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FOREWORD 

This study of the South Texas Outer Continental Shelf (STOCS) was 
conducted on behalf of the U. S . Bureau of Land Management and with the 
close cooperation of personnel of that agency . The studies reported on 
herein constituted the second year of a baseline monitoring program of 
chemical and biological parameters of the STOCS . This study was part of 
an overall study of the STOCS, other elements being (a) geology and 
geophysics by the U.S . Geological Survey, (b) fisheries resources and 
ichthyoplankton populations by the National Oceanographic and Atmos-
pheric Administration/National Marine Fisheries Service, and (c) biolo-
gical and chemical characteristics of selected topographic features in 
the Northern Gulf by Texas A&M University . The resultant data from this 
investigation represent the first step in understanding how to assess 
and control the impact of petroleum exploration and development in the 
STOCS area . The central goal of these and other environmental quality 
surveys of continental 4shelf areas is the protection of the living marine 
resources from deleterious effects . 

This investigation was the result of the combined efforts of 
scientists and support personnel from four Universities . The hard work 
and cooperation of all participants is gratefully acknowledged . 
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CHAPTER ONE 

INTRODUCTION 

Purpose and Scope of Study 

In 1974, the Bureau of Land Management (BLM), as manager of the 

Outer Continental Shelf Leasing Program, was authorized to initiate a 

National Outer Continental Shelf Environmental Studies Program . The 

broad objectives of this program, as stated by the BLM, are : 

(a) to provide information about the Outer Continental Shelf (OCS) 

environment to enable the Department of the Interior to make management 

decisions regarding OCS oil and gas development ; and 

(b) to fill environmental information needs of management, regulatory 

and advisory agencies, both Federal and State, for a broad range of OCS 

activities, including the preparation and review of environmental impact 

statements under the National Environmental Policy Act (NEPA) of 1969, 

issuance of regulations and permits, and implementation of certain other 

laws, such as the OCS Lands Act, Fish and Wildlife Coordination Act, the 

Coastal Zone Management Act, and counterpart state laws . 

The National Outer Continental Shelf Environmental Studies Program 

consists of three basic elements : (1) baseline studies, which are con-

ducted during the pre-development period ; (2) long-term monitoring studies ; 

and, (3) special studies, which may occur during the baseline and monitor-

ing studies phases . The four major objectives of baseline studies of OCS 

oil and gas development areas are to : 

(a) provide information for predicting the effects of OCS oil and 

gas development activities upon the components of the ecosystem; 

(b) provide a description of the physical, chemical, geological and 

biological components, and their interactions, against which subsequent 



program reported on herein, two other major field programs were conducted 

concurrently . The U. S . Geological Survey conducted a program designed 

to investigate suspended sediments flux, normal and storm transport and 

deposition of sediments, and sediment geochemistry in the STOCS area . 

The National Oceanic and Atmospheric Administration/National Marine 

Fisheries Service conducted studies to investigate the historical distri-

bution and abundance of ichthyoplankton in the area, to elucidate the 

snapper and grouper fisheries resources, and to determine the magnitude 

and economic significance of the recreational and associated "commercial/ 

recreational" fisheries in the area . In addition to the above studies 

restricted to the STOCS study area, Texas A&M University is conducting 

a major field survey of the biological and chemical characteristics of 

selected topographic features in the Northern Gulf . 
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changes or impacts can be compared ; 

(c) identify critical parameters that should be incorporated into a 

monitoring program ; and, 

(d) identify and conduct experimental and other special studies as 

required to meet the baseline objectives . 

To accomplish these objectives for the South Texas Outer Continental 

Shelf (STOCS), the BLM developed the Marine Environmental Study Plan for 

the South Texas Outer Continental Shelf . This plan called for an initial 

three-year period of intensive study to establish the physical, chemical, 

geological and biological baseline, a slow decline in funding over the 

succeeding two years, and a maintenance, or sustaining, level of funding 

for an indefinite number of years to monitor the long-term effects of OCS 

oil and gas exploration and development activity . 

In addition to the biological and chemical components of this 
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to expand the baseline effort to gain additional environmental information 

Description of the Study Area 

Biological Setting 

The Texas coastal area is biologically and chemically a two-part 

marine system, the coastal estuaries and the broad continental shelf . 

These two marine systems are separated by barrier islands and connected 

by inlets or passes . The area is rich in finfish and crustaceans, many 

of which are commercially and recreationally important . Many of the 

finfish and decapod crustaceans of the STOCS area exhibit a marine-estu-

arine dependent life cycle, i.e. spawning offshore, migrating shoreward 

as larvae and postlarvae, and utilizing the estuaries as nursery grounds 

(Galtsoff, 1954 ; Gunter, 1945) . The broad continental shelf supports a 

valuable shrimp fishery and, as a living resource, contributes signifi-

cantly to the local economy . An excellent overview of the zoogeography 

of the northwestern Gulf of Mexico was provided by Hedgepeth (1953) . 

Location and Bathymetry 

The STOCS study area corresponds to the area outlined by the Depart- 

went of the Interior for oil and gas leasing . The area covers approximately 

19,250 km2 and is bounded by 96°tJ longitude on the east, the Texas coast-

line on the west, and the Mexico-United States international border on the 

south (Figure 1) . The bathymetry of the STOCS area is shown in Figure 2 . 

The continental shelf off south Texas has an average width of about 88 .5 

km and a relatively gentle seaward gradient that averages 2 .3 m/km . 

Work Plan 

Objectives 

The broad objective of the 1976 study effort of the STOCS area was to 

begin assessing the impacts of petroleum exploration and development and 
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Sampling Stations 

During the first year of study (1975), twelve stations on four 

transects were sampled (Figure 3) . Thirteen additional transect stations 

were sampled during the second year (1976) to increase coverage of three 

special areas : (1) the near-shore environment (about 20 m depth) ; (2) 

a zone in the middle of the study area that appears anomalous in its 

sediment characteristics, sediment trace metal content and distributions 

of certain biological populations ; and, (3) a zone of active gas seepage 

1-6 

beyond that collected in the first year . A secondary objective of 

characterizing the effects of drilling muds, cuttings, and other disposals 

associated with exploratory drilling was met by pre-, during- and post-

drilling surveys of the sediments, organisms and water in the immediate 

vicinity of an exploratory drilling rig . The results of the rig monitor-

ing program are presented in a separate report . 

Time Frame 

The field investigations for the first year of study began in late 

October, 1974, and were complete by mid-September, 1975 . Laboratory 

analyses were complete by January 30, 1976 . The final report for the 

chemical and biological component of the 1975 study was submitted to 

BLM in July, 1976, and the final integrated report of all components of 

the STOCS study was submitted to BLM in April, 1977 . 

The field sampling for the second year of study was initiated in 

mid-January, 1976, and was completed in mid-December, 1976 . Laboratory 

analyses were complete by February 15, 1977 . This report contains the 

results of all 1976 field and laboratory investigations of the chemical 

and biological components . An integrated report of all components of 

the 1976 study will be forthcoming in the early part of 1978 . 
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tracting period . A summary of high-molecular-weight hydrocarbons and 

trace metal quality control samples collected during the 1976 contracting 

period is given in Table 6, Hydrocarbon quality control samples have 

been delivered to the University of New Orleans . Trace metal quality 

near the shelf-slope break . Also, four stations on each of two submarine 

carbonate reefs, Hospital Rock and Southern Bank, were sampled . A total 

of 33 stations were sampled during 1976 (Figure 4) . Table 1 gives the 

LORAN and LORAC coordinates, latitude and longitude and depths of the 

sample stations . 

Sampling Effort 

Samples were collected in 1976 during three biological-meteorological 

seasons from all transects and the bank stations . The three seasons were 

Winter (January and February), Spring-Summer (May-June) and Summer-Fall 

(September-October) . In addition to the seasonal samplings, Transect II 

and the bank stations were sampled in the six months (March, April, July, 

August, November and December) not included in the three seasonal sampling 

periods . Table 2 contains a complete list of cruises by date and type . 

The sampling effort was broken up into three types of cruises : water 

column, benthic and histopathology . (Histopathology work elements were 

initiated in July 1976 .) Table 3 gives a breakdown of the different 

scientific elements by cruise type and sampling frequency . Table 4 lists 

the sampling gear deployed for each sample type . Complete descriptions 

of sampling methods are included in each work element reports . 

Navigation and station location for water column and histopathology 

cruises were by LORAN-A . Navigation and station location for the benthic 

cruises were by LORAC navigational systems . 

Table 5 gives a summary of samples collected during the 1976 con- 
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TRAM . STA. LORAN LORAC LATITUDE LONGITUDE DEPTH 
3H3 3H2 LG LR METERS FEET 

1 1 2575 4003 1180.07 171 .46 28°121N 96027'W 18 59 
2 2440 3950 961 .49 275 .71 27°55'N 96020'W 42 138 
9 2300 3863 799 .45 466 .07 27°34'N 96007'W 134 439 
4 2583 4015 1206 .53 157 .92 28014'N 96029'W 10 33 
5 2360 3910 861 .09 369 .08 27°44'N 96°14'W 82 269 
6 2330 3892 819 .72 412.96 27°39'N 96°12'W 100 328 

11 1 2078 3962 373 .62 192 .04 27040'N 96°59'W 22 72 
2 2050 3918 454 .46 382.00 27°30'N 96°45`W 49 161 
3 2040 3850 564 .67 585 .52 27018'N 96°23'W 131 430 
4 2058 3936 431 .26 310 .30 27°34'N 96050'W 36 112 
5 2032 3992 498 .85 487 .62 27°24'N 96°36'W 78 256 
6 2068 3878 560.54 506 .34 27024`N 96029'W 98 322 
7 2045 3835 27015'N 96°18 .5'W 182 600 

III 1 1585 3880 139 .13 909 .98 26°58'N 97°11'W 25 82 
2 1683 3841 286 .38 855 .91 26°58'N 96°48'W 65 213 
3 1775 3812 391 .06 829 .02 26058'N 96°33'W 106 348 
4 1552 3885 95.64 928 .13 26°58'N 97020'W 15 49 
5 1623 3867 192.19 888 .06 26°58'N 97°02'W 40 131 
6 1790 3808 411.48 824 .57 26°58'N 96°30'W 125 410 

IV 1 1130 3747 187 .50 1423 .50 26°10'N 97°01'W 27 88 
2 1300 3700 271.99 1310.61 26010'N 96039'W 47 154 
3 1425 3663 333 .77 1241.34 26°10'N 96°24'W 91 298 
4 1073 3763 163 .42 1456.90 26°10'N 97°08'W 15 49 
5 1170 3738 213 .13 1387 .45 26°10'N 96054'W 37 121 
6 1355 3685 304 .76 1272.48 26°10'N 96°31'W 65 213 
7 1448 3659 350.37 1224.51 26°10'N 96°20'W 130 426 

HR 1 2159 3900 635 .06 422 .83 27°32'05" 96°28'19" 75 246 
2 2169 3902 644 .54 416.95 27032'46" 96°27'25" 72 237 
3 2163 3900 641 .60 425.10 27032'05" 96°27'35" 81 266 
4 2165 3905 638.40 411 .18 27°33'02" 96°29'03" 76 250 

SB 1 2086 3889 563 .00 468 .28 27026'49" 96031'18" 81 266 
2 2081 3889 560.95 475 .80 27026'14" 96031'02" 82 269 
3 2074 3890 552 .92 475 .15 27°26'06" 96031'47" 82 269 
4 2078 3890 551.12 472.73 27026'14" 96°32107" 82 269 

1-10 

TABLE 1 

BLM STOCS/MONITORING STUDY 1976-STATION LOCATIONS 



Cruise No . Date Season Type Transect 

16 1/13-16 W Water Column IV 
17 1/30-2/4 W Water Column I - IV 

18 2/8-10 id Benthos II 

19 2/12-17 W Benthos I b II 

20 2/19-23 W Benthos III & IV 

21 2/26-29 W Benthos III & IV 
22 3/9-12 W Benthos I, II & III 

23 3/18-20 Mar . Water Column II 

24 3/25-28 Mar . Benthos II 

25 4/2-4 Apr . Water Column II 

26 4/8-11 Apr . Benthos II 

27 5/29-6/8 S Water Column I - IV 

28 6/10-15 S Benthos I & II 

29 6/18-22 S Benthos III & IV 

30 6/24-29 S Benthos I - IV 

31 7/10-12 July Water Column II 

32 7/16-19 July Benthos II 

33 7/22-23 July Histopathology II 
34 8/4-7 Aug . Benthos II 

35 8/9-11 Aug . Water Column II 

36 8/12-13 Aug . Histopathology II 

37 8/27-29 Aug . Make-up II 

38 9/10-16 F Water Column I - IV 

39 9/19-23 F Benthos III S IV 

40 9/25-27 F Pre-Drill Rig Monitoring 
41 10/1-2 Oct . Histopathology II 

42 10/6-11 F Benthos I, II S Banks 

43 11/2 Nov . Water Column II 

44 11/5-6 Nov . Histopathology II 
45 11/8-10 Nov . Water Column II 
46 11/15-18 Nov . Benthos II 
47 12/1-3 Dec . Water Column II 

43 12/3-4 Dec . Histopathology II 

49 12/8-10 Dec . Benthos II 
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TABLE 2 

SCHEDULE OF 1976 CRUISES 



Monthly and Seasonally 

Stations 1-3, All Transects 

Histopathology 

Histopathology of Macroepifauna Stations 1-3, Transect II 
Histopathology of Demersal Fishes Stations 1-3, Transect II 
Histopathology : Gonadal Tissues Stations 1-3, Transect II 

of Macroepifauna and Demersal 
Fishes 

SEASONALLY ONLY 

Water Column Sampling 

Trace Metals in Zooplankton Stations 1-3, All Transects 

Benthic Sampling 

High-Molecular-Weight Hydrocarbons 
in Sediment 

High-Molecular-Weight Hydrocarbons 
in Macroepifauna and Demersal 
Fishes 

Trace Metals in Macroepifauna and 
Demersal Fishes 

Stations 1-3, All Transects 

*Program mot initiated until July 1976 
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TABLE 3 

SAMPLING FREQUENCY AND STATIONS DURING THE 1976 STOCS STUDY 

Water Column Sampling 

Meteorology 
Hydrography 
High-Molecular-Weight Hydrocar- 

bons in Zooplankton and Water 
Low-Molecular-Weight Hydrocarbons, 

Nutrients, and Dissolved Oxygen 
Phytoplankton and Phytoplankton 

Biomass 
Zooplankton 
Shelled Microplankton and General 
Microplankton 

Benthic Sampling 

Macroinfauna 
Meiofauna 
Shelled Microzoobenthon 
Sediment Textural Analysis 
Macroepifauna (Day & Night) 
Demersal Fishes (Day & Night) 
Neuston (Day & Night) 
High-Molecular-Weight Hydro- 

carbons in Macronekton 
Trace Metals in Macronekton 

Stations 

All Transects and Bank Stations 
All Transects and Bank Stations 
Stations 1-3, All Transects 

Stations 1-3, All Transects and 
Bank Stations 

Stations 1-3, All Transects 

Stations 1-3, All Transects 
Stations 1-3, All Transects and 
Bank Stations 

All Transects and Bank Stations 
All Transects and Bank Stations 
All Transects and Bank Stations 
All Transects and Bank Stations 
All Transect Stations 
All Transect Stations 
All Transect Stations 
Stations 1-3, All Transects 

Stations 1-3, All Transects 

Stations 1-3, All Transects 



High-Molecular-Weight Hydrocarbons 1-m dia ., 250 um mesh net, PVC Frame 
and Trace Metals in Zooplankton Towed with a Nylon Rope from a Boom 

at the Side of Survey Vessel 

Nutrients 30-1 Niskin Bottles 

Shelled Microzooplankton and 30-cm Nansen Net, 76 um Mesh 
General Microplankton (Integrated 
Depth) 

505 um net, 1 x 2-m Rectangular Mouth, 
5-m Length, Equipped with Plastic 
Floats and a Flowmeter 

Smith-MacIntyre Grab Sampler ( .0125 m3) 

Smith-MacIntyre Grab Sampler ( .0125 m3) 

Smith-MacIntyre Grab Sampler ( .0125 m3) 

Smith-MacIntyre Grab Sampler ( .0125 m3) 

Smith-MacIntyre Grab Sampler ( .0I25 m3) Sediment Trace Metals (USGS) 
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TABLE 4 

SAMPLING GEAR USED DURING THE 1976 STOCS STUDY 

Element Sampling Gear 

Hydrography Plessey Salinity/Temperature/Depth 
Profiling System and Nansen Bottles 
Equipped with Reversing Thermometers 

High-Molecular-Weight Hydrocarbons 19-1 Glass Carboy in a Stainless 
in Water Steel Cage 

Low-Molecular-Weight Hydrocarbons 
in Water 

Phytoplankton and Phytoplankton 
Biomass 

30-1 Niskin Bottles 

30-1 Niskin Bottles 

Shelled Microzooplankton and 30-1 Niskin Bottles 
General Microplankton (Discrete 
Depth) 

Dissolved Oxygen Nansen Bottles Equipped with Revers- 
ing Thermometers 

Zooplankton 1-m dia ., 250 um mesh net, Equipped 
with Flowmeter and a Time-Depth Recorder 

Neuston 

Macroinfauna 

Meiofauna 

Shelled Microzoobenthon 

Sediment Hydrocarbons 



Demersal Fishes 35-ft . (10.7 m) otter trawl 

High-Molecular-Weight Hydrocarbons 35-ft . (10.7 m) otter trawl 
and Trace Metals in Macroepifauna 
and Demersal Fishes 

Histopathology of Demersal Fishes 35-ft . (10 .7 m) otter trawl 
and Macroepifauna 

High-Molecular-Weight Hydrocarbons Hook and Line 
and Trace Metals in Macronekton 

TABLE 4 CONT .'D 

Element Sampling Gear 

Sediment Texture Smith-MacIntyre Grab Sampler ( .0125 m3) 

Macroepifauna 35-ft . (10.7 m) otter trawl 



Total Number of Samples 6401 6166 

'Samples not taken at bank stations during winter cruise ; station 
locations not received from BLM . 

2Traw1 lost on 3/I winter . 
3Macronekton-only "best effort" was required in the contract . 
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TABLE 5 

SUMMARY OF SAMPLES COLLECTED BY TYPE AND NUMBER 
UNDER BLM CONTRACT AA550-CT6-17 

Samr._- Type Contracted Collected 

Salinity-Temperature-Depth 147 1311 
Dissolved Oxygen 256 2501 
Nutrients 256 2501 
Chlorophyll a 202 202 
Phytoplankton 148 148 
ATP 202 202 
Microzooplankton 288 288 
Zooplankton 162 162 
Neuston 108 108 
Meiofauna 588 588 
Infauna 882 882 
Epifauna 222 2202 
Histopathology 450 450 
Sediment Texture 1179 1179 
LMW-Hydrocarbons 184 1801 
HMW-Hydrocarbons 718 6173 
Trace Metals 409 3073 



SUMMARY OF QUALITY CONTROL SAMPLES COLLECTED 
UNDER BLM CONTRACT AA550-CT6-17 

Hydrocarbon 
Contracted Collected 

24 24 

Trace Metal 
Contracted Collected 

24 24 

0 0 

Macroepifauna and 
Demersal Fishes 

Particulate High-Molecular 
Weight Hydrocarbons 

12 12 

Zooplankton 12 12 12 

Macronekton 4 4 4 

Sediment 24 24 - 24 

Ship's Contaminants 9 9 3 

12 

4 

24 

3 
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TABLE 6 

Sample Type 



staff . The Program Management staff consisted of a Technical Coordinator, 

control samples are in storage at UTMSI/PAML, pending the naming of a 

trace metal quality control laboratory . 

Survey Vessel 

All sampling and measurements, except the placement and recovery of 

current meters were taken aboard the University of Texas research vessel, 

the R/V LONGHORN . The R/V LONGHORN, designed and constructed as a coastal 

research vessel in 1971, is a steel-hulled 24 .38 (80 ft .) by 7 .42 m (24 ft .), 

2.13 m (7 ft .) draft ship . She carries a crew of five and can accomodate 

a scientific party of ten . The R/V LONGHORN is equipped with a stern-mounted 

crane, a trawling winch, scan sonar, radar, LORAN-A and LORAC navigational 

systems, and dry and wet laboratory space . 

Participants 

The University of Texas Marine Science Institute, Port Aransas Marine 

Laboratory (UTMSI/PArL), was contracted by the BLM to provide overall pro-

ject management, logistics, ship time, data management and certain scienti-

fic efforts . Additional scientific effort was provided by sub-contracts 

between the University of Texas and Texas A&M University, The University of 

Texas at San An toniq and Rice University . 

A total of 22 principal investigators participated in the project . 

Table 7 lists the principal investigators by institutions represented and 

scientific responsibility . Ship time was provided for the NOAA/NMFS ich-

thyoplankton sampling . Supportive work was performed by the USGS (sediment 

texture and sediment trace metals) and the Topographic Features (sediment 

texture and transmissometry) components (Appendices 0 and P, Volume VI) . 

Program Management 

For the second year of environmental studies of the STOCS, the bio- 

logical and chemical component required a full-time Program Manager and 
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TABLE 7 

STOCS BIOLOGICAL AND CHEMICAL COMPONENT PARTICIPANTS BY WORK ELEMENT AND INSTITUTION 

University of Texas Marine Science Institute-Port Aransas Marine Laboratory 

Hydrography . . . . . . , . , , . , , , , , , . .Ned P . Smith 
High-Molecular-Weight Hydrocarbons ~ . . . . . .Patrick L . Parker, Richard S . Scalan, J . Kenneth Winters 

in Zooplankton, Sediment and Water 
Phytoplankton and Phytoplankton Biomass . , . . .Chase Van Baalen, Daniel L. Kamykowski, Warren M. Pulich 
Sediment Texture . . . . . . . . . . , , , , , .E . William Behrens 
Macroinfauna and Macroepifauna . . . . . . . . .J . Selmon Holland 
Demersal Fishes . . . . . . . . , , , , , . , . .Donald E . Wohlschlag 

Texas A & M University 

High-Molecular-Weight Hydrocarbons in . . . . .C . S . Giam, H. S . Chan 
Macroepifauna, Demersal Fishes and Macro- 
nekton 

Trace Metals in Macroepifauna, Demersal . . . .Bobby Joe Presley, Paul N . Boothe 
Fishes, Macronekton and Plankton 

Low-Molecular-Weight Hydrocarbons, Nutrients . .William M. Sackett, James M. Brooks 
and Dissolved Oxygen 

Zooplankton . . . . , , , , , , , , , , , , , ,E . Taisoo Park 
Neuston . . . . . , , , , , , , , , , , , , , , .John H . Wormuth, Linda H. Pequegnat 
Meiofauna. . . . . . . . , , , , , , , , , . . .Willis E. Pequegnat 
Histopathology of Macroepifauna . . . . . . . . .Jerry M. Neff 
Histopathology of Demersal Fishes . . . . . . . .William E. Haensly 

University of Texas at San Antonio 

Histopathology : Gonadal Tissues of Macro- . . .Samual A. Ramirez 
epifauna and Demersal Fishes 

Rice University 

Shelled Microplankton, General Microplankton . .Richard E . Casey 
and Shelled Microzoobenthos 



Data Management 

Following the hiring of a Data Manager in June 1976, data management 

efforts encompassed several major efforts, including : (1) standardization 

of data reporting procedures and formats ; (2) standardization of the 

inventory record and the salvage of the first 6 months' inventory for 

1976 ; (3) organization of a data filing approach to facilitate data 
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Data Manager, Program Secretary, marine technicians, draftsperson and 

ancillary data management personnel . The primary responsibilities of 

the Program Manager and staff included overall program administration ; 

logistical coordination for field sampling, sample transmittals, lab 

analyses, data management and meetings ; and preparation of required 

reports . 

Meetings were held at the end of each quarter of the contracting 

period . All Principal Investigators for the biological and chemical 

component and element leaders of other STOCS projects presented a 

summary of significant findings and progress reports at these meetings . 

Following each quarterly conference a Quarterly Summary Report was 

submitted to BLM . These reports summarized all work accomplished and 

problems encountered ; an updated sample inventory showing all samples 

taken and their disposition ; a summary of significant findings ; and 

the Principal Investigators' quarterly progress reports . To insure 

communication, coordination, unity of effort, and to act as an editorial 

board for the preparation of the integrated report, an Administrative 

Council [consisting of the Program Manager, Technical Coordinator, Data 

Manager, the Project Element Coordinators of other STOCS projects and 

the Contracting Officer's Authorized Representative (COAR)]met prior to 

each quarterly conference . 



early part of this program . The present data management effort had 

to salvage approximately 5,000 inventory records in which over one-half 

of the information was randomly placed in a comments column with multiple 

abbreviations for each condition . In addition, much of the important 

information was miscoded or omitted . A massive editing operation was 

undertaken to standardize the abbreviations (Table 9) and make the records 

machine-readable . New formats were developed (Figure 6) and a program 

written to interpret the edited file and produce a newly formatted 

record . The resulting file was then edited in an ongoing attempt to fill 
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editing and retrieval ; and, (4) development and documentation of special-

ized programs to analyze and report data . Each of these tasks is dis-

cussed below in more detail . 

To standardize data reporting procedures and formats, meetings were 

held with the Principal Investigators (PI's) to determine their usual 

method of recording data . A form was then developed for each PI which 

would allow ease of keypunching, while still approximating the PI's 

standard recording format . In many cases this was completely successful, 

with the PI using the form to record data and sending a copy to Data 

Management for keypunching . 

The number punched in columns 1-7 of most cards (see Coding forms, 

Figure 5) allows identification of the project and card format . These 

numbers are a subset of the coding convention used for naming all docu-

mented programs aid files (Table 8), The four letter code in columns 11-14 

is the unique code assigned to each sample at the time of collection to 

enable later matching with the inventory information for that sample . 

We are now experimenting with computer-assigned codes and printed coding 

forms to bypass several potential sources of error . 

The importance of the inventory record was not recognized in the 
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Figure 5 . Examples of Data Coding Forms Used During the 1976 STOCS 
Study . 

BLM- STOCS-001-3-1 
6/76 

HYDROGRAPHIC DATA FOR COMPUTER CENTER USE 

D A ATA REPORTING FORM 
PAGE OF 

Individual Responsible for Form 
Transect Station Cepth 
Date-Time- CST/CDT 

Calibration 'Temps (°C) 
001 30_O I Bucket therm . temp 

Revers therm . temps: left right 
Sample name Refer. therm . temps : left right 

- Bottom calibr'n temps: left right 
avg . 

Calibr'n salinities~ sfc . btm. 

Depth Temp. Salin . Depth Temp. Salin. 
( M ) (0C ) (PPT) AML 1°_CL ( P P T) 

--- --i-- ------ IS 18 23 IS 18 23 
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..L.. 
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001 2001 
I 

Sample name _Temperature IC ) ~_- Conductivity ratio 
II x 15 
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- 

INVERTEBRATE EPIFAUNA and MACROINFAUNA 
SPECIAL HYDRODATA 
DATA REPORTING FORM 

Cruise 

0012001 Sample nome B ___ 
I II 

Station 

0 
Temperatue(C ) 

15 

BLM-OCS-001-2 - I 
6/76 

FOR COMPUTER CENTER USE 

Conductivity ratio Salinity (ppt) 
20
__-- 



INVERTBRATE EPIFAUNA and ~ BLM-OCS-006-2-I 
MACR01NFAUNA 6/76 
DATA REPORTING FORM 
PAGE -OF FOR COMPUTER CENTER USE ~ 

Q4gi2Q4? 
1 2 3 4 S 6 7 

Sample name - Collection Period 

Sample type e 9 '0 1' Station ~3 - Transect ~5 - Replicate 
17 

Water Depth ~e -- M . 
I- EPIFAUNA 
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' 2-INFAUNA Day 
21 
- Month -. Yr_- 

23 ZS 

Time ---- Day/ Night 
sT si

Genus Species Total Males Females F/ Comments 
Number eggs 
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Card 0 0 2 (DuP) 

H 1I 

Wt . Hexane Fraction (qms) _ _ - - _ _ -

15 
Wt . Benzene Fraction (gms) 

- - - - - - - -
23 

Wt . Methanol Fraction (gms) 
- - - - - - - -
31 

Fraction (1=hexane, 2=benzene, 3=methanol) 

39 

Total dilution volume (U1) 
as -----

Injection volume 
46 

Date / / Time Machine Attenuation 

50 52 54 56 60 62 

- - - - - - - - 
1 6 - - - Z ~ - - - 24 

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

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

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

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

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

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

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

- - - - - - - - - - - - - - - -
16 20 24 

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

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

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

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

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

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

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

l 

Figure 5 . Cont .'d 

HYDROCARBON RAW DATA BLM-STOCS-003-2-3 

DATA REPORTING FORM 1/77 

0 4E 2443 
For Computer Center Use I 

1 

INDIVIDUAL RESPONSIBLE FOR FORM 

CRUISE TRANS, STA~ 

DATE 

Card 0 0 1 Sample Code Wet Wt . - _ - - _ - _ _ _ _ Dry Wt . - _ _ -

8 11 15 25 

Total nonsaponifiable wt . (qms) - - _ - _ _ _ - Total column wt - . - - _ - . 
3 5 

43 

Card 0 0 3 (DUP) Fraction 
a ii is 

Time Known Int . Value Time Known Int . Value 
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BLM-OCS-010-2-I 
6'/ 76 

FOR COMPUTER CENTER USE 
ATP 
DATA REPORTING FORM 
PAGE OF 

Individual Responsible for Form 
Cruise 

0 1 0 2 00 1 Date 
i 

Station Transact Depth (m) Sample. nnme ATP 

-- -~--- i7- i s 

---- 

-t-- 

-1~~- 

Figure 5 . Cont .'d 
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o! CnatIUC[KU5 u1JYMU5 V, YhUlUtftNAhS 

00 CMGCIUCLHUJ U1vtH5U5 

ov CnaETUC[NUS U1vtHSUS (ntn) 

70 CMSLTUCtKUS tIOtN{j 

71 Cr+o[luCtr+US hIL1PUkH1b 

11 GI4tIUCt~US FtiA41115 

7! CnatTUCCNOS FuKCtLL41U5 

74 Cn4t1UCEHUS GLNhUa211 

TS LM4tTUCGMJS GH4CILIS 

7o CnatlOCtaUS nuLSAII N5 

77 CnnttUCtdub 1^.GUlFlwnur+ 

!d CnAtIUCtdU7 LACInlU5U5 

74 CM4EIUCtRUJ loUUtHI 

CO CHdtIUltwJ~ WtitHC14hUS 

81 CnnEIUCtKJb ~~tSSAh[IISIS 
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BLM-STOCS-12-2-1 

1/77 
FLOURESCENCE TRANSECT 

For computer center use 
DATA REPORTING FORM 

DATE 

0122001 
CRUISE 

--- i------ 
Sample Code _ - 

Distance Depth Chlorophylls Temperature Salinity 
jNaut . mi meters (ug/1) (°C) o/oo 

1S 18 21 25 29 

Figure 5 . Cont .'d 
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BLit-STOCS-016-2-1 
1/77 

For computer center use 

DATE 

CRUISE 

14C PHYTOPLANKTON 

DATA REPORTING FORM 

Figure 5 . Cont .'d 

0162001 
1- - - - - - - 

Trans Sta 

Sample 14C Chla c/chl 

Total 
11 15 20 24 29 

Nano 

Net 

Trans Sta 

Sample 14C Chla c/chl 

Total 
11 15 20 24 29 

Nano 

Net 

Trans Sta 

Sample 14C Chla c chl 

Total 
31 15 20 24 29 

Nano 

Net 

Trans Sta 

Samp le 14C Chla c/chl 

Total 
11 IS 20 24 29 

Nano 

Net 
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BLM-STOCS-27-2-1 

1/77 
LIGHT PENETRATION 

DATA REPORTING FORM for Computer Center Use 

DATE 

0272001 - CRUISE 
i 
Tr-St 

Sample 

1 
Depth'I 

--- ---- --~-- ---- ---- ---- 1s? ii--- ---- --~- ---- ---- ---- 
---- ---- --y- ----- ---- ---- 

10 ---- ---- ----- ---- ---- ---- 11 ---- ---- ----- ---- --=- ---- 1 2 ---- ---- --~-- ---- ---- ---- 

14 ---- ---- --~- ---- ---- ---- 15 
1 6 ---- ---- --~- ---- ---- ---- 

---- ---- --'-- ---- ---- ---- 17 ---- ---- --~- ---- ---- ---- 18 ---- ---- --~- ---- ---- ---- 19 ---- ---- --~- ---- ---- ---- 20 ---- ---- --~-- ---- ---- ---- 21 ---- ---- --~-- ---- ---- ---- 22 
23 ---- ---- ---- ---- ---- ---- 

24 ---- ---- ---- ---- ---- ---- 

~5 ---- ---- ---- ---- ---- ---- 

26 ---- ---- ---- ---- ---- ---- 
27 ---- ---- ---- ----- ---- ---- 
28 ---- ---- ---- ---- ---- ---- 
29 ---- ---- ---- ---- ---- ---- 

30 ---- ---- ---- ---- ---- ---- 
31 ---- ---- ---- ---- ---- ---- 

32 ---- ---- ---- ---- ---- ---- 
33 ---- ---- ---- ---- ---- ---- 
3~ ---- ---- ---- ----~ ---- ---- 
35 ---- ---- ---- ---- ---- ---- 

36 ---- ---- ---- ---- ---- ---- 
37 ---- ---- ---- ---- ---- ---- 

38 ---- ---- ---- ---- ---- ---- 

39 ---- ---- ---- ---- ---- ---- 

40 ---- ---- ---- ---- ---- ---- 

41 ---- ---- ---- ---- ---- ---- 

42 --=- ---- ---- ---- ---- ---- 

4 5 ---- ----- --~- --y- --'-- ---`- Secchi 

Figure 5 . Cont .'d 



Ky 0 3 0 2 0 0 2 Sample Code --__ 

1 11 00 
Level 

Location Condition 
, ..t 

Code Code 
Description 

(D 

1 S 16 ?D 24 

0 

r* - ---- ---- 

N 
I 
4 
C 

BLM-STOCS-030-2-001,002 

HISTOPATNOLOGY For Computer Center Use ' 

DATA REPORTING FORM 
0 3 0 2 0 0 1 Sample Code Cruise Date 

1 11 

Species Code - _ _ Neff Code - - _ _ - _ - - _ _ Haensly Code 

15 18 ?H 
Ramirez Code _ _ _ _ _ - _ _ _ _ Organ Code - _ - _ Sex 

38 48 S 2 



60 - NODC - EDS 
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TABLE 8 

NAMING CONVENTION FOR FILES AND PROGRAMS 

Typical Name : F15201A 

First Letter : 
F - File 
P - Program 
M - Macro 
C - Command Stream 
B - Binary 
T - Temporary 

Second and Third Numbers : Project Identification 

01 - Salinity and Temperature 
02 - Transmissivity 
03 - Suspended Sediments 
04 - D0, Nutrients, and LMW Hydrocarbons 
05 - HMW Hydrocarbons-benthic vertebrates 
06 - Invertebrate epifauna and infauna 
07 - Benthic Fish 
08 - HMW Hydrocarbons - sed, par, dis, zpl 
09 - Chlorophyll 
10 - ATP 
11 - Phytoplankton 
12 - Flourescence 
13 - Meiofauna 
14 - Neuston 
15 - Trace Metals 
16 - C14 
17 - Currents 
1$ - Water Bacteria 
19 - Sediment Texture 
20 - Sediment Texture (TANIU) 
21 - Benthic Bacteria 
22 - Mycology 
23 - 
24 - Zooplankton 
25 - Nannoplankton 
26 - TOC and C13 
27 - Light Absorption 
28 - 
29 - 
30 - Histopathology 
41 - Bacteriology and mycology 
42 - 
54 - Whitehead (Program Development) 
55 - Data Management 



or T - Temporary 
P - Partial Copy for Testing (Subset of File) 

1-jL 

TABLE 8 CONT .'`D 

Fourth Number : File or Program Type 

0 - 
1 - Species Lists 
2 - Data Reporting or Data Base Updating 
3 - Data Correction Form 
4 -
5 - 
6 - Reports (Files or Programs) 
7 - Data Files 
8 - Data Base Definitions 
9 - Loader Strings or String Generators or Form-Creator Programs 

For 55 Only : 

0 - Station Info (Level 0) 
1 - Cruise Info (Level 1) 
2 - Inventory Info (Level 2) 

Fifth and Sixth Positions : 

Format or Program Number Within Type 

Seventh Position : 

Alpha Serial Identifier for Files of Same Name 
Alpha Serial Identifier for Versions of Same Program 



KEY TO CODES 

APE-USAGE 
LGT - PZ (Photometry) 
INF - MST (Infauna Master) 
INF - TAX (Infauna Taxonomy) 
INF - SED (Infauna Sediment) 

rL~iS - MST 
NMS - MEI 
NEU - TAX 
EPI - MST 
EPI - FSH 
EPI - INV 
CHG - MST 
CHG - TEX 
CHG - HC 
CHG - TM 
CHT - MST 
CHT - TM 
CHT - HC 
TDC - ST 
STD - ST 
SDG - DEP 
WAT - LH 
WAT - MPL 
VT - MPL 
WAT - DO 
WAT - NUT 
WAT - PHY 
WAT - CLP 
WAT - CLN 
WAT - ATP 
WAT - HC 
ZPL - TAX 
ZPL - HC 
ZPL - TM 
LMW - HC 
TRM - TUR 
WAT - SSM 

(Meiofauna grab) 
(FA, PA, PB, PC, PD, A) 
(Neuston taxonomy) 
(Epifauna Master) 
(Epifauna fish) 
(Epifauna invertebrate) 
(Chemistry grab) 
(Sediment texture) 
(Sediment hydrocarbons) 
(Sediment trace metals) 
(Epifauna chemistry trawl) 
(Epifauna trace metals) 
(Epifauna hydrocarbons) 
(Temperature-Depth-conductivity) 
(Salinity-Time-Depth) 
(Sediment deposition) 
(Low-molecular-weight hydrocarbons ; 
(Liicrozooplankton) 
(Microzooplankton vertical tow) 
(Dissolved Oxygen) 
(Nutrients) 
(Phytoplankton) 
(Chlorophyll-phytoplankton) 
(Chlorophyll-nannoplankton) 
(Adenosine tri-phosphate) 
(Water hydrocarbons) 
(Zooplankton) 
(Zooplankton hydrocarbons) 
(Zooplankton trace metals) 
(Low-Molecular-Weight Hydrocarbons) 
(Transmissometry-Turbidity) 
(Water-Suspended Sediment) 

U.S .G .S .-Corpus Christi 
HB-Henry Berryhill 

EPI - c1PT (Histopathology) 
FA - Frozen ; living 
PA - Preservative A 
B B 
C C 
D D 

A - Archive 
Rep - Replicate 
QC - Quality Control 
DP - Depth in meters 

1-33 

TABLE 9 

Disposition and P .I . 

