritus in the stomach apparently influences the 
elemental analyses directly (Table 1). Levels of K and Zn are generally higher in Symphurus 
plagiusa, which feeds directly on the bottom sediments, as compared to Larinus breviceps, which 
feeds primarily on shrimp. Nickel seems to be more evenly distributed between species in general 
(Fig. 6). Differences in levels of K and Zn may reflect differences in feeding habits between these 
two species of fish. Discussion Data listed in Fig. 6 suggests that while levels of Ni and Co are 
comparatively constant from the detritus on through the various animal groups, there are distinctly 
different levels of K and Fe. ---Page Break --- MICROGRAMS /GRAM ASH 10® 22 bits Potassium 
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this study to establish representative amounts of stable elects Ge they exist throughout the 
ecological system under consideration, Tate perspectives in time. Future studies will be developed 
to correlate the passage of trace elements to energy flow through this system. An economic interest 
is the discovery of a single living brachiopod, this organism apparently of the genus Lingula, was 
found at a depth of 125' from a muddy-sand substrate. Further identification is being carried out. 
REFERENCES Davis, F. M. 1925. Quantitative studies on the fauna of the sea bottom. No.2. 
Results of the investigations in the southern North Sea, 1921-24. “Gt. Brit M. A; Fo Fishery 
Investigations. Series 11, (4): 1250. Mare, M. F. 1942. A study of a marine benthic community with 
special reference to the microorganisms. J. Mar. Biol. Ass. U.K., 28: 517-584. Petersen, C. G. J. 
1915. Valuation of the sea. II, The animal communities of the sea bottom and their importance for 
marine zoogeography. Rep. Dan. Biol. Sta. 21: 110pp. Raymont, J. E. G. 1949. Further 
observations on changes in bottom fauna of a fertilized sea lock. J. Mar. Biol. Ass. J. U.K. 28(1): 
9-19. Sanders, H. L. 1956. Biology of marine bottom communities. Bull. Bingham Oceanogr. Coll., 
15: 345-413. 1958. Benthic Studies in Buzzard's Bay. I. Animal-sediment relationships. Limnol. 
Oceanogr. 3(3): 245-758. ---Page Break--- 1900 Benthic Studies in Buzzard's Bay. II, The structure 
of the soft-bottom community.” Limnol. Oceanogr: 3(5) 138-153. Goudsmit, E. L. Mills, and G. E. 
Hampson. 1962, A change in the intertidal fauna of Barnstable Harbor, Massachusetts. Limnol. 
Oceanogr. 7(1): 63-79. Thorsen, G. 1957, Bottom communities. Geol. Soc. America, Memoir 67, 1: 
461-534. ---Page Break--- 30 FALLOUT RADIOISOTOPE INVESTIGATIONS were initiated on the 
amounts and distribution of radioisotopes from worldwide fallout were continued during the past 
year. Sample collection has been hindered by difficulties in obtaining large samples of organisms 
free of 
 
Detritus and other organisms affect the relatively high radiation backgrounds which occur in these 
fields due to the gamma spectrometer detector as a result of the presence of the came reactor and 
a gamma irradiation pool in the vicinity of the counting facility. The latter problem will be solved by 
TAC {96S when the counting facility is moved to the new building which is shielded from the two 
radiation sources. In comparison with the amounts of plankton normally found in temperate marine 
areas, the tropical seas are usually relatively poor. Repeated tows of 10 or more plankton nets over 
a period of 10 to 20 hours are often required to collect a certified volume of one liter of plankton. 
Some types of zooplankton may be safely collected, however, by the use of lights. In the present 
study, it has been observed that separations of species of plankton can be made by attracting the 
plankton at night with lights of different intensity. In an area populated with some species of 
copepods and euphausid shrimps, the former organisms were attracted to a 4000-watt 
water-cooled lamp placed three to six feet below the surface of the water on one side of the boat, 
while the shrimps were, at every time, attracted to a 300-watt lamp placed immediately above the 
surface of the water on the other side of the boat. Greater settled volumes of these organisms were 
collected within a given hour period with cross-contamination of species in the two collections 
amounting to less than 18 (based on counts). Gorgonians, corals, and large fishes are easily 
collected in volumes sufficient for fallout analyses. Sponges are a substance but must be carefully 
dissected to remove the symbiotic organisms from the pores and canals. Small fishes are collected 
in sizable lots by means of monofilament nylon gill nets and total body counts without radioisotopes 
may be determined. However, attempts to dissect organs from individuals in numbers sufficient for 
gas spectrum analyses have been only partially successful, and wet weight of material. 
 
required for gamma spectrum analysis depends upon the type of organism and varies from one-half 
to eight kilograms. The samples were carefully cleaned (dissected if necessary) and were weighed 



in the wet condition. They were dried for 24 hours at 95°C, weighed, and ashed at 450°C. The ash 
was placed in two beakers which had been calibrated for volume, tamped to attain uniform volume 
and counted with a 3" x 3" NaI(Tl) detector for periods of 200 to 400 minutes. Background counts 
were made daily and the background spectra were subtracted from the sample spectra by a data 
reduction system. Corrections were made for geometry, detector efficiency, decay schemes of the 
isotopes, and physical radioactive decay after collection. ---Page Break--- For statistical spectra 
were made, aliquots of the samples were analyzed for specific radionuclide analyses. The analyses 
for gamma emitters observed an increase of stable element content in the same nanoseconds of 
degree amounts of radiocomponents are being related to the web, references! Effects influenced by 
river outflows and receiving differences, at the test. Of the two plankton samples of one liter settled 
non-age are shown in Figure 9. Both samples were later settled for one pass within a one-week 
period in June. Worked differences are shown in the content between the phytoplankton and 
zooplankton. Phytoplankton contained relatively large amounts of cesium (Cs-134) of the total 
fallout activity, whereas the zooplankton contained 2.68% of the isotopes. The amounts of cesium 
(Cs-137) and Cs-134, on a wet-weight basis, were three to four times higher in the zooplankton 
than in the phytoplankton, but the findings indicated that the contents were the same in both trophic 
levels. Thus, on a wet-weight basis, the zooplankton, which represent the second trophic level and 
higher concentrations of the transition elements, were discriminated against the uptake of cerium. 
The zooplankton were taken from separate collections. 
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Breas of study off the west coast encompass areas containing numerous current gyres and 
oscillating currents. The algae collected at the two sites were approximately the same. However, 
the amount of Mno in Padina collected off the west coast was about two-thirds of that collected off 
the east coast. The decrease in amounts of 279: NDYS, Ru RHI06, and Cells Pridd from Guanica 



was even greater. In another investigation, two similar species of algae were compared, and the 
gamma spectra showed that Semele and Ed collected approximately equal amounts of sul OS 7ot 
66, and 2195 Nb9. Of the organisms collected, only the algae accumulated material in amounts that 
could be measured by gamma spectrometry. The gamma spectra of samples of Sargassum 
collected at Punta Higuero (north coast) and at Guanica (south coast) are shown in Figure 12. As 
was shown for another species, the gamma spectra from the west coast contained larger amounts 
of certain isotopes than did those from the south coast. In the case of amounts, certain isotopes 
were detected in the Sargassum species from Guanica, but relatively large amounts were present 
in the same species collected at Punta Higuero. A group of organisms under investigation are the 
sponges. Figure 13 shows the gamma spectra of two samples of the sponge species collected at 
Punta Higuero. Except for a small difference in the isotopes, the two specimens do not show 
differences in radioisotope content. Figure 8 demonstrates significant differences in the gamma 
spectra of the sponges collected at Punta Higuero and Negro Reef. Thus, a change in the 
collection site of specimens resulted in significant differences in the amounts of isotopes detected. 
---Page Break--- “spe. wipes) o9%0nD 49 PUD (40> If0m) O1eNbY “Did 10 (Oany ouang 40 18009 
Isam) cvanbiH aw ot vl 2) ol 8 paisa) 2 0b} 40 SeiDeds eu yo pureds ues (6) 2 e0b|o 
 
Jo saiseds om jo vaireds ow (¥) 21°D14 aw 1 80 90 vo 20 0 ld 1 pa s1 np1uone wos py es é ° opt 
901 esinreo- sethgg? 9205 soit go/"# 290- 20% go SISO— | | : | | pra ---Page Break--- 2 pu pain yo 
sous 90s hyuo2yubie sx0I102 ja0y o180y un a¥duos ou, “oory ousng po w022 SFR dar BS iodo 
canis IDoueeu tale 10. patseS atvole | jo'soneds two yo°sununess” onl yo. bases outane wl pol 
patel gore, erwes: baer swam Mund J lSears amie dof tite eon TE to puis TIGR ODOR, po 
coowtwtn ons i Solos Batuey CH SY bed z J owoan Wows =veivdsaAS i aa 3 09°? A I= ‘yg veO-~: 
bord pp? $690—rx——— 0u309IK via Wows viuvas3an YiONodSOIaHds ---Page Break--- 38 Ayo 
UL (Und B10 pytd ypi99 sodoiosIO;pOL au, ei20409 PUD go Wigo\M JO. ‘SyunoUD 10 BB (B02 
samy hog o2scuy ul pa aT T 40 ei zt ‘wuawtste oni 40 A3N o1 “80 90 vo 499% OMEN coy 
vewPEds SUL UL SHUNOUID 12H, UNAegg{RA UE ou18ds yous ‘is202 wines z0 una (2) Ooy 
Muang 40 J90e2 Isom out Ho H1Odo so, tl gPofoe 22 oisibsng 07 wos ajduos 4s a sad a1 ycUty 
34s vO. puo fog o2soUY wo4y sajlul Est Y>IKiR osanbi0d! oO} 9 > abuods 40 sa}rads ayo jo 
suauioeds om Jo o1i2eds OUWWOD(Y) H'SId aan gi v1 21 ot 80.90 vo zo 0 lee s0r%eoi S160: 7 
ore PSO op™ 91 — got go iM 1084 WHE HEI: ---Page Break--- 39 The g9ppa_spgetra shoyy in 
Figure 14 A indicate much lower amounts cf nutO"ahTOE sna tine! in sanples conlectes on The" 
sloth come Puerto Rico in comparison with those from the west cease” Sesto Gifferences for 
specimens of the sane species are shown in saabige collected 13 mites apart on the west coast 
(Figei4 Bye” thus he degree of change in uptake pattern for fallout radiorsotores arrears tolbe 
related to the degree of environmental change ane fo hese oy lated to distance: Marine fishes 
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radioisotope content since they fern a third trophic level of the series: prinary producers 
(phytoplankton), grazers (zooplankton) 
 
and carnivores (fish). Figure 15(A) shows the gamma spectra of the gastrointestinal tract and 
spleen of a large female blue marlin collected at Virgin Gorda Island east of Puerto Rico. Almost 
100% of the fallout radioactivity in the spleen was contributed by Zn^65. In contrast to the gamma 
spectrum from the spleen, the GI tract shows, in addition to 0.795, a large photopeak of Cs^137 
and a detectable amount of Co^60. The presence of significant amounts of cesium in the organs 
and tissues of this species is different from the pattern of distribution found in most other marine 
organisms. During a sampling period of 13 years at the Pacific Proving Ground, Cs^137/Ba^137 



was not observed in any marine organism in amounts that could be detected in a total gamma 
spectrum although several thousands of samples were taken in the lagoons and the surrounding 
seas. Figure 15(B) shows the gamma spectra of gonads and liver from the fish described above. In 
the gonad, the main radioisotope is Zn^65 although small amounts of Mn^54 are evident. In 
distinction to the other three organs, the liver contains Cs^137 and Co^60 in addition to the larger 
amounts of Zn^65 and Mn^54. The pattern shown in the four gamma spectra is similar to those 
taken from tissues and organs of most of the pelagic fishes collected in the offshore areas of Puerto 
Rico. The ratio Cs^137/Cs^136 in the marine samples collected near Puerto Rico in the summer of 
1964 had a value of approximately five. The same ratio in samples collected at the same time at 
the Pacific Proving Ground were: Eniwetok, 0.059; Bikini, 0.060. Thus the ratio Cs^137/Cs^136 in 
the Caribbean area is approximately 100 times that in the Pacific. Cs^137 has a physical half-life of 
267 days and Co^60, 5.27 years. The radiocobalt in the Pacific area is primarily derived from older 
weapons debris from the U.S. tests at Bikini and Eniwetok. On the basis of measurements of fallout 
in rainfall made by the Marine Biology Program and the observed Cs^137/Co^60 ratio reported 
above, the principal source of 
 
radiocobalt in the Caribbean was supplied by the last Russian test series. ---Page Break--- 
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Klement, a) Reinhold Publ. Corp and Am. Inst. Biol. Sci. Chapman Hall, Lea, London pp, 145-149, 
---Page Break--- Radioisotopes and Stable Elements in Plankton, Fish Meal and Guano from Peru 
The Peruvian coastal waters constitute one of the most productive areas of the entire world ocean. 
Three lines of evidence support this statement: Plankton is abundant in the said area throughout 
the whole year, fish meal is being manufactured at an annual rate of over 1.5 x 10^6 metric tons 
and about 1.8 x 10^6 metric tons of guano are produced by large colonies of marine fish-eating 
birds whose numbers average approximately 12 x 10^6 actively fishing individuals. These facts 
form the basis for undertaking the determination of the level of radioactivity and the concentration of 
some stable elements in the plankton, fish meal and guano from Peru. Of particular interest to the 



