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PREFACE 

The University of Texas, Texas A&M University, Auburn University, 

Louisiana State University, and Florida State University submit the 

following proposal in response to ERDA's request for a program to study 

the effects of energy-related activities on ecological processes on the 

Texas-Louisiana continental shelves. This proposal (Part 2) concerns 

the biological and geological components of the program. A companion 

proposal (Part 1) suggests concomitant physical investigations . 

The format of the Part 2 proposal begins with a presentation of the 

proposed integrated program, and is followed by the detailed proposals 
' of the participating universities (Appendices A-E) including detailed 

budget estimates for the first year . 
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ABSTRACT 

Energy-related activities have an increasing impact on the marine 

ecosystems of the Texas~Louisiana continental shelf, traditionally one 

of the richest fishing grounds in the nation . 

This proposal is part of a comprehensive plan of study designed to 

determine the impact of energy-related activities on marine processes in 

this area. A four-year program is envisioned. For convenience, the 

research program~Ecosystem Processes of the Northwestern Gulf of Mexico 

~has been divided into two parts: 

Part l~Currents and Hydrography 

Part 2~Material Transport and Ecosystem Dynamics. 

Parts 1 and 2 of this proposal will be separately submitted to the U.S. 

Energy Research and Development Administration . 

Since the factors driving the processes of the northwestern Gulf of 

Mexico ecosystem are poorly understood, the initial effort wi 11 be direc-

ted toward answering the following question: 

What is the strength and influence of the various 

driving forces affecting the shelf ecosystem? 

- effluents from the land and estuaries, - inputs 

from the deep waters of the Gulf, - benthic-neritic 

interaction on the shelf, - atmospheric-neritic 

interactions, - trans-shelf transport . 

Both parts of the proposal describe a first-year plan of work. Results 

of this work will guide continuing studies for the second, third and 

fourth years. The work of Part 1 during the first year will focus on 

objectives selected for their direct contribution to the overall program 
' 
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objectives, and on objectives specific to studies of the dominant time

and space-scales characteristic of shelf processes, response to meteoro

logical forcing, and decomposition of observed shelf motion into its 

barotropic and baroclinic components; data inputs for a modelling program 

and for the biological-geological components of the proposal are important 

objectives of the physical component. The work of Part 2 during the first 

year will focus on biological, biochemical and sedimentological aspects, 

to which geochemical -and more geological studies will be added as the work 

progresses in subsequent years of the study. The first-year objectives 

will stress measurement of the flux .of imported material onto the shelf 

across the terrestrial, atmospheric and oceanic boundaries and the flux of 

regenerated material from the sediments; the role of the inorganic and 

organic nutrient fluxes on the processes of the northwestern Gulf; the 

seasonal response of the various trophic levels to these inputs . 

Several geographic areas affected by representative combinations of 

driving forces will be chosen and comprehensively studied to determine the 

material pathways and transfer rates characteristic of different parts of 

the shelf. Initial studies will investigate the ecosystem dynamics off 

Port Aransas, Tx., a relatively unperturbed area, and off -the Mississippi 

River delta, an area dominated by freshwater runoff . 

Nitrogen will be used as the primary tracer because (1) it is fre

quently a limiting nutrient in the sea, (2) its diverse chemical species 

initiate the food chain by different processes, and (3) good analytical 

techniques are available. Information on the activity of other elements 

(C, P, Si) in the ecosystem will be gathered to supplement the nitrogen 

measurements . 

The purpose of the study of ecosystem processes in the northwestern 

Gulf is to enable a determination~by subsequent monitoring of community 
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structure, physiological rates, directional flows and transfer efficiencies 

~of the impact of energy-related activities on marine processes in this 

area . 
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1. INTRODUCTION 

Interest in the ecosystem processes of the continental shelf of the 

northwestern Gulf of Mexico arises from the need to identify potential con

flicts in the multiple use of the available resources. Historically, 

resource utilization was dominated by commercial fishing and recreational 

activities. Both endeavors developed in response to the bounty of the 

naturally cycling ecosystem. More recent needs of society have initiated 

a momentum towards increased energy-related activity in the northwestern 

Gulf. There is a recognized danger of perturbing the natural ecosystem and 

reducing the quality of past activities . 

Some aspects of present and potential energy-related activities are 

easily identified: (l} The Mississippi River, which drains one-third of the 

continental United States, has been a long-standing source of freshwater 

runoff. The development of large cities along the river's banks has con

tributed to a domestic and industrial waste load that increases downstream 

to the Gulf of Mexico. The effects of these additions may range from 

enhancing production to poisoning neritic populations. (2) The global 

requirement for energy and the fossil-fuel potential of the shelf areas off 

Louisiana and Texas ensure the future increase in exploration and exploi

tation. The impact of fossil fuels on the environment may arise from a 

catastrophic blowout of an oil or gas well or from a slowly increasing 

background level over the years. (3) Shipping across the shelf will con

tinue to utilize the developed refineries and maintain the associated 

industries on the Texas coast. This activity is accompanied by routine 

spillage and by the potential for major offshore accidents. (4) Other 

sources of energy (e.g., geothermal, nuclear and ocean-thermal) will also 
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be developed on this coast and on the shelf, contributing heat, brines, 

radioactivity (transuranic elements), or nutrients. (5) Increased exploi

tation of offshore resources requires increased shore-based support facili

ties with increased human populations. The concentration of marine litter 

and domestic-industrial wastes will further increase in shelf waters . 

Past studies to determine the baseline of the natural ecosystem have 

concentrated on identifying the relative abundances of the various species. 

A perturbation is identified when the relative abundances of species change . 

This approach monitors gross community structure, but contributes very little 

to the understanding of causality or to the identification of the most sen

sitive links in the ecosystem. Multiple use of an area with the potential 

of multiple perturbation requires a more thorough analysis of ecosystem 

processes. Many advantages will be gained by studying the exterior driving 

forces and the internal energetic and material dynamics of the ecosystem: 

(1) The strength and influence of the various driving forces affecting the 

shelf ecosystem will be determined. This information is required to under

stand the basis of shelf food-web relationships. (2} The rates of a selected 

ecosystem process may be unusually sensitive to a given perturbation; the 

proposed studies will characterize these critical pathways and possibly 

provide a monitoring tool. (3) The causality of ecosystem response to per

turbation will be approached; perturbations can affect ecosystem community 

structure, not only by direct effects, but also through changes in such 

corrmunity interactions as predation and competition; realizing the differences 

between the direct and indirect effects of perturbation will contribute to 

the understanding of community collapse and recovery. (4) Knowledge of eco

system fluxes in the natural and perturbated situations will support repre

sentative ecosystem models; the effects of multiple perturbation in a multiple-
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use system may be fruitfully approached, to a first approximation, through 

the power of computer techniques . 

2. PAST WORK 

2.1 General 

The continental shelf of the northwestern Gulf of Mexico has not 

been studied as a dynamic, interacting biological unit. This statement is 

supported by two recent area bibliographies (CICAR, 1971; El-Sayed et tl·, 

1972). 

Historical information is available from varied sources. In addition 

to the cruise-of-opportunity by remotely-based vessels, occasional collec

tions are available from Texas A&M University, The University of Texas, and 

Louisiana State University. Federal agencies (USCG, NMFS, USGS, NOAA) have 

also investigated selected aspects of northwestern Gulf oceanography . 

The monthly NMFS survey (1962-1964) for hydrography, zooplankton, fishes 

and crustaceans on the continental shelf between the Mississippi River Delta 

and Brownsville, Texas, is of special note. Pending further analysis under 

SLM support, the study potentially relates nekton biomass distribution on 

the shelf with the hydrographically detectable driving forces (Harrington, 

1966; Moore et 21_., 1970) . 

Specific areas of the shelf of the northwestern Gulf have undergone 

intensive, organized study in recent years. The BLM-sponsored study of the 

South Texas Outer Continental Shelf is currently entering its third survey 

year of the shelfbetween 260N and 2803Q'N. The program will yield a com

prehensive data base on hydrography, on neritic and benthic biomass and 

species composition, and on the hydrocarbon background of the study area . 

Further north, a seasonal hydrographical, biological, geochemical survey of 
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a 400-square-mile site on the continental shelf of Louisiana was recently 

completed by the Gulf Universities Research Consortium (GURC, ca. 1974), 

financed with corporate funds. This study will yield information of local 

oceanographic interest. Thirdly, Louisiana State University has routinely 

studied the plume area of the Mississippi River. Murray (1976) has provided 

a concise review of our knowledge of the area's hydrography. Under NOAA 

Sea Grant sponsorship, LSU has completed 24 months of sampling for nutrient 

concentrations and primary production along a transect extending from Grand 

Isle, La., to 10 km offshore (R.E. Turner, principal investigator). 

The limitations of the previous .studies result from: (1) Incomplete 

spatial coverage compared to the known point sources and the expected water 

movement within the area. (2) Incomplete description of the input and move

ment of dissolved and particulate materials which nourish the shelf eco

system. (3) Incomplete description of the biological pathways and transfer 

efficiencies upon which nektonic and benthonic organisms depend. 

2.2 Fluxes Across the Shelf Boundaries 

This proposal considers the shelf of the northwestern Gulf of 

Mexico from the Rio Grande to the Mississippi River. These.spatial limits 

are based on known physical inputs and transport (El-Sayed et~., 1972). 

The six boundaries of this volume across which fluxes occur (Fig. l) are: 

(1) terrestrial-neritic, (2) benthic-neritic, (3) oceanic-neritic, (4) atmos

pheric-neritic, and (5) trans-shelf bounds (north of a Rio Grande line; 

west of a Mississippi River line). 

2.2.1 Terrestrial-Neritic 

The effect of river runoff on shelf dynamics is difficult 

to generalize. Turekian (1971) describes the regional variations of river 

runoff in the United States. The two drainage systems affecting the 
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Figure 1. Map outlining the boundaries of the study 

area. Information will be obtained on the 

fluxes across these boundaries and the 

movement of material on the shelf . 
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northwestern Gulf are the Mississippi River (55.5 x 1013 l yr-1) carrying 

one-third of the land drainage of the continental U.S., and the western 

Gulf rivers (4.9 x 1013 1 yr-1). These quantities emphasize the dominance 

of the Mississippi River which contributes 92 per cent of the freshwater 

runoff to the northwestern Gulf of Mexico and suggests the decreasing 

rainfall south along the Texas coast. Since the Mississippi River runoff 

is more dilute than the western Gulf rivers, the farmer's contribution of 

suspended and dissolved materials is approximately 71 per cent for both 

fractions. Though low in volume, northwestern Gulf rivers west of the 

Mississippi River may thus have sigDificant enrichment effect on local shelf 

processes. Annual streamflow and streamload information are available from 

the USGS for the pertinent U.S. drainage systems and from the International 

Boundary and Water Commission (IBWC) for the Rio Grande. 

Two distinct mixing zones between fresh and salt water occur along the 

coast of the western Gulf. Some rivers enter directly into the Gulf of 

Mexico and mix with seawater on the shelf. Other rivers enter estuaries 

behind barrier islands and mix with seawater in these protected zones. This 

distinction is chemically and biologically relevant, considering the observed 

changes that occur in the suspended and dissolved fractions · in transport 

through estuaries (Troup and Bricker, 1975). Comparative studies of these 

two runoff systems are required for an understanding of nearshore processes. 

The effect of runoff on coastal phytoplankton production is variable. 

Goldberg (197la ) reviewed information on the Amazon River and on the 

Columbia River. The former apparently decreases phytoplankton production 

whereas the latter apparently increases phytoplankton production. The data 

of Riley (1937) suggest that the Mississippi River stimulates phytoplankton 

but the western limit of this influence is unknown; unpublished BLM data 
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suggest a similar stimulation on the South Texas shelf. The continuity of 

freshwater enrichment along the shelf of the northwestern Gulf is poorly 

known. Information is required on the limit of the westward biological 

influence of the Mississippi River and on the comparative influence of the 

rivers of western Louisiana and Texas . 

2.2.2 Benthic-Neritic 

Chemical exchange across the sediment-water interface is 

a difficult but increasingly pursued study. Hartwig (1974) investigated the 

nutrient exchange occurring off La Jolla, California. Hale et~· (1975) 

performed parallel experiments in Narragansett Bay, Rhode Island. These 

studies allow an estimate of benthic nutrient flux direction and rate, 

mediated by biological and chemical processes. Considering the ordinarily 

low nutrient concentrations (nitrate <0.5 µg-at N 1-1) in the shelf water 

column unaffected by freshwater runoff and the broad reaches of shallow 

water, benthic regeneration probably plays a significant role in the food

web relationships of the northwestern Gulf of Mexico. 

The northwestern Gulf is characterized by a pervasive nepheloid layer 

composed of turbid bottom water of variable thickness (<10 m). The 

increased surface area provided by these suspended solids may nurture bac

terial growth and accelerate nutrient regeneration. Though spatial and 

temporal surveys have been undertaken, the biological role of the nepheloid 

layer is as yet undefined. 

2.2.3 Oceanic-Neritic 

Nowlin and Hubertz (1970) discuss the generation of eddies 

off the Loop Current. These water masses generally move west, mixing 

with the western Gulf water and decreasing in circulation intensity. The 

oceanic water of the western Gulf is probably composed of a mixture of 
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Subtropical Underwater (entering through the Yucatan Strait and over the 

Campeche Banks) and the Loop Current eddies . 

Oceanic influences on the shelf of the western Gulf are poorly known. 

The BLM South Texas OCS program has produced biological data (foraminifera) 

suggesting upwelling of deep water onto the shelf and chemical data (light 

hydrocarbons) suggesting downwelling of shelf water into the depths. Occa

sional influxes of slope water onto the sh~lf have been documented off the 

Louisiana coast. Routine sample-collections do not extend into sufficiently 

deep water to hydrographically substantiate these claims or to quantify 

their role in plant nutrient gain or loss. 

Surface rafting is suggested by large concentrations of Trichodesmium 

that periodically appear on the shelf. Fogg et£!_. (1973) discuss various 

aspects of planktonic marine blue-green algae. Large concentrations have 

been reported in the Indian Ocean, the tropical Atlantic Ocean, the Red Sea, 

and the Pacific Ocean. The patches usually occur in long windrows that 

vary from a few feet to several miles in length. Blooms sometimes extend 

northward from the Sargasso Sea to the continental shelf. Blue-green algal 

blooms are a characteristic feature of the continental shelves of the 

northwestern Gulf during the summer months, probably in response to the 

southeast winds. Aerial photographs taken from a height of 800 ft about 

20 miles off Port Aransas, Texas, show a line of blue-green algae parallel 

to shore and extending to the horizon (Cdr. McBride, USCG, personal conmuni

cation). This line was one of several spaced at about five-mile intervals 

along an offshore transect. Blue-green algae can contribute to the nutrient ~ 

budget of shelf waters by nitrogen-fixation, by the excretion of amino 

acids, or by their predators excreting ammonia or urea. In the absence of 

predators, the microbial decay of a blue-green algal bloom would also con-
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tribute reduced nitrogen to the coastal waters. 

2.2.4 Atmospheric-Neritic 

The major atmospheric events of the western Gulf are 

hurricanes and winter "~orthers" (low-pressure cells progressing south). 

Hurricanes can induce upwelling along their path (Ichiye, 1972). Northers 

can significantly change surface temperatures in response to the tempera

ture differential across the front. These abrupt temperature changes may 

affect biological processes. Both storms can be accompanied by extensive 

rain. Vaccaro (1965) reviewed the literature on the nutrient concentra

tion of rain. Significant ammonia-nitrogen and nitrate-nitrogen have been 

observed in oceanic rain. Menzel and Spaeth (1962), working off Bermuda, 

found a positive correlation between the amount of surface ammonia and 

that provided by the accumulated rainfall of the five days prior to each 

seawater measurement. Information on the nutrient contribution of rain 

must be obtained for the northwestern Gulf of Mexico coast. 

Goldberg (197lb) discusses the transport of particulate material and 

gases from continents to oceans. Of special concern is the transport of 

agricultural chemicals and industrial byproducts. Dr. N.P. Smith (UT, 

Port Aransas, personal corrrnunication) has investigated local surface wind 

conditions at Port Aransas, Texas. Surface winds generally come from the 

southeast between February and October; frequent northers from November 

to January change the average wind direction to the east. Surface air flow 

from continent to ocean is thus infrequent, but the occasional strong burst 

may be biologically significant due to extensive local agriculture and 

industrial development. Upper air flow in the northern Gulf of Mexico may 

contribute to the transport of materials from continent to ocean through 

the activity of the Westerlies or the Northeast Trades. Both wind systems 
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pass over land masses prior to their excursion over the Gulf. 

Conditions on the Gulf coast allow the penetration of extensive solar 

radiation to the sea surface. Daily measurements (ly day-1), as measured 

at Brownsville International Airport, are available from NOAA. 

2.2.5 Trans-Shelf Bounds 

The final two boundaries of the pertinent water volume 

(arbitrary lines extending across the shelf) are determined by the Missis

sippi River and the Rio Grande. Streamflow from the Mississippi River · 

exhibits an annual cycle that peaks in the spring. A substantial part of 

this flow generally follows the shelf to the west. Since the transit time 

to the Texas border certainly takes more than ten days (250 nautical miles 

at 1 kt)(El-Sayed et~-, 1972), the influence of the fresh water probably 

changes along the plume through settling and biological activity. The Rio 

Grande outflow is thought to move north, but the low volume of streamflow 

limits its influence except after hurricane floods (IBWC, U.S. and Mexico, 

1974). The convergence between the southerly and northerly flows is 

thought to occur around 27°N . 

2.3 Complexities of Internal Cycling 

The complex hydrography on the shelf of the northwestern Gulf of 

Mexico results from a variety of causes: (1) Variable shelf width ranging 

from 14 nm (26 km) off the Mississippi Delta to 116 nm (215 km) off the 

Sabine-Calcasieu region. (2) Point sources of variable freshwater runoff 

that decline in volume west of the Mississippi River. (3) A substantial 

offshore reservoir of hydrographically stable water that maintains the 

relatively consistent characteristics on the outer shelf. (4) A limited 

inshore water volume that fluctuates in hydrographic characteristics with 

freshwater influx (runoff and rain) and seasonal temperature cycles 
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{summer heating, and winter cooling by northers). 

These factors combine to yield a heterogenous surface pattern and a 

complex vertical layering of the water column on the shelf. Monthly surveys 

of temperature and salinity from the shelf between the Rio Grande and the 

Mississippi River (Harrington, 1966) demonstrate the seasonal variability 

of hydrographic conditions. Figures 2-4 depict the monthly pattern of iso

therms; Figures 5-7 show the corresponding pattern of isohalines. This 

infonnation is a valuable basis for future work. To enhance biological · 

interpretation, supplementary information is required on the dissolved and 

particulate materials load of the various water masses. 

Riley (1937) examined some aspects of the biological influence of the 

Mississippi River. He followed the river's plume west to Galveston; the 

concentration of chlorophyll ~generally increased as salinity decreased. 

The relationship between chlorophyll ~and salinity that occurs on the South 

Texas shelf is shown in Figure 8 (Van Baalen, UT, Port Aransas, personal 

communication). Chlorophyll ~concentration also generally increases as 

salinity decreases. More detailed information is required on the changes 

in the biological impact of Mississippi River water as it flows west and 

the sequential enrichment that occurs as this freshwater mass passes other 

point sources of freshwater runoff to the west. Complementary studies are 

required on the large areas of the shelf that maintain oceanic conditions 

throughout most of the year. 

The final result of the enrichment effect of Mississippi River runoff 

is apparent in Figure 9 (Moore et~., 1970) which depicts the broad-scale 

distribution of demersal fish biomass. Crustaceans and nektonic fish 

generally exhibit a similar pattern (Wohlschlag, UT, Port Aransas, personal 

communication). Such patterns testify to the long-term dynamics of the 

shelf ecosystem . 
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Figure 2. Surface temperatures, 22 January 1963 

to 7 May 1963 (from Harrington, 1966) . 
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Figure 3. Surface temperatures, 13 May 1963 to 

31 August 1963 (from Harrington, 1966) . 
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Figure 4. Surface temperatures, 22 September 1963 

to 22 December 1963 (from Harrington, 1966) . 
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Figure 5. Surface salinities, 22 January 1963 to 

7 May 1963 (from Harrington, 1966) . 
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Figure 6. Surface salinities, 13 May 1963 to 

31 August 1963 (from Harrington, 1966)~ 
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Figure 7. Surface salinities, 22 September 1963 to 

22 December 1963 (from Harrington, 1966) . 
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Figure 8. Scatter diagram of chlorophyll ~values 

against salinity values. Data collected 

during 1975 South Texas OCS Program (BLM

sponsored) (from Van Baalen, UT, Port 

Aransas, personal communication) . 
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Figure 9. Relative abundance (by weight) of demersal 

fishes from 1962-1964, estimated from the 

• average catch of all fish at each station 

(from Moore et~., 1973) . 
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2.4 Questions Requiring Attention 

This review of past work identifies some of the influences that 

may affect biological processes on the continental shelf of the north

western Gulf of Mexico. In most cases, little more is known about these 

influences other than their existence. 

Answers will be sought to a number of questions that are basic to 

understanding shelf processes in the northwestern Gulf: 

(1) What is the impact of freshwater runoff onto the shelf? 

- The biological role of Mississippi River water to 

the west 

The local influence of western Gulf rivers 

- The comparative role of rivers and estuaries 

(2) What fluxes occur across the sediment interface? 

- Benthic exchanges with the water column 

- Role of the nepheloid layer as a biological surface 

(3) What are the exchanges across the oceanic boundary? 

- Potential upwelling or downwelling at the shelf 

break 

- Rafting of Trichodesmium 

(4) What are the atmospheric influences on the shelf? 

- The seasonally prevailing winds and occasional 

violent storms (northers and hurricanes) 

- The biological role of rainfall 

- The effect of high incident radiation 

(5) What complexities are added to the internal cycling 

• of the shelf ecosystem by cross-shelf gradients 

and vertical layering? 

• 
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How does the shelf ecosystem function? 

How will energy-related activities affect this 

naturally cycling ecosystem? 

The first five basic questions provide the framework for the proposed 

studies. Surveys of parameter distribution and estimates of physical 

transport will identify the relative strength, the relative seasonality 

and the relative biological impact of the various fluxes across the shelf 

boundaries. Time-series site studies at representative cross-shelf and 

along-shelf locations will combine the estimates of external forcing and 

the knowledge of internal shelf gradients to answer the sixth question . 

3. FIRST-YEAR PLAN OF WORK 

3.1 Scope 

Ideally, a study of the continental shelf of the northwestern 

Gulf of Mexico should approach the bounded system between the Rio Grande 

and the Mississippi Rivers as a unit. Sufficiently dense sampling should 

occur in time and in space to monitor the various imports and exports to 

the shelf. A detailed temporal description of biological events simul

taneously monitored over the whole area should result. Unfortunately, this 

ideal situation is presently impractical. Synoptic sampling of the shelf 

water column requires many ships and the techniques applicable to the study 

of fluxes across the various boundaries are not temporally compatible with 

rapid surveys. In the extreme, a choice then exists: (1) A 1 arge area 

can be sampled very rapidly (quasi-synoptic) for material distribution at 

defined states of the growth season (i.e., maximum spring runoff), or; 

(2) selected smaller areas can be sampled very frequently (continuously to 

semi-weekly} for material fluxes. Within the context of the present pro-
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gram, attempts at both approaches are required. The physical oceanographic 

effort (companion proposal by TAMU and UT) will utilize current-meter arrays 

and hydrographic data to describe water movement on the shelf throughout 

the program. The biological effort is coordinated with the physical oceano

graphic program to determine the movement of dissolved and particulate 

fractions of transported material. Time-series measurements within selected 

geographic areas wi 11 be undertaken to determine the rate of movement of 

input material through the biological system and the cycling of that 

material within the biological system. These goals will be accomplished 

in the first year (Figure 10) by: 

(1) Monthly cruises on three transects spaced by 20 km and centered on 

the Port Aransas current-meter line: Measurements will include 

hydrography, plant nutrients, and particulates. 

(2) Seasonal cruises (three) along the Port Aransas current-meter line: 

Sites near the three current-meter strings will be occupied for 

two days each during spring runoff; summer stratification, and 

winter overturn. A comprehensive set of bio~ass and rate measure

ments will be collected to determine how the ecosystem (neritic 

and benthic) functions at each location within each season. 

(3) Ten-day survey of the Mississippi Delta region. The river plume 

will be mapped. The biological changes along the plume will be 

determined. 

(4) Shelf surveys by remote-sensing. Extensive use will be made of 

remotely-sensed data available from LANDSAT imagery in the area 

between the Rio Grande and the Mississippi River, and from USCG 

weekly aircraft flights between Corpus Christi, Tx. and Mobile, 

Al. A ground-truth cruise will be undertaken late in the funding 

period to aid in interpretation of aerial imagery . 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

38 

Figure 10. Map of the study effort including the Port 

Aransas monthly and seasonal cross-shelf 

transects, the ground-truth cruise between 

the Rio Grande and the Mississippi River, 

and the ten-day study off the Mississippi 

delta region . 
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The Port Aransas current-meter line, in the first and second components 

of the program, was chosen for a number of reasons: (1) The area has 'rela

tively simple hydrography compared to areas of the shelf closer to the 

Mississippi; this attribute will allow a less noisy record of events for 

initial interpretation. (2) The two inshore current meters on this line 

will be initially maintained under BLM sponsorship; this will allow a study 

of cross-shelf coherence on a cost-sharing basis. (3) The area's species 

and biomass are well known, based on three years of BLM collections. (4) 

Ship logistics are more easily handled due to the proximity of operations 

to the staging area. 

These cross-shelf studies will provide a coordinated combination of 

spatial and temporal coverage for a limited section of the shelf. The 

spatial coverage of the monthly cruises is sufficient to characterize the 

flow recorded by the current meters. The scaling, however, is not sufficient 

to provide a continuous record of material transport except through unsup

ported extrapolation. The time-series studies during the seasonal cruises 

suffer from similar scaling problems. This limitation lies in the rela

tionship between the timing of the site studies and the natural biological 

changes. Two days on station is too short a time period in which to 

observe even one cycle of phytoplankton division adequately; the dynamics 

of the upper trophic levels are even more poorly represented. The four 

months between seasonal samples is too long a time period in which to study 

zooplankton population dynamics and the succession of phytoplankton species . 

These studies merely characterize neritic and benthic fluxes at three repre

sentative locations at three times of the year. Direct comparisons are 

limited to cross-shelf gradients and seasonal changes. Application of the 

data beyond these bounds is also an exercise in unsupported extrapolation . 
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These limitations are well-recognized and accepted. The information 

sought from the first-year cruise plan on the Port Aransas current-meter 

line is a representation of material transport and cross-shelf gradients 

of biomass and biological activity in various seasons. The results of 

these efforts will form the basis of intensified spatial and temporal 

coverage in tune with a description of natural biological cycling. 

In the third component of the first-year effort, the Mississippi 

River delta region will be studied for ten days during spring runoff . 

This cruise is required to: (1) Provide preliminary data on the major 

perturbating influence in the eastern part of the study area. (2) Develop 

techniques to adequately approach the problems offered by the area. Due 

to the complexity of the hydrography and material inputs of the Mississippi 

River, these scouting efforts are required to plan future studies. The 

appropriate approach off the Mississippi River may be through drogue

oriented studies as opposed to time-series studies at geographic sites. 

The first-year effort's fourth component will look at the contribution 

of satellite (LANDSAT) surveillance to the needs of the overall program: 

(1) Synoptic coverage of the whole study area is possible. (2) Discolo

ration of the water surface correlates with hydrographic events. (3) 

Whole-shelf maps of turbidity aid in the interpretation of material trans

port. USCG aircraft flights will supplement satellite surveillance by 

increased resolution and by observational independence of overcast. The 

aircraft observations will supplement ship operations by providing a broad 

overview of the surface structure. The ground-truth cruise will stan

dardize aerial observations and suggest further correlations with the 

parameters observed from the air. This effort will identify gradients 

downstream from the Mississippi River mouth . 
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The proposed first-year program attempts to balance the need for 

broad surveys to describe material transport and the need for time-series 

studies to describe rates of transfer among the biological components. 

The momentum of the program in future years will continue both efforts, 

but the program emphasis will evolve toward the understanding of the 

complexities of the biological response. 

3.2 Methods 

The specified field efforts and a detailed list of the analyses 

to be performed are discussed in this section. The complete methodology 

and supporting statements for the more complex techniques are presented 

in Appendices A-E, according to the division of labor among the partici

pating universities. 

3.2.1 Monthly Cruises 

Monthly cruises centered on the Port Aransas current-meter 

line to describe material transport (D. Kamykowski, Coordinator). 

Frequent hydrographic surveys in the area surrounding the Port Aransas 

current-meter line are proposed as part of the complementary physical 

oceanographic effort. When these surveys are accompanied by biological 

sampling for dissolved and particulate fractions, this approach is impor

tant in defining the rate at which material enters or leaves a section of 

the continental shelf. This information will aid in the interpretation 

of terrestrial-neritic, oceanic-neritic, and along-shelf fluxes. Since 

this approach is less advantageous as a means of defining benthic-neritic 

and atmospheric-neritic interactions, these latter boundaries will be 

studied in separate efforts at specific geographic locations . 

A cruise plan for the cross-shelf hydrography in support of the Port 

Aransas current-meter line is shown in Figure 10. The current-meter 
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strings are at 13, 33, and 200-m depth. Three cross-shelf transects 

centered on the current-meter line and spaced at 20-km intervals will be 

visited monthly. Cruises of approximately three days' duration will 

zig-zag across the transects out to the 1000-m isobath. Stations will 

be frequently occupied inshore and less frequently offshore (Fig. 11) . 

Collections will include samples that are consistent with the quasi-

synoptic nature of the cruise. Basic hydrographic samples include tem

perature, salinity, oxygen, and turbidity . 

The biological sampling will concentrate on information required to 

characterize material transport of actual and potential plant nutrients 

on the continental shelf. To this end, samples will be collected for the 

analysis of various components: 

Inorganic: N03, N02, NH4, P04, and Si(OH)4 

Dissolved organic: Urea, DON, DOC 

Particulate organic: PN, POC 

In addition, plankton biomass distribution will be monitored as an index 

of biological response to waters of different hydrographic quality. Phyto

plankton biomass will be monitored by in vitro chlorophyll-~ determinations 

on discrete profile samples, and by .i!!_ vivo fluorescence measurements 

along the ship's track. Zooplankton biomass will be monitored by settled 

volume and by dry-weight determinations from vertical · net-tows. 