TAMU - Texas A&M University 
LHP-Linda H . Pequeonat 
CSG-C.S . Giam 
TSP-Taisoo Park 
BJP-B .J . Presley 
Wr1S-William S . Sackett 
WEP-Willis E . Pequegnat 
RR-Richard Rezak 
WH-William Haensly 
JN-Jerry Neff 

UTMSI-Port Aransas Marine Lab 
PLP-Patrick L. Parker 
NPS-Ned P . Smith 
CVB-Chase Van Baalen 
JSH-J . Selmon Holland 
DEW-Donald E . Wohlschlag 
DLK-Dan L . Kamvkowski 
WMP-Warren M. Pulich 

UTMSI/Geophysical Lab 
EWB-E . W . Behrens 

UTSA-Univ . of Texas at San Antonio 
SAR-Samual A. Ramirez 
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retrieving, analyzing, and reporting of data, computer programs are 

involved . We have written over 100 of these for our own use, and many 

more in response to special requests . The data service request (Figure 8) 

enables the efficient scheduling of such requests . The programs and 

resulting files are documented (Figures 9 and 10) to facilitate intra-

group communication, to assure that new users are able to use the system, 

and to help us return to a safe system for requests or program modifi-

cations easily . Table 11 lists some representative programs, while others 

1-JV 

any omissions of information . The final inventory record, when complete, 

will contain the information listed in Table 10. The inventory change 

form (Figure 7) coordinates the hundreds of changes of information 

required to update the inventory file . 

The bulk of this work was accomplished with typewriter terminals 

while waiting for the delivery of the remote job entry terminal . All 

new inventory information, of course, was coded and punched in the new 

format . 

Several approaches were taken to the data filing problem . All 

inventory records, except for histopathology, have been placed into 

one System 2000 data base . Some of the results have also been included 

in this same data base . In addition, separate data bases were established 

for some of the other data files . A central file is being created to 

facilitate some of the statistical analyses . The remaining data reside 

as separate files-all accessed on disk with tape backup . The original 

cards are retained but not edited, so do not reflect the most recent 

versions . The tape backups are recreated every three days . We are 

currently maintaining files within 65 permanent file sets-each with tape 

backup-and 25 additional tapes . 

At every step of the reading, reformatting, editing, storing, 
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EXAMPLE OF THE TYPE Or INFORMATION CONTAINED 
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ENVENTORY C"a~JGE FuRil 

1 

Figure 7 . Inventory Change Form . 

Kil-OCS-:5-2-1 

Change Changed 

Sample code is , should be 

Trans is , should be f 

Station is , should be 

Cruise is , should b2 i 

Type is , should be 

Use is , should be 

PI is , should be 

Depth code is , should 5e 

Subsamo . is , should :;e 

is , should be 

is should be 

is , should be 

is , should be 

is , should be 

Changed : 

On inventory master printout / / 

On computer center data forte copy / / 

On permanent file ~Iata file ,PF / / 

On S2K data base version nn tape 

saved to tape / / 

Approved for change 

Send to : Debbie Kalke 
C . Griffin 
2I( ) 
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BLM-STOCS-556-2 
DATA MANAGEMENT SERVICE REPORT 

For Computer Center Use 

Proj . No . 

Assigned to 

Date : 

Completed : 

Notes : 

Describe : 

Figure 8 . Data Management Service Request Form . 

Date submitted : 

Submitted by : 

Date Needed : 

Type : Data file 

Data report 

Programming 

Consulting 

Corrections 
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Date 

Gbject name 

object PF 

Execution format 

11 

Figure 9 . Program Documentation Form-STOCS Study . 

Program IName 

Corli^ion Name 

?rogra^,mer 

Source FF 

Purpose 

Special compilation or run requirements 

Files : 
(Input/output, file name or tyn,:~~, PF where found, use in program, 
number in program, any special required editing or sorting before use .) 



File 'lame : Pormanen; File : 

Use : 

Start Field 
Field Name I Byte Type Field Contcnt/Doscription 

j 

I I 

Figure 10 . File Documentation Form-STOCS Study . 



TESORT -Sorts inventory records 

CLUSTER - Prepares data for cluster analysis 

MATRIX - Builds abundance-weight matrix for each species and calls 
IMSL subroutines for rank analysis 

P01201A - Updates data base with STD data 

P06601A - Produces data verification report from punched invertebrate data 

P08603A - Produces hydrocarbon OEP report and files 

P08703A - Calculates hydrocarbon concentrations 

P09401A - Calculates chlorophyll concentrations 

P30201A - updates data base with histopathology results 

P55221A - Produces inventory reports 

R07604A - Reports sums of weight and abundance for fish species 

P55501A - Reports numerical abundance of HMWH gas chromatograph peaks 
with respect to retention time 

P55502A - Math and statistical calculations of sediment texture raw 
data and table report 

P55503A - Plots replicate locations at line stations from LORAC fixes 
on each grab 

P55504A - Calculates linear regression and correlation and plots scatter-
grams of data with best fit line 

P55505A - Performs bivariate statistical analysis by Wilcoxon rank-sum 
demersal fishes 

1-42 

TABLE 11 

REPRESENTATIVE LIST OF PROGRAMS USED IN THE STOCS STUDY 



management in developing programs that go beyond routine reporting of 

the benchmark data collected . Some of the programs listed below are 

logical first steps in building predictive models ; some are directed 

towards evaluating the current data acquisition structure in an effort 

to propose an improved sampling methodology . 

(a) Day-night statistics (using Wilcoxon Rank-Sum Analysis) . 

Day-night statistics were worked out and debugged for the demersal fishes 

data . These could be run on day-night infauna or any other bimodal 

variable (e .g ., Surf to 1/2 photic zone on phytoplankton species data) . 

are grouped and discussed in more detail below . 

l . Short utility programs . Many standard statistical calculation 

programs such as chi-square, 1-way analysis of variance, scatter plots 

and linear regression and correlation have been written for data analysis . 

2 . Short non-standard routines . Several mathematical and statis- 

tical analysis routines have been written which are not user-specific . 

In general, there are many calculations not available in supporting 

software packages . In particular, diversity and equitability calcula-

tions have been written as function sub-programs and subroutines and 

imbedded in table-generating programs and used to generate epifauna, 

infauna, demersal fish and phytoplankton data tables . 

3 . Large data treatment programs . Several users require multi- 

stage programs that include mathematical and statistical analyses of 

"raw" data . These programs are highly user-specific and generally 

expensive to develop, both in programmer time and computer time . Included 

in this category are : 

(a) Sediment texture analysis ; and, 

(b) Distribution of HMW-Hydrocarbons gas-chromatograph peaks . 

4 . Studies : Several investigators have chosen to work with data 



for the four independent variables (station, transect, season, day-night) . 

This program has only been used on the demersal fish dependent variables 

(total number of individuals, total weight, total number of species, 

species diversity, etc .) for 1975 and 1976 data . This program should be 

used at a very early stage in any study of processes at the species 

level, infauna, epifauna, phytoplankton, as well as fish species . 

(e) Cluster analysis programs are being developed . 

1-44 

(b) Multivariable non-linear regression studies . 

(1) multivariate linear regression (expect failure) studies 

were performed on fish community structure variables (failed due to non-

linearities).. ; 

(2) scattergrams against all possible independent variables 

were performed on abundant fish species and a few epifauna species ; 

(3) empirically choosing nonlinear functions for most likely 

variables ; 

(4) least square fitting of these in a multivariate scheme ; 

(S) propose modified sampling to test predictive abilities . 

(c) Spatial variability and structure clumping analysis . 

A study of the spatial structure of infauna communities was 

started by searching for clumping patterns at the species level . Typical 

separation on the order of meters between the six infaunal replicate grabs 

and the precision of the LORAC location of these grabs makes such a study 

feasible . A program was written and tested which plots the replicate 

grabs at each station . Currently, the program is being modified to 

plot species abundances to facilitate formulation of hypotheses for 

testing . This program, when developed, should be directly applicable 

to a study of small-scale sediment texture variability . 

(d) A four-way analysis of variance was written specifically 



publications will increase as additional data are available and analyzed . 

1-4J 

With the basic organization nearing completion and analysis 

routines under development, the data management effort is in a position 

to serve Program Management, the PI's, and BLM with useful reports and 

valuable data anlysis towards an understanding of what conditions occur 

in the STOCS study area . 

Problems and Recommendations 

The usual weather and mechanical problems associated with offshore 

sampling were encountered and reported to BLM in cruise reports submitted 

following each cruise . All field sampling was, however, completed in 

less time than originally estimated . Specific field sampling problems, 

as well as laboratory analytical and taxonomic problems, are discussed 

in detail in each of the reports by the Principal Investigators . 

General recommendations for improvement and expansion of the STOCS 

baseline survey, based on 1975 and 1976 efforts, were included in the 

Contractor's proposal for third year (1977) funding submitted to the 

BLM in November, 1976 . Several of the reports by the Principal Inves-

tigators also include specific recommendations for improvement of such 

studies . 

Publications/Works in Progress 

A number of publications and presentations have resulted from the 

1975-1977 STOCS studies . These, along with works in progress, are 

presented in Table 12 . It is anticipated that the number and rate of 



Anepohl, J . K . 1976a . Seasonal occurrence of living benthonic 
Foraminifera, South Texas Outer Continental Shelf . Abstr . Prog . 
Geol . Soc . Am . 8 :2-3 . (Abstr .) 

1976b . Seasonal distribution of living benthonic 
Foraminifera of the South Texas Outer Continental Shelf . M . A . 
thesis . Univ . of Texas, Austin, Texas . 130 pp . 

Bauer, M . A . 1976 . Ecology and distribution of living planktonic 
Foraminifera of the South Texas Outer Continental Shelf . 
M. A . thesis . Rice Univ ., Houston, Texas . 125 pp . 

Casey, R . E . In preparation . Cenozoic radiolarians : Paleogeography 
and evolution . To be presented at the N . Am . Paleontol . Conv., 
II . August 1977 . Univ . of Kansas . 

., and M. A . Bauer . 1976 . A seasonal study of Radiolaria 
and Foraminifera in the waters overlying the South Texas Outer 
Continental Shelf . Abstr . Prog . Geol . Soc . Am. 8:11 . (Abstr .) 
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TABLE 12 

PAPERS AND PRESENTATIONS 

HYDROGRAPHY 

Smith, N. P . 1977 . Nearshore cross-shelf motion in the north- 
western Gulf of Mexico . Presented to the Am . Geophys . Un . 
June 1977 . Washington, D . C . 

In Preparation . Cross-shelf variability in nearshore 
circulation . (Based on rig monitoring current and wind 
data) 

In Preparation . Vertical coherence in wind-driven 
shelf motions . (Based on spring circulation study) 

In Preparation . Longshore coherence in nearshore 
motion . (Based on early summer circulation study) 

In Preparation . Cross-shelf variability in shelf 
circulation . (Based on late summer circulation study) 

1977 . Longshore coherence in nearshore motion . To 
be presented at the Am . Geophys . Un . Fall, 1977 . 

PHYTOPLANKTON AND PRODUCTIVITY 

Morgan, J . C . 1975 . Studies on the diatoms of the northwestern 
Gulf of Mexico : identification, distribution and cultural 
studies . M . A . thesis . Univ . Of Texas, Austin, Texas . 67 pp . 

MICROZOOPLANKTON 



TABLE 12 CONT .'D 

., and K. J . McMillen . In Press . Cenozoic radiolarians 
of the Atlantic basin margins . In F . Swain, (ed .) Stratographic 
micropaleontology of the Atlantic Basin and borderlands . 

., and M. A. Bauer . 1975 . Evidence for and paleo-
oceanographic significance of relict radiolarian populations 
in the Gulf of Mexico and Caribbean . Abstr . Prog . Geol . Soc . 
Am. 7 :1022-1023 (Abstr .) 

NEUSTON 

Pequegnat, L . H . In Preparation . Pelagic tar concentrations in the 
Gulf of Mexico over the South Texas Outer Continental Shelf . 
To be submitted to Contr, in Mar. Sci . 

Wormuth, J . H ., and S . P . Berkowitz . 1977 . Annual changes in the 
neuston of the South Texas Outer Continental Shelf and their 
relationship to other physical and biological variables . 
Presented at the annual ASLO meetings . 20-23 June 1977 . East 
Lansing, Michigan . 

INVERTEBRATE EPIFAUNA AND MACROINFAUNA 

Holland, J . S ., and S . A. Holt . In preparation, Estimating 
accuracy and efficiency of marine benthic sampling . 

ricKinney, L ., R . D . Kalke, and J . S . Holland . In press . New species 
of amphipods from the western Gulf of Mexico . Cont . Mar . Sci . 
Vol . 21 . 

DEMERSAL FISHES 

Cole, J . F . 1977 . Numerical analysis of trawled benthic fishes from 
the South Texas Outer Continental Shelf . M . A . Thesis . Univ . 
of Texas, Austin, Texas . 

Vetter, E . F . In Preparation . Diel variations in otter trawl vul-
nerability of fishes from the South Texas Outer Continental 
Shelf . M . A . Thesis . Univ . of Texas, Austin, Texas . 

Wohlschlag, D. E . 1976a . Distribution and abundance of STOCS 
benthic fishes . Presented at the annual ASLO meeting . 21-24 
June 1976 . Savannah, Georgia . 

1976b . Benthic fish distribution and abundance patterns 
over the South Texas Outer Continental Shelf . Presented at the 
GERS meeting . 30 October 1976 . Lafayette, Louisiana . 

1977 . Seasonal and annual contrasts in distribution 
and abundance indices for South Texas continental shelf fishes . 
To be presented at the annual AIBS meetings .. August 1977 . 
East Lansing, Michigan . 



Giam, C . S ., H . S . Chan, and G. S . Neff . 1976 . Aliphatic l:qavy 
hydrocarbon composition in the benthic macroepifauna of the 
South Texas Outer Continental Shelf . Presented at the 32nd 
annual ACS Southwestern meeting . 1-3 December 1976 . Fort 
Worth, Texas . 

In press . Distribution of n-paraffins in selected 
marine benthic organisms . Bull . Env . Contam . Toxicol . 
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Phytoplankton and Productivity (Drs . Kamykowski, Pulich and Van Baalen, 
UTMSI/PAML) 

The 1976 phytoplankton and productivity studies consisted of : 1) 
water column light measurements ; 2) phytoplankton species counts ; 3) 
chlorophyll a determinations ; and, 4) ATP determinations . 

An offshore decrease in concentration was observed in all biomass 
parameters . This pattern was especially true of the net chlorophyll a 
fraction . Secchi depth generally increased offshore . An along-shelf 
gradient apparently occurred, characterized by higher biomass at Stations 
1/I, 2/I and 1/II . ATP exhibited highest concentrations at Stations 1/I 
and 1/III . Depth profiles of chlorophyll a often showed sub-surface 
maxima . Monthly changes at Stations 1/II and 2/II followed a bimodal cycle 
with a major peak in April and a minor rise between September and December . 
Station 3/II showed a very broad rise between June and December . 

The phytoplankton species were grossly divided into two groups at 
Stations 1/II and 2/II, December-April and May-November . Station 3/II 
exhibited less seasonality in species composition . Low diversity (<2 .00) 
occurred on five occasions during 1976 and was associated with blooms of 
SkeZetonema costatum, Nitzschia deZicatissima or LeptocyZindrus da-rcicus . 

The interrelationships among Secchi depth, phytoplankton abundances 
and chlorophyll a were good . ATP concentration was related to chlorophyll 
a concentration during the spring, but not during the summer and fall . 
The relationships between salinity and biomass suggested that freshwater 
runoff was a significant nutrient source in the study area . 
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CHAPTER TWO 

SUMMARY OF SIGNIFICANT FINDINGS 

Reports by the Principal Investigators responsible for the various 
work elements of the 1976 study are included herein in Chapters 3 through 
18 . The significant findings reported by each Principal Investigator are 
summarized below : 

Hydrosraphy (Dr . Smith, UTPSSI/PAML) 

Temperature-Salinity (T-S) diagrams indicate that distinctly different 
hydrographic climates occur both horizontally across the South Texas OCS 
and vertically at any given location . Time-depth plots of temperature and 
salinity show the creation and destruction of thermohaline stratification . 
T-S gradients change from a predominantly vertical orientation in the spring 
and summer months to a predominantly horizontal orientation in the late 
fall and winter . Time series of T-S pairs indicate clearly different time 
scales, and presumably driving forces, characteristic of inshore and off-
shore waters . Advective and possible internal wave motions occurring at 
mid- and near-bottom levels over the outer shelf will require self-record-
ing instrumentation to investigate the characteristics of natural varia-
bility . 



Zooplankton (Dr . Park, TAMtJ) 

Zooplankton abundance in terms of biomass and number displayed consid-
erable spatial, as well as temporal variation . These variations were pro-
gressively extensive from deep to shallow stations . The zooplankton gen-
erally showed a seaward decrease which was highly pronounced in spring and 
summer months when abundance usually increased to an annual maximum at Sta-
tions 1 and 2 and decreased to the lowest annual value at Station 3 . Cope-
pods were the most abundant group, comprising approximately 60 percent of 
the zooplankton by number . When the zooplankton increased in spring and 
summer, the relative abundance of copepods decreased, indicating that other 
organisms were increasing faster . 

Other numerically important groups were Cladocera, Ostracoda, barnacle 
larvae, Mollusca, Chaetognatha and tunicates . The Cladocera and Ostracoda 
showed a highly restricted spatial distribution, occurring mainly at Sta-
tions 1 and 2, respectively . The occurrence of barnacle larvae was highly 
sporadic . Consisting mainly of veliger larvae, molluscs were most abundant 
at shallow stations in spring and summer . Chaetognaths and tunicates 
occurred regularly throughout the study area the year round . 

In contrast with total zooplankton, copepods did not show extensive 
seasonal variation. Approximately 75 percent of the copepods belonged to 

Shelled Microzooplankton, General Microplankton and Shelled Microzoobenthos 
(Dr . Casey, Rice University) 

Shelled microzooplankton and general microplankton data were compared 
to the physical oceanography of the study area by use of density, diversity 
and other plots of biological data as compared to temperature and salinity 
diagrams, isohaline and isothermal contouring, and other plots of physical 
oceanographic data . These comparisons revealed : ponds of shallow offshore 
water moving onto the shelf during the winter and into spring ; strong upwel-
ling or upbowing of water onto the shelf in the spring and early summer 
with a penetration to inshore stations in August, and a detachment of shelf 
water and their movement Gulf ward overriding upwelled (open ocean estuarine 
upwelling) water which extended as far inshore as Station l ; and, an incursion 
of a proposed anticyclonic gyre that had detached from the Loop Current onto 
the shelf during late summer and early fall . Using cluster analyses, cer-
tain of the shelled microzooplankton were designated as biological indica-
tors of shelf water, estuarine outflow water, open Gulf shallow water, open 
Gulf deep water, upwelling, shelf circulation, the intrusion of Sub-tropi-
cal Underwater ; and of "eutrophism and oligotrophism" . 

Studies of living benthonic foraminiferans revealed an average stand-
ing crop of 27 .64 individuals/10 m2 ; species indicative of nearshore, near-
shore to mid-shelf, mid-shelf, mid-shelf to outer-shelf and outer-shelf ; 
species indicative of regions of "eutrophism and oligotrophism : geograph-
ically, and to some extent, seasonally . 

Down-core studies illustrated that some cores penetrated sediments 
older than 100,000 years, with two cores penetrating through sediments 
of the last glacial . Rates of sedimentation ranged from a low of 0 .6 cm/1000 
years to a maximum of at least 15 cm/1000 years . 



Detailed species analyses were provided for decapods, decapod larvae 
(85 taxa) and fish eggs and larvae (110 taxa) . Decapod larvae were consis-
tently more abundant and diverse in night samples with the most abundant 
taxa being the sergestid shrimp, Lucifer faxoni, portunid crab megalops 
larvae, CaZZ2nectes zoea larvae, Portunus zoea larvae, sergestid shrimp 
postlarvae, and pinnotherid crab larvae . Fish eggs were most abundant in 
March, while fish larvae, most abundant in June, were represented most 
commonly by the families Clupeidae, Sciaenidae, Mugilidae, Exocoetidae, 
Mullidae, Engraulidae and Gobiidae . 
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the Calanoida, the remainder belonging mostly to the Cyclopoida . The 
relative abundance of calanoids increased in winter while that of cyclo-
poids increased in summer . Throughout the year, the development stages 
comprised nearly 50 percent of the total copepod population, indicating 
a sustained copepod reproduction the year round . A total of 168 species 
of adult female copepods was identified . The most abundant calanoid 
species were ParacaZanus indicus, ParacaZanus quasimodo and CZausocalanus 
fureatus . The first two species were abundant at shallow stations while 
the latter was abundant at deep stations . The most abundant cyclopoid 
copepods were Oneaea venusta, Oneaea mediterranea and FarranuZa graeiZis ; 
the first was abundant throughout the area but the last two were abundant 
at offshore stations . 

Species diversity indices and coefficients of equitability, based on 
adult female copepods, generally increased seaward in conformity to the 
number of species . 

Of the other biological and physical data, salinity and chlorophyll a 
values seemed to be most closely correlated with the zooplankton . This 
was most readily discernible in spring when the zooplankton was highly 
productive in low-salinity water . 

Neuston (Drs . L . Pequegnat and Wormuth, TAMU) 

Differences in numerical abundances of taxonomic groups were determined 
in relation to seasonal, diurnal, distance-from-shore, and geographic con-
siderations and are discussed for such major taxonomic groups as Foraminifera, 
Cnidaria, Ctenophora, Nematoda, Polychaeta, Mollusca, Crustacea, Echino-
dermata, Chaetognatha, Tunicata, Insecta and ichthyoplankton . 

Species groups which occurred frequently and showed relationships to 
each other were determined by recurrent group analysis . The targeted 
species were analyzed further by a two-way analysis of variance to deter-
mine station and transect differences . 

Biomass calculations (dry and ash-free dry weights) for the June 
through December samples showed considerable seasonal, geographic, and 
diurnal variations as did species diversity and dry weight of floating tar . 
Species diversities were greater at night, at offshore stations and at 
Transect II . Dry weights of tar showed overall average values consistent 
with those reported previously from the Gulf of Mexico . 



For each trawl sample, numbers of individual species, weights, numbers 
of individuals per species, and individual weights and lengths provided the 
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Meiofauna (Dr . W . Pequegnat, TAMU) 

In general, meiofauna populations tended to decrease with increasing 
depth between 10 and 134 m; however, this trend was not uniform . The 
true meiofauna (metazoan animals) exhibited strong seasonal population 
increases in March, November and especially July . Nematodes were the 
predominant component of the true meiofauna, not only in terms of popu-
lations but also taxal diversity . Ninety (90) taxa at and above the 
genus level were identified . 

Both physical and biological controls, some of which are still specu-
lative, were demonstrated . Nematodes were highly correlated with sediment 
granulometry, increasing substantially in number when the sand component 
attained or exceeded 60 percent . Harpacticoid copepods tended not to 
respond to this factor, but responded to some as yet unknown characteristic 
of sediments around the bases of the banks . It was assumed that the 
unknown factor was available organic carbon . These observations reinforce 
the proposition that the harpacticoid/nematode ratio can be developed into 
a valuable yardstick of environmental degradation and recovery . 

Strong indications of competitive elimination of many nematode taxa 
throughout the year, were noted . There was evidence that predation was 
a potent control of nematode populations, but the kinds of predators are 
as yet unknown although some are likely nematodes . 

Invertebrate Epifauna and Macroinfauna (Dr . Holland, UTMSI/PAML) 

Based on cluster analyses, macroinfauna collections were divided into 
three station groups, shallow, mid-depth and deep . (Stations 3/IV and 
6/IV were separated as a sub-group of the deep-station group .) 

Three habitat types were identified based on location and sediment : 
shallow muddy-sands and mid-depth transitional sediments ; deep silty-clays. ; 
and, deep muddy sands . Infaunal densities were highest in shallow and 
deep muddy-sand sediments . 

Cluster analyses of invertebrate epifauna grouped stations by depth 
with a major separation between inner-shelf stations (10-49 m) and outer-
shelf stations (65-134 m) . Number of species was generally greater in 
the outer-shelf area, but number of individuals was much greater in the 
inner-shelf . 

An assessment of small-scale distribution patterns revealed that 
macroinfauna populations were more aggregated inshore than at deeper, 
offshore stations . Inshore communities were distributed on a smaller 
scale, i.e ., the same sampling effort obtained a greater percentage of 
the inshore species than of the offshore species . 

Demersal Fishes (Dr . Wohlschlag, UTMSI/PAML) 



Cluster analyses also indicated that zonation was depth-related, with 
temperature and seasonal migration patterns as major associative features 
of the groups through the seasons . There was little evidence that zona-
tion was directly related to sediment type or salinity . The shallowest 
station groupings had high numbers of individuals, especially in winter 
and spring, and generally lower species diversities through the year . 
When temperatures were highest in late summer and autumn, nearshore species 
associations tended to dissipate ; midwater and deepwater associations were 
somewhat more stable throughout the year ; midshelf groups had the highest 
species diversity throughout . There was a weak indication of species 
associations breaking into north-south groupings in autumn only, which 
implied that north or south movements to or from areas outside STOCS was 
relatively unimportant for most species . However, within the STOCS area 
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basic data, all of which except lengths and weights provided primary data 
for this study . Calculations of Shannon diversity indices (both numerical 
and ponderal), the Hurlbert probability of interspecific encounter (PIE) 
and the Lloyd and Ghelardi equitability value (E) provided derived data 
for various comparisons among the 1976 collections and between 1976 and 
equivalent 1975 collections . 

For equivalent times and stations, the 1976 numbers of species, indi-
viduals, and biomasses were less than in 1975 . Whether the slight change 
in sampling nets caused the declines or whether there were actually fewer 
fish in 1976 could not be demonstrated with completely tenable explanations . 
In general, both numerical and ponderal diversity indices were lower in 1976 . 
Isopleth plots for day-night and seasonal data indicated that there were 
pronounced day-night differences in most cases throughout the year . In 
the winter and spring, gradients for the various data tended to be depth-
related with some indication of north-south transect differentiation by 
autumn . Analysis of variance revealed that few individual effects (depths, 
transects, day-night, seasons) were consistently and statistically signi-
ficant, but interactions involving seasons and individual effects were 
more so . 

A pooled yearly comparison of day-night catches by species indicated 
that day species were ordinarily those that had schooling propensities ; 
predominantly nocturnal species tended to be solitary . Comparisons by 
the Wilcoxon rank sum showed statistically significant diurnal prominence 
for 10 species and nocturnal prominence for 36 . Of the fishes not showing 
significant day-night prevalence in numbers or weights for pooled data, 
a breakdown of catches into seasons yielded statistically significant 
maxima in day-night differences in the spring and minima in the autumn . 
From published data, the day-night differences were related to activity 
and aggregational associations, to food habits, and to feeding tactics . 

With species as attributes of the individual stations, the Bray-Curtis 
cluster technique with flexible sorting by normal analysis showed clearly 
that there were depth related groupings, three in winter and four in spring 
and autumn . With stations as attributes of the species, inverse analysis 
showed seven species-groups in winter, eight, in spring and six in autumn . 
The two-way relationships of station-groups and species-groups showed 
species-environmental relationships clearly for most of the species, 67 of 
96 in winter, 68 of 89 in spring and 62 of 82 in autumn . 



Parasitism was the primary cause of lesions by both protozoan and 
helminth parasites . Parasitism caused varying degrees of necrosis, 
especially in the liver and stomach . The general integrity of the 
organ tissues was maintained adjacent to the lesions . 
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there was considerable species "shuffling" during the year to the extent 
that clearcut species-domination by one or a few species was not suggested . 

Histopathology of Invertebrate Epifauna (Dr . Neff, TAMU) 

In shrimp, the most common pathological condition of internal organs 
was due to nematodes . The most common symbionts in shrimp gills were 
ciliates . The most common gill pathology other than symbionts was 
deformed gills with excess cellularity and atrophy (etiology unknown) . 
Shrimp had the lowest percentage of pathologies, other than symbionts, 
in internal organs . 

In crabs, nematodes were the most common symbiont of internal organs . 
The most common symbionts in crab gills were unknown . The most common 
gill pathologies, other than symbionts, were small cyst aggregates . Crabs 
had the lowest percentage of symbionts in tissues and the highest percen-
tage of pathologies other than symbionts in internal organs . 

Molluscs had the highest percentage and largest variety of symbionts 
in their internal organs . Trematode larvae were the most common symbiont . 
Molluscan gills were free from symbionts except for some bacteria infecting 
a few squid gills . Mollusc gills had the lowest percentage of pathologies 
other than symbionts . 

No pathological conditions were found in echinoderms . 

Histopathology of Demersal Fishes (Dr . Haensly, TAMU) 

Thirty-four percent (286) of organ samples from ten species of demer-
sal fishes demonstrated lesions . The rock sea bass had the smallest 
percentage of lesions and the vermilion snapper the largest . The vermilion 
snapper also demonstrated the largest percentage of cardiac lesions . 
There was a tendency for kidney and muscle lesions to be more numerous 
in the sand seatrout . Kidney, muscle and liver lesions tended to more 
numerous in the last three cruises than in the first two . Stomach and 
liver were more frequently involved pathologically than the muscle, 
kidney and heart, but this was apparently unrelated to species, station 
or cruise . The percentage of lesions was larger in fish obtained from 
the Southern Bank than at other stations, and the smallest percentage 
occurred in fish from Station 2 . These observations were due to the 
vermilion snapper being sampled at the Southern Bank and the rock sea 
bass at Station 2 . All stations showed a tendency for the percentages 
of lesions to increase over the last three cruises (October, November 
and December) . 



Methane showed considerable variation in concentration in the STOCS 
area . Near-bottom seepage was detected in bottom waters at some stations 
(e .g. ., Station 3/IV) . At mid-depth there was a seasonal maximum that 
developed following stratification of the water column in summer and fall . 
Methane seemed to show a good correlation with transmissometry (suspended 
material) traces . Ethene and propene showed the same general trend as 
productivity ; low surface values were observed in the winter with 
higher values in the spring, summer and fall . Ethene generally showed a 
maximum at some shallow depth (20 to 40 m) in the water column . The 
olefins generally dominated over their saturated analogs in the STOCS 
area . The lower Texas shelf is relatively "clean", as most of the light 
hydrocarbons of this shelf are presently derived from natural sources . 

Throughout the year, oxygen levels in the upper 60 m of the water ~~~��� 
column were controlled mainly by physical processes (seasonal changes 
in temperature and salinity) rather than productivity . Surface and 
near-shore values were highest in winter and lowest in summer . The 
intrusion of 200-300 m Western Gulf Water was always observed below 
70 m. 
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Histological-Histopathological Survey of Gonadal Tissue of Macroepifauna 
and Demersal Fishes (Dr . Ramirez, UTSA) 

The purpose of this portion of the histopathological effort was two-
fold : 1) to establish the normal seasonal (physiological) changes in 
the histology of the male and female gonads ; and 2) to examine the gonads 
for pathological conditions . Tissues were collected during the period 
July through December 1976 . Seventeen (17) species and 456 specimens 
were collected . Seasonal changes in the histology of the gonads were 
only partially established, since the survey was conducted for only six 
months . Gonadal tissues were examined for pathological conditions and/ 
or parasites . A number of pathological conditions was found in the 
tissues, but the incidence of pathology in the gonads was only 16 .7 
percent . 

Sediment Texture (Dr . Behrens, UTMSI/Geophysical Lab) 

Variability of textures (grain size distribution) within sampling 
stations was greatest in the Rio Grande delta region and at Station 5/I, 
possibly related to the ancestral Colorado-Brazos delta to the north of 
the study area . Textural variability was least in the outer-shelf clays . 
Significant seasonal variability was scattered, but most consistent in 
the spring loss of fine clay from the outer-shelf regions . 

Coulter Counter and pipette methods gave highly correlatatle results 
so that both should show any significant relationships between textures 
and biological or chemical parameters . However, Coulter Counter tech-
niques resulted in considerably coarser and better-sorted apparent 
textures due to the different computational procedures required with 
the data . 

Selected Water Column Measurements : Low-Molecular-Weight Hydrocarbons , 
Nutrients and Dissolved Oxygen (Drs . Sackett and Brooks, TAMU) 



A total of 278 samples of macroepifauna and macronekton were analyzed . 

These analyses included samples of muscle, liver and gills . Selected 

samples were also analyzed by GC/MS techniques . Most muscle samples had 

very low hydrocarbon levels (generally less than 2 ppm), with C15 and C17 

n-alkanes predominating . The hydrocarbons detected were mainly of bio-

genic origin, as indicated by the dominance of the C15 and C17 n-alkanes, 

pristane and by the absence of aromatic hydrocarbons (squalene was the 
only compound detected in the aromatic fraction) . The absence of corre-

lations in the pristane/phytane/C17, phytane/Clg and CPZ14-20 ratios also 

implied the absence of significant levels of petroleum in the study area . 
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Nutrient concentrations were typically low, being representative of 
open Gulf surface water . Nitrate was limiting to productivity and dis-
appeared during the summer and early fall . Phosphate and silicate were 
affected by the spring increase in productivity, but were generally regen-
erated by fall . Increased continental runoff during the spring months 
was reflected by high silicate values at nearshore stations . 

High-Molecular-Weight Hydrocarbons in Zooplankton, Sediment and Water 
(Drs . Parker, Scalan and Winters, UTMSI/PAAiL) 

An extensive survey of the level of natural and petroleum type hydro-
carbons in seawater, zooplankton and sediment was made . The presence 
or absence of indicator parameters including, n-paraffins, odd-even ratios, 

unresolved GLC humps, and GC/MS confirmation of aromatic hydrocarbons, 

were taken as a measure of petroleum contamination . 

The zooplankton samples showed unambiguous and substantial petroleum 
contamination . Twenty-six of the 84 samples examined showed contamination . 
A similar observation was made during the 1975 STOCS study, and, in fact, 
there was a slight increase in the percent of samples contaminated . This 
contamination was probably due to micro-tar-balls in the zooplankton tows . 
Further study is recommended . 

Dissolved and particulate hydrocarbons in seawater were determined in 
73 and 70 samples, respectively . The data indicated that concentrations 
of dissolved and particulate hydrocarbons were similar in magnitude . 
Hydrocarbons in both fractions decreased in concentration with distance 
offshore . Seasonal trends in concentration were also indicated for 
both fractions but were difficult to interpret . The hydrocarbon compo-

sition of the two fractions was often similar with a slight odd carbon 

preference indicated among n-alkanes . Hydrocarbons in the C25 - X33 
molecular weight range were generally the most abundant . 