Marine Biology Program of the PRNC is the comparison of the conditions obtained in the marine 
waters of Puerto Rico, whose fertilization mechanism is primarily dependent on land run-off, with 
those of the Peru Current, whose fertilization depends mainly on upwelling. Fallout was 
investigated by means of a NaI(Tl) channel gamma spectrometer, and the stable elements were 
determined either by the atomic absorption method or by a gas chromatographic method for 
carbon, hydrogen and nitrogen analysis. Results are summarized in Tables II, III, IV and V and Fig. 
17. Table II presents the results of atomic absorption and gas chromatographic analyses run on 
anchoveta fish meal samples from three different localities of the Peruvian coast, namely Chimbote, 
Callao and Ilo. The elements analyzed were Fe, Co, Ni, Cr, Pb, Mn, Zn, C, H and N. Table III 
summarizes the results of similar analyses carried out on two assorted Peruvian plankton samples, 
one from Chimbote and the other from Callao. Table IV is again a tabular presentation of the 
analyses conducted on a guano sample collected in Chincha Norte Island, Peru from the nesting 
ground of a large 
 
colony of Peruvian cormorants (Phalacrocorax bougainvillii), by far the most abundant species of 
the guano ornithofauna (Avila, 1955). The plankton samples were supplied by Dr. S. R. de 
Mendiola, IREMAR, La Punta, Peru. The fish meal samples were provided by Dr. T. Sparre, Inst. 
Invest. Recursos Marinos, La Punta, Peru. The guano sample was sent by Mr. J. M. Cabrera, Corp. 
NI. Fertilizantes, Lima, Peru. ---Page Break--- 44 1000 1000 72000 min 308078 8040 180189170 
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\knoypue : : lueranzeg wy tang a a ay TT ou ovttea saoqurys Wr aia ---Page Break--- a TABLE 111 
: Chimbote " Material "Wet OY aR we Assorted : : " mixture : ‘ ” of Peru : ' * sr : : * plankton : : " 
Amount : : ou : : sample, : : srens boar 8 ase 1 65.2 45.0 ve Fe/e {4288957 "7ossts68 131968352 + 
4653%515 ug Co/g ! 1 23.9%2.3 139,344 130,383.51 43.725 oe Ni/e 1 38.2t6.7 ts7.7ti 130.88.1 § 
44.7206 ve Cr/a (3.440.6 ' 38.6%6 165.3810 ta.ato.s t39.stie 1 57.7420 ve Pb/g 113.121.3 § 
147.4219 +242¢31,7 "7,120.6 1116.127.2" 168t10 vg Mn/g * 1 20.782.8 134.4%4.6 t.2t.a ri9.ttis + 
27eztead ve Zn/g '24.8%10.8" 278.8¢121 1457198 r10at4.7 © 180,.72214 sone BAZ bn ae Boome 
as Lt a Bre ---Page Break--- a7 TABLE IV pee Chincha Norte Island Material ey ep teria) ee ay a 
Guano of Peruvian Cormorant (Phalacrocorax bougainvillii) Co/g | 0,640.0 + 4,940.0 + 15.5%0.0 ug 
Ni/g 1 a.7tor 1 s.atoee } 1782.6 ve Cr/g ' 0.78 2 18.5% : 17.38 2 ug Pb/g Vet) 7s 1 46.3t8.5 ug Mn/g 
[ 2sto.2 6 20.388 1 64.t5.6 vetn/e | 14.90.86 + t19.686.6 | 576,7820.8 ‘ K : - aa - ‘ N : foe - ‘ © : : ~ - 
ft 20.5 ---Page Break--- -2- 48 Tabled 15,4 Summary of the radioactivity found in the fish meal 
Samples. Part A gives the 
 
radioactivity of K40, Zn, and MnS at 3 disintegrations per minute per gram of Sample. "Part 8 
presents the specific activities of Zn and Mn compared to the corresponding permissible specific 
activities, as given in Table I-8 of Disposal of Low-Level Radioactive Waste into the Pacific Coastal 
Waters (ISAACS et al., N.I. Acad. Sc., N.I. Res. Counc. Pub. 985, Washington, D.C., 1962). Table 
III indicates that both Fe and Zn are the most abundant trace elements among those analyzed. This 
result is in keeping with the knowledge on the metabolic characteristics of diatoms (the most 
important aliquot in the plankton sample which was analyzed), since these organisms actively take 
up these elements from the environment. Marine plant organisms are capable of utilizing ferric 
hydroxide as colloidal micelles or even larger aggregates which are first adsorbed onto the surface 
of the organisms and later incorporated, to varying degrees, in the protoplasm of the unicellular 
algae (GOLDBERG, 1963; HARVEY, 1955). Zinc is a well-known constituent of several enzymatic 



systems and has been shown to catalyze the utilization of some sugars intracellularly (SEYMOUR, 
1963; RICE, 1963; DAY, 1963; CALDECOTT, 1960). Cobalt was present in low amounts in the 
plankton although its biological significance may be out of proportion to the minute amounts in 
which it is present in the organisms. It is known, for instance, that glycyglycinase is activated by 
cobalt, and it is contained in the vitamin B12 (DAY, 1963). It was surprising to find a relatively high 
concentration of Ni, about 0 µg per gram of wet plankton, since this element is not known to be of 
any biological importance. The amounts of lead were unexpectedly high. It is not known to have 
any biological role and its relationship to the plankton organisms should be investigated. Tables II 
and IV may be generally interpreted in terms of what has been said for Table III. “Both fish meal 
and guano are one or two rungs higher, respectively, in the same trophodynamic. 
 
Ladders of sea made an CTHS loan at shot Dahamena 12, aamerzctred ron an gngraulid locally 
known as "anchoveta" (Engraulis ringens), whose GEEE"TS made up, to great extents ce AenBee 
SP FRADE, whose ceag and Dinophiceae. “Guano is the waste product of three marine bird 
species that feed almost exclusively on the anchovies. Table V demonstrates that the Peruvian fish 
meal is essentially free of radioactive nuclides, except for the very low concentration. *Specific 
activity defined as disintegrations per minute per gram of the element concerned. ---Page Break--- 
49 TABLE V Radioactivity in the Peruvian anchovy (Engraulis ringens) A. 
Disintegrations/minute/gram (ny Sample '_d/n/g, x49" aym/g, 265 d/m/g, MnS4 from Ash Bry Wee 
SO By RG py re Chimbote '51.6' 7.44 '1.38 '0.52 '0.07 '0.01 '0.69 '0.10 '0.02 Callao 162.8, 9.8 
11.63 '0.86 10.13 10.02 '0.52 10.08 '0.01 To 163-7) 10.5 11.87 '0.84 10.14 '0.02 '0.15 '0.03 '0.005 
B. Specific radioactivity in fresh Peruvian anchovy) Specific Activity’ Waxman ‘Safety factor: | 9f 
radionuclide ' permissible ‘for fresh: 1 Gue/g of activity 'Peruvian Sample | Radio- ' stable element) ' 
(uC/g of fron __' nuclide! + stable element) ' Chimbote: Zn5 + 5 x10^4 5 268 52000 Callao * nS 9.5 
x10^-4 1 26 31000 To! 2nS + 6.8 x10^-4 + 26 39000 Chimbote’ MnS41 8.3 x10^-3 * toe 1200 
Callao + MnS4 + 6.09 x10^-3 1 10 1600 Mo + win84 + 2.03 x10^-3 "40 4900 * According to Table 
I-B of Disposal of Low-Level Radioactive Waste into Pacific Coastal Waters, National Academy of 
Sciences, National Research Council Publication 985, Washington, D.C., 1962. ---Page Break--- of 
K40, Zn65 and Mn54. This result was to be expected for two main reasons: a) It is well established 
that present world-wide fallout is largely restricted to the northern hemisphere and, therefore, 
considering the circulation pattern of the Pacific Ocean, it is natural that the contamination of the 
Peruvian waters is only of a minor character, and b) The upwelling, so prevalent a phenomenon 
seen along the Peruvian coast, brings to the surface waters. 
 
from deeper levels that are essentially uncontaminated by worldwide fallouts: the results of this 
investigation were compared briefly, in the preceding section, with the findings for fallout 
radioactivity in the organisms from Puerto Rico. RINCES AVILA, E. Second Report to the Marine 
Biology Program of the PRNC entitled On the Biological Aspects of the Peru Currents MS, Lima, 
Peru, 1963, CALDECOTT, R.S. and L.A. Snyder, Editors, A Symposium on Radioisotopes in the 
Biosphere. Univ. of Minnesota, Minn., 1960. DAY, F.H. The Chemical Elements in Nature. Reinhold 
Publishing Corporation, New York, 1963. EISENBUD, M. Environmental Radioactivity, McGraw Hill 
Book Company, Inc., New York, 1963. GOLDBERG, E. Mineralogy and Chemistry of Marine 
Sedimentation, in Submarine Geology, 2nd ed. by F.P. Shepard. Harper and Row, New York, 1963, 
HARVEY, H.W. The Chemistry and Fertility of Sea Waters, Cambridge at the University Press, 
London, 1955. RICE, T.R. Review of Zinc in Ecology. In Radioecology, ed. V. Schultz and A.W. 
Klement, Jr., Reinhold Publishing Corp. and The American Institute of Biological Sciences, 1963. 
SEYMOUR, A.H. Radioactivity of Marine Organisms from Guam, Palau and the Gulf of Siam, 
1958-1959. In Radioecology, ed. V. Schultz and A.W. Klement, Jr., Reinhold Publishing Corp. and 



The American Institute of Biological Sciences, 1963 ---Page Break--- 51 ANALYSES OF RIVER 
WATER Analyses of river waters were begun in 1964 in an effort to determine the contribution of 
elements by rivers in western Puerto Rico to the surrounding seawater. Three main rivers in 
western Puerto Rico drain watersheds that have a somewhat different mineral composition. The 
Aflasco River drains a watershed that is predominately igneous in origin, whereas the Culebrinas 
River drains a watershed that contains a large amount of limestone as well as igneous materials. In 
addition to areas that contain igneous materials, the Guanajibo River drains deposits that are rich in 
serpentine. All of these rivers enter the sea along 18 miles. 
 
length of coastline. Consequently, there exists an opportunity to compare the distribution, 
abundance, elemental make-up, and amounts of fallout materials in marine organisms that live 
close to these river outflows as well as those that might be affected by materials from more than 
one river. Since the major part of the program is concerned with the influence of the Aflasco River, 
investigations began with an analysis of water from that river. In August 1963, one liter of surface 
water was collected approximately 300 feet inland from the mouth of the river. The sample was 
filtered through a 0.54 Millipore filter and the filtrate was evaporated to a few ml and then diluted to 
10 ml with 0.2N HCl. A white precipitate was filtered out and washed with 15 ml of 0.2N HCl. This 
filtrate was added to the original filtrate to give a final volume of 25 ml. The filtrate was analyzed by 
atomic absorption spectrophotometry for the content of Ni, Cr, Mn, and Fe. An aliquot of the filtrate 
was mixed with an equal amount of 0.2N HCl which contained 4000 ppm of lanthanum as the 
chloride and was analyzed above for Mg, Sr, and Ca. The results of stable element analyses on the 
soluble fraction of the water were as follows: ---Page Break--- 52 Element —µg/Liter, Mg 9,500 Sr 
330 Ca 25,000 Ni 18 Cr 4.3, Mn 3.5 Total dissolved Fe 20. solids/liter Se 0.63 0.32 gms. Of the 
elements analyzed, Ca and Mg were present in the highest amounts. Iron, Cr, Ni, Mn, and Sc were 
present in amounts of 20 µg/liter or less. A comparison of the amounts of the elements in the 
Aflasco River water with those found in some major U.S. rivers (Clarke 1924) showed that the 
amounts of most elements were approximately the same. However, there was about one order of 
magnitude less Fe and Mn in the Aflasco River than in other U.S. rivers. In February 1965, samples 
of water were collected from the Aflasco, Culebrinas, and Guanajibo Rivers. Collections were made 
by lowering a Van Dorn bottle into the rivers and taking the water immediately beneath the 
 
Surface. The two aliquots from each river were analyzed as above except that 6N acetic acid was 
used in the washing process. The water was not processed until the day after collection, and it was 
noted that floccular material, probably of bacterial origin, had formed in the samples from the 
Anasco and Guanajibo Rivers. Water from the two rivers was collected a short distance 
downstream from sugar mills that dump waste products into them. Water from these two rivers had 
a strong odor of bagasse, which probably provided a substrate for a high rate of bacterial activity. 
Although it is not known to what extent such activity may have altered the amounts of dissolved 
elements, studies have been started to evaluate the effects of organic material on the physical 
states of the trace elements in the river water.  
 