The monthly cruises will be used to replace sediment traps at the 

sites of the current-meter strings. Four traps will be placed at the 200-m 

site at depths of 100, 150, 190, and 199 m. A 32-m trap will be placed 

at the 33-m site; a 12-m trap at the 13-m site. The three sediment traps 

within l m of the bottom will be used to monitor inorganic sediment move

ment on the shelf and for analysis of texture, trace-metal geochemistry, 
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Figure 11. Bottom topography and possible station and 

sample density for biological samples on 

the Port Aransas transect during the monthly 

cruises . 
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and clay mineralogy in support of the benthic biological program. The 

three water-column (100, 150, 190-m depth) at the 200-m site will be used 

to determine organic sedimentation from the water column. Analyses on 

the retrieved material will include identification of the sources of 

organic matter, dry weight, POC, PN, chlorophyll _!, phaeopigments, and 

oxygen uptake. 

3.2.2 Seasonal Cruises 

Three seasonal cruises on the Port Aransas current-meter 

line for intensive studies of ecosystem function (D. Kamykowski, Coordinator). 

Continuous or frequent periodic measurements within selected areas were 

previously suggested as an alternative to broad area surveys. Limited 

time-series studies are proposed as the major biological effort in under

standing ecosystem cycling as contrasted to external driving forces. 

Three biological sites will be monitored along the Port Aransas current

meter line in the first year. Figure 12 shows the offshore gradient of 

surface temperature, salinity, and chlorophyll _!along the planned Port 

Aransas transect during November. The inshore bloom annually ranges from 

nonexistent to 15 nm offshore (Kamykowski, UT, Port Aransas, personal com

munication). Site l (13-m depth) is located in the inshore area showing 

the effects of freshwater runoff and of a large phytoplankton response . 

Site 2 (33-m depth) is located in a mid-shelf area that is influenced by a 

variable blend of freshwater runoff and Gulf water and that shows a reduced 

phytoplankton response. Figure 12 reveals that a Trichodesmium convergence 

line occurred near this site. Site 3 (200-m depth) is located in the 

oligotrophic waters at the edge of the shelf. This area is little influ

enced by oceanic conditions. Figure 13 depicts the seasonal phytoplankton 

biomass cycle at the surface in the inshore waters. 

These three sites will be subjected to time-series studies to determine 



• 

• 

• 

• 

• 

47 

Figure 12. Surface chlorophyll ~, temperature, and 

salinity along the Port Aransas transect 

• in November 1976 (from Kamykowski, UT, 

Port Aransas, Tx., personal communication) . 
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Seasonal phytoplankton biomass cycle at 

the surface along the Port Aransas transect 

to 25 nm offshore . 
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relative material transport at each site through the six previously 

defined boundaries. Special efforts will be made to determine atmos

pheric and benthic contributions. Incubation experiments will determine 

the flux of this material through the successive levels of the food web. 

These three sites will be visited three times during the first year: 

spring runoff {April), summer stratification (August), and winter over

turn (January). Each site (Fig. 14) will be sampled for two days as often 

as every four hours for some parameters. The analyses that will be per

formed can be divided into static and dynamic measurements. 

The static measurements are: 

Instrument measurements 

Light: Secchi disc, submarine photometer 

Hydrography: STD cast 

Bottle cast sampling --

Hydrography: temperature, salinity, oxygen, turbidity 

Nutrients: nitrate, nitrite, ammonium, phosphate, 

silicate, urea, DON, DOC, dissolved protein 

Phytoplankton: chlorophyll ~, species identifications 

Microzooplankton: species identifications and counts 

Macrozooplankton: dry weight, species identifications 

Nekton: number, weight . 

Particulate: POC, PN, ATP, protein 

Multiple-corer or box-corer sampling --

Benthos: envi ronmenta 1 ,(temperature, redox, pH, reduced 

substances, humic acid, per.centage silt/clay; 

texture, trace-metal geochemistry, clay 

mineralogy); biological (chlorophylls, phaeo

pigments, POC, PN, ATP) . 
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Figure 14. Bottom topography and possible station and 

sample density for biological samples on 

the Port Aransas transect seasonal cruises . 
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All of the static measurements are generally routine oceanographic tech

niques used to characterize the trophic compartments . 

The dynamic measurements are: 

Nutrients~phytoplankton 

Phytoplankton gains: in situ incubations (14c-incubations will 

be performed to determine the relative contribution of the 

net/nano fractions, the release of DOC and the dark uptake 

using HgCl); shipboard incubations (15N-uptake experiments 

with labeled nitrate, ammonium and urea will be undertaken to 

determine relative utilization potential); biochemistry (enzyme 

analyses will be performed to determine the physiological 

state of the phytoplankton: nitrate reductase-nitrate utili

zation; urease-urea utilization; alkaline phosphatase-organic 

P utilization; RuDP and PEP carboxylases-photosynthetic fixa

tion of co2; No3-, c1-, ATPase-nitrate utilization; a direct 

biochemical measurement of phosphate and ammonia utilization 

is lacking) 

Phytoplankton losses: the metabolic activity and elemental 

release of total microplankton will be determined by oxygen 

uptake (the respiration of a size fraction of plankton is 

measured); release of total nitrogen and total phosphorus 

(dark incubation) 

Phytoplankton+-rzooplankton (macro and micro) ~ 

Grazing: experiments on whole zooplankton populations or selec

ted species if very abundant to determine phytoplankton 

decrease 

Excretion: incubation of fed zooplankton in filtered water 

(.45 µ) to determine excretion rates 
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Plankton+-+nekton ~ 

Laboratory metabol~sm determinations on representative pelagic 

and demersal fish from each site to determine the bas~line · 

energetics of several common Gulf fish species separated 

into energy required for maintenance (standard metabolism) 

and that required for routine operations. 

3.2.3 Ten-Day Study of the Mississippi Delta Region 

A second geographic area off the Mississippi River delta 

will be studied for ten days (R.E. Turner, Coordinator). 

Due to the hydrographic complex1ty of this area, time-series studies 

referenced to free-floating drogues are preferable to fixed geographic sites . 

To prepare for drogue studies, the river plume will be mapped and the 

changes that occur as the water moves away from the mouth will be deter

mined. The indications are that important hydrographic features of the 

area are dynamically influenced by discharges of the Mississippi River and 

the biological activities are localized near the delta. All riverine 

pollutants must first pass through the biological filter at the plume 

before moving further across the shelf. 

The first year of effort proposes to accomplish five tasks: (1) to map 

the short-term variation in the location and structure of the Mississippi 

River plume over a ten-day period. {2) To initiate development and gain 

experience with some specific techniques to be used to estimate enzyme 

activity of plankton, particularly within the plume. (3) To examine the 

vertical distribution of nutrients along three transects from 5 to 250-m 

depth west of the delta and perpendicular to the coast. (4) To examine 

the distribution of zooplankton above, at, or below the pycnocline. {5) To 

measure the respiration of the entire water column, including benthos, near 

the delta . 
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Measurements will include a selection of the factors listed for the 

Port Aransas transect seasonal cruises (D. Kamykowski, Coordinator) . 

3.2.4 Shelf Survey by Remote Sensing 

Shelf survey from the Rio Grande to the Mississippi River 

(R.J. Finley, Coordinator) . 

The transects off Port Aransas and the study off the Mississippi River 

delta will be supplemented by surveillance of the whole shelf between the 

Rio Grande and the Mississippi River. This will be accomplished by LANDSAT 

imagery, by USCG flights from Corpus Christi, Tx. to Mobile, Al., and from 

shore to the anticipated 200-mile limit, and by a ground-truth cruise during 

the time of maximum Mississippi River influence on the shelf . 

Though obvious limits exist in terms of depth penetration and state-of

the-art parameter measurement, LANDSAT imagery can supply a synoptic over

view of water discoloration patterns. This ability coincides with Gulf 

coast needs in determining the distribution of turbid runoff and phyto

plankton blooms. Ideally, information is presently available every nine 

days. A third satellite is planned for late 1977 that will decrease the 

time between satellite passes and that will include a temperature-measuring 

capability. 

Supplementary information can be obtained from USCG aircraft flights, 

and from charter flights, in the northwestern Gulf. Two advantages of this 

approach are (1) the aircraft flies below cloud cover so that successful 

observations are more probable, and (2) the aircraft observations resolve 

finer detail (Trichodesmium lines) than is possible with LANDSAT imagery. 

Hand-held photography will be the major effort during the first year. 

The remote-sensing efforts will be supplemented by a ground-truth cruise 

of about three days• duration along the shelf between the Rio Grande and 
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the Mississippi River during the maximum influence of spring runoff. Rapid 

hydrographic and biological stations will be periodically occupied along 

the cruise track. Measurements will be the same as those on the monthly 

cruises of the Port Aransas current-meter line. In addition, bottom samples 

will be collected with either a multiple-corer or box-corer for the benthic 

analyses listed under the three seasonal cruises on the Port Aransas transect. 

Continuous samples will be collected along the ship's track for temperature, 

salinity, and in vivo fluorescence. Discrete surface samples will also be 

collected while the ship is underway for dissolved and particulate material 

and for instrument calibration . 

3.3 Expected Results 

Based on this data, the first-year biological effort will provide 

initial information toward answering the first six basic questions posed 

in section 2.4. 

(1) What is the impact of freshwater runoff onto the shelf? 

- Streamflow data will be collected from USGS . 

- The monthly cruises in support of the Port Aransas 

current-meter line will survey the hydrographic and material 

character of the measured physical transport . 

The ten-day study off the Mississippi delta region during 

spring runoff will monitor the role of this river at the 

time of its maximum influence . 

(2) What fluxes occur across the sediment interface? 

- The monthly cruises in support of the Port Aransas 

current-meter line will allow maintenance of sediment 

traps that will identify the downward flux of organic 

material at the edge of the shelf . 
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- The three seasonal cruises to the Port Aransas current

meter-strihg sites will measure the aerobic/anaerobic 

metabolism and nutrient fluxes of the sediments. 

The metabolism and nutrient-flux measurements will also 

be made off the Mississippi River delta and during the 

ground-truth cruise. 

(3) What are the exchanges across the oceanic boundary? 

- The monthly cruises in support of the Port Aransas current

meter line will provide evidence of the hydrographic 

potential of biologtcally significant upwelling. The 

outer current-meter string will measure actual onshore 

transport if it occurs. These surveys will also map the 

daylight distribution of Trichodesmium rafts on the shelf. 

- The three seasonal cruises to the Port Aransas current-

meter-string sites will include measurements of the acti

vity of Trichodesmium. 

- The USCG flights over the shelf will ·be organized to 

monitor Trichodesmium lines. 

(4) What are the atmospheric influences on the shelf? 

e - Incident radiation information will be obtained from the 

• 

• 

• 

National Weather Service stations, and at the Port Aransas 

Marine Laboratory (UT). 

The nutrient content of rain will be determined by rain 

traps aboard ship, and at the Port Aransas Marine 

Laboratory (UT). 

(5) What complexities are added to the internal cycling of the 

shelf ecosystem by cross-shelf gradients and vertical 

layering? 
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- The three seasonal cruises to the Port Aransas current

meter-string sites will provide information on the 

response of three cross-shelf positions to the locally 

variable hydrography. Samples wi 11 be collected throughout 

the vertical water column to describe layering effects . 

- The ten-day study off the Mississippi delta region during 

spring runoff will be compared to the relatively less 

perturbated water off Port Aransas . 

(6) How does the ecosystem function? 

- Each site along the Port Aransas current-meter line will 

be studied for a description of nitrogen flow as depicted 

in the lower part of Figure 15. This limited nitrogen 

cycle, compared to that in the upper part of Figure 15, 

is considered a reasonable starting point that can be 

extended in future years. 

- The ten-day study off the Mississippi River delta will 

attempt a parallel, but somewhat less comprehensive, study 

of ecosystem processes. 
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Material flow diagrams for nitrogen flux. 

The upper chart is a complete description 

of flow; the lower chart depicts the first

year effort on the Port Aransas transect . 
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4. FUTURE WORK 

The proposal presented in the previous pages is seen as the beginning 

of a multi-year effort. A number of trends are easily identified in the 

progression of effort (Table 1). Other geographic areas will be chosen 

for intensive time-series studies based on the analysis of material input 

and transport on the continental shelf. The choice of these new areas 

could be based on the relative strength of the various nutrient sources 

identified in Figure 15, i.e., (1) riverine, (2) oceanic, (3) man-influenced . 

Each area will be instrumented by current-meter strings to determine physical 

transport. Comparisons among these areas will be made in terms of measured 

parameters and historic records of commercial and recreational fisheries . 

The measurements will be expanded as required to better describe the 

cycling of material through the ecosystem. Two areas of potential need 

are quantifications of the decomposer cycle and more detailed species studies 

at all trophic levels. 

Synoptic coverage of the whole shelf is required for the evaluation of 

between-year differences. The remote-sensing effort will be continued . 

The first year's results will be used to judge the need for more frequent 

ground-truth cruises. 
\ 

Due to the biological linkages between the estuaries and the shelf, 

expansion of the program to joint studies of these · areas is probable. 

Quantitative determination of the role of each environment on migrating 

organisms is needed. Similar arguments may require coordinated deep-water 

efforts in future years. 

The biological program will require more extensive chemical and geo

logical input to determine the state of the environment and the finer 

details of transport. These efforts should be incorporated into the program 
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Table 1. Tentative five-year plan for studying 

the shelf ecosystem of the northwestern Gulf of Mexico 

(1) Monthly cruises on Port Aransas 
transect to determine material 
movement 

(2) Seasonal cruises on Port Aransas 
transect to determine biological 
fluxes 

(3) Mississippi delta study for 
biological fluxes 

(4) Survey between Rio Grande and 
Mississippi River by remote
sensing and ground-truth cruise 

(5) Select site presently affected 
by energy-related activities and 
study for material movement and 
biological fluxes 

(6) Determine transport of freshwater 
runoff using chemical and geo
chemical tracers and determine 
biological influence 

(7) Measure background concentrations 
of energy-related parameters 

(8) Perturbation experiments on 
natural or laboratory populations 
of organisms 

(9) Formulate ecosystem model that 
interacts with field program; 
perturb model to determine pos
sible effects of energy-related 
activities 

(10) Compare differences between 
geographic sites 

1977 1978 1979 1980 

xxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxx 

xxxxxxxxxx 

xxxxxxxxxx 

xxxxxxxxxx 

xxxxxxxxxx 
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at the earliest possible date. 

Since the impact of energy-related activities as they may affect pro

cesses is a major impetus for this program, eventual laboratory experi

ments investigating their interconnection are appropriate. Since biolo

gical-effects studies are widely supported, the aim of such studies in the 

present context should be focused on problems specific to the field program. 

Redundancy with other programs should be avoided. 

Eventual integration 0f the field and laboratory data will be made by 

establishing the appropriate parameters of an area-specific ecosystem model. 

Some aspects of multiple perturbation can be clarified by sensitivity 

analysis of fluxes between trophic levels . 
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5 BUDGET SUMMARY (First Year}: LI.TEXAS TA&MU AUBURN LSU FSU TOTAL 

DIRECT COSTS: 

Salaries and Wages 135,842 29,795 17,160 26,834 18,926 228,557 

Fringe Benefits 13,177 2,383 2,015 4, 186 2,449 24,210 

Permanent Equipment 18,950 3,000 900 10,275 3,000 41 , 125 

Expendable Equipment, 50,553 11 '300 1,000 4,000 6,000 67,853 
Supplies, Services 

Travel 5,380 3,360 3,000 2,500 1,000 15 ,240 

Other Direct Costs 5'100 1,800 375 - - 7,275 
m 

Ship's Time 80,300 80,300 """-J - - - -
Total Direct Costs 309,302 51,638 24,450 47,795 31,375 464,560 

INDIRECT COSTS: 67,921 14,599 7,550 7,245 9,463 106 '778 

TOTAL COSTS: 377,223 66,237 32,000 55,040 40,838 571 ,338 
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Al Pref ace 

A major part of the first-year effort to determine biological pro

cesses on the continental shelf of the northwestern Gulf of Mexico is 

· discussed in the following pages. The thoroughness of discussion increases 

with the complexity of effort or with the remoteness of technique from 

past field programs. Emphasis is placed on the description of 15N

assimilation, zooplankton grazing, and ne~ton metabolism. The remote

sensing effort is also described in detail. Other techniques generally 

follow ordinary oceanographic procedures. 

A2 Introduction 

The northwestern Gulf of Mexico has been identified as an area that 

will experience potential conflicts in the multiple use of its available 

resources. The historic activities in the area by commercial and recrea

tional interests are being overshadowed by increased energy-related acti

vities. The quality of the unperturbed ecosystem can best be monitored by 

understanding (1) the processes that drive the shelf ecosystem, and (2) the 

pathways by which material and energy cycle among the biological components. 

A3 Past Work 

Two recent bibliographies ·review the published information available 

on the northwestern Gulf of Mexico: CICAR (1971), and El-Sayed et~· 

(1972). Past efforts have been limited in spatial coverage, temporal 

coverage, or measurements undertaken. The monthly NMFS survey (1962-64) 

stands out in contributing monthly information on hydrography, zooplankton, 

fishes and crustaceans throughout the northwestern Gulf (Harrington, 1966; 

Murray, 1970). Specific sectors within this area have undergone intensive 

organized study in recent years: (1) the South Texas shelf (BLM), (2) the 

Louisiana shelf (GURC), and (3) the Mississippi River delta (Murray, 1976) . 
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A4 Work Plan 

The following methods are the University of Texas first-year contri

bution to the overall program to study ecosystem processes in the north

western Gulf. Measurements will be made of material transport through 

survey cruises performed in relation to a current-meter array off .Port 

Aransas and through a remote-sensing effort throughout the northwestern 

Gulf of Mexico. Ecosystem dynamics will be studied at two initial sites: 

the Port Aransas transect and the Mississippi River delta . 

Future years will see an expansion of the spatial coverage toward 

the north. Specific areas representative of the major driving forces 

will be simultaneously studied throughout the shelf region . 

These studies will contribute information on the terrestrial, benthic, 

oceanic, and atmospheric fluxes with the neritic. Movement along the 

shelf will be determined. The biological responses to these exchanges 

will be quantified. The final result will define the present seasonally 

variable processes in the northwestern Gulf. It will provide a descrip

tion of a dynamic environmental standard against which a future environ

ment with increased energy-related activity can be compared. 

A5 Methodology 

A5.l Static Measurements 

A5. 1. l Light ( Kamykows k i) 

A5.l.l.l Incident. Measurements of incident radiation 

will be made with a Weather-Measure (R401E) mechanical pyranograph at the 

Port Aransas Marine Laboratory. Additional information will be collected 

from the U.S. National Weather Service stations in Brownsville, Tx. and 

Lake Charles, La. This array of measurements will suppo,rt the Port Aransas 

current-meter line and give general information on the shelf . 
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A5.l.l.2 Extinction. The extinction of incident radia

tion in the water column will be measured at daylight stations with a 

Secchi disc and with a Lambda submarine photometer with matched deck cell. 

A5.l.2 Hydrography (Amos) 

A5.l.2.l STD cast . 

A5. 1.2.2 Hydrocast. Details of the methodology for 

the hydrography programs are found in Part 1-Currents and Hydrography 

(separately submitted) . 

A5.l.3 Dissolved Material 

A5.l.3.l Collections. Seawater will be collected from 

specified depths and filtered. Shipboard analyses will be performed on 

the fresh samples, otherwise the aliquot will be frozen. 

AS.1.3.2 Analyses. Nitrate, nitrite, ammonium, phos

phate, silicate (Roels) analyses will be performed on a Technicon Auto

analyzer II, according to the Strickland and Parsons (1972) method. 

Urea, DON (UV oxidation) (Roels) analyses will be performed according 

to the Strickland and Parsons (1972) method . 

Dissolved protein analyses (Roels) will be done according to the 

modification of a Biuret-Folin protein assay for the determination of 

protein nitrogen (Dorsey et~., 1976) . 

Dissolved organic carbon (Kamykowski) analysis will be performed 

according to Strickland and Parsons (1972). 

A5.l.3.3 Relationship. The proposed analyses for dis

solved materials combine to describe a number of compartments of dissolved 

nitrogen with supportive information on carbon, phosphate and silicate. 

AS.1.4 Particulate Material 

AS. 1.4.l Collections. Detritus, phytoplankton, micro-
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zooplankton are collected with bottle casts for seawater aliquots that are 

filtered through meshes of appropriate size and texture, or that ar~ pre

served whole. Macrozooplankton are collected with Bongo frames metered 

for flow and netted with 153-µm and 243-µm meshes. Nekton are collected 

with trawls. Preservation of filters is generally by freezing or by chemi

cals; organisms are chemically preserved or maintained alive in tanks. 

5.1.4.2 Analyses. Phytoplankton (Kamykowski): 1..!!_ vivo 

and in vitro analyses of chlorophyll ~will be performed according to the 

Strickland and Parsons (1972) method. A Turner Designs field fluorometer 

will be utilized. 

Microzooplankton (Johansen): Species counts will be made on aliquots 

collected and preserved with basic Lugols. The samples will be examined 

by the Utermohl (1937) procedure on an inverted microscope. 

Macrozooplankton (Lee): One-half of each sample (divided by a Folsom 

plankton splitter) will be placed in an oven (65°C) to determine constant 

dry weight; then ashed in a box furnace (soo0c). The other half of each 

sample will be transferred to a graduate cylinder for measurement of settled 

volume. After a 7 to 10 times dilution, a 1 to 5 cc aliquot will be with

drawn with a Stempel pipette. The key species and their abundance will be 

determined . 

Nekton (Wohlschlag): Estimates of field abundance of selected species 

will be estimated from the literature and from NMFS records. 

Particulate Fractions: ATP (Pulich) will be determined from analysis 

of a prefiltered sample (202 µm) according to the Strickland and Parsons 

(1972) method. Particulate protein (Reels) will be analyzed according to 

the Dorsey et~- (1976) modified Biuret-Folin method. POC and PN (Pulich) 

determinations will be made on water filtered initially through a 202 µm 

Nytex filter to remove larger zooplankton; one liter will then be filtered 
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through a Gelman 0.3-µ glass fiber filter and the filter will be stored 

frozen until laboratory analysis can be made on a Hewlett Packard No. 240 

CHN analyzer. 

5. 1.4.3 Relationship. The particulate analyses define 

the size of the various compartments of the neritic trophic chain and 

investigate various components of the inert particulate material (detritus). 

Direct estimates of the water-column decomposers are neglected. 

5.1.5 Sediments (Morton) 

5.1 .5.1 Collections. Suspended sediment samples will 

be collected from a vertical array of traps at each of the three sites along 

the Port Aransas transect during monthly hydrographic cruises (total number 

of samples approximately 36). Bottom sediment across the shelf will be 

sampled along the Port Aransas transect and samples parallel to the coast 

will be collected between the Rio Grande and Mississippi Rivers during a 

single cruise (total number of samples, approximately 30 including some sam

ples from the mouth and channel of the Mississippi River). 

Samples of sediment suspended in the water column at and between river 

mouths and major tidal inlets between the Rio Grande and Mississippi Rivers, 

as well as sediment suspended in the plume off the Mississippi delta, will 

also be collected during the single along-shelf cruise and the 10-day 

Mississippi delta cruise (total number of samples, undetermined). 

5.1.5.2 Analyses. Textural analyses will be performed 

on all sediment samples. Except for possible shell material in some of the 

bottom sediments, it is anticipated that most of the sediment will be sand

size or less, with the greatest proportion of sediment falling in the silt 

and clay size-ranges. The coarse and fine fractions will be separated using 

standard procedures for wet sieving (63-µ mesh). The size distribution of 

the coarse fraction (sand and greater) will be obtained with a Rapid Sedi-
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ment Analyzer (RSA) ~sing methods described by Schlee (1966). Standard 

pipette analyses of the fine fraction (silt and clay) are time-consuming 

and require considerable glassware when large numbers of samples are being 

analyzed. Consequently, most sedimentology laboratories utilize the more 

modern techniques of electronic particle-counting. The Coulter Counter has 

gained wide acceptance for routine mud analyses and it is fast becoming 

the standard method because of its high accuracy and rapidity of operation. 

The method has been ·established for over 30 years (Interagency Committee on 

Water Resources, 1943), and recent reviews of laboratory procedures and 

limitations have been provided by Sheldon and Parsons {1967), Allen (1968), 

and Swift et _tl. (1972). Consistent laboratory procedures (sample pre

paration and equipment operation) for using the Coulter Counter in the 

analysis of marine sediments have been developed by Shideler (1976). The 

limited volumes and dilute nature of the suspended sediments (traps and 

in-column samples) require a highly precise method, especially in the clay 

size-range. Furthermore, the total number of samples proposed for the first 

year and anticipated sediment analyses in subsequent years could best be 

analyzed by a Coulter Counter. 

Clay mineralogy of bottom sediments and selected suspended sediments 

will be determined by X-ray diffraction, following the methods described by 

Morton (1972). Basically, the procedure will involve comparison of X-ray 

diffraction traces for (1) untreated, (2) glycolated, and (3) heat-treated 

samples, in order to identify the various clay mineral components. In 

addition to the above treatments, slow scanning speeds will be used to 

differentiate kaolinite and chlorite, as suggested by Biscaye (1964). 

Trace-element concentration in bottom samples will be determined by 

semi-quantitative geochemical methods described by Grime and Marranzino 

(1968). The regional distribution and concentrations of trace elements 
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presented by Holmes (1973) and currently being delineated on the Texas 

inner shelf will serve as .a guide in determining which trace elements should 

be present in quantities above the limits of detection. 

5.1.5.3 Relationship. Although many sedimentological 

questions remain to be answered, especially concerning shelf-sediment 

transport, the first year of study will be largely in support of the bio

logical research. Specifically, the geochemical and textural analyses will 

provide important data for interpretation of the benthic metabolism studies . 

Of primary importance are the texture, mineralogy, and rates of sedimen

tation of total suspended particula~e matter (organic and inorganic), and 

the texture, mineralogy and concentration of trace elements in bottom 

sediment samples. These data will provide a basis for establishing the 

effect of various physical and chemical processes on respiration rates as 

indicated by Pamatmat and others (1973) . 

Perhaps equally important will be the documentation of temporal and 

spatial fluctuations in suspended sediment concentrations and grain size 

distributions. For example, quantification of increased concentrations 

and increased grain size distributions attendant with high energy input 

during and following storms should be possible. Furthermore, the acquisi

tion of satellite imagery and current-meter data should permit a better 

understanding of the directions of suspended sediment movement across the 

Gulf. 

A5.2 Dynamic Measurements 

Due to the nature of the experimental application of these pro

cedures, they are discussed in detail in terms of rationale and metho

dology . 

A5.2.l Phytoplankton (Pulich) 

Rates of assimilation of nitrate, arT1110nium, and urea 
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by plankton will be determined to gain some understanding of how these pro

cesses regulate the distribution of inorganic nitrogen in the northwestern 

Gulf of Mexico. The rate of conversion of inorganic species of nitrogen to 

particulate nitrogen by the lower portions of the food chain is also funda-

mental to any consideration of nitrogen requirements for overall production 

on the western Gulf continental shelf. From rates of uptake and~ situ 

concentrations of dissolved nitrogen, the turnover times of nitrogen compo-

nents can be calculated; this information, in turn, can be used in assessing 

possible sources of the necessary nitrogen. 

Shipboard incubations with 15N-Jabeled substrates will follow the basic 

procedure of Dugdale and Goering (1967). Water samples will be collected 

in Niskin bottles and then filtered through 202-µm Nitex to remove large 

zooplankton. One liter of filtered water will be placed in a glass bottle, 

inoculated with appropriate 15N-labeled substrate (at 0.25 µg-at N/l), and 

incubated for 6-12 hr. If possible, incubations will be done in situ at 

three depths, ranging from surface to half-euphotic zone to just below eupho-

tic zone. In some cases, light and dark incubations will be carried out 

(at surface), analogous to light and dark 14c-primary-productivity measure

ments. At the end of the incubation period, samples will be filtered 

through 0.3-µm Gelman glass fiber filters, and the filters stored frozen 

until analysis. 

Either a CHN Analyzer will be used to convert organic-N on the filters 

to N2 (according to the method of Barsdate and Dugdale, 1965), or the pro

cedure of Hattori and Wada (1972) will be used (~eldahl digestion to NH4+, 

steam-distillation of the NH4+, oxidation of NH4+ to N2 by alkaline hypo

bromite). 15N-content will be determined with a mass spectrometer by the 

isotope ratios technique. Isotope ratio blanks will consist of plankton 

not exposed to 15N-substrates. Plankton will be collected at the same 
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stations where 15N-incubations are performed. 

A5.2.2 Macrozooplankton (Lee) 

At each selected station, studies of macrozooplankton 

grazing will be conducted for two natural, mixed zooplankton populations: 

one day and one night, to the bottom of the euphotic zone. Both popula-

tions will be collected by closing nets with aperture size of 150 µ. Before 

the experiment, these samples will be diluted with water from mid-depth of 

each station. Zoopl_ankton of each population will then be transferred to 

a one-liter dark bottle filled with the filtered seawater. These bottles 

are placed in an incubator with the temperature set as the mid-depth tem

perature. There will be six replicates together with two controls for each 

experiment, which is carried out in the darkness and lasts for 24 hr. After 

that time, the zooplankters from the first three bottles will be removed 

and analyzed for their organic carbon and nitrogen content by CHN Analyzer . 

The zooplankton from the other three bottles will be preserved with neutra

lized formalin and used for species identification and dry biomass. Water 

samples, before and after incubation, will be analyzed for the amount of 

chlorophyll 2_, (oxygen ?), organic carbon and nitrogen present. Chlorophyll 

2_ will be determined by fluorometer (Strickland and Parsons~ 1972), and 

organic carbon and nitrogen by CHN Analyzer. The difference between the 

initial and final quantity, after correction with the control, is the amount 

of food consumed by the zooplankton inside the bottle during the 24-hr period. 

Experiments for excretion rate will be combined with the grazing expe

riment, except that two more bottles filled with Millipore-filtered (0.22 µ) 

seawater are added to each experiment. Since ammonia-nitrogen is the major 

excretion product of zooplankton, only this nutrient will be measured. The 

difference in ammonia-nitrogen excretion between fed- and starved-zooplankton 

populations will be measured. Ammonia-nitrogen will be determined by the 
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Strickland and Parsons (1972) method, and the rate calculated from the 

difference between the experiments and the controls . 