Analyses of 175 sediment samples from the open shelf revealed that 
sediment hydrocarbon chemistry is complex . The observed hydrocarbon 
patterns require multiple sources, including plankton, bacteria, infauna 
and perhaps higher plant detritus . Detection of traces of petroleum 
hydrocarbon in this matrix will require detailed studies of sediment as 

an active sink for organic matter . 

Heavy Molecular Weight Hydrocarbons in Macroepifauna and Macronekton 

(Drs . Giam and Chan, TAMU) 



Oysters had generally higher levels of all trace metals . Levels of 
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Thus, the data obtained provide present baseline hydrocarbon concentra-
tions and distributions against which future monitoring data can be 
compared . 

Trace Metals in Epifauna, Zooplankton and Macronekton (Drs . Presley and 
Boothe, TAMU) 

Concentrations of 10 metals (A1, Ca, Cd, Cu, Cr, Fe, Ni, Pb, V, Zn) 
were determined in 312 samples including : zooplankton (62) ; muscle tis-
sue from fish (140), shrimp (19) and squid (14) ; fish gill (31) and liver 
tissue (29) ; and whole oysters (15) . 

No indication of substantial heavy metal pollution was observed . 
Levels of Cd, Cu and Pb appeared to be higher in the north . Sample 
groups in order of decreasing total trace metals content (except Al, Ca) 
were zooplankton, liver, oyster, gill, shrimp, squid and fish flesh . 

No significant changes in annual mean trace metals concentrations 
were found for any sample group between 1975 and 1976 . The number of 
metals in these comparisons was limited, however, because of the system-
atic overestimation in 1975 of Cd, Cr, Ni and Pb in many types of samples . 

There was considerable variability in the trace metals data . Sample 
groups in order of decreasing variability were zooplankton, liver, fish 
flesh, gill, shrimp, squid and oyster . Variability within species was 
only moderately less than that in groups . With this level of variability, 
only differences of > 100 percent could be resolved statistically . 

Replication of samples for individual species was poor . Samples from 
29 species were analyzed, but only 11 species had > 9 samples for analysis . 
Statistically valid interspecific comparisons could only be made between 
the annual mean trace metals concentrations of these 11 species . Smaller 
scale geographical and seasonal comparisons could only be made within the 
larger groupings of similar species . Similar interspecific comparisons 
were infeasible . An improvement in the replication of samples by 
decreasing the number of species analyzed is essential for future work . 

Incorporation of aluminosilicate detritus was significant only for 
zooplankton samples . This incorporation was lowest in the spring and 
decreased offshore in all seasons . Levels of Cu, Ni and Pb decreased 
in the south . Lead concentrations decreased offshore, and Cd levels 
were lower inshore . 

Fish, shrimp and squid muscle tissue had generally low, uniform trace 
metals levels with few apparent geographical, seasonal or inter-specific 
differences . 

Gill and liver tissue from vermilion snapper had generally higher _ ., 
concentrations of trace metals than similar tissues from red snapper . 
Cd levels were higher in livers than gills for both species . Cadmium 
levels were higher in samples from Hospital Rock than from Southern Bank . 



Cd, Pb and Zn were significantly higher in samples from East Flower 
Garden than from four other bank stations . 
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Associate Investigators : 
James Evans 
William MacNaughton 
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CHAPTER THREE 

HYDROGRAPHIC PROJECT 

University of Texas 
Marine Science Institute 

Port Aransas Marine Laboratory 

Principal Investigator : 
Ned P . Smith 



Temperature-Salinity (T-S) diagrams indicate that distinctly differ-
ent hydrographic climates occur both horizontally across the shelf and 
vertically at any given location . Time-depth plots of temperature and 
salinity show the creation and destruction of thermohaline stratifica-
tion . T-S gradients change from a predominantly vertical orientation 
in the spring and summer months to a predominantly horizontal orienta-
tion in the late fall and winter . Time series of T-S pairs indicate 
clearly different time scales, and presumably driving forces, character-
istic of inshore and offshore waters . Advective and possible internal 
wave motions occurring at mid- and near-bottom levels over the outer 
shelf will require self-recording instrumentation to investigate the 
characteristics of natural variability in these areas . 
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ABSTRACT 

Hydrographic data from the South Texas Outer Continental Shelf are 
presented and discussed for a 1-yr period from January through December 
1976 . Tables of computed hydrographic variables are included as an 
appendix . Monthly cruises along a transect off Port Aransas, Texas are 
used to define seasonal features, including spring run-off effects, 
summer stratification, the fall overturn and winter cooling . 



of Mexico and the western tip of Cuba, exerts a dynamically significant 

influence on the distribution of T-S properties in the Gulf of Mexico . 

Below the sill depth, both the temperature and salinity are characterized 

by great spatial homogeneity due to the isolation from the Deep and Bottom 

Water found in the Atlantic and the Caribbean . Gulf Basin Water, found 

below approximately 1,500 m, is characterized by potential temperatures 

between approximately 4 .2° and 4 .4°C, and salinities between 34 .96 

ppt and 34 .98 ppt . This water mass is indicated by "GBW" in Figure 1 . 

Above the Gulf Basin Water, potential temperatures increase gradually, 

however, the salinity decreases to a minimum of approximately 34 .86 ppt 

3-3 

INTRODUCTION 

To put the South Texas Outer Continental Shelf hydrographic data in a 

proFer perspective, it is instructive to begin with a brief overview of 

the temperature and salinity (T-S) ranges characteristic of the Gulf of 

Mexico and, to a lesser extent, the Caribbean Sea . For this purpose, 

survey papers by Wust (1964) and Nowlin (1971) have been consulted . 

Water mass distributions in the Gulf of Mexico are a result of inflow 

through the Straits of Yucatan and from a series of rivers entering the 

Gulf along its northern rim . There is also a significant amount of local 

water mass modification by internal mixing and surface processes involving 

precipitation-evaporation balances and air-sea energy exchanges associated 

with heating and cooling occurring over a variety of time scales . Due to 

the relative isolation of the northwestern Gulf from advective processes, 

and because of the relatively shallow depths over the Texas continental 

shelf, local conditioning of water masses plays a relatively important 

role . 

The sill depth of approximately 2,000 m, between the Yucatan Peninsula 
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discussed above . Due to the direct or indirect contact this uppermost 

layer has with the air-sea interface, and its relatively rapid response 

to changes in the windspeed, relative humidity and temperature of the 

surface layer of the atmosphere, the surface mixed layer of the Gulf is 

highly variable in T-S properties, as well as in depth . The vertical 

extent of the mixed layer can vary anywhere from a few centimeters to 

100 m or more . Temperature variations characteristic of the mixed layer 

of the inner shelf range from approximately 11-13°C in late winter to 

28-29°C in late summer . Salinity variations in nearshore waters are 

similarly variable, ranging from open Gulf values of just over 36 ppt to 
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within a layer between 900 and 1,100 m before increasing again with 

decreasing depth . The salinity minimum reflects the influence of Ant-

arctic Intermediate Water (AIW) and can be traced back through the Carib- 

bean Sea, across the tropical Atlantic Ocean and into high southern 

latitudes to a source at the antarctic polar front at 45-50°C . 

Both temperature and salinity increase with decreasing depth above 

the layer of Antarctic Intermediate Water . A maximum in salinity is 

characteristically found between approximately 100 and 300 m. This 

feature can also be traced back through the Caribbean and upstream along 

the subtropical undercurrent to a source under the semi-permanent high 

pressure center in the Atlantic Ocean east of Bermuda (WUst, 1964 ; Now-

lin, 1971) . In the Caribbean, the Subtropical Underwater has a salinity 

range of 36 .0 ppt to 36 .7 ppt . In the Gulf of Mexico, due to vertical 

mixing from above and below, the range is somewhat narrower, and salini-

ties are generally between 36 .2 ppt and 36 .7 ppt, as indicated on Figure 

1 . Temperatures characteristic of this layer vary between about 18° and 

26°C in open Gulf waters . 

The surface mixed layer lies atop the three distinct water masses 



with the spatial variability and the mobility of the water column, make 

it inadvisable to attempt to sub-classify surface mixed layer water with 

adjectives relating to season, longshore or cross-shelf location and/or 

vertical position . T-S conditions measured at a particular point and 

time may be unrepresentative in a temporal or spatial sense, or of an 

ephemeral nature and thus not worthy of a name more distinct that the 

general classification of Surface Mixed Layer Water . The region inside 

the hatched line in Figure 1 indicates the approximate T-S ranges found 

during the first two years of sampling on the Texas Outer Continental Shelf . 

It is this highly variable surface mixed layer that is the central 

focus of the hydrographic study . While it may be inadvisable to label 

it more definitely, it is still necessary to investigate it tiioroughly, 

documenting its spatial and temporal variability and trying to understand 

the local and advective processes which result in the observed patterns . 

The hydrographic component of the baseline monitoring study has had, 

and continues to have as its primary objective the characterization of the 

Texas shelf waters and the understanding of the advective and local modi-

fication processes, as well as the creation of a suitable data base for 

the use of other investigators . It is toward these objectives that this 

annual report is directed . 

The 1975 hydrographic data base provided a preliminary look at both 

spatial and temporal variations in T-S distributions . Sampling was 

carried out at only 12 locations and at three times during the year . It 
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25 ppt or less during the spring run-off or periods of heavy rainfall . 

Mixed layer T-S variations decrease somewhat with increasing distance from 

shore, but even over the outer shelf, annual variations on the order of 

10°C and 2-3 ppt are not uncommon for the Texas shelf . 

The great temporal variability of the surface mixed layer, coupled 



available data base and address some of the questions that still exist 

with regard to the hydrographic climate of the Texas Outer Continental 

Shelf . The 1976 sampling program is characterized by a substantially better 

station density and sampling frequency . Hydrographic data were obtained 

from 6-7 stations along each of the four transects . Six monthly sampling 

cruises were added to the three seasonal cruises . The data presented 

and discussed here include 75 STD/TDC profiles from seasonal cruises 
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became apparent that both a higher station density and sampling frequency 

would be required to adequately define the hydrographic climate of the 

Texas Outer Continental Shelf . At the same time, a number of features 

were documented . A well-mixed surface layer characterized the tempera-

ture cross-sections constructed from the winter cruise data . Lowest 

temperatures found over the inner shelf in December-January, 1974-1975, 

were 16-18°C, though substantially lower temperatures could have occurred 

later . Significant cross-shelf salinity gradients were found along all 

four transects . Significant warming had occurred by the spring cruise . 

Salinity patterns showed strong freshwater run-off effect, though the 

distance that the low-salinity water extended offshore was highly variable . 

The summer temperature data showed a strong thermal stratification below 

a surface mixed layer in the upper 20-30 meters . Freshwater run-off 

effects were still well defined in August-September . Highest temperatures 

were just over 29°C . Taken together, the data show an annual alternation 

from a predominantly vertical to a predominantly horizontal orientation 

of the isopleths, as the water column alternates from unstratified to 

stratified . The stratification is a reflection of vertical salinity gra-

dients in the late spring and early summer, and seasonal heating in mid and 

late summer . 

The hydrographic data presented in this annual report extend the 



times when the STD was being repaired, hydrographic data were obtained 

with a Martek Model TDC Metering System (TDC) . This instrument provides 

a direct readout of temperature, depth and conductivity, and data are 

recorded at discrete levels . The raw temperature, conductivity and pressure 

values are then used to compute salinities at each of the levels (see 
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(3 x 25 stations), and 36 profiles from monthly cruises (6 x 6 stations) 

for a total of 111 profiles . The additional 18 profiles required for the 

129 profile minimum sampling effort are from the Bank Stations . These 

have been discussed in the Quarterly reports and will not be included here . 

The Bank Station data are, however, included in Appendix A . 

In the sections that follow, the data and methods of analysis are 

described in somewhat greater detail than was the case in the Quarterly 

reports . There follows a revised statement of the results from the 

individual seasonal cruises and the monthly cruises . Further results, 

combining patterns from two or more of the individual cruises, are appended 

in the Results section . The report concludes with an integrated discussion, 

based on the entire 1976 data base, to summarize the present understanding 

of the characteristics of the Surface Mixed Layer Water over the Texas 

Outer Continental Shelf . 

METHODS 

Hydrographic data collected during the 1976 contract year were obtained 

in one of three ways . The primary sampling instrument was a PLESSEY 

Model 9060 Self-Contained Salinity/Temperature/Depth Profiler (STD) . This 

instrument provided analog plots of the vertical distribution of both sali-

nity and temperature . Temperatures were read to the nearest 0 .01°C ; 

salinities to the nearest 0 .01 ppt . The precision of the STD is nominally 

t 0.1°C and ± 0.05 ppt . 

In shallow water, through surface layers of low-salinity water, or at 



used to calibrate both STD and TDC profiles . These corrections were 

applied as the first step in a computer program used to compute a group 

of temperature-, salinity- and pressure-related variables . When TDC 

values provided the input data at a given station, the computer program 

was first used to compute the salinity using the equations discussed by 
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next section) . Temperatures are read to the nearest 0.1°C ; however, the 

stated precision of the sensor is ± 0 .2°C. Conductivities are read to 

the nearest 0.1 mmho/cm ; however, in reality the precision is closer to 

± 1 or 2 mmho/cm, depending on the full scale used . Depth is read to the 

nearest 0.1 m, which represents an average estimated on a rolling boat . 

The precision of the computed salinity is estimated to be on the order 

of t 0.5 ppt, incorporating both the top and bottom calibration data . 

Temperature and salinity (T-S) data obtained with reversing thermo- 

meters and Nansen bottle samples (salinities determined by laboratory 

salinometer) were used to extend T-S profiles obtained with the TDC in 

deeper water, and to calibrate both STD and TDC profiles at top and/or 

bottom levels . Reversing thermometer temperatures were read to the 

nearest 0.01°C and have a precision of t 0.01 ; salinities determined with 

the laboratory salinometer were read to the nearest 0.001 ppt, with a 

precision of t 0.001 ppt . 

Hydrographic data were digitized at 3-m intervals when analog plots 

were provided by the STD . When the TDC Haas used for data collection, 

readings were taken at approximately 3-m intervals, depending on the 

nature of vertical T-S gradients through the water column . When Nansen 

bottles with reversing thermometers were used to extend the TDC profiled 

in deeper water, bottles were positioned on the hydrographic wire at 

1.0- or 20-m intervals, depending on water depth . 

Calibration data, obtained at surface and near-bottom levels, were 



on a standard sigma-t diagram (with the sigma-t lines removed) . The poly-

gon-like figure obtained by connecting the dots provides a good overview 

of the relative importance and actual magnitudes of temperature and sali-

nity variations over the time interval the data were collected . Finally, 
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Bennett (1976) . 

A series of hydrographic variables was computed from the calibrated 

salinity and temperature profiles, using a computer program initially dev-

eloped by the Pacific Oceanographic and Meteorological Laboratories . Our 

version has undergone significant modifications to (1) incorporate the 

calibration T-S data, (2) plot vertical profiles of temperature, salinity 

and sigma-t, and (3) compute the Brunt-Vaisala frequency of internal wave 

oscillations . The basic form of the computer program computes sigma-t, 

the potential temperature (°C), the specific volume anomaly (cm3/gm), the 

dynamic height (dyn-cm), the potential energy anomaly (gm m2/sec2) and the 

sound speed (m/sec) . Tables of these computed hydrographic variables are 

presented, along with the calibrated T-S profiles, in Appendix A. 

Tables of calibrated T-S profiles and computed hydrographic variables 

were used to present the data in several ways . Calibration T-S data from 

the seasonal cruises were plotted on a plan-view base map and contoured 

at intervals of 1-2°C or ppt . Where instructive, bottom T-S calibration 

data were plotted and contoured in a similar manner . Monthly cruise data 

were used to construct cross-sections of temperature, salinity or sigma-t 

along Transect II . By superimposing two cross-sections, values from a 

given point could be graphically subtracted to determine the net change 

over any given interval of time . This technique was useful for investi-

gating spring warming, fall cooling or the annual temperature range 

along Transect II . 

T-S pairs from a given location and depth on Transect II were plotted 



ely low salinity water in the upper 10 m extending out nearly to Station 

2 . Lowest salinities were just under 32 ppt at the surface at Stations 

4/I and 1/I . A strong halocline was found at these two stations, cen-

tered at about the 5-m level . Vertical salinity variations were much 

less at Station 2/I and the water column at the outer three stations 

was very nearly isohaline . 
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temperature, salinity and sigma-t profile data were entered on a depth 

vs time graph . The resulting figure indicates the vertical movement of 

the isopleths over the associated time interval . 

RESULTS 

The results of the 1976 hydrographic sampling program are presented 

chronologically . Within each seasonal or monthly cruise, temperature and 

salinity data from a given transect are discussed separately . The sec-

tion is concluded with further results which involve a combination of 

data from two or more times at a given location . This integration of 

the year's data is for the purpose of investigating seasonal and shorter-

period temporal variability . 

Winter Seasonal Cruise (30 January - 3 February 1976) 

Transect I (2-3 February 1976) 

Temperature stratification at the inner three stations (Figure 2) 

was confined to the upper 25 m, with surface temperatures between 2 and 

3°C colder than temperatures at intermediate and near-bottom levels . 

The water column was very nearly isothermal through the upper 95 m over 

the outer shelf, above the permanent thermocline . Horizontal temperature 

gradients were confined to the area between Stations 1/I and 5/I . 

The salinity cross-section (Figure 3) showed a thin lens of relativ- 
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Transect IV (30 January 1976) 

Vertical temperature variations through the upper 90 m were less 

than 1 .2°C at all stations (Figure 8) . A substantial horizontal gradient, 

however, was found across the entire shelf . The pattern reflected con-

siderable vertical overturning and mixing . 
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Transect II (1-2 February 1976) 

A well-developed reverse thermocline was found between approximately 

10-15 m at Stations 1/II and 4/II (Figure 4) . Horizontal temperature 

gradients were confined primarily to the area between Stations 4/II 

and 5/II . Temperatures were spatially very uniform beyond Station S/II 

and above the top of the thermocline at approximately 80 m. 

A strong halocline at about the 10-m level was found at Station 1/II 

(Figure 5), and to a lesser extend at Station 4/II . Vertical variations 

in salinity were less than 0.6 ppt at Station 2/II, and less than 0.3 ppt 

at each of the outer three stations . Water from the inner shelf appeared 

to extend out only slightly beyond Station 4/II . 

Transect III (30 January - 1 February 1976) 

Very nearly isothermal water columns were recorded everywhere except 

at Station 5/III, where a well-developed, reverse thermocline extended 

through the upper 20 m (Figure 6) . At the outer two stations, the top 

of the permanent thermocline was found at the 90-m level . Above that 

depth, waters over the outer shelf were very nearly isothermal at approx-

imately 20 .7°C . 

Relatively low salinity water from the inner shelf extended out 

through the upper layers to beyond Station 5 (Figure 7) . Horizontal 

salinity gradients were confined to within Station 2/III . All water at 

the outer three stations had salinities greater than 36 ppt . 
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March Monthly Cruise (18-19 March 1976) 

A vertical temperature structure was nearly absent at all-stations 

through the upper 65 m (Figure 12) . The top of the permanent thermocline 

was poorly defined over the outer shelf . The water enclosed by the 21°C 

isotherm at Stations 5/II and 6/II may have represented a small eddy that 

had moved onto the shelf, though near-surface water at Station S was 

only 0 .7°C warmer than at Station 3 . 

Significantly lower salinities were found in March (Figure 13), with 

lowest values of just under 28 ppt at the surface at Station 1/II . A 
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The salinity cross-section was lacking in significant features (Fig-

ure 9) . Salinities increased gradually from just over 32 ppt at Station 

1/IV to approximately 36 ppt at Station 6/IV . Little vertical varia-

tion was found at any single station . 

Spatial Variations in Seasonal Hydrographic Data 

Surface Temperature Pattern 

Surface isotherms were oriented very nearly parallel to the coast 

(Figure 10), indicating very little cross-shelf motion . Strongest temp-

erature gradients were found across the middle shelf . Surface tempera-

tures varied only slightly through the first 25-30 km, and beyond approx-

imately 50 km from the coast . Nearshore temperatures of between 14 and 

15°C probably represented the annual minimum . 

Surface Salinity Pattern 

Surface isohalines were similarly oriented parallel to the coast 

(Figure 11) . Horizontal variations were inside Station 2 along most 

transects . Lowest salinities were above 31 ppt, indicating relatively 

little freshwater run-off through the estuaries at this time of year . 
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sect I (Figure 16), varying from just under 26°C to approximately 27,5°C . 

A well-developed seasonal thermocline was found between 20 and 25 m at 

Station 2/I, though isotherms diverged quickly with increasing distance 

seaward . At the outer two stations, temperatures decreased quite uni-

formly with increasing depth below approximately 40 m. Minimum tempera-

tures of just above the bottom at Station 3/I, indicating essentially no 
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strong halocline was found over the inner shelf, diminishing at Station 

4/II and missing altogether at and beyond Station 2/II . Horizontal sali-

nity gradients were confined to waters inside Station 2/II . No surface 

water with a salinity greater than 36 ppt was found on this cruise . 

April Monthly Cruise 

Analyses of the temperature cross-section for the second monthly 

cruise (Figure 14) showed a transition from nearshore waters, at temp-

eratures of approximately 19°C, to offshore waters, with temperatures 

over 21°C, occurring between Stations 5/II and 6/II . The water column 

at all stations was nearly isothermal above the top of the permanent 

thermocline at approximately the 75-m level . Little temperature varia-

bility was found in intermediate depths over the middle and outer shelf . 

The salinity cross-section (Figure 15) showed a tongue of relatively 

low salinity water extending nearly 70 km out from the coast . Avery 

strong halocline was seen at approximately the 15 to 20-m level at 

Station 1/II . A strong horizontal gradient occurred between Stations 

1/II and 4/II in the upper layers . Little horizontal variation was 

found at any depth beyond Station 5/II . 

Spring-Summer Seasonal Cruise (30 May - 7 June 1976) 

Transect I (7 June 1976) 

Temperatures were quite uniform through the upper 20 m along Tran- 
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Transect III (3-5 June 1976) 

The temperature cross-section (Figure 20) was characterized by very 
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change from the data collected during the first seasonal 

cruise on 2-3 February 1976 . 

The salinity cross-section (Figure 17) showed a lens of relatively 

low salinity water in the upper 30-35 m, extending out to beyond the 

seaward end of the transect . Highest salinities were just under 35 ppt 

at Station 3/I . The greatest cross-shelf surface salinity gradients were 

found between Stations 5/I and 6/I . A well-developed halocline, centered 

at 20-25 m between Stations 2/I and 6/I, was enclosed by the 32 and 35 

ppt isohalines . Salinities greater than 36 ppt were found only below 

the 45-m level at the outer three stations . 

Transect II (3-6 June 1976) 

The upper 10-15 m of Transect II (Figure 18) were characterized by 

great thermal homogeneity due to uniform heating and wave mixing . Temp-

eratures varied only between 26 .1 to 26 .5°C at the surface over the entire 

outer shelf . A well-developed seasonal thermocline was found between 10 

and 20 m at Station. 4/II and between 10 and 20 m at 2/II . Isotherms 

then diverged rapidly with increasing distance from shore, and at the 

outer three stations temperatures decreased nearly uniformly through the 

water column. 

The salinity cross-section (Figure 19) showed a shallow pool of 

relatively low salinity water, enclosed by the 31-ppt isohaline, cut off 

from the coast . Avery strong halocline sloped upward from between 10-30 

m at Station 4/II to the upper 20 m at Station 6/IZ . Salinities greater 

than 36 ppt were found below the 30-m level at the outer three stations . 
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Spatial Variations in Seasonal Hydrographic Data 
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nearly horizontal isotherms, except at near-bottom levels at the outer 

two stations, and a pronounced seasonal thermocline, enclosed by the 26° 

and 22° isotherms . The near-bottom temperatures at Stations 3/III and 

6/III were essentially unchanged from those observed during the first 

seasonal cruise on 1 February 1976 . 

A well-developed halocline (Figure 21), enclosed by the 32- and 35- 

ppt isohalines, formed just seaward of Station 1/III and extended beyond 

the end of the transect . In sharp contrast, the water column at the 

inner two stations, and particularly at Station 4/III, was nearly isoha-

line . Salinities greater than 36 ppt were found below the 50-m level at 

the outer three stations . 

Transect IV (30-31 May 1976)- 

A strong and quite shallow seasonal thermocline sloped downward 

through the inner three stations (Figure 22) . The depth of the maximum 

temperature gradient increased from 10 to 20 m between Stations 4/IV and 

5/IV . Isotherms diverged with increasing distance from shore, and below 

the wind-mixing layer, temperatures decreased relatively uniformly with 

increasing depth at the outer two stations . Lowest temperatures were 

again just below 18°C . 

Surface salinities below 33 ppt extended the length of the transect, 

(Figure 23) except for a value of 33 .30 ppt at the surface at Station 4/IV . 

Vertical salinity gradients were greatest between approximately the 10-

and 20-m levels . This sharp halocline was a cnntinuous feature over 

nearly the entire length of the transect . Salinities over 36 ppt were 

found below the 30-m level at the outer four stations . 
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temperatures varying as little as 0 .04°C at four of the six stations . 

Surface Temperature Pattern 

The composite of the surface calibration temperatures (Figure 24) 

was rather uninteresting due to the great spatial uniformity . The pat-

tern was characterized by surface temperatures between 26 .1°C and 26 .9°C 

along the nothern three transects, and between 25 .4 and 25 .95°C along 

Transect IV . This may be attributed to the spatial uniformity in sur-

face heating and a lack of vertical overturning, which would otherwise 

produce a pattern which was depth-dependent . Heat is thus retained 

within the layer above the seasonal thermocline, that is, within the 

upper 10-20 m over the entire outer continental shelf . 

Surface Salinity Pattern 

Surface isohalines (Figure 25) show clearly the effects of the 

spring run-off as a broad layer of relatively low salinity water . Sur- 

face salinities were between 30 .4 and 34 .9 ppt over the entire Texas outer 

continental shelf . 

The pattern was a disorganized one, with little continuity extend- 

ing over the entire study area . The data may indicate a plume of low 

salinity water, cut off from the coast and moving southward . This inter-

pretation is supported by the 31- and 32-ppt isohalines, but direct 

current measurements are not available to verify the postulated movement 

of shelf waters . Highest salinities were found at the outer station 

on Transect I, and along the coast between Transects III and IV . 

July Monthly Cruise (10-11 July 1976) 

Surface temperatures were nearly uniform (Figure 26), increasing 

only from 26 .8 to 27 .8°C between Stations 1/II and 3/II . The wave-mixed, 

isothermal layer extended through approximately the upper 20 m, with 
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The general temperature pattern (Figure 28) showed that seasonal 

heating in the upper part of the water column has resulted in surface 

temperatures between 1 and 2°C warmer than those found on the July 

monthly cruise . Surface temperatures varied between 28 .7 and 29 .3°C, 

and again increased slightly in an offshore direction . At the same time, 

near-bottom temperatures at Station 3/II were almost 1°C cooler than 

those recorded in July . While the vertical temperature gradient was 

greater in August, the thermocline tended to be relatively weak, with 

the exception of the near-bottom layer at Station 5/II, where the temp-

erature decreased nearly 7°C between the 60- and 70-m levels . 

The salinity cross-section (Figure 29) was relatively undisting-

uished . However, it is noteworthy that lowest salinities were found in 

a shallow lens which had been displaced approximately 30 km from the 

coast . Vertical salinity gradients at all stations were weak . 
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The top of the seasonal thermocline occurred at the 25-to 30-m 

level . The decrease of temperature with increasing depth varied somewhat 

along Transect II, with stronger vertical gradients at the outer sta-

tions . Lowest temperatures recorded were slightly over 18°C just above 

the bottom at Station 3/II . 

The salinity cross-section (Figure 27) indicated somewhat lower 

values along the inner shelf, and again well-mixed conditions in the 

upper part of the water column . Salinities just over 34 ppt were recorded 

in the near-surface layer at Station 1/II . The 35-ppt isohaline inter-

sected the water column at Station 4/II at approximately the 20-m level . 

Vertical salinity gradients were minor along the outer part of the 

transect, and nearly absent below about 45 m. 

August Monthly Cruise (9-11 August 1976) 
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Salinity Cross-Sections, Transects I through IV 

The salinity cross-sections along the four transects (Figures 34, 

35, 36 and 37) showed a gradual north-to-south decrease in the influence 

of freshwater run-off . The pattern along the inner shelf at Transect I 

(15-16 September 1976) was somewhat reminiscent of that found during 

the spring seasonal cruise . Lowest salinities of 32 .9 ppt were found 

at Station 4/I, and salinities over 36 ppt were found only in the 

near-bottom waters at Station 2/I . The 36-ppt isohaline reached nearly 
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Summer-Fall Seasonal Cruise (10-16 September 1976) 

Temperature Cross-Sections, Transects I through IV 

The four temperature cross-sections are most appropriately consid-

ered together . There were some features shared in all cases, and the 

differences are best brought out by a direct comparison . 

All four cross-sections (Figures 30, 31, 32, 33) showed a relatively 

isothermal surface layer extending down through the upper 20-40 m. Wave 

mixing seemed to have extended deeper into the water column along 

Transects I and IV (Figures 30 and 33) . A characteristic of the postu-

lated surface layer convergence along central Padre Island (Leipper, 1954) 

would be a thickening of the surface layer as isothermal surfaces were 

depressed in this area . 

Near-bottom water along the outer parts of Transects I and IV was 

approximately 1.5-2 .0° colder, with lowest temperatures below 17°C . 

Strongest vertical temperature gradients through the seasonal thermo- 

cline occurred irregularly at Transects I, III and IV . Temperatures 

along Transect II fell somewhat more uniformly with depth below the 

wave-mixed layer . Strongest vertical temperature gradients occur in 

mid-shelf waters along Transect IV . 
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Surface Salinity Pattern 

Surface salinities along the southern three transects (Figure 40) 

were within a fairly narrow range, varying between 35 .2 and 36 .3 ppt . 

Along Transect III and IV, there was some suggestion that lower salinity 
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to Station 5/I . The outer three stations showed nearly isohaline sali-

nity profiles . 

The southern three transects showed an essentially similar pattern . 

The 36-ppt isohaline extended well onto the shelf, as salinities less 

than 36 ppt formed a surface layer of variable thickness which covered 

nearly the entire outer continental shelf . 

Spatial Variations in Seasonal Hydrographic Data 

Surface Temperature Pattern 

All surface temperatures were within the narrow range of 28 .5 -

29 .7°C (Figure 38), apparently reflecting at least to some extent the 

effects of local diurnal heating and cooling . These temperatures 

describe conditions during the warmest part of the seasonal temperature 

curve . The surface layer was very nearly isothermal with perhaps a 

slight tendency for warmer temperatures along the inner continental 

shelf . 

Bottom Temperature Pattern 

The plan view presentation of bottom temperatures (Figure 39) shows 

a pattern which is primarily depth-dependent, but which also suggests 

water from somewhat greater depths moving up onto the outer shelf along 

Transects II and III . The curve in the isotherms is significantly 

more concave than the local isobaths . The Topographic High bottom 

temperatures were not used in this presentation . 
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December Monthly Cruise (1-2 December 1976) 

The cross-section of December temperatures (Figure 43) showed 
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water was being pulled away from the coast as the gradient was directed 

seaward through the inner three stations . 

A lens of relatively low salinity surface water occurred at Tran-

sect I, with values below 35 ppt found at the inner three stations, and 

the lowest salinity of just under 33 ppt measured at Station 4/I . 

November Monthly Cruise (8-10 November 1976) 

Temperature profiles showed isothermal conditions through the upper 

SS-60 m (Figure 41), except at Station 4/II, where some stratification 

was found through the upper 10 m. This was probably due to water spread-

ing out from the inner shelf . The transition between the relatively 

cool waters of the inner shelf and the relatively warm waters of the 

outer shelf was found between Stations 4/II and 2/II at the surface, 

and between 1/II and 4/II at sub-surface levels . At the outer three 

stations, isotherms changed from a predominantly vertical to a predom-

inantly horizontal orientation . The top of the permanent thermocline 

was found at approximately the 60-m level, with temperatures decreasing 

4-6°C through a relatively thin, 10 to 15-m layer . Relatively little 

cooling was indicated in near-bottom layers at Station 3/II since the 

Summer-Fall Seasonal Cruise . 

The Transect II salinity cross-section for the November Monthly 

Cruise (Figure 42) showed a near-surface layer of relatively low sali-

nity water extending through the water column at Station 1/II, but 

primarily through the upper 5 m at Station 4/II . All salinities at and 

seaward of Station 5/II were 36 ppt or greater . 
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September-December Net Cooling 

Temperature cross-sections constructed from the September and 

December Transect II hydrographic data were used to calculate the net 
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clearly the effects of several fronts having moved onto the Texas shelf 

since the November Monthly Cruise . Lowest temperatures of just under 

15°C were found through the water column at Station 1/II, rather than 

just above the bottom at Station 3/II . Isotherms at the inner four 

stations were nearly vertical, and the water column appeared to be 

vertically mixed through the upper 75 m. The top of the permanent 

thermocline was below this homogeneous layer at the outer two stations . 

The salinity cross-section from the December Monthly Cruise (Figure 

44) showed both a slight freshwater run-off influence and the result of 

strong vertical overturning . Isohalines were oriented very nearly 

vertically . Salinities increased regularly through the inner two sta-

tions to just over 36 ppt at Station 4/II . Salinities of just under 

36 ppt were recorded throughout the water column at Station 2/II, sug-

gesting the possibility of an eddy-like motion influencing the salinity 

distribution of the middle shelf . Salinities at the outer three 

stations were quite homogeneous and above 36 ppt . 

Combined Results of the 1976 Hydrographic Study 

T-S profiles, or data points along profiles, which were discussed 

individually above, may be combined to look at temporal variations in 

Texas Outer Continental Shelf hydrography . While time series obtained 

in the 1976 sampling leave something to be desired, it is still possible 

to describe various features of the hydrographic climate of Texas shelf 

waters, and to postulate regarding the driving forces producing the 

observed T-S variations . 
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depths between approximately 65 and 100 m. This occurred as the top of 

the permanent thermocline was forced to somewhat greater depths by the 

wind-mixing and connective overturning associated with frontal passages . 

The effects of advective processes were, of course, included in the net 

cooling pattern . This component of the observed change cannot be dis-

cussed without supporting direct current observations . It is noteworthy 

that bottom temperatures at the outer most station varied only 0.02°C 

between September and December, demonstrating the great thermal stability 

of layers sufficiently removed from the air-sea energy exchange 

processes . 
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fall and early winter cooling off Port Aransas . Greatest temperature 

differences of just over 14°C were found over the inner shelf (Figure 

45) . This was as expected, since cold air outbreaks are more intense 

at the coast than further out on the shelf, and because the heat content 

of the water column is directly proportional to the depth . Between 

Stations 1/II and 4/II, isotherms of net cooling were oriented nearly 

vertically . In both the September and December cross-sections, temp-

eratures in this area were vertically quite uniform, well-mixed by wave 

action above the seasonal therixocline in September, and vertically 

mixed by convective overturning in December . 

The 8° and 9°C net cooling isotherms intersected the surface out- 

side Station 2/II, but for the most part the isotherms assumed a horizon-

tal orientation . A net cooling of just over 7°C occurred during this 

time interval in the upper 20-25 m. Below this level there was a sharp 

vertical gradient, as net cooling decreased to zero at the 65 to 75-m 

level . This rapid drop reflected the destruction of the seasonal 

thermocline . 

It is interesting that a layer of net warming was indicated at 
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correlated with the seasonal heating and cooling noted in the surface 

layers . Highest temperatures of just under 19°C occurred in May-June 

and again briefly in early October . Lowest temperatures of just under 

17°C were found in November and December, approximately 2 months before 

minimum temperatures are expected at the surface . The temperature range 

recorded just above the bottom was approximately 2°C, while at the 
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Seasonal Temperature Variations in the Station 3/II Water Column 1976 

By plotting and contouring temperature profile data from Station 3/II 

on a depth-time diagram (Figure 46), a picture of the vertical movement 

of isothermal surfaces over the course of the 1976 sampling program is 

obtained . The pattern that emerges is comprised of two parts . An upper 

envelope, defined by the 22°C isotherm, reflected the seasonal heating 

in the water column . The waters above approximately the 8-m level 

remained nearly isothermal, both vertically and in time, until early 

April . A slow warming began as the 22-26°C isotherms appeared and 

descended quickly to form a seasonal thermocline . Highest temperatures 

of just over 29°C appeared briefly in August before the first cold 

fronts arrived to start the fall overturn . Winter cooling proceeded 

somewhat faster than spring warming, though this may not be the case in 

other years . 