---Page Break--- 
 
53 The following table shows the analyses that have been performed to date:  
Element — Anasco Guanajibo  
Mi 0.009 0.017  
Mn 0.018 0.007  
Co 0.002 0.003  



 
The quantities observed here are much smaller than those previously observed for the Anasco 
River. The recent samples were collected during the dry period of low river flow, and the near 
drought conditions that prevailed during the winter may have resulted in the greatly reduced 
amount of dissolved elements. Another factor that would help to account for the low values is the 
fact that the samples were taken several miles upstream from the previous Anasco samples where 
the amount of dissolved material is greatly reduced (Lowman, in Press). Additional samples are 
being taken to determine seasonal fluctuations in the amounts of elements in the three rivers. The 
data to date suggest qualitative differences in the trace element composition of the three rivers. An 
expanded and intensified sampling program will be carried out over time to define seasonal 
variations within and between these rivers. Automatic stations to monitor height, flow rate, oxygen 
content, and pH levels of the three rivers should be installed in order to provide a quantitative basis. 
 
for interpreting the observed trace element contents in relation to total contribution into the marine 
environment. ---Page Break--- TEMPERATURE AND CURRENT STUDIES AT PUNTA HIGUERO 
Studies of marine organisms and their environment at the Bonus sage TETE, begun in 1963 and 
are continuing. "These studies are intended to provide background information for the evaluation of 
possible changes induced by the future operation of the Raves tuoar power plant. Because of the 
release of large amounts of high temperature hot water from the plant, the environmental 
parameters temperature and currents are considered to be of primary importance and consequently 
are receiving particular attention. Abundance and distribution of the more common flora and fauna 
are being made to assess temporal and spatial fluctuations. Levels of stable elements in organisms 
are being determined in order to provide the factor determining specific activities in the event that 
significant contaminants enter the environment. Temperature temperatures were measured by 
holding the thermometer about one foot beneath the surface of the water and by observing it 
thoroughly. Observations were made at a distance of about 50 meters from shore. With two 
exceptions, readings were made at least once each month; when more than one reading was taken 
within any month, each value is reported separately. Temperature graphs show the fluctuations in 
temperature observed during this period of time; the average temperature was 28.3°C and the 
range extended from 26.5 to 29.6. Total seasonal fluctuations are similar and are of the slight 
magnitude characteristic of tropical areas. The dominant feature shown in the figure is the relatively 
wide variation within periods of one month. These variations are most likely due to a combination of 
diurnal changes in air temperature, local geography, and geographic and hydrographic features. 
During the day, when the flushing is relatively poor. During the night when the sand cools, the 
waters become... 
 
correspondingly, during periods of slight wave activity, warm water extends farther off into the 
"pocket" formed by the curve of the beach, but stronger waves tend to flush the area and bring sea 
water temperatures closer to shore. Currents and the bath of coolant water which leaves the plant 
have been traced, as reported last year. At that time, water was observed to flow southward along 
the beach and to turn westward at Punta Higuero, and then to form a gyre which rotated in a 
clockwise direction.  
 
Since then, another dye experiment and studies of temperature structure have further clarified the 
path of water after it leaves the outlet from the plant. On November 19, 1963, 3/4 pound of 
rhodamine-8 dye dissolved in acetone was poured into the outlet while the water was being 
expelled at the normal capacity of 30,000 gallons/minute. The path of the currents observed and 
notes were later integrated with photographs taken throughout the 48-minute period during which 



the dye was visible. As in the previous experiment, the dye flowed south along the beach and then 
turned westward where it eventually entered the gyre as it turned to the north. A small amount of 
dye flowed towards Punta Higuero, but then turned northward again to join the seaward sweep of 
the remaining dye. One small body of dye moved a considerable distance northward soon after 
passing the point. This patch of dye remained above a sandbar discovered in aerial photographs 
and probably explains the origin of the sandbar. When the dye was first introduced into the water, 
the currents appeared to take on the shape of a fan. After about two minutes, the body started to 
move southward toward Punta Augustin. The other flowed southward about 80 meters from shore 
and traced the main course of water flow from the outlet. The two streams of water remained 
distinct but followed the same course after they left the outlet. 
 
point. The forward edge of the dye moved southward along the beach at a measured speed of one 
knot. On October 13, 1964, a series of temperature measurements were made while the plant was 
operating at a total power output of 20 megawatts (Fig. 19). Four temperature readings were taken 
at distances of approximately 3, 8, 20, and 40 meters from the beach at four locations of 25 meter 
intervals southward along the beach. Two additional temperatures were taken farther south along 
the beach, one was taken in the coolant water, and another farther off the beach in the unheated 
sea water. Dilution effects can be seen when the observed temperatures are compared with the 
temperature of the coolant water (35.8°C) and with the unheated sea water (29.3°C) (Fig. 19). The 
temperature of the water dropped rather uniformly as seen in the first 3 transects southward along 
the beach, although it dropped more slowly farther offshore in the second transect (33.1°C). In the 
fourth transect, the temperature declined until it approached that of sea water (29.8°C). Although 
strong wave action prevented further observations offshore, the strength and direction of the 
current at the most seaward stations indicate that a warm current containing the flow from the outlet 
passed offshore to the south. The reading of 29.5°C cited above ---Page Break--- ---Page Break--- 
58 represents the area between the two streams of warm water. Therefore, the situation was much 
the same as seen in the dye experiment one year earlier and suggests that this type of current 
pattern may frequently prevail. Observations are being made to determine whether zonation of 
marine organisms is occurring that conforms to the current patterns. ABUNDANCE AND 
DISTRIBUTION OF MARINE ORGANISMS AT PUNTA HIGUERO ABUNDANCE AND 
DISTRIBUTION OF MARINE ORGANISMS AT PUNTA HIGUERO Because of the difficulties 
encountered in working in an area of rapid currents and strong wave action, only a few of the more 
abundant species were selected for study. Their abundance and dis- 
 
tribution are determined periodically insofar as is possible, in five different locations. One location is 
upcurrent from the outlet and was intended to be a control area. The other four locations extend 
downcurrent to Punta Higuero. Collections were made at distances 5 to 15 meters from shore. 
During a survey of the locations, a grid of 1/16 square meter area was randomly thrown on the 
bottom and all of the algae in the quadrate were collected and placed in a plastic bag. This 
procedure was followed eight times at each location. In the laboratory, the species, Dictyota 
dentata, D. cervicornis, Cladophora sp., Padina sp., and Sargassum sp., were separated for each 
quadrate, and an average wet weight/square meter was calculated. A similar procedure was 
followed with the sea urchin Echinometra lucunter, which was the most abundant of the large 
invertebrates in the area. The urchins were collected and were not removed. Figures 20, 21, 22 
show the distribution and abundance of the algal species over a one-year period. The two species 
of Dictyota were small and less abundant than the other species and therefore were grouped 
together. They were most abundant in areas close to the outlet, but a limited number were present 
throughout the area (Fig. 20). Species of Padina were the most abundant and widespread of the 



algae studied (Fig. 21). They were the most abundant species upcurrent from the outlet, and large 
numbers extended about halfway to Punta Higuero. Cladophora sp. had the narrowest range of any 
alga. It was abundant only at the location indicated in Figure 21. Species of Sargassum tended to 
be less abundant in the area closer to the outlet and were most abundant at Punta Higuero where 
they covered rocks in a dense mat (Fig. 22). During the winter of 1964-65, sand completely covered 
the bottom, as well as the algae, in the survey area above the outlet. Much of the algae within 
about 30 meters of the outlet was also covered, but less complete inundation was observed with 
increasing. 
 
Distance southward along the beach. The sand was so deep that water leaving the outlet at low 
tide was contained in a channel that had been cut in the sand. The data do not show cyclic 
fluctuations in the abundance of algae over the one-year period reported. This may be due to 
sampling problems or it may reflect the changes that have occurred in the environment due to the 
construction of a jetty. Another inundation by sand that occurred early in 1964 influenced the 
numbers of sea urchins in the vicinity. At that time, the study area upstream from the outlet 
received most of the sand. A decrease in numbers of Echinonetra lucunter at that location in April is 
probably due to the effects of the sand (Fig. 23). Because urchins move around when the holes and 
crevices in which they live become filled with sand, large numbers were swept onto the beach by 
waves. Advantage was taken of the situation to gain some information as to the size distribution of 
the population. The lengths of 189 urchin tests were measured, and Figure 24 shows their size 
frequency distribution when the measurements were grouped into 2 mm intervals. A large, distinct 
mode appeared between 20 and 30 mm, and two smaller modes at 34 and 38 mm. The modes 
represent the bulk of the population, and when correlated with the weights of urchins, they afford a 
basis for the calculation of biomass and hence the amounts of stable elements/sq meter. Levels of 
Stable Elements in Epibenthic Organisms Analyses of the stable element content of epibenthic 
marine organisms are continuing in accordance with procedures outlined in the Section on Stable 
Element Analyses. One of the considerations that determine the number of analyses performed on 
a particular species is the variability of levels of elements within that species. Figure 25 shows the 
slight amount of variability of Fe, Mn, and Zn in four intact individuals of the gorgonian Eunicea 
mamillosa collected at Punta Higuero, Puerto Rico. 
 
Iron varied the most, but in comparison with other species reported here, all three elements showed 
little variability. Greater variability was encountered in the tissues of six individuals of the sponge, 
Ircinia strobilina, collected at Negro Reef in western Puerto Rico (Fig. 26). Except for one value, the 
level of Ni was only slightly more variable than that in Eunicea. However, there was more than a 
3-fold difference between the lowest and highest values for Mn. Data are not yet available for Fe. 
As more organisms were analyzed, it became apparent that levels of elements within a particular 
species might vary with location. The mean values and standard deviations in Figure 27 show that 
levels of Fe in the skeletons of 15 Tripneustes esculentus collected at Punta Higuero, Puerto Rico 
(west coast), were significantly higher than the amount of Fe in as many individuals of the same 
species collected at La Parguera, Puerto Rico (south coast). Differences of the same magnitude 
were noted when the work was repeated one year later. In general, various species of echinoderm 
skeletons show variability.  
 