A5.2.3 Nekton (Energetics and Fish Production)(Wohlschlag). 

A5.2.3.l Objectives. The primary purpose of this 

study is to determine baseline energetics of several common Gulf fish 

species. By determining the energy required for maintenance (standard 

metabolism), for routine operations such as foraging and food assimila

tion (routine metabolism), and for growth, it is possible to determine 

the energy input (food requirements) derived from lower ecotrophic levels. 

The secondary purpose of the study is to establish metabolic baselines 

· for several fishes at selected levels of natural chronic stresses of 

temperature and salinity against which imposed stress effects (abnormal 

levels of temperature, salinity, or sublethal pollutants) can be assessed. 

Such assessments are possible because the metabolic scope is reduced when 

less than optimal environmental conditions prevail. Scope at maximum sus

tained activity is defined as the energy difference between the standard 

level of metabolism and the maximum sustained level. At optimal environ

mental conditions, scope is at a maximum. Chronic stresses~either natural 

or man-induced~reduce the scope either by increasing the maintenance 

requirements (standard metabolism), by reducing the maximum metabolic level, 

or by both. This fundamental physiological-ecological energy function of 

scope reduction under stress was first outlined by Fry (1947), and later by 

Fry (1957, 1971), Brett (1958, 1964, 1965, 1967, 1971), and Wohlschlag 

(1976), among others. Quite obviously, these procedures can be used to 

identify optimal environmental conditions (Brett, 1971; Wohlschlag, 1976). 

The third purpose of this study is to relate the energetic and growth 

relationships to diverse inshore and offshore benthic and pelagic fishes 

in terms of conventional fishery models insofar as growth-mortality-abundance 
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fishing data are available, or insofar as reasonable fishery dynamics 

simulations can be made. Such energy-biomass interrelationships for a 

fishery can establish the food contributions required from the next lower 

ecotrophic levels under normal or stressed situations. 

A5.2.3.2 Rationale. As a first step in characterizing 

an environment, its attributes are generally listed in terms of overall 

physical, chemical and biological "contents" with the usual standing 

"amounts" of chemical and biological constituents as a second step . 

At the top of the food chains, fishes are well known in the Gulf and 

there are some quantitative measures of their standing crops _ such as those 

by Moore et El_. (1970) and those currently being assembled by \fohlschlag 

for the South Texas Outer Continental Shelf studies (under the aegis of 

BLM). There is little development in the conventional fisheries dynamics 

models of the Ricker, Beverton and Hold, or Schaefer genre, for even the 

most abundant fishes in this area. There is, however, a need for predic

ting effects of stresses on fishes, independently of fishery effects. 

The value of fishes for assessing both environmental quality and bio

logical production capabilities is nevertheless high for several reasons. 

Fishes are generally well known and easily identified to species compared 

to most invertebrate groups, many populations are of direct interest to the 

public-at-large, the physiological and ecological properties of fishes are 

sufficiently generalized that concepts from widely diverse environments 

and species are directly applicable to the Gulf fishes. The same is true 

for techniques. Perhaps a most important characteristic of most fish popu

lations is that they are sufficiently iteroparous that they must be con

sidered as integrators in the entire ecosystem; their population biomasses 

cannot react immediately to environmental fluctuations in the same manner 

as microorganisms whose biomass might change as much as, say, 10 orders of 
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magnitude in a few days. 

A major premise of this study is to consider fishes as good integrators 

in their ecosystem and its forcing functions and state variables. If this 

premise is at least partially justified, fish can be used as overall long

term indicators of environmental quality. They can be used as sensitive 

indicators both of stresses at less than optimal normal environmental varia

tions, and of stresses that are considered pollutants. With knowledge of 

the energetics of fishes as carnivores, it should be possible to measure 

these energetics under both optimal and naturally stressed conditions to 

serve as baselines for comparisons µnder imposed stresses. 

Similarly, measurements on energetics that include energy for growth 

provide a basis for measuring the contributions in forage energy. This, in 

effect, means that data can be acquired for working backward toward energy 

conversion from the next lower (forage) ecotrophic level, since there is 

little available information on the energetics at these forage levels. 

Ultimately, it is hoped that three kinds of carnivorous fishes can be 

studied: plankton feeders, benthic invertebrate feeders, and fish feeders . 

While the growth rates of organisms are very sensitive to environmental 

conditions, and are often used for short-term bioassays among microorganisms, 

growth rates for longer-living organisms like fishes are usually measured 

on the basis of yearly increments. Yet fishes respond to very low-level, 

sublethal, stresses in metabolic terms after only a few days' acclimation 

under the stressed conditions; metabolic rates can often be measured in 

less than one hour. The key to measuring the metabolic response under slight, 

sublethal stresses is to have the fish acclimated in the stressed environment. 

From experience in both field and laboratory, Wohlschlag has found that 

variability in measurements of oxygen consumption rates, as an indirect 
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measure of metabolism, are about the same if the fish are handled very little 

and very carefully. For this study it is proposed that the fish be accli-

mated to normal ambient seawaters and over a range of salinities and tem

peratures for baseline measurements. For example, in comparison by indivi-

dual groups of controls vs. experimental fishes, it is easy to di~tinguish 

metabolically the difference between about 2°c and 3-4 ppt salinity differences, 

between males and females, between large fish and small fish, between seaso-

nal responses apart from temperature, etc. (see Brett, 1971; Fry, 1971, for 

examples). Note that the references cited are deal primarily with metabolic 

studies where the oxygen consumption rates are related to body size, swimming 

velocity, temperature, salinity, etc., by means of multiple regressions which 

often define even more narrowly the metabolic responses to the independent 

variables. In the case of one study on a "legally acceptable" discharge from 

a petrochemical industry, which did not have any recognizable effect on the 

local fishes, a dilution of the effluent to 0.005 still had pronounced meta

bolic effects on the pinfish, Lagodon rhomboides (Kloth and Wohlschlag, 1972). 

Studies in progress indicate that even more subtle effects of natural 

stresses can be measured in metabolic terms of scope, the difference between 

standard (maintenance) metabolism and metabolism at maximum sustained activity. 

Since scope is at a maximum under optimal environmental conditions, any 

stress effect, whether identified or identifiable, tends to suppress scope. 

The value of such baseline energy requirements can be illustrated in the 

accompanying annotated figure from a manuscript in preparation. The figure 

indicates the levels of metabolism at a range of salinities for the spotted 

seatrout (Cynoscion nebulosus) at 28°C and under fasted conditions in the 

upper panel. The numbered squares are calculated values of active metabolism 

from multiple regression equations. The lower panel shows the scope, the 
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difference between maintenance and maximum sustained swimming energy require-

ments, in terms of oxygen consumption rates that can directly be converted 

to caloric units if required. (Although the curves would be different, 

metabolism-temperature plots would show an optimum between 20 and 25°C.) In 

case of the salinity relationships, note that the active and routine rates 

converge at about the natural range of salinities over which the species 

occur in this region. Also, at these two points the routine metabolism levels 

are about twice the _corresponding standard levels. Chadwick (1976), and 

also earlier workers, note that routine metabolism must take into account 

energy requirements for both foraging and assimilation (specific dynamic 

action). At around 10 and 45 ppt for the fasted trout the routine levels in 

the figure would indicate points where surplus energy would be unavailable 

for growth. 

To separate components of energy intake as food into amounts used for 

growth and amounts required for specific dynamic action, it is proposed to 

utilize the methods given by Kerr (197la,b,c) instead of attempting feeding 

experiments that would necessarily be very artificial compared to natural 

feeding in the Gulf. Essentially, Kerr's system is based on partitioning 

total metabolism, Tt, into cost of foraging, Tf (routine swimming), cost 

for growth, Tg, cost of standard metabolism, Ts, and cost specific to uti

lization of food, Tc. By comparing fed and fasted rates, Tt(fed) and 

Tt(fasted), Kerr has shown that 

Tc= Tt(fed) - Tt(fasted) . 

Thus, there is a measure of energy used for assimilation that may be separa

ted. If there is active growth, the routine metabolism as shown in the 

figure for the fasted (no growth) fish would be at a higher level. By taking 

the routine level for a growing fish and subtracting the Tf (ordinarily about 

0.5 to 1.0 lengths/sec), the Tc and the standard Ts, it should be possible 
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to get a measure of r9. A recent evaluation of some of these energy compo

nents is in Schalles and Wissing (1976), who note that from about 12 to 

about 30% of energy input is required for food utilization, based on various 

species and artificial feeding regimes. 

By taking two sets of data as in the figure, one for fed and one for 

fasted fish, it should be possible to estimate all the energy components 

required for growth. 

From age and growth data based on age-frequency and age-size curves, it 

is possible to estimate the total amount of growth per year under given 

environmental conditions. By using the Winberg (1956) basic energy approach 

(see also Paloheimo and Dickie, 1965, 1966a,b): 6W/ t = R T, where 6W is 

the energy equivalent of growth during 6t, R is the energy acquired from 

rations (corrected for unassimilated food), and Tis the metabolism in the 

sense of Kerr (above) for fed fish. Thus, by knowing the amount of growth, 

the period of time involved, and the total metabolic energy required for 

maintenance, operations, and growth, it seems reasonable that the total 

energy input from the next lowest ecotrophic level could be estimated . 

It is in this sense that the results of the proposed study could even

tually be utilized directly, either in the usual energy-based ecosystems 

analysis, when the appropriate time comes for systems analysis of the Gulf 

ecosystem, or in evaluating future artificial feeding~growth experiments 

and aquaculture. 

A5.2.3.3 Work Plan. In the course of the first year 1 s 

work, about 2-3 months will be required for setup operations and gear con

struction. A Blazka respiration chamber and aquarium will be assembled for 

handling large fish like the red snapper, king mackerel, etc., up to about 

1 m long. One species will be chosen for both winter and summer runs during 

the first year. Half the fish will be retained and fed ad libitum con-
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tinuously; half will be fasted prior to metabolic runs. During the first 

year, some adjusting of procedures now in use will be undertaken (because 

salinity and temperature ranges will be narrower than those encountered 

in the estuaries currently under study) so that more metabolic determinations 

at standard, routine, and active levels can be made than at present . 

In the second and following years, the same operations will continue 

with at least three more species. Ideally, during two years it should be 

possible to work on two inshore species and two offshore species. Hope

fully, one inshore species (like menhaden) would be a pelagic plankton 

feeder, and one inshore species would be a benthic feeder; one offshore 

species would be demersal (like the red snapper), and one would be pelagic 

(like the king mackerel). Large to small fish sizes and well known and 

useful fish species would be sought, largely because there are age and 

growth data plus some fishery dynamics data available for them . 

During the project continuous calculations of the appropriate regres

sions and other calculations will be made as work progresses. Fisheries 

data derived from governmental sources or open literature for estimation of 

annual growth increments for the species will be utilized. If such data 

are unavailable, scale or otolith samples will be used from collections 

presently available at Port Aransas, or from catches during the acquisition 

of the experimental fishes. 

Since gear is available for the measurement of metabolism of moderately 

large (up to 50 cm long) and rapidly swimming fishes, the project can begin 

immediately upon funding, but it is proposed that an additional Blazka 

chamber and temperature-salinity controlled aquarium be constructed so that 

more and larger fish (or small fish in schools) can be handled before the 

latter part of the first year. 

A continuous effort will be made to improve fishing and handling 
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techniques, especially to ensure minimal damage from handling. 

A5.3 Remote Sensing of Near-Surface Suspended Sediments (Finley) 

A5.3. l Introduction 

This section of the study proposes the use of remotely 

sensed data for tracking near-surfice suspended sediments in shelf waters . 

Useful data vary from oblique aerial photography taken from a light air

plane, through conventional and high-altitude vertical photography, to 

imagery from manned and unmanned orbital craft. With the launch of 

LANDSAT-1 (originally ERTS-1) on 23 July 1972 and of LANDSAT-2 on 22 January 

1975, satellite imagery in four spectral bands (see Table) became routinely 

available for use in the mapping and interpretation of land and oceanic 

environments. Each sate 11 i te scans the same area every 18 days, therefore 

coverage may potentially be obtained at 9-day intervals. However, data 

losses occur due to cloud cover and, occasionally, due to sensor and pro

cessing malfunctions. A substantial amount of excellent coverage is already 

available. Compilations by Freden et~- (1973a,b), Smistad et _tl. (1975) 

and Williams and Carter (1976) provide examples of the uses being made of 

LANDSAT data and show that computer data processing, as well as electronic 

and optical image enhancement techniques are in common use. Band-5 multi

spectral scanner (mss) imagery, in the visible red region of the spectrum, 

is the primary source of information on suspended sediments in studies of 

coastal waters. 

A5.3.2 Objectives 

The proposed research will accomplish the following, 

using remote sensing of coastal waters between the Rio Grande and the Missis

sippi River: (1) the surface-water circulation will be inferred from the 

distribution of natural turbidity; (2) the inferred circulation will be 
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LANDSAT Multispectral Scanner Bands 

Spectral Width 
in microns 

0.5 - 0.6 

0.6 - 0.7 

0.7 - 0.8 

0.8 - 1.1 

Spectral Region 

green 

red 

infrared 

infrared 
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related to meteorological, tidal and other physical oceanographic parameters, 

and (3) the general distribution of suspended sediments and the location of 

point sources of input will be described. 

A5.3.3 Background 

Many authors have made use of LANDSAT's synoptic imagery 

to examine current-borne suspended sediment. Investigations have been com-

pleted in the Great Lakes, rivers and estuaries, and in oceanic waters. 

Klemas et 2.1_. (1973~ 1974, 1975) studied suspended sediment distribution, 

aquatic fronts and circulation patterns in Delaware Bay. Ocean waste disposal 

plumes off the Delaware coast were also tracked using LANDSAT imagery. 

Williamson and Grabau (1973) mapped suspended sediment concentrations in 

rivers leading into Chesapeake Bay. Bowker et 2.1_. (1973) included considera

tion of chlorophyll and suspended inorganics in their study of Chesapeake 

Bay, and Watanabe (1973) considered pollution sources in his analysis of 

imagery of Osaka Bay, Japan. The highly turbid waters entering Cook Inlet, 

Alaska, provide an excellent natural tracer for circulation studies, as shown 

by Wright et~- (1973) and Anderson et~- (1973). Kritikos et al. (1974) 

delineated water types on the basis of suspended sediment variations identi-

fied on LANDSAT imagery of the Potomac River. They did not examine flow 

patterns, however. 

Turbidity analyses using LANDSAT imagery over lakes have been undertaken 

by Yarger et ~. ( l 9 7 3 ) , P 1 uh ows k i ( 19 7 3 , l 9 7 6 ) , Syd or ( l 9 7 6 ), W i es net ( l 9 7 6 ) , 

and Stumpf and Strong (1975). The latter authors make a particularly valu-

able contribution by relating resultant wind-stress vectors to the circula-

tion patterns revealed by turbidity in southern Lake Michigan. "Whitings" 

of algal blooms have been detected by Strong (1976a,b) in Lake Michigan and 

Utah Lake, respectively, by comparing spectral response in each of the four 

individual mss bands. 
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On the Pacific coast, Pirie and Stellar (1973) have analyzed nearshore 

currents, suspended-sediment transport and river discharge off California . 

Seasonal patterns in sediment transport were found to be related to current 

systems and coastal morphology. Carlson (1976) examined the turbid plumes 

emanating from the Eel River in northern California, and noted a seasonal 

reversal in nearshore current direction. 

On the Gulf coast, Hunter (1973) studied the movement of suspended sedi

ments and found that ebb-tidal plumes generated at tidal inlets become detached 

at slack water and drift parallel to the coast. Hunter (1976) also took 

advantage of the sidelap of LANDSAT images collected on successive days to 

determine rates of movement of turbid gyres which retain their identify over 

a 24-hr period. Rouse and Coleman (1976) found that the size and shape of 

the Mississippi River discharge plume correlated with river discharge stage 

and with wind velocity and direction. They extracted radiance values from 

the imagery and contoured them to estimate relative concentrations of suspen

ded sediment. Other studies in the Gulf of Mexico region using LANDSAT data 

include the detection of turbidity patterns in Tampa Bay, Florida (Coker et~., 

1973, 1976), and Maul 's (1973) study of the Loop Current in the eastern Gulf. 

Finley (1976) found that four levels of turbidity could be subjectively 

distinguished within Texas coastal waters using simple optical enlargements 

of LANDSAT false-color composite images. In a related study, the extent of 

turbid plumes issuing from Aransas Pass was correlated with meteorological 

and tidal conditions (Finley and Baumgardner, in press) during the 24-hr 

period preceding the satellite overpass; mss band-5 data were used, and the 

best turbid gyres developed during northerly winds of 10-22 km. Band 5 will 

provide primary data in any future turbidity dynamics and circulation studies; 

however, more sophisticated analysis techniques may allow concurrent use of 
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bands 4, 5 and 6 to differentiate varying levels of suspended sediments, and 

possibly detect concentrations of phytoplankton . 

A5.3.4 Methodology 

A5.3.4.l General 

The use of color (compared to grey tones) to 

display differences in turbidity greatly enhances the analyst's ability to 

make visual interpretations. Color-additive viewing of LANDSAT imagery will 

permit water masses to be distinguished which have low reflectivity diffe

rences due to small variations in suspended-sediment content. Using the dis

tribution of turbidity as a natural tracer, the surface-water circulation 

patterns can then be inferred. The determination of current velocities from 

these data is difficult (Hunter, 1973). Following Hunter's (1976) example, 

however, the areas of sidelap between images taken 24-hr apart will be examined 

to determine rates of movement when water masses retain a characteristic 

pattern. 

Digital processing of LANDSAT data will be reserved for imagery which 

coincides with shipboard observations. It is anticipated that computer-assisted 

analysis will be carried out for three areas approximately the size of eight 

USGS 7~-minute quadrangles (1350 km2), and for one area approximately one-

half to one-third of a LANDSAT scene in size (12,900-19,600 km2). Coordina

tion of ship schedules with satellite passage would be required to make 

maximum use of the remote-sensor data. Special emphasis will be placed on 

searching for differences between inorganic and organic turbidity by comparing 

the digital radiance values in the red vs. the infrared regions of the spectrum. 

The third LANDSAT satellite, scheduled to be launched in September 1977, 

will carry a multispectral scanner with a thermal infrared band (10.4 to 12.6 

micron). The resolution in this channel will be 238 m. Both turbidity and 

temperature of water masses will then aid in the detection of circulation 
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patterns. This should be especially useful in the nearshore area of river 

discharge and tidal inlet plumes (3-9 miles from shore) within which the 

along-shelf cruise will take place. 

Skylab multispectral camera and earth terrain camera photography can 

also be used to trace current patterns by tracking natural turbidity . 

Although more variable than LANDSAT, in area of coverage each frame is fully 

documented, and the S-190A color photography (0.4-0.7 micron bandpass) has 

an estimated ground resolution of 40 to 46 nm. Skylab photography should be 

acquired to supplement the LANDSAT studies. 

The cooperation of U.S. Coast Guard personnel during scheduled aircraft 

missions will be helpful in interpreting LANDSAT imagery. Since the satel

lite schedule is available up to four months in advance, it can be easily 

determined when observations of sea state, wave approach direction, and 

turbidity may be helpful to this investigation. Photographs of turbid plumes 

entering the Gulf would be especially useful. Funds have been included in 

this proposal for photography from a rented aircraft, since (1) the timing 

and altitude of Coast Guard missions will be primarily determined by USCG 

requirements, and (2) civilians generally cannot participate in these flights. 

A5.3.4.2 Specific Approaches 

The following order of priority is recommended 

in analyzing LANDSAT data during this investigation: (1) imagery obtained 

concurrently with shipboard observations made during monthly cruises, the 

along-shelf cruise or the Mississippi River plume study; (2) imagery obtained 

over the Port Aransas current-meter transect while data are being recorded, 

and (3) all other available imagery covering waters between the Rio Grande 

and the Mississippi River delta. Since many factors controlling ship sche-
\ 

duling are not predictable, and usable imagery may not be obtained due to 

cloud cover or variations in sensor functions, LANDSAT imagery may not 
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coincide with shipboard "sea truth" observations. However, during the full 

year that current meters are in place off Port Aransas, there is no doubt 

that LANDSAT imagery of suitable quality will be obtained. In addition, 

relating the circulation patterns detectable on all available cloud-free 

imagery of each area to meteorological and tidal records will give a much 

more complete sample of surface-water movement. Once all available imagery 

has been studied during this one-year investigation, a much more limited 

research effort would be required to analyze LANDSAT data as it continues to 

become available. 
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Bl Preface 

e As an integral part of the multidisciplinary studies in the northwestern 

• 

• 

• 

• 

• 

• 

• 

• 

Gulf of Mexico, we are proposing in this section to carry out, in collabora

tion with other investigators, the study of two of the significant processes 

taking place in the marine ecosystem; namely, photosynthetic activity of 

phytoplankton and the study of sedimentation processes of suspended materials. 

The proposed investigations, discussed below, will be divided into two 

parts: (1) primary productivity studies, and (2) sedimentation of suspended 

materials, in the northwestern Gulf. 

B2 Introduction 

82.l Primary Productivity 

Although extensive primary productivity studies have been carried 

out in the northwestern, north-central, parts of the Gulf of Mexico, we know 

very little about the productivity of the northwestern and western parts of 

the Gulf (El-Sayed et~., 1972; El-Sayed, 1974; Fucik, 1974). Our interest 

in the study of primary production stems from the significant role of the 

phytoplankton as organisms responsible for the fixation of much of the energy 

utilized by the marine organisms. Since photosynthesis is a basic physio

logical activity of phytoplankton, the rate at which photosynthesis takes 

place is a good indication of the effect of environmental changes on these 

organisms. Thus, any substance which inhibits the growth of the phytoplankters 

will undoubtedly have very serious consequences on the whole marine ecosystem . 

The proposed primary productivity studies should enable us to make informed 

prediction as to what may happen as a result of, say, oil spills or chemical 

contaminants . 

82.2 Sedimentation of Suspended Materials 

Sedimentation removes suspended material from the water column. 

It also provides input of energy and material to the benthic communities and 
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thus links production in the water column with that of the sediment surface. 

Fecal pellets have been known to be the most important fraction of sedimented 

material (Ansel, 1974; Davis, 1975; Oviatt and Nixon, 1975; Steele and 

Baird, 1972; Stephens et~., 1967; Webster et~., 1975; Hargrave et~., 

1976; Zeitschel, 1965; Taguchi and Hargrave, in preparation). In order to 

develop a fundamental understanding of the dynamics of continental shelf 

ecosystems, involving both conceptual and numerical modelling, the sedimen

tation process should be studied. The proposed study will focus on the sedi

mentation processes of the suspended material in the marine ecosystem of the 

northwestern Gulf of Mexico. 

B3 Past Work 

83.1 Primary Productivity 

During the past 15 years, we at Texas A&M University have accumu

lated extensive data on primary productivity, standing crop of phytoplankton, 

inorganic nutrients, physical data (ligAt penetration, temperature and sali

nity) in the Gulf. These were published in a Serial Atlas of the Marine 

Environment (Chemistry, Primary Productivity, and Benthic Algae of the Gulf 

of Mexico) by the American Geographic Society (El-Sayed et~., 1972). Of 

special relevance to the proposed investigation are the extensive data we 

have gathered in the central Gulf of Mexico during the last four years. Among 

these are: (1) Primary productivity, phytoplankton standing crop, nutrients 

and hydrographic data taken in the 0-fshore Ecology Investigation Region 

(OEI) located about 50 miles southwest of Louisiana. These data were collec

ted between June 1972 and December 1973. (2) Primary productivity, standing 

crop, nutrients and hydrographic data collected during a NASA-sponsored pro

ject in the Gulf of Mexico between November 1974 and February 1975, on board 

the CALYPSO (El-Sayed et~., 1975) . 
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·s3.2 Sedimentation of Suspended Materials 

Very little has been done in the Gulf of Mexico to measure directly · 

the sedimentation process of suspended material; However, several investi

gations have been carried out to study the sediment texture, trace-metal geo

chemistry and clay mineralogy in sedimented material on the bottom (see 

literatures in Parker and Menzel, 1976). 

B4 Objectives 

84.l Primary Productivity 

• 

Our objectives are: (1) To estimate the primary productivity within 

and below the euphotic zone to a depth of 0.01% of surface light intensity. 

(2) To study the primary productivity of the phytoplankton in relation to (a) 

radiant energy and light penetration; (b) nutrient salts concentration (e.g., 

phosphates, silicates, nitrates, nitrites, ammonia); (c) hydrographic features 

of the study areas (e.g., thermal stratification, pycnocline, nutricline) . 

(3) Determination of the specific growtb rate of phytoplankton. (4) To study 

the contribution of the nannoplankton (organisms <20 µm) to primary production. 

(5) To study the species composition of phytoplankton at stations occupied . 

84.2 Sedimentation of Suspended Materials 

Our objectives are: (1) To collect information at the three site 

stations (20, 40, and 180-m depth) at which the current meters will be placed, 

during the monthly cruises 

the hydrographic program). 

(this will be carried out in connection with 

(2) To study the vertical distribution of chloro-

phyll a, phaeopigments and particulate organic carbon and nitrogen in the 

water column (in collaboration with Dr. Kamykowski's investigation). (3) To 

study the sedimentation rates of particulate organic carbon and nitrogen, 

chlorophyll ~and phaeopigments in the sediment traps. (4) To study the bio

logical composition of the sedimented material in these traps . 
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B5 ·work Plan 

85.1 Primary Productivity 

At the three site stations (depth: 15,- 40 and 180 m) where the 

current meters will be placed, primary productivity studies (in situ) will 

be carried out during August and December 1977, and April (or May) 1978 . 

During the 1978/79 period the scope of operation will be expanded to 

include the three transects encompassing this study; namely, off Corpus 

Christi Bay, Galveston Bay, and west of the Mississippi River delta. Together 

with these transect studies, we also wish to conduct primary productivity 

studies at several stations to be occupied along the cruise track between 

Port Aransas and the Mississippi River delta . 

85.2 Sedimentation of Suspended Materials 

At the three site stations (20, 40 and 180 m) where the current 

meters will be placed, sedimentation studies will be carried out during 

August and December 1977, and April (or .May) 1978; these studies will be 

done in connection with the hydrographic program). During the first year 

the vertical distribution of chlorophyll ~, phaeopigments and particulate 

organic carbon (POC) and nitrogen (PN) in the water column (in collaboration 

with Dr. Kamykowski's investigation) will be studied, as will the sedimen

tation rates of POC, PN, chlorophyll ~and phaeopigments in the sediment 

traps, and the biological composition of the sedimented material in these 

traps. 

In the second and third years, sampling sites will be chosen in colla

boration with other parts of this program; however, the sampling scheme 

will be essentially the same as in the first year. At the end of the third 

year of field observations, the degree and seasonality of sedimentation 

rates will be obtained to predict the dynamics of continental shelf eco

systems involving both conceptual and numerical modelling. This study will 
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also enable us to identify the major pathway of energy-related activity 

in the food chain and chemical pollutants . 

B6 Methodology 

B6.l Primary Productivity 

The methodology to be used in connection with the phytoplankton 

program is outlined below: 

86.1.1 Primary Production 

Primary production wi 11 be determined by either the in 

situ or the simulated in situ experiments using 14c techniques of Steeman

Niel sen (1952) with some modification of Strickland and Parsons (1970). 

Continuous light measurement in air will be carried out on board (by Dr . 

D. Kamykowski, see section A5.l.l). Measurement of submarine light pene~ 

tration will be made before Local Apparent Noon (LAN). Water samples will 

be collected by Niskin samplers at eight depths. These depths correspond 

to 100, 50, 25, 12, 6, 1, 0.1 and 0.01%. of the light intensity falling at 

sea surface. In case the depth of the 0.01% light level is shallower than 

bottom, extra depth will be taken close to the bottom. Four light bottles 

(125 ml) and two dark bottles will be added with NaH 14co3, vacuumed and 

sealed. One of the dark bottles will be added with 0.2 mg HgCl (Taguchi 

and Platt, 1976). The method described by Watt (1965) will be used instead 

of the conventional ..:!_!!situ technique to avoid light shock to phytoplankton 

during lowering and recovering samples. The simulated in situ incubation 

wi 11 be used when weather would not permit doing the i!! situ experiments . 

The same number of bottles will be filled with water taken from each of the 

depths sampled, inoculated with NaH14co3, wrapped in neutral density filters 

and incubated in a deck incubator. The following incubation periods will 

be used: 
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First day 
I I 

mid- sun- noon sun-
night rise set 

1. 

2. 

3 • 

..1 

b8 

Second day 
I I 

mid- sun- noon 
night rise 

4. 

5. 

..1 

sun
set 

mid
night 

Following incubation, the labelled phytoplankton will be fractionated with 

a Nytex-net screen (20 µm mesh size) by the method recommended by Taguchi 

et~- (unpublished data). 

B6 .1. 2 Release of Dissolved Organic Matter from Phytoplankton 

All filtrates from each bottle will be stored frozen for 

measurements of the release rates of dissolved organic matter from phyto

plankton. The 14c-uptake technique developed by Anderson and Zeitschel 

(1970) or Thomas (1971) will be used. To 100 ml of each filtrate, 1 ml of 

lN HCl will be added to give about pH 2.0, and the solution will be bubbled 

vigorously with air for at least 2 hr to drive off all 14co2. After the pH 

of the samples are readjusted to B.4-8.5 with NaOH, they will be irradiated 

with strong ultraviolet (UV) 1 ight (Armstrong et tl·, 1966) for 6 hr to 

oxidize residual dissolved organic matter. The samples will then be placed 

in tightly stoppered 500-ml flasks, in each of which will be suspended a 

scintillation vial containing a precombusted AF/C glass-filter wick (25 mm) 

and 1 ml of hyamine hydrochloride (Rohm and Haas). The samples will be 

acidified with HCl, and stirred for 4 hr at room temperature (about 22°c). 

Evolved 14co2 will be trapped by the hyamine (efficiency 95-98%) and will 

be counted by using a toluene fluorometer. Several blanks will be run with 

each series by adding equivalent amounts of NaH14co3 to filtered seawater 

and subsequently treating these samples as described above . 
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86.1.3 Specific Growth Rate of Phytoplankton(µ) 

Utilizing the adenosine triphosphate (ATP) data as well 

as data on particulate organic carbon (POC) to be collected by our colleagues 

at the University of Texas Port Aransas Marine Laboratory, we will be able 

to calculate the specific growth rate of phytoplankton (µ) . 