At mid-depths, isothermal surfaces showed substantial vertical 

movement during the late summer and fall months . In some cases, iso-

therms rose or fell as much as 50 m between consecutive cruises . 

This indicates substantial internal activity, though the characteristic 

time scales cannot be resolved from the available data . The observed 

variations may in fact reflect activity occurring over substantially 

shorter time intervals . 

Near the bottom, temperature variations were slight and not well- 
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Temperature-Salinity Variations in Surface Waters, Station 1/II 1976 

T-S pairs were plotted on a standard T-S diagram to describe the 

surface hydrographic climate at Station 1/II (Figure 48) . The open-

ended, polygon-like figure constructed by connecting the dots shows the 

relative importance of temperature and salinity variations, as well as 

the actual recorded ranges . The pattern obtained from the 1976 data 

resembles a quarter-moon, curving into lower salinities during the spring 

warming and, to a lesser extent, during the fall cooling . Lowest sali-

nities of approximately 28 ppt were found in March and April. Increasing 

salinities occurred as summer heating continued through August . The 

last part of summer heating, however, was accompanied by a drop in sali-

nity of nearly 1.0 ppt . This presumably reflected the late summer-early 

fall precipitation maximum characteristic of the central Texas coast . 

The combination of slightly increased temperatures and decreased salini-

ties caused the polygon to cross over itself as fall cooling began, some-

time after mid-September . Cooling proceeded, with a continued slight 
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surface the temperature range was just under 9°C . 

Seasonal Salinity Variations in the Station 3/II Water Column 1976 

The pattern obtained by plotting and contouring salinity profile 

data from Station 3/II (Figure 47) is relatively simple . At this loca-

tion, salinities greater than 36 ppt were found throughout the water 

column in the fall and winter months, and always below the 100-m level . 

The only significant feature revealed by the isohaline was the influence 

of freshwater run-off which occurred during the late spring and early 

summer months . The 35-ppt isohaline appeared for less than 3 months, 

and never descended below the 20-m level . Salinities below 34 ppt 

were found in the upper 15 m only on the June Seasonal Cruise . 



FIGURE 47, 
SALINITY (PPT) 
3/11, 1976 

0 36 35 34 35 36 

U 
25 \ / 

50 
H 

w 

75 

100 

125 

J F M A M J J A S 0 N D 

w 
i 
V 
N 



w 
I 
v 
N 



Temperature-Salinity Variations in Bottom Waters, Station VII 1976 
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freshening, through early December to a temperature very similar to 

that recorded at the start of the sampling year . The temperature range 

recorded at this location was approximately 14°C, while the salinity 

range was approximately 8 ppt . 

Temperature-Salinity Variations in Bottom Waters, Station VII 1976 

The polygon-like figure formed from the T-S pairs from bottom samples 

at Station VII (Figure 49) shows a configuration similar to that found 

at the surface, though the curving into lower salinities are largely 

absent in the spring and fall data . This suggests that the waters of the 

inner shelf were characterized by vertical salinity gradients at these 

times of year (though there are better ways to demonstrate this) . The 

annual salinity range in Station VII bottom waters was only about 4 ppt . 

The bottom T-S pairs also cross over in the late summer and early 

fall months, again reflecting the seasonal precipitation maximum . Fall 

and winter cooling began shortly after mid-September and proceeded 

rapidly into the winter months . 

Temperature-Salinity Variations in Surface Waters, Station VII 1976 

The polygon constructed from the surface T-S data from Station 3/II 

(Figure 50) is noticeably truncated at temperatures of about 20°C . This 

represents the mid-winter minimum temperature over the Texas Outer Con-

tinental Shelf (in 1976) . The total annual temperature range was there-

fore reduced to approximately 9°C . Salinities varied from about 33 .5 

ppt to just over 36 ppt . There was a slight cross-over in the polygon 

during August as salinities quickly increased again as fall cooling 

proceeded . 
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obtained at that time . 
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Substantially smaller T-S variations in near-bottom layers over the 

outer shelf require that the data he plotted on expanded axes (Figure 51) . 

The total temperature range in the 1976 data was only 3.5°C, and salini-

ties varied by less than 0.6 ppt . The most notable feature of the figure 

is the absence of a well-defined seasonal variation in either temperature 

or salinity . Instead, T-S variations appear to occur over much shorter 

time scales . Relative maxima and . minima can be identified in the approx-

imately monthly data, but substantial T-S variability probably occurs 

over shorter time intervals . T-S data from both the Water Column and 

Benthos Cruises were used in constructing this figure . This enables the 

examination of T-S changes over as little as 4 to 6 days, when Station 

3/II was sampled late on one cruise and early on the next . Some of the 

largest variations were apparent over these short time intervals . For 

example, between 3 and 9 April, salinity values increased from the. year's 

lowest to the year's highest (as detected by this sampling program) . 

Similarly, from 6 to 10 August, the temperature increased approximately 

2 .3°C or 62 percent of the total recorded range . This suggests that 

entirely different processes are responsible for near-bottom T-S varia-

tions over the entire shelf . At the same time, the question is raised 

regarding the adequacy of the existing sampling program for describing 

and understanding the hydrography of the waters of the Texas Outer Con-

tinental Shelf . 

Bank Station Hydrography 

This section deals exclusively with hydrographic data collected at 

the eight Bank Stations visited during 1976 . No data were obtained dur- 

ing the first seasonal cruise, since transmissometer data were not being 
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April 3-4, 1976-Southern Bank 2, 3 ; Hospital Rock 1, 3 

Station SB 2 showed an isothermal layer in the upper 12 m . Temper-

atures then increased approximately 0 .4°C to a maximum at 24 m . Below 

that level, the water column was nearly isothermal . At SB 3, the follow-

ing morning, temperatures increased to a maximum at the 12-m level . An 

isothermal layer extended between 21 and 63 m, at which point temperatures 

decreased relatively quickly to lowest values just above the bottom . 
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The description of spatial variability contained in the following 

section relates directly to the tabular data and analog profiles contained 

in Appendix A. These data are summarized by the time plots of T-S profiles 

which are included later in this section . 

March 20, 1976-Southern Bank 1, 4 ; Hospital Rock l, 2 

Both Southern Bank (SB) stations showed little vertical variation in 

the salinity profile, though some spring warming was indicated in the 

temperature profile . The upper 40 m of the water column appeared to be 

well-mixed, with salinity increasing only 0 .14 ppt and temperature vary-

ing through a range of 0 .07°C . The thermocline occurred between 40 and 

50 m, though the temperature continued to decrease slowly through the 

bottom of the water column . Both upper and lower portions of the water 

column were isohaline with most of the variation in salinity occurring 

between 40 and SO m. 

The Hospital Rock (HR) profiles showed a gradual increase in salinity 

throughout the water column . The total top-to-bottom salinity difference 

was less than 0 .08 ppt in both cases . The temperature profiles indicated 

isothermal conditions through approximately the upper 35 m, with a 

decrease of 0 .2 to 0 .4°C, occurring primarily at the bottom of the water 

column . 



The SB temperature profile may be divided into three fairly distinct 
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were indicated in mid-depth layers . Water at HR 3 was 1-2°C warmer at 

depths between approximately 25 and 55 m . Salinity profiles showed incon-

sistent differences between 15 and 55 m, with differences on the order of 

1 ppt . Near-surface and near-bottom layers were spatially or temporally 

w 
isohaline and appeared to be well-mixed . 

July 11, 1976-Southern Bank 1 and Hospital Rock 1 

Temperature data at SB showed a well-mixed, seasonally-heated sur- 

face epilimnion layer through the upper 30 m. Temperatures decreased fairly 

uniformly at about 1 .5°C/10 m below a depth of 45 m. Salinity variations 

were slight and not concentrated through any particular layer . The top-

to-bottom salinity difference . was only 1 ppt . 

A similar pattern appeared at HR 1, with temperatures decreasing 

somewhat more quickly with increasing depth below the surface mixed layer . 

Vertical salinity variations were slight . 

August 11, 1976-Southern Bank 4 and Hospital Rock 3 

The temperature profile at SB 4 showed a double seasonal thermocline . 

A small temperature decrease of 1 .2°C was noted between 21 and 24 m, but 

the main decrease in temperature occurred below the 40 m level . Salinity 

increased irregularly through the upper 21 m, with a suspiciously high 

maximum of just over 37 ppt at a depth of 24 m . 

The HR 3 data showed a well-mixed surface layer through the upper 

15 m . Between 15 and 18 m, there was a slight decrease in temperature 

and a substantial increase in salinity . The top of the seasonal thermo- 

cline, however, appeared to be at about the 40-m level . 

September 14, 1976-Southern Bank 1 and Hospital Rock 1 



June 6, 1976-Southern Bank 3, 4 ; Hospital Rock 3, 4 

Significant spring/summer warming was indicated by the June seasonal 

cruise data from the Bank Stations . Surface temperatures at the two SB 

stations were well over 26°C . A seasonal thermociine had formed between 

approximately the 35 and 40-m levels, and an unusual layer of relatively 

cool water was found at about the 10-m level in both profiles . Vertical 

salinity variations showed the effects of the spring run-off in the upper 

15 m, with surface values less than 31 ppt . 

Near-surface homogeneity was indicated in the upper 10-15 m, but 

substantial temporal and/or spatial variations, primarily in temperature, 

3-79 

Vertical salinity variations at SB showed marked differences during 

the 12 hours between the two STD profiles . During that time, and/or 

between these two locations, surface salinities decreased by 0 .4 ppt and 

bottom salinities increased by 0 .4 ppt, The result was a somewhat more 

stratified water column at SB 3 . This was probably more a temporal than 

a spatial variation . 

The two HR stations were visited within an hour of each other, yet 

substantial variations were noted . Top and bottom temperatures were 

similar at the two locations, but at mid-depth temperatures were nearly 

1°C warmer at HR 1 . Similarly, top and bottom salinities were nearly 

identical, yet salinities at mid-depth were approximately 0 .3 ppt higher 

at HR 1 . It is interesting, however, that the sigma-t profiles at these 

two locations were nearly identical . One may tentatively conclude that 

substantial spatial temperature-salinity variations exist over relatively 

short horizontal distances in mid-shelf waters . This immediately raises 

questions regarding the spatial representativeness of hydrographic data 

from stations well-removed from the Bank Stations . 



December 1, 1976-Southern Bank 2 and Hospital Rock 4 

The SB hydrographic data clearly showed the result of convective 

overturning driven by fall and early winter cooling . Temperatures varied 

between 20 .9 and 21 .2°C throughout the water column, and salinity varied 

by only 0 .1 ppt . 

At HR, the upper 50 m were nearly isothermal, though a slight 

decrease was seen in the upper 15-20 m. Salinities varied by less than 

0 .6 ppt, with higher values in the upper part of the water column . 

j-Z$ l 

segments . An isothermal upper layer extended through the upper 20 m . 

Temperatures then decreased nearly uniformly at a rate of about 1°C/5 m 

to a depth of 70 m . The near-bottom water was again well-mixed . Salini-

ties increased irregularly with increasing depth to suspiciously high 

values in the lower half of the water column . The salinities seemed to 

be about 0 .5 ppt too high . 

HR temperatures showed the epilimnion extending through the upper 

25 m and the seasonal thermocline lying between 25 and 60 m. Salinities 

again seemed too high by about 0 .5 ppt below the 35 m level . 

November 8-9, 1976-Southern Bank 1, 4 ; Hospital Rock l, 2 

Both SB temperature profiles showed nearly isothermal water through 

the upper 60 m, with temperatures varying less than 0 .3°C . The remnants 

of the seasonal thermocline were found in the lower part of the water 

column . The salinity profile indicated nearly isohaline water, both in 

the horizontal between the two stations and in the vertical . 

The HR data were similar, with nearly isohaline water extending the 

length of the profiles, and nearly isothermal water occurring through the 

upper 60 m. Both profiles indicated a rapid drop in temperature of nearly 

3°C through the lowest 6 m. 
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variation at these locations was in the upper 20 m and between April and 

July . The spring run-off thus seemed to be the dominant process affecting 

bank station salinity profiles . Lowest surface values of just over 31 ppt 

were measured on the June Seasonal Cruise . Near-bottom water over the 

banks was temporally isohaline, with all values above 36 ppt . As noted 

The individual T-S profiles contained in Appendix A and described 

above are summarized by the four time-depth plots (Figures 52-55) . These 

figures were constructed by entering profile data at the appropriate 

depth along a time axis and by contouring isopleths of temperature and 

salinity . The T-S time plots from Southern Bank and Hospital Rock used 

hydrographic data from all cruises to improve temporal resolution . Thus, 

any or all of the four stations at each of the Bank Stations may have been 

used in constructing Figures 52-55 . 

Both temperature and both salinity time plots show essentially the 

same features and, being comparable, are discussed together . 

Temperature time plots from Southern Bank and Hospital Rock are shown 

in Figures 52 and 53, respectively . The water column vas characterized 

by nearly isothermal conditions throughout the winter and spring 

months, and through the upper 20-30 m, above the seasonal thermocline, in 

the summer and early fall months . The temperature data indicate that most 

rapid warming in the near-surface layer occurred during April and May, 

and that cooling at the same rate occurred from late September through 

November . Seasonal heating penetrated through most of the water column 

over the banks, and the thermocline in August was between 40 and 60 m. 

Surface temperatures varied between 21 and 29°C over the course of the 

year, and the bottom temperature range was 19 to 21°C . 

The salinity data (Figures 54 and 55) show that most of the annual 
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is depicted by plotting and contouring computed sigma-t profiles from the 

Station 3/II data (Figure 56) . The pattern is somewhat reminiscent of 

the plot of Station 3/II temperature profile data (Figure 46) in that it 

is comprised of two parts . An upper envelope, defined here by the 25 

sigma-t isopleth, represents the portion of the water column which becomes 

stratified as densities are decreased by seasonal heating or freshwater 

run-off effects . In the 1976 data, this is approximately the upper 75 m. 

The influence of the spring run-off (Figure 47) is clearly seen in the 

_j -V/ 

earlier, salinities over about 36 .45 ppt were highly suspect and probably 

reflect instrumentational errors . 

DISCUSSION 

Spatial Variations in Temperature and Salinity 

Gradients in annual temperature ranges are directed generally down-

ward and in the offshore direction . Minimum T-S variations occur in near-

bottom levels over the outer shelf . The greater T-S variability over the 

inner shelf reflects the more rapid response to heating and cooling pro-

cesses characteristic of a shorter water column, and the closer proximity 

of the inner shelf to the freshwater run-off through the estuaries . For 

comparison, the surface temperature range at Station 1/II and bottom temp-

erature range at Station 3/IZ were approximately 14° and 2°C, respectively . 

Salinity ranges were 8 ppt and 0 .6 ppt, respectively . Still to be deter-

mined is the difference in the temperature or salinity range at a given 

location that can be expected from one year to the next . The question 

of natural variability, even over annual time scales, is a crucial aspect 

of a baseline monitoring program . 

The seasonal transition from stratified to unstratified conditions 
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icity in the waters of the inner shelf . This is shown most clearly in the 

.3-07 

upper 10 m in late May and early June . This low density water, with the 

associated strong density stratification, quickly disappears, though the 

23 sigma-t line is carried along by seasonal heating through mid-September . 

There is some-indication of a slight convergence of the sigma-t isopleths 

during the summer months, but, with the exception noted above, the strati-

fication of Texas shelf waters does not appear to be particularly strong . 

The buckling of the 25 and 26 sigma-t isopleths at greater depths corres-

ponds closely with the vertical migrations of isothermal surfaces noted 

in Figure 46 . One may tentatively conclude that mid-summer density strati-

fication is strongly influenced by the same shorter-period, cross-shelf 

motion that produce the observed large vertical migrations of isothermal 

surfaces . The causes and characteristics of these cross-shelf motions 

remain poorly understood . 

Dominant Time Scales Affecting T-S Distributions 

The important time scales over which major T-S changes occur cannot 

be fully investigated with the existing sampling program . Shorter-period, 

advective and periodic processes may occur over time scales well within 

the approximately monthly sampling of the water column cruises . For 

example, Smith (1975) documented reversals fn the longshore motion over 

the inner shelf occurring over time intervals on the order of 1-2 weeks . 

Similarly, the Brunt-Vaisala frequencies computed from the T-S profile 

data (see Appendix A) indicate that internal waves may occur at frequencies 

of 50-100 cycles per hour . The investigation of T-S variations over such 

short time intervals clearly requires a completely different sampling 

program based on self-recording instrumentation . 

The available data, however, do indicate a dominant annual period- 



some indication of the physical processes responsible for the observed 

changes . The annual heating and cooling observed in shelf waters, along 

with estuarine waters and the near-surface waters of the open ocean are 

both dominant processes and the best understood . They are cnnceptually 

straight-forward and need not be described in detail here . Similarly, 

the spring salinity minimum and the late summer-early fall cross-over in 

the T-S polygon can be easily explained as a direct result of the spring 

freshwater run-off and the annual precipitation maximum . Together, they 
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T-S plots from Station 1/II . A polygon that forms a single circular, 

elliptical or back-and-forth pattern reflects a dominance of annual heat-

ing and cooling, along with whatever precipitation/evaporation balance 

effects might be superimposed . This is the case at surface and bottom 

levels at Station 1/II, and at the surface at Station 3/II . With data 

points more closely spaced in time, there would undoubtedly be a substan-

tial amount of higher frequency "noise" superimposed onto the existing 

shape, but it is probable that the basic pattern would remain essentially 

the same . 

At near-bottom levels over the outer shelf, the basic pattern is 

very different . Instead of a single loop, the pattern is one of a series 

of back-and-forth sweeps warming and cooling through a very narrow salinity 

range . Thus, the dominant time scale decreases from an annual one to one 

on the order of days or weeks . The length of time cannot be resolved 

from the available data . It is clear, however, that the sampling program 

designed to monitor seasonal or annual hydrographic variations over the 

inner shelf is not suitable to document hydrographic variation's at near-

bottom levels over the outer shelf . 

The time scales, and the timing associated with T-S variations gives 



give the T-S polygon an interesting and unique signature, but they 

present no great mystery in their interpretation . 

The shorter time scales, found in the near-bottom data from Station 

3/II, do, however, present a mystery in the interpretation . This may 

reflect, to varying degrees, local internal wave activity, internal tides 

or advective processes in longshore and/or cross-shelf directions . The 

determination of the characteristic time scales, and certainly the 

understanding of the driving forces, requires closely-spaced time series 

measurements of sub-surface currents and temperatures . The observed 

temperature variations, occurring over time scales on the order of a 

few weeks, may be directly related to the encroachment of offshore waters 

onto the shelf . If so, the effect these motions have on the cross-shelf 

transport of suspended materials and planktonic forms of life makes this 

aspect of the physical oceanography of shelf waters of primary importance 

for further study . Regardless of the causal mechanisms, the fact remains 

that there is a substantial amount of relatively short period hydrographic 

variability . An important goal in the hydrographic component of the Texas 

Outer Continental Shelf is, and should continue to be, the determination 

and understanding of the limits and other statistics of natural variability . 

This is a logical and necessary aspect of any baseline monitoring program . 
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The interrelationships among Secchi depth, phytoplankton abundances 
and chlorophyll a were good . ATP concentration was related to chlorophyll 
a concentration during the spring, but not during the summer and fall . 
The relationships between salinity and plant biomass suggested that fresh-
water runoff was a significant nutrient source in the study area . 
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ABSTRACT 

The 1976 phytoplankton and productivity studies consisted of 1) water 
column light measurements, 2) phytoplankton species counts, 3) chlorophyll 
a determinations, and 4) ATP determinations . General methods for each 
technique are presented in flow charts . 

An offshore decrease in concentration was observed in all biomass 
parameters . This pattern was especially true of the net chlorophyll a 
fraction . Secchi depth generally increased offshore . An along-shelf 
gradient apparently occurred characterized by higher plant biomass at 
Stations 1/I, 2/I and 1/II . ATP exhibited highest concentrations at Sta-
tions 1/I and 1/III . Depth profiles of chlorophyll a often showed sub-
surface maxima . Monthly changes at Stations 1/II and 2/II followed a 
bimodal cycle with a major peak in April and a minor rise between Sep-
tember and December . Station VII showed a very broad rise between June 
and December . 

The phytoplankton species were grossly divided into two groups at 
Stations VII and 2/II, December-April and May-November . Station VII 
exhibited less seasonality in species composition . Low diversity (<2 .00) 
occurred on five occasions during 1976 and was associated with blooms of 
SkeZetonema costatum, Nitzschia deZicatissima or LeptocyZindrus danicus . 



Samples for chlorophyll a and phytoplankton ATP biomass determinations 

were taken with 30-1 Niskin bottles seasonally at the 12 primary stations of 

the STOCS study area and monthly at the three primary stations along Tran-

sect II . Samples were taken at the surface, one-half the depth of the 

photic zone and near-bottom . Samples for phytoplankton identification and 

INTRODUCTION 

The purposes of the 1976 BLM STOCS phytoplankton and productivity work 

element were to 1) measure the light extinction of the water column ; 2) 

enumerate phytoplankton species ; 3) determine chlorophyll a concentrations 

in net- and nannophytoplankton fractions ; and 4) determine ATP concentration 

in total suspended particulate . These measurements provide a baseline of 

phytoplankton and microplankton biomass under relatively pristine Texas 

shelf conditions . 

Each of these measurements is backed by extensive literature . Water 

column light measurements including Secchi depth determinations, were reviewed 

by Strickland (1958) . Jerlov and Steeman-Nielsen (1974) provided a recent 

discussion of optical oceanography . Steidinger (In E1 Sayed et aZ ., 1972) 

discussed phytoplankton species enumerations in the eastern Gulf of Mexico . 

Parsons and Takahashi (1973) reviewed the applications of the chlorophyll a 

and ATP techniques . 

Studies of phytoplankton and microplankton on the STOCS prior to the 

BIM program are almost non-existent . Occasional collections by Texas A&M 

University have been made (E1 Sayed, personal communication) . General infer-

ences applicable to the study area were given by E1 Sayed et at . (1972) . 

The best source of previous data is the 1975 BLM Final Report (Van Baalen, 

1976) . 

METHODS AND MATERIALS 



enumeration were taken at those stations listed above and only at two 

depths ; surface and one-half the depth of the photic zone . Replicates for 

each sample type were taken at the discretion of the Principal Investigator . 

The detailed experimental procedures used in making the various mea- 

surements are given is the following subsections . 

Water Column Light Measurements 

Secchi depth determinations were made at each station . Supplementary 

observations were obtained with a LAMBDA submarine photometer dependent on 

weather conditions and instrument availability . Photosynthetically active 

radiation (PAR) profiles obtained with the LAMBDA submarine photometer are 

included as Figure 1, Appendix B . 

Chlorophyll a and ATP Determinations 

The methods used for chlorophyll a and ATP determinations follow 

basically the procedures outlined in Strickland and Parsons (1968) . Chlor-

ophyll a concentrations were calculated using various equations . The 

whole absorption curves between 570-710 am are given in Appendix B to allow 

future calculations with improved equations derived at some later date . 

30-1 Niskin Bottle 

Chlorophyll a ATP 

3-5 1 of water filtered through Jan .-June : 1-4 Z water filtered 
20 um YITEY mesh ; 2-4 1 of fil- through 0 .4 um, 47 mm NUCLEOPORE 
trate filtered through 0 .4 um filter (2-4 filters) with gentle 
47 mm NUCLEOPORE filter (4 fil- suction ; filtering time 30-40 min-
ters) with gentle suction ; time utes ; 
30-40 minutes . July-Dec . : 1 1 water filtered 

through 0 .4 um, 47 mm INtTCLEOPORE 
filter (2 filters) with gentle suc-
tion ; filtering time 10 minutes . 

Place filters 844 '' in CORNING 6 Filters placed in 4-dram vial, add 
tube and freeze immediately ; 5 ml of 0 .02 M TRIS buffer, pH 7 .6, 
return sample to lab . and heat at 100°C for S minutes ; 

y immediately freeze ; return sample 
to lab . 

t 



Thaw just before assay ; place 0 .4 
ml in quartz vial, 16 mm OD, pos-
itioned in front of photomultiplier ; 
add 0 .1 m1 of FLE-SO (Sigma Chem-
ical Co ., St . Louis) firefly ex-
tract ; record light output curve 
for 2 minutes : 
1)Jan .-June : Photomultiplier RCA 
4473, operated at 720 volts (Keith-
ley 246), anode signal detected on 
Keithley 414 S Picoammeter and 
recorded . 
2)July-Dec . . 
ATP content of sample compared to 
crystalline ATP (Sigma Chemical Co .) 
standards run at same time on AMI:TCO 
Photomultiplier . 

Phytoplankton Counts 

Same 30-1 Niskin Bottle 

Preserve 1-1 water in 2 percent 
formalin solution ; return to lab 

Pour preserved water aliquot 
into 10, SO or 100 ml settling 
chamber (ZEISS) ; let stand for 
24 hours ,j, 

T 
Examine half or whole slide at 
200X magnification on an inver-
ted microscope ; record species 
and abundance 

Return counted aliquots to 1-1 
sample bottle ; settle total 
column; siphon off supernatant 
until 10 ml remains 

Pipette 1 ml of preserved water 
aliquot into Sedgewick-Rafter 
cell ; examine 2-4 transects at 
2008 magnification ; record 
abundance of coccolithophorids 

Add 4 ml of 90 percent acetone 
(redistilled) and approximately 
1 mg YaHC03, disturb with glass 
rod, extract at room temperature 
in dark for 1 hour . 

Filter through fine porosity sin-
tered glass filter (CORNING) 
36060, size 15F ; wash tube and 
filter and make to 5 ml . 

Record absorbance 570 to 710 nm, 
1 cm cuvette, CARY 118C spectro-
photometer ; acidify sample and 
rerun spectrum 

The quantitative counts of aetphytoplankton follow the procedures of 

Utermohl (1931) . The semi-quantitative counts of coccolithophorids provide 

a rough estimate of their abundance . 



Total chlorophyll a concentration decreased offshore on all transacts . 

The highest values occurred at Station 1/I with intermediate abundances 

at Stations 2/I, 1/II, 1/III and 1/IV . Distribution of the chlorophyll a 

nannophqtoplankton and netphytoplankton fractions are compared in Figure 

4 . The former followed the trends previously mentioned for total chloro-

phyll a (Figure 3) . The latter (netplankton chlorophyll a) was detectable 

only at Stations 1/I, 2/I, 1/II, I/III and 1/IV . 

'The absorbance curves from which all chlorophyll a values were calculated 
are included in appendix B . 

1 

Return counted aliquot to con-
centrate ; archive remaining 
liquid and cells 

RESULTS 

The results presented herein analyze the data for significant pat-

terns and trends . The raw data were presented in the previous quarterly 

reports and are included in Appendix B that accompanies this report . 

Seasonal Surface Patterns 

The seasonal surface patterns of measured parameters are given in 

Figures 1-5 . As shown in Figure 1, Secchi depth generally increased off-

shore in response to changes in water depth and phytoplankton biomass . 

There was not an apparent nor consistent along-shore pattern in water 

clarity as relatively clear or turbid patches of water were scattered 

among the four transects . 

Seasonal phytoplankton counts are compared in Figure 2 . An off-

shore decrease in cell number occurred along Transects Iand II, whereas 

Transects III and IV displayed a more even distribution . The highest 

counts generally occurred at Stations 1/I, 2/I and 1/II . 

Figures 3 and 4 show the area trends in chlorophyll a concentrationl . 
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Figure 1 . Seasonal Secchi Depth (m) Variation in the STOCS Study 
Area . (W=Winter, S=Spring, F=Fall) 
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Figure 2 . Seasonal Phytoplankton Abundance'(Cells 1'1) Variation 
at the Surface in the STOCS Study Area . 
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Figure 3 . Seasonal Total Chlorophyll a (ug 1'1) Variation at 
the Surface in the STOCS Study Area . 
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Variation at the Surface in the STOICS Study Area . 



This size fraction was generally detectable at all stations during all sea-

sons at some point within the water column . During the winter, Station 1, 

all transects, displayed uniform distributions with depth . Station 2, all 

transects, also showed uniform distributions with depth, except at Station 

2/I where a mid-depth minimum occurred . Station 3, all transects, showed 

significant chlorophyll a concentrations from the surface to the half-

photic zone, but low concentrations in bottom samples . During the spring, 

Figure 5 displays seasonal variation fn surface ATP concentration . 

A general offshore decrease was detectable on all transects . Highest 

values occurred during the Fall at Stations 1/I and 1/III . Occasional 

intermediate values were scattered among the four transects . 

Depth Patterns 

The seasonal depth patterns of phytoplankton biomass are given in 

Figures 6-7 . Figure 6 shows the depth pattern of net chlorophyll a . 

During the winter, Station 1 (all transects) showed the highest concen-

tration in bottom samples, especially Station 11I . Stations 2 and 3 

(all transects) generally showed a mid-depth minimum, except at Stations 

2/I and 3/II where a mid-depth maxims occurred . During the spring, 

Station 1 (all transects) maintained bottom maxima, especially at Sta-

tion 1/III . Stations 2 and 3 generally showed uniformly low concentra-

tions with depth except for the bottom maximum at Station 2/I . During 

the fall, Stations 1/I, 1/II and 1/III showed increasing amounts of 

chlorophyll a with depth at successively higher concentrations . Station 

1/IV displayed a uniformly low chlorophyll a concentration with depth . 

Stations 2 and 3, all transects, generally showed uniformly low concen-

trations with depth, except at Station 2/I which had a subsurface mini-

mum . 

Figure 7 shows the depth pattern of nannophytoplankton chlorophyll a . 



Figure 5 . Seasonal ATP (ug 1-1) Variation at the Surface in the 
STOCS Study Area . 
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Station 1/II displayed about the same pattern at all depths, i .e ., con- 
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Stations 1 and 2, all transects, generally displayed highest concentra-

tions in bottom samples . Station 3, all transects, showed a complex 

pattern . Station 3/I was uniformly low in chlorophyll a with depth ; 

3/II showed a surface maximum ; 3/II showed a mid-depth maximum; and 3/IV 

showed a bottom maximum . During the fall, Station 1, all transects, was 

again generally uniform in chlorophyll a concentration with depth . Sta-

tion 2, all transects, showed highest concentrations in bottom samples . 

Station 3, all transects, generally showed an increase with depth, except 

at Station 3/II . 

Monthly Temporal Patterns 

Figures 8-11 display the monthly temporal patterns of the various 

measurements at various depths along Transect II . Figure 8 shows monthly 

Secchi depth variation through the year . Water clarity was generally 

relatively low at Stations 1/II, 2/II and 3/II between December and June . 

Water clarity generally increased between July and November . Though 

Secchi depth determinations generally increased offshore, the water column 

at Station 2/II was, at times, clearer than that at Station 3/II . 

Figure 9 shows monthly phytoplankton counts at the surface and half- 

photic zone . Station 1/II increased in cell numbers in March at both depths 

and Stations 2/II and 3/II increased in cell numbers in April at both 

depths . The spring peak was generally dominant at all three stations . 

Cell numbers gradually decreased at all three stations through May and 

June, reached summer low values in July, and maintained these values 

through November . The three stations generally showed increased phyto-

plankton numbers at both depths in December . 

Figure 10 shows total chlorophyll a concentrations through the year . 
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peaks were evident at all depths of Stations 1/II and 2/II . The first 

peak occurred in April and the second between September and December . 

Station 3/II showed higher surface and one-half photic zone concentra-

tions between January and April and between September and November . The 

bottom samples showed a single higher value in July . 

The rank order of phytoplankton species abundance by sampling date, 

depth and station are presented in Table 1, Appendix B . Similar informa-

tion for total coccolithophorids abundance is included in Table 2, Appendix B . 

The monthly temporal pattern of phytoplankton species composition 

for Stations 1/II, 2/II and 3/II are presented in Tables 1-3 . Data from 

the surface and one-half photic zone samples were lumped in compiling 

these tables . Using the data in Table l, Appendix B, Tables 1-3 were 

4-19 

centrations increased from January to April, decreased from April to 

June, maintained low levels from June to November and increased in Decem-

ber . Station 2/II displayed similar patterns at the surface and one-

half the photic zone and corresponded with the dynamics at Station 1/II . 

The amplitude, however, was less in the one-half photic zone samples . 

The bottom sample at Station 2/II showed a total chlorophyll a maximum 

in July . 

Station 3/III did not show a spring maximum as observed at Stations 

1/II and 2/II . The surface, one-half the photic zone and bottom samples 

showed an increase in concentration in the latter half of the year . . The 

bottom sample showed a maximized concentration in August .' The total 

chlorophyll a concentrations greater than 1 ug 1-1 were generally caused 

by significant populations of the netphytoplankton fraction . The remain-

ing pattern was primarily due to changes in the nannophytoplankton frac-

tion . 

Figure 11 shows the annual cycle of ATP concentration . Two general 



4-20 

o o ° ° ~°` "°~ a o 

J A S 0 N D 

F PHOTIC 

r 
1.2 

l0 

.8 

.s 
~' .4 

v .2 
a 
~ 0 Q 

HAL 

0 o J/ 0 0 0 0 
0 0 

J F M A M J 

1 
1 

o J 
o 

\' 
.00 

0 /~ ~ o 
0 0 o 0 

J A S 0 N 0 

Lo 
.8 

.6 

.4 

.2 

BOTTOM 

\\. 
O O O O O O O O O 4 O 

J F M A M J 

° ~ V 
O O d O O O O D d 

J A S 0 N 0 

Figure 11 . Monthly Variation of ATP (ug 1-1) along Transect II at 
the Surface, One-Half the Photic Zone and Bottom . 

.8 

.6 

.4 

.2 

0 

o--o'-o'1°~ o 
0 0 0 0 

J F M A M J 

SURFACE 

TRANSECT i1 



LeptocylincG"ue minitmia 2 2 
Tlwlanaioniiu ivtula 3 9 6 
Nitaechia delivatiaeima 4 1 5 
Coaoiduair-a polyahorda 8 10 1 
T3WZaaaionaaiu nitaeohioddeo 9 
Nitaeahiu aariuta 6 3 6 12 
Coaainoeil+a ueetrupii 11 5 2 
AataviurtollU glavialia 12 
DCCy1wn Lrfyhtrkllsi 5 JO 
Ciwietucat "ua niitrq 6 
L'irutaulifia GerUalii 7 
Rhi$ouoiepiiu etuZterfuChii B 1 5 
Ciwetucvroe paeudoouruseetue 9 9 
CiwatOaeroe didymue v . 10 

protuberalla 
Clwwtocaroe asoiytiena 2 4 
BrauCr~duatrwn hyulinurx 3 3 
Chaatooarwe peuudoorinitua 6 
Rhisoaoienia aaloar avia 7 
(:uincuvlia flaooida 8 5 
GonyquLaa minims 1 1 3 
Rhi.aueolenia ulata u . 2 

alata 
NitaxvUq olueGerium 3 i 
Phnlaueiothrix finuenjeldii 4 
khisueolellia aluta v . 

irulsoa 
Care tium Ionginum 6 
Amphidirdiun nautiaeimum 7 
Navioula diatane 8 2 1 7 
Ciwatouerua Jiuereue 2 
Yeridinsum aeradua ) 
C)weGoaarua moanuneneie 6 
Chaatoaetva tetruatiehon 7 
Chuetoc . :roa ouaruticua 
Cikeetuserua didymue V . 7 

UIljZ LaJU 
Hli{aueo2eniu rnGuata 9 
Chaatoctroe oumpreaeue 
Ciwetoaeroa uffiriia y 
LRdcumpia suWliucue - 8 
h'hiausulenia atylifurnria 11 

TABLE 1 

MONTHLY CHANGES IN PIiYTOPLANKTON SPECIES COMPOSITION AT STATION 1/II . 
NUMBERS UNDER EACH CRUISE HEADING GIVE RANK ORDER OF DECREASING ABUNDANCE 

SPECIES WINTER MARCH APRI L SPRING JULY AUGUST FALL NOVEMBER DECEMBER 

H~orooentrwn cunpreaaum 1 
SkaZetonama coabatwn 2 1 4 1 
Proroaentrwn mfaune 3 8 
Nitaeo/via punWena 4 7 S 
Thalaaaioairu daoipiane S S 
Gonyuulu :c pulyg~wnma 6 4 
Nitzeuhiu puaifioa 7 
Nitaachia lungiaesma 8 
L.:ptoayliruG~ue danioue 9 4 
Pyt't)EIj1Q .711d horologiuni 10 



TABLE 2 

MONTHLY CHANGES IN PHYTOPLANKTON SPECIES COMPOSITION AT STATION 2/II . 