---Page Break---  
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mommose Fig 25. variability of Fe, Ni, and Mn in four individuals of Gunises mammese from Punta 
Higuero, Puerto Rico.  
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WEIGHT asa ORY too Ni 66 oo | 80 Fig from 26. Variability of Ni and Mn in Ircinia strobilina at La 
Parguera, Puerto Rico.  
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68 A comparison was made between the food of Tripneustes esculentus at Punta Higuero (Padina 
gymnospora) and the food of the same species at La Parguera (Thalassia testudinum). Figure 28 
shows that there were higher levels of Fe in the urchin's food at Punta Higuero than there were at 
La Parguera. A relationship, therefore, exists between higher levels of Fe in the urchin's skeletons 
and in comparison between the stable element. 
 
content of species of Facus from Scotland (Black and Ilitche!1 1952) and Padina showed that the 
clatoer contained one order of magnitude less Fe and Ni, but one order ay. Figure 29 shows a 
comparison between elements in a single batch of the same species of plants collected at La 
Pargueras Punta Hosiero Rosen Bre Rect (west coast). Iron was high in Thalassia from Notre Reet, 
but was low in the same species from the other t¥e locations: Beet GaMas little difference in levels 
of Ni between the locations but Mn was slightly higher on the south coast. The figure size shows a 
comparison between single batches of Padina gymnospora collected on the south and west coasts. 
In this case, a greater amount of each element was found in the plants from the south coast. The 
batch from the south coast was growing on an iron bridge piling and further work is underway to 
clarify the possibility that the proximity to the iron resulted in the higher levels observed in the 
plants. The level of Sr, the only element analyzed to date (data not reported) in the starfish 
Oreaster reticulatus, was almost twice as high compared to the specimen from the west coast that 
was compared to a specimen from the south coast. In the organisms reported, it is evident that 
some trace elements can be expected to be found in higher levels in individuals of the same 
species from different locations. Differences within the same species of organism have also been 
found in two locations along the west coast. Figure 40 shows both similarities and differences 
between the same species of organisms from different locations, each of which is influenced by a 
river drainage from a different watershed. The figure shows a comparison between the tissue 
values in the tissues of four individuals of an unidentified key foxtail sponge, the skeletons of three 
gastropods (Strombus gursinia), and the skeletons of two individuals in each of two genera 
(Leandrina noandrites): Levels of Sr were almost identical in Mean- Spina and Eusmilia at the two 
different locations. Although 
 
teeeie of,St were loner in Strombus, individuals fron beth locations eee fained similar amounts. "No 
Sr was detected in She sponge either site. The Mg content of Stronbus was noticeably higherein 
the ieee 1ipydattuenced by the ‘Culebrings iver, whereas gone tendency tovard 4 hagher Mg 
content occurred in both Meandrina and Eusmite sy he locality influenced by the Anasco River. 



Levels of Stand Me it the gastropod Strombus were of the same order of magnitude sects othe in 
three different species of gastropods from the west coast of ake U.S.A. (Krinsley 1860). ---Page 
Break--- 69 S000 Pi" Bodo qymnosser, Ante iowro | 4000 + TPs Tholtsic tatusinae, Le Perguere 
3000 F 4 2000 F 4 tooo fF = b 4 z r é a PHT PH TP Phot Fig. 20 Meon valves and stondord eviction 
ct Fe, Ni, ond Mn in two species of marine plants ---Page Break--- 70 Poding gymnospora 
testudinum assia tt ttre = (Focus persis on < — evant ung ¢ omy ee vans iung tiny on £ ter yur es 
ovo menos 81 pe csantey tun nna | awtey on zs J cven61 owung jem eden a oe ® 8 2* $8 $8 ¢ sg 
g ge too plonts species of marine Ni, ond Mn in the some Voriiity of Fe, trom different localities 
Figure 29 ---Page Break--- 7 (oot x AMDIaR dua 40 MIMD W3d_Sm¥MOOHOM wan onsen 48 
caaKammsnt WAM swmiueyWD AB azDNan raw 09 FoF of 02 ot O02 Ok oe oso aaa aS s s ane 
aaa otvsds— pomnsen arew23139 Jo} arevi9a3C LON as ---Page Break--- ---Page Break--- 73 The 
evels of Fe, Ni, and Mn in two species of gorgonians varied with distance from the mouth of the 
hiasco River,” Results of analyses of intact single individuals of both species appear in Figure 31. 
The individuals of both species from Punta Cadena, approximately three and one-half miles fron 
the river mouth fad higher levels of all three elements than corresponding individuals from Punta 
Higuero, eight miles from the river mousht The foregoing observations point out the variability that 
may Occur within individuals of a single species that are separated by short distances. 
Observations of local variability will aid efforts to determine 
 
paleoclimatic conditions (Pilkey and Goodell, 1963), studies in biogeochemistry (Chave 1962, 
Lowenstam 1954, Odum 1957), and studies involving indicator organisms (Osterberg et al., 1964). 
The stable element content of organisms from five locations along the West Coast and one location 
on the South Coast are now being studied. Work is continuing to more adequately quantify the 
differences that have begun to appear, and new species that are found in different locations are 
being analyzed. The food items of selected organisms are also being analyzed to determine 
whether relationships exist between levels of stable elements in an organism and in its food, and to 
determine the positions the organisms occupy in trophic levels. An increasing number of both micro 
and macro elements are also being analyzed.  
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Yale Univ.: 647 pp. ---Page Break--- CARBON, HYDROGEN, NITROGEN ANALYSES Introduction: 
In order to relate energy flow through an ecological system to the distribution of trace elements 
through that system, it is necessary to know the stable element content, the "food value" and the 
caloric content of the individuals and groups of organisms that compose the system. A survey of 
the stable element content of various marine organisms is well underway. The study of "food value" 
has recently been initiated in the Marine Biology Program. "Food values" are being determined on 
the basis of the carbon, hydrogen, nitrogen content of representative forms from various "trophic 
levels." The percent composition of C, H, and N is analyzed directly from a single sample using the 
F. & N, Scientific Corporation's Carbon Hydrogen Nitrogen Analyzer Model 180. A usual dried 
sample (from 0.2 to 0.3 mg) is introduced into a combustion chamber. Combustion products are 
cooled and collected in an expansion chamber. When combustion is complete, the products are 
introduced into a gas chromatograph. Levels of CO2, H2O, and N2 are sensed by appropriate 
detectors and permanently recorded on a strip chart recorder. The height of the peak for each 
element is directly proportional to its occurrence in the sample. The entire analysis takes less than 
ten minutes. Using Acetanilide as a standard, ten replicates were run to determine the 
reproducibility of the method. The results are contained in Table 8. The values for the 95% 
confidence level varied by 0.6%, 0.1%, and 0.09% for H, C, and N respectively. Conventional 
(Pregi or Dumas) methods showed 0.34%, 0.6%, 0.4% variation in H, C, and N respectively. The 
least favorable comparison between the two methods is between H values. There is 0.261 greater 
variation using the Model 180. However, the greater precision with C and N values and the ease of 
operation and time-saving aspects of the Model 180 make it the more desirable of the two choices. 
In order to relate stable 
 
Element content and relative quantities of C, H, and N directly to the energy contained in animals 
comprising different levels in the food chain. Calorimetry of representative forms will be carried out. 
These direct energy measurements by calorimetry will be started after July 1. Result: Results of C, 
N analyses are listed in Tables 6 and 7. In general, it will be noted that aside from mollusk shells, 
the detrital fraction of the sediments has the lowest values of N. This most likely results from 
di-nitrification through bacterial activity. Echinoderms have the lowest values of C, H, and N. The 
soft parts of ---Page Break --- Type of Collection site um 8 ue ne Deeritue anasco Bay 2.89 1.390 
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51569172, a 5.25 9.24165, 63010156 46.23 656 82 a3 58 6.404313 4695403913 ” 0.00 0.00 11.3 
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(Body leg arse) " 2.30 2.30 20.7 " " 70 1180 16.4 " ” 270 lao 8.7 Table 6. Percent of dry weight of 
organisms and tissues contributed by hydrogen, nitrogen, and carbon. ---Page Break --- Type of 
Sample Collection site ki tm ze Phytoplankton Peru Lb 35 m " 223 77 * i as. ” 2a 8.2 2195 ian ” 
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38.9 Giant clan Visceral Mass 6.29 42.3 “ 53 ans " 5185 45.5 Giant Clam Kidney (Heavy Fraction) " 
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5.60 4a Teva Crater = 068 0:70 10.7 " 20.80 10.7 ” * . O82 20 a0. Table 7. Percent of dry weight 



contributed by hydrogen, nitrogen and carbon in samples from Peru and the Marshall Islands, 
---Page Break--- 78 Standard: Acetantiide HYDROGEN ANALYSES: Sample # Weight of sample in 
age. Hydrogen in sample L 0.8212 6.79 2 0.7098 6.77 3 0.6104 6.78 4 0.5082 6.78 5 0.4348 6.78 6 
0.13986 6.80 ? 0.13432 6.78 8 0.2718 6.80 9 0.01952 6.81 10 0.1010 6.73 Average ~ % Hydrogen 
= “6.872 (95 % confidence level) + 0.0440 CARBON ANALYSES: Sample # Weight of sample in 
age carbon in sample 1 70.99 2 70.91 3 71.00 4 70.99 5 70.99 6 7 8 9 10 0.1010 Average - % 
Carbon = (95% Confidence level) + Sample ¢ Weight of sample in age ‘Nitrogen in sample 1 
0.8212 10.36 2 0.7098 10.34 3 0.6104 10.35 4 0.5082 10.35 5 0.4348 10.34 6 0.3986 10.36 7 
0.3432 10.37 8 0.2718 10.37 9 0.01952 10.34 10 0.1010 10.39 Average ~ % Nitrogen = “10.357 
(95% confidence level) + 0.09818, Table Test for accuracy of the gas chromatographic method for 
determining carbon, hydrogen, and nitrogen on samples of biological origin. ---Page Break--- at © 
mollusks from Afiasco Bay, Puerto Rico, as well as from the Marshall Islands, while having levels of 
C that compare favorably with other organisms, have relatively low levels of N (3.7% to 8.1%). 
Polychaetes, Sipunculids, Crustacea, and fish have slightly larger amounts of N, in that order of 
occurrence, generally ranging from 8.34 to 14.44. The highest levels of N (14.3% to 18.9%) were 
found in Peruvian guano. Low levels of H, N and C were found in phytoplankton samples from 
Peru. The greatest bulk of these samples appeared to be diatom frustules. This could account for 
the low percentages which were determined on the basis of total weight. Discussion: A point of 
interest becomes apparent in Fig. 3; while there is little 
 
correlation between weight, H and C content of organisms, there is a direct relationship between 
increase in weight, and the N content. The comparative ease with which the H, N and C analyses 
may be carried out allows an intensive study of variation within individuals of the same species, and 
between individuals of different taxa. The importance of such information is emphasized by the 
relationship between size (weight) of individual animals and their N content demonstrated in these 
preliminary results. Through such intensive studies of groups composed of many individuals, will 
come representative "food value" estimates upon which sound evaluations of the role that energy 
flow through an ecological system plays in the distribution of stable elements throughout that 
system. ---Page Break--- Siubiom Aup 104 aus 0 ---Page Break--- 81 SEDIMENT 
INVESTIGATIONS A preliminary report was made last year on trace element distributions in marine 
waters and sediments collected in Afasco Bay. Since then the elemental analyses have been 
completed and the distribution patterns of the elements in the sediments are given in the present 
report. The sediment samples were collected in two ways: by an orange peel grab and a piston 
coring tube. The grab had a capacity of one hundred cubic inches and was used only for collection 
of sediments in water with depths less than 300 meters. The piston coring tube of the Ewing design 
was used to collect the sediment cores in a tubular plastic sleeve with inside dimensions of 3.9 cm 
by 91.5 cm. The cores were removed from the sleeves at the laboratory and divided into three inch 
(7.62 cm) increments and each section was placed in a polypropylene bottle. The sections were 
weighed and dried to constant weight at 95°C (subsequent samples have been divided into two 
fractions - one is frozen and the other dried at room temperature). Aliquots for analysis were taken 
from the centers of the samples to reduce the possibility of contamination from the sampling device. 
A chart of the sampling 
 