86.1.4 Species Composition 

Water samples for cell identification will be taken from 

the same water collected for primary production studies. Samples will be 

preserved with buffered formalin. Phytoplankton cells will be identified 

and counted. 

86.2 Sedimentation of Suspended Materials 

86.2.1 Sedimentation Rates 

The sedimented material will be collected monthly at 100, 

150 and 10 m above bottom by four collecting tubes 10 cm in diameter x 60 cm 

in length) during the hydrographic cruises at the offshore station (180-m 

depth). Two tubes containing mercuric chloride will be used to preserve 

samples without degradation. Two others (without mercuric chloride) will be 

used for biological measurements. The PVC cylinders with closed bottoms 

will be mounted in stainless steel holders clamped to a _vertical wfr~~ - · Ah .: 

additional sediment trap will be mo unted on the wire within 2 m of the btitto~ . 

At two inshore stations, two sediment traps will be mounted on the wire within 

2 m of the bottom. Sedimented material from one of the bottom sediment traps 

will be analyzed by Dr. J.H. McGowen (University of Texas) to study trace 

metals, sediment texture, and clay mineralogy. 

86.2.2 Microscopic Analysis 

Aliquots (5 ml) from each tube with mercuric chloride 

will be used to identification of organic matter, i.e., phytoplankton cells, 

microzooplankton and fecal pellets . 

/ 
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86.2.3 Organic Matter, Carbon, Nitrogen and Pigment Analysis 

Total dry weight will be measured after drying at 60°C 

for 24 hr. Organic matter will be measured aftet combustion at 55o0 c for 

1 hr of dry material placed on pre-ashed GF/C filters. Carbon and nitrogen 

in dry subsamples of material removed from the filters will be determined 

after grinding with a mortar and pestle and combustion in a CHN Analyzer. 

Chlorophyll ~and phaeopigments will be determined by the same method as 

used for the water samples . 

86.2.4 Oxygen Consumption 

Oxygen consumption will be measured in the presence and 

absence of formalin by the method described by Hargrave (1972). Particles 

will be held in suspension by rotation and differences in dissolved oxygen 

measured before and after incubation using an oxygen analyzer. Samples will 

be incubated for 24 hr in the dark at 20°c . 

87 Expected Results 

87.1 Primary Productivity 

Several ~situ experiments with different incubation periods 

will give important information to estimate the most representative data of 

primary production on a given date at each station. _!!!_situ experiments 

for 6 hr and 24 hr incubation will supply a reasonable estimation of phyto

plankton respiration which would be compared with release of dissolved organic 

matter from phytoplankton. 

Size fractionation studies and dark uptake experiments will supply the 

information of pathways of en~rgy frbm· riDirients to phytoplankton and 
. . 

possibly to zooplankton in collaboratfon· wit·h. the zooplankton study. 

87.2 Sedimentation of Suspended Materials 

Sedimentation rates which will (be estimated at three depths at 

the offshore station will supply information on the vertical flux of sus-
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pended material (including phytoplankton and fecal pellets) at various depths 

in the water column. The vertical changes in profiles of sedimenting 

material will be useful in describing the degree ·to which the input of fresh 

organic matter to the bottom depends on production in overlying water. 

Changes in chemical composition and oxygen consumption in material sedimented 

at different depths could indicate decomposition during settling. The bottom 

sediment traps, within 2 m of the bottom, at the three site stations will 

give the information on the sedimentation and resuspension rates. These 

bottom measurements will reflect transportation of material by unusual water 

movements. 
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89 Budget: Texas A&M University (First Year) 

DIRECT COSTS: 
A. Salaries and Wages 

Co-Principal Investigators: 
El-Sayed, S.Z., Ph.D. 

20% of time 

Taguchi, S., Ph.D. 
75% of time 

Faculty Associate: 
Fryxell, G.A.", Ph.D . 

25% of time 

Other Personnel: 
Graduate students (2) 

6 mos. each 

Data analyst/secretarial assistant 

B. Fringe Benefits 
8% of salaries and wages 

C. Travel 

D. 

a) Mileage, to/from Port Aransas/TAMU 
2 persons, 12 times/yr 

b) Per diem ($30/day) 
2 persons, 12 times/yr (3 days ea . 

at $30/day) 

Permanent Equipment 
Oxygen Analyzer 
Washer for 14c vials 

E. Expendable Equipment & Supplies 
In situ 14c device 
T4c ampoules 
UV light unit 
Chemicals, glassware, filters, filtration apparatus 
Sediment trap 

F. Other Direct Costs 

6,602 

10,917 

4, 176 

5' 100 

3,000 

1,200 

2' 160 

2,000 
1,000 

1,500 
2,000 

800 
4,000 
3,000 

Publication 300 
Computer Costs 500 

29,795 

2,383 

3,360 

3,000 

11'300 

Electron microscopy time, machine shop services, etc.) l,000 1,800 

Total Direct Costs (A-F): 

INDIRECT COSTS: 49% of salaries and wages 

Total Costs: 

51,638 

14,599 

$ 66,237 
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BENTHIC METABOLISM ON THE CONTINENTAL SHELF 

OF THE NORTHWESTERN GULF OF MEXICO 

A proposal 
submitted to 

ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION 

by 

Auburn University 
Department of Fisheries 
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SIGNATURES 
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Title 
Department of Fisheries 
Auburn University 
Auburn, Alabama 36830 
Social Security Number 
Telephone: 205-826-4786 

Name 
Title 

'Telephone: 

Name 
Title 
Telephone: 

205-826-

205-826-
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Cl Introduction 

A stud~ conducte~ by 23 principal investigators (Gulf Universities 

Research Consortium, ca. 1974) of a 400-square mile site off Louisiana, 

which had supposedly been subjected to oil and related pollution for some 

25. years, appeared to show the following: (1) no recognizable evidence 

of changes in bottom fauna, mineralogy, or geochemistry except in the 

immediate vicinity of the oil platforms, (2) the Mississippi River had an 

overwhelming effect on turbidity and suspended sediment composition for 

e . thousands of square miles westward of the Mississippi River, masking any 

effects of drilling, etc., (3) dissolved oxygen, salinity, temperature, 

nutrients varied greatly with season as a result of changes in currents and 

e the effect of the Mississippi River discharge, (4) a slight accumulation of 

organics in sediments and in beach sand was ecologically insignificant, and 

the rate of 11 lass 11 of hydrocarbons about equa 11 ed the rate of "production" 

• 

• 

• 

• 

• 

• 

or "introduction," and (5) the study area had higher primary productivity 

and phytoplankton and phyto-benthic standing stock than the continental 

shelf off Panama City, Florida. 

A general conclusion was that the study site had not undergone signi

ficant ecological change as a result of petroleum drilling and production 

since before 1952 and is, in fact, highly biologically productive. Another 

conclusion was that natural phenomena such as river discharge and upwelling 

overwhelm the local effects of drilling, etc. and the latter effects are 

undetectable . 

As a result of these studies, many people may now doubt that drilling, 

oil production, and oil pollution could pose a serious threat to the Gulf. 

The concluded studies certainly indicate how difficult it is to detect 

environmental damage, but they do not show that changes in the environment 

have not taken place. Such changes could have been for the better, if 
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increased biological productivity may be considered such. Only better and 

more thorough knowledge of different facets of the oceanography of the Gulf 

of Mexico could possibly reveal the real situation. 

Several GURC findings (the high primary productivity, the widespread 

influence of the Mississippi River as evidenced by the nepheloid layer on 

the shelf, the organic accumulation in sediments} point to the probable use

fulness of benthic metabolism as a parameter for assessing the biological 

characteristics of the Gulf of Mexico and quantifying some effect of the 

Mississippi River and of organic enrichment from whatever source (planktonic 

sedimentation, allochthonous organic matter from surrounding marshes, burial 

of oil-soaked sands, etc.) . 

The lack of information on processes concerning the benthos extends 

from the rates of input of organic matter to the bottom, its rate of oxi

dation by aerobes and anaerobes, rates of burial of refractory organic 

matter, rates of predation by demersal fish on benthos, etc. Benthic oxygen 

uptake is perhaps the best studied of these problems because of the advanced 

state of the art in continuous oxygen measurements (Pamatmat, in press). Yet 

even this has not been done in the Gulf except in coastal lagoons (Odum and 

Hoskin, 1958; Pomeroy, 1960) and marshes (Pamatmat, unpublished). 

We propose to gather benthic data, still largely lacking from the Gulf 

of Mexico, on oxygen uptake, ATP, dehydrogenase activity, metabolic heat 

production, and sediment properties. This work would be an extension of the 

project already proposed to ERDA, and already approved but not yet funded, 

for similar studies in the northeastern continental shelf of the Gulf. The 

expanded coverage of the Gulf coast may be expected to show not only the 

effects of river discharges but other possible geographical differences 

as well . 
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C2 Rationale 

The usefulness of benthic community metabolism for understanding the 

ecosystem stems from the number of inferences which can be drawn from it . 

In the organic-matter budget of the seabed, respiratory loss is large in 

comparison with other losses through predation, liberation of gametes, emi-

~ gration, burial of undecomposed organic matter, but the fraction lost through 

respiration may change with conditions affecting the oxidizability of organic 

matter (e.g., water depth, oxygen tension, nature and source of organic 

• . matter) and the rate of sediment accumulation (e.g., the Mississippi delta 

vs. continental shelves with only relict sediment, or the abyssal plains)~ 

Estimates of benthic corrmunity metabolism may be taken as minimum estimates 

• 

• 

• 

• 

• 

• 

• 

of annual sedimentation rate of organic matter to the bottom and will be in 

error by the amount of other losses. More accurately, annual estimates of 

benthic col11Tlunity metabolism represent the annual degradation by the benthic 

community of food energy into heat and are equivalent to the oxidation of so 

much organic matter in the sediment. Without any other information, rates 

of benthic community metabolism tell us that one place is so much more meta

bolically active than another, but not why or in what way. Hence, know

ledge of community structure is still essential. There is evidence, however, 

that the primary controlling factor for the level of benthic community 

metabolism is the rate of supply of oxidizable organic matter to the sea 

floor (Pamatmat and Banse, 1969; Pamatmat, 1973), which, in turn, is a 

function of primary productivity (Hargrave, 1973). Where allochthonous 

organic matter is a significant fraction of the organic-matter budget, it 

should also be expected to have a significant effect on metabolism. 

Estimates of annual benthic community metabolism, therefore, give us a 

first-order approximation of the fraction of the net phytoplankton primary 

production that reaches, and is oxidized in, the sediment; they tell us 
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something about the relative importance of benthos and plankton in the 

cycle of organic matter in the ecosystem. If benthic conmunity metabolism 

appears to be unusually high in comparison with phytoplankton production 

(say, greater than about 40% at depths of more than 10 m; see Hargrave, 

1973), other sources of organic matter, e.g., organic pollution or detritus · 

produced outside the ecosystem may be suspected . 

Being evidently a function not only of the rate of organic matter supply 

but also of temperature, sediment type, sedimentation rate of inorganic 

particles, current (Pamatmat et~., 1973), an area with a given set of such 

factors should have a characteristic benthic metabolic rate. If there is a 

seasonal change in any of these factors, there will also be a seasonal 

change in benthic coJT1T1unity metabolism and this has been shown (Pamatmat, 

197lb). If pollution or any environmental disturbance causes a significant 

change in any one or more of these factors such effects will be reflected 

by a change in benthic community metabolism . 

The process of benthic community metabolism is accompanied by uptake of 

reactants and production of certain byproducts. Hence, rates of benthic 

corT111unity metabolism, in conjunction with physical oceanographic knowledge, 

are necessary to understand the rates of release, and the vertical gradients 

in the sediment and in the water column above the sediment-water interface, 

of these chemical substances. 

An important effect of pollution or other environmental perturbation 

may not only be a change in the rate of benthic community metabolism but 

also, and possibly more importantly, a change in the relative rates of 

aerobic and anaerobic metabolism. There could be a significant increase in 

anaerobic activity and a coresponding decrease in aerobic activity. At 

present we have only a qualitative inkling of the relationship between 

aerobic and anaerobic metabolism (Pamatmat, 1973) . 

_,._ 
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Apparently, certain .environmental changes in the water column near the 

bottom or in the bottom might be inferred from the change in absolute rate 

of benthic coJT111unity metabolism as well as in the relative magnitude of 

aerobic and anaerobic metabolism in the sediment column. For example, a sig

nificant change in phytoplankton primary productivity would be expected to 

have a fairly immediate effect on aerobic metabolism, perhaps some effect 

on subsurface anaerobic metabolism, but not in the deeper layers. The change 

in primary productivity might be detectable with many measurements of photo

synthesis over a long period, but it could be indicated by just a number of 

measurements of benthic oxygen uptake across a transect. Of course, other 

factors could influence oxygen uptake, as mentioned earlier, and so further 

investigation would be necessary to identify the cause of a change in com

munity metabolism. The point is that a change in benthic community metabolism 

is the result of a cumulative or integrated effect of a perturbation or 

combination of perturbations and, therefore, amounts to a fairly sensitive 

detector of slight changes in the environment before those changes become 

so great that they become quite obvious in themselves . 

C3 Objectives 

The general objective for the first year is to determine any trends in 

benthic community metabolism across the shelf along two transects (one off 

the Texas-Louisiana border and another off Port Aransas, Texas). From dif

ferences between these two transects and among these and four others to be 

studied off Florida, Alabama, and Mississippi, it is hoped to recognize the 

effects of river discharges and variabilities on the shelf that will point 

to likely factors that will require future intensive investigation. The 

initial study will include measurements of rates of total oxygen uptake, 

chemical oxidation after poisoning with glutaraldehyde, reduction of an 

artificial electron acceptor as a means of measuring anaerobic metabolism, 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

cB 

and ~nalyses of sediment for pH, Eh, reduced substances, organic carbon, 

organic nitrogen, humic acid, chlorophyll and phaeophytin, silt and clay 

content, and ATP. Less routinely, as part of an · on-going exploratory study, 

heat production by sediments will be measured by direct calorimetry. 

C4 Work Plan 

During each of the three cruises along the Port Aransas transect, 

replicate sediment samples will be taken with a multiple corer (Pamatmat, 

197la), or a box corer, from stations at 5, 10, 20, 50, and 100 m depth . 

Samples from the continental slope down to 3000 m at the end of each tran

sect could also be taken as time and equipment will allow. 

During the ground-truth cruise, from the Rio Grande to the Mississippi 

River, replicate samples will likewise be taken along the continental shelf 

at about 50-mile intervals. 

During the Mississippi River delta cruise, replicate sediment samples 

will likewise be taken at least twice a .day during the run up-river. 

The samples from each of the above-mentioned stations will be measured 

for rates of oxygen uptake at in situ temperature. After measuring the 

rate of total oxygen uptake, the core will be treated with glutaraldehyde 

and the residual rate of uptake will be determined as a measure of the rate 

of chemical oxidation . 

Water overlying the cores will be analyzed for dissolved nutrients 

(phosphate, nitrate, nitrite, ammonia, silicate) before and after incubation 

to determine nutrient flux which might be related to sediment metabolism 

Redox and pH profiles in sediment cores will be determined with platinum 

and glass electrodes (Hargrave, 1972). Total concentrations of reduced 

substances will be determined by dilute dichromate oxidation (Pamatmat, 1973) . 

Chlorophylls and phaeopigments will be determined according to the procedure 
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of Pamatmat (1968). Subsamples will be frozen to be later freeze-dried and 

subsequently analyzed for humic acids (Pamatmat et~- .. 1973), organic 

carbon and organic nitrogen with a Coleman Analyzer. 

One sediment core from each station will be frozen and sent to Ors. 

McGowen and Morton (University of Texas) who will perform analyses for trace 

metals, clay mineralogy, and sediment texture. 

Shipboard assays of dehydrogenase activity using 2,3,5-triphenyltetra- / 

zolium chloride (TTC) will be performed according to a modification of the 

producures already used by us (Pamatmat and Bhagwat, 1973; Pamatmat and 

Skjoldal, 1974). We now use a nitrogen-glove box in handling the samples. ' 

Instead of simply running a standard assay over a fixed incubation period, 

say, 3 hr, we now perform a time-series assay and use the regression of 

absorbance on time as the relative rate of dehydrogenase activity. We will 

be looking into the in vitro method developed by Wieser and Zech (1976) 

who believe that this technique is super:ior to the in vivo method. 

Since both in vivo and in vitro methods of dehydrogenase assay give 

only a relative measure of anaerobic metabolism, it is necessary to calibrate 

the assay by comparison with results of direct calorimetry (Pamatmat and 

Bhagwat, 1973). Immediately following measurement of metabolic heat pro

duction, subsamples of the sediment will be taken for dehydrogenase assay 

and extraction of ATP with boiling bicarbonate solution (Christian et~., 

1975). Because of the question of efficiency of various extraction pro

cedures, we intend to use internal standards to determine the efficiency of 

our procedure. ATP will be determined with the luciferase method. 

CS References 

Christian, R.R., K. Bancroft and W.J. Wiebe, 1975. Distribution of microbial 

adenosine triphosphate in salt marsh sediments at Sapelo Island, 

Georgia. Soil Sci. 119:89-97 . 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

clO 

Gulf Universities Research Consortium, ca. 1974. The offshore ecology 

investigation. GURC, Houston, Texas, 13 p . 

Hargrave, B.T., 1972. Oxidation reduction potentials, oxygen concentration 

and oxygen uptake of profundal sediments in Lake Esrom. Oikos 23: 

167-177 . 

Hargrave, B.T., 1973. Coupling carbon flow through some pelagic and benthic 

communities. J. Fish. Res. Bd. Canada 30:1317-1326. 

Krumbein, W.C. and F.J. Pettijohn, 1938 . . Manual of Sedimentary Petrography . 

New York: Appleton-Century-Crofts, 549 p. 

Odum, H.T. and C.M. Hoskin, 1958. Comparative studies on the metabolism 

of marine waters. Contr. Mar. Sci., Univ. Texas ~:16-46 . 

Pamatmat, M.M., 1968. Ecology and metabolism of a benthic community on an 

intertidal sandflat. Int. Revue ges. Hydrobiol. 53:211-298. 

Pamatmat, M.M., 197la. Oxygen consumption by the seabed. IV. Shipboard 

and laboratory experiments. Limnol~ Oceanogr . .l.§_:536-550. 

Pamatmat, M.M., 197lb. Oxygen consumption by the seabed. VI. Seasonal 

cycle of chemical oxidation and respiration in Puget Sound. Int. Revue 

ges. Hydrobiol. 56:769-793. 

Pamatmat, M.M., 1973. Benthic community metabolism on the continental 

terrace and in the deep sea in the North Pacific. Int. Revue ges . 

Hydrobiol. 58:345-368. 

Pamatmat, M.M., 1975. In situ metabolism of benthic communities. Proc. 

1st Int. Meeting on Meiofauna Physiological cology, Arcachon, France . 

Suppl., Cahiers Biol. Mar. 16:613-633. 

Pamatmat, M.M., in press. Benthic community metabolism: review and assess

ment of present status and outlook. In: B.C. Coull (Ed.), Ecology of 

Marine Benthos. Belle W. Baruch Library in Marine Science, No. 6. 

Columbia, S.C.: University of South Carolina Press . 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

ell 

Pamatmat, M.M. and K. Banse, 1969. Oxygen consumption by the seabed. II. 

In situ measurements to a depth of 180 m. Limnol. Oceanogr. _!i:250-259 . 

Pamatmat, M.M. and A. Bhagwat, 1973. Anaerobic metabolism in Lake Washing

ton sediments. Limnol. Oceanogr. 18:611-627. 

Pamatmat, M.M., R.S. Jones, H. Sanborn and A. Bhagwat, 1973. Oxidation of 

organic matter in sediments. Ecol. Res. Ser., U.S. Env. Prat. Agency, 

EPA-660/3-73-005. Supt. Documents, Washington, D.C., 104 p. 

..... 

Pamatmat, M.M. and H.R. Skjoldal, 1974. Dehydrogenase activity and adenosine 

triphosphate concentration of marine sediments in Lindaspollene, 

Norway. Sarsia 56:1-12. 

Pomeroy, L.R., 1960. Primary productivity of Boca Ciega Bay, Florida . 

Bull. Mar. Sci. Gulf Caribb. 10:1-10. 

Wieser, W. and M. Zech, 1976. Dehydrogenases as tools in the study of 

marine sediments. Mar. Biol. 36:113-122 . 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

cl2 

C6 Budget: Auburn University (First Year) 

DIRECT COSTS: 
A. Salaries and Wages 

Principal Investigator: 
Pamatmat, M.M., Ph.D. 

4 mos. 

Supporting Staff: 
Research Assistants (2, 50% each) 
Hourly Assistance 
Typist (1 mo.) 

B. Fringe Benefits 
22% of budgeted salaries and wages 

(*excluding of graduate student salary) 

C. Permanent Equipment 

Water-bath refrigerator 
Heater-thermoregulator 

D. Expendable Supplies 

E. Travel 

a) Mileage to/from Port Aransas (@ 15¢/mi) 
4 trips (2,000 ea.) 

b) Per diem for 3 people, 6 days/trip 

F. Other Direct Costs 

Cartography, photographic service, page charges, 
reprints · 

Total Direct Costs: 

INDIRECT COSTS: 
44% of salaries and wages 

Total Costs: 

8,000 

8,000* 
640 
520 17,160 ---

500 
400 

1,200 
1,800 

2,015 

900 

1,000 

3,000 

375 

24,450 

7,550 

$ 32,000 

-~-
r~-
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Dl Introduction 

There is evidence that the greater part of the total metabolic activity 

in the water column is due to organisms that are very small, perhaps less 

than 40-50 microns (e.g., Pomeroy, 1974). As mediators of the flows of 

dissolved and particulate forms of carbon and nitrogen, these organisms 

play a pivotal role in the marine food chain. Processes that influence the 

distribution and abundance of these organisms influence the entire biological 

system. For example, in the Mississippi delta bight there is a direct rela

tionship between the metabolic activity of the plankton community and the 

biomass of fish (see figure following). Furthermore, as a qualitative para

meter of the abundance of food for larger organisms, the measuring of the 

rates of corrmunity metabolism is relatively easy to deal with technically 

and provides a convenient point of entry for examining the coupling between 

autotrophic and heterotrophic processes. This proposal provides an oppor

tunity to do so in different environments and in conjunction with several 

other investigators working in this team. 

02 Rationale 

There are very few direct measurements of plankton community respiration. 

Riley (1951) indirectly determined that the rates in the deep ocean decrease 

logarithmically with depth, and Pomeroy and Johannes (1966, 1968) confirmed 

this. These last authors also profoundly altered some concepts of marine 

food chains by demonstrating that the organisms smaller than "net plankton" 

are the primary movers of organic materials in the sea. In addition, it 

appears that autotrophic and heterotrophic processes are very tightly coupled 

(Turner, unpublished ms.). An analysis of salt marsh/estuarine ecosystem 

from the viewpoint of examining the energy sinks rather than material pro

ducers is altering our view of a "detritus-dominated" estuarine food chain 
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(e.g., Turner, in press). In other words, the few previous efforts in 

this direction have proved the usefulness of this approach. Of particular 

interest here is the fact that in the Mississippi delta bight there is a 

regional mixing of organic substrates from the marsh/estuary and · the 

river which supplement in situ sources and it will be difficult to sort 

out the qualitative value of each without some means of directly assaying 

for metabolic activity. Other sites off Texas and Louisiana will provide 

comparative values for interpretation. This effort will require some 

refinement in the techniques already established in order to process more 

samples faster and with greater accuracy than presently possible. 

03 Work Plan 

The measurement of community plankton respiration and the coordination 

of the Mississippi delta bight study will require the following: (1) an 

improved method for the direct measurement of community plankton respiration 

(CPR), (2) certain chemical analyses in support of the hydrographic program, 

and (3) the hiring of several people to help collect, interpret and present 

the data in a suitable format . 

Two research associates (a hydrographer and a biologist) are to be 

employed part-time as assistants in the planning, execution· and follow-up 

studies. Both are to be "field" people. The biologist will assist in the 

development of the respirometry equipment, evaluate the improvements and 

compare the results from this method with other methods. This person will 

participate (with R.E. Turner) in all the cruises off Port Aransas, in 

transit to the Mississippi delta bight study-area, and in the intensive 

study there. The hydrographer will participate in at least two cruises with 

the same team before the delta-bight cruise, coordinate and execute the 

hydrographic program, and plan for subsequent cruises. It is anticipated 

that he/she will interact closely with members of the Coastal Studies 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

d6 

Institute (at LSU) who have extensive research experience, equipment and 

continued interest in the physical oceanography of the coast-shelf . 

04 Methodology 

Direct measurements of CPR are to be made utilizing a concentration 

technique developed by L.R. Pomeroy and associates. Essentially, this con

sists of gently concentrating the organisms directly onto a filter~ trans

ferring it to a respirometer while moist and recording the subsequent changes 

in oxygen concentration (at in situ temperatures). This is an improvement 

over the reverse-flow concentration techniques (Pomeroy and Johannes, 1968) 

since the complications of filter losses encountered in the latter technique 

(Turner, 1977) are largely avoided with this direct filtration method. We 

have made several changes, however, including avoiding the transfer of the 

filter, and improving its sensitivity and accuracy. However, samples are 

still processed by hand and we feel that with a better electrical circuitry 

the sensitivity of the method can be improved 10-100 times. For this 

reason, Dr. R. Perritt, an electrical engineer, is joining our study to aid 

in what may well be a major improvement in the system. The technical 

aspects are straight-forward and center around improvements in signal sta

bility, selection of calibrated "windows" in the spectrum of possible 

scaling choices, and adjustments in the design of the respirometer. We may 

encounter unforeseen difficulties, but the great potential benefits seem to 

justify the effort. A graduate student will assist Dr. Perritt in the con

struction of this equipment. The proposed improvements in the design of 

the respirometer will also enable us to measure nutrient regeneration rates 

of the community. 

The analysis of selected nutrients (nitrates, nitrite, ammonia, sili

cate (reactive), orthophosphates, oxygen, etc.) which will be required for 

the hydrographic studies are essentially described in Strickland and 
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Parsons' handbook (1967). All the methods are currently in use at our 

laboratory. Portions of an autoanalyzer are to be purchased to complete 

the system so that the large number of samples can be processed quickly 

by the available technicians. 
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D6 Budget: Louisiana State University (First Year) 

DIRECT COSTS: 
A. Salaries and Wages 

B. 

Principal Investigator: 
Turner, R.E., Ph.D . 

2 mos. 

Faculty Associate: ~ 
Perritt, R., Ph.D. (Electronics) 

1.5 mos . 

Supporting Staff: 
Graduate Assistant 

6 mos. 
Research Associates 

6 mos. (Hydrographer) 
8 mos. (Biologist) 

Student Worker 
500 hrs. @ $2.50/hr 

Secretary 
3.33 mos. 

Editor 
1 mo. 

Fringe Benefits 
15.6% of salaries and wages 

C. Travel 
3 trips Baton Rouge/Port Aransas, 3 people @ $150 ea. 
1 trip to professional meeting, 2 people 
1 trip Baton Rouge/Tallahassee/Auburn (consultation 

with Pamatmat and Calder) 

D. Equipment 
4 Autoanalyzer cartridges @ $500 
1 Two-pen recorder for fluorometer/turbidity 
1 Fluorometer flow-through attachment 
1 Technicon reagent mixing apparatus 
4 Oxygen electrodes @ $325 
1 Signal mixer for multiple recorder 
1 Water bath 
1 Noise suppressor/time integrator circuitry for 

respirometer 

E. Supplies 
Expendable glassware, chemicals and minor 

electronic components 

Total Direct Costs: 

2,626 

1,875 

2,000 

7,500 
8,333 

1,250 

2,500 

750 

1,350 
800 

350 

2,000 
1,500 

350 
2,000 
1,300 

925 
1,200 

1,000 

26,834 

4'186 

2,500 

10,275 

4,000 

47,795 
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INDIRECT COSTS: 
27% of salaries and wages: 

Total Costs: 

Note: The suggested salaries are within the guidelines 
recorrmended for these positions by the Center for 
Wetland Resources and Louisiana State University 
which are equal opportunity employers . 

7,245 

$ 55,040 
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El Introduction 

The biochemistry of marine phytoplankton has come under increasing 

investigation in recent years. Much of the activity has concerned the bio-

· chemistry of nutrient uptake and utilization. Such enzymes as nitrate 

reductase (NR) (Eppley et .!!_., 1970, 1971; Harrison, 1973; Blasco and 

Packard, 1974; Packard and Blasco, 1974), nitrite reductase (NiR) {Eppl~y 

et!]_., 1971; McCarthy and Eppley, 1972), glutamic dehydrogenase (GOH) 

{Eppley et.!!_., 1971; McCarthy and Eppley, 1972), No3-, c1- dependent 

ATPase (Falkowski, 1975), alkaline phosphatase (AP) (Yentsch et !!_., 1970; 

Perry, 1972; Fehler and Calder, 1976), urease (Fehler and Calder, in pro

gress), and ribulose diphosphate carboxylase (RuDPCase) (Hellebust and 

Terborgh, 1967; Mukerji and Morris, 1976), have been investigated with the 

goal of better understanding the nutrient-phytoplankton relationship in 

the ocean. Fundamental aspects of the ecology of the phytoplankton, such 

as the nutrient-phytoplankton relationships, must be understood before the 

effects of energy-related activities on phytoplankton can be sensed and 

predicted . 

The enzyme nitrate reductase (NR) catalyzes the conversion of nitrate 

to nitrite, which can then be converted to anmonia by nitrite reductase 

(NiR). When available, arrmonia is the preferred nitrogen source . 

The activity of NR correlates with No3- concentration and chlorophyll ~, 

although not with 14c productivity (Blasco and Packard, 1974). At concen

trations of NH4+ greater than 0.15 µg-at/l the activity of NR in natural 

populations is inhibited (Packard and Blasco, 1974). The uptake of No3-

may be controlled by the activity of a c1-, No3- dependent ATPase (Falkowski, 

1975) in several species of phytoplankton. Existing data do not demonstrate 

a good correlation between No3- uptake, as measured by 15N enrichment, and 

utilization, as measured by NR activity {Eppley et!!_., 1970; Blasco and 
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Packard, 1974). 