NUMBERS UNDER EACH CRUISE HEADING GIVE RANK ORDER OF DECREASING ABUNDANCE 

. , SPECIES WINTER MARCH APR IL SPR ING JULY AUGUST FALL NOVEMBER DECEMBER 

Skalatuntrra ooetntum 1 2 1 1 
Clutetuvdroa ourvisetue 2 6 
C)wetoveroe decip{ana 3 6 11 f S S 2 
Cerataulina 6erponii 4 S 
Nitaaohfu paoifioa S 
Clutetoauroa peaudoourw:aetue 6 9 3 
Clutetooeroe mfttvi 7 7 
Nitaaohia puoij.:nu B 9 Il 
Nitaaohiu 1ongieeinq 9 3 1 3 1 10 
Nitaachin delioatiaaima 10 1 7 S 
Bact .:riaatrum hyalinum 11 8 
NavicuZu )wnrLinrwoea 12 
G7w.stoalroa didynwe v. 13 
prbtuLerwple 2 7 9 

Nitaechin uZoatarfwn 3 
C)wdtouetwa aooi4lie 4 
Dinophyatn caudata v. 5 
prJuncuZuta 

Chaetuoa»oa uomNreaeus 1 1 
CIwaCocuroa nauewtanaie 10 8 N 
NitaaJhiu aeriat4 111 4 4 5 
L~rptow~li+uL~ue mil+inae 2 
DityZum LrightLwllii 6 
Chaetoaeroe affinie 8 
Rhisoeolen{u atoZterfoth{i 10 B 1 10 
LeptocyZindrue danioue 3 3 
Trivltodaerrrium app . 5 
davtarinetrwn alongutwn 9 
Gliinuidiu JZasaidci 10 3 
Chaetoaaroe palagiaue 12 
Chaetooeroa Zaainoaue 2 
Iauotylionuien anturvtioue 4 
Chuatoueroa patwuienua S 
khiaoauZeltia ulutp V. 6 

uluta 
Chuutocaitin Jiueraua 7 
NuuivuZa wewrtkue 8 
Ainphidiniwn uoutiaui+mun 9 B 3 
7'huluueiC,tl.uw rit.tuuvhiusdea 1 4 8 4 
IG :miuuluo udnenain 2 
7'lwlaauio6hrii jraunfeZdii 6 9 
Curtyaulru mulinw p 
Cliuetaueroa aouGuGue t 
Chaetuaw+vu Ji.rcallatua 4 
Ha .." L,." r "iuulrwn mediLurruneum 
tdu:zuaoleniu aLylifoimia V . 7 

LuriUispinu 
G9wetoaerue g1undusii 8 
7'hulaaaiuuira rotula 
Cuaoino'tir "a (,oZyuJturdq 7 



TABLE 3 

MONTHLY CHANGES IN PHYTOPLANKTON SPECIES COMPOSITION AT STATION 3/II . 

NUMBERS UNDER EACH CRUISE HEADING GIVE RANK ORDER OF DECREASING ABUNDANCE 

SPECIES WI NTER MARCH APRIL SPRING JULY AUGUST FALL NOVEMBER DECEMBER 

Nitanuhia deZioatiaaima 1 2 1 3 3 7 1 3 
TIinlass soilanu nEtreohioidea 2 1 1 2 1 
SkuZetwicuw uoetatum 3 2 
Chuatooeroa deaiptene V. 4 6 

aingularie 
840tet'L4tlLI "Wn 62UI184tW11 
Buateriaatrwn hyalinum 6 7 
Giadtooerua aanpraaeua 7 S 2 7 
Nitaachia iupigieainn 8 4 
Meloaiiw eulontu 9 
Nitnaahfa aloateri.uw 10 1 6 
Chaatooaraa dao{pima 11 3 6 3 Y 6 4 2 
Thalaaaiuthrls flwuenjaldis 12 
Chuetoveroa glnnduaii S 
Laptuaylsndrue dansoua 6 9 1 8 6 
Rhisosuleplia alatq v. B 

inJiaa 
Nemsuulun huuaksi 9 
Chadtooeroe meeeaneneia 10 
qmyhtdiniwn acutieeimum 11 S 6 2 5 
Chazto.:eroa didymua v. 3 
protuLarvne 

ClWetoaeroe nJfin{a 4 
RhizoaoZenia alma v. 7 10 4 

gttta i Z 1 inu 
C1waWuzroa diversua 8 1 
CjK7dCUc72YOB ZQOLnWBIII IO 
Clwatovaroe poaudouurV{aotua 11 
Clwatooeioa pneudoorwnitue 2 
Guinuivlia fZuovidn 4 6 
NhisoaoZenia etoLterfothit 5 4 
Rhisoauleniu atyliform{e v. 7 

Zongiepirw 
Aaotyiionolen antaratioue B 
9'riahodeamitun spp . 9 
Tlalaeaiuthris 1ongieaima 11 
Gervitium aunuilfane 12 
PereJlnium tuba 13 10 
CJaatocerou eimpZex 14 
khsauaol,dida imGrioqttt 15 
Guriynulrtx minima 6 8 
Carutium kofoidii 7 
Hemiaulue a{nanaie 4 S B 
Buotariuatrum etagans S 
hjrophucua 1wroZoyiwn 9 
khisuaoZeniy uluta u. I 

alutu 
Hhiaoeolarria caluar Qvia 3 
Striutalla intarruptn 4 
Chuetvueroa tatruatiahnn B 
Chuetocarua ourwieetua 7 S 
Gtuatoc2rae dansus g 
StraptoLiieaa lhwnente 10 
Nitaa::l,ia seriata 8 



3/II December-April : Nitzsehia deZieatissima, SkeZetonema eostatzm, 
TlcaZassionema nitzschoides, Chaetoeeros deci-
piens, LeptoeyZindrus danicus . 
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generated by listing the 10 most abundant species at each station during 

successive cruises in rank order of decreasing abundance . The numbers 

under each cruise heading gives the rank order of abundance within that 

period . For example, at Station 1/II, March, SkeZetonema costatzan was 

the most abundant species and AsterioneZZa gZaciaZis was the least abun-

dant species listed on Table 1, Appendix B. 

The tables express in a simple way the community changes observed 

at Stations 1/II, 2/II and 3/II during 1976 . Some general observations 

applicable to the three tables are : 

1) Successive monthly cruises unfailingly added new species to the 

overall list of most abundant species . Station 3/II exhibited a large 

number of new species during the spring cruise ; 

2) The communities may be grossly divided into two temporal groups, 

a) December-April, and b) May-November ; 

3) Stations 1/II and 2/II exhibit more seasonality in species compo- 

sition than Station 3/II . 

The dominant species at each station during the periods defined in 

2a and b above were : 

1/II December-April : SkeZetonema costatum, LeptocyZindrus minimus, 
Nitzschia deZicatissima, Nitzsehia seriata . 

May-November : RhizosoZenia stoZterfothii, Chaetoceros deci-
piens, Bacteriastrum hyaZinum, GonyauZax minima, 
Nitzschia cZosterium, NavicuZa distans . 

2/II December-April : SkeZetonema costatum, Chaetoceros decipiens, 
Nitzschia detieatissima . 

May-November : Chczetoceros decipiens, LeptocyZindrus danicus, 
Artphidinium acutissimum . 



Relationships Among Phytoplankton and Productivity 

Figure 12 compares Secchi depth determinations with surface total 

chlorophyll a concentrations . This semi-log plot [Log(Chl a) = 0.140-

0 .036(S .D .)] demonstrates that high surface-chlorophyll a concentrations 

were associated with shallow Secchi depths and that low surface chloro-

phyll a concentrations were associated with deeper Secchi depths . The 

deviations from the regression line were probably caused by turbidity 

from non-phytoplankton sources and by sub-surface patches of phytoplank-

ton biomass . 
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May-November : Same as December-April, Amph2dinium acut2ssimum, 
GonyauZax minima, HemiaZus sinensis . 

A more detailed analysis of community structure and spatial patterns 

will be attempted when appropriate cluster techniques become available . 

Table 4 lists the monthly diversity indices for each sample collected 

during 1976 . Replicated samples are represented by the median of the 

three values available . Diversity index values less than 2 .0 occurred at 

Station 2/I, one-half the photic zone, winter ; Station 3/II, surface, 

April ; Station 3/II, one-half the photic zone, spring ; Station 1/II, sur-

face, December ; and Station 1/II, one-half the photic zone, December . No 

diversity index values less than 2 .0 were observed between the July and 

November cruises . The diversity index values less than 2 .0 generally 

reflected the extreme dominance of a single species . These, respectively, 

were Sketetonema costatum, Nitzschia deZicatissima, LeptoeyZiredrus danicus, 

SkeZetonema eostatum, and SkeZetonema costatton for the five samples men-

tinned above. These three former species appear to be the main "bloom" 

species on the South Texas Outer Continental Shelf. 

DISCUSSION 



MONTHLY CHANGES IN SPECIES DIVERSITY (H)1 IN SURFACE AND ONE-HALF PHOTIC ZONE SAMPLES FROM ALL STATIONS 

Station Depth Winter March April Spring July August Fall November December 

3 .02 1 .21 
3 .54 1 .57 
4 .06 2 .88 
4 .35 2 .35 
3 .32 4 .05 
3 .63 3 .58 i 

n 
0 

H = i = P' 1092P' 
where, 

Pi = abundance ith species 
total abundance 

TABLE 4 

1/I 0 3 .10 3 .59 3 .48 
.5P 2 .73 3 .55 2 .72 

2/I 0 4 .01 3 .58 4 .03 
.5P 1 .20 3 .88 4 .07 

3/I 0 4 .65 3 .23 3 .30 
.5P 4 .25 3,76 3 .04 

1/II 0 3 .16 3 .78 3 .15 4 .84 4 .06 3 .51 3 .55 
.5P 3 .98 2 .66 3 .00 4 .85 3 .52 3 .48 3 .52 

2/II 0 4 .25 4 .30 3 .30 3 .93 3 .77 2 .72 3 .02 
.5P 3 .50 4 .38 3 .38 2 .49 2 .29 3 .94 2 .97 

3/II 0 5 .14 3 .15 1 .81 3 .01 2 .81 3 .54 3 .21 
.5P 4 .69 3 .05 2 .14 1 .66 3 .56 3 .19 3 .21 

1/III 0 4 .67 4 .39 2 .68- 
.5P 4 .12 4 .36 2 .70 

2/III 0 4 .66 3 .39 3 .57 
.5P 4 .81 3 .91 3 .57 

3/III 0 5 .06 2 .77 3 .62 
.5P 4 .55 2 .93 3 .40 

1/IV 0 3 .94 4 .14 3 .87 
.5P 3 .64 4 .59 3 .48 

2/IV 0 4 .61 4 .16 3 .62 
.5P 4 .50 3 .92 3 .75 

3/IV 0 4 .47 4 .48 2 .68 
.5P 4 .30 3 .15 3 .08 
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ton numbers and ATP concentrations, and between ATP and chlorophyll a 

concentrations . Figure 15 shows that phytoplankton numbers and ATP con-

centrations were poorly related . Figure 16 suggests, however, a some-

what more direct relationship between ATP and chlorophyll a. The 

scatter associated with this plot may be partially explained by consider-

ing the correspondence between the carbon predicted by various C/Chl a 

ratio (Eppley, 1972) and the carbon predicted by ATP concentration 

(Holm-Hansen, 1966) . Eppley (1972) suggested that natural phytoplankton 

populations normally have C/Chl a ratios between 30 and 60 under nutrient 

rich conditions, between 90 and 120 in coastal, low-nutrient conditions, 

and between 120 and 150 in the central ocean deserts . These standards 

can be applied to the present data . The points that fall between C/Chl a 

ratios of 30 and 150 probably represent suspended organic matter closely 
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Figure 13 compares the surface patterns of total chlorophyll a 

concentrations and total phytoplankton cell numbers . This semi-log plot 

[Log dot PhyO = 4.102 + 0 .670 (Tot Chl a)] demonstrates that these two 

measurements of plant biomass exhibited parallel trends . Variation 

around the regression line was primarily caused by changes in the amount 

of chlorophyll a per cell in different species . 

Figure 14 examines the relationship between centric diatom cell 

numbers and net chlorophyll a concentrations in surface samples . Gen-

erally, the chlorophyll a in the net fraction was not detectable until 

centric diatom cell .counts exceeded 10,000 cells l-1 . At greater cell 

densities, the chlorophyll a concentration generally increased with centric 

diatom cell numbers . The data suggests that centric diatoms contributed 

significantly to the variations of net chlorophyll a concentrations . 

Figures 15 and 16 depict the relationships between total phytoplank- 
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sources driving phytoplankton production, Figures 17, 18 and 19 show the 

relationships between biological parameters and salinity . The plot of 

surface salinity vs Secchi depth in Figure 17 shows that at salinities 

below 34 ppt Secchi depth was generally less than 8 m, but at salinities 

above 34 ppt Secchi depth ranged from 5 to 41 m . Only the data from 

the May cruise depart significantly from the general pattern . During 

May, at salinities between 30-34 ppt Secchi depth ranged from 7 to 27 m . 

This clear, low-salinity water may have originated from the Mississippi 

River . 

Figure 18 shows the surface relationship between salinity and total 

chlorophyll a . Due to the lower concentrations of chlorophyll a encountered 

during 1976, the trend of increasing chlorophyll a with decreasing salin-

ity was not as strong as the relationship noted in 1975 . 

Figure 19 shows that the netphytoplankton fraction [Net Chl a = 

4 .55 - 0 .13 Sal] was generally more responsive to changes in salinity 

than the nannophytoplankton fraction [Nano Chl a = 0 .76 - 0 .01 Sal] . 

Figure 20 shows the relationship between ATP concentration and 

salinity at the surface of all transects . The pattern varied with time 

of year . The main outliers from the pattern of increasing ATP with 

decreasing salinity occurred in September and November . 
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related to phytoplankton . Most of these represent winter-spring samples . 

The points below the C/Chl a ratio of 150 probably represent suspended 

organic matter that results from sources other than phytoplankton . Most 

of these points represent summer-fall samples . 

Since freshwater runoff is considered one of the major nutrient 
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STOCS study area . 

Y-JV 

CONCLUSIONS 

1) Seasonal surface patterns of all measured parameters showed an 

offshore decrease in biomass and suggested decreasing biomass from north 

to south . 

2) The netphytoplankton fraction (>20 um) occurred in detectable 

concentrations only at the inshore stations . 

3) Chlorophyll a concentrations often showed subsurface maxima, in 

both net and nannoplankton fractions . 

4) The monthly temporal patterns of all parameters at all depths at 

Station l, showed a bimodal cycle of production characterized by a major 

peak in April and a minor rise between September and December . The sur-

face samples at Station 2 followed the dynamics at Station 1, but the 

deeper samples appeared to lag the surface with a broad rise that lasted 

through July . Station 3 showed a very broad rise at all depths between 

June and December . 

5) The phytoplankton species grossly divide into two groups at 

Stations 1/II and 2/II : December-April and May-November . Station 3/II 

exhibited less seasonality in species composition with a few species being 

abundant throughout the year . 

6) Low diversity occurred at five occasions during 1976 associated 

with blooms of 5`keZetonema costatum, Nitzsehia deZicatissima or Leptoey- 

ZZYIdT'll3 CICdYGZCZLS . 

7) Secchi depth, phytoplankton abundances and chlorophyll a concen- 

trations are closely related . ATP concentration was related to chlorophyll 

a concentration more so during the spring than during late. summer and fall . 

8) The relationships between salinity and biomass parameters sug- 

gested that freshwater runoff was a significant nutrient source in the 
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Nansen net, Niskin bottle and sub-cores from bottom grab samples 
were collected in the BI.M-STOCS study area seasonally and monthly dur-
ing 1976 . Shelled microzooplankton and general microplankton were 
studied from Nansen net and Niskin bottle samples ; living benthonic 
foraminiferans were studied from grab samples ; and dead benthonic and 
planktonic foraminiferans were studied from down-core samples . 

The shelled microzooplankton and general microplankton data from 
the net and bottle samples were compared to the physical oceanography 
of the study area by use of density, diversity and other plots of 
biological data as compared to temperature and salinity diagrams, to 
isohaline, isothermal contouring, and to other plots of the physical 
oceanographic data . These comparisons revealed : ponds of shallow 
offshore water moving onto the shelf from offshore during the winter 
and into spring ; strong upwelling or upbowing of water onto the shelf 
in the spring and early summer with a penetration to the inshore sta-
tions in August and a detachment of the shelf water and their movement 
Gulfward overriding upwelled (open ocean estuarine upwelling) water 
which extended as far inshore as Station 1 ; and, an incursion of a 
proposed anticyclonic gyre that had detached from the Loop Current onto 
the shelf during late summer and early fall . With the . aid of cluster 
analyses, certain of the shelled microzooplankton were designated as 
biological indicators of shelf water, estuarine outflow water, open 
Gulf shallow water, open Gulf deep water, upwelling, shelf circulation, 
the intrusion of Sub-tropical Underwater, and of "eutrophism and oligo-
trophism" . 

Studies of living benthonic foraminiferans revealed : an average 
standing crop of 27 .64 individuals/20 m2 ; species indicative of near-
shore, nearshore to mid-shelf, mid-shelf, mid-shelf to outer-shelf and 
outer-shelf ; species indicative of regions of "eutrophism and oligo-
trophism" geographically, and to some extent, seasonally . 

The down-core studies illustrated that some cores had penetrated 
sediments older than 100,000 years, with two cores penetrating through 
sediments of the last glacial . Rates of sedimentation in these cores 
ranged from a low of 0.6 cm/1000 years to a maximum of at least 
15 cm/1000 years . 
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ABSTRACT 



INTRODUCTION 

examined plankton tows from the CHALLENGER expedition. Popofskq (1907, 

1908, 1912, and 1913) examined Radiolaria from the Deutsche Sudpolar 

Expedition and observed bipolarity as well as water-mass preferences . 

Reshetnyak (1955) studied vertical distribution in the Kuril-Ramchatka 
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Purpose 

This component of the BI.M-STOCS studies is charged with the base- 

line inventory and monitoring of shelled microzoopl.ankton, general 

micro-plankton and shelled microzoobenthon ; correlation of these with 

other biological, chemical and physical oceanographic data ; and, the 

detection and use of certain species as biological indicators of oceano-

graphic processes . Toward these ends, this study involves the taxonomic 

identification and enumeration of shelled microzooplankton, general. 

microplankton and shelled microzoobenthon. The shelled microzooplankton 

are studied from Nansen tows (integrated samples), the general micro-

plankton from Niskin bottle filtrates (discrete samples), and the shel-

led microzoobenthoa from known-surface area subsamples of grab samples 

and a few down-core samples from gravity cores collected by the USGS . 

These data are placed on computer cards, and R mode cluster analyses 

performed for significant stations, species and groups resulting in 

dendrograms . These dendrograms, and selected species, group densities, 

diversities and dominances are correlated to the literature and other 

oceanographic components (biological, physical, chemical and geological) 

of the STOCS study area . 

Literature Survey and Previous Work 

Shelled Microzooplaakton 

There have been few studies on living Radiolaria . Haeckel (1887) 
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extent than radiolarians and a brief, incomplete review follows . Schott 

(1935) made preliminary investigations in the North Atlantic ; Be (1960) 

studied seasonal distribution in the North Atlantic ; and Cifelli (1965, 

1974) examined the distribution of planktonic Foraminifera in the vici-

nity of the North Atlantic Current and in the Mediterranean and adjacent 

Atlantic waters . Few studies have been done on the planktonic Foramini-

fera of the Gulf of Mexico . Phleger (1951) examined species and abun-

dances for 27 plankton taws in the northwest Gulf (close to the BL14- 

Deep . Casey (1966, 1971a, 1971b, and In Press) studied seasonal varia-

tions of Radiolaria in the southern California Borderland, established 

the preference of individual species for specific water masses, and 

determined the taxa indicative of seasonality of the area . Petrushev-

skaya (1971) studied living Radiolaria from the southwestern Pacific, 

and Renz (1973) studied assemblages of the central Pacific. The only 

studies of radiolarians from the Gulf of Mexico have been those by this 

principal investigator and his former graduate student, K. J . McMillen . 

These studies, some of which are in progress, are on the South Texas 

Outer Continental Shelf (BLM-STOCS) and the open Gulf of Mexico and 

Caribbean (supported by NSF) . 

McMillen (1976), Casey and McMillen (In Press), and McMillen and 

Casey (In Press) delineated the radiolarians "endemic" to the major 

water masses of the Gulf of Mexico . Casey and McMillen (In Press) 

delineated the radiolarians indicative of seasonal trends (1975) on the 

South Texas Outer Continental Shelf and the densities and diversities 

of these forms . Casey, McMiIlen and Bauer (1975) noted a fauna of 

relict radiolarians 3n the Gulf of Mexico and STOCS area . 

Living planktonic Foraminifera have been studied to a much greater 



work. The BLM-STOCS investigation of the general microplankton is 

patterned after and compatible with the investigations of Beers and 

Stewarf (1967, 1969a, 1969b, 1970 and 1971) and Beers, Reid and Stewart 

(1975) . Their work has been mainly in the waters off southern Califor-

nia and in the central and equatorial Pacific . The only compatible 

investigations in the Gulf of Mexico to the aforementioned investigations 

are those currently being carried out under the auspices of the BLM-STOCS 
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STOCS area) . Jones (1968) inferred the source regions for planktonic 

Foraminifera in the southern Gulf of Mexico and Straits of Florida to 

be of Caribbean origin . Bauer (1976) and Casey and Bauer (1976) studied 

the seasonal distribution of planktonic foraminiferaas in the BLM-STOCS 

area in 1975 and found a seasonality that could be related to the phy-

sical oceanography of the area . They also noted that a benthonic fora-

miniferan (BoZivina or BrisaZina Zorvrncrxti) occurred commonly at the 

innermost stations and may have been meroplanktonic . 

McGowan (1960, 1967 and 1971), Fager and McGowan (1963), Chen and 

Hillman (1970), and Hida (1957) showed that pteropods are good biological 

indicators of water masses and currents and Herman and Rosenberg (1969) 

showed that pteropods can be used as bathymetric indicators . As early 

as 1933 Buricenroad (1933) studied the pteropods off Louisiana. Other 

major works on pteropods in the Gulf of Mexico have been unpublished 

theses by Hughes (1968) and Snider (1975) which related specific ptero-

pods to the water masses of the Gulf . Casey (1976) identified and 

listed the pteropods taken on the South Texas Outer Continental Shelf 

in 1975 . 

General Microplankton 

Many studies in the Gulf of Mexico included some microplankton 
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Collecting Procedures 

Nansen Tows (Integrated Samples) 

Nansen tows were taken at Stations 1-3, all transacts, and at Bank 

Stations HR 1/1 and SB 1/1 (14 stations) during the seasonal samplings, 

and at Stations 1-3, Transact II, and Bank Stations HR 1/1 and SB 1/1 

(5 stations) during the monthly samplings . At each station, a Nansen 

net with a mouth opening of 30 cm and a mesh size of 76 um was placed on 

a wire (Figure 1), lowered to just off the bottom and slowly (about 20 

m/minute) towed to the surface . The net was then washed with seawater 

from the outside of the mesh and the material in the cod end was preser-

ved in a 500-m1 Nalgene bottle with a 5 percent formalin solution contain-

ing sodium borate, strontium chloride and rose Bengal . This preservative 

solution is prepared in the following manner : 1 gal of 37 percent (stock) 

reported herein . 

Shelled Miczozoobenthoa (Benthonic Foraminifera) 

Most of the studies of the Foraminifera of the Gulf of Mexico and 

its continental shelf have concerned the distribution of dead and total 

assemblages . There have been relatively few studies of living popula-

tions of the northwest Gulf of Mexico . Of these, the most useful are 

those of Phleger (1951, 1956) . There have been no comprehensive seasonal 

studies except for the current BLM-STOCS study and Parker, Phleger and . 

Peirson's (1953) studies of Texas bags . An unpublished thesis by Tres-

slat (1974) reported on the living benthonic foraminiferal fauna of the 

West Flower Garden Bank. A thesis of Anepohl (1976) concerned the ben-

thonic foraminiferans collected for BLM in the STOCS study area during 

1975 . 

METHODS AND MATERIALS 
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Bottom Sediment Samples for Shelled Microzoobenthon (Foraminifera) 

Bottom samples were obtained by subsampling Smith-MacIntyre grabs 

at Stations 1-7, all transacts, and at Bank Stations HR 2/2 and SB 2/2 

(29 stations) during seasonal samplings and at Station 1-6, 2ransect II, 
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formaldehyde + 80 gm Na2B407 " 1OH20 (sodium borate) + 18 .2 gm SrC1X "6H20 

(strontium chloride) + 2 gm rose Bengal . Each bottle was then labeled, 

a shipboard data sheet compiled, and the samples and data sheets were 

transmitted to the Principal Investigator 

Niskin Bottle Samples (Discrete Samples) 

Niskin samples during seasonal samplings were taken at 10 m and 

one-half the depth of the photic zone (as determined with a Secchi disk 

or photometer) at Stations 1 and 2, all transects ; at 10 m, one-half 

the depth of the photic zone, the photic zone, and one-half the distance 

between the photic zone and bottom or just off the sea floor at Station 

3, all transects ; and, at Bank Stations HR 1/1 and SB 1/1 . Samples 

during monthly samplings were taken at 10 m and one-half the depth of 

the photic zone at Stations 1 and 2, Transect II ; at 10 m, one-half the 

depth of the photic none, the photic zone, one-half the distance between 

the photic zone and the bottom or just off the sea floor at Station 3, 

Transect II, and, at Bank Stations HR 1/1 and SB 1/1 . From each 30-1 

Niskin bottle case, 1 1 was removed and archived for possible future use ; 

the remaining 29 1 were filtered through a 38-um mesh stainless steel 

screen . The filtrate was washed into a 500-m1 Nalgene bottle and pre-

served is a 2 to 3 percent preservative solution as described for the 

Nansen tows, except no rose Bengal was used . Each bottle was then labeled, 

the shipboard data sheet completed and the samples and data sheets trans-

matted to the Principal Investigator . 



collection bottles. The supernatant of each sample was then decanted 

and saved for archiving . The residue was placed in a plankton counting 
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and Bank Stations HR 2/2 and SB 2/2 (10 stations) during monthly samplings. 

Subsampling was accomplished by inserting a 6.5-cm coring tube, or a 3 .5-

cm plunger, at least 5 cm into the sediment from the sediment surface . 

Each sample was placed in a container and 25 ml of formalin solution (as 

described under the Yansen collecting techniques) were added . The bottles 

were then sealed and shaken to mix sediment and solution . Bottles were 

labeled, the shipboard data sheets completed and the samples and data 

sheets were transmitted to the Principal Investigator . 

Post-Collecting Procedures 

Nansen Samples 

In the laboratory the samples were split into two aliquots with a 

plankton splatter. One aliquot was archived and the second was sorted 

for microplankton . The samples were either hand-picked using a breaking 

pipette and a plankton microscope and placed on slides or identified and 

counted directly with the plankton microscope (the prior for seasonal 

samples from the primary stations) . 

The other Nansen samples were handled by taking a 1/20 aliquot and 

identifying and counting using the plankton microscope . All worked 

samples and slides were saved . 

Data were placed on computer cards and cluster analyses were per- 

formed on the seasonal data from the 12 primary stations, resulting in 

deadrograms . The dendrograms and radiolarian seasonal density and 

diversity plots were compared to other oceanographic phenomena . 

Niskin Samples 

The samples were allowed to settle for several days in the original 



Microzoobenthon Samples 

The samples were mixed and split with a large, modified plankton 

splitter . One-half of the sample was archived and one-half was washed 

through a 63 um screen . The sands on the screen were dried in an oven 

at 70°C . If only a small amount of material remained on the screen, the 

sample was ready for picking or identifying . If considerable non-organic 

material remained, the sample was floated as described below . A 400-m1 

beaker was filled with 200 ml of carbon tetrachloride, a 500 um screen 

was placed over the beaker, and the dried sands were sprinkled through 

the screen . The floating fraction was then decanted onto a paper towel 

folded as a filter and supported by a glass funnel . The residue was 

swirled to suspend lighter material, allowed to stand for 2 seconds and 

decanted . (This process was repeated several times to process a large 

sample by aliquots) . The paper towel plus filtrate was oven-dried at 

70°C as was the residue . Both portions were placed in labeled bottles . 

The seasonal samples from the 12 primary stations were hand-picked 

under a dissecting microscope for live foramiaiferans and other live, 

shelled microzoobenthon and placed on cardboard foraminiferan slides . 
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chamber which was then placed on the modified stage (which holds it in 

place) of a plankton microscope . The first 100 organisms (or fecal 

pellets) were identified and counted by starting at the top of the 

chamber . The surface area of the chamber traversed during counting 

was recorded . The residue and supernatant of each sample were then 

combined and archived . 

The data were placed on computer cards, cluster analyses performed 

and dendrograms prepared on the seasonal data from the 12 primary stations . 

The dendrograms and seasonal density data were compared to other oceano-

graphic phenomena . 



Physical and Chemical Oceanographic Setting 

Water masses of the STOCS in 1976 were plotted on a Temperature-

Salinity (T-S) diagram (Figure 2) . The T-S diagram for 1976 was very 

similar to that for 1975 (Figure 3) with a core of Western Gulf Surface 

Water (WGSW) always present on the outer shelf and fairly distinct local 

water masses present during the three seasons . The main difference 

between the 2 years was apparently a definite incursion of Subtropical 

Underwater (STU) during the summer of 1976, and perhaps a slight indi-

cation of such water during the spring of 1976 . These incursions are 

discussed later because of their significance relative to the distribution 

of the shelled microzooplankton and general microplanktcn . The simmer 

incursion of Subtropical Underwater during 1976 was, we believe, in reality 

the incursion of an anticyclonic ring that broke from the Loop Current 

and was identified chemically by the salinity, maximum of its included 

Subtropical Underwater and biologically by its inclusion of shelled 

microzooplankton considered to be endemic to the Subtropical Underwater 

Water Mass . 
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The picked organisms were then identified to the lowest possible taxon and 

counted . The data were placed on computer cards and cluster analyses were 

performed and dendrograms prepared as described above . The dendrograms, 

seasonal density plots, and seasonal faunal maps were compared to data 

on other oceanographic parameters . 

Samples from the remaining bottom stations (other than the 12 

primary stations) were processed as above, except they were not hand-

picked . The processed samples were identified and counted for dominant 

foraminiferans only . 

RESULTS AND DISCUSSION 
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incursion of offshore water in the winter of 1976 continued into the 

spring . Bottom waters were more saline in 1976 (Figure 12) than in 

1975 . The 36-ppt isohaline was found near Stations S and 2 all along the 

shelf . Bottom waters were cooler offshore toward the shelf break and 
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The water mass envelope for the winter of 1976 (Figure 4) was 

more compact and colder than for 1975 (Figure 3) and appeared to be 

chemically and physically the simplest of the three 1976 seasons . The 

winter 10-m temperatures increased smoothly Gulfward (Figure 5) as did 

the winter 10-m salinities (Figure 6) . Winter bottom temperatures (Fig-

ure 7) and salinities (Figure 8) illustrate that the South Texas Winter 

Shelf Water (STWSW) touched bottom only at the inner stations . The 

temperature increase at mid-shelf bottom and decrease at shelf-edge 

bottom suggested an "upwelling" or "upbowing" of deeper Gulf waters onto 

the outer shelf . 

The water mass envelope for the spring of 1976 (Figure 9) was 

different than for the spring of 1975 (Figure 3) . Surface waters in the 

spring of 1975 were quite variable in terms of temperature and salinity 

whereas is the spring of 1976 the water mass envelope was compact . 

There appeared to be two main water masses on the shelf during the spring, 

the South Texas Spring Shelf water (STSpSW) and the Western Gulf Surface 

Water, and perhaps a little Subtropical Underwater (Figure 2, arrow) . 

On certain parts of the shelf and at various depths, there appeared to be 

mixing between STSpSW and STU and between STSpSW, WGSW and STU. Mixing 

between STSpSW and cool WGSW occurred mostly at the inner stations on 

all transects . Although mixing occurred, a strong pycnocline was present 

over much of the shelf at depths between 15 and 25 m, separating warm, low-

salinity surface water from cool, high-salinity deeper water . 

Isotherm (Figure 10) and isohaline (Figure 11) maps show that the 
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Figure 7 . Winter Bottom Temperatures (°C), 1975-1976 . 
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Figure 8 . Winter Bottom Salinities (ppt), 1975-1976 . 
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15) was generally similar to the summer of 1975 (Figure 3) with two 

significant differences : the 10-m temperature did not exceed 29 .5°C and 

the 10-m salinity did not drop below 34 ppt except at Station 1/I ; and 

salinities greater than 37 ppt occurred at depths of 70 to 80 m at 

Stations 2/III, 3/III and 3/IV (Figures 16, 17, 18 and 19) . The core 

of WGSW was evident below 30 m at all mid- and outer- primary stations 

(Figure 20) . The presence of salinities greater than 37 ppt probably 

represented a strong incursion of STU, not only because of the charac-

teristic salinity maximum but also because of the simultaneous occurrence 

of a radiolarian indicative of these waters Mheoconus hertwigii) at 

outer stations during July and August . This suggested that waters from 

100-m to 200-m depths offshore were encroaching onto the shelf to mid-

shelf . The 30-m salinity contours (Figure 20) suggest that this en-

croaching water was as shallow as 30 m at Station 3/IV . The bottom 

saliaities suggested an encroachment onto the shelf of open Gulf waters 
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inshore waters were much warmer than in 1975 (Figure 13) . 

As compared to 1975, spring salinities and temperatures at 10 m 

were more uniform throughout the STOCS area . A strong pycnocline at 

15 to 25 m separated the uniform surface water from underwater that 

had encroached from offshore . At 30 m (Figure 14) this encroachment 

centered on Transects II and IV. At the sea floor, the encroachment was 

pervasive all along the shelf (Figures 12 and 13) . This condition 

probably represented an open ocean type of estuarine upwelling with a . 

pond of low salinity water (runoff generated) moving offshore which caused 

an incursion of WGSW to dive under STSpSW and move onto the shelf (as a 

salt water wedge) with the two water masses being separated over much of 

the shelf by a strong pycnocline represented by the 22 sigma-t surface . 

The water mass envelqpe for summer (or summer-fall, 1976)(Figure 



5-25 

o 4 0 

/ 2~` ° 

22 5 o 
6 
0 

.o O/o 

5 6 ~O~ I 
0 0 
/ 3 

0 
I I 

a !I! 

N 

4 I 5 0 0 0 

0 
a 

a 
Z 
7 
a 4 I ;, 
J o 0 0 

27°0 06" 

ti` 

0 20 40 

KILOMETERS 6 3 
0 o a 

x 

IV 

Figure 13 . Bottom Temperatures (°C), Spring 1976 . 
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Figure 15 . Water Mass Characterization of the STOCS, Sunaner 1976 . 
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Figure 16 . Summer Temperatures (°C) at 10 m, 1976 . 
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Figure 17 . Summer Salinities (ppt) at 10 m, 1976 . 
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Figure 19 . Bottom Salinities (ppt), Summer 1976 . 
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Figure 20 . Summer Salinities (ppt) at 30 m, 1976 . 
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tinental Shelf during the summer of 1976. These water masses were 

roughly separated by pqcnoclines at 30 m (with waters of less than a 24 

sigma-t above and greater than 24 below) and 60 m (with waters of less 

than 25 a sigma-t above and greater than 25 below) . The shallow-water 

mass (above 30 m) was of low salinity nearshore and increased in sali-

nity offshore and to the south . These waters physically appeared to be 

STSmSW. Below this water (deeper than 60 m but above the bottom at many 

localities), characteristics of STU were apparent . 

Upbowing (or upwelling) of deeper water during the summer was 

apparent but not as dramatic as in the spring of 1975 or 1976 . However, 

at no time during 1975 or 1976, other than in the summer of 1976, did 

there appear such a strong incursion of STU. 
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which apparently overrode less saline water (or dragged this water with it 

from below) and encountered the shelf at mid-shelf between the 36 .5-m 

contours (Figure 19) . Figure 21, illustrating the occurrence of T. 

hertwigtii and/or 37 ppt water (either at any depth in the water column), 

may best delineate this incursion of STLT . These data (Figure 21) depict 

an upbowing of STU onto the southern shelf (over the shelf break along 

Transects II and ID) and a movement north and south. 

Temperatures less than 20°C are characteristic of waters greater 

than 150 m in, depth in the open Gulf (Armstrong and Gradq, 1968) and the 

summer bottom temperatures (Figure 19) suggested an incursion of low 

temperature, deep water onto the south Texas shelf . This incursion of 

STU may have been brought in by an anticqclonic gyre or ring broken 

off from the Loop Current . Reasons for this suggestion are discussed 

below along with the shelled microzooplankton . 