Area and a diagram of a cross-section through the area are shown in Figure 33. Sediment samples 
one through six were taken in water less than 100 meters in depth on the sloping island shelf. 
Samples 7-14 were collected in waters 190 to 370 meters deep on the slope beyond the edge of 
the shelf. In this area, the slope was approximately twice that of the shelf. During the past year, 
additional sediment samples have been taken in the deeper waters. Further sampling will be 



continued from the site of sample 1K to Desecheo Island and to Sponge Bank (Fig. 1). In addition, 
a limited coring program is being started off the Culebrinas and Guanajibo Rivers. Figure 34 shows 
the distribution patterns of manganese, zinc, chromium, and nickel in the sediment cores. The 
abundance of elements is shown with core depth in the diagrams to depths of 36 inches. Of the 
four elements, the amounts of chromium, nickel, and zinc were not related to distance offshore and 
they did not exhibit stratification with depth within the cores except in core 11. In this core, the 
amounts of the three elements were greater in the top 15 inches than in the lower part of the core. 
Manganese exhibited a similar pattern of distribution in the same core. However, unlike the other 
three elements, amounts of manganese decreased with increased distance from shore. The 
average amount of manganese in the two inshore stations was about 500 micrograms per gram of 
sediment. At the station farthest from shore, the average amount of the same element was about 
30% of that of the inshore stations. The distribution patterns of manganese, zinc, chromium, and 
nickel in core number 11, as well as the patterns for iron and magnesium, suggest that the top 15 
inches of core 11 were deposited from a sediment slide from the nearby island shelf. If this is 
correct, the sediment scavenged manganese, nickel, chromium, zinc, magnesium, and iron from 
seawater as it moved from the shelf to the site. 
 
of core 11. Additional sediment samples will be taken in the area in an attempt to explain the 
anomalous pattern in the core. Figure 35 shows the distributions of iron and scandium in the same 
sediment cores. The patterns of distribution of iron and scandium were similar to that of manganese 
in that they decrease with increased distance offshore. The amounts of iron dropped from an 
average of 40 mg per gram of sediment at a distance of one mile offshore to a value of about 12 ng 
per gram at five miles offshore. The scandium levels dropped from an average value of 20 mg per 
gram at one mile to approximately 8 ng per gram at five miles. Thus the reduction in the amount of 
scandium in the sediments with increased distance offshore was not as great as that of iron or 
manganese. In addition, the distribution pattern of scandium was distinguished from that of iron and 
manganese in that scandium showed no marked decrease with depth in core number 11. If the 
altered distribution patterns were due to the effects of a submarine slide, the amounts of scandium 
in sediment number 11 would not be expected to be influenced by the S116 since the amounts of 
scandium in the seawater of the area are low. Most of the scandium from the Aflasco River is 
precipitated within the first hour after it mixes with seawater and would probably be deposited near 
shore on the island shelf. ---Page Break--- 85 00-19 s 2 sl e10ys wo1y e0u04sI of pe oor oven 40° 
48009 js0m ey) 440 UeYD) fiotsenus e10m —wnypu0ss pus vox) Jo synowe eu wwmpuoos pu 
vo4i yo a st of ot Sot 02.8 oO 8201 0, 09 op oF oF OF 9. te we ee of a i oda3 a Pe f 0 02.0 a \o2-9! 
Ge oe ite P| labs vz 4 8 23] 3 0 ---Page Break--- 86 ‘The distribution pattern of magnesium is shown 
in figure 36. Except for core number 11, the distribution pattern of magnesium was the same for all 
cores and was not influenced by depth in the core or distance offshore. Figure 37 shows the 
distribution patterns for calcium and strontium in the sediments. The average amounts of calcium 
and strontium, in 
 
In contrast to the patterns of iron, manganese, and scandium, these increased with increased 
distance offshore. The amounts of strontium and calcium in the cores were covariant. The 
covariance was especially marked in cores 8, 11, 12, 13, and 14. Neither the rates at which the 
sediments are deposited are known, nor have the sources of the calcium and strontium been 
determined. As a result, the mechanisms responsible for the variability in the amounts of the two 
elements with depth in the cores cannot be defined. However, the variability is much greater than 
that exhibited by the other elements and may be a direct result of biological activity. Work is now in 
progress to subdivide duplicate sediment samples, taken in connection with the benthic ecological 



studies, into biogenous and terrigenous components. The two components will be analyzed 
separately for strontium and calcium distribution as well as for the trace elements. In addition, work 
is being done on the sediment samples with X-ray diffraction to determine into which compounds 
the strontium and calcium are incorporated. Figure 36 shows the interrelationships of the elements 
in the sediments. Iron and manganese (Fig. 38 A) were linearly covariant. The atom ratio, 
manganese to iron, is 1.0 x 10" in the sediments whereas in the water of the Aflasco River the ratio 
was 17.5 x 10". Thus, the sediments were enriched with iron in respect to manganese. In figure 38 
B, the relationships of nickel and zinc to chromium are shown. Both nickel and zinc are related 
linearly to chromium. These data are supported by the observation that the zinc chromite diffraction 
peaks occurred in the X-ray diffraction diagrams. Scandium was not linearly related to any of the 
other elements analyzed in the samples. However, the amounts of scandium were directly related 
to the logarithms of the amounts of iron and manganese in the sediments (fig. 36c, D). ---Page 
Break--- 87 0214 148g Jo $002 188 ous 0 vero} $2109 juowpes uy wie;i0d uoUnauisiE eyL gf “O14 
00081 J stat ---Page Break--- 
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iil aereeven 1, gy eat, FIG. 38 Relationships of elements in marine sediments off the Affosco River. 
Iron and manganese (A) exhibit a linear relationship in levels of abundance and are known to 
coprecipitate in seawater. The amounts of nickel and zinc (S) are linearly related to the amounts of 
chromium. The levels of scandium exhibit linear relationships with the logarithms of the amounts of 
iron (C) and manganese (D) in the sediments ---Page Break--- 90 As mentioned before, strontium 
and calcium exhibited similar patterns of distribution with core depth (Fig. 37). Thus variations in the 
amounts of calcium in the cores were directly related to variations in the amounts of strontium in the 
same parts of the samples, and the atom ratios strontium/calcium exhibited a direct and positive 
relationship to the distance of the sample from the outflow of the Affosco River (Fig. 41 A). The ratio 
varied from an average value of about 2.7 x 10^-3 at one and a half miles offshore to a value of 
approximately 5.5 x 10^-3 at five miles. Thus, the amount of strontium with respect to calcium 
increased with increased distance from the shore. The atom ratio strontium/calcium also exhibited a 
direct and positive relationship to the amounts of calcium in the samples (Fig. 41 B). Figure 40 
presents a summary of relationships of element abundance in the sediments with distance offshore. 
Although the elements show well-defined patterns of distribution, the analyses herein reported are 
not sufficient to explain the mechanisms responsible for the elemental distributions, or to 
demonstrate that the Affosco River is the major source of these sediments. Observations made 
during the past year suggest that a large eddy starting at Punta Higuero often rotates in a 
counterclockwise direction between the island of Desecheo and Sponge Bank and re-enters the 
coastal 
 
circulation pattern near Punta Cadena thence to Punta Higuero. The outflow from the Culebrinas 
River empties to the north of Punta Higuero and usually follows southward along the shore and 
joins the area of Punta Higuero. It may be that the contributions of calcium and strontium are mainly 
from this river since it drains an area which is predominantly limestone. Thus it would explain the 
increased amounts of strontium and calcium offshore from the Aflasco River. Investigations on the 
currents of this area have been started and will be continued. ---Page Break--- 91 oe L of? 9 ' i. 
from ms stn on ° ° oot su pt i ' % c= "000 milligrams of calcium FIG. 39 Relationship of strontium 
and calcium in marine sediments off the outflow of the Aflasco River ---Page Break--- 92 & crcage_ 
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345 6 re rc Distance tom’ ae Datos fom “she FIG. 40 Amounts of trace elements per gram of 
sediment related to distance offshore from the outflow of the Aflasco River ---Page Break--- ---Page 
Break--- 94 METHODS OF ANALYSIS Scandium: The scandium method, developed by members 
of the marine biology program in late 1963, has been used to analyze accounts of the element in 
260 specimens of a wide variety of sample types. The method has been successfully used with 
river water, rocks, minerals, soils, sands, marine sediments, terrestrial plants, plankton, marine 
invertebrates, and marine vertebrates. The method was described in detail last year and, in 
summary, consists of: (1) irradiating the sample for four hours in a neutron flux of 2.5 x 10 
nfeat/sec, (2) dissolving the sample in weak acid (after alkali fusion, if necessary), (3) passing 
through a Dowex-50 column on which the scandium is retained while neutron-induced isotopes 
pass through, (4) eluting the scandium and other cations with 26 HNO3; (5) coprecipitating the 
scandium with zirconium phytate, (6) rinsing the 
 
other cations from the precipitate with 0.2N HCl and 4X HNO3 and (7) measuring the SeOS by 
gamma spectrometry. The large number of samples which have been successfully analyzed by the 
method have confirmed the hopes that the method would be practical and applicable to the work in 
marine biology. The reproducibility of the method has been tested with duplicate runs on several 
types of samples, with differences of less than 5%. The precipitation step does coprecipitate 
neutron-activated Fe and 0125 ££ the two radioisotopes are present. However, the antimony is 
removed in the ion exchange step and the interference from the Fe2+ activity may be easily 
corrected in the counting procedure. This is illustrated in fig. 42 where the gamma spectrum of the 
sample was essentially identical with that of the comparator standard after the Fe60 component 
was subtracted. Scandium in Sea Water: The scandium method has been adapted to the analysis 
of the element in sea water. In this analysis the scandium is coprecipitated with scandium-free 
sodium carbonate. Five precipitations with milligram amounts of carbonate quantitatively remove 
the scandium from one liter of sea water. The precipitate is then analyzed by the regular scandium 
analysis. Figure 43 shows the gamma spectra from a neutron activation analysis of scandium in 
sea water. The separation was contaminated with a trace of Br and a large amount of Fe, however, 
the Se was easily determined by analysis of the 2.01 sum peak of the scandium isotope. The 
values for scandium in sea water samples analyzed thus far range from 0.020 in the open Atlantic 
Ocean to 0.083 off the west coast of Puerto Rico. Non-destructive activation analysis: During 
November, 1964 a rabbit system was installed in one of the chemistry laboratories of the marine 
biology program. Preliminary work has been started on a non-destructive neutron activation 
analysis program. Whether or not an element may be analyzed by the method depends upon its 
abundance in the samples, the % of the total. 
 
isotopic abundance of the stable precursor, the neutron cross-section of the precursor, the half-life 
(1e specific activity) ---Page Break --- 95 08 asc %, g 1 A veal cm —— SEPARATION ON 0.1 
GRAM (OF ORGANIC DETRITUS = FE°cOMPONENT SUBTRACTED * SCANDIUM STANDARD 
Os 16, 1s 20 FIG.42 Gamma spectrum of a phytate precipitate of scandium~ 46 precipitated from 
0.4 gram of organic detritus. The detritus was separated from sediment collected in Atasco Bay. 
The sample was irradiated four hours in a neutron flux of 2% 10% n/emé/second. A small amount 
of activated Fe?® was coprecipitated with the scandium phytate. Also shown is the spectrum of the 
precipitate after the iron component was subtracted as well as that of a 8.4y9 standard, ---Page 
Break --- 96 z % - se sum peak = RY ten ois nce. Ea SSS rept L ° a ‘scandium BOS Bg sum peak 
Za “wo z § 10 spectrum tm & 7q "scandium ‘ separation on 8 - UII Us Mi TE boekgrouna: Os 10 
wey 1S 20 FIG.43 Gamma spectrum from 9 neutron activation analysis for stable Scandium in 500 
ml of sea water previously filtered through a filter of 5 micron pore size before the scandium was 



separated. Also shown is the gamma spectrum from a comparator standard (0.15 micrograms of 
activated scandium). The water contained 0.0203 + 0.0016 micrograms of scandium per liter. 
---Page Break --- 97 of the activation product and the type of radiation emitted by the activation 
product. Of the elements selected for study, manganese, rubidium, rhodium, silver, indium, 
europium and dysprosium emit gamma rays in cascade. Coincidence gamma spectrometry may 
therefore be used to count the radiation from these activated products, thus reducing the 
interference from other gamma emitters. Other elements which produce activation products which 
may be analyzed by gamma spectrometry include calcium, cobalt and iodine. Figure 44 shows the 
gamma spectra from 4 non-destructive activation analysis of sandstone from Atasco Valley. The 
sandstone sample (0.1 g) was put into a polyethylene vial and placed with another vial, containing 
 