The activity of NR in diatoms may require either NADH (Eppley et~., 

1969) or NADPH from the light reactions of photosynthesis (Packard and 

Blasco, 1974) and the c1-, N03- ATPase reported by Fal.kowski (1975) also 

required photosynthetic activity as the ATP source. Accordingly, the acti

vity of NR displays a diel periodicity with a maximum during daylight 

(Epp 1 ey et .!!_. , 1971) . 

Dinoflagellates appear to be unusual in many regards. The NR of 

Gonyaulax polyedra required NADH rather than NADPH (Packard and Blasco, 1974) 

and if this is the case with dinoflagellates, they could reduce No3- equally 

as well at night as during the day. Harrison (1973) observed that the NR 

activity of a dinoflagellate bloom remained high even when NH4+ concentrations 

were between 5 and 17 µg-at N/l. Yet Falkowski (1975) did not find the 

ATPase for No3- transport in the one dinoflagellate species he examined . 

Clearly, the nitrogen metabolism of dinoflagellates requires additional 

investigation. 

McCarthy (1972a) observed that urea provided from 1 to 60% of the 

required nitrogen for natural populations of phytoplankton. He also observed 

that neritic diatoms can take up urea, although some appear unable to use 

it (McCarthy, 1972b). The enzyme urease was found in lab cultures of dia

toms and in natural populations from estuarine waters (Fehler and Calder, 

in progress). The urease activity in the natural populations was greater 

than co-existing nitrate reductase activity . 

The photosynthetic fixation of co2 is mediated by the enzymes ribulose 

diphosphate carboxylase (RuDPCase) and/or phosphoenol pyruvate carboxylase 

(PEPCase). In Dunaliella, which has been grown in a light/dark cycle, the 

· activity of RuDPCase declined very slowly when the cells were placed in 

darkness. The decline was even slower when low levels of light were provided 



• 

• 

• 
I 

I ·• 

• 

• 

• 

• 

• 

• 

e5 

(Hellebust and Terborgh, 1967). If these observations are generally true 

for natural populations, then temporary sinking below the light compensation 

depth or the onset of darkness should not affect ·the activity of RuDPCase. 

Recently, another co2-fixing enzyme has been reported in marine phytoplankton. 

The activity of phosphoenol pyruvate carboxylase (PEPCase) was comparable 

to that of RuDPCase in the marine diatom Phaeodactylum tricornutum (Mukerji 

and Morris, 1976). This enzyme has a higher affinity for bicarbonate ion 

than does RuDPCase and may be responsible for the initial uptake of inorganic 

carbon in this diatom. 

Marine phytoplankton are also exposed to sources of phosphorus other than 

dissolved orthophosphate. Marine environments may have significant concen-

trations of organophosphates which can be available to phytoplankton when 

orthophosphate concentrations are low. Phosphoric monoesters can be hydro

lyzed by alkaline phosphatase (AP) and phosphoric diesters by phosphodies

terase (PDE). AP has been demonstrated -in natural populations (Kuenzler and 

Perras, 1965; Yentsch et ~- , 1970; Perry, 1972); both AP and PDE were found 

in the diatom Cyclotella meneghiniana (Fehler and Calder, 1976) and in 

natural estuarine populations (Fehler and Calder, in progress). 

The point is now at hand at which the biochemistry of inorganic nutrient 

uptake and assimilation by marine phytoplankton can be subjected to experi

mental study with the goal of elucidating and understanding the interrela

tionships between nutrient availability, uptake and utilization capacity, 

phytoplankton species composition and physical state of the environment . 

This proposal is for the initiation of such a study. A full undei:standing 

of the interrelationships mentioned above will come slowly and will certainly 

require the results of other investigators with similar interests. Neverthe

less, we feel the field and laboratory studies described below will be a 

significant step forward. As our understanding of these interrelationships 
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increases we will have the capacity for sensing perturbations caused by 

energy-related activities . 

E2 Objectives 

The intent of the proposed research is to make multi-parameter analyses 

of the marine environment and determine the nutrient uptake kinetics of 

the existing phytoplankton populations. As envisioned at this point, the 

ideal experiments would involve determining the following parameters: 

Physical Chemical Biochemi ca 1 Biological 

Salinity NO -3 
14c-productivity Biomass 

Temperature NO -
2 Nitrate reductase Species diversity 

Light intensity NH + 
4 Urease 

Light quality Urea Alkaline phosphatase 

Turbidity PO ---
4 RuDP and PEP carboxylases 

Organophosphate N0
3
-, Cl-, ATPase 

DOC 

Lacking, at this time, is a direct biochemical measurement of phosphate 

and ammonia utilization although glutamic dehydrogenase, glutamine synthe-

tase or a trans-aminase may serve to measure the capacity for ammonia uti-

1 ization. For field experiments, we are hopeful that the physical and bio

logical measurements will be made by other investigators in the ERDA program . 

For laboratory experiments, many of these parameters would be controlled. 

For meaningful field experiments, the following major problems must be 

overcome. First, sufficient phytoplankton biomass must be collected to 

permit all the biochemical assays to be made. Using a pumping system rather 

than net-towing may be the best way to solve this problem. The second pro

blem will be assigning a measured biochemical activity to the proper phyto

plankton species. Several approaches can be used here. The results of 

laboratory experiments will show which species or classes possess or lack a 
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given biochemical activity under given environmental conditions. Natural 

populations can be fractionated by size, phototactic response or otherwise 

prior to biochemical assay (this will increase the biomass requirements). 

Fortuitous collection of a bloom of one species or a restricted class would 

reduce the seriousness of this problem. Clearly the solution to this problem 

will be evolutionary. 

For laboratory experiments, both batch and continuous-culture techniques 

will be used. Batch experiments can provide quick answers to simplistic 

• · questions, e.g., Does a certain species possess a given enzyme when presented 

with the substrate for that enzyme? Continuous-culture experiments will 

• 

• 

• 

• 

• 

• 

• 

give more environmentally relevant information on enzyme-specific activity at 

various steady-state conditions of nutrient concentration, biomass, etc. 

E3 Work Plan 

Activities to be undertaken during the first year are: (1) Acquire field 

gear and materials for two continuous-culture chambers. (2) Conduct prelimi

nary investigation of field sampling techniques and make background measure

ments of enzyme activity and nutrient concentration in the Mississippi delta 

area. This effort will be conducted in April, 1977, simultaneously with an 

NSF-sponsored investigation of the effects of petroleum on marine organisms. 

No additional ship time will be required. (3) Assemble continuous-culture 

chambers and characterize the physiological parameters of representative 

phytoplankton species. (4) Participate in the ERDA-sponsored cruise to the 

Mississippi delta area in spring 1978. Request five days of ship time for 

collection of phytoplankton and nutrient samples. We tentatively propose 

two transects, one in and one perpendicular to the Mississippi River plume. 

At one station a drogue will be deployed and samples will be collected over 

one or two 24-hr cycles (we are hopeful that other ERDA-sponsored investiga

tions will be underway in this area simultaneously with ours) . 
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In the second and subsequent years of the program, we will: (1) Acquire 

additiona 1 personnel ; ma teri a 1 s for construction of four add i tiona 1 con

tinuous-culture chambers; begin laboratory experiments on relationship between 

nutrient availability, enzyme activity, phytoplankton species and physical 

factors; and participate in the two ERDA-sponsored cruises (spring and fall) 

to the Mississippi delta region, and perhaps to one other site (e.g~, Flower 

Gardens) for the determination of phytoplankton-nutrient biochemistry. (2) 

Continue laboratory and field experiments, the exact nature of which will be 

determined from the first two years' data; consider expanding the study to 

include the effects of petroleum or other energy-related pollutants on the 

systems and processes characterized to date . 

E4 Methodology 

E4.l Biochemical Methods 

Samples for the alkaline phosphatase assays will be collected by 

net tows using a 1-m 20-µ mesh net. The detection baseline of the alkaline 

phosphatase assay occurs at about 10 µg of protein for samples of phytoplank

ton collected in water of below 0.250-µm inorganic phosphate. Depending on 

the biomass in the water column, a 30-min net tow should give adequate sample 

for duplicate enzyme assays, although our only experience has been with 

near-shore stations. Net samples are sieved through 4-nm and 202-ii sieves 

to remove any large organisms, filtered onto GFF glass fiber filters, and 

frozen in liquid nitrogen for later analysis on shore. During the net tow, 

water samples for phosphate analysis should be collected at least three times 

(i.e., beginning, middle, and end of tow), since the net tow effectively 

integrates the nutrient states seen by the organisms collected in the net. 

If net tows are run obliquely with depth, correspondingly more phosphate 

samples need to be taken, since the phosphate concentrations may be more 

variable with depth, than with distance in a surface tow. For this reason, 
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surface tows probably give better correlation of alkaline phosphatase with 

inorganic phosphate concentration than do oblique tows. Frozen alkaline 

phosphatase samples (at liquid-nitrogen temperatures) are stable indefinitely 

(after three months they show no loss of activity). In the laboratory, 

alkaline phosphatase is assayed by following kinetically the hydrolysis of 

p-nitrophenol phosphate at 400 nm, according to the method of Fehler and 

Calder ·(1976). 

Phosphodiesterase in phytoplankton has 1 to 10% of the activity of alka

line phosphatase (at least in near-shore stations with about 0.25 µm phos

phate). For stations at which adequate protein levels are found, phospho

diesterase assays will be run. The shipboard sample preparation is identical 

to alkaline phosphatase, and the decision of whether or not to run phospho

diesterase is made in the shore laboratory based on protein levels found in 

the samples. Phosphodie~terase is run using the method of Fehler and Calder, 

with bis-,E_-nitrophenyl phosphate as the.substrate. 

Samples for the assay of urease in phytoplankton will also be collected 

using a 1-m, 20-µ mesh net; with 30-min tow times. The baseline sensitivity 

of the urease assay requires 15 µg of protein for the glutamic dehydrogenase 

/NADH coupled assay of Kaltwasser and Schlegel (1966). We are also cur

rently developing the ion-specific electrode assay of Katz and Cowans (1965), 

which seems to have a sensitivity comparable to the Kaltwasser assay. All 

shipboard procedures are the same as for alkaline phosphatase. Samples are 

returned frozen in liquid nitrogen for laboratory analysis, and are stable 

for at least two months in liquid nitrogen. For correlation of urease with 

nitrogen nutrients, urea, artmonium ion, and nitrate analyses are required. 

The standard Strickland and Parsons (1972) techniques are acceptable; however, 

extreme care is required in the analysis. In particular, standard curves 

should be run frequently and freshly deionized water should be used. Of 
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part~cular importance concerning the correlation of nutrient levels with 

urease, is the speed of the nutrient analysis. For urea, and ammonium-ion 

analyses; reagents should be added immediately after arrival of the water 

sample on board and samples should be contained in screw-cap Erlenmeyer 

flasks. The need for immediate analysis cannot be overemphasized; we have 

data on hand that suggests that even a short lag (in eutrophic waters, 

however) may bias the urease-to-nutrient correlations. 

In addition to net tows we will try to develop a pumping system for 

organism collection; however, at this time it is impossible to estimate the 

suitability of that system for collecting the number of organisms required 

for enzyme assays . 

Nitrate reductase (NR) activity will be determined using the methodology 

of Eppley et~- (1969). Phytoplankton subsamples from the net tows (Niskin 

bottles, pumped sea water) will be filtered onto 47-mm glass fiber filters 

(Whatman GF/F), the filter folded, wrapped in aluminum foil, and immediately 

frozen in liquid nitrogen. The samples will be stored in liquid nitrogen 

until assayed for NR activity. The NR assay requires between 0.5-2.0 mg 

cell protein per assay, or a total of 1.5-6 mg cell protein per NR sample. 

No3-, c1- activated ATPase activity will be assayed in cell-membrane 

preparations from the collected samples (Falkowski, 1975). This ATPase is 

thought to mediate active transport of No3- by microalgae. This assay is 

estimated to require at least 5 mg cell protein, considerably more would be 

desirable . 

Ribulose-1,5-diphosphate (RuDP) carboxylase catalyzes primary carbon 

dioxide fixation in autotrophic species. The assay procedures of McFadden 

et~- (1975) will be used. Briefly, RuDP carboxylase is assayed by incu

bation of an enzyme preparation in an appropriate buffer containing magnesium 

chloride, RuDP, and NaH14co3. Activity of the enzyme is estimated by 
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measurement of 14c incorporated into 3-phosphoglycerate. It is anticipated 

that considerable laboratory study of RuDPCase activity in microalgae will 

be required . in order to interpret the enzyme activity extracted from phyto

plankton field samples (cf. Mukerji and Morris, 1976). One assay of 

RuDPCase activity is expected to require no less than 5 mg of extractable 

protein from the phytoplankton samples, or about 0.5 g wet weight of cells. 

Because of the high biomass requirements for ATPase and RuDP carboxylase 

assays, these assays will be run on field samples only when biomass is very 

high, that is, during bloom conditions. Experimental work with these 

enzymes will normally be limited to the continuous-culture experiments des

cribed below . 

E4.2 Continuous-Culture Experiments 

The continuous-culture facilities to be constructed for this study 

will be of the turbidometric type and will be modeled after those in use 

by Dr. L.R. Freeberg, Mote Marine Laborqtory (personal cormnunication, 1976). 

This system can also be used as chemostat cultures. 

Turbidostats should be invaluable for detennining the response of micro

algae, as measured by enzyme activity, to variable growth conditions, such 

as nutrient concentration and light quality and intensity. Our present 

facilities for batch culture of microalgae will be used to provide bulk 

quantities of cells for development and optimization of enzyme-assay tech

niques. 

ES Laboratory Capabilities 

Over the past few years our marine biochemical laboratory has adopted 

or developed methods for the determination of biochemical activity in marine 

organisms. The following biochemical assays are in routine use: nitrate 

reductase, nitrite reductase, alkaline phosphatase, phosphodiesterase, 

urease, electron transport system activity, proton and oxygen flux, ATP, 
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Katz, S.A. and J.A. Cowans, 1965. Direction potentiometric study of the 
urea-urease system. Biochim. Biophys. Acta, 107:605-608. 

Kuenzler, E.J. and J.P. Perras, 1965. Phosphatases of marine algae. Biol . 
Bull. 128:271-284. 

McCarthy, J.J., 1972a. The uptake of urea by natural populations of marine 
phytoplankton. Limnol. Oceanogr. 12.:738-748 . 

McCarthy, J.J., 1972b. The uptake of urea by marine phytoplankton. J. 
Phycol. ~:216-222. 

McCarthy, J.J. and R.W. Eppley, 1972. A comparison of chemical, isotopic 
and enzymatic methods for measuring nitrogen assimilation of marine 
phytoplankton. Limnol. Oceanogr. 12.:371-382. 

McFadden, B.A., F.R. Tabita and G.C. Kuehn, 1975. Ribulose-diphosphate 
carboxylase from the hydrogen bacteria and Rhodospirillum rubrum. 
In: W.A. Wood (Ed.), Methods in Enzymology, Vol. 42. New York: 
Academic Press . 

Mukerji, 0. and I. Morris, 1976. Photosynthetic carboxylating enzymes in 
Phaeodactylum tricornutum: assay methods and properties. Mar. Biol. 
36:199-206 . 

Packard, T.T. and 0. Blasco, 1974. Nitrate reductase activity in upwelling 
regions. 2. Ammonia and light dependence. Tethys, §.:269-283. 

Perry, M.J., 1972. Alkaline phosphatase activity in subtropical central 
north Pacific waters using a sensitive fluorometric method. Mar. Biol. 
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e Yentsch, C.M., C.S. Yentsch and J.P. Perras, 1970(?). Alkaline phosphatase 

• 

• 

activity in the tropical marine blue-green alga, Oscillatoria erythaea 
( 

11 tri chodesmi um") . Li mno 1 . Oceanogr. (?) . 
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E7 Budget: Florida State Un.iversity (First Year} 

ERDA FSU 
DIRECT COSTS: 
A. Salaries 

Principal Investigator: 
Calder, J.A., Ph.D. 

1 mo • 1,726 863 (5.5%} 

Research Associates: 
Fehler, S.W.G. 

5 mos. 6,500 
Armstrong, J.E. 

5 mos. 6,500 14,726 

B. Wages 
Graduate Student 

12 mos., 50% of time 

C. Fringe Benefits 
Social Security, State Retirement 

14.85% of salaries 
Workmen's Compensation 

0.6% of salaries and wages 
Blue Cross/Blue Shield 

$13.42/mo. for salaried personnel 

4,200 

2, 187 

114 

148 

D. Equipment 
Pumping system for field plankton collection 1,200 
Pumps, lights, temperature-controllers, etc. 

for phytoplankton continuous-culture 
chambers 1,800 

E. Expendable Supplies 
Chemicals, lab supplies, nets, field 

supplies, tuition 

F. Travel 
To/from Port Aransas/Tallahassee to 
meet research vessel 

Total Direct Costs: 

INDIRECT COSTS: 
50% of salaries and wages 

Total Costs: 

6,000 

1,000 

4,200 

2,449 

3,000 

6,000 

1,000 

31,375 

9,463 

128 

5 

996 

431 

$ 40,838 $ 1,427 
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PROFESSIONAL SUMMARY 

. Robert J. _Finley 
Research Scientist Associate 

Bureau of Economic Geology 

Bureau of Economic Geology 
The University of Texas at Austin 
University Station, Box X 
Austin, Texas 78712 
512-471-1534 

HOME ADDRESS 
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PERSONAL 
 

 

ACADEMIC BACKGROUND 
Flushing High School, Flushing, N. Y., graduated 1963 
Queens College, C.U.N.Y., 1963-1965 
City College, C.U.N.Y., New York, N.Y., B.S. in Geology, 1967 
Syracuse University, Syracuse, N. Y., M.S. in Geology, 1969 
University of Massachusetts, Amherst, Mass., 1971-1972 
University of South Carolina, Columbia, S. C., Ph.D., Geology, 1975 

Specialized in sedimentology and coastal processes 

PROFESSIONAL . EXPERIENCE 
August, 1975 - present, Bureau of Economic Geology, The University 

of Texas at Austin, Research Scientist Associate IV 

September, 1974-August, 1975, Completed field work, data analysis 
and writing of dissertation 

June, 1974, Consulting work witp local engineering firm providing 
·geologic and hydrologic background information for EPA 201 
Plan, Beaufort Co., S. C. 

Summer, 1974, Field research at North Inlet, South Carolina 

May, 1974, Seismic Investigation on Lake Erie (N. Y. shore) 
using EG & G Uniboom Sub-Bottom Profiler 

19 October, 1973, Leader, with M. 0. Hayes and eight other graduate 
students, of a field trip following Estuarine Research Federation · 
Conference: "Inlet and Coastal Environments at North Inlet, 
South Carolina." 

16-18 October·, -1973, Presented paper entitled "Tidal Deltas of 
North Inlet, South Carolinau at Estuarine Research Federation 
Conference, Myrtle Beach, South Carolina 

. r 
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Finley (2) 

Fall, 1973-Spring, · 1974, Graduate Teaching Assistant in environ
mental geology; co-ordinator for ten lab sections; developed 
lab manual in environmental geology 

Summer, 1973, Field work at North Inlet (part-time); laboratory 
research and report preparation 

May, 1973, Cruise on R/V Calanus (C7319); assistant to Dr. A. 
Conrad Newmann and fellow graduate student, studying the carbon
ates of Little Bahama Bank 

Fall, 1972-Spring, 1973, Graduate Teaching Assistant in environ
mental geology course; also responsible ·for operation of all 
lab sections 

Summer, 1972, Field work at North Inlet, South Carolina 

August, 1969 - June 1971, Geologist with Chevron Oil Co., Explora
tion Department, Houston, Texas, involving subsurface mapping 
of carbonates in the East Texas Basin and Gulf sand-shale 
sequences 

July-August, 1967, Laboratory Instructor, NSF summer program for 
high school students, Syracuse University 

June, 1967, Field Camp Assistant Instructor, central New York State 

Fall, 1966-Spring, 1967, Student Assistant, City College, Depart
ment of Geology 

PROFESSIONAL SOCIETIES 
Society of Economic Paleontologists and Mineralogists 
Sigma Xi 
American Geophysical Union 
American Society of Photogrammetry 

SCHOLARSHIPS AND HONORS 
New York State Regents Scholarship, 4 years, City University of 

New York 
Ward Medal in Geology, 1967, City College 
National Science Foundation Traineeship, 1967-1969, Syracuse U. 

ABSTRACTS 
"Inlet Morphology and Hydrodynamic Processes, North Inlet, South 

Carolina": (Abs.) in Abstracts with Programs, Geological Society 
of America, Southeastern Section, Ann. Mtg., Memphis, Tennessee, 
April 10, 1975. 

I 

"Inlet Shoal and Shoreline Development in Relation to Seasonal Wave 
Energy Flux, North Inlet, South Carolina": (Abs.) in Abstracts 
with Programs, Geological Society of America, Ann.Mtg., Salt 
·Lake City, Utah, October 22, .1975 . 

1.+ · 
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ABSTRACTS (continued) 
"Interpretation of Unenhanced LANDSAT Imagery .for Wetland and 

Land Use Delineation in the Texas Coastal Zone": (Abs.) in 

Bull. Amer. Assoc. Petrol. Geol., v. ~O, no. 9, Sept., 1976. 

"A LANDSAT Study of Nearshore Circulation off Aransas Pass, 

Texas": (Abs.), Soc. Econ. Paleontologists and Mineralogists, 

5lst Annual Meeting, J~ne, 1977 . 

"Wind-generatedlongshore currents": (Abs.), Soc. Econ. Paleontologists 

and Mineralogists, 5lst Annual Meeting, June 1977, (second 

author). 

'·'Hydraulic characteristics of mesotidal inlets in South Carolina": 

(Abs.), Soc., Econ. Paleontologists and Mineralogists, 5lst 

Annual Meeting, June 1977, (third author). 

''LANDSAT Classification Products Applied to Inventory and Monitoring 

Texas Coastal Resources": (Abs.), Amer. Soc. Photogrammetry, 

Annual Meeting, March, 1977, (second author) . 

PUBLICATIONS AND THESES 
"Sedimentology and Shore Processes on South Beach, Martha's Vine

yard, Massachusetts,'' ' 1969, unpublished Master's thesis, Syra

cuse University, 173 pp., Murray Felsher, supervisor. 

''Geologic Process Investigations.of a Beach-Inlet-Channel Complex, 

North Inlet, South Carolina," Maritime Sediments, Vol. 8, No. 2, 

Sept., 1972, p. 65-67. · 

"Tidal Inlet Morphology and Hydrodynamics of North Inlet, South 

Carolina," Final Report for Contract DACW72-72-C-0032, U. S. 

Army Corps of Engineers, July, 1973, 98 pp . 

'.'Tidal Current Deposits" (second author with two others), Entry 

in En~yclopedia of S~dimentology, Rhodes Fairbridge (ed.), 

(in press). 

Environmental Geology Lab Manual (second author with two others), 

published by Department of Geology, University of South Carolina, 

August, 1974, 53 pp. 

"Hydrodynamics and Tidal Deltas of North Inlet, South Carolina" in 

Estuarirte Research, Vol. II, Geology and Engineering, L. E . 

Cronin, ed., Academic Press, New York, 1975. 

"Morphologic Development and Dynamic Processes· at a Barrier Island 

Inlet, North Inlet, South Carolina,'' 1975, Ph.D. dissertation, 

University of South Carolina, 271 pp., Miles 0. Hayes, supervi~or . 

"Hydraulics and Dynamics, North Inlet, South Carolina, 1974-75," 

Coastal Engineering Research Center, U. S. Army Corps of Engineers, 

General Investigation of Tidal Inlets Report No. 10, 188 p., 1976 . 

" ·-
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"Interpretation of Unenhanced LANDSAT Imagery for Wetland and 
· Land Use Delineation in the Texas Coastal Zone," Trans. Gulf 
Coast Assoc. Geol. Soc., vol. 26, October 1976, pp. 279-297 . 

"Ebb-Tidal Delta and Shoreline Morphology in Relation to Seasonal 
Wave Energy Flux, North Inlet, South Carolina" (in press) 
Journal of Sedimentary Petrology. 

"Tidal Wave Propagation Through a Natural Inlet-Tidal Creek 
System" (second author, in preparation) . 
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CUHHICUL~M VITAE 

PATRICIA LEE JOHANSEN 

FERSONA1 

   

ADDRcS~ & T~LEf HONE 

   
 

  

Postdoctoral Fellow, Fort Aransas Marine Labratory 
University of iexas ~arine Science Institute 
University of 1exas at Austin 
Fort Aransas, Texas 783?3 
Telephones (512) 749-67)3 

EDUCA'l:ION 

Trinity University, San Antonio, Texas 
B.A. ··Biology 1.968 
University of Hawaii, Honolulu, Hawaii 
M.Sc. Oce8nography 1971 
Dalhousie University, Halifax, Nova Scotia, Canada 
Ph.D. Oceanography 1976 

LM"GuAGE.S 

English, German 

!l§i'wiBERSHIFS 

American Society of limnology and Oceanography 
Western Society of Naturalists 

FROFhSSIONAL EXPERIEi~C~ 

19691 Biological Aid (microbiology), Department of the 
Interior, U.S. Fish and Wildlife Service, Bureau of 
Commercial Fisheries, Honolulu, Hawaii • 

,,,-

19761 Postdoctoral Fellow (with Dr. Daniel Kamykowski), Marine 
Science Institute, Port Aransas, Texas. 

HO NO HS 

1964-681 Tuition scholarship 

1971-761 Dalhousie University Graduate Fellowship 
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Johansen (2) 

f'UBLICA'l IONS· ·· 

Johansen, F. L. Nitrogen excretion by tintinnids • 
(paper presented~ ASLO meetings). 

2. Johansen, P. L. A study of tintinnids and other 
protozoa in eastern Canadian waters with special 
reference to tintinnid feeding, nitrogen 
excretion and reproduction. Fh.D. Thesis~ 
Dalhousie Univ., Halifax, Nova Scotia, Canada, 
156 PP• 
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DANIEL K.AMYKOV.JSKI 

PERSONAL 

 

ADDRESS & TELEPHONE 

 
 
 

CURRICULUM VITAE 

Assistant Professor, Port Aransas 
Marine Laboratory University of 
Texas Marine Science Institute 
and Assistant Professor, Department 
of Botany, University of Texas at 

e Austin 
Telephone: (512) 749-6733 

EDUCATION 

Loyola University, Chicago, Illinois 
• B.S. Biology 1967 

• 

Scripps Institution of Oceanography 
University of California, San Diego 
Ph.D. Oceanography 1973 

LANGUAGES 

English, German, French 

MEMBERSHIPS 

American Society of Limnology and Oceanography 
~ Scripps Institution of Oceanography Alumni Association 

PROFESSIONAL EXPERIENCE 

1973-75 

• 1975-Present 

e HONORS 

1967 

• 

Killam Research Associate, Dalhousie University 
Halifax, N.S . 

University of Texas: Assistant Professor, Botany 
Department and Port Aransas Marine Laboratory, 
University of Texas Marine Science Institute, 
Port Aransas, Texas 78373. 

Alpha Sigma Nu Fraternity 
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PUBLICATIONS 

1972 1. McCarthy, J.J. and_ D. Kamykowski. 1972. Urea and other 
nitrogenous nutrients in La Jolla Bay during February 
and April 1970. Fishery Bulletin 70(4):1261-1274. 

1974 2. Kamykowski, D. 1974. Possible interactions between 
phytoplankton and semidiurnal internal tides. Jour. 
of Mar. Res. 32(1):65-87. 

3. Kamykowski, D. 1974. Physical and Biological Characteristics 
of an Upwelling at a Station off La Jolla, California 
during 1971. Estuarine and Coastal Marine Science 2:425-432. 

1976 4. Miller, J.R .. , K.S. Gordon and D. Kamykowski. 1976. Airborne 
~ . water color measurements off the Nova Scotia coast. 

• 

• 
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•• 

Canadian Journal of Remote Sensing .}_: 

5. Kamykowski, D. 1976. Possible interactions between plankton 
and semidiurnal internal tides. II Deep thermoclines and 
trophic effects. Journal of Marine Research 34: 

1977 6. Kamykowski, D. and S.-J. Zentara. ·1977. Diurnal vertical 
migration of phytoplankton through a thermal gradient. 
Limnol. ! Oceanogr. ~:163-166. 

7. Zentara, S.-J. and D. Kamykowski. 1977. Latitudinal 
relationships among temperature and selected plant 
nutrients along the west coast of North and South 
America. Journal of Marine Research 35: (In press) 
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CURRICUWM VITAE 

\<JEN YUH LEE 

PERSONAL 

    

ADDRESS £.., TELEPHONt: 

 
  

Research Associate, Postdoctoral 
University of Texas Marine Science 
Institute, Port Aransas Marine 
Laboratory 
Port Aransas, Texas 78373 
Telephone: (512) 749-6741 

EDUCATION 

Taiwan Unive~sity 
BSc. 1966 
Oregon State University 
M.S. 1971 
University of Maine 
Ph.D. 1975 

LANGUAGES 

English, Chinese, Japanese 

MEMBERSHIPS 

Arrerican Society of Limnology and Oceanography 
Chinese Society of Marine Sciences f... Technology 
Marine Biological Association, U.K. 

PROFESSIONAL EXPERIENCE 

1967-68 

1970-71 

1971-73 

-Present 

Teaching Assistant, '::'aiwan University 

Research Assistant, !~partm?nt of Agricultural 
Biochemistry, Oregon State University 

Research Assistant, Liepartment of Oceancgraphy, 
University of Maine 

Postdoctoral Researcli Associate, University of 
Texas Marine Science Institute, Port Aransas 
Marine Laboratory 

.~ 
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Firs t docto r dt t.! aw,n'de d by t.h ~· f'.._: p n · trr..·n t 
of Oceanography, Univer!Jity o f ~aint.~ 

Uni~r ~:. ity of Ma ine rese arch V :~sse l ndr:-~; d 
R/V LEE 

FUB LICATimiS 

Lee (2) 

1972 l. lee, W.Y. 1972. A workir.g t.ibliograpr.y of marine 
aquacultuc·e. University of Maine Seu G1:a:i.t 
Publication, 94pp • 

1976 2. lee, W.Y. and J.A.C. Nicol. 1976. 'flle effects of 
the wate1' soluble fraction of No. 2 f·uel oil 
on the sur·vival and behavior cf coasta:.. and 
oceanic zooplankton. Env!!.2!!· Pollut. (in press) 

3. Lee, VI. Y., i.~. Vlelch and J. A. C. I·iicol. 
Survival of two species of G:Jp11 i1~ o (: s in 

aquenus extracts of petroleum oils. 
"-"ar Pu,...l l 1 1 t -;r., 11 _ 1 ( i 1 1 r·r•'.ls c· ;\ _.1'•-· . ..-...~ J · ~~ ....... JI , . . _\,.,• e-J 

4. Dona..11.ue, W. H .. , K. Welch. W. Y. !.:.ic e, C:L.id J.A. C. '. ·; :.. c :Jl.. . 

Toxici t.Y of water s oluble fra c t ior1s ,y :-
petroleum oils on lr~rvae o:f C:"' ~.! -u ~ . 