Three water masses apparently occupied the South Texas Outer Con- 
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winter, most probably related to "northerners" . There was an apparent 

drift all along the shelf, with perhaps enough coriolis effect to 

produce an upbowing of deep shelf waters onto the shelf . During the 

spring there was a strong "estuarine upwelling" and a net transport 

south . The combination of the coriolis effect (produced by the net 

southward movement) and fresh water moving offshore producing the "open 

ocean estuarine effect" upwelling described above, appeared to produce the 

greatest upwelling of any season . The summer pattern showed the effects 

of an anticyclonic gyre or ring impinging on the shelf, with a resulting 

north-directed transport of entrained offshore, and perhaps deep, water 

at mid-shelf . The nearshore currents during the summer appeared to alter-

pate between north and south movements . The evidence for the mid-shelf, 

north transport during the steer-fall is discussed below along with 
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Surface water conditions for the simmer of 1976 may be summarized 

by stating that STSmSW was only present in characteristic form at inner 

stations (1 and 4) of Transect I while the remainder of the shelf was 

covered by WGSW or mixtures of WGSW most likely brought in by an anti-

cyclonic gyre or ring . The only major anomaly departing from this simpli-

fied surface water summary was the presence of shallow lens of cooler 

water at mid-shelf throughout the entire area . This may have represented 

a "physically upwelled" deeper water pushed onto the shelf with the 

anticyclonic gyre or perhaps "upwelled", or dragged onto the shelf, by 

the combined coriolis and drag effect of the anticqclonic circulation 

pattern of this gyre . The evidence for this suggestion is presented in 

the discussion of the shelled microzooplankton . 

Seasonal Circulation Patterns far the BLM-STOCS Study Area During 1976 

There apparently was a net transport to the southwest during the 



salinity eater extending shoreward past Station 2 (Figure 23) . The 

absence of planktoaic Foraminifera (usually restricted to offshore 

shallow waters) and the presence of spumellarian radiolarians which come 

closer to shore than nassellarian radiolarians) indicated that typically 

mid-shelf waters were wedged under this shallow water (probably below the 

pqcnocline) . The presence of planktonic foraminiferans and both spumel- 
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the shelled microzooplankton . Figure 22 gives a generalized picture of 

the seasonal circulation patterns of the STOCS study area during 1976 . 

Detailed Comparison of General Microplankton with the Physical Oceano-
graphy Along Transect II for Portions of 1976 

Smith (1976a), reported inner shelf water out to Station 4 during 

the February seasonal cruise . This corresponded with the occurrence of 

a dominant component of dinoflagellates is the Niskin casts at Station 1 

and a decline of dinoflagellates at Stations 2 and 3 (Figure 23) . This 

recognition resulted in the addition of general Niskin microplankton 

counts to the analysis of the remaining Nansen tows which proved to show, 

perhaps, the most significant small-scale trends noted in this study . 

In March, an "eddy" was described by Smith (1976a) between Stations 

2 and 3 (Figure 23) . This "eddy" appeared to be a pond of offshore 

shallow water with a significant component of planktonic foraminiferans 

and radiolarians indicative of such water . The occurrence of He.:.aZonche 

ancartimandri and Actinomu B indicated that this water possessed a compon-

ent of underwater water (McMillen, 1976) . This same fauna was not found 

at Stations 3 or HR, but was present at Stations 5 and SB, suggesting 

the occurrence of an elongate pond of offshore water with dimensions of 

about 20 1m wide and 40 lm long in a north-south strike . 

In April, Smith (1976a) recorded a tongue of relatively low 
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inshore water 30 1m from the coast (Figure 23) . Planktonic foraminiferans, 

spumellarians and nassellarians were recorded at all stations along this 

transect in the Nansen tows, suggesting that offshore water penetrated 

below this lens, perhaps completely replacing it at Station 1 . Dino-

flagellates were common at all stations except Station 1, suggesting 

that this lens was indeed detached from the coast and extending out 

to Station 3 . 

In September, Smith (1976c) suggested offshore water moving in 

along Transect II with lower salinities being pulled away from the coast 

through the inner three stations . Planktonic foraminiferans, spumel- 
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larians and aassellarians at Station 3 suggested an incursion of off-

shore Gulf water (probably along the bottom) . 

In July, Smith (1976b) suggested that inshore waters extended past 

Station 4, and perhaps to Station 2 (Figure 23) . Our data indicated 

no planktonic foraminiferans or nassellarians at Station 1, but the 

presence of Spongotrochus gZaciaZis at this station suggested the 

exclusion of shallow, offshore water and a definite presence of deep, 

offshore (upwelled) water moving along the bottom . These forms (S. 

gZaciaZis) are rare, so this offshore water was probably very mixed . 

However, at Station 2 planktonic foraminiferans, spumellarians and 

nassellarians were all present, being limited to the deepest 4 to 5 m 

at this station and below about 40 m of the Gulfward extent of the 

inshore upper water lens . At Stations 3, HR and SB, planktonic forami-

niferans, spumellarians and aassellarians were all coon which illustrated 

offshore incursion during this time . Comparing densities of these forms 

in the water column indicated their presence in only about 4 to 5 m of 

water (the deepest portion most likely) . 

In August, Smith (1976c) recorded a displaced, shallow lens of 



scale physical oceanographic conditions and, in fact, indicated these 

conditions as biological indicators now that the relationships are 

known . In other words, we believe that small-scale seasonal trends can 

be indicated using Nansen tows alone . By working mainly at the group 

level, other investigators could use these same procedures to determine 

major trends, but probably not the fine-scale trends where specific 

identifications are necessary (such as the encroachment of upwelled 

water into Station 1 by the use of the biological indicator Spongotroehus 

gZczciatis) . 

The general biological indicators are as follows : inshore waters 

absence of or sparseness of planktonic foraminiferans, spumellarians and 

nassellarians, but abundances of diatoms and dinoflagellates ; shallow 
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larians and nassellarians were collected into Station 2 which agreed 

with Smith's data (Figure 23) . 

In November, Smith (1977) suggested that cool water was moving 

out from the coast with its outer-surface limit being between Stations 

4 and 2 and its subsurface extent intersecting the bottom between Sta-

tions 1 and 4 (Figure 23) . No planktonic foraminiferans, spumellarians 

or nassellarians at Station 1 and the presence of these groups at Sta-

tions 2 and 3 agreed with the physical oceanographic data of Smith. 

In December, Smith (1977) suggested a slight freshwater runoff 

with a strong vertical overturn-(perhaps an open-ocean shelf type of 

estuarine-type upwelling), with an eddy of water at Station 2 (Figure 

23) . High diatom counts at Stations 1 and 2 (overturn) and a mixed pond 

of offshore water at Station 2 (or perhaps an ecotone) with the highest 

counts of planktonic foraminiferans, spumellarians and nassellarians 

of all stations on this transect showed agreement with Smith's statement . 

In summary, the general groups appeared to be indicative of small- 



dendrograms produced by cluster analysis of various species of radiolarians, 

plaaktonic foraminiferans and pteropods . An attempt was made to place 

these species into biological-oceanographic-indicator groups is these 

tables and dendrograms . See Appendix C, Tables 1-6, for tabulations oz 

all :iansea data . 

Winter radiolarian densities are shown in Figure 26 . The general 

increase in radiolarian density Gulfward was interrupted by two areas of 

high density at Stations 1/I and 2/II . The patch of high density at 

Station 1/I was due to a high concentration of Spongosphaera streptacantha 

which accounted for 87 percent of the total polqcqstine radiolarians at 

that station . This species was commonly found in the Bltii-STOCS study 

area during the winter of 1975 at the outer stations . Its .preseaca at 

Station 1/I, along with other radiolarians, and a good component of 

shallow-water winter planktonic foraminiferans (Table 2), suggested that 

a pond or ring of offshore water had moved is from offshore . The high 

density concentration at Station 2/II also suggested an offshore intru-

sion, but the inclusion of other forms (Spongotrochus gZaciaZia) also 

suggested that this patch had brought in some deeper or perhaps upwelled 

water . The suggestion of water taming into the area from offshore was 

reinforced by the trend of high radiolarian diversity moving in along 

Transect II (Figure 27) . This was similar to the 1975 BLMi STOCS data 

which showed ponds, eddies or small rings coming in during the winter . 

In the section herein on the detailed comparison of general miczoplankton 

and physical oceanography along Transect II, it was noted that these 

offshore waters = abundant of plaaktonic foraminiferans and spumellarians ; 

deeper offshore water - abundance of aassel2arians with planktonic forami-

niferans and spu~ellariaas coon . 

Correlation of Nansen (Integrated) Tows with Physical Oceanography 

Tables 1, 2 and 3 illustrate standing crops and Figures 24 and 25 the 



{ StJOER-STRONG INDICATORS 

c3otryosyrtis scutum 0 .02 5 .40 
Euchitonia ete5ans .19 0 2 .03 
gymeniastrum pzbfursdum 2 .81 1 .01 9 .21 
Amxttcrtus tetrathaZ,=mta .15 .18 2 .03 
PoZysoZenia Zappacea 0 0 1 .08 
?terocorys zancZeus .10 .56 7 .85 

STJM B-NOT STRONG INDICATORS) 

Astrophaera h¢=ganis 0 .09 .33 
"circular" spongodiscid .06 .03 .53 
Diaotenia zanauebcrica 1 .30 0 5 .80 
"elliptical" spongodiscid 0 0 .02 
Her,AZortche anaximandri 0 .04 .61 
Lipm=e Z Zrz vichawii .20 .04 .37 
Lithopera baca 0 0 .02 
PeromeZissa phalacra 0 0 .04 
Spirocyrtis scaZartis (may be upwelling) 0 .06 .39 
Sbongczater tetras tetras .19 .07 1 .06 

(WZNTEIt-NOT STRONG INDICATORS) 

CZadococcus scacmrius .06 0 0 
Euchitonia furcata .57 .03 .02 

(SUBTROPICAL UNDERWATER INDICATORS) 

.9nrphirhopatwrr ygsiZon 0 .03 .08 
Theocarcus hertLrigii 0 .07 .76 

(UPrrlELLING INDICATORS) 
('.}+a1 l engeriids (best upwell iad . ) 0 2 .13 .31 
Corocatyptra craspedota (? ind .) 0 .02 0 
Eucyrtidiwrr acciartznatum ( ? ind . ) .37 .08 .11 
Larrproc-gc Zas mcpi to Z is ( ? ind . ) 0 .08 .06 
Sbirocyrtis scaZ=tis (may be summer) 0 .06 .39 
Spongotrochue gZaciaZis (and cold) 1 .69 .52 .85 
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TABLE 1 

AVERAGE NMER OF RADIOLARIANS/m3 FOR SPECIES INDICATIVE 
OF SF.aSONALITY, IIPWELLII+IG OR SUBTROPICAL UNDERWATER 

AT THE 12 PRIMARY STATIONS . 
SPECIES ARE DIVIDED INTO INDICATOR GROUPS (IN PARENTHESES) 

Winter Spring Steer 

(SPRING-VERY WEAR, BUT POSSIBLE INDICATORS-MAY BE INDICATIVE OF UPWELLING) 

Ianprvnritra parabotica 0 .02 0 
LitheZius ndnor 0 .03 0 
Lophophaena cyZindrica 0 .26 .07 
Pterocmciwrr prrzeteztwrc auto Zptan .03 .12 0 
Pterocmciwn tzriZobwn 0 .1b 0 
"six arm star" 0 1 .47 0 



Winter Spring Summer 

(WINTER ASSEMBLAGE) 

GZobigerina faZconensis 9.37 0 0 
UZobigerina qutinqueZoba 18 .65 0 .23 

(SUMMER ASSEMBLAGE) 

GZociaerina buZZoides 1 .64 .1b 4 .49 
GZoDigerinoides Tuber 1.46 1.98 10 .30 

(UPWELLING ASSEMBLAGE) 

GZootigerinoides saccutifer 0 .06 0 
GZoboratatia scitzcZa 0 .06 0 

(OTHER) 

Gtabzgertina catida 0 .09 .83 
GZobioerina rubescens .06 0 0 
GZobigerineZZa aequiZaterrztis .54 .02 .02 
GZoborotaZia czYZSStiformis 0 0 .03 
GZoborataZicz infZata .03 0 0 
GZoborataZia mencrdii .03 0 0 
GZoborotaZis trarncatuZinoidea .59 0 0 
&astigertina peZagica .I1 0 .20 
PrbuZinct rp:iversa .02 0 .03 

5-43 

TABLE 2 

AVERAGE NUMBER OF PLANK70NIC FORAMINIFERA/M3 
FOR EACH SPECIES AVERAGED FOR THE 12 PRIMARY STATIONS BY SEASON . 

SPECIES ARE DIVIDED INTO INDICATOR GROUPS (IN PARENTHESES) 



1 
Indicative of Gulf waters south of 26°N and frequently reported in 
neritic Gulf waters (Hughes, 1968) . 
2Most common in the central Gulf (Hughes, 1968) and usually occurs deeper 
than 100 m (Snider, 1975) . 
3X ost coon of the southern Gulf, south of 26°N (Hughes, 1968), and 
usually occurs deeper than 100 m (Snider, 1975) . 

``A species coon to the Sargasso Sea (Hughes, 1968) and may come in with 
Subtropical Underwater from that region . 
SConsidered typically a bathypelagic form and its presence in the summer 
may represent the incursion of Subtropical Underwater, or at least the 
incursion of deeper, open :ocean Gulf waters onto the shelf . 

60ccurs in the upper 100 m (Hughes, 1968) . 
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TABLE 3 

AVERAGE NUMBER OF PTEROPODS/m3 
AVERAGED FOR THE 12 PRIMARY STATIONS BY SPECKS AND SEASON . 

SPECIES DIVIDED INTO INDICATOR GROUPS (IN PARENTHESES) 

Winter Spring Summer 

(SUMMER ASSEMBLAGE AND UPWELLING ASSEMBLAGE) 

Creseis acicuZal 5.75 167 .82 79 .31 

SptirrzteZZa in,fZczta 2 4.71 49 .00 100 .60 

SbirateLr',a Zesueruri3 5.27 9 .66 8 .33 

(OTHER SPECIES) 

Cavotirca Zongirostrus4 0 0 .05 

CZio potitas .11 0 3.38 

Cresetis virguZa constricta6 .48 0 d 

EucZio ecarrpytura .39 0 0 

? PeracZis .02 0 0 
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Figure 24 . R-Mode Analysis of Planktonic Foraminifera and Pteropode, 1976 . 
(See Key on Next Page .) 
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Figure 24 . Key to R-Mode Planktonic Foraminifera 
and Pteropods, 1976 . 
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Figure 25 . R-Mode Analysis of Radiolarians, 1976 . (See Key on Next Page .) 
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Figure 25 . Key to R-Mode Radiolarians, 1976 . 
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Figure 25 . Key Continued . 
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Figure 26 . Winter Radiolarian Densities (No ./m3), 1975-1976 . 
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Figure 27 . Radiolarian Diversity (Species/Tow), Winter 1975-1976 . 
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as a dendrogram . The cluster labeled WNN represented a nearshore northern 

component dominated by the radiolarian Spongosphaera streptacarttFta . This 

species was dominant at Stations 1/I and 2/II during the winter of 1976 . 

On this same dendrogram, WO"U" represents a cluster comprised of a domi-

nant winter form (Euchitontia furcata) and ane normally considered as an 

upwelling form (SpongopyZe oscuZosa) which only occurred during 1976 in 

the winter . The occurrence of S. oscuZosa in shallow water during 1976 

was probably not due to upwelling but rather to the extremely low winter 

temperatures . It was perhaps maintaining a depauperate fauna left over 

5-52 

small rings also occurred,in March. This phenomenon of small rings also 

occurred in March . This phenomenon of small rings detaching and coming 

in was apparently coon from winter into spring in the BLM-STOCS study 

area . They may represent small rings or blobs detached from the general 

offshore transport to the south, and might be brought into the area due to 

the Ekman effect . 

The dendrogram of the R-mode analysis of planktonic foraminiferans 

and pteropods (Figure 24) clustered GZobigerina faZconensis and GZobtiger-

inc quinqueZcba which were indicative of the winter assemblage (WS) in 

both 1975 and 1976 . Bounding the G. fatconensi.s - G. quinquetoba cluster 

was the pteropod species which was common to the southern Gulf of Mexico 

(Table 3) . A group of clusters (labeled W1 and W2) included the ptero-

pods ? Per¢eZis, cucZio ccanpyZura and Creseis virguZa constricta which 

only occurred in the winter of 1976 (Table 3) . Enclosed in these same 

clusters were the planktonic foraminiferan species GZoborotaZia inI"Zata 

and GZoborotaZia tzn�accatuZinoides which also occurred only in the winter 

of 1976 (Table 2) . These paired clusters (W1 and W2) were considered 

indicative of the "unique" winter planktonic foraminiferans and pteropods . 

Figure 25 illustrates the R-mode cluster analysis of radiolarians 



year . Figure 29 illustrates the lowest diversities of the year for 

polycystine radiolarians, a condition similar to 1475 . Large amounts 

of freshwater lensing out over the shelf produced a depauperate radio-

larian fauna in shallow waters, but pulled in offshore radiolarians 

(upwelling or upbowing of Gulf water as shown by high concentrations of 

deep-water Challengeriids at the outer stations) . The ratio of living 

nassellarians to spumellarians (Figure 30) was a good indication of 

offshore intrusion (a higher ratio equals offshore water) . The abundance 

of planktonic foraminiferans (Figure 31) depicted offshore water intrud-

ing into the shelf . There was a slight intrusion from north to south 

at the surface (Figure 31) as shown by the foraminiferans and intrusion 

of deeper water from all along the shelf break as shown by the Challeng-

eriids and radiolarian diversity and density . The density of pteropods 

(Figure 32) was similar in general to that of the planktonic foramini-

ferans . Shelled microzooplankton indicators of low-salinity, shelf-water 

circulation patterns are exemplified by the plots of densities of acan-

tharians (Figure 33) . This flow of shallow, less-saline water south 

through the mid-section of the area may have been related to the flow of 

the Mississippi River Water Mass . The abundance of bivalve veligers 

(Figure 34) apparently illustrated the movement of estuarine eater out 

of Corpus Christi and the Rio Grande estuarine systems . The density of 

Hymentiastrtart profundtan (a spongy euryhaline radiolarian common over 

_5-53 

from the previous year . The only other probable winter cluster (WOS) 

clustered out at a high level of association due to few species occur-

rences but in the same winter samples . This cluster was a winter outer-

shelf (WOS) assemblage . 

Spring radiolarian densities (Figure 28) were the lowest of the 
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Figure 28 . Abundance of Polycgstine Radiolarians (No ./m3), 
Spring 1976 . 
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Figure 29 . Polycystine Radiolarian Diversity (Species/Tow), 
Spring 1976 . 
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Figure 30 . Ratio . of Living Nasellarians to Spumellarians, Spring 197 
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Figure 31 . Abundance of Planktonic Foraminiferans (N ./m3'), Spring 
1976 . 
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Figure 32 . Abundance of Pteropods (No ./m3), Spring 1976 . 
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1976 . 
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Figure 34 . Abundance of Bivalve Veligers (No ./m3), Spring 1976 . 
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Figure 25 . A large, loose cluster labeled SP clustered most of the 

species considered indicative of spring conditions in the STOCS study 

area (Table 1) . Included in this cluster were Pterocanium tzriZobtmt, 

LcartpromtiLra pcmaboZica and LitheZius minor, species that only occurred 

in the spring, and Lophophaerca cyZindrica and Pterocanizon praetextzan 

eucoZpum that were dominant in the spring but present in other seasons . 

Theoconua hertratigtii and AmphirhopaZwn ypstiZon occurred within this louse 

cluster (SP) and were considered indicative of Subtropical Underwater 
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much of the shelf) was a good indicator of shelf circulation (Figure 35) . 

The plot of benthonic foramiaiferan abundance in the water column (Fig-

ure 36) may be interpreted in several ways : the northern encroachment 

may be related to suspension (or preferential flotation by Br2zaZina 

Zamnxznti, the dominant planktonic-benthoaic) ; it may trace the nepheloid 

lager at that specific time ; or, the "pond" off the Rio Grande may be 

correlated with run-off or the presence of the nepheloid layer . However, 

these interpretations may be related to a stirring of the bottom and 

suspension of these benthonic forms by circulation, waves or internal 

waves . 

The dendrogram of the R-mode analysis of planktonic foraminiferans 

and pteropods (Figure 24) clustered two significant groups labeled SU and 

STU . GZobigerinoidea saccuZifera and GZoborotaZia sc:tuZcz represented 

a spring upwelliag assemblage . G. scituZa is a deep-living form, found 

usually at depths greater than 500 m in subtropical waters (Be, 1967) 

and in the Gulf of Mexico at 100 m (Phleger, 1951) . G. saccuZifer was 

found mainly below 100 m in the Gulf of Mexico (Phleger, 1951) . These 

species occurred only during the spring of 1976 in the STOCS study area 

(Table 2) . 

The R-mode analysis of radiolarians as a deadrogram is given as 
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Figure 35 . Abundance of Hymerticzstrum profundzrrn (No ./m3), Spring 
1976 . 
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Figure 36 . Abundance of Benthonic Foraminifera (Yo ./m3) in the 
Water Column, Spring 1976 . 



1976 sampling (Figure 37) . This was similar to the 1975 trend . However, 

the densities did not show a simple outward increase as in 1975, but 

indicated encroachments onto the shelf along Transects III and IV and 

an anomalous high trending between Stations 1 and 2 detached from the 

encroaching highs from offshore along Transacts III and IV . This 

probably reflected the grounding of an anticyclonic gyre or ring that 

moved to the STOCS area after detachment (spin-off) from the Loop Current 

months before . Reasons for this interpretation are discussed below . 

5-b4 

(Table 1 and McMillen, 1976) . Therefore, there was likely some Sub-

tropical Underwater intrusion into the STOCS study area during the 

spring of 1976 . The occurrence of CaZZimitra envrcae, Spongotrocnus scu-

teZZcz, La7rprocycZas nupiZaZis and others within this same cluster 

suggested strong upwelling or encroachment of deeper waters onto the 

shelf (McMillen, 1976) . 

In general the spring of 1976 in the BLM-STOCS study area may be 

crudely generalized as in Figure 22 . There was a general transport of a 

freshwater lens offshore . This was discussed in the section comparing 

general microplankton with physical oceanography along Transect II . 

This condition existed into July, and is August, a displaced lens of 

this freshwater moved offshore (perhaps representing the termination of 

spring conditions during the year and the initiation of summer conditions) . 

This movement was apparently squeezed somewhat (at least during the 

seasonal spring cruise) by north and south shallow waters (Figure 31), 

and the lens itself apparently caused the strongest upwelling of the 

year (upbowing over the shelf) which during August resulted in an open 

ocean type of estuarine upwelling that penetrated to Station 1/II . 

Summer-Fall radiolarian densities were greatest during the BLM-STOCS 
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1976 . 
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In the Fourth Quarterly Report (Casey, 1977) it was suggested that 

"the occurrence of Theoconus hertwigii and/or 37 ppt water at any depth 

delineated the incursion of Subtropical Underwater" (Figure 21, herein) . 

We believe this Subtropical Underwater was brought in incorporated in an 

anticyclonic ring for the following reasons : radiolarians indicative of 

Subtropical Underwater occurred in samples taken on the outer- and mid-

shelf [T. hertzltigtii and Amphirhopaltvn ypsiZon, both of which were shown 

by McMillen (1976) as indicative of such waters] ; the anomalous trend of 

high radiolarian diversities between Stations 1 and 2 were detached from 

the more offshore highs and contained species different than the other 

highs and an even greater concentration of upwelling species (Challen-

geriids and Spongotrochus gZacuxZis), even though they were in shallower 

water which probably reflected a pushing of these waters onto the shelf 

by the gyre, or perhaps, an upwelling along the margin of the gyre 

offshore (due to the Elman effect of the anticyclonic motion) and a 

dragging or entrain-Ant of this water which was shoved and thrown onto 

the shelf in front and detached from the gyre itself ; the ratio of 

living nassellarians to spumellarians (Figure 38) illustrated what might 

have been a northerly movement produced by this gyre at Station 2/ID ; 

the 100 isopleth of pteropod abundance (#/m3) appeared to outline the 

ring (Figure 39) as did the IO/m3 contour of benthonic foraminiferans in 

the water column (Figure 40) (dew benthonic foraminiferans would be 

expected to be brought in with the ring as illustrated in Figure 40) ; 

the abundance of planktonic foraminifezans (Figure 41) illustrated a 

relatively low density in the gyre (as expected in a "biologically-depleted 

water mass") which was surrounded by highs that reflected the pushed water 

from offshore ; and the break in foraminiferaa abundance at Station 2/III 

(but no break in radiolarian density, high inshore of this, Figure 37) 
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Figure 39 . Abundance of Pteropods (No./m3), Summer 1976 . 
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Column, Summer 1976 . 
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Figure 41 . Abundance of Planktonic Foraminifera (No ./m3), Summer 
1976 . 



foraminiferans and pteropods in presented as Figure 24 . The dominant 

planktonic pair, labeled SS (summer shallow), the foraminiferans 

GZobigerina buZZoides and GZobigerircoides tuber which, as in 1975, were 

indicative of summer conditions in the STOCS study area in 1976 . This 

pair was a subcluster within the larger cluster labeled S (summer) . The 

planktonic foraminiferan GZobigerina caZida and the pteropod CZio poZit4 

occurred in this large cluster and were probably indicative of the 

incursion of Subtropical Underwater . G. cctZida is considered by Berger 
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suggested that the shallow, inpushed waters were breaking up, but not 

the deeper, inpushed waters ; the 10-m temperatures (Figure 16) suggested 

a northern anticyclonic movement of this water with their displaced 

isotherms ; and lastly, bottom salinities (Figure 19) illustrated movement 

of the STU to the north at mid-shelf as shown by the 36 .5 and 37 ppt 

isohalines . 

The abundance of bivalve veligers (Figure 42) suggested that the 

gyre detached a component of shelf water at Station 2/Z, and was holding 

or dragging (from the Rio Grande, perhaps) a pond of inshore shelf water at 

or along Station 1/III . The diversity of radiolarians (Figure 43) illus-

trated that offshore water had indeed encroached onto the shelf, but 

tended to average the data as shown on the diversity plot (Figure 37) . 

The abundance of Hymeniastrum profundum, very useful in illustrating 

shelf circulation in the spring of 1976 (Figure 35), was disturbed by 

the summer ring but showed a pond of offshore water (deep Gulf offshore 

water in all likelihood) centered at Station 2/II (Figure 44) . The 

abundance of acantharian radiolarians (Figure 45),as expected, reflected 

the same inshore circulation as did the bivalve veligers . 

The dendrogram for the R-mode cluster analysis of planktonic 
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Figure 43 . Polycqstine Radiolarian Diversity (Species/Tow), 
Summer 1976 . 
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Figure 44 . Abundance of Hymentiastrum pro fundzan (No ./m3), Summer 1976. 
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Figure 45 . Abundance of Acanthariaa Radiolarians (No ./m3), Summer 
1976 . 
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(1969) to live in waters immediately below the mixed layer, and CZio 

politcz is typically considered a bathy-pelagic form (Hughes, 1968) . 

Therefore, these species represented deep waters brought in by upwelling 

or upbowing of the Subtropical Underwater and were labeled as an SD 

(Slimmer Deep) subcluster of the S (Summer) larger cluster . The best 

cluster representing the intrusion of STU was composed of the pteropod 

CcrsoZirta Zongtirostrus which is coon to the Sargasso Sea (Hughes, 1968) 

and may represent the STU that dive from this region, and the benthonic 

species VaZvuZinera sp . considered an outer shelf or deeper species by 

Murray (1973) . These may cluster due to the incursion of STU on the 

shelf (the anticyclonic ring incursion with CczroZiruz Zongirostrus 

included) and the suspension of the benthonic species VcZvulinercz sp . 

due to the water "feeling bottom" and the subsequent movement of all 

shoreward . 

The dendrogram for the R-mode cluster analysis of radiolarians is 

given as Figure 25 . There were two summer clusters, SO1 and S2 . The 

SO1 cluster contained subclusters which sorted out at very significant 

levels . It was composed of a closely associated group of radiolarians 

labeled SON (Summer Outer I), including Amphispyris costatct, St¢zcrodicta 

sp ., Acunthocyrtidium spp ., Acti.noma sp . M and Actinoma sp . E which only 

occurred at Station 3/I during the summer . The next cluster (SOIVLTI, 

or Summer Outer IV) was comprised of Cercospitaera sp . B, LiticeZius atreo-

Ziruz and Actinoma sp . I which only occurred at Station 3/IV during the 

summer . The SOIU cluster apparently represented underwater intrusion 

since Anrphispyrtis costata and Actinomu sp . E have been designated as 

underwater species (McMillen, 197b) . The SOIV cluster probably repre-

sented deeper underwater, and perhaps some intermediate water since 



detailed comparison of general microplankton and physical oceanography 

along Transect II . On Transact II in September, offshore water was 

moving along the shelf under the lower salinity, inshore water, apparen-

tly resulting from the gyre moving in along the bottom . In November, 

coal waters moved out from the coast with some incursion of offshore 

water inward along the bottom (but with the least amount of upwelling 

or upbowing of any season in 1976) . By December winter conditions had 

returned . 

The shelled microplankton data, as related to physical oceanography, 

were the basis for construction of the generalized picture of seasonal 

circulation patterns of the STOCS study area during 1976 (Figure 22) . 
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LitheZius aZreoZina, Actinorna sp . A and Actinoma sp . I are indicative 

of such waters (McMillen, 1976) . The cluster labeled SOU (Summer Outer 

Upwelling) contained a looser assemblage composed of Cenosphaercz sp . G 

(underwater to intermediate, McMillen, 1976), StyZochZcurridtiwn asteriscus 

(underwater to intermediate, McMillen, 1976) and StyZocantcrtium bisoaauZzort 

(surface to underwater, Mc?iillen, 1976) and was apparently indicative of 

upwelling or upbowing along the outer stations . The last bottom cluster 

in SOI was a tight cluster indicative of Station 3/II . 

Cluster S2 was looser than cluster SOU with the SU subcluster being 

indicative of upwelling (exemplified by the Challengeriids and others) 

and the large, loose subc2usters containing most of the shallow, summer 

radiolarians such as Sporgaster pentas, Sportgcster tetras tetras, and 

Pterocorys zcwtaus (surface, McMillen, 1976) with a few upwelling forms 

such as Spongotrocizus glaciatis and Spirocyrtis scaZaris being brought 

onto the shelf (Casey, 1976) . 

These results and conclusions agree with those stated in the 



were examined to determine if representative nearshore, offshore, or 
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It may be possible to estimate the dimensions of the supposed anti- 

cyclonic gyre . By using the average curvature of the Figures illustrating 

the presence of the gyre (Figures 19, 21, 37, 39 and 40), a gyre with a 

diameter ranging between 200 and 250 km is suggested . 

Niskin Samples (Discrete Depth) for General Microplankton 

General Trends of the General Microplankton Data 

Dinoflagellates were dominant at Station Z, all transects, except 

Station 1/I (where diatoms were dominant) at one-half the depth of the 

photic zone during the winter of 1976 (Figure 46) . Diatoms were the domi-

nant phytoplankters during the winter at other stations, and during spring 

and summer at all stations (Figures 47 and 48) . See Appendix G, Table 6, 

for tabulations of Niskin data . 

For 1976, the average general microplankton standing crop at one-half 

the depth of the photic zone was about 100,000 individuals/m3 during the 

winter and spring and about 70,000/m3 during the summer . The summer drop 

(especially offshore) probably reflected the incursion of shallow offshore 

water . 

Copepods generally increased offshore during all seasons (Figures 46, 

47 and 48) as did naupliar larvae . 

In comparing these general trends with 1975 data for one-half the 

depth of the photic zone (Figures 49, 50 and S1), diatoms were the dominant 

phytoplankters at all stations in 1975 but copepods did not show such a 

pronounced offshore increase . 

Q-Mode Cluster Analysis 

The results of the Q-mode cluster analyses for 1975 and 1976 Niskin 

data are given as dendrograms (Figures 52 and 53, respectively) . After 

defining seasonal clusters for both years, the samples in each cluster 
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Figure 48 . Relative Abundance (percent of total) of Major Groups 
and Total Density in Niskin Samples, Spring 1976 . 
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Figure 49 . Relative Abundance (percent of total) of Major Groups 
and Total Density in Niskin Samples, Winter 1975 . 
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Figure 51 . Relative Abundance (percent of total) of Major Groups 
and Total Density in Niskin Samples, Summer 1975 . 
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Figure 52 . Key to Q-Mode 1975 Niskin Data . 
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Figure 52 . Key Continued . 
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Figure 53 . Key to Q-Mode 1976 Niskin Data . 
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Figure 53 . Key Continued . 
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R-Mode Cluster Analysis 

The results of the R-mode cluster analysis dendrograms for 1975 

and 1976 are depicted in Figures 54 and 55, respectively . As previously 

stated, the two dendrograms were generally similar . Overall trends in 

the, clustering hierarchy (i .e . dendrogram shape), and the ordering of 

groups from top to bottom confirmed this basic similarity . In the 1975 

R-mode cluster, centric solitary diatoms, naupliar larvae, calanoid cope-

pods, Cerzttium (the most common dinoflagellate genus), tintinnids, 

pennate solitary diatoms, and fecal pellets showed a very intimate asso- 
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other spatial parameters . 

Two important trends were apparent : location on the shelf appeared 

to be the first tier of the clustering hierarchy ; and seasonality appeared 

to be the next most important parameter and represented at the second 

hierarchical tier . Furthermore, offshore clusters were generally related 

at a higher similarity level to one another, reflecting the greater 

stability in biological composition of more normally oceanic microplank-

ton populations as compared to aearshore clusters where localized environ-

mental changes were more dramatic . 

Depth is generally considered a very important factor in determin- 

ing the distribution of plankton populations . While this is undoubtedly 

the case, only some of the data clustered well according to depth . This 

may be partially accounted for by the settling out of individuals from the 

eupohtic zone, thus giving lower portions of the water column the same 

general appearance in terms of microplankton composition as waters in the 

euphotic zone . Density differences (not represented fn the microplank-

ton densities depicted in this report) showed a predictable decrease 

in microplaakton density with depth below the photic zone . 
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Figure 54, Key to R-Mode 1975 viskin Data . 
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density was probably more indicative of the average situation during 1976 

wizen an oceanic water mass (the incursion of an anticyclonic ring) was 

thought to have been on the shelf . If this was indeed the case, lower 

densities would be expected for microplankton populations in such oligo- 
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ciation . Tintinnids, copepods, and naupliar larvae are herbivores and 

the diatoms and dinoflagellate listed above are probably the basic con-

stituents of their diet . 

In contrast, only calanoid copepods and naupliar larvae showed as 

intimate an association in the 1976 R-mode dendrogram . However, a good 

cluster of four dinoflagellate genera was observable at a lower level of 

similarity . 

In general, the clusters seemed to represent a descending hierarchy 

of relatively abundant organisms clustering together, with relatively 

rare and extremely rare organisms being added to the cluster at lower 

similarity levels . Such a result is expected when consistently abundant 

variables are clustered together with very rare ones . 

Microplankton Densities 

The average density of microplanktonic organisms in winter seasonal 

samples taken at one-half the photic zone at all stations was 2.9 x 105/ 

m3 in 1975 and 2 .2 x 105/m3 in 1976 winter samples ; 5 .4 x 105/m3 in 1975 

and 4.7 x 105/m3 in 1976 spring samples ; and 4 .5 x 105/m3 in 1975 and 

1.5 x 107/m3 in 1976 summer samples . These density calculations were in 

general agreement between years except during the summer of 1976 . Prob-

ably, a more realistic density average for general conditions on the shelf 

in the steer of 1976 is obtained by excluding one extremely dense sample 

(8 .7 x 108/m3 ; Station 1/III) from consideration, in which case, the 

average density for all remaining stations was 2 .4 x 105/m3 . This revised 



compared in Figure 63 with results of other investigators . Seers and 

Stewart (1967, 1969) did .a similar study of zooplankton relative abun-

dances in a continental shelf and borderland area along the California 

coast . Increasing numbers of copepods and naupliar larvae were present 

offshore, indicating the same general trend as seen in the density data 

in Figure 63 and the 1975 and 1976 Niskin data for the STOCS study area 

(Figures 56 through 62) . 

5-99 

trophic waters . 