« com Parator standard of 5 µg of Mn, into a polyethylene rabbit. The sample and standard were 
irradiated with neutrons for 30 seconds, allowed to cool 30 minutes, transferred to new vials and 
counted at 30, 60 and 85 minutes after irradiation. In this sample, the amount of manganese was 
easily determined from the spectrum. Calcium could have been determined simultaneously had a 
calcium comparator standard been included with the manganese standard. Bismuth: A method for 
rapid analysis of bismuth in many types of samples has been developed as a result of work done 
this year in an area of research not directly concerned with the marine biology program. During 
August 1964, two members of the marine biology program of PRNC, Radi McLin and Frank G. 
Lowman, participated in a resurvey of the Pacific Proving Ground at Enewetak and Bikini Atolls in 
the Marshall Islands. The survey was under the direction of the Laboratory of Radiation Biology, 
University of Washington, Seattle, Washington. Among the samples collected were sediments from 
the large craters formed in the reefs by the firing of thermonuclear weapons during the weapons 
test program. Gamma spectrometric analyses of the crater samples showed Co-60 to be the 
dominant radiocontaminant and Bi-210 to be second in disintegration rate (Fig. 454). The only 
reference to the occurrence of Bi-207 known to the writer is that of Lowman and Palumbo (1962). 
Two 20 gram samples of crater sediment were dissolved in aqua regia and dried. One sample was 
dissolved in 0.26 HCl and the bismuth separated from a Dowex-50 column (Lowman and Palumbo, 
1962). A gamma spectrum from the leading fraction of the elution peak is shown in figure 45 (A). 
The other sample was subjected to the following treatment: (1) The sample was counted in the 
gamma spectrometer, then redissolved in 100 µl of triple distilled water. (2) The solution was 
poured into a separatory funnel and 100 µl of 0.1 M Tri-n-octylphosphine oxide (TOPO) in 
cyclohexane were added to the funnel. (3) The separatory funnel was shaken for 15» 
 
minutes on a mechanical shaker. (4) The phases were separated and two more extractions with 
100 µl of 0.1 TOPO. (5) The fractions were counted and a 99.3% yield was achieved. ---Page 
Break--- 98 108 1} neutron-activated manganese (heitite 26 ne) 4 4 10° 4 = TR og & i 2 30 3 om 
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half-life calculated from the above curves was 9.0 minutes. 0304 0808 1012 14 1618 20 3.0 eV 
FIG. 44 Gamma spectrum from 0.19 of red sandstone made 30, 60 and 85 minutes after irradiation 
for 30 seconds in a neutron flux of 2.5210^n/cm²/second. Also shown is the spectrum of a 
comparator standard of 5.09 of manganese which was activated with the sample. ---Page Break--- 
99 1 unoys 4a our puo eon vt ol so 90 vo 20100 ize! howwavaas Noi vax OINGH WO oe! z 2 % 
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Break--- 109 (6) The bismuth was back extracted into 7M HCl for a final overall yield of 99%. (7) 
The bismuth is measured by atomic absorption methods. The method has been adapted to 
analyses for bismuth in biological, sediment, and mineral samples. The yield is determined with 
carrier-free Bi207 and the limit of detection (+ 10% at the 95% confidence level) is 1 µg Bi/g of 



sample, using one gram samples. Lithium: An adaptation of a published method for the analysis of 
Lithium in seawater has been tested and is in use. The procedure is as follows: (1) An ion 
exchange column (1.55 x 40 cm) was prepared from 50-100 mesh Dowex-50 x 8. The column was 
treated with 100 µl of 6M HCl followed by 200 µl of triple distilled water. (2) Twenty µl of seawater 
were added to the column. (3) The column was eluted at a flow rate of 0.5 ml/minute with 25 ml of 
distilled water and 500 ml of 0.2N Cl. The eluates were discarded. (4) Five hundred µl of 0.5N HCl 
was added to the column and the first 135 µl of solution collected (this fraction contained the 
Lithium) (Fig. 46). (5) The solution containing the Lithium was dried in a 
 
quartz or platinum crucible and the Lithium redissolved in one ml of 0.28 Rel. (6) The Lithium 
content was measured by atomic absorption and flame spectrophotometry. The Lithium in 20 nl of 
sea water may be measured with an accuracy of ± 5% (95% confidence level). Complete 
separation of Lithium from sodium was achieved. Zinc: A method for measuring zinc in sea water 
has been developed for analyzing large numbers of samples collected off the outflow of the Afasco 
River. The method is amenable to simultaneous analyses on several samples, by one technician. In 
brief, the method consists of precipitating the zinc from the sea water with a ferric hydroxide 
scavenge, rinsing the sodium chloride out of the precipitate, separating the zinc from the iron on a 
Dowex-1 ion exchange column and measuring the zinc by atomic absorption spectrophotometry. 
The principal source of error in the technique is caused by reagent contamination with zinc. Triple 
distilled water is used and the last stage of distillation is done with a polyethylene condenser. The 
iron chloride reagent is freed from zinc by an ion-exchange-chloride complexing method (Kraus and 
Moore, 1953). HCl and ammonia vapor are used rather than the liquid reagents except in the 
ion-exchange procedure. The procedure is as follows: a zinc tracer (containing less than 0.001 µg 
of stable zinc) was counted in the gamma spectrometer, then added to 500 ml of sea water in a 
polyethylene beaker. The water was acidified to a pH of 2 with HCl vapor and iron chloride (5 mg 
Fe) was added. One-half of the water was added to another polyethylene beaker for a magnetic 
mixer and the solution stirred while ammonia was bubbled into the liquid until a pH of 9 was 
achieved and the iron was precipitated. The ferric hydroxide precipitate was centrifuged and the 
supernatant decanted. The precipitate was redissolved by the 
 
addition of HCl vapor and steps 3 and 4 repeated on the remaining one-half of the sea water. The 
supernates from steps 4 and 5 were again acidified to a pH of 2 with HCl vapor. Added to one of 
the acidified and steps 3, 4 and 5 were repeated. Iron hydroxide (5 mg Fe) was superna The 
precipitates were combined and dissolved in 2 ml of redistilled 6N HCl (a quarter condenser was 
used). The iron solution was placed on a Dowex-1 (100-200 mesh) ion exchange column (8.2 cm x 
260 cm) which had been previously treated with zinc-free water and 6N HCl. The column was 
rinsed with 10 ml of 6N HCl, 20 ml of 0.6% HCl. The column was eluted with 20 ml of zinc-free 
water which was collected in one ml aliquots. Each aliquot of water was counted for Zn-65 and the 
stable zinc was determined by atomic absorption spectrophotometry. The counts from Zn-65 were 
plotted against micrograms of stable zinc in each aliquot (Fig. 47). Any point which fell to the right 
of the line shown in the figure was considered to have been contaminated by environmental stable 
zinc. The total counts of Zn-65 added to the sea water were equated to the corresponding amounts 
of stable zinc detected by the atomic absorption method (Fig. 47). ---Page Break--- 103 of 00.1 
0.2030405 10 15 20 µg Zn Figure 47. A comparison of the activity of a Zn-65 tracer and the stable 
zinc separated from one liter of sea water collected off the west coast of Puerto Rico. The high 
specific-activity Zn-65 (0.001 µg of stable Zn in the tracer) was added to the sea water and the 
stable zinc plus tracer separated by a combination precipitation ion exchange method. The values 
shown are those of one ml fractions which were collected from the Dowex-1 ion exchange column. 



---Page Break--- 104 References Lowman, F.C, and R. F. Palumbo. 1962. Occurrence of Bismuth - 
207 at Enewetak Atoll. Nature 193:796-797. Kraus, K. A. and G. B. Moore. 1953. Ion exchange 
studies. VI. The divalent transition elements manganese to zinc in hydrochloric acid. Anal. Chem, 
75:1460-1462. ---Page Break--- 105 DATA STORAGE AND 
 
RETRIEVAL system for storage and rapid retrieval of data has been collected to handle the volume 
of information generated by the Marine Biology Program. Information is punched as IBM cards in 
two forms: coded descriptors indicating items such as sex, location, date of collection, sample type, 
species, etc., and raw data such as temperature, salinity, weight of sample, amount of stable 
elements present in ash, wet weight, and dry weight, etc. Space is reserved on each card for a 
specific piece of information (Fig. 44). Each card has the basic descriptive information pertinent to a 
sample plus either ecological or laboratory fragment data for a given series of elements analyzed 
from that sample. By making use of the IBM Sorter and Accounting Machine, this system provides 
an opportunity to make quick comparisons in addition to a rapid print-out of all data. Gross 
correlations between elements of trace sediments contained in organisms in relation to gradients of 
temperature, sediments, or salinity may be quickly assessed, along with differences in stable 
element content between geographic locations or between organs within the same animals. It also 
analyzes stable element content between or within species or physiological states. In this sense, it 
has a built-in first step toward data reduction, providing a means for entering data directly about 
whatever program may be desired. The selection, handling, and method of recording data will 
greatly facilitate the handling and analyses of information collected for the Marine Biology Program. 
---Page Break--- 
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Retrieval 0: ---Page Break--- io” X-RAY DIFFRACTION STUDIES Marine and terrestrial sediment 
samples are analyzed for their G}astic properties and stable element compositions as described 
previously. X-ray diffraction diagrams are used to determine in which compounds the elements 
occur. The sediment and marine samples are transformed into a fine powder and a diffraction 
pattern run for each one. The tubes usually employed as targets for the X-rays are Mo and Cu. The 
voltage used for the first one is 45 KV and the current 17 MA; for the second one, 45 KV and 35 MA 
is used. The diffraction pattern is run from 2 equals 2° until 2 equals 80; running it at a chart speed 
of 1°/minute. The 2θ angles and intensities are then read from the pattern for each peak that 
appears. With the 2θ readings, the interplanar spacings or "d" values are determined from tables 
prepared previously according to the Bragg equation n = 2d sin θ where n is considered to be 1, λ 
is the Ka radiation characteristic of the target used, and θ is one-half of the total angle of deviation 
of the incident X-ray beam. The "d" values are punched into IBM cards. A computer program is 
then employed which searches out and defines all of the possible compounds (on the basis of 
ASTM listings). 
 



for powdered compounds) which are characterized by the observed "D" values. If two peaks of the 
compound appear and the given intensities correspond to the observed ones in the graph, a 
tentative identification is made, since the third peak may be hidden by the background, especially if 
it is of low intensity. If the three peaks occur and the intensities correspond to the observed ones, a 
positive identification is made (Fig. 49). The present program utilizes only the observed "D" values. 
The intensities for each peak must be checked manually. The program is being rewritten so that 
both the observed "D" values and intensities will be checked by the computer. Then, computer 
printout will include only those peaks and intensities occurring in the prescribed ratios for known 
compounds. The spectra of elements are obtained by using X-ray fluorescence instead of X-ray 
diffraction, and elements are identified in the tables for fluorescence using the 2θ angles readings 
and intensities only. Several elements have been identified and others corroborated using this 
method. The more than 50 compounds identified to date, both positively and tentatively, appear in 
Table IX. The utilization of these techniques should provide basic information as to the compounds 
through which stable elements are either locked into the physical environment or made available for 
the diverse biological pathways. ---Page Break--- 108 program Sample Programmed "D" values 
Programmed ASTM record reference no. cate, 1.97 3.21 2479 1CO CHO 040 9-b4 CuS-Cu,S 
copper ores LBP ASSL ELS AGS cho bao acbe J J satis Gig ose Wet iE 3cH9 tea ee Ono &-C861 | 
eeu,8. ae caper Osta? 1197 1lee 2.79 LCO C90 ORO 40861 F guide, Digerite ota Hor les 313 te co 
ono Scouet ptt Nhe 328 TL tee Yeo too 2656 orien TBS AIR) IG te dhe ose Sono a 38) SME TN 
Yeo eke 80 aoe ony Bh RSE ATG BEG Yoo oko 3cFats cies RSENS NG LEE G50. ban T0235 
parasanes eee MES th BES SS EE Eso Ono tons) [eee cuPeAsoopH 0321-2 2.87 216 2ze7 243 
CO C9090 ~e~o9tT FEED 0327-32163 ele 
 