Biological effects 't':ror;ram work.;l:v v 
(in press) 

5. Lee, W. Y. Some aspects of populs.t .ion d.tn.s..rn ic :.:; 
of copepods in the ·Jumariscotta Hiver 
estuary, Maine. MaJ::.. aiQ,l. (in prEss) • 
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PROFESSIONAL SUM~1/\HY 

Robert A. Morton 
Research Scientist 

Bureau oj Economic Geology 

BUSINESS ADDRESS 
Bureau of Economic Geology 
The University of Texas at Austin 
University Station, Box X 
A~ • st in, Texas 78712 
(512) 471-1534 

HOME ADDRESS 
  

  
 

PERSO:~A~ 

  
 

   

ACADEMIC BACKGROUND 
Chattanooga High School, graduated 1960, Chattanooga, Tennessee 
Cniversity of Chattanooga, Chattanooga, Tenn., B.A. in Geology, 1965 
Colorado School of Mines, Golden, Colorado, field geology course 

completed, 1964 
We !; t Virginia University, Morgantown, West Virginia, M.S. in Geology, 

l.966 
Tulane University, New Orleans, Louisiana, 1967, general interest 

courses 
West Virginia University, Morgantown, West Virginia, Ph.D. in Geology, 

~972 

e PROFESSIONAL EXPERIENCE 

• 

• 

• 

• 

NON-GEOLOGICAL WORK and TEACHING EXPERIENCE 
Graduate teaching assistant, 1965-66. Taught Physical and Historical 

geology laboratories. 

June, 1963 - January, 1965, full-time employee of O'Neal Steel Inc . 
Warehouse, labor, supervised night shift until I resigned to 
attend graduate school. 

June, 1960 - January, 1963, part-time work~ for Cole's Nursery, 
labor involved with operation of greenhouse and nursery . 

GEOLOGICAL WORK 
1976-present Research Scientist, Bureau of Economic Geology, 

The University of Texas at Austin 
1972-1976, Research Scientist Associate V, Bureau of Economic Geology, 

the University of Texas at Austin 

" \ 
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Morton (2) 

1966-1969, Petroleum geologist with Chevron Oil Company, New Orl r~a ns, 
Louisiana. Respon$ibl~ for subsurface mapping and recommendation 
of new well locations;~supervised electrical logging operations ' 
and performed wellsite evaluation. 

PROFESSIONAL SOCIETIES 
Association of Professional Geological Scientists 
American Association of Petroleum.Geologists 
Society of Economic Paleontologists and Mineralogists 
Geological Society of America 
Austin Geological Society 
International Association of Sedimentologists 

AWARDS AND HONORARY -SOCIETIES 
1972, Outstanding Graduate Student Award, Department of Geology, 

West Virginia University, Morgantown, West Virginia 
1969-1972, West Virginia University Foundation Fellowship 
1966, Elected to Associate Membership of Sigma Xi 
1966, Outstanding Graduate Student Award, Department of Geology, 

West Virginia University 

COMMITTEES , 
1974, Chairman of panel on "Impact of Barrier Island Development" 

for Committee on Environment and Public Policy, Geological 
Society of America 

1975-76, Technical Program Committee, Austin Geological Society 

1973-74, Entertainment Committee, Austin Geological Society 

RESEARCH ACTIVITIES AND RESPONSIBILITIES 
PROFESSIONAL FUNDED RESEARCH 

e 1975-76 Geologic mapping, Texas Inner Continental Shelf. Acquisition 
and analysis of sediment samples and geophysical data for Texas 
submerged lands including all bays, estuaries, ·and offshore State 
lands. Co-operative program with U . . S. Geological Survey. 
Granter: · Texas General Land Office 
Responsibility: co-project director, co-supervise 5 full-time e people (3 MS, 2 BS) 

• 

• 

• 



• 

• 

• 

•• 

• 

• 

• 

• 

•· 

• 

• 

Morton (3) 

1975- 76 Delineation of haz~ird prone areas in conjunction with devc lopment 
of uniform building code 's called for in Senate Resolution 268. 
Grantor: Texas Coastal and Marine Council "· 
Responsibility: Member . of consultant and advisory group 

1975-76 Sediment budget along Gulf shoreline Galveston Island. Investi
gation of gains and losses in land along Galveston Island. probable 
causes and future changes. 
Grantor: NOAA Sea Grant through Texas A & M University 
Responsibility: Principal investigator; supervised 1 half-time 

graduate student 

1974 Natural Hazards of the Texas Coastal Zone. Docwnentation of 
extent and magnitude of natural hazards • 
Grantor: . Texas Coastal and Marine Council 
Responsibility: One of five geologists 

1974-75 Criteria for coastal zone management. Interdisciplinary 
research to establish a methodology for assessment of environmental 
and eG:onomic impact of coastal resource management policies. 
Grantor: RANN-NSF 
Responsibility: Task force director, supervised I full time M. S. level, 

I part time Ph.D. level, 1 half time graduate student 

1974 Environmental geology in coastal zone development, an analysis of 
physical properties and processes of barrier islands along the 
Central Texas coast. 
Grantor: Sid W. Richardson Foundation 
Responsibility: Project director, supervised. 1 .full time B. S. level 

1973 Historical changes in shoreline and vegetation line--West Beach. 
Galves~on Island, Texas. Documentation_ of changes fo co-extensive 
geological and legal boundaries. 
G~antor: Texas Attorney General's Office 
Responsibility: Project director, supervised I half time graduate student 

1973-75 Historical monitoring of the Texas Gulf Coast shoreline. 
Documentation of changes in Gulf shoreline :pince ~id 1800' s and investi
gation of factors contributing to shoreline erosion. 
Grantor: Texas 63rd Legislature 
Responsibility: Project director, .supervised 3 full time (1 M. S., 2 B. S. 

level) and 1 half-time graduate student 
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Morton (4) 

1972-75 Environmental analysis and mapping_ of the Nueces, San Antonio, 

Guadalupe. and Lavaca R{vers. Geologic mapping of Guadalupe River 

basin in Southern Edwards Plateau and adjacent Coastal Plain • 

Grantor: Texas Water Development Board· 

Responsibility: One of five geologists on project, self supervised 

GRADUATE LEVEL FUNDED RESEARCH 

1971-72 Analysis and comparison of some ancient, modern, ~nd 

experimental deltaic sediments. Documentation of hydrologic and 

sedimentologic characteristics of small coastal plain streams for 

use in depositional model for interpretation of ancient fluvial-deltaic 

systems. 
Grantor: Geological Society of America 

Responsibility: Self- supervised 

1971 ... 72 A study of tidal deltas, Eastern shore of Virginia.surface and 
s 

subsurface investigation of sediment distribution and factors controlling 

sediment dispersion in tidal deltas. 

Grantor: Sigma Xi 

ResP9nsibility: Self- supervised 

.. 
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Morton (5) 
PUBLICATIONS 

~ ,,. 
Donaldson, A. C., and Morton, R. A., 1971, Paleodrainage analysis of some Pennsylvanian 

sandstones in Central Appalach·ians: Geol. Soc. of America, abstracts with progroii-.s, 
v. 3, no. 7, p. 547-548. 

Morton, R. A., 1972, Clay mineralogy of Holocene and Pleistocene sediments, Guadalupe 
Delta ·of Texas ·: Jour. Sed. Petrology, v. 42, p. 85-88. 

Ayers, W. B., Renton, J. J., and Morton, R. A., 1972, Shale composition· and sandstone 
properties used to interpret depositional environments of shallow-water deltas 
in Pennsylvanian deltas in Ohio . and Northern West Virginia, Field trip guidebook 
fqr 'May 1972~ Eastern .section meeting, Am. Assoc. Petroleum Geol. Chapter VI, 
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16. Roels, O.A. and M.E. Trout. 1959. A method for the deter
mination of vitamin A and carotene in human serum. Arn. J. 
Clin. Nutr. 7:197-202 • 
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and acid hydrolases: the release of 6-glycerophosphate 
phosphatase from rat liver lysosomes. Biochem. J. 93:23c-25c. 

37. Roxas, B., G.L. Sessa, M.E. Trout, A. Guha and O.A. Roels. 1964. 
The release of ribonuclease from a particulate fraction of 
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41. Bergen, s. and O.A. Roels. 1965. Case report of a patient 
with hypervitaminosis-A. Am. J. Clin. Nutr. 16:265. 
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51. Burkholder, P.R. and O.A. Roels. 1966. Increasing the protein 
content of fishery materials by fermentation. Inst. Food 
Technol. Congr. 
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Professor of Zoology and Marine Studies, University 
of Texas 

Alumni Scholarship, Heidelberg College 
Indiana Conservation Department Fellowship 
NAS-NRC Fellowship, Indiana University 
Fellow in AAS, AIFRB, AINA: Antarctic Medal 

RlBLICATIONS 

1947 1. Wohlschlag, D.E. 1947. Water weeds. Outdoor Indiana 
14(8):12. 

1950 2. Wohlschlag, D.E. 1950. Vegetation and ·invertebrate life 
e in a marl lake. Invest. Indiana Lakes and Streams. 

l(9):321-372. 

• 

• 

• 

• 

1951 3. Wohlschlag, D.E. and A.D. Hasler. 1951. Some quantitative 
aspects of algae growth in Lake Mendota. Ecology ~: 
581-593 • 

1952 4. Wohlschlag, D.E. 1952. Estimation of fish populations 
in a fluctuating reservoir. Calif. Fish and Game 
38: 63- 72. 

1953 S. Wohlschlag, D.E. and C.A. Woodhull. 1953. The fish 
population of Salt Springs Valley Reservoir, 
Calaveras County, California. Calif. Fish and Game 
39: 5-44. -- -- --

1953 6. Wohlschlag, D.E. 1953. Some characteristics of the fish 
populations in an arctic Alaskan Lake. In Current 
Biological Research in the Alaskan Arctic, Ira Wiggins, 
ed. Stanford Univ. Publs., Univ. Ser., Biol. Sci. 11: 
19-29. -- -- -- - -
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1954 

1956 

Wohlschlag ( 3) 

7. Wohlschlag, D.E. 1954. Growth peculiarities of the cisco, 
·Coregonus sardinella (Valenciennes) in the vicinity of 
Point Barrow, Alaska. Stanford Ich. Bull. ~(3):189-209 • 

8. Wohlschlag, D.E. 1954. Mortality rates of whitefish in 
an arctic lake. Ecology 35(3):388-396. 

9. Wohlschlag, D.E. 1956. Information from studies on marked 
fishes in the Alaskan Arctic. Copeia !:237-242 • 

1957 10. Wohlschlag, D.E. 1957. Differences in metabolic rates of 
migratory and resident freshwater forms of an arctic 
whitefish. Ecology 38:502-510. 

11. Wohlschlag, D.E. 1957. Biol9gy at the population level. 
Am. Biol. Teacher 19:245-246 • 

12. Wohlschlag, D.E. 1957. Translations from Russian, Fisheries 
Research Board of Ca~ada - Translation Series Distribu~ed 
by the Fisheries Res. Board of Canada Arctic Unit, 505 
Pine Ave. W., Montreal, P.Q., Canada. 

1. L.S. Berg. Promyslovye Ryby SSSR. OMUL--Coregonus 
autumnalis (Pallas). Translation Series No. 110, 
4 pp. 

2. L.S. Berg. Promyslovye Ryby SSSR. The Silberian 
Riapushka--Coregonus sardinella Valenciennes . 
Translation Series N9. ill, 5 pp. 

3. G.B. Nikolsky. Chastnaia Ikhtiologiia. Whitefish 
Genus--Coregonus. Translation Ser. No. 112, 6 pp. 

1959 13. Wohlschlag, D.E. and R.O. Juliano. Seasonal changes in 
bluegill netabolism. Limnology and Oceanography i:l95-209. 

1960 14. Wohlschlag, D.E. 1960. Metabolism of an Antarctic fish 
and the phenomenon of cold adaptation. Ecology 41(2): 
287-292. -

1961 15. Wohlschlag, D.E., C.W. Swithinbank and D.G. Darby. 1961. 
Faunal remains on an Antarctic ice shelf. Science 
133(3455):764-766. 

16. · Wohlschlag, D.E. 1961. General ecology and physiology 
of Antarctic fishes. In Science in Antarctica, Part 1, 
The Life Sciences in Antarctica. U.S. Nat. Acad. Sci. 
Puhl. 839: 113-114. - - -- --

17. Wohlschlag, D.E. 1961. Activity and metabolism of 
antarctic fishes. (Abstr.) Bull. Ecol. Soc. Am • 

18. 

. 42(3): 81. -- -- - -

Wohlschlag, D.E. 1961. · Growth of an antarctic fish at 
freezing temperatures. Copeia 1961:11-18 • 

... ...... 
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Wohlschlag (4) 

1962 · 19. Wohlschlag, D.E. 1962. seasonal and geographic factors 
in relation to fish metabolism. (Abs tr: 128) Am. Zool. 
2:459-460 • 

1963 

20. Wohlschlag, D.E. 1962. Metabolic requirements for the 
swinuning activity of three antarctic fishes. Science 
137(3535):1050-1051. 

21 • 

22. 

23. 

24. 

Wohlschlag, D.E. 1962. Respiratory metabolism and .growth 
of some antarctic fishes. (Abstr.) Polar Record 11(72): 
342. . -

Wohlschlag, D. E. 196 2. Antarctic fish growth and 
metabolic differences related to sex. Ecology 43(4): 
589-597 • 

Wohlschlag, D .E. 196 3. An antarctic fish with unusually 
low metabolism. Ecology 44(3):557-564. 

Wohlschlag, D .E. 1963. Review: "Subantarctic Campbell 
Island.n Science 140( 3572):1204 • 

25. Wohlschlag, D.E. 1963. Cold temperature adaptations of 
antarctic fishes. Bull. Ecol. Soc. America 44(2):43-44. 

26. Wohlschlag, D.E. 1963. Seasonal metabolic changes in 
an antarctic fish at -1.soc. Bull. Ecol. Soc. Am • 
44(3):92-93. -- -- -- --

27. Wohlschlag, D.E. 1963. Research program on the ecological 
and physiological characteristics of McMurdo Sound 
animals. Bull. U.S. Antarctic Projects Officer 5( 1): 
12-16. - - -

28. Wohlschlag, D.E. 1963. Biological research facilities at 
McMurdo Station. Bull. U.S. Antarctic Projects Officer 
.?_(l): 17-21. -- - -

29. Wohlschlag, D.E. 1963. The biological laboratory and 
field research facilities at the United States "McMurdo" 
Station, Antarctica. Polar Record 11(75):713-718. 

1964 30. Wohlschlag, D.E. 1964. Respiratory metabolism and growth 
of some antarctic fishes. In Biologie Antarctique, Act. 

e Sci. Indust., No. 1312. 14-Pp. Hermann, Paris. 

• 

• 

31. Wohlschlag, D.E. 1964. Respiratory metabolism and 
ecological characteristics of some fishes in McMurdo 
Sound, Antarctica .• In Biology of the Antarctic Seas, 
Vol. 1, pp. 33-62. -

32. Wohlschlag, D.E. 1964. Ecological implications of the 
energy requirements for swirruning activity of an 
Antarctic fish. (Abstr.) Bull. Ecol. Soc. Am. 45(2):54 • 
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Wohlschlag ( S ) 

33. Wohlschlag~ D.E. and A.L. DeVries. 1964. Social facilitation 

in Antarctic fishes. (Abs tr. ) Bull. Ecol. Soc. Am. 45 ( 3): 101. 

·34. ' · ~Vries, A.L. and D.E. Wohlschlag. 1964. Diving depths of 

the Weddell seal. Science 145(3629): 292. 

35. Wohlschlag, D.E. 1964. Ecological and physiological research 

e on Mc.Murdo Sound fishes and invertebrates. Bull. . .!:!_.~. 

• 

Antarctic Projects Officer 2(10 ): 71- 73. 

36. Wohlschlag, D.E. 1964. The Mc.Murdo Biological Laboratory 

activities during 1963-1964. Bull. U.S. Antarctic Projects 

Officer 5(10):173-176. -- - -

1965 37. Wohlschlag, D.E. 1965. Biological techniques for continuous 

studies under Antarctic sea ice. Polar Record 12 ( 79): 

385-389. -

38. Wohlschlag, D.E. 1965. U.S. Biological Facilities in 

• Antarctica. BioScience 15(4):261-263. 

• 

• 

• 

• 

• 

• 

· 39. Wohlschlag, D.E. 1965. Thermal acclimation experiments 

with Antarctic fishes. Bull. Ecol. Soc. Am. 46(2):48 

(Abstr.) 

40. Wohlschlag, D.E. 1965. Swimming requirements and thermal 

responses of a pelagic Antarctic fish. Bull. Ecol. Soc. 

Am. 46(3):128 (Abstr.) 

41. Wohlschlag, D.E. 1965. Inventory-Catalog. U.S.A.R.P. 

Biological Laboratories. Prepared under Contract 

NSF-C322. 208 pp. IBM processed. 

1966 42. Wohlschlag, D.E. 1966. The University of Texas and 

water production engineering, pp. 29-31. In S.J. Gage 

(ed.), Proc. Symp. on water production engi'neering. 

Univ. Texas Press, Austin • 

43. Wohlschlag, D.E. 1966. Prepared statement to Senator 

Pell on Sea Grant Colleges. pp. 279-281. Hearings 

before the special subcommittee on sea grant colleges 

of the committee on labor and public welfare United 

States Senate, eight-ninth Congress, second session 

on S.2439. 

44. Wohlschlag, D.E. 1966. Environmental stress effects on 

respiratory mechanism of the pinfish. (Abstr.) Bull. 

Ecol. Soc. Am. 47(3):154 • 

45. Wohlschlag, D.E. 1966. Review: Insects of Campbell 

· Island. Gressitt, J.L. and collaborators. Monogr~ 1.· 

Bernice P. Bishop Museum, Entomology Dept., Honolulu. 

663 pp. Ecology 47:163 • 



• Wohlschlag (6) 

1967 46. Wohlschlag; D.E. 1967. Ma~ine resea~h and resources. 
In Proceedings of symposium OJ;l marine sciences and 

• · llidustrial potentials, pp. 6 7-75. Trans. of Tech. 

• 

• 

• 

• 

• 

• 

• 

• 

Ser. No. 2 E.B. Konecci, ed. 263 pp. 

47. Wohlschlag, D .E. 1967. Thermal stresses and metabolism 
of fishes. Bull. Ecol. Soc. Amer. 48(2):71. Abstract . 

48. Wohlschlag, D.E. and J.N. Cameron. 1967. Assessment of 
a low level stress on the respiratory metabolism of 
the pinfish (Lagodon rhomboides). Contr. Mar. Sci. 
Univ. Tex. 12:160-171. - -

1968 49. Wohlschlag, D.E. 1968. Fishes beneath Antarctic ice • 
Australian Nat. Hist. 16:45-48. 

1969 

1970 

SO. Wohlschlag, D.E. and B.J. Copeland. 1968. Biological 
responses to nutrients--eutrophication; saline waters 
consideration. p. 65-82 In E.F. Gloyna and W.W. 
Eckenfelder, Jr. (eds.),~dvances in Water Quality 
Improvement. Univ. Texas Press, Austin. 

51. Wohlschlag, D.E., G.N. Somero and A.C. Giese. Cold 
adaptation of the Antarctic fish Trematomus bernacchii. 
Comp. Biochem. Physiol. 26:223-233 • 

52. Wohlschlag, D.E. and J.N. Cameron. 1968. Seasonal 
variation in the pinfish, Lagodon rhomboides: 
distribution, metabolism, and blood characteristics. 
Bull. Ecol. Soc. Amer. 49:64. Abstract. 

53. Wohlschlag, D.E., J.N. Cameron and J.J. Cech. 1968 • 
Size in relation to seasonal changes in pinfish 
metabolism. Bull. Ecol. Soc. Amer. 49:64. Abstract. 

54. Wohlschlag, D.E., J.N. Cameron and J.J. Cech, Jr. 1968. 

SS. 

56. 

57. 

SB. 

Seasonal changes in the respiratory metabolism of the 
pinfish (Lagodon rhomboides). Contr. Mar. Sci. Univ • 
Tex. 13: 89-104. - - --

Cameron, J.N. and D.E. Wohlschlag. 1968. Respiratory 
response to experimentally induced anaemia in the 
pinfish (Lagodon rhomboides). Jrl. Exp. Biol. 50:307-317 • 

Wohlschlag, D.E. and A.L. DeVries. 1969. Freezing 
resistance in some Antarctic fishes. Science 163:1073-
1075. 

Wohlschlag, D.E. 1969. Size of pinfish in relation to 
thermal stress response. Bull. Ecol. Soc. Amer. 50:68 • 

· · Abstract. 

Wohlschlag, D.E. and B.J. Copeland. 1970. Fragile estuarine 
systems--ecological considerations. Water Resources Bull. 
§_(1):94-105 • 
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Wohlschlag (7) 

- .. 

59. wOhlschlag, D.E. 1970. Gulf coastal fisheries: energy 
expenditure and environmental extremes. Bull. Ecol. 
Soc. Amer. 51:34. Abstract. · 

60. Wohlschlag, D.E. and J.J. Cech, Jr. 1970. Size of 
pinfish in relation to thermal stress response. Univ. 
Tex. Contr. Mar. Sci. 15:21-31. 

• 1971 61. Wohlschlag, D.E. arrl R.H. Moore. 1971. Seasonal variation 
in the metabolism of the Atlantic midshipman, Porichthys 
porosissirm.ls (Valenciennes). Jnl. exp. mar. Biol. Ecol. 
7:21-31. - - - -- --

1972 62. Wohlschlag, D.E. and T.C. Kloth. 1972. Size-related 
• matabolic responses of the pinfish, Lagodon rhomboides, 

to salinity variations and sublethal petrochemical 
pollution. Contr. Mar. Sci. Univ. Tex. 16:125-137. 

• 

• 

•• 

• 

• 

• 

• 

63. Wohlschlag, D.E. 1972. Ecological constraints by stresses. 
p. 113-129. In Proceedings of the Colloquium on 
Conservation~oblems in Antarctica, B.C. Parker (ed.). 
Allen Press, Lawrence, Kansas. 

64. Wohlschlag, D.E. 1972. Surrunary of the work group on man's 
impact on antarctic ecosystems. p. 313-317. In Proceedings 
of the Colloquium on Conservation Problems ii1"'Antarctica, 
B.C. Parker (ed.). Allen Press, Lawrence, Kansas. 

65. 

66. 

1973 67. 

Wohlschlag, D.E. 1972. Review: Biology of the Antarctic 
Seas IV. G.L. Llano and I.E. Wallen (eds.). American 
Geophysical Uhion, Washington, 1971. Trans. Am. Fish. 
Soc. 101: 574. · - --

Wohlschlag, D.E. 1972. Review: H.W. DeWitt. 1971. Coastal 
and deep-water fishes of the Antarctic. American 
Geographical Soc., New York. Copeia (1972):902-903. 

Wohlschlag, D.E. and J.J. Cech, Jr. 1973. Respiratory 
responses of the striped nrullet, M..tgil cephalus L., 
to hypoxic conditions. Jnl. Fish. Biol. 2:42l-428. 

68. Wohlschlag, D.E. 1973. Ecology of fishes relevant to 
engineering. Ocean Industry ~:40 • 

69. Wohlschlag, D.E. and J.J. Cech, Jr. 1973. Respiratory 
physiological of the striped mullet, Mugil cephalus L., 
to two temperature regimes. Texas Reports Biol. Med. 
31: 116. Abstract. . --

70. Wohlschlag, D.E. 1973. Respiratory metabolism of the 
striped nrullet as an assay of low level stresses in 
Galveston Bay. Chap. IV, 77p. In Toxicity Studies of 
Galveston Bay Projec:t, C.H. Oppenheimer, W.B. Brogden, 
and K.G. Gordon (eds~). Final Report to Texas Water 
Quality Board Galveston Bay Study Program, Contract 
IAC (72-73)-183. Processed • 
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71. 

Wohlschlag (8) 

Wohlschlag; D.E. 1973. Late summer growth and metabolic 
retardation of Gulf coastal mullet, Mugil cephalus. Am. 
Zool. 13:1331. Abstract. ~ 

1975 72. Wohlschlag, D.E. and J.J. Cech, Jr. 1975. Summer growth 
depression in the striped mullet, Mugil cephalus L. 
Contr. Mar. Sci. Univ. Tex. 19:91-100. 

73. Wohlschlag, D.E. 1975. A pilot study to analyze effects 
of freshwater inf lows and metabolic stresses for important 
fish species in Corpus Christi Bay, Texas. Report to Texas 
Water Development Board, 49p. processed. 

74. Wohlschlag, D.E. 1975. Chemical and Biological survey 
component of the environmental assessment of the South 
Texas Outer Continental Shelf. II. D. Benthos biology-
epifaunal fishes. Report to the Bureau of Land Management, 
p. 343-399 + App. Tables I-1 to I-72 • 

·: ·. · . 
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Education: 

Profes~donal 

Interest: 

Member: 

Honors: 

tlogc1phical Skctd1 or 

 
 

 
  

1959 - Ph.D. 
1951 - M.S. 
1949 - B .S. 

University of Washington 
University of Alexandria 
University of Alexandria 

Marine Phytc?lankton 
Primary Productivity (Marine) 
Marine Ecosystem Dynami~s 
Marine Living Resources 
Populations Dynamics of Marine Fisheries 

June JO, 19.76 

American Association for the Advancement of Science 
American Fisheries Society 
.American Society of Limno logy & Oceanography 
American Institute of Biological Sciences 
Phycological Society of America 
Phi Kappa Phi 
Sigma Xi 
The Arctic Institute of North America 

Convenor, SCAR (Scientific Cormnittee on Antarctic Research) 
Group of Specialists on Livini Resources of the 
Southern Ocean. 

Chairman, SCOR (Scientific Committee on Oceanic Research) 
Working Group 54. 

SCAR (Scientific Cormnittec on Antarctic P~search): 

Member,. 

Member, 

Member, 

Member, 

Member of Working Group on Biology (1971 -present) 
Heml>er of Working Group on o~_:e.qnography (1911 ·· present) 

Stee1;ing Committee for SCAR Symposium on Antarctic 
Ecology ( 1971~) . 

Polar Research Board, .Nationa 1 Aca<lcmy of Sc ienccs 
(1972 - 1975). 

Pan'21 on Biology and Medicine, Committee on Polar 
Research (1970 - 1975) . 

Editorial Board, Internation.:tl Journal of Envij:onmcnt<tl 

Pollution "Water, Air & Soil Pollution", ( 1976 - ) . 
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Prof0ssion~l 

Activities: 

El-Sayed (2) 

Fulbright Gr:lduatc Fellows hip, Scripps ln~titution of 

Occanogrnphy, UniV(!r~d Ly of Cal iforn:ia, L;i Jolla, 

Cali.forni . .:i (1952 - 195]) • 

Nember, NASA NIHilUS-G Coaf: tal Zone Color Scanner team (197 5 - ) • 

Advisor to the U.S. delegation at the Intereovcrnmental Oceano

grrt.phic Commi!;sion (IOC) 1:J0ct ·i ng on the Southern Ocean, 

Buenos Aires, Argentina, July 12-17, 1974 • 

Invited Speaker at the SCOR/SCAR Polar Oceans Conference (POC) held 

in Montreal, Canada, May 5-11, 1974. 

Member, GURC (Gulf Universities Research Consortium) Planning 

Co~ncil (1971-1974) • 

Chaired the first meeting of the SCAR Subcommittee on Marine 

Living Resources of the Southern Ocean held at McGill 

University, Montre.al, Canada, May, 1974. 

SCAR Representative at COSPAR Symposium, Konstanz, F.R.G., during 

the International Congress on Remote Sensing, May 1973. 

Also presented invited paper at the International Congress 

on Remote Sensing, Konstanz, F.R.G., May 1973. 

Co-Chairman of session on Productivity of the Indian Ocean 

during the International Syr:tposium on the Biology of the 

Indian Ocean, Kiel, Germany (March 31 - April 6, 1971). 

United States Antarctic Research Program (USARP) Representative 

ELTANIN Cruise 46 (November, 1970 - January, 1971) and 

ELTANIN Cruise 30 (August 12 - September 21, 1967) . 

Co-Convenor (with Professor Hakon Hosby of Oslo University) 

of a symposium on Pack Ice, held in conjunction with the 

Congress on World Ocean (September, 1970). 

Convenor, ad .hoc Commit tee Ross Ice Shelf Drilling Proj cct, 

Committee on Polar Research, National Academy of Sciences 

(March 1970). 

Co-editor of Atlas Folio (1110) on "Primary Productivity and 

Marine Benthic A13ae," publ ished by the Arn (~ rican Geo

g~aphical Society (1968) • 

Invited to chair a meeting at the s~cond Symposium on Antarctic 

Ecology_ held in Cambridge, England (August 1968). 

Lecture-tour on the "lHulogy of the Antarc tic Se .J. f:;," sponsored 

by the American Clwmicnl Society at universities and 

colleges in Texas, Lousiana, Alabam.'.1, Flori.d::i, and 

Mississippi (November 14-28, 1965) • 
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El-Sayed (3) 

Professor, DC'partw~nt of Oceanography, Texas AM·! Untversity, 

(1973 - present) 

Associate Profl~f; f;or, Department of (k.c:<.1110grc.iphy, Texas A~1. i! 

University (1966 - 1972). 

Principal Investigator, "Study of Some Aspects of the Dynamics 

of Trophic Relations in the Southern Ocean,'' 

(1970 - 1972) • 

Principal Investigator, "Phytoplankton and Primary Pro<luctivity" 

(Baseline, NOM's Deep Ocean Mining Environmental 

Study (DOMES), (1975 - present). 