The general miczoplankton densities (Figures 56 through 62) indi-

cated a decrease in microplankton abundance offshore and in a southerly 

direction in the STOCS area . These results correlated well with phyto-

plankton data for the BL.~-STOCS study area . Phytoplanton productivity 

was highest nearshare, and higher at Station 1/I and 1/II than at Sta-

tions 1/III and 1/IV (Van Baalen, 1976) . Likewise, Van Baalen (1976) 

reported that phytoplankton productivity showed an inverse relatioship 

between salinity and chlorophyll a concentration . Apparently, surface 

runoff was the major nutrient supply . Correlations with silicate, 

nitrate, and other nutrient concentrations were not significant, indi-

cating that nutrient concentrations in the water column at a given time 

may not be the best measure of eutrophism or oligotrophism . Results of 

a mathematical model of plankton patch dynamics by Wroblewski and O'Brien 

(1976), as well as findings of several other investigator's, indicate 

that exmetabolite excretion of nutrients by zooplankters may be a signi-

ficant source of nutrients in a phytoplankton patch . Nutrient cycling 

within a plankton patch could explain why high nutrient concentrations 

are not always found in conjunction with areas of high productivity . 

.iicroplanktan standing crops from seasonal viskin samples are 
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Figure 56 . Seasonal Densities (No ./m3) of Planktonic Foraminiferans 
at Stations 1-3, Transect II, 1975 and 1976 (A-blank 
spaces indicate organisms not present) . 
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Figure 57 . Seasonal Densities (No ./m3) of Benthonic Foraminiferans 
at Stations 1-3, Transect II, 1975-1976 (A-blank spaces 
indicate organisms not present) . 
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Figure 58 . Seasonal Densities (No ./m3) of Nassellarians at Stations 
1-3, Transect II, 1975 and 1976 (A-blank spaces indicate 
organisms not present) . 
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Figure 59 . Seasonal Densities (No./m3) of Spumellarians at Sta- 
tionsl-3, Transect II, 1975-1976 (A-blank spaces indi- 
cate organisms not present) . 
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Figure 60 . Seasonal Densities (No ./m3) of Acantharians at Stations 
1-3, Transect II, 1975-1976 (A-blank spaces indicate 
organisms not present) . 
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Figure 61 . Seasonal Densities (No ./m3) of Pteropods at Stations 1-3, 
Tzansect 11, 1975-1976 . 
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Figure 62 . Seasonal Densities (No./m3) of Ostracods at Stations 1-3, 
Transect II, 1975-1976 (A-blank spaces indicate organisms 
not present) . 
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Benthonic Foraminiferans 

Benthonic foraminiferan densities (Figure 57) generally reflected 

the predominantly shallow water, nearshore occurrence of BrtizaZirta Zow-

mani and its suspension due to nearshore turbulence (shallower than 30 m ; 

Phleger, 1956) or its existence as a meroplanktonic organism . B. Zoulmani 

was the dominant foraminiferan in the Niskin casts and apparently has a 

meroplanktonic juvenile stage in the STOCS study area (Bauer, 1976) . 
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Standing crop estimates based on 1976 and 1977 data for zooplank-

ton biomass (Park, 1976, 1977) and 1976 and 1977 data for ATP concentra-

tion/1 (Ramykowski, et al ., 1976a, 1976b, 1977) both showed a stepwise 

decrease moving offshore . Their data for samples collected concurrently 

with microzooplankton samples show good agreement with the microplankton 

density data presented herein . This suggests that the microplankton pop-

ulations were mirroring conditions in both higher (larger zooplankton) 

and lower trophic levels (nannoplankton) . 

Shelled Piicroplankton Densities 

Planktonic Foraminiferans 

A comparison of planktonic foraminiferan densities for the two 

sampling years showed some obvious differences, but the general trends 

were similar (Figure 56) . The major genus represented in the Niskin casts 

was GZobtigerina . Planktonic foraminiferans showed a predictable seaward 

increase in density, reflecting their typically normal marine habitat 

(Bauer, 1976) . The 1975 data indicated that the dominant increase in > 

density occurred during the spring when the greatest amount of upwelling 

was thought to have occurred (Casey, 1976) . During 1976, winter and 

summer both showed higher planktonic foraminiferan densities which may 

reflect the incursion of an anticyclonic ring into the STOCS study area . 
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Spumellarians 

Spvmellariaa densities for the 2 years (Figure 59) were similar, 

except during the summer of 1976 . The occurrence of one, deep-living 

species, Spongotroehus gZaeiaZis, is shallow Niskia casts was a good 

environmental indicator of upwelled or displaced deeper waters (Casey, 

1976c) . S. gZaciaZis was present is a number of Niskin samples during 

the summer of 1976 . Likewise, the increase in spumellarian densities 

in the spring of 1975 was considered indicative of upwelling at the 

offshore stations . 

Densities for both years were consistently higher at Station 1, with 1975 

winter and spring densities being higher than the corresponding seasons in 

1976 . Highest densities were recorded at Station 1 during the summer of 

1976 . The tremendous increase is benthonic foraminiferans during this 

time period may have been related to nearshore eutrophism (also evidenced 

in the microplaakton densities which were the highest recorded at this 

station during the summer) . The probable cause of eutrophic conditions in 

the STOCS study area was high volumes of surface runoff due to extremely 

heavy rainfall during the summer of 1976 . See Appendix C, Table 7, for 

a tabulation of beathic foramiaiferan data . 

Nassellarians 

Na3sellarian densities were low during both years (Figure 58), 

except during the summer of 1976 . During this season, aassellariaa 

densities at Stations 2 and 3 showed an increase of over one order of 

magnitude . The presence of relatively large numbers of these typically 

open-ocean pelagic organisms at mid-shelf was possibly the strongest 

support for the occurrence of open-ocean water (a possible anticyclonic 

ring) over a significant portion of the STOCS study area in the summer of 

1976 . 



Ostracods 

Ostracods were well-represented in the larger aooplankton size 

classes (Park, 1976a, 1976b, 1977), but were almost non-existent in the 

1976 Niskin samples (Figure 62) . Significantly greater densities were 

recorded is 1975, but no general trends other than a spring increase 

were evident . 
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Acantharians 

Acantharians are non-polqcystine radiolarians which can be distin- 

guished from the other radiolarian groups by their organic-walled test 

and nearshore, low-salinity habitat preference . The spring of 1975 

(Figure 60) showed a significant increase is acantharian densities which 

was probably tied to surface run-off . However, the greatest increase 

in acantharian densities during the two sampling years occurred during 

the simmer of 1976 (Figure 60) . A log plot of acantharian densities 

vs station location (Figure 64) depicts what appears to be an exponen-

tial decrease in density away from shore during the summer of 1976 . The 

tremendous increase of acantharian densities from spring to summer during 

1976 might have been due to a lag between the time of heaviest rainfall 

(June) and the full expression or development of a eutrophic, microplank-

ton bloom in the steer (August and early September) . 

Pteropods 

In general, there were no significant differences between pteropod 

densities for the 2 years (Figure 61) . Slight differences in the magni-

tudes for each year were present, but the trends were similar . Densi-

ties were lowest in the winter, and increased in the spring with a 

slight tapering off in the simmer . Pteropods behave like most general 

microplankton groups by decreasing is numbers in an offshore direction. 
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out to Station 2 . The Niskin and vansen data suggested as exclusion of 

shallow, offshore water (no foraminiferans), but the presence of deep 

offshore (upwelled) water moving along the bottom and into Station 1 

(Spongotrochus gZaciaZia present) . As further evidence, cluster Spr 1 
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Detail Comparison of Monthly Niskin and yansen Data with the Physical 
Oceanography for Portions of 1976 

The combination of monthly Niskin samples (from Transect IZ),along 

with Nansen tows collected concurrently, depicted what may be the best 

small-scale trends noted in this work element . 

In February, Smith (197ba) recorded inner-shelf water out past 

Station 2, Traasect II . This corresponded with a dominant component 

of dinoflagellates at Station 1 and a decline of dinoflagellates at 

Station 2 and 3 . The winter clusters (Table 4) reflected this condition . 

In March, Smith described (1976a) an "eddy" between Stations 2 and 

3 . This eddy appeared to be a pond of offshore, shallow water with a 

significant portion of planktonic foraminiferans, and radiolarians 

indicative of such water in the Niskin and Nansen samples . The occur-

rence of the radiolarians HexaZonche c.nanrimmtdr and Actinoma (in Nansen 

tows) indicated that this pond of water possessed a component of under-

water (Mc1Killen, 1976) . 

In April, Smith (1976b) recorded a tongue of relatively low-sali- 

nity water extending past Station 2 . The absence of planktonic forami-

niferars(usually restricted to offshore, shallow water) along with the 

presence of radiolarians, indicated that mid-shelf waters were wedged 

under this shallow water . The presence of planktonic foraminiferans 

and both radiolarian groups at Station 3 indicated an incursion of 

offshore Gulf water . 

In July, Smith (1976c) suggested that nearshore waters extended 
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CLUSTER COMPOSITION USING 1976 NISKIN DATA 

WINTER SPRING 

Win 1 Win 2 Win 3 Spy 5 Spr 2 Spr 4 Spy 1 Spy 3 
Cal Copepods 2 2 10 9 5 2 1 10 
Naupllar Larvae 7 5 16 19 15 5 8 22 
Cen Sol Diatoms 26 32 24 27 30 20 37 33 
Pen Sol Diatoms 4 6 10 6 13 6 . 5 
Cen Col Diatoms 4 8 12 4 8 32 17 1 I 
Pen Col Diatoms 1 9 1 2 1 23 12 1 I 
Fecal Pellets 11 17 5 1 1 1 2 
Tintinntds 1 2 1 10 11 2 5 1 I 
Chaetognoths 1 7 3 1 1 
Trtchodesmfum 1 2 2 1 1 
Shelled Pteropods 1 2 1 
Eggs 1 1 1 
Crclop Copepods 1 1 1 
Claws 1 3 
S111cofla gellates 5 1 1 
01nofl~gellates 1 2 1 1 2 
Ceratluw 6 6 3 1 6 2 2 8 
PertAinluw 6 1 1 1 
Dtnophysts 10 1 1 
Noctlluca 7 2 
Gonyaulax 9 4 2 
Holop Polychaetes 1 
Merop Polycbaetes 
Coelenterates 2 
Plank Foraws 1 1 3 1 
Spunellartans 1 
Nasellartans 1 
Acantharians 1 1 
Salp (Dollolum) 1 
Echinoderms 
Ostracods 1 
Oen Foams 

Ln 
I 
r 
H 
w 

1 

TABLE 4 

SUMMER 

Sun 3 Sum 5 Sung 4 Sinn 2 Sung 6 Sum 1 
6 ? " 1 

20 3 11 6 2 2 
19 ,5 18 32 63 7 
2 9 16 16 4 2 
19 10 37 17 24 82 

3 2 6 2 J 
1 l 2 
5 1 2 1 
3 1 
2 19 1 3 L 

1 

1 
5 3 1 2 3 
1 
1 1 
1 1 
2 

1 1 " 
2 

2 1 

1 
3 11 

1 



still moving in along Transect II, with lower salinity water being 

pulled away from the coast through the inner three stations . Planktonic 

foraminiferaas, spumellarians, and nassellarians were present into 

Station 2 in the Niskin and vansen samples, again agreeing with Smith's 

data . 
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(Figure 53) was composed of organisms from bottom samples at Station 3 

and 10-m samples at Station 1, suggesting that the assemblages at these 

locales might be the same . At Station 2, planktonic foraminiferans, spu-

mellarians, and nassellarians were present in the Niskin and Nansen 

samples, probably below the nearshore lens of water . At Station 3, spu-

mellarians, nassellarians, and planktonic foraminiferans were common, 

illustrating the incursion of offshore waters during July . The presence 

of these groups (up to 25 percent of the total counts) in large numbers 

in the shallow Niskin casts suggested that the presence of an anticy-

clonic ring as postulated earlier was well-established at this time . 

In August, Smith (1976c) recorded the same leas of nearshore 

water mentioned above displaced from the coast by some 30 km . The pres-

ence of planktonic foraminiferans, spumellarians, and nassellarians at 

all stations, Transect II, in both Niskin and Nansen samples suggested 

that offshore water had penetrated below this lens, perhaps displacing 

it completely at Station 1 . Further evidence was the abundance of dino-

flagellates at Stations 2 and 3, but not at Station 1 (the opposite of 

the normal case) . Cluster Sum 3 (Table 4) was representative of this 

condition with a generally offshore biological composition (nassellarians 

and plaaktonic foraminiferans) occurring simultaneously with a aearshoze 

assemblage (dinoflagellate totals were high at 11 percent) . 

In September, Smith (1976c) suggested that offshore water was 



Shelled Microzoobenthon 

Living Benthonic Foraminiferans 

The average standing crop of benthonic foraminiferans for the 12 

primary seasonal stations throughout the year was 27 .64 individuals/10 

cm2 . This value was lower than during 1975 as reported by Aaepohl (1976) . 

Average values for shelf and marginal marine environments are 50 to 200/ 

10 cm2 (hurray, 1973) . However, Phleger (1956), studying approximately 

the same area as the BLM-STOCS study area, reported an average from 21/10 

cm2 for his southern transect (a transect that extended from about 

between Station 1/II and 1/III to 3/III), to 61/10 cm2 for a more north-

erly transect which ran from about midway between BLM-STOCS Stations 1/I 

and 1/II terminating offshore at about Station 3/II . If Stations 1/II 
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Summary Monthly Niskin Data for Traasect II 

The general microplankton groups from both the Nansen and Niskin 

samples were good indicators of small-scale physical oceanographic con-

ditions . Comparison of discrete Niskin sample data with Nansen tow data 

(channel samples) enabled formulation and reinforcement of the following 

generalizations : 

1) nearshore waters are characterized by the absence or sparse-

ness of planktonic foraminiferans, spumellarians, and nassellarians, 

while diatoms and dinoflagellates are abundant ; 

2) shallow, offshore waters are characterized by abundant plank-

tonic foraminiferans, spumellarians, and relatively high numbers of 

copepods and naupliar larvae ; 

3) deeper offshore waters are characterized by an abundance of 

nassellarians and copepod-naupliar larvae groups, with spumellarians 

and planktonic foraminiferans common . 



1976 was 47 .19/cm2, 25 .2 for spring and 10 .53 for summer . Combining 

Transects I and II as a northern section, and Transects III and IV as a 

southern section, the northern section had a greater standing crop in the 

winter (64 .79 vs 29 .59) and summer (19 .95 vs 1.1) and standing crops were 

about even in the spring (21.b8 vs 23 .2) . The higher standing crops of 

beathonic foraminiferans along the northern transects were probably 

representive of the greater productivity of the overlying waters (more 

eutrophic conditions) noted continuously from the first cruises of the 

BI.M-STOCS study . There probably is a lag time between plankton produc- 
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and 1/III are combined (as a composite station) and that composite is 

considered with Stations 2/III and 3/III, a station distribution close 

to Phleger's southern transect was obtained which had an average density 

of 10 .99/10 cm2 during 1976 . Averages for these stations seasonally were 

12 .17 for the winter, 6 .1 for the spring, and 14 .7 for the summer . 

Phleger's samples were collected in late June which was closest season-

ally to the BLK-STOCS spring (our lowest density) collecting period . 

When Stations 1/I and 1/II were combined as a composite nearshore station 

and averaged with Stations 2/II and 3/II a density of 31 .79 was obtained 

for 1976 . The averages for these stations seasonally were 54 .87 for the 

minter, 23 .05 for the spring, and 17 .45 for the summer . These densities 

were about one-half those reported by Phleger (1956), which may be 

accounted for by his sampling only during one season or use of a dif-

ferent (and perhaps better) sampling method (a corer) . However, consid-

ering the small sample size taken in both studies and the variability 

and patchiaess in distribution of benthonic foraminiferans, the data 

were considered reasonably compatible . 

The average standing crop for all stations during the winter of 



seasonally . The dominant species (in abundance) on the shelf was 

Brizatina Zcwmm2ti which exhibited an interesting seasonal pattern (Fig-

ures 65 through 67), being dominant at Stations 1, all transects, and at 

Station 2, Transects I and II, during the winter . Dominance by B . Zowmani 

alone almost accounted for the total density dominance in winter . During 

the spring this species was dominant at Transect III stations, coon at 

all stations on Traasect IV, but essentially played a sub-dominant (or 

was absent) in the northern section . In summer, B. Za+aniani started to 

become re-established is the northern section . 3. Zorartaxi may be a good 

immediate indicator of eutrophism in the benthic environment as the above-

mentioned trends suggest . Other seasonal treads were an increase in the 

percentages of :9onioneZZct basiZoba in the spring and summer and an increase 

is the percentages of ViguZineZZcz sp . in the spring (northern transects) . 
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tivity (both primary and secondary) and benthonic foraminiferan produc-

tivity (represented by standing crop) . The data suggest that, in general, 

the high spring plankton productivity is not reflected in the shelled 

microzoobenthon (beathonic foraminiferaas) until the following winter . 

Figures 65 through 67 illustrate standing crop (in numbers of 

individuals/10 cm2) and dominant species (in percent) for each of the 12 

primary stations for winter, spring and sower of 1976, respectively . 

During all seasons there was a general decrease in standing crop shelf-

ward, with a yearly average for Station 1, all transects, being 47 .93/10 

cm2, 27 .88 for Station 2, all transects, and 5 .69 for Station 3, all 

transacts . Seasonal averages for Stations 1, 2 and 3, respectively, 

were 75 .91, 61 .50 and 4.34 for winter, 55 .65, 16 .35 and 1.58 for spring 

and 23 .48, 5.78 and 2 .33 for summer . 

The nature of the communities at the species level also changed 
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Figure 66 . Relative Abundance (percent of total) and Total Standing 
Crops (density in No ./10 cm2) of Benthonic Foraminiferans, 
Spring 1976 . (Capital letters refer tp genus, lower case 
letters refer to species ; see Appendix C for complete 
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An apparent supra-species seasonal trend was indicated in the 

northern section by the dominance of a few species at Stations 1 and 2 ; 

a loss of dominance during the spring and an increase in it was seen in 

the summer . This trend reinforces the previously-stated idea that 

high plankton productivity is reflected in a benthonic foraminiferan 

high (standing crop) the following winter . It also reinforces the sug-

gestion that d. Zotxrtmtti might be a good indicator of benthic productivity 

and that its increasing density in the summer and dominance in the winter 

(northern sector) demonstrates eutrophism of the northern sector ; 3. 

Zmmarci may well be an opportunistic species which takes advantage of 

this eutrophism, perhaps at the expense of others . At the same level, 

the benthic foraminiferans of the southernmost transect (IV) apparently 

illustrate the more oligotrophic conditions of this transect . Shared 

dominance and low standing crops are the rule in the southern portion 

of the study area. 

Perhaps the most obvious correlations of species and standing crop 

distributions were with depth . Arrartonia beccarzi, Hrizatirca Zowmani and 

NonioneZZa basiZoba were dominant at inner and mid-shelf Stations 1 and 

2 . F+.wsenkoircu pontoni, and perhaps Reopi= conrprtima, were seemingly 

indicative of the mid-shelf (Station 2), but the major bathymetric break 

in the benthonic foraminiferaa populations appeared to be mainly between 

Stations 2 and 3, or at 60 to 70 m as was first noted for the study area 

by Phleger (1956) . Outer shelf depths were indicated by the occurrence 

of Uvtigertina peregrina, dutimtina marginata, BoLirrintia suvspinescens, and 

Ertizatina spinata at the species level, and more generally by increases 

in Cibticides, Siphontina and other species of BrtizaZina and Bo'lliuina. 

The R-mode cluster analysis dendrogram for benthonic foraminiferan 

is given as Figure 68 . Clustering was predominantly influenced by depth 
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Figure 68 . R-Mode Analysis of Henthonic Foraminifera, 1976 . (See Key on Next Page .) 



Figure 68 . Key to R-Mode Benthonic Foraminifera, 1976 . 
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Figure 68 . Key Continued . 
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guZtineZZa sp . were indicative of aearshore spring and were labeled as 

as SP subcluster of the larger NS cluster . The last :TS subcluster, NO 

(northern) was composed of A . becccurii and 3. eZegantissima. Immediately 

below the NS cluster on Figure 68 is a cluster labeled MOS which was 

attached to the NS cluster at a low level of similarity . This MOS 
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and secondarily by seasonalitq . Correlating this dendrogram with infor- 

mation on the average number of benthonic foraminiferans/10 cm2 for 

species indicative of depth, latitude, seasonality and combinations 

thereof (Table 5), the following conclusions were drawn . Depth 

appeared to be the dominant factor controlling the distribution of 

beathonic foraminiferans in the STOCS study area . Nearshore forms 

showed a greater seasonalitq than mid or outer-shelf forms . Mid and 

outzr-shelf forms generally occurred in inner-shelf samples and were 

designated as mid or outer-shelf forms primarily because standing crops 

were maintained is deeper waters whereas forms designated more nearshore 

decreased is standing crop . 

The dominant nearshore (Station 1) species were Ammonia beccarii, 

BuZ Zimine Z Za e Zegantissima, FZori Zus mate Zoupi, lVorione Z Za cf . basi Zoba, 

.BzcZ Zimine Z Za cf . bassendor fensis, Virgutine t la sp . and Quinque Zocu Z Ana 

sp . Ammonia becarrtii and BuLZimtinetta eZegantisstima were dominant along 

northern transects (I and II) with A . becarrii dominating in the winter 

and B. eZegcantissirna in the sprang (Table 5) . In Figure 68 these near-

shore species (except for QuinqueZocuZina which is composed of four 

rare, but separate species) comprise the cluster labeled :1S (nearshore) . 

This cluster was subdivided into three subclusters, MOWS, SP and v0 . 

The NOWS cluster (northern-winter-summer) was composed of B. Zowmaxci and 

1V . basiZoba which, respectively, were indicative of winter and summer 

conditions at the nearshore, northern stations . F. grateZoupe and Vir- 



TABLE 5 

AVERAGE NUMBER OF DENTHONIC FORAMINIFGRANS/10 cm2 FOR SPECIES INDICATIVE 0F DEPTH 
(NLARSHORE, MID-SHELF OR OUTER SHELF), LATITUDE (NORTH = TRANSECTS I AND II, SOUTH = TRANSECTS III AND IV), 

SEASONAI.ITY (WINTER, SPRINGySUMMLR-TALL) OR COMBINATIONS OF ANY OF THESE PARAMETERS 

SPECIES STATIONS 

NEARSHORE 1 2 3 NORTH SOUTH WINTER SPRING SUMMER 
(North-Winter) 
Ammonia beccarii 

(North-Spring) 
BuZZimineZZa etegantiasirna 

(Spring) 
Ftoritus gratetoupi 

(Summer) 
Nonionetta cf . basiloba 

(Other Nearshore) 
BuZimineZZa cf . baesendorfensis 
Virgutinetta ap . 
QuinqueZocuthat sp . 

NEARSHORE TO MID-SHELF 
(North-Winter) 
Brizalina Zowmani 

MID-SHELF 
Fursenkoirux pontoni 

MID-SHELF TO OUTER SHELF 
Brizatina spinata 
BuZi.minct marginata 

OUTER SHELF 
Uvigerina peregrine 

13 .55 10 .58 .50 13 .03 3 .14 16 .47 5 .46 2 .08 

.14 2,52 .18 1 .06 .83 1 .22 .71 1 .43 

.11 .49 .58 .57 .22 .78 .28 .13 

.05 .16 .11 .15 .08 .17 .03 .03 

0 0 .16 .05 .11 .09 0 .08 

7 .05 1.01 0 4.78 .69 7 .63 .79 .22 

5 .69 .58 .15 4 .1-1 .17 2 .08 4 .18 .15 

2 .38 .53 0 1.35 .58 .35 2 .05 .51 

5 .18 .90 .03 2 .37 1 .87 1 .73 1 .98 2 .67 

2.08 .46 .18 1 .49 .43 .80 .90 1 .18 
2 .05 0 0 1 .26 .12 .18 1 .23 .65 
.66 .18 0 .06 .38 .26 ,58 0 

Ln 
i 
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studies of Berryhill et al . (1976), a good relationship between sediment 

type and benthonic foraminiferan distribution was not evident . However, 

at the Fifth BLM-STOCS Quarterly Conference (April 1977) Benqhill sug-

gested that : the major sediment depocenter was in the northern sector 

mid-shelf ; that little current sedimentation was occurring south of 26° 

north on the shelf ; that perhaps a convergence existed which divided the 

shelf into north and south components ; and perhaps internal waves were 

important in this division of the South Texas Outer Continental Shelf 

into these geologically (and biologically and physically) northern and 

southern components . We suggest that the major break is the foramini-

feral faunas at 60-to 70-m depth is related to the shallowest coon 

incursion of offshore waters (Phleger, 1956 stated a similar conclusion), 
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cluster was composed of two subclusters, M and IMO . The MO subcluster 

was composed of the mid- and outer-shelf species AZveoloprc=grtizon sp . 

and B. spinata, and the M subcluster was composed of the mid-shelf 

species Fursenkotina pontoni and Reoph= comprima. Immediately below 

this cluster was the OSI (outer shelf, Transect I) cluster composed of 

the outer-shelf species Uvigerirta peregrine and BoZivir.Q trartsZucerts 

(Table 5) . The above-named clusters were the most diagnostic . Other 

clusters on Figure 68 were : NSIVSP (nearshore- Transect IV-spring) ; 

NSIW (nearshore-Transect I-winter) ; NSII (nearshore-Transect II) ; MSSPIV 

(mid-shelf-spring-Transect IV) ; OSIWSP (outer-shelf-Transect 1-winter-

spring) ; :tSSP (nearshore-spring) ; :7.5W (mid-shelf-winter) ; NSMSP (near-

shore-mid-shelf-spring) ; SZ/II (summer-Station 2-Transect II) ; OSII 

(outer-shelf-Transect II) ; and, NEW (mid-shelf-winter-Transect I) . Most 

of these clusters appeared to cluster as to season and transect due to 

few but coon species occurrences . 

In relating the benthonic foraminiferan studies to geological 
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42, 95 and 115) . These cares were sampled with paleomagnetic bones at 

20-cm intervals . Because of their relatively low magnetic intensities 

(10-4 to 10-5 emu), these samples were studied using the cryogenic mag-

netometer at the University of Texas, Marine Science Institute, Gal-

veston Geophysical Laboratory . Samples were taken from the middle of 

the care to avoid contamination and possible man-made "reworking" due 

to the coring process . Each sample was marked to indicate core orien-

tation . Normal remnant magnetization (NRM) was determined for the 

horizontal and vertical components of each sample . Secondary viscous 

components were satisfactorily removed by alternation field demagneti-

zation to 200 oersteds . From these data, the total intensity, incli-

nation, and declination of each sample was derived . 

or to distribution of the nepheloid layer (which might be related to 

internal waves stirring the bottom), and that the north-south differences 

fn communities (and standing crops) might well be related to a South 

Texas Shelf Convergence along Transect III . 

Dower Core Studies 

Approximately 200 samples were taken from the USGS gravity cores 12, 

38, 42, 70, 81, 82, 88, 95, 114, 115, 157, 160, 176, 193, 214, 241 and 256 

(see Figure 69 and Table 6 for locations) were sampled at 20-cm intervals 

in amounts of approximately 27 cc each . Seven of the cores proved worthy 

of micropal.eaatological analysis (cores 70, 95, 114, 115, 157, 88 and 

256) and were processed for microfossils . For taxonomic work, the 

sample was processed by washing through a 63 um screen. Counts and 

species identifications were made using a reflected light microscope at 

magnification to 1202. 

Four gravity cores were used for paleomagaetic studies (cores 70, 
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12 28°05'30" 96026'15" 
38 27°49'28" 96°11`58" 
42 27°50'00" 96°35'30" 
70 27°39'58" 96059'08" 
81 27°33'38" 96°28'56" 
82 27°35'04" 96°26'59" 
88 27028'45" 96006'35" 
95 27°29'13" 96041'38" 

114 27018'29" 96°18'17" 
115 27°18'34" 96024'13" 
157 26°57'52" 96°39'12" 
160 26058'00" 96°47'57" 
176 26°47'21" 96°27'37" 
193 26042'02" 96027'55" 
214 26°31'39" 96025'10" 
241 26016'06" 96°24'50" 
256 26°05'17" 96°22'90" 
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TABLE 6 

LATITUDES AND LONGITUDES OF CORE SAMPLING LOCATIONS 
FROM U .S . GEOLOGICAL SURVEY SAMPLES 

Sample Latitude Longitude 
Number 



Atlantic, and Kenneth and Huddlestun (1972), for the Gulf of Mexico, 

utilized a semi-quantitative evaluation of the relative abundance of 

the GZoborotaZia menardii complex to develop a sequence of zones desig-

nated Q-Z in order of decreasing age . These zones represented alter-

hating warm and cold intervals and were supported by oxygen isotope 

curves . Of interest were zones Z, Y and X which apparently were repre-

sented in at least a few of the South Texas Shelf cores . The age of 

the Z-Y boundary was the Holocene-Pleistocene boundary (about 10,000 

to 11,000 ybp), and the Y-A boundary was most likely a datum within the 

Pleistocene designating the base of the last glacial (about 90,000 to 

95,000 ybp) . Core OCS-GC 88 (Figure 70) penetrated to the X zone and 

was about 10,000 years between 40 and 60 cm and 90,000 years between 

140 and 160 cm . This core was composed of lightly bioturbated mud 
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Three cores were useful for a study of shelf history (U .S .G.S . cores 

88, 115 and 256) . Following the technique of Kennett and Auddleston 

(1972), attempts were made to biostratigraphically date the cores, 

and to determine the paleotemperature (related to time) of one of 

the cores . The abundant occurrences of the GZocorotaZia menardii com-

plex, PtcZteniatina obZiquiZocuZata and SpiraerotidineZLa deniacens (all or 

any) were used to designate warm water conditions (interglacial) cold 

water (glacial) conditions were indicated by GZobtiy^erina buZZoides and 

G . faZcort2rts2s in the absence of or with few warn forms . A marginally 

warm interval was indicated by 1Zooorota'.lia :rurcatuZinc2ds and GZooi-

gezn,roides saccuZifer . Core OCS-GC 88 was the best for determining a 

relative paleotemperature curve using the above-mentioned criteria 

(Figure 70) . 

Ericsan and Wollin (1956, 1968), for the tropical and subtropical 
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ing the times represented in the cored intervals . The Y zone was "com-

pressed" in relation to the Z zone due to a drop in sea level at this 

time (Y time), resulting in slow rates of deposition and probably erosion . 

Shell remains of macroinvertebrates were noted is the Y interval of 

core OCS-GC 88 (Berryhill et al ., 1976), and shell hash (of macroinver-

tebrates) and terrigenous sands were noted in the Y interval in core 

OCS-GS 256 . The shell hashes most likely represented a scouring and 

reworking of sediments during the lowering of sea level . Also during 

this lowering in sea level, shallow water foraminiferans invaded the 

region of core OCS-GC 88 (Figure 70) . 

Samples from cores 42, 70, 95, and 115 were taken to determine 

paleomagaetism (Table 7) . Figures 73, 74, 75 and 76 give the average 

total intensity, inclination and declination for the samples of each 

core . 

Inshore areas are more affected by sedimentation rates and types 

than offshore regions . There is a great volume of sediment being car-

ried into the Gulf from a system of several major rivers by a counter- 
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(Berryhi.ll et al ., 1976), with shell remains in the interval designated 

herein as the Y zone . Rates of sedimentation for the Holocene portion 

(Z zone) were about 4 cm/1000 yrs and about 1 cm/1000 qrs for the period 

representing the last glacial (Y zone) . Core OCG-GC 115 (Figure 71) 

did not penetrate the Z zone ; therefore, a minimum sedimentation rate of 

about 15 cm/1000 yrs was indicated . Core OCS-GC 256 (Figure 72) repre-

sented the slowest sedimentation rates of the three cores with rates of 

about 3 cm/1000 yrs for the Holocene, 0 .6 cm/1000 yrs for the last 

glacial (Y zone), and an unknown amount for the X zone . 

These cores were on the outer shelf and were below sea level dur- 
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TABLE 7 

PALEOMAGNETIC DATA FOR CORE SAMPLES 

CORE NUMBER DEPTH OF INTERVAL :FOMENT DECLINATION INCLINATION 

Normal Remnant Magnetization 

70 0-3 cm .08035 355 .7108 8 .8561 
70 20-23 cm .16305 14 .95735 -13 .38665 
70 40-43 cm 1 .138 32 .7026 3 .793 
70 60-63 cm 1 .0159 20 .2484 -36 .9571 
70 80-83 cm 4 .276 45 .1398 -18 .7504 
70 100-103 cm 1 .6745 15 .1114 -6 .49775 
70 120-123 cm 1 .158b5 334 .273 -42 .377775 
70 140-143 cm 3 .3032 315 .00269 -50 .78803 
70 160-163 cm 2 .92675 254 .8958 -55 .4293 

Demagnetization @ 200 Oersteds 
70 0-3 cm .3969 270 .4275 40 .3485 
70 20-23 cm .19635 305 .9309 22 .4469 
70 40-43 cm .2699 19 .91195 -14 .64195 
70 60-b3 cm .36455 21 .b829 -8 .99545 
70 80-83 cm 1 .58455 64 .15955 -22 .7132 
70 100-103 cm .8068 352 .53901 -17 .3415 
70 120-123 cm .677 327 .4829 -84 .2209 
70 140-143 cm 2 .0652 309 .3b28 -38 .85085 
70 160-163 cm 1 .71465 289 .66535 -33 .53455 

Normal Remnant Magnetization 

42 3-b cm 3 .46475 91 .8468 -12 .1225 
42 18-20 cm 1 .82335 176 .8289 73 .27005 
42 21 .5-23 cm 2 .6057 118 .5031 -37 .90466 
42 41-43 cm 2 .3824 39 .80957 41 .485b 
42 53-55 cm 2 .19175 83 .73338 -3 .6475 
42 57-59 cm 2 .2894 139 .4006 27 .1527 
42 80-82 cm .44515 205 .44885 17 .4495 
42 87-89 cm 2 .73885 229 .48545 50 .0602 
42 97-99 cm 4 .1847 193 .15028 15 .38203 

Demagnetization @ 200 Oersteds 

42 3-6 em 1 .15845 92 .338 -23 .742b 
42 18-20 cm 1 .2568 244 .64495 60 .76475 
42 21 .5-23 cm .60425 183 .95395 -8 .928 
42 41-43 cm .8955 200 .14945 81 .29845 
42 53-55 cm .28635 156 .8979 10 .68766 
42 57-59 cm .8520 190 .17385 37 .266b 
42 80-82 cm .26815 248 .92055 10 .5488 
42 87-89 cm 1 .30435 256 .8795 35 .4209 
42 97-99 cm 2 .4347 221 .0759 15 .91125 
42 100-102 cm 1 .52216 287,8149 68 .080405 



115 0-3 cm 9 .78845 178 .2757 45 .24625 
115 20-23 em 9 .11985 163 .6845 52 .55335 
115 40-43 cm 8 .6764 170 .462 40 .4834 
115 60-63 cm 7 .1379 155 .7715 36 .5499 
115 80-83 cm 11 .2735 163 .02185 33 .24255 
115 100-103 cm 8 .5443 168 .7363 36 .8625 
115 120-123 em 8 .9953 186 .52135 39 .24065 
115 140-143 cm 4 .1704 272 .68805 50 .85265 
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TABLE 7 CDNT .'D 

CORE NUMBER DEPTH OP INTERVAL MOMENT DECLINATION INCLINATION 

Normal Remnant ?Magnetization 

95 0-3 cm 6.3492 3 .1742 56 .91415 
95 20-23 cm 1.12 94 .7042 -79.7415 
95 40-43 cm 7 .5943 90 .9866 46 .7539 
95 60-63 cm 3 .0845 12 .91545 21 .71885 
95 80-83 cm 9 .3953 24 .80105 37 .9431 
95 100-103 cm 4 .77045 112 .50855 57 .9884 
95 120-123 cm 8 .6353 86 .72875 54 .66175 
95 140-143 cm 3 .66355 47 .156 28 .58565 
95 160-163 cm 9 .04175 86 .46925 64 .3937 

Demagnetization @ 200 Oersteds 

95 0-3 cm 4 .792 29 .8994 48 .62175 
95 20-23 cm 2 .9904 316 .6232 -69 .1731 
95 40-43 cm 3 .27745 68 .81915 70 .76065 
95 60-63 cm 1 .37445 326 .0891 50 .45025 
95 80-83 cm 4 .3092 33 .88965 43 .70185 
95 100-103 cm 2 .9699 101 .3507 74 .0262 
95 120-123 cm 3 .68335 94 .97115 67 .4188 
95 140-143 cm .9071 44 .26505 40 .40025 
95 160-163 cm 4 .7032 137 .75225 77 .06315 

Normal Remnant Magnetization 

115 0-3 cm 15 .1637 168 .13515 50 .2882 
115 20-23 cm 15 .9424 158 .0736 54 .4572 
115 40-43 cm 13 .7912 166 .10035 43 .23275 
115 60-63 cm 17 .9213 129 .45615 29 .90155 
115 80-83 cm 19 .69505 157 .66955 38 .3868 
115 100-103 cm 12 .56223 153 .6257 34 .0528 
115 120-123 cm 15 .63565 164 .4835 46 .3392 
115 140-143 cm 12 .2921 179 .9599 61 .78345 

Demagnetization @ 200 Oersteds 
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clockwise current . These factors make the northwest Gulf of Mexico 

a clastic reservoir . In this case, the absence of polar reversals at 

the outer shelf locations is perhaps just as significant as the large 

number of reversals at the inshore stations . Considering that the incli-

nations depicted in Figure 74 are true indications of normal remnant 

magnetizations, then the reversals of Core 70 could indicate a high rate 

of sedimentation in a magnetic-reversed field . Core 115 was normal as 

would be expected from the biostratigraphy (Figure 71) . Cores 42 and 

95 may represent transitional phases between an area of high or no 

deposition on the shelf, with respect to a particular time interval . 