2287 2243 LCO C90 0906-0317 0326-2 2-83 0330-1 2-55, 0330-2 5.85 0332-13212 0333-t 3211 
0333-2 2.32 0334-3 1.84 0335-1 2225 Gser1 lie Fae ata _2te3 tco C90 090 est} S85 160 620 000 
Te apo BE 188 Sooo os te vetennpyemosrepy 7 too Gao 960 Lo-asa fase * Oneronte 1ee ee 
os5--tosear 0336-13213 0337-3 3.26 s3et-t ito too O88 Score eatr Teo too oso covet PMMA plana 
Gates 2034 teo~too~ aee-3-07er. om omer 3013 [eo eso eso 7-404 3113 reo cao 070 10-474 4 
3113 1Co C90 070 10-474, ICugS Big SyEmpiectie? RAY te 190 979.2051 lea 16s 39 208 #aeze~ 
7 {Tes (x=070, siver lea tee Coe 208 49820 SeRRae, 21ET WO C90 OHO 10-436 ‘Piha empeete 
1172 ico C70 60 2-coe), 2i49 100 cur ust 1-216 Ywgsiog Eee sass 31> cuss Weer Dade rune 2055. 
Cywam3 2087 349-3 1672 350-2 2287 caso-3 2045 c35i-2 2.4C 353-3 2168 354-1 2246 356-2 
$121 O3yr-1 2037 casr-2 172 cast-3 1245. 24g ico ca? O51 7-716 1le4 160 C70 065 9-436 2ieg 
160 C26 024 B-467 3217 ico ceo 0802-1066 2259 1co C75 075 10-440 Tlag Leo C80 ONO 6-035 
70398 [TEA TRENTON FA, 1143 Ico C30 ORO 6-035 TC 30H fF Eschwegeite 1149 Ico C80 GAD 
6-0357C 398 FIG 49 A. sample poge of print-out trom a computer program written to serch out ond 
‘dantity compounds in s-Foy diffraction analyses on rocks, minerals, soils ond marine sediments 
---Page Break--- 10 9 CcoMPOUNDS TH ARASCO SEDIMENTS 1) (&,Wa)AL3(0HDE(S04)2 
Alunite 2) T4305 Theantum Oxide 3) ou Fe 32 Copper tron Sulfide 8) Gu 5 copper Sut fide 5) 2 Pb 
5. 4983 Dufrenoyeite 6) NazCa(G03)2.5H0 Sodium Galeton carbonate Hydrate 7) Co Sep Cobait 
Selenide; Hastite 8) (Ca, Co,¥a,K)2(N,Fe)206(0 08,7) Kapoite (fyrochtore) 9) Mn Fep(P04)2 (Oit)g. 
2820 Baste Yh, Fe (III) Phosphate llydrate 0) 103.810) Kyantte 1) Me Sp Molybdenum DL Sulfide 
2) 0,851.5 Ca0.5t02.Nex 120 Plosbierite (Gel) 3) POO. 2Fe203 Pluaboferrite (ead Icon Oxide) 4) 
S102 Silicon (1¥) oxtse (atoha Ouarte) 5) Saponite 6) Sassolite; 13803 (Forte Actd) 2) ¢ Diamond 
8) tng TO, Manganese Titanat Hausnanaice 9) cag(P0,)9F Calctom Fluoride Phosphate 0) Au = 
Gold 1) Sodium Calcium Aluntnun Stiteate 
 
Hydrate 2) tie § Mercury (II) Sulfide (hexagonal) 3) 7 imyzn, Ca) 0.3 510.8 Toucophonite 4) Cayna, 



Ped2Taz. (0.08, F)7 Microtite 5) Fe38y Saythite 6) 1g20 Cl Terlinguate 7) 0, 8) Samarskite 9) 
Sauconite 3(zn, Ms, Pe, 41)0.4 (54, 4190) .2820 10) Fe 8 tron (II) Sulfide NY nyt, Fe).(Fe.t)20, 
Franklinite 12) MgO, Manganese Oxide 12) Pb5(PO4)5 OH Lead Hydroxide Phosphate 4) HO 
Mercury (II) oxide Table 9. 35) 36) 37) 38) 39) 40) a 4) 43) 4a) 45) 46) a7) 48) 49) 50) 5 52) 53) say 
55) se) 57) 38) 59) 60) on 62) 63) 64) 63) 66) 0.83 MaAISI0g, 0.16 CaAlySt90q ~ sodium Ca, Al, 
Silicate (8e.00), 6 48 'S1 Maco Magnesive Carbonate caceg At) (alg 884] .220,9(OH)y Xanthoph {2 
1it. BeO Beryllium Oxide; Bromelite (Wag6ay9) (A109) 996510, )6(0p) 9 (s0)12 » 1610 Viseite (ve 
Fe) (Ce, A1), 0, Magnetochronite 2 Fe" Feq"" (80,)q (OH)s Baste Iron Phosphate Gu 5.4 Cups 
Copper Sulfide; Digentte Pd Palladium Au Ag Teg Sylvanite BigTeS, Bismuth Telluride Sulfide; 
Geuenlingize (inFe), 0, Iron Manganese Oxide 5 MgO.A1905.3 S40) .4H,0 Penninite (above 600°C) 
Mey rALSFeSt, 049 40H,0 Vermiculite Ni,5 Nickel Sulfide; Va e003 Iron (II) Carbonate NeSb.0g, 
Bystromite CupagSt Berzelianite cal002)2 (P0,,)p-8-128,0 Catetum Ur Phosphate Hydrate Me(OH), 
Magnesium Hydroxide K, Cu(50,)p .6H0 Potassium Copper (II) Sulfate Hexa Hydrate ‘Ag Fe,5q 
Silver Iron Sulfide; Argentopyrite Cig Te Copper Telluride (x = 0.6) Coat, Cobalt Arsenide; 
Skutterudite (Pe, (Ta,%), 0, Tapiolite FeO. (Cr, A1)203 Chromite (co, Fe) As § Cobalt Arsenide 
Sulfide cohaitite &e Copper 8 6x0, Copper (II) Chromite came (5103) Calcium Magnesite eta 
silicate Me Fe,0, Manganesite (oynthette) ste a Iron Oxide; Jacob- Compounds tentatively or 
positively identified in Anasco Bay Sediments ---Page Break--- 119 New Facilities During April, 
1965 two buildings for use in the Marine Biology Program will be completed. A new building, 
located on the grounds of the Puerto Rico Nuclear Center, Mayaguez, is a two-floor structure and 
will house an instrument laboratory (including 4 low-background facility) 
 
On the first floor and two chemistry laboratories on the second floor to be used for trace element 
analysis of seawater. The other building is located on the BONUS site at Pea Higuero and is being 
converted into a marine biological laboratory. The building at the BONUS site was purchased from 
the U.S. Navy by the U.S. Atomic Energy Commission. The AEC also allowed $4000 for conversion 
of the building for use in the marine biology program. The building, as purchased, was 40 by 20 feet 
in length and width, and 13 feet high with a pitched roof. It was constructed on a concrete slab with 
steel framing covered by 1/2 inch thick asbestos-cement panels. It was completely insulated with 
fiberglass batts, was wired for laboratory use with 110 and 220 volt outlets and contained shower 
and toilet facilities. One end of the building was provided with sliding garage-type doors. The 
conversion work on the building is almost completed and includes the following project: (1) Purling 
strips were bolted to the inside of the steel frame and the interior of the building was paneled with 
sheetrock. (2) A stairway was built to the space over the shower and toilet for access to the storage 
area. (3) The garage-type doors were removed, steel framing installed in the opening and the 
opening was paneled on the outside with asbestos-cement board and on the inside with sheetrock. 
A regular exterior door was installed in this wall. (4) An instrument laboratory 12' x 12' was 
constructed in one corner of the building and an air conditioner was installed. The walls between 
the instrument laboratory and the main laboratory were provided with windows. (5) Sleeping and 
cooking accommodations for four researchers were constructed. Because the building will be used 
for uptake experiments and other marine biological work which often require 24 hours attention, 
these facilities are necessary. (6) A saltwater system was installed with pumps, a settling tank, a 
saltwater table and running saltwater. (7) A total of 60 feet of laboratory benches. 
 
were constructed in the two laboratory rooms (8) 4 protective cover was built for the air conditioner. 
(9) The building was painted. ---Page Break--- In early 1965 construction was started at the Puerto 
Rico Nuclear Center, Yauco on a new building for use as a chemistry and instrument laboratory in 
the marine biology program. The structure is built of reinforced concrete, is thirty-two by twenty feet 



in length and width and is two stories high. The new building is located 300 feet northeast of the 
main PRNC building. The new building is constructed on the side of a hill. The second floor of the 
building coincides with the outside ground level on the side facing the main PRNC building - on the 
opposite side of the new building the lower floor is at ground level. Thus the radiation counting 
equipment, which will be placed on the first floor, will be shielded from the research reactor and 
gamma source in the main PRNC building by more than 300 feet of foil. Entry to the instrument 
room is gained through an office with dimensions of approximately nine by twelve feet. The second 
floor of the building contains a central office and storage room with dimensions of approximately 
thirteen by twenty feet. A lavatory and toilet are built into one corner of this room. On opposite sides 
of the office are two chemistry laboratories to be used for trace element analyses of seawater. Each 
laboratory has dimensions of nine by twenty feet. The entrances from the office to the chemistry 
laboratories are fitted with sliding doors. Entry to the laboratories is gained by passing through the 
length of the office from the outside office door. The laboratories are thus isolated from direct entry 
from outside the building. The two chemistry laboratories and the central office are serviced by 
separate air conditioners and the outside air which is supplied to the laboratories is subjected to 
special filtration. Each laboratory is supplied with a stainless steel hood and the ordinary chemistry 
laboratory furniture. ---Page 
 
Break--- 112 STABLE ELEMENT ANALYSES The following tables list the samples for which trace 
element analyses have been made and corrected for wet, dry, and ash weights. Analyses which 
have been made on other samples are not included because the calculations are not yet 
completed. The values presented were intended to present only two significant figures. In some 
instances, the final calculations in these tables were not rounded to two significant figures. This 
does not signify confidence in the third figure, and these values should be rounded to two places. 
The analyses were made in two ways - scandium and rubidium by activation analysis and the 
remainder by atomic absorption or flame spectrophotometric measurements. The activation 
analysis methods are described elsewhere in this report. Samples were prepared for emission and 
absorption spectrophotometry in the following manner: (If necessary, specimens are frothlessly 
processed). The specimens are wet weighed, dried, and then heated to a temperature of 450°C. An 
aliquot of 0.25 grams of ash is dissolved in aqua regia and warmed on a hot plate. It is filtered by 
vacuum through two thicknesses of glass filter paper and washed three times with 0.2N HCl. The 
filtrate is brought to a final dilution of 1/100 (weight/volume) by adding distilled water. The filtered 
sample is analyzed for the content of stable elements. The atomic absorption analyses for the 
elements reported in these tables (Ni, Zn, Cr, Mn, Co, Cd) have been tested for possible 
interference errors in the types of samples used in the present work. Interference effects have not 
been found. However, this method is also used for the determination of magnesium, calcium, and 
strontium, and for these elements, interferences do exist if large amounts of phosphate, silicate, or 
aluminum are present in the sample. These effects may be eliminated by the addition of excess 
lanthanum to the samples ---Page Break--- on page 6 dot 16 a day. wm s report. cost of stat, * work 
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"pee " " ” mee ® “ “pap « * "nae . « ” nee " ~ m6 “ . "med " Water Water ‘anaseo a 150 140 nu 10 
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of Scientific Collection vg Cd / agp le naw ite wee bey ae Terrestrial Piston core 64 a. depth 2 TB 
off Anasco R. 3.4 5.0 " ” 18 27 . Sea botton 65 ». off sed. T-12 Anasco R. 5.8 87 9 : “ons 20 fe. 
depen Inside cat Is. 3.9 5.4 5.5 ” "nas 230 a. depth anasco R. Lae 27 3.8 7 “rae 190 m. depth 
Anaseo Re 26 49 5.2 " "ons 20 =, depth Enciquez's Pass 36 56 5.8 " “mr " 207 4 7 " n10 50.3, 22m. 
depth mouth Anasco R. 1.7 3,6 4 " “ro St.2, 8m. depth 
 