Principal Investigator, "Effect of Oil Production on the Ecology 

of Phytoplankton off the Louisiana Coast", Gulf 

Universities Research Consortium, (1972 - 1974). 

Co-Principal Investigator, "Scientific Investigation in the 

Gulf of Mexico and Caribbean Sea During the 1974-1975 

CALYPSO Cruise." 

Principal Investigator, Study of Primary Production off Panama 

City, Florida, and in the Gulf of Mexico (sponsored 

by NIH, 1964 - 1966). 

Project Supervisor, Study of Prim~ry Productivity in the 

Southern Ocean (1963 - 1969). 

Assistant Project Supervisor, Mississippi River-Gulf Outlet 

Project, Texas A&M University (1959 - 1961). 

Biologist, Fish Guiding Project, College Fisheries, University 

of Washington (1958 - 1959). 

Biologist, Alaskan King Crab Project, Univers~ty of Washington 

(1957 - 1958). 

Research Assistant, Puget Sound Fishery Studies, College of 

Fisheries, Unive!"sity of Washingto~, Seattle, 

Washington (1953 - 1957). 

Biologist, Marine Life Research Progrmrr, Scripps Institution 

of Oceanography, La Jolla, California, (1953) . 

Fisheries Biologist, Alexandria Institute of Fisheries, Egypt 

(1951 - 1952) • 
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. ·--- El-Sayed (4) 

J 9 7 & ( in pr cf.> :; ) : 
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(in press): 

197! .. 

1973 

1971 

1970 -.--

. - - - -

El-Sayed, S. Z. nnd J. T. ~urncr. 

Productivity of the Antar.c:tic and Tropical S1tblropi.c:.il 

Regions: A Comparc.tti.vc Study. In: J>r.oc~-~~~2!.~[~S~--~_f:_l)C~!~\/_ 

SCAR Pol.-ir 0.::eans C0nfen~~' ~·1ontrc
al, Canada, Hay, 19/!1. 

Holm-Hansen, O.,·S. Z. El-Sayed, G. A. Franceschini. andR.Ctihl. 

Primary ProCluction and the F.:lctors Control ling Phyto

planktoi~ · f~~~~1 .fJ1 in the Antarctic Seas. In: Procccdi1~:_:?_ 

.of SCAR S~'1~tp:6s ium i.n Antarctic Bio logy (Llano, ,G. A., eel) . 

El-Sayed, S. Z. and K. A. Green. 

Use of Remote Sensing on the Stu.dy of Antarctic Marine 

Resources. In: Proceedings of the COSPAR Symposium on 

Approaches to Earth Survey Problems through the Use of 

Space Techniques (Bock, P., editor), p. 47-63. 

El-Sayed, S. Z., T. L. Hopkins and K. A. Steidinger. 

Potential Effect of Oil Drilling/Production Activities 

on the Phytoplankton/Zooplankton in the Eastern Gulf of 

Mexico. In: Proceed i~gs of Harine Environ1aental 

Implications off Offshrn~e Drillin0 Eastern Gulf of Mexico 

(Smith, R. E., editor), p. 167-174. 

El-Sayed, S. Z. and H. Jitts. 

Phytoplankton Production in the Southeastern Indian O~ean. 

In: Biology of the Indian Ocean. Proceedings of 

Symposium held at tlie University of Kie 1, Germany, Narch 31 -

April 6, 1971. (Zeitzschel, 'R. editor), New York, Springer

Verlag, p. 131-544 . 

El-Sayed, S. Z. 
Understanding the Antarctic Marine Ecosystem: A Pre

requisite for the Conservation. _1!!_: Proceedings of the 

ColloguitL'11 on Conservati_~n Problems in Antarctica, 

Blacksburg, Virginia, September, 1971. (Parker, Bruce C., 

editor), Lawrence, Kansas, Allen Press, Inc., p. 131-141 . 

El-Sayed, S. Z. 
Dynamics of Trophic Rclatio:1ships in the Sonthern Ocean. 

J~: Research in the Antarctic (Quam, L. 0., editor), 

American Association for the Advancement of Science, 

p. 73-91. 

El-Sayed, S. Z. 
Biological Aspects of Pack Ice Ecosystcr1. In: SJ1!nposiuill 

on Antarctic Ice .:md Water Masses (Sir George Deacon, editor), 

Scientific Committee on Anl;:rctic Research(SCAR), p. 35 ... !6 . 

El ... Saycd, S .. Z. 

On the Productiv:I.ty of the Southern Occan(Atlantic and 

Paci.fie Sectors). In: Antarctic Ecology (Iloldgatc,A.W., 

editor), I: 119-135, Academic Press • 
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El-Sayed ( 5 .) 

El-Sayt·ll, Z. E • 
Phytoplankton Production of the South r~1c.i.f.Lc and the 

Pacific Sector of the Anl~Lrct.ic. In: Sc i.cnt i.f i.c 
--·--·---·-·· -- · 

Expl;tn ::~io!!_ of _the SouLJ~ _!'-':~~ it_~~:_.• In: PrnccG~ i.ngs 

of a Sympositli:l held <luring the Nlnth General r-: ·(~ ting 

of the Scientific Committee on Oceanic Rcscan:'.1 (June, 

1968) at the Scripps Institution of Oceanography, La 

Jolla, Californi.'.l, p. 194-210, (Wooster, W. S., editor) . 
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6. - 'i"af,tiCITr,-s: ,- ;iwl- H-. Fuhuclt-L -

· l;-iltr.'ltion r:-itc of zooplanl:ton co:ru ;1ttn I ty during r;pring hlooc.t ln 

Al~l:c!:l1i Bay. ..Journ;il of ExpcTi1:tf:ntal H:1rine Biolor.Y ;mcl Ec.ul<.1~~y, 

19 : ~~ > 19 ., 5 . p . ] / I- 5 - l(, I 1- • 

7. Taguc:11i, S. 
liicrozooplankton and ~cs ton in Akkc~hi Tiay. Hyclrobiologia (in 

pres~). 

8. TCJ.tuchi, S. 
Phytoplankton and prir.lnry production in Fut~nni Bay, Ghic~1i-Jiu~~, 

Og~snwcJ.ra Islands. tullcntin of Plankton Socic ty of. Jap.:m 

22(1/2): 1-10, 1975. 

9. Taguchi, S. 
Short-te:rm variability of photosynthesis in nntural_ruarine phyto

pl:rnktcn popul.:itions. Harine Biology (in press). 

10. T<ieur:hi, s. 
Rclati0nship between photosynthesis and cell size of carine 

Joiirnal of Phycolo2:y, 12: 185-189, 1976 . 

11. Tncuchi, S. and Ir. Platt. 
~ 

Assimilation of '"co2 in the dark compared to phytoplankton ~roduct:;_ ui.1 

in a small coastal inlet. Estuarine and Coastal Marine Science. 

LIS1 OF UNPUBLISHED PAPERS: 

1. Ho!:oda, S., T. Kawanura, W. Oht9Jio, T. Hinoda) ·T. T<maka an<l S. 

T<_i~uchi. 

H~tk>ds of protect ion of biologieal (:Ornmun:i. ty in northern oligo

tro;)M.c lake. Effect of r: •• :rnpo~·1er to Lake Toya a1~d its protection~ 

1'cchnical Report in 1967; Studies on Hcthod of Protection of Fresh

water Co;r.muaity 2; 1-6, 1968 (In Japanese). 

2. MotodQ, S~, T. Ka~amura, W. Ohtomo, T. Minoda, T. Tanaka and S. : · 

T~~uchi. 

Hethod of protection of biological COi~14nunity in northern oli~o- . 

trophic lake. Effect of mD.npowcr to Lake Toya ancl its protr.ction. 

·reclmical Report in 1968, Studies on }lethod of Protection of Fr.t.!sh- · 

water Community 3; 1-5, 1969 (In Jap.:i.m~sc). 

3. Taguchi, S. 
Cell count, ·rhoto!.;ynthcti.c t:1ctivity of phytop1:in1\. ton and prh1.-1ry 

}H" o cl u c t i on • Prof, r cs s R c po r t , 1 <J 6 8 , :-, tu cl i es on th c r rod u c t iv :i. t i cs 

of Biocc·cnosis in Northern Cold \-l.:itcrs, i\kkcr;hi Bay l~e~;cnrch Gn11JI>, 

(cd) S. Motoc.b, 196S (In lap;mcsc). 

~ • Ni~; h i::: en\' :i , S • , 11 . I !; l 1 ii , A . Koy ~rn1 ;i , S . u no an cl S • T .:1 r, u chi. 

J>n::linin:iry cxp('r:i.r.1ent on c·xc-rction, · re!-;pir;::1tion :rnd gr:1zing of 

z0.(1i;l.t11kton coi:1inui1ity. · rrogn:ss Rt:.·fHn· t, 19u<~, St.uJ .ies ou tl1'-~ 

l 11·oducti.vitic:; of l>Jocoeno:~i:; i.n l'\orthc·ru Cold t,\ttcr!•, i\kkc~;b.i 

li:l)' l~e!-;cr~1ch Group, (cd) S. Motod:1, 11)(,9 (ln J;1p~ttH•!-;e} • 
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Taguchi (6) 

5. · r al-. u c 11 i, s. 
l'hyt0ph1uLtrm l>Ppu] ;it ion. 11 rog}~(·· : ;~; l~cpoi:t, 19G9, Stutlic::; on the 

l'r.ocluct.:i.vJtJe~; of l~ioc:ocno~;i!; in NorthPrn Cold \·htcc_;, /\kkc~;lti. 

1k1y Rc!>carc:h Croup, (ed) S. Ni~_;h.i. zawa and S." Motocla, 197.l • 

6. 'l'a~uchi, S., and ~;. Nishizawa. 

8. 

10. 

Short-ten:l V<H'iation in photosynthetic behaviour in c;:1r.1y-Au f'.W>t. 

Pror,rc~_;.s 1~epoL· t, 19G9, Studies on the Ptoduct iv:i.tie~> of Biococ no:·; ·i ;_; 

in Northern Cold H:iters, Akkcshi lby Research Group, (eel) S. NishL.~~wa 

and S. Motoda, 1971 • 

~aguchi, S. 
Ecoloeical significance of .primary production in Akkcshi Bay. 

l'rogrcss Report, 1970-1971, Studies on the Productivities of 

Biocoenosis in Northern Cold Waters, Akkcshi Il~y Re~carch Group, 

(cd) S. Nishizawa~ 1972. 

Taguch·i, S., and· T. Ichikawa. 

Diffe~cnt light adaptation · observed at spring and fall bloom. 

Progress Report, 1970-1971, Studies on the Productivities of 

:Eir.,coen0sis in Norther-n Cold Haters, Akkeshi Bay Re~-; earch Group, 

(cd) S. Nishizawa, 1972. 

rf1- .-• . • .:.t...: (' 
J.. c:~ ~;, « '- U..L) .J a 

Surface photo-inhibition and . suhsurfac.e dark adaptation uf phyt:o- . 

plankton photosynthesis in Akkc:shi Bay. Progress Report> 1970-

1~71, StHdics on Productivitie s _of Biocoeno s is in l<orth E~ rn Cold 

Haters: Akl~eshi Bay Research Group, (ed) S. Nishizciwa, 1972. · 

T:.guchi, S. 
Size spectrum an<l biochemical composition of particulate matter . 

Note of Study on Marine Science, 3: 26-46, 1976. 

11. Tar:uchi, S. , T.. Platt and H. Hoc.lg~:on. 

Primary production by phytoplankton and nutrients in Ileclford Ba~::iin, 

1973 & 1974. Fish. Har. Scrv. Res. Dev. Tech. Rcpt. No. 587 > 63 pp. ,,_1975 . 

12. Tatuchi, S., and T. I>latt. 

Size di~: tribution and clwmical compo!d.tion of particulate matter 

in l~cdfor<l BaGin in 1973 and 1971•. Fish. H.:ir. Scrv. Res. Dev. 

Tech. l~ept. (in press) • 

13. 1'c'.1r,uchi, S., nnd T. Platt. 

Phytopl.:mkton hiom.:iss in Ped ford na~;i. n: volume, surf n.cc nrc~, 

carbon contu1t and size di!:·tributiori. Fhd1. rk1r. Scrv. Re~;. Dev. 

Tech. Rcpt. (in press). 

l!•. l:c:u:gt'ii.Ve, IL 'f., G. A. rid.Hips and S. 'l'a~uchi. 

ScJimcnt;ition 1~ 1ca~m·e111cnt~-; in Bc<lford U.:i!;i.u, 197]-19//~. Fish. Mar. 

Scrv. Res. Dev. Tech. Rcpt., No. 60H, 129 pp., 1976 . 
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BIOGHAPHlCAL SKETCH 01" 

Crc ta A. Fryx:e 11 

Personal data: 

Education: 

Honors: 

Employme nt: 

191+8 - A. B. from Augustana College, Rock Is land, Illinois J 

2-~-~~ £~ laude. Major: mathematics; minors: physical 
science, botany, French, and education. Charter member of 

·Tri-Beta Biological Society. 

Individual courses from Drake University, Iowa State Universitys 

and Ariiona State University in psychology, education, and 

homemaking. 

1969 - Master of Education with a science option from 1exas 

A&~I University (TA1'1U), majoring in earth science. 

1975 - Doctor of Philosophy in Oceanography (biological 

section), TAHU, with marine phytoplankton as the field of 

research. Dissertation title: Morphology, taxonomy, and dis

tribution of selected species of the diatom genus Thalassiosira 

Cleve in the Gulf of Mexico and antarctic waters. 

1976 - International course for experienced phytoplankton 

workers·, Oslo, Norway, reconnnended by SCOR (Scientific Cammi t. tee 

on Oceanographic Research), 26 July - 20 August. 

Valedictorian, Tiskilwa High School, Illinois. 
Toppers Frshroan Honor Society, Augustana College. 
Runic Honor Society, Augustana College . 
Phi Kappa Phi Honor Society, TAMU. 
Sigma Xi, TAMU. 
Phi Sigma, TAMU. 
Sigma Gamma Epsilon, TAMU. 
Phi Delta Gamma, TAJ.'·fil. 
Outstanding Doctoral Candidate Award, $200, Former Students' 

Associati.on, TAl~ru, . l975. 

Research Scientist, TAHU Research Foundation, working with 

marine phytoplankton under principal investigator Dr. S. z. 
El-Sayed, also Dr. W. M. Sackett (1971 - · ) 

At Institut£: for Marine Biolozy, University of Oslo, Norway, 

for study and work in the field of marine phytoplankton with 

Dr. G . R. Hasle, 'B. R. Heimdnl, Prof. T. Braarud, and K. R. 

Gaarder, rurtially supported by the Norwegian Research Counci 1 

for Sdence and Hur.nnit Les (NAVF) (March - August, 1971) • 

Re :;;1..•arch Assitant, TAMU Research Foundation, working with m.::irirw 

phytoplankton under Dr. S. A. El-S~yed (1970 - 1971) . 
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Employment, 
continued: 

Grants: 

Professional 

Fryxell (2) 

With s.:lm~ project, workin g as an .1'.;sist .::li1l to Dr. G. H... !(ash ~ , 

Oslo, Norway, visiti11g profcs ~; oc in Oceanog raphy ])ep .'lr.L111 L' n t, 

TAMU ( 196 8 - 196 9) • 

Junior High School classroom teacher in mathematics and 
scienc~, &nes, Iowa (19~9 - 1952) . 

Junior High School classroom teacher in mathematics .and science, 
Davenport, Iowa ( 1948 - l 9L~ 9) • 

King Haakon VII Grant, awarded by the American Scandinavian 
Foundation, to study at the Marine Biology Laboratory, Oslo, 
Norway, 1971. 

N. S. F. tr ave 1 grant to give paper for Sc. cond SymposiurZ"1 cm 
Recent and Fossii Marine Diatows, London, England, S1.:.fitember, 

1972, with visits to British marine laboratories, British Museum 
(Natural History), and two weeks of study in Oslo, Norway. 

TAHU mini-grant through Dr. S. Z. El-Saye<l for page charges £or 
published article, 1972. 

N.S.F. travel grant to give paper for Third Symposium on Recent 
and Fossil Marine Diatoms, in conjunction with the Symposium on 
Marine Plankton and Sediments and the Third Planktonic Confer
ence, Kiel, Germany, Septer.ibe.r, 1974, with visits to Tyge 
Christiansen, University ~otanical Laboratory, Copenhagen; 
Berit Asmund, Denmark; and one week of work in Oslo, Norway. 

Dimond Award, Botanical Society of America, to aid in travel to 
the XII International Botanical Congress, Leningrad, USSR, 
July, 1975 . 

N.S.F. tr~vel grant to attend internationa l cours e for experie11ced 
phytoplankton workers, Oslo, Norway; to give paper at Fourth 
Symposium on Recent an<l Fossil Marine Diatoms; to conduct 
research in conjunction with Dr. G. R. Hasle, Oslo, Norway; and 
to visit scientists and diatom collections in Ant\vt:~ rp; London, 
and Philadelphia. 

Organizations: 

Committees: 

American Association of Unive rsity Women 
Botanical Society of America 
British Phycological Society 
Internati0nal Phycological Society 
Phycological Society of America 

1974 - 1976. Working C0mmitlce to Standarc.Jize Diatom Terminology, 
first report . .Beiheft Nova He<lwigia 21: 323-354 . 

1974 - 1976. International Diatom Catalog Committee . 



(,... 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Fryxell (3) 

Conmti t tees, 
continued: 1976 - Ed-Ltori.al Hoard, Phycological Sth.:i.cty of :'\J,1 c·r.ic<l. 

1970. 

1971. 

1976 - Arrr:i.ngm•211ts Cutr.111.LLtee tor Fifth Symposium on Liv.i u~~ 

and Fos!:>il Diatoms, Antwerp, lklgium, 1978. 

PUIJLICATIONS 

Gaarder, K. R. & G. A. Fryxell. Coccolithophorids in the Gulf of 

Mexico. Geol. Soc. Amer., Abstracts with Programs, 2: 28l~-285. 

Hasle, G. R. & G. A. Fryxell. Diatoms: cleaning and mounting for light 

and electron microscopes. Trans. Amer. Microsc. Soc. 89: l.+69-474 . 

Fryxell, G. A. Vertical distribution of coccolith~phorids, ~ J atoms, 

and dinoflagellates in the Gulf of Mexico. Abstract. Supple~ent to 

_:!. Phycol. l= 15-16. (June, 1971) 

Fryxell, G. A. & G. R. Hasle. Corethron criophilurn Castracane: its 

distribution and structure. Eds. G. A. Llano & I. E. \vallen. Biology 

of the Antarctic Seas IV, Antarctic Research Series 17: 33!~··3~~6. 

Amer. Geophy. Union. 

Hasle, G. R., B. R. Hemidal, & G. A. Fryxell. Morphologic variability 

in fasciculated diatoms as exemplified by Thalas sio.sira tn~_i~fa (Janisch) 

Hasle, comb. nov. Eds. G. A. Llano & I. E. Wallen. Biolo;:;•: of th~ 

Antarctic Seas IV, Antarctic R€search Seri~s 17: 313-333. Amer. 

Geophy. Union. 

1972. Conger, P. S., G. A. Fryxell, & S. Z. El-Sayed. Diatom species re

ported from the Gulf of Mexico. Ed. V. Bushnell. Chemistry, Pri

mary Productivity, and Benthic Algae of the Gulf of Mexico. The 

Marine Environment, Amer. Geog. Soc. Folio 22: 18~23. 

1974. 

Fryxell, G. A. The marine diatom genera: 

discus. Supplement to l· Phycol. ~: 7. 
Thalassiosira and Coscino
(June, 1972.) 

Fryxell, C. A. & G. R. Hasle. Thal~sssio~ira ~_?.centrica (Ehrenb.) 

Cleve, .!_. ~etrica, sp. nov., a:d sowe rc:a.ted diatoms. J. Phycol. 

8: 297-317. 

Saunders, R. P. 6, G. A. Fryxell. Diatom distribution. Ed. V. Bushnell. 

Chemistry, Primary Productivity, and Benthic Algae of the Gulf of 

Mexico. The Marine Environment, Amer. Geog. Soc. Folio 22: 13-14, 

Plate 4, maps 1-6. 

Fryxell, G. A. & G. R. Hasle. 

terns in diatom morphology. 
Coscinodiscin~ae: some consist~nt pat

Beih~·Et ~ova Hc.dwigin li-5: G9-·[V1, 1.2 pl . 

Harris, W. R. & G. A. Fryxell. Disclinations and other pattern d<•focr:s 

in the array of areolae in the diatoms Thalassiosira eccentric3 an<l T. 

~wrne tr i ca • S • Af_r i can .J • Sc . 7 0 : 2 ll•- 215 . 
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Fryxell (4) 

Publications, 
continued: 

1975. Fryxell, G. A. Diatom Collcctjons. Bciheft Nova Hcllwigiu 53: 355-
364. 

1976. 

Fryxell, G. A. Thr.ee new species of Th.:t.lnssiosira with observ3t :ions 
on the occluded process, a newly observed process of diatom valves. 
Beiheft Nova Hedwigia 53: 57-75 . 

Fryxell, G. A. The position of the labiate process in the diatom 
genus Skeletonem2. Brit. I· Phycol . ..!.!.: 93-99. 

Fryxell, G. A. & S. Z. El-Sayed. Interesting diatoms collected on 
the Shackleton Expedition, 1908. Ant.?.r_c:__tic _:!. ~· .:?..· 11_(1): 33-36,. 

Gaarder, K. R., G. A. Fryxell, & G. R. Hasle. 
Gerloff: an organism with siliceous scales. 
118: 346-351. 

Potcmodiscus l:albei 
Arch. Protistenk. 

In press: 

Fryxell, G. A. Thalassiosira australis Per. and T. lentiginosa (Jan.) 
G. Fryx., comb. nov.: two antarctic diatoms (Bacillariophyceae). 
Phycologia l§_(l). 

Fryxell, G. A. & G. R. Hasle. The genus Thalasdosira: Some species 
with a modifi~d ring of central strutted processes. Beiheft Nova 
Hedwigia. 

Hasle, C. R. & G. A. Fryxell. The genus Thalassiosira: some species 
with linear areola array. Beiheft Nova Hedwigia • 

In preparation: 

Fryxell, G. A. Thalassiosira licea sp. nov., T. japonica (Castr.) G. 
Fryx. comb. nov., and other diatom species having occluded process~s . 

Fryxell, G. A. Chain forming dia.torr'.s: B.qcteriastrun~ ft!rcatum Sha<lbolt .. 
Chaetocer0s b.3.c ter i.~ ! s trcides Ka rs t:en, anJ·-·f~curvi;etun~ Cleve. . 

Fryxell, G. A. Chain fanning diatoms: _Ddnhineis karstenii (Bode:n) 
G. Fryx., comb. nov., ~tosira 10re n2Lana Grunow, and Glyphoclesrnis 
acus Mann • 

Hasle, G. R. & G. A. Fryx2lL Two small spE!cies of Thalas~;:tosira 
from wann water. 

Fryxell, G. A. Valv0 formation in centric diatoms • 

Fryxell, C. A. Frag"i.larla pectinali~ Lyngbe , the typ<' spl'cies of 
a large genus. 

Fryxc·ll, C. A. & G. R. Hasl(!, The g~nus Thalassiosirn: :>OmE' spc~ ci.es 
with eccentric areola patterns . 
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MARIO M. PAMATMAT 
Associate Professor 

  

Department of Fisheries and Allied Aquacultures 
Auburn University 
Auburn, Alabama 36830 

Education: 

B. S. Fisheries Management, Auburn University, 1958 
M. S. Fisheries Management, Auburn University, 1960 
Ph. D. Biological Oceanography, University of Washington, 1966 

Experience: 

Fish Warden, Philippine Bureau of Fisheries, 1952-55 
Asst. Fisheries Biologist, Phil. Bu. of Fish., 1955-57 
Research Asst., Auburn University, 1958-60 
Predoctoral Assoc., University of Washington, 1960-65 
Research Associate, University of Washington, 1966-68 
Senior Research Associate, University of Washington, 1968-72 
Associate Professor, Auburn University, 1973-

Major Research Interests: 

Ecology and metabolism of benthic communities 
Benthic population energetics 
Primary productivity of benthic algae 

Current Research Activities: 

Anaerobic metabolism of microbial communities in sediment 
Development of a calorimeter for measuring metabolic heat production 

of benthic organisms 
Direct calorimetry of infaunal metabolic activity 

Publications: 

Lie, U. and M. M. Parnatmat. 
2
1965. Digging characteristics and sampling 

efficiency of the 0.1 m van Veen grab. Limnol. Oceanogr. 10: 379-384. 

Pamatmat, M. M. 1965. A continuous-flow apparatus for measuring the 

metabolism of benthic communities. Limnol. Oceanogr. 10: 486-489 . 

1968. Ecology and metabolism of a benthic community on an inter

tidal sandflat. Int. Revue ges. Hydrobiol. 53: 211-298. 

--~~and D. Fentori. 1968. An instrument for meaGuring subtidal benthic 

metabolism in situ. Limnol. Oceanogr. 13: 537-540 . 
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Pamatmat (2) 

1969. Seasonal respiration of Transennella tantilla Gould. 

Amer. Zoologist 9: 418-426. 

--- and K. Banse. 1969. Oxygen consumption by the seabed. II. In situ 
measurements to a depth of 180 m. Limnol. Oceanogr. 14: 250-259. 

1971. Oxygen consumption by the seabed. IV. Shipboard and lab
oratory experiments. Limnol. Oceanogr. 16: 536-550 . 

1971. Oxygen consumption by the seabed. VI. Seasonal cycle of 
of chemical oxidation and respiration in Puget Sound. Int. Revue ges. 
Hydrobiol. 56: 769-793. 

Goering, J. J. and M. M. Pamatmat. 1971. Denitrification in sediments of 
the sea off Peru. Inv. Pesq. 35: 233-242 . 

Pamatmat, M. M. 1973. Benthic community metabolism on the continental 
terrace and in the deep sea in the North Pacific. Int. Revue ges. 
Hydro biol. 58: 345-368. 

___ , R. S. Jones, H. Sanborn, and A. Bhagwat. 1973. Oxidation of organic 
matter in sediments. Ecol. Res. Ser., U. S. Env. Prot. Agency, EPA-
660/3-73-005. Supt. Doc., Wash., D. C. 104 p. 

____ and A. Bhagwat. 1973. Anaerobic metabolism in Lake Washington 
sediments. Limnol. Oceanogr. 18: 611-627 . 

___ and H. R. Skjoldal. 1974. Dehydrogenase activity and adenosine 
triphosphate concentration of marine sediments in Lindaspollene, Norway. 
Sarsia 56: 1-12. 

1974. Alkalinity, h~rd.ness, and productivity of limed ponds. J. 
Mar. Sci. 2: 95-110 . 

1975. In situ metabolism of benthic communities. Proc. 1st Int. 
Meeting on Meiofauna Physiological Ecology, Arcachon, France. Suppl. 
Cahiers Biol. Mar. 16: 613-633. 

In press. Benthic community metabolism: review and assessment of 
present status and outlook. In: B. C. Coull (ed.), Ecology of Marine 
Benthos. Belle W. Baruch Library in Marine Science, No. 6. Univ. 
South Carolina Press, Columbia . 
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PrinciEal Investigator 

TURNER, ROBERT E., Offi.ce . of Sea Grant Development nnd Dept. of ~brine 

Sc icnces, L<l. St ate Univ. , Ba ton RouGe, Ln. ES TU ART NE ."\H•I r!OAHT/\ L 
WATER ECOLOGY. b. Niskayun:1, N.Y., Apr. 7, 115. m. H.A. (H:tolnnv). 

Monmouth College, 67; M.A. (rHology), Drake Univ., 69; Ph.D. (Zoology), 

Univ • of G corp, i a , 7 t• • Te <1 ch in g Ass t. , n r <1 k e ll n i v . , 6 7 - 6 9 ; Tc a ch in g 

Ass t • , Un iv • o f Geo r g i a , 7 0 ; N • S . F • Fe lJ pw sh i. p , Duk c Un iv . , 72 - 71• • 

LA. STATE UNlV.: Res. Assoc.; 74-75; ASST. l'ROF., 75-. Mem., Amer. 

Assoc. Aclv. Sci., Amer. In~;L. niol. Sci., INTERCOL, Amer. Soc. Micro-

b iol. , Amer. Soc. L imno l. Oceanogr. , Ecol. Soc. Amer. Reine arch 

interests: Nutrient cycling, community metabolism, biostatistics. 

Publ ica tions 

Turner, R.E. 1971.i.. Community plankton respiration in a salt rrarsh tidal creek and 
estuary and in the coastal waters of Georgia. Fb.D. Diss., Univ. Georgia, 
Athens, 

Turner, R.E. 1975. A note on standing crops of Spa.rtina alterniflora in Texas and 
Florida. Contr. Mar. Sci. 19:113-118. 

' 1975. 
~-~-.,,f~i-s~heries. 

The Stgara Anakan reclnma.tion project: The impact on commercial 
Rept. Ministry of Public Works, Republic Indonesia, 73pp. 

, 1976. Geographic variations in salt ma.rsh macrophyte product ion: 
----A---r-eview. Co·ntr. Mar. Sci. 20: in press • 

197-. Community plankton respiration in a salt marsh estuary and 
the importance of ma.crophytic leachates. Limnol. Oceangr. (in press). 

, 197-. Variability of the reverse-flow concentration technique of 
----~m-ea~suring plankton respiration. Ches. Sci. (in press) • 

, J.1'1.Day, Jr., M. Meo, P.M. Pa.yank, J.H. Ston~, T.B. Ford and W.G. 
----~S-m_i_t_h 1976. Aspects of land-treated waste applications in Louisiana 

wet lands. pp 14 7-167 In: Proceedings Nat 1. Symp. Freshwater Wet lands and 
Sewage Effluent Disposal, D.L.Tilton, R.H. Kadlec and C.J. Richardon (eds) . 
Ann Arbor, Mich. 

Conner, W.H., J.H. Stone, L.M. Bahr, V.R. Bennett, J.W. Day jr., and R.E.Turner, 
1976. Oil and gas use characterimtion, im[\!lcts, and guidelines. Louisiana 
State University Center for Wetland Resources, Buton Rouge, LSU Sea Grant 
Publ. No. LSU-T-76-007 . 

Allen, R .L. and R .E. Turner 197-. Hydrographic observations in the Mississippi 
Delta .Bight, 1975-1976. (in press). 

Root, G., R.E.Turner and R.L. Allen 197-. Nutrient distributions in the Mississippi 
Delta Bight, 1975-1976 • . (in press) . 

Cr~ig, N., ILE.Turner and J.W. Day ,ir. 197-. Cumulative imp3.ct of canals in the 
coastal zone. Louisiana. State University Coastal Zone Management Report 
Nu. LSU-1'- (ln press) • 
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Turner (2) 

Mnnuscripts 

Turner, R.E. Intert-.jclal vegetation nn<l pen- 1. ~id shrimp yields. Accepted, but 

being revi.sed. Trans. Am. Fish. Soc • 

-----, Wetland-water couplings in the .coastal zone with an emphasis on 

commercial fisheries. 

.... -

Ia.yank, F .M ~, R .E. Turner, and J .H. Stone The response of three Louisiana. rnn.cro

phytes to artificial enrichment . 

Sklar, F.S. nnd R.E.Turner. · Prinnry m·od.uction and nutrient distributions in 

the nearshore Barataria Bay Bight (Louisiana, USA). 

Turner, R.E. Community plankton respiration in the Georgia Bight and its 

relationshio to autotrophic processes . 

Turner, R .E., IL Ji tts arrl S. Woo. Primary production in a Georgia salt marsh 

estuary. 

Ship experience 

R/V EASTWARD - E-12-70; Georgia Bight 
E-22a-71 Florida-N. Carolina shelf 

E-22c-71 Georgia shelf 
E-26-71 Geor~ia shelf 
E-9-72 (Principle Investj gator) Florida-Georr,ia shelf 

E-18b-72 (Principle Investigator) Florida-N.Carolina shelf 

R/V OREGON - 57 Mississippi Delta Bight 
60 II II II 

62 II " II 

6l~ " II II 

67 " " " 
71 " " "., 

Grant su1212ort 

"Enrichment of nnrsh habitats with orr,anic wastes" (with J.W.Day jr, G.W. Smith), 

$39,900, 1973-19'15; LSU Sen Grant. (completed) 

"Offshore Primary Prcxlucti vi ty", $65, 000, 197L~- , LSU Sea Grant. (25% time) 

''Hydrocarbon effects on estuarine carbon flux", $liL},OOO, 1975-

(25% time) 

, LSU Sea Grant 

".D.ia.genesis of recent peat deposits" {with C .. . Ho and T.Whelan), $35,000, .1975-

(loi time) • 
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BIOGRAPHICAL DATA 

A. Name Ronald Q. Perritt Title Assistant Professor 
Department of Elect.E~gr. 
Louisiana State University 

Baton Rouge, La. 70803 

B. 

c. 

D. 

E. 

F. 

  

Degrees, When and Where Conferred 

B.S. in Physics, Louisiana Polytechnic Institute, 1965 

M.S. in Electrical Engineering, Louisiana State University, 1968 

Ph.D. in Electrical Engineering, Louisiana State University, 1972 

(Dissertation topic: A numerical study of field aided diffusion) 

Memberships 

Institute of Electrical and Electronic Engineers 

Honors and Awards 

Tau Beta Pi 
Omicron Delta Kappa 
Who's Who in College and Universities 

Current Areas of Research Interest 

Electronic Systems Design 

Biomedical Engineering 
Diffusion of Impurity Ions in Semiconductors 

Summary of Major Research Experience 

197 5 · Developed a data acquisition and telemetry system for measure-

ment of blood pressure in unrestrained animals. This work was 

done in conjunction with the School of Veterinary Medicine at 

Louisiana State University. The system contained a pressure 

transducer, frequency modulated subcarrier, frequency modulated 

transmitter, receiver, demodulators and associated interfacing 

circuitry for recording instruments . 

1973-74 Developed an eight-channel communication system used for 

electromyography in human locomotion. This system included 

an ·eight channel frequency division multiplexer, line driver, 

demultiplexer and buffer amplifiers. The work was done while 

at Georgia Institute of Technology as a Visiting Assistant 

Professor • 

1971-72 Studied, theoretically, the effect of the electric field on 

motion of impurity atoms in silicon at elevated temperatures. 

This research was my Ph.D. dissertation topic • 
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Perritt 

G.. Major Reports and Publications 

i ·. "The numerical stud.y of field-aided diffusion," Ph.D. Dissertation, 
Louisiana State University, Baton Rouge, La., 1972. 

2. "The effect of the electric field on the diffusion process in 
Semiconductors," SWIEECO Record (invited paper), pp. 544-548, 
Houston TX, April 6, 1973 [with A. H. Marshak] . 

3. "A numerical study of field-aided diffusion," Solid State Electronics, 
Vol. 17, pp. 257-265, 1974. 

4. "A simple inexpensive eight-channel multiplexer for electromy
ography in human locomotion," Medical and Biomedical Engineering, 
Vol. 14, No. 1, pp. 104-106, 1975 • 

5. "An electronic systems laboratory," IEEE Transactions on Education, 
Vol. E-18, No. 3, August 1975. 

H. Employment Summary 

Assistant Professor of Electrical Engineering, Louisiana State 
University, 1974-present 
Assistant to the Dean of the College of Engineering, Louisiana 
State University, June 1974 to September 1974 
Visiting Assistant Professor of Electrical Engineering, Georgia 
Institute of Technology, Atlanta GA, 1973-74 
Assistant to the Dean of the College of Engineering, Louisiana 
State University, June 1973 to September 1973 
Instructor of Electrical Engineering, Louisiana State University, 

. 1968-73 
Engineer with Texas Instruments, Inc., General Products Division, 
Richardson TX, Summer 1966. 

I. Personal Information 

10/6/75 

  
  



CURRICULUM VITAE 

John A. CALDER--Associate Professor--D~pa~toent of Oceanography 

• Personal: 

• 

• 

• 

• 

  
  

Degrees: 

B.S., Chemistry, Southern Methodist University, 
Dallas, Texas, 196~. 

M.S., Biochemistry, University of ·Illinois, Urbana, 
Illinois, 1965 . 

Ph.D., Chemistry, University of Texas, Austin, Texas, 
1969. 

Professional Experience: 

Research Associate, University of Texas, 1969~ 

Assistant Professor of Oceanography, Florida State 
University, 1969-1975. (Received D~ctoral Directive 
Status, July, 1973). 
Associate Professor of Oceanography, Florida State, 1975-

Profession~l Soci~ties: 

The Geochemical Society 
Americ~n Society of LimI1ology c.nci 8::eanog·caphy 
The American Chemical Society 

Publications: 

A) Refereed Scholarly Journ=ls 

e 1968 Calder, J. A. and P. L. Parker, "Stc.ble Carbon Isotope 
Ratios as Indices of Petrochemical ?ollution of AGuatic 
Systems", Environ. Science ar.d Tee:-... , ~, p. 53 5-5 3 S. 

1 ·971 

• 
1971 

• 

• 

Calder, J. A. and D. H. Atta~·:ay, •:?::-·elininary Studies o: 
Stable C-3.rbon Isotopes in Selected =ce..n.s:3.s Shales'', 
Bulletin of the Kansas State Ge:>lo;ical Survey, 2G2, 
Pt • 1 , p . 19 - 2 1 . -

Park~r, P.L., E.W. B~hrens, J.A. C~lder, and D.J. S~ultz, 
"St -3.b le C =t~bon I sotop~ Ratio V c. ~ i.2. "'.: .:.·:-rLs in the Qr~~r!ic 
C.:irbon fr:>r.1 Culf of M~xico S-::d.i:.le!!t::'", Cont. Nar. Sci . 
Uni",/ . Te:·:~ s > 1 ~, p . 13 9 -14 7 . 



• 1968 

1973 

• 
1974-

• 
1974 

•• 
1974 

Calde~ (2) 

P.arker, P.L. and J.A. Calder, "Stable Carbon Isoto:>':? Ratio 
Variations in Biological Systems", Symposiura on Or:-g::.'nic 

Matter in Natural Waters, ed. D.W. 2ood, Univer~ity of 
Alaska, College, Alaska, p. 107-128. 

Quammen, M.L., P.A. LaRock, and J.f:. .• Calder, "Environsenta.l 
Effects of Pulp Mill Wastesn, In: Estuarine Microbial 
Ecology, eds. L.H. Stevenson and R.R. Calwell, Univ. of 
South Carolina Press, p. 329-343. 

Calder, J.A., G.J. Horvath, D.J. S!-:ultz, and J.W. !!e:·.'litan, 

"Geochemistry of the stable carbon isotopes in so~~ Indian 

Ocean sediments", Initial Cruise Reports of the Deep Sea 
Drilling Project, Leg 26. 

Calder, J.A., "Petrochemical pollution of coastal and 
estuarine waters", in: D.W. Hood Ced.) Proceedings of a 
symposium on coastal pollution, Taipei, Republic of China, 
January 1974-. 

Calder, J.A., "Petroleum pollution of marine and estuarine 
waters", in: D.W. Hood .(ed.) Proceedings · of a synposiu~ on 
coastal pollution, Taipei, Republic of China, Janu~~y 1974. 

le 1975 Calder, J.A., · S.W.G. Fehler and C.J. Byrne, "Sampling c:n~ 

• 
1967 

• 
1970 

• 1970 

• 1970 

1971 

• 

• 

hydrocarbon analysis of seawater a~d suspended particulates." 
·Proceedings of a Workshop on Standard Reference i':2.teria.ls for 
·offshore Drilling-Petroleum, Santa Barbara, Calif., Oct. 6-7, 

1975. National Bureau of Standards, Washington, D.C . 

C) Papers Presented at Meetings 

Calder, J.A. and P.L. Parker, "Carb:>n Isotope Ratio 
Variations in Dissolved and Particulate Organic ~atter 
in Texas Coastal. Waters", Geol. So(:. of P.ner. ·National 
Meeting, New Orleans, LA. 

Cald-er, J .A., "Organic Geocr..emistry of a Coastal Na~sh'', 

Gordon Research Conference on Geoc~e~istry, Plyraouth, N.H. 
(invited paper) . 

Calder, J.A., "Stable Carbon IsotoF2 Ratios of Dissolved 
and Particulate Organic Carbon in r.~:tura.l Haters", P.r:1~rican 

Society of Limnology and Oceanogra;hy·, National Nee ting., 
Kin6ston, R.I . 

Cald~r, J .A., "Organic Geocher:tistr;; of a Coastal !-:2.!"Sh", 

American Chemical Society, S.E.-S.~·:. joint Regio:ia.l r-~eet

ing, New 0Plean3, LA. 

Cald~r, J. A. and D .J. Shultz, ''Ca~"'~'J=--~ Isotope Re.ti:::>.s ~s 

Reflections of Changes in the Carb~~ Cycle", 1971 ~~nual 
Meeting, The Geochemical Society, ~ashington, D.C. 
(invited paper) . 
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Calder (3) 

1973 - ~dar,- J. -A. -and P. L.- Parker, "Geoch~micc.l Ir.plications o: Iri_d~1-:2d 

· ·Changes in C-13 Fractionation by Blue-Green Alga.e", Geochi:::ic<.l et · 

Cosrrochimlca Acta, 37, p. 133-140. 

1973 

1973 

1973 

1974 

1974-

Ingram, L. O. , J. A. Calder, C. Van3atlen, F. E. Plucker a:.".i P. L. Pc.r}~-2 ~, 

"Role of Reduced Exogenous Orga'1ic Corrr_?)un::!s in th-: P"nysiolo~i of th~ 

Blue-Green Bacteria (Algae) : Photoheterotrophic ~wth of a ''P.~ te.ro

trophic" Blue-Green Bacteriull." J. &cteriol. , 114-, 695-70.J. 

!ngt'a.i-.i, L. O., C. VanBaalen, and J. A. Calc!~r, "R0le of R-2::·.!c=:d t.xo;en:)u3 

Organic compounds in the Physiology of th= Blu~-Green Bact::;ia. (A.lg=.~) : 

Photoheterotrophic Growth of an "autotrophic" Blu~-Green P.-3.:;te.ri~~." J. 

Bacterial., 114, 701-705 • . 

Johnson, R. W. and J. A. Calder, "F.arly diagenesis of fatty acids azld 

hydn:>carbons in a salt marsh envirorurent." Geochirn. et Cos.;TOC..L"t.,jm. Acta> 

37, 1943-1955 • 

Iliffe, T. and J. A. Calder, "Dissolved hyd...rocarbons in th::! ea.stern G1;1 f 

of M:xico LJ:x:>p Current and the Carib~an Sea.'' Deep-Sea Res., 21, 481-488. 

Sutton, C. and J. A. Calder, "Solubility of higher rrolecular ~;eig.11t n-p= ..... affi 

in distilled water and sea water." Env. Sci. a"1d Te~~- , ~, 654-6 57. 

1975 Calder, J. A. and F. Kearsley, "l-i:>lecular ~eig.'1t distribution an1 cl3 con-

1975 

1975 

1976 

1976 

1976 

1976 

· tent of the dissolved organic carbon in a 5:.1.t Il'.=rsh." Prcc-:'2ding5 cf a 

syrrp:>siurn on "Geology, Pal20-bota.11y~ ~och2J-ll.stry and Hicr="t>iolcgy cf 

Peats. Geol. Soc. of Amer. Pu.bl. Ser. , in p!'ess . 

Sutton, C. and J. A. Calder, "Reply to co:r:7'2."1ts on hydrcca.r!:-Jn solt.8ility." 

Envir. Sci. and Tech. , 9, 365-366. 

Sitton, C. and J. A. Calder, "Solubility of AL~Jl benz~"'les in distilled 

water a.t1d seawater' at 2s.0°c. J. Chem. ~""lg. Data, 3.Q_, 320-322 • 

Shultz, D. J. and J. A. Calder, "Organic carbon 13c/12c variatio:is in 

estuarine sedi.Jr.ents." Geoch.imica et Cosrr.cchlrrica Acta, 40, 381-385. 

Eganhouse , R. P. and J. A. Calder, "Tne solubility of JI'"..:d.i:..:.--n m.J lec:.u~ 

weight aromatic hyd."'Uearbons and the effects of hydrocarbc.'.1 co-solutes 

and salinity." Geochimica et Cosmchirrlca Acta, 40, 555-551. 

Calder, J. A. and J. H. Lader, "Tne effect of dissolved a.:..-c::.atic hyd..-o

carbons on the growth of rrurine ba.cte~ia L1 batch cultu...."'"'e." Appliej and 

Envirorunental Microbiology, 32 , 9 5 -10 l • 

Byrne, C. J. and J. A. Calder: Effect of the W3.ter' solubl2 fr:~.ctic-:i.. of 

crude, refined and waste oils on th~ e.l'br"}'-()rUC at:! larval st.:ig23 of tr.·: 

quahog cl.am. M~rcena.:'ia sp. r·::trin-:: Biology, in p~ess. 

B) Papers in Books 

1~65 P.utter, Hu.~1:;ley, G...rovc3, Calder, R-=tjku~ur, an::l t·~:>~d.fin, "Fru.:tose Dip~.J3p~=-t~ 

Ald01 .. i:m", N.::thod:; Enzy.rol., ~, p. 338-3~~2-
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Calder ( 4) 

1971 ~ Shultz; o:J. ,- F.A. -LaRock, and J .A. Calder, "Ca ~~~:1 Is::YtOf) ·:: 

Rdtios of the Organic Matter in a Florida Bay'', ProcecJin~s 

2nd Coa~tal and Shallow Water Rese~:-ch Conference, Baton 

Rouge, LA . 

1971 Calder, J.A., "Carbon Isotope R-=.tios of Shelf Sediments", 

1971 Fall Meeting, American Geophysical Union, s~~ Fran-

· cisco, CA. 

1.972 Iliffe, T. and J.A. Calder, "Dissolv:d hydrocarbc.!ls and 

· fatty acids in the Eastern Gulf of N~xico Loop C~rrent." 

American Chemical Society, Southec:.st Regional Heeting, 

Birmingham, AL. 

1973 Calder, J.A., and T.M. Iliffe, "Dissolved hydrocarbons in 

the Eastern Gulf of Nexico Loop Cur?:"ent", Geol. Soc. of 

Arner. National Meeting, Dallas, TX • 

1973 

1974 

1974 

1974 

1974 

1975 

1975 

1975 

Sutton, C. and J.A. Calder, "Solubility of higher molecular 

weight ri-paraffins in distilled water and sea water", Geel~ 

Soc. of Arner. National Meeting, Dallas, TX. 

Calder, J.A., "Petrochemical pollution of coastal and 

estuarine waters", joing U.S.-R.O.C. serainar on coastal 

pollution in Taipei, R.O.C., January 1974. (Invited paper) 

Calder, J.A., "Petroleum pollution of marine and estua'!:"ine 

waters'', joint U.S.-R.O.C. se~ina~ en coastal pollutio~ in 

Taipei, R.O.C., January 1974. (Invited paper) 

Calder, ,J. A. , "Petroleum/ petrochenicc..1 ir.fluence on the 

C13 /C 12 ratio in marine organic matter", Gordon Research 

Conference on the Chemistry c:.nd Phy~ics of Isotopes, Pacific 

Grove, CA, July 1-5, 1974. (Invite~ paper) 

Calder, J.A., "Flux of dissolved o'!:"ga.nic carbon in a s:.lt 

marsh", Geological/Geochemical Socie~y Annual ~eeting, 

Mic.mi, FL, Nov. 17-21, 1974. (Invit~d paper) 

Byrne, C., R. W. Nenzel, and J .A. Calder, "Techni~1..:e fo!:' q'..ia~

titative studies of the effects of pollutants on the larvae 

of clams and oysters", Arn. Soc. Li~n. & Oen. An~u=.l Meeting, 

Halifax, Nova Scotia, 21-26 June 1975. 

Calder, J .A., J. Hawkins-Lader, L. F. Griffin, "Th2 effe·::ts 

of trace quantities of petroleuffi cc~stituents on the gro~th 

of marine bacteria", Am. Soc. Lir:m. ~ Oen. Annual ~·reeting, 

Halifax, Nova Scotia, 21-26 June 1975. 

Griffin, L. F. and J .A. Calde~, 11 Se::ii-qu2.ntitc:!.tive !:leasu~'em:: .i~s 

of pelagic tar degradation by mari~e bactePia", P. .. r: .. Soc. Li~:'.1 . 

& Oen. Annual Meeting, Halif2x, Nova Scotia, 21-26 Jun~ 1975 . 
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Calder (5) 

1976 -Fen.fer; -S:- w: G. -ana. J. A. Ca-lder~: Effects of t:r.~ \·:ater s'J~ :.Dle c"J~./.:. ~~ .::._ . ~ : 

of ~troleurn rs#. al.kaJ.ine phosphatc.s~ and p'.-'.:>sp::..:xiies terc.s ~ f ro11. Cf: ~L.) t:-:.:. L _:. 

It?...ncg.lUnia.na. Am. Soc. Limn. and_ Oen. ft.nn• .. al r:-:=e~u\~, ~·1ari...:2..'L, ca.--:-·----
21-24 June, 1976 . 

1976 Saunders, R. D. and J. A. Calder, "LT:?roveQ. in vitro Assc.ys of cl~ctro:-i 

transport in phytoplanlcton and their respor:s: to added d.issolv::d ?-~..:.~ ." 

Am. Soc. L~~-i. a..rtd Oen. Annual Heeting Sa\·~ri, Ga. 21-24 J:..L.'le 1976. 

Grants and Contracts: 

Received: 

American Chemical Society - Petroleum Resea.-ch FUL1d - "Organic Gexh~-:-:.is~/ 

of Swa."Itps and Marshes", 9/69 - 9/72, $7,500. 

National Science Foundation - "Organic Che.·~d.si:ry of EstuFine 2!'"'.d Continental 

Shelf Areas of the F.a.stern Gulf of Nexico", 9/70 - 9/72, $39,700. 

F. S.U. COFPS - "Biological Isotope Effects'!, 7/70 - 6/71, $4,400. 

National Science Foundation - "L1.vestigations of the b!'."ea...'-<:C.:i~ .. :n and sub-

. lethal biological effects of trace ~erC'Oleu::i. constitute..rtts in the rr.arine 

envirorur.e.nt", 3/73 - 2/75, $84,150. Renewed 3/75 - 2/77, $100,000. 

Dept. of Interior - Bureau of Land Ha.n~gerr;;;:i.t - "Artalysis of petrol':u.~

type hydrocarb:ms in the Eastern Gulf of r~xico ~-:A..~. lease c..c-eas"' 

5/74 - 12/74, $67 ,467. P.ene1i:2d 5/75 - 10/75, $153, 313 • 

University Service: 

Dept: Admissions and Fellowship C0tnnittee, 1970-71, 1974-75 

Dept. Space Committee 
Dept. Curriculum Planning Committee, 1970 -

Reviewer for: 

National Science Foundation: 
Physical e Ch~:l.i.cal Oceanography ?rogrc.z:: 

Biological Oceanography Progr~~ 
Off ice tor the L~ternational Decade of Cc2a.rt ~~?loratio~ 

Research Corporation 

NOAA ·sea Grarit 

Petroleum Research Fund of the A~~ic211 Ch=::-ical Soci~ty 

Gecch.iraica et Co:;Toch.i.mlc:i. Ai:ta 

Scier.ce 

B.l·......,.,...:::.di·,,... .:il r--.:_i.-- c:;~"3"'tro·n.:> · h°'\J 
.JI I; 4 ·~ ~ - ~ - - : I - ~.:.J-
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Steven Wallace Gray Fehler 
Box U-6385 
Florida State University 
Tallahassee, Florida 32306 
Telephone: Work {904)644-3254 

  

Personal Data: 

 
 

 

.~· 

Professional Objectives - Postdoctoral or Industrial Research Positic~ 
in Biolchemistry 

Education Ph.D. in chemistry, 1972, Florida State University, 
major in biochemistry, minor in organic che~is~ry . 

B.S., 1966, University of Florida, major in chem2.stry . 

A.A., 1964, University .of Florida. 

• Experience 

•· 

• 

• 

• 

• 

June 1974-1975 Postdoctoral research in environmental bio-organic 
chemistry. Gas chromatographic analysis of .dissolved 
and particulate oil pollutants in the waters of the 
Gulf of Mexico and the Bahamas. Gas chromatographic 
analysis of the oil pollutants in zooplankton of the 
Gulf of Mexico~ as a postdoctoral research associate 
with Dr. John A. Calder, Department of Oceanography, 
Florida State University. Studies on the effects of 
oil on metabolically and nutritionally important e~zyrr.es 
of phytoplankton and zooplankton. Electron transport 
system, nitrate reductase, nitrite reductase ., alkaline 
phosphatase, and phosphodiesterase are enzymes being 
studied. Experience with shipboard collection of 
water, phytoplankton and zooplankton samples. Prepa~

ation of enzyme homogenates on shipboard and storage 
in liquid nitrogen . 

March-June 74 Temporary instructor for first-year chemistry labora
tories. Includes lecture preparation and supervision 
of five graduate student teaching assistants. 

1973 to 1974 Postdoctoral research on the growth of nerve tissue 
from mouse central nervous system in tissue culture 
with Dr. P.P.C. Graziadei, Florida State University. 
Especially olfactory bulb and mucosa tissues grown in 
Maximow assemblies using double coverslip techniques, 
Falcon flasks, and Leighton tubes. Selection of 
efficacious growth media. Experience in fixation for 
electron microscopy, and surp,erv on neonataJ mice. . 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 
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1967 to 1972 Doctoral research in lipid metabolism in bacteria an,J 
algae with Dr. Robley J. Light, Florida State Univer · t 

Specific research problem - study of the in vivo dnd ·:, 
vitro biosynthesis on n-heptadecane and ofali1TXture - -:
methylheptadecanes in Slue-green algae. Study o! t~ 0 

methylation reaction in methylheptadecane biosyn-r~e ~ . ~ _ 
was emphasized, including elucidation of in vivo ~nd 

1966 to 1967 

Summer 1966 

Support 

Background 

Interests 

References 

in vitro methyl donars; determination of enzymolcgic~~ 
parameters; and determination of partial cofactor 
requirements of the in vitro system . . This work inclu~~j 
the use of gas-liquidchromatography, thin-layer chrorr:·-i-· 

tography, mass spectrometry, combined GC-MS, radioac~:~~ 

· tracers, liquid scintillation counting, various types 
of column chromatography, stable isotopes, cell-free 
enzyme preparation, enzyme purification techniques, 
v~rious spectroscopy techniques, and assorted enzymol:g
ical techniques. Several publication have resulted: 

SWGF & RJL, Biochemistry (1970) 9, 418. 
SWGF & RJL, Federation Proceedings (1971) ~' 125~. 
SWGF & RJL, Biochemistry (1972) 11, 2411. 

Taught undergraduate organic chemistry laboratories. 

Laboratory technician for Dr. John G.A. Fiskell, Soils 
Department, University of Florida . . Performed trace 
analysis of inorganic ions using colorimetry, flame 
emission, and atomic absorption spectrometry . 

Have paid 100% of graduate school costs through teaching 
and research assistantships and USPHS biochemistry 
traineeship. 

Am son of U.S. Naval Officer, and have lived in several_ 
areas of the Southeastern U.S . 

Sailing, fishing jogging, member of campus Environmental 
Action Group. 

References and academic transcripts will be furnished 
on request . 

r+ -



• 

• 
James E. Armstrong 
Department Of Oceanography 
The Florida State University 
Tallahassee, Florida 32306 
Office phone: 904-644-3254 
Home phone:  

June 1976 

e ACADEMIC 

•• 

1. 

• 

• 

• 

• 

• 

• 

Oklahoma Military Academy Jr. College, Claremore, Okla. 

Sept, 1961-May, 1963. 

Oklahoma Panhandle State College, Goodwell, Okla. 

Sept, 1966-Aug., · 1968. B? in Biology, 1969 . 

Oklahoma State University, Stillwater, Okla. 
Sept, 1968-Dec, 1969. MS in Agronomy. 1971 (Soil Microbiology). 

Major Professor: Dr. J.Q. Lynd 
Master's Thesis: Duckling plasma and liver tissue parameters 

at differential aflatoxiqosis levels. 

The University of Texas at Austin, Austin, Texas. 

May, 1972~present. Ph.D. candidate in Botany, May, 1973. 

Major Professor: Dr. Chase Van Baalen 
Research area: Iron assimilation in the microalgae. 

Guidance committee: Dr. Chase Van Baalen (chairman) 

AWARDS & HONORS 

Dr. Jack Myers (co-chairman) 
Dr. C.E. Lankford 
Dr. P.L. Parker 
Dr. H.S. Forrest 

Academic Scholarship, Okla. Military Academy, 1961-1963. 

Beta Beta Beta, Panhandle State College, 1967. 

Lambda Sigma Tau, Panhandle State College, 1967. 

NDEA Fellowship, Oklahoma State University, 1968-1969. 

National Cancer Society Institutional Research Grant, 

Oklahoma State University, 1969. 
Graduate Research Grant, The University of Texas, 1974. 

GENERAL RESEARCH INTEREST 

Plant Physiology; Soil & Water Microbiology; Trace metal 

nutrition and biochemistry; Algal excretory products; 

Plant tissue culture; Chemistry of organic matter in soils 

and natural wat~rs; Mutagensis of blue-green algae. Bio

chemical mechanisms of toxic compounds . 
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EXPERIENCE 

Nov. 1975- present--Post-doctoral Fellow, · Department of Oceanography, 
Florida State University. 

June 1973-Sept. 1975--Research Assistant I-III, UTMSI. Research 
on toxicity of crude oils and refined products on the 
growth and photosynthesis of the microalgae. 

Sununer sessions, 1973 & 1974--Teaching Assistant, UTMSI. 
Biology of the microalgae. 

Jan 1973-May 1973--Teaching Assistant, UT (Austin). 
General Botany • 

Jun 1972-Aut 1972--Research Assistant I, UTMSI. Isolation 
and growth of the microalgae. 

Jan 1970-May 1972--Instructor in Soil Science and Agronomist 
(Soils), Okla. Panhandle State College and Panhandle 
Agricultural Experiment Station (joint appointment) . 
Taught soil chemistry, soil fertility. plant physiology, 
agronomic research problems (soils). Research in soil 
fertility of irrigated wheat and sorghum, water manage
ment of irrigated sorghum at different plant populations 
and fertility levels, dryland wheat soil managment. 
Station chemist in charge of plant and soil analyses . 

Sept.1968-Dec 1970--NDEA Fellow, Oklahoma State University. 
Master's research-pathological effects of aflatoxin 
poisoning in ducklings. 

e May 1967-Aug 1968--Field Plot and . Lab Technician, Panhandle 
Agricultural Experiment Station. Execution of field 
research in soil fertility and water management studies, 
data and chemical analyses of field plot samples. 

Jan 1967-May 1967--Undergraduate Teaching Assistant, Panhandle 
e State College. Historical Geology . 

•• 

• 

• 



• 

• 

• 

• 

• 

• 

• 

• 

• 

Armstrong (2) 

PUBLICATIONS 

1975 Armstrong, J.E. An investigation of the nature of iron 

uptake in microalgae. Ph.D. Thesis, The University o~ 

Texas at Austin. (Submitted to committee). 

1975 Estep, M., J.E. Armstrong and C. Van Baalen. Evidence for 

the occurrence of specific iron (III) binding compounds 

in near shore marine ecosystems. Appl. Micro biol. ~, 186-188. 

-J. . .;: • 

1974 Armstrong, J.E. and C. Van Baalen. Siderochrorne production 

by the blue-green algal A?menellum quadruplicatum strain 

PR-6 •. Plant Physiol; 56 suppl), 7. Abstract . 

1971 Armstrong, J.E., B.B. Tucker and J.P. Alexander. Irrigated 

wheat fertility trials in Western Oklahoma. In: Water 

Resources Research in Oklahoma, OWRRI. Dec 1971. Abstract. 

1971 Armstrong, J.E., B.B. Tucker and J.P. Alexander. Variable 

antecedent planting moisture-nitrogen fertilizer inter

actions with winter wheat. In: Water Resources Research 

in· Oklahoma, OWRRI. Dec. 1971. Abstract. 

1971 Armstrong, J.E., H.E. Reeves, J.F. Stone and F. Davies. 

The effect of row spacing and plant populations on the 

yield and moisture-use-efficiencies of irrigated grai~ 

sorghum. OSU-AES Progress Report P-655, Oct~ 1971 . 
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