south anaseo'R. 9.7 17 18 " "26 20a. depth Enrique: Pass 5.1 7.8 ” “ora St. 60m, depth wouth 
Aflasee R. 1.93.4 3.6 ” “nara Off AnascoR. 4.36.8 " “omy 33 52 “ ni7¢ 26 42 " “me ” 20 35 ” "nave " 
2.9 48 " “rik ” 25 39 . "mins " 2235 " nt ” alo " "nara “ 28 4.6 ---Page Break--- ir Scientific Collection 
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---Page Break--- ‘Type of Fach cotengrau' edentulue Scientific ais P33 By ¥39 Po 28 Fug P22 P46 
P26 118 Collection South of Ta Boquilla 0.24 0.28 0.27 0.43 0.36 0.29 0.40 0.62 0.69 0.75 0.43 on 
1.0 13 0.90 0.59 La 0.7% 0.91 1a La 0.95 1 0.98 Le 13 Le 16 he 16 La 3.3 5.3 a7 4a ---Page 
Break--- 119 ‘Type of Sctentific Collection ug ca imple nase ce me ae Fish Gmtorescosbrus South 
of crysurie F-0008 La Bomilla 0.170.833. " v2 " 019 103.5 ” "pan . os 0.8327 ° 25 ” 016 0.7% 3.0 " 
"pe ” 012 0.6817 ” a 0.16 0.66 27 " "oR . 0.16 0.92 28 ” "26 " O12 0.96 18 " “pas " 0.23 0.95 4 " “pw 
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F-0005 * 0.50 2.0 0 6.5 " oy " 0.20 0.88 3.8 ---Page Break--- 120 ype of Scientific collection va ca 
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Scientific Collection ug df name site ie aa Caranx (food) South of latue F-2 Ta Boqilla 0,291.2 62 7 
"oR? “019 0.874. "pas" 015 0.62 28 * "pe 0.3343 4a word” om 057 Le " “pas" O16 0.72 3b Algae 
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2.1 43 ---Page Break--- Terrestrial Scientific Gracilaria ‘caudata A-10 Mixture of ‘Acantophora 
spicifera & Spyridia fila swentosa ot Known Mango Leaves Pueraria hireuta Mangrove leaves 
Sugar cane Tasarindo leaves Chucho Pajuil rojo Coconut hard shell & meat Mangrove sube. roots 
Sugar cane eaves Alnonds Brazil rubber Mangrove aereal roots Piston core eed. 7-20 E nist 422 
Collection cayo Enriquez Parguera Coconut area Rincon RNC Coconut area Rincon PRNE 
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31. deep off nacco Ry 0.10 0,082 or 0.08 0.42 22 0.63 0.23 0.13 0.49 o.61 0.39 0.30 0.069 0.82 
0.075 3.0 a8 a3 35 3.5 35 ---Page Break--- 123 ‘Type of Scientific Collection ug Cd / sample Dey 
pase a aE Terrestrial Piston core Off Anasco sed. 17 B River Mts "“mare Ma 2a" "np. L628 Platon 
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435 ” "met" 26 38 " "m6 a" 2.8 5.0. "m66" 238 " "rier" 2a 35 " "rie B” 29 52 " "166” 29 7.0. 
 
"nip” 37 6.6. "niee" 2.0 3.8” "20 351 @ depen Off Anasco R. 2.22.9. Sea bottom 20 ft. depth sed. 
Tod feside cat Is. 2.9 3.9 Plankton Mixture P21 South of Vieques 0m 5.8% "1B 3. south of 
Desecheo 0.96 8.4 2 "20 Sponge bank 0.26 4.07.0 "mts amasco Ry south 14 10% ---Page Break--- 
Type of 1e Plankton Scientific 124 collection Fern Point south of Vieques 21/2 alle off Point Brea 
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obtusa a5 Cayo Enriquez 1.3 15 29 ” Lyngbia mayuscula A-2 Cayo Turrenote 2.333, oo Valonia 
ventricosa a3) Cayo Enriquez 2.5 48 cy " Gracilaria caudata A-10 Guanica 0.79 7.00 1s . Mixture 
Acantophora spicifera & Spyridia filamentosa cayo Enriquez 1.8 18 36 ” Enteromorpha Not 
DETECTED codium Taylors Guánica 62 73 150 " Malinaceae cayo opuntia Enriquez 45 - Laurencia 
papillosa guanica 139.0 ae . Gracilaria angustifolia ” 2.6 24 56 " ‘Thalassia testudinum oe 5.6 th " 
Spyridia filamentosa Enriquez lao 26 ” 
 
Acantophora spleifere, om 7 au Terrestrial Mangrove subt. roots Parguera 220022 0.9 " Pueraria 
hireuta RNC Le 5.479 " Mangrove aerial roots Parguera 0.071 0.29 14 ---Page Break--- | 219 t 
Type of Scientific Collection ug Pb 253 name eee a Terrestrial Alands Coconut a1 Rincon 0.32 0.50 
35. Brazil rubber PRNC 43 6.0 80 “ Mangrove leaves Parguera 0.93 220-7 “ Jaboneilto RNC 27 5.6 
6 Sugar Cane coconut area stens Rincon MoT DETECTED " ‘Tamarindo leaves RNC 26 91 120 
chucho coconut area Rincon O61 6.6 8 “ Coconut hard shell & meat " Ol 1.0 2H. Pajuil rojo RNC 32 
46 4h. Mango leaves " La 22 25 " Sugar cane coconut area leaves Rincon 3.00 4S Mb 
Chloroscombrus South of crysurvs F-4 la Bolla «1.9 9.034 " sora. 17 80. Harengula Fol " 2 68 " 
opisthonems oglinim. 12 4720 ” Cetengraulis edentulus F-8 " 15 6.020 Plankton Mixture P-24 2-1/2 
miles off Point Brea Parguera La 45 300 “ "p13 78 sever depth Amasco R, mouth 4.7 35 a1 " "pig 3. 
miles south of Desecheo Isl. 9.2 80 200 ---Page Break--- ‘Type of Scientific Plankton Mixture P20 
Sponge bank 1.218 35 Invertebrate Black sponge 149 a Desecheo 35a a ---Page Break--- 221 



Scientific Collection _ugSr/g name ie eacles Cayo Turrenote 0.032 0.26 9.2 21s ” Teipnevstes 
esculentus “ 0.53 0.55 6.5 " Species 744 1/2 mile of 129 Pea. Higuero 0.051 0.30 6.2. Species 748 
r3. . 0.025 0.12 3a ” Black sponge 1494 Desecheo 0.011 0.065 1.3, Invertebrate Acanthopleura 
granulate clear Plant 1.10158 ‘sponge 18 2B 6s 960 Invertebrate Panulirus argus 1-22 4 0.13 0.98 
100 " Acanthopleura granulate 6-H 59 831,000 Species 746 12 miles of (sponge) 1-25 Pea, iguero 
2.6 6.580 Invertebrate Purpura patula Cayo Turre- 2H ote wo 150 1,500 (sponge) rT “ 24 23400 " 
Species 740 1/2 mile of Tha Rta, Higuero 51 © 801,200 Invertebrate Acanthopleura granulate He 
Plan 310 420 4,800 Panulirus Joyuda argus 1-17 beach 0.38 1.6 120 Species 773 1/2 mile of 
(sponge) 1-47 Pea, Higuero 9.4 56 1,300 Invertebrate Panulirus Joyuda argus 1-18 beach 0.23 
0.95 100 Alga Enteromorpha Cayo Eari- wes 2006 
 
0.11 3,3 ---Page Break--- Type of Marine angiosperm ala Plankton Fishes Terrestrial Scientific 
Thalassia Dictyota divaricata Acanthophora spicifera Codium isthmocladum Caulerpa Penicillus 
capitatus Caulerpa Mixture of shrimps & isopods Mostly shrimps Mostly isopods Plankton 6 river 
sed. Cyprinotus cyanopterus PV. (akin & scales) Abdominal: inner gills 4G, muscle Piston core sed. 
7-20 E “miss 222 Collection Cayo Bari view, Belvedere cayo Brinquero Belvedere Parque Yona 
Toland 3 at. outside Pea. Avenue: South of Vieques, Culedrinae Bay 351 a. depth off Aguas 31m. 
depth off Aguas R. 2 Re 2 Sela wee aa 012 0.077 5.2 0.015 0.11 10 0.07 3.2 0.82 13 250 13 10 
8.00 7.2 62 2,100 4% 230 3,400 15 26 00 6.9 690 20 4.3 520 6.9 13 1,600 32 5020 sk 280 
2130440 100 951,600 6.3 100 ---Page Break--- Type of Je Terrestrial Scientific Piston core Sed. 
T-16 A "one L "nine m “mara “nize "nize "nip “nine Collection 343 a, depth off Aguas R. 351 a, 
depth off Aguas R. 370 630 760 600 820 690 1,300 770 1,400 70 850 890 2,000 1,300 1,500 1,600 
1,700 1,200 1,000 1,100 1,100 1,200 1,200 1,500 680 1,000 1,300 1,400 2,000 4,400 1,100 2,200 
1,300 2,200 1,200 1,400 1,300 1,400 1,200 ---Page Break--- 24 Type of Scientific Collection x Srl 
as nape ive me bry Terrestrial Piston core 31a. depth sed. T-19 A Off Aguas R. 2.5 4g ” " ninoK " 
6.6 100 " " mise . 5.9 100 . “nist " 6.1 100 “ nive " 26 ae . "nse ” 45 8h ” "new " 2 180 . " mive ” 25 ae 
” “nis Bl 56 . " niss " 8.8 M0 ” “mise " 5.6 100 " "nage ” woo " "nish " os 70 . “ipa . 38 60 . “mise " Ea 
30 ” " mipe " 6 90 ” "nie " 6 90 ” "nee ” 37 8 . Tse ” 13 190 " "m6 . 8 20 ” "mea 200 M. depth off 
Aguas R. 200 420 "rae ” Mo 260 ” "mae " 560 960 " "m2 ” 20 400 " "mae " 160 230 ---Page Break--- 
225 ‘Type of Scientific Collection ug Se sample nase sit wet bey ae Terrestrial Piston core 351 mm 
depth sed. 7-20 B off Aguas R. 1,100 1,800 ” " neo¢ " 1,300 2,200 " " n20D " 1,100 1,700 " " 120F " 
1,100 1,500 " ” m206 ” 1,100 1,700 ” "120 # " 1,300 2,100 " " m202 1,000 1,600 " 1205 " 1,100 
1,800 " oma 358 a. depth Off 
 
Anasco R. 1,600 2,600 7 "mee" 1,400 2,300 "m2" 1,300 2,200 "mee" 1,700 2,800 "mee" 1,700 
3,000 "mee" 1,300 2,400 "mee" 1,300 2,400 "mee" 1,200 2,100 "mars" 1,200 2,300 Sea bottom 
230 m depth se. 1-15 anasco R. 40 280 400 "ne" 190 =. depen anacco R, 70 310 330 "oma" 20 ft 
open inside Cat Te. 3,900 5,500 5,600 "one" 20 a depth Enriqes P. 3,100 4,600 "ne" 2,700 4,200 
---Page Break--- Scientific collection ug Se. nage ste eee aa Terrestrial Sea bottom 20 fc depth 
sed. TH ‘anasco R, 4,500 6,000 "ono" St. 2, 8m depth south aiasco R Be "me" 65 a depth eff 
AnascoR. = 72100100 "mu" St. 4, 60m deep mouth ‘Anasco Re 39 100 100 "ras" 28 a depth 
‘anasco R. 150 290 310, ---Page Break--- 227 ‘Type of Scientific Collection _ug Se/g ug Za/g ample 
pane ee ee — Dey i Wet Dey ash Detritus ‘Anasco Bay 65 1316 230 460 550 "45" 19 om 86 300 
570 "47" war 340 990 1500 Mollusc anadara sp. "0.03 0.04 0.04 150 200 220" Piear Sp. No 
ScaNpnUM 150 160 160 0.07 0.18 0.20 38 © 93100 "No ScaNDrUM 150 150 160 Echinoderasta 
Lidia jenegalensis = "21 45 6.0 7150200 0.08 0.23 0.31 81230300 96 270 390 86 240 350 * "100 
270 390" "Cleaheaes 046 047 0" Polychaeta "4.827 66 Crustacea shrimp 27 10500 "60 ca. "21 
84370 "70-80 ex. "26 10500 "80 co. 21 a 350 36 140670 "27 0820 "279 9580 Fish Synphurus 



plaguisa "30 20580 "an es. "2 79 0 "125 em. "23 91460 "126 en. "2% 10 560 "126 em. "28 0 620 
---Page Break--- Scientific Symphurus plaguica 130"ce, * 118 cm, "131 ew. "132 ce. Lariaus 
brevicepe "80 ca. "110 vg Za /g me rr 3130 540 2% 10570 15 65330 25 100470 2 Bono 23930 739 
320 a 020 6260 2 93380 150 570 % 120580 2% 87350 ---Page Break--- 