Sedimentation varies proportionately to position on the shelf . There 

is a sand-sized fraction increase toward shore, indicating a higher 

shoreward energy regime . Core 115 was at a location dominated mainly by 

clay deposition, representative of biogenous pelagic sedimentation and 

suspended sediment influx . This homogeneous clay occurred only at the 

outer shelf edge . ?also, sedimentation rate can be a controlling factor 

in compression, diagenesis, and lithification of sediments, all of 

which control the degree of magnetic orientation . Areas of high sedi-

mentation rates may show anomalous magnetic inclinations . A wide range 

of paleoenvironments may be represented by this different sedimentation . 

In the analyses reported herein, a lack of polar reversals is just as 

significant as their presence . 
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Of the other biological and physical data obtained at the time of 
zooplankton collection, salinity and chlorophyll a values seemed to be 
most closely correlated with the zooplankton . This correlation was most 
readily discernible in spring when the zooplankton was highly productive 
in low-salinity water . 
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ABSTRACT 

Reported herein are results of the second year (1976) efforts of 
the baseline zooplankton study of the South Texas Outer Continental Shelf 
initiated in October 1974 . The study was based on zooplankton samples 
collected from four transects across the shelf, each transect consisting 
of three stations . The four transects were sampled during three seasons 
(winter, spring and summer) and one of the four transacts (II) was also 
sampled during six intervening months to obtain a series of monthly samples . 

Zooplankton abundance in terms of biomass and number displayed a con-
siderable degree of spatial, as well as temporal variation, and these vari-
ations were progressively extensive from the deep to shallow stations . In 
general, the zooplankton showed a seaward decrease which was highly pro-
nounced in the spring and summer months when the zooplankton usually 
increased to an annual maximum at Stations 1 and 2 and decreased to the 
lowest annual value at Station 3 . Copepods were the most abundant group, 
comprising approximately 60 percent of the zooplankton by number . When 
the zooplankton increased in spring and summer, the relative abundance of 
copepods decreased, indicating that other organisms were increasing faster 
than copepods . 

Numerically important groups besides copepods were Cladocera, Ostra-
coda, barnacle larvae, Mollusca, Chaetognatha and tunicates . The Clado-
cera and Ostracoda showed a highly restricted spatial distribution, occur-
ring mainly at Stations 1 and 2, respectively . As expected, the occurrence 
of barnacle larvae was highly sporadic . Consisting mainly of veliger lar-
vae, the molluscs were most abundant at shallow stations in spring and sum-
mer . Chaetognaths and tunicates occurred regularly throughout the study 
area the year round . 

In contrast with the total zooplankton, the copepods did not show 
extensive seasonal variation . Approximately 75 percent of the copepods 
belonged to the Calanoida, with the remainder belonging mostly to the 
Cyclopoida . The relative abundance of calanoids increased in winter while 
that of cyclopoids increased in summer . Throughout the year, the develop-
ment stages comprised nearly 50 percent of the total copepod population, 
indicating a sustained copepod reproduction the year round . A total of 
168 species of adult female copepods was identified . The most abundant 
calanoid species were ParacaZanus indicus, ParacaZanus quasimodo and 
CZausocaZanus fureatus . The first two species were abundant at shallow 
stations while the last was abundant at deep stations . The most abundant 
cyclopoid copepods were Oneaea venusta, Oneaea mediterranea and FarranuZa 
graeiZis ; the first was abundant throughout the area but the last two were 
abundant at offshore stations . 

Species diversity indices and coefficients of equitability, based on 
adult female copepods, generally increased seaward in conformity to the 
number of species . 



of study and designed to generate additional data for a better under-

standing of the zooplankton community and to determine community varia-

bility from year to year . During the second year, the four transects 

were studied on a seasonal basis as in the first year . To look closely 

at zooplankton variability, the study was expanded in the second year to 

investigate one of the four transects on a monthly basis . In light of 

the first year's experience, some sampling modifications were introduced . 

For example, since the whole water column was sampled by oblique hauls, 

no significant differences were found between day and night samples . 

Therefore, night sampling was eliminated during the second year . How-

ever, two replicate samples collected consecutively at each station 

during the first year sometimes differed from each other to such an extent 

that it was not possible to determine whether the differences were due to 
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INTRODUCTION 

This report concerns results of the second year (1976) baseline 

studies of the zooplankton of the South Texas Outer Continental Shelf 

initiated in October 1974 . 

The study was initially designed to gain a general picture of the 

zooplankton community in terms of biomass, species composition and the 

relative abundance of each component taxon on the basis of three seasonal 

series of day and night samples. The first year efforts generated a 

large amount of data which disclosed most of the fundamental features of 

the community, such as species composition and overall abundance of each 

component species . However, distribution of zooplankton in the study 

area was deemed highly complex, and understanding this complexity required 

continued investigations . 

Essentially, the second year effort was a repeat of the first year 



flowmeter (Model 2030, GENERAL OCEANICS) was mounted centrally in the 

mouth of the net to determine the amount of water filtered in each tow, 

and a time-depth recorder (Model 1170-250, BENTHOS) was attached near 

the net to determine the maximum sampling depth . The water column was 

sampled from the surface to near-bottom by means of oblique tows of about 

15-minute duration . During the tow, ship speed was maintained constant 

at about 2.5 knots . The volume of water filtered was calculated from 

flowmeter and tow duration data . As shown in Table 1, Appendix D, the 

amount of water filtered by the net during each tow varied between 131 .5 
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sampling error or distributional variability . Therefore, in the second 

year of study, three replicate samples were collected at each station 

and two comparable samples were selected for analysis . 

The samples were analyzed according to the same procedures as in 

the first year, except that during the second year the Foraminifera and 

Radiolaria were included in complicance with the contract . 

METHODS 

Sampling 

The study was based on zooplankton samples collected from 12 stations, 

three on each of four transects . All 12 stations were sampled during 

three seasonal sampling periods (January-February, May-June, and Septem-

ber) . In addition to the seasonal sampling, the three Transect II stations 

were sampled during six monthly sampling periods (March, April, July, Aug-

ust, November and December) . During each sampling, each station was occu-

pied once and three replicate samples were taken . The sampling data, 

including depth, date, time of tow and volume of water filtered are shown 

in Table 1, Appendix D . 

Standard 1-m NITEX nets of 233 um mesh size were used . A digital 



through tared, PYREX 50-m1 filtering crucibles with fritted discs of 40-

to 60-um pore size . Suction filtration at 10-15 psi was used to expedite 

removal of interstitial water . The subsamples were dried in the crucibles 

at 55°C to a constant weight and the weight of the crucible plus sample 

was recorded to the nearest milligram . Ashing to a constant weight was 

accomplished in a muffle furnace (BLUE "M", Model M25A-lA) at 550°C and 

the weight of crucible plus ash was recorded to the nearest milligram . 

The weight of the empty crucible was subtracted, yielding the subsample 

dry weight and ash weight from which the ash-free dry weight was calcu-

lated . 

The subsample size examined for species and their abundance varied 

between 1/1024 and 1/64, and the number of zooplankters counted in the 

subsamples varied from 966 to 16,505 (Table 2, Appendix D) . Each sub- 
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and 1101 .2 m3 . After the tow, the net was rinsed down using the deck 

hose . The contents of the cod-end were drained through a 100-um NITEX 

net, transferred to a jar, and preserved with buffered formalin . 

Sample Analysis 

Sao comparable samples were selected for analysis from the three 

replicate samples taken at each station according to the similarity in 

the amount of water filtered and in the settling volume of organisms . 

The samples were split with a FOLSOM plankton splitter to achieve ade-

quate subsamples for archiving and analysis . The subsample size for 

biomass determination was adjusted to the capacity of the crucible to 

be used (50 ml) . As the samples were variable in size, the subsample 

used for biomass determination ranged from 1/32 to 1/8 aliquot, depend-

ing on original sample size (Table 1, Appendix D) . 

For dry weight determination, subsamples were washed with tap water 



sample was sorted into major taxa in a BOGOROV plankton sorting tray and 

all individuals were counted . The copepods, which were usually the numer-

ically dominant form, were most intensively studied . They were first 

separated into three suborders (Calanoida, Cyclopoida, and Harpacticoida) 

and then each suborder was separated into adult females, males and imma-

ture copepodid forms for enumeration . All adult female copepods were 

identified to species and enumerated . 

The species diversity index was calculated for each sample on the 

basis of adult female copepods and according to the Shannon-Weaver 

function . The coefficient of equitability was calculated for each sample 

using the formula : 

H (S) 

Hnax (S) 

E _ 

Biomass 

The zooplankton biomass in terms of dry weight per m3 of water 

filtered (Table 1, Appendix D) varied considerably from station to sta-

tion and from season to season as in the first year of study (1975) . 

However, replicate samples analyzed for each station showed a lesser 

degree of variation than in 1975 . This difference may be attributable 

to the fact that in 1976 two comparable samples were selected for analy-

sis from the three replicate samples collected at each station, while in 

1975, four replicate samples were collected and all were analyzed . For 

easy comparison, the biomass values of replicate samples were averaged 

to provide a single value for each station (Table 1) . 
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Where H(S) = observed species diversity, and Hmax(S) = log2S (maximum 

species diversity for a given S) . 

RESULTS AND DISCUSSION 



TABLE 1 

BIOMASS (DRY WEIGHT, mg/m3) AT EACH STATION 
MEAN OF FOUR SAMPLES FOR 1975 AND TWO SAMPLES FOR 1976 

i 
v 

Mean 1 22 .3 16 .4 13 .4 1 17,4 50 .9 25 .1 8.2 1 28 .1 11 44 .1 19 .2 9.41 24 .2 

I 9.7 26 .7 11 .5 16 .0 51 .3 60 .5 8 .1 40 .0 28 .5 26 .4 4 .4 19 .8 

II 15 .1 31 .0 15 .4 20 .5 38 .0 69 .0 8 .6 38 .5 20 .1 8.2 14 .6 14 .3 

III 16 .0 13 .6 19 .5 16 .4 71 .3 70 .6 22 .0 54 .6 69 .7 13 .3 21 .6 34 .9 

IV 26 .0 14 .0 10 .7 16 .9 27 .0 19 .3 7 .7 18 .0 20 .5 16 .3 5.3 14 .0 

Mean 1 16 .7 21 .3 14 .3 1 17 .4 11 46 .9 54 .9 11 .6 1 37 .811 34 .7 16 .1 11 .5 20 .8 

WINTER 
U 
N 

~4 r. Station ro ro 
4) ~4 
tlH H 1 2 3 Mean 

I 15 .0 16 .2 4 .5 11 .9 

II 29 .9 15 .4 15 .8 20 .4 

III 23 .7 17 .3 17 .5 19 .5 

^~ IV 20 .4 16 .7 15 .7 17 .6 

SPRING SUMMER 

Station Station 

1 2 3 Mean 1 2 3 Mean 

89 .4 27 .3 9 .1 41 .9 72 .8 12 .4 7 .7 31 .0 

37 .6 35 .1 7 .0 26 .6 49 .1 10 .8 6 .9 22 .3 

28 .9 9 .9 7 .7 15 .5 32 .2 15 .4 12 .0 19 .9 

47 .5 28 .1 8 .8 28 .1 22 .3 38 .2 11 .1 23 .9 



(Table 3), the differences were not as great as those among stations . 

However, each transect showed a variable degree of seasonal change as 

well as annual variations . In 1975, highest and lowest biomass values 

were in spring (41.9 mg/m3) and winter (11 .9 mg/m3) on Transect I, 

while in 1976, they were on Transect III in spring (54 .6 mg/m3) and 

Transect IV in summer (14 .0 mg/m3) . The annual average biomass showed 

a relatively low variation among transects, ranging between 18 .3 mg/m3 

(Transect III) and 28 .3 mg/m3 (Transect I) during 1975 and between 16 .3 

mg/m3 (Transect IV) and 35 .3 mg/m3 (Transect III) during 1976 . When 

data from the two years were combined, the highest average biomass 
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The highest biomass was at Station 1/III in spring (71.3 mg/m3) and the 

lowest at Station 3/I in summer (4 .4 mg/m3), while in 1975, the highest 

biomass was at Station 1/I in spring (89 .4 mg/m3) and the lowest at 

Station 3/I in winter (4 .5 mg/m3) . The highest and lowest biomass values 

were, therefore, most frequently found on Transect I . As in 1975, bio-

mass generally showed a decrease from shallow to deep stations on all 

transects . However, in contrast to 1975, Station 2 showed higher 

values than Station 1 on Transects I and II in winter and spring . When 

biomass values of the four transects were averaged by station for each 

season (Table 2), it was clear that the spring and summer zooplankton 

increases were restricted to Stations 1 and 2, and that the zooplankton 

biomass at Station 3 was higher in winter rather than spring or summer, 

therefore, showing a different trend from the other stations . When data 

from the two sampling years were combined, the highest average biomass 

was 48 .9 mg/m3 (Station l, spring), followed by 40 .0 mg/m3 (Station 2, 

spring) . 

When biomass values among transects for each season were compared 



1976 1 16 .7 46 .9 34 .7 32 .8 

2 21 .3 54 .9 16 .1 30 .8 

3 14 .3 11 .6 11 .5 12 .5 

Mean 17 .4 37 .8 20 .8 25 .3 

1975 & 1976 1 19 .5 48 .9 39 .4 35 .9 

2 18 .9 40 .0 17 .7 25 .5 

3 13 .9 9.9 10 .5 11 .4 

Mean 17 .4 32 .9 22 .5 24 .3 
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TABLE 2 

AVERAGE SEASONAL BIOMASS (DRY WEIGHT, mg/m3) FOR EACH STATION 
MEAN OF FOUR TRANSECTS FOR EACH STATION 

Year Station Winter Spring Summer Mean 

1975 1 22 .3 50 .9 44 .1 39 .1 

2 16 .4 25 .1 19 .2 20 .2 

3 13 .4 8 .2 9 .4 10 .3 

Mean ~ 17 .4 I 28 .1 ~ 24 .2 ~ 23 .2 



1975 & 1976 1 14 .0 41 .0 25 .4 26 .8 

II 20 .5 32 .6 18 .3 23 .8 

III 18 .0 35 .1 27 .4 26 .8 

IV 17 .3 23 .1 19 .0 19 .8 

Mean I 17 .5 I 33 .0 I 22 .5 1 24 .3 
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TABLE 3 

AVERAGE SEASONAL BIOMASS (DRY WEIGHT, mg/m3) FOR EACH TRANSECT 
MEAN OF THREE STATIONS FOR EACH TRANSECT 

Year Transect Winter Spring Summer Mean 

1975 1 11 .9 41 .9 31 .0 28 .3 

II 20 .4 26 .6 22 .3 23 .1 

III 19 .5 15 .5 19 .9 18 .3 

IV 17 .6 28 .1 23 .9 23 .2 

Mean 17 .4 28.0 24 .3 23 .2 

1976 I 16 .0 40 .0 19 .8 25 .2 

II 20 .5 38 .5 14 .3 24 .4 

III 16 .4 54 .6 34 .9 35 .3 

IV 16 .9 18 .0 14 .0 16 .3 

Mean I 17 .5 I 37 .8 I 20 .8 I 25 .4 



approximately proportional to the biomass and varied from 475 .6 (Sta-

tion 3/II, spring) to 7872 .1 (Station 1/III, summer) . These values 

were close to those obtained in 1975 (317 .0, Station 3/I, winter and 

8380 .8, Station 1/I, spring), although they occurred at different sta-

tions and in different seasons . In general agreement with the biomass 

distribution, the number of zooplankters was usually highest at Station 

1 on each transect . Exceptions to this pattern were Stations 2/1-

winter, 2/IV-spring, and 2/III and 2/IV-summer in 1975 ; and Stations 

2/I, all three seasons, and 2/II-spring in 1976 . The number at Station 

3 was usually considerably smaller than that of Station 1 or 2 . In 

winter and summer, however, the number at Station 2 occasionally 
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(26 .8 mg/m3) was on Transects I and III and the lowest (19 .8 mg/m3) on 

Transect IV . 

To examine closely temporal zooplankton variation, all three sta- 

tions on Transect II were sampled on a monthly basis during 1976 . As 

shown in Table 4, monthly biomass on Transect II varied from 4 .7 mg/m3 

(Station 3, July) to 69 .0 mg/m3 (Station 2, May/June) . At Stations 1 

and 2, the highest values were in May/June, while at Station 3, the 

highest biomass occurred in March. Biomass peaks were found in May/June, 

August and November at Station 1 ; in January/February, May/June and 

November at Station 2 ; and in March and September at Station 3 . Monthly 

average values of all three stations on Transect II showed the highest 

biomass in May/June (38.5 mg/m3) and the lowest in July (14.0 mg/m3) . 

The annual average at each station showed a seaward decrease which was 

very abrupt between Stations 2 and 3 . 

Numerical Abundance of Zooplankton 

The number of zooplankters per m3 of water filtered (Table 5) was 



Mean 1 25 .1 1 22 .2 1 12 .1 1 19 .8 
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TABLE 4 

BIOMASS (DRY WEIGHT, mg/m3.) ON TRANSECT II IN 1976 
MEAN OF TWO SAMPLES AT EACH STATION 

Station 
Month 1 2 3 Mean 

January/February 15 .1 31 .0 15 .4 20 .5 

March 21 .1 16 .1 17 .2 18 .1 

April 28 .6 14 .9 12 .2 18 .6 

May/June 38 .0 69 .0 8.6 38 .5 

July 21 .3 15 .9 4.7 14 .0 

August 28 .3 11 .8 13 .3 17 .8 

September 20 .1 8.2 14 .6 14 .3 

November 36 .2 18 .1 11 .4 21 .9 

December 17 .6 15 .0 11 .4 14 .7 



TABLE 5 

NUMERICAL ABUNDANCE OF ZOOPLANKTON PER m3 AT EACH STATION 
MEAN OF FOUR SAMPLES FOR 1975 AND TWO SAMPLES FOR 1976 

WINTER SPRING SUMMER 

rd U) 
0) r. Station Station Station 

H 1 2 3 Mean 1 2 3 Mean 1 2 3 Mean 

I 1061 .3 1255 .5 317 .0 877 .9 8380 .8 1087 .5 494.5 3320 .9 2701 .5 1261 .3 807 .3 11590.0 

II 2848 .0 1490 .0 1054 .5 1797 .5 3516 .5 2809 .5 451 .8 2259 .3 3006 .0 453.0 651 .3 1370 .1 

III 2196 .8 1471 .0 920.0 1529 .3 2292 .3 676.8 539.5 1169 .5 1654 .3 1740 .0 1221 .0 1538 .4 
i 
F 01 

r+ IV 2355 .3 1268 .0 1023 .3 1548 .9 1 1538 .0 1617 .5 880.8 1345 .4 1536 .3 3572 .0 754 .3 1954 .2 

Meant 2115 .3 1371 .1 828.7 11438.4 1I3931 .9 1547 .8 591.6 12023.8 112224 .5 1756 .6 858.5I 1613 .2 

I 743 .9 1370 .7 948.1 1020 .9 2001 .4 5090 .6 589.9 2560 .6 907 .8 1881 .4 844.8 1211 .3 

II 1948 .3 1411 .8 918 .4 1426 .2 1866 .9 3705 .3 475 .6 2015 .9 3756 .8 324.9 954 .7 1678 .8 

o~, III 1474 .5 660.0 849.3 994.6 2397 .1 2247 .2 1316 .9 1987 .1 7872 .1 1600 .5 2055 .6 3842 .7 

IV 3915 .1 1602 .9 586.3 2034 .8 2149 .4 941 .9 519.6 1203 .6 ~ 1565 .0 660.3 640 .8 955.4 

Mean 2020 .4 1261 .3 825.5 11369 .1 1 2103 .7 2996 .2 725 .5 1941,8 1 3525 .4 1116 .8 1124 .0 1922 .1 



showed a wider amplitude of variation than the seasonal data, and ranged 

from 324 .9/m3 (Station 2, September) to 12141 .5/m3 (Station 1, in August) . 

Peaks of abundance ware found in April, August and December at Station 1 ; 

in January/February, May/June and December at Station 2 ; and in March 

and November at Station 3 . It was apparent from these observations 

that the three stations have different patterns of temporal variation. 

The annual average at each station showed a gradual seaward decrease 
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decreased below that of Station 3 on Transects II and III . 

When the numerical data of all four transects are averaged by 

stations for each season (Table 6), the numerical abundance of zooplank-

ton shows a close similarity to the biomass distribution ; that is, the 

spring increase of zooplankton is observed only at Stations 1 and 2 and 

at Station 3 the zooplankton actually decreases to the lowest number in 

spring . When the two years data are combined, the highest number (3017.8/ 

m3) was found at Station 1 in spring and the lowest number (658 .5/m3 

at Station 3 in spring . 

When the numerical abundance of zooplankton are compared among 

transects (Table 7), the transect that had the highest number during 

1975 was Transect I in spring and during 1976 it was Transect III in 

summer . Transects that had the lowest number during 1975 and 1976 were 

Transect I in winter and Transect IV in summer, respectively . As for 

biomass, the annual average numbers of zooplankters showed little varia-

tion among transects ranging from 1412 .4 (Transect III) to 1929 .6 (Tran-

sect I) . in 1975, and from 1397 .9 (Transect IV) to 2274 .8 (Transect III) 

in 1976 . When data for the two years were combined, the lowest average 

zooplankton number (1507 .0/m3) was found on Transact IV and the highest 

(1843 .6/m3) on Transact III . 

Monthly numerical abundance data obtained on Transact II (Table 8) 



1975 & 1976 1 2067 .8 3017 .8 2874 .9 2653 .5 

2 1316 .2 2272 .0 1436 .7 ' 1675 .0 

3 827 .1 658 .5 991.2 825.6 

Mean 1403 .7 1982 .8 1767 .6 1718 .0 

6-15 

'TABLE 6 

AVERAGE SEASONAL NUMERICAL ABUNDANCE OF ZOOPLANKTON PER m3 
FOR EACH STATION 

MEAN OF FOUR TRANSECTS FOR EACH STATION 

Year Station Winter Spring Summer Mean 

1975 1 2115 .3 3931 .9 2224 .5 2757 .2 

2 1371 .1 1547 .8 1756 .6 1558 .5 

3 828 .7 591 .6 858 .5 759 .6 

Mean 1438 .4 2023 .8 1613,2 1691 .8 

1976 1 2020 .4 2103 .7 3525 .4 2549 .8 

2 1261 .3 2996 .2 1116 .8 1791 .4 

3 825 .5 725 .5 1124 .0 891 .7 

Mean I 1369 .1 I 1941 .8 I 1922 .1 t 1744 .3 



Year Transect Winter Spring Summer Mean 

1975 I 877 .9 3320 .9 1590 .0 1929 .6 

II 1797 .5 2259 .3 1370 .0 1808 .9 

III 1529 .3 1169 .5 1538 .4 1412 .4 

IV 1548 .9 1345 .4 1954 .2 1616 .2 

Mean 1438 .4 2023 .8 1613 .1 1691 .8 

1976 I 1020 .9 2560 .6 1211 .3 1597 .6 

II 1426 .2 2015 .9 1678 .8 1707 .0 

III 994 .6 1987 .1 3842 .7 2274 .8 

IV 2034 .8 1203 .6 955 .4 1397 .9 

Mean 1369 .1 1941 .8 1922 .0 1744 .3 

1975 & 1976 I 949 .4 2940 .7 1400 .6 1763 .6 

II 1611 .8 2137 .6 1524 .4 1757 .9 

III 1261 .9 1578 .3 2690 .5 1843 .6 

IV 1791 .8 1274 .5 1454 .8 1507 .0 

Mean I 1403 .7 I 1982 .8 I 1767 .6 I 1718 .0 
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TABLE 7 

AVERAGE SEASONAL NUMERICAL ABUNDANCE OF ZOOPLANKTON PER m3 
FOR EACH TRANSECT 

MEAN OF THREE STATIONS FOR EACH TRANSECT 



Mean 1 4121 .5 1 1568 .7 1 843 .7 1 2178 .0 

o-li 

TABLE 8 

NUMERICAL ABUNDANCE OF ZOOPLANKTON PER m3 
ON TRANSECT II IN 1976 

MEAN OF TWO SAMPLES AT EACH STATION 

Station 
Month 1 2 3 Mean 

January/February 1948 .3 1411 .3 918.4 1426 .2 

March 3784 .8 997.8 956.1 1912 .9 

April 5123 .1 1145 .2 736.0 2334 .8 

May/June 1866 .9 3705 .3 475.6 2015 .9 

July 2401 .8 1779 .2 412.0 1531 .0 

August 12141.5 666.0 768.8 4525 .4 

September 3756 .8 324.9 954.7 1678 .8 

November 2062 .6 1270 .1 1230 .8 1521 .2 

December 4008 .1 2818 .6 1140 .6 2655 .8 



1 in winter and summer months . The highest concentration was 10331.1/m3 

(Station 1/II, August 1976) . Another taxon that showed a highly regionalized 

spatial distribution was the Ostracoda, composed mostly of a single species 

Euconchoecia chierchiae . The number of ostracods per m3 varied between 

0 (Stations 1/I, 1/II, 1/III, summer 1976) and 2043 .5 (Station 2/IV, sum-

mer 1975), and high concentrations were usually found at Station 2, all 

transects . On Transect II where ostracods were studied on a monthly basis 

during 1976, there were two clear peaks, one in winter and another in 

summer . 

The number of amphipods ranged between 0 .3 (Station 1/I, winter 1975) 

and 264 .3/m3 (Station 1/III, summer 1976) and high concentrations were 

usually found at shallow stations in spring and summer on all transects . 

However, monthly data for Transect II in 1976 showed a high peak 
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instead of an abrupt seaward decrease as observed for the biomass between 

Stations 2 and 3 . 

In nearly all samples, the Copepoda were the most abundant group, 

comprising approximately 60% of the zooplankton by number (Table 3, Appen-

dix D) . This figure was slightly lower than that obtained in 1975 (approx-

imately 70%) . As shown in Tables 9 and 10, the relative abundance of 

copepods in the zooplankton was lower in spring and summer than in winter . 

Therefore, the spring and summer increase in zooplankton was more attri-

butable to other forms than to copepods . Other than the Copepoda, the 

numerically important groups were the Cladocera, Ostracoda, barnacle 

larvae, Mollusca, Chaetognatha, and tunicates (Tables 3 and 4, Appendix D) . 

The Cladocera (PeniZia sp .) often occurred in large numbers at Station 



1 61 .9 46.6 75 .6 61 .4 46 .1 36 .2 73 .9 52 .1 53 .6 34.7 69.1 52 .5 

11 74 .2 52 .1 72 .8 66 .4 58 .6 50 .8 73 .9 61.1 18 .8 75 .2 68 .1 54 .0 

III 58 .1 76 .5 85.0 73 .2 31 .0 56.8 68 .6 52.1 52 .9 66 .6 63 .5 61 .0 
.i 

IV 77 .7 47 .2 63 .4 62 .8 68.8 73 .1 68 .1 70 .0 75.0 69 .3 75 .2 73 .2 

Mean I 68.0 55 .6 74 .2 I I 51 .1 54 .2 71 .1 I ~ 50.1 61 .5 69 .0 

1 
For purposes of comparison between 1975 and 1976 the Foraminifera and Radiolaria, which were included in 
1976 study but not in 1975, were omitted from the calculation of 1976 data prQSented here . 

TABLE 9 

PERCENTAGE COMPOSITION OF COPEPODS IN TOTAL ZOOPLANKTON AT EACH STATION 
MEAN OF FOUR SAMPLES FOR 1975 AND TWO SAMPLES FOR 19761 

WINTER SPRING SUMMER 

u 

Station Station Station ~, c 
ro ro 

F 1 Z 3 
Mean 

1 2 3 
Mean 

1 2 3 
Mean 

I 85.5 57 .8 72 .7 72.0 92 .0 76 .0 64 .3 77 .4 61.8 59 .6 66 .6 62 .7 

II 85.9 74 .6 70 .0 76.8 61 .4 34 .3 82 .4 59 .4 71 .9 66 .7 79 .9 72 .8 

III 93 .0 82.7 66 .6 80.8 84 .1 63 .5 66 .3 71 .3 67 .5 66.2 72 .3 68.7 

IV 89.4 79.8 77 .5 82.2 52 .5 67 .2 40 .3 53 .3 63 .4 36.3 80.9 60.2 

Mean 88 .5 73 .7 71 .7 72 .5 60 .3 63 .3 ~ 66 .2 57 .2 74.9 

I 
F~ 



Station 
Month 

January/February 

March 

April 

May/June 

July 

August 

September 

November 

December 

Mean 43 .1 1 56 .6 1 61 .6 1 53 .8 
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TABLE 10 

PERCENTAGE COMPOSITION OF COPEPODS IN TOTAL ZOOPLANKTON 
ON TRANSECT II IN 1976 

MEAN OF TWO SAMPLES AT EACH STATION 

1 2 3 Mean 

74 .1 50 .8 71 .4 65 .4 

38 .4 55 .5 72 .2 55 .4 

39 .1 77 .6 66 .0 60.9 

52 .2 50 .6 71 .8 58 .2 

45 .0 42 .5 52 .6 46 .7 

4 .2 50 .9 59 .1 38 .1 

18 .8 74 .4 66 .1 53 .1 

66 .4 65 .3 39 .4 57 .0 

50 .1 41 .5 55 .6 49 .1 



regularly throughout the study area in all samplings . Their number per 

m3 ranged from 7 .0 (Station 1/II, March 1976) to 235 .8 (Station 1/I, 

spring 1976) with higher numbers usually occurring at shallow stations 

in spring and summer . 

Another taxon with a regular and consistent occurrence were the 

Larvacea, composed mainly of the genus OikopZeura . Their number per 

m3 varied from 2 .3 to 277 .4 (Stations 1/II and 1/III, respectively, 

summer 1976) but did not show any discernible., pattern of spatial or 
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of amphipods in May/June and low numbers afterward . The decapod Lucifer, 

the only holoplanktonic decapod genus found in the study, occurred regu-

larly and their number usually increased in spring and summer at shallow 

stations . Barnacle larvae (nauplius and cypris stages) showed a highly 

sporadic occurrence . During 1975, they appeared in large numbers through-

out the study area in spring and at Stations 2 and 3, Transact III, in 

summer . During 1976, however, they occurred in high numbers only at 

Stations 1 and 2, Transact I, in winter . Copepod nauplii were found 

the year round in most samples . They were, however, too small to be 

adequately sampled by the nets employed . 

Other crustacean larvae, including decapod zoea and megalops, showed 

a clear seasonality and increased in abundance at shallow stations in 

spring and summer . 

Most of the molluscs were gastropod and pelecypod larvae, and were 

most abundant at shallow stations in spring and summer . The highest 

concentration in 1976 was 2699 .1 per m3 (Station 1/II, April) . Even in 

winter months, the molluscans maintained an average abundance of about 

50 per m3 . 

The Chaetognatha, mainly composed of small neritic species, occurred 



was clear that the copepods were usually much more abundant at Station 1 

than at Stations 2 and 3 . Differences between Stations 2 and 3 were 

relatively small except in winter 1975 and spring 1976 . Differences 

in copepod abundance among transects were relatively insignificant 

(Table 13) . However, in 1976, Transects III and IV had higher copepod 

numbers than Transects I and II, while in 1975, the order was reversed . 

In contrast with the total zooplankton, copepods showed almost no sea-

sonal variation in abundance according to data for the seasonal samples . 

Average numbers for the entire study area ranged from 971 .1/m3 (summer) 

to 1376 .7/m3 (spring) in 1975, and from 904 .1/m3 (winter) to 1068 .3/m3 

(summer) in 1976 . However, monthly samples on Transect II (Table 14) 

showed a relatively higher temporal variation ranging from 425 .9/m3 

(August) to 1258 .0/m3 (December) . It is noteworthy that the lowest 
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temporal variation. Pelagic tunicates, other than the Larvacea, were 

mostly of species in thaliacean genera DoZioZum and SaZpa. They occurred 

throughout the study area the year round, although their number exceeded 

10 per m3 only occasionally . 

Jelly fish were mostly small hydromedusae and zooids of the 

Siphonophora and occurred at all stations the year round . The highest 

jelly fish concentration during the study was 356 .9 per m3 at Station 

1/IV in winter 1976 . 

Numerical Abundance of Copepods 

The number of copepods, including all developmental stages, ranged 

from 216 .4/m3 (Station 3/II, July) to 4156 .7/m3 (Station 1/III, summer) 

while in 1975 numbers varied from 229 .7/m3 (Station 3/I, winter) to 

7683 .1/m3 (Station 1/I, spring) (Table 11) . When the numbers for all 

four transects were averaged by station for each season (Table 12), it 



TABLE 11 

NUMERICAL ABUNDANCE OF COPEPODS PER m3 AT EACH STATION 
MEAN OF FOUR SAMPLES FOR 1975 AND TWO SAMPLES FOR 1976 

WINTER SPRING SUMMER 

Station Station Station 
Mean 1 2 3 - Mean 1 2 >1 E-4 I 

I 909.0 712.9 229.7 617 .2 7683 .1 741.8 317.2 2914 .0 1569 .9 741 .4 

II 2489 .5 1110 .8 734.5 1444 .9 2174 .3 913 .8 372.6 1153 .6 2074 .7 295.7 

III 2047 .8 1229 .6 577 .0 1284 .8 1928 .6 425.9 343 .7 899.4 1129 .9 1011 .1 

'~ IV 2119 .5 1009 .4 794 .4 1307 .8 668.9 463.0 487.6 539.8 959.9 1312 .9 

534.4 948 .6 

520.4 963.6 

891.6 1010 .9 

611.5 961.4 
I 
N 
w 

Mean 1450 .7 648.8 612.8 1 904.1 111028 .6 1396 .6 498.0 1 974,4111627 .4 608.5 715 .6 1 983 .9 

Mean 

Mean 1891 .5 1015 .7 583.9 11163 .7113113 .7 636.1 380.3 11376 .7111433 .6 840 .3 639.5 1 971 .1 

I 459 .7 637.4 714.6 603 .9 925.4 1829 .6 419.8 1058 .3 483 .1 686 .6 565 .2 578.3 

II 1443 .0 717 .5 655.3 938 .6 978.6 1822 .4 340.9 1047 .3 694.5 241 .8 624.6 520.3 

III 857.4 494.3 713.3 688.3 744.5 1252 .0 889.4 962.0 4156 .7 1054 .6 1272 .9 2161 .4 

IV 3042 .6 746.0 368.0 1385 .5 11465.9 682 .3 342 .1 830.1 11175 .4 451 .1 399.8 1 675.4 



1976 1 1450 .7 1028 .6 1627 .4 1368 .9 

2 648.8 1396 .6 608 .5 884 .6 

3 612.8 498.0 715 .6 608 .8 

Mean 904.1 974.4 983.8 954.1 

1975 & 
1976 1 1671 .1 2071 .1 1530 .5 1757 .6 

2 832 .2 1016 .3 724.4 857 .6 

3 598 .3 439.1 677 .5 571 .6 

Mean ~ 1033 .9 ~ 1175 .5 ~ 977 .5 ~ 1062 .3 
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TABLE 12 

AVERAGE SEASONAL NUMERICAL ABUNDANCE OF COPEPODS PER m3 FOR EACH STATION 
MEAN OF FOUR TRANSECTS FOR EACH STATION 

Year Station Winter Spring Summer Mean 

1975 1 1891 .5 3113 .7 1433 .6 2146 .3 

2 1015 .7 636 .1 840 .3 830 .7 

3 583 .9 380 .3 639 .5 534 .6 

Mean ~ 1163 .7 ~ 1376 .7 ~ 971 .1 ~ 1170 .5 



Year Transect Winter Spring Summer Mean 

1975 I 617 .2 2914 .0 948.6 1493 .3 

II 1444 .9 1153 .6 963 .6 1187 .4 

III 1284 .8 899.4 1010 .9 1065 .0 

IV 1307 .8 539 .8 961 .4 936 .3 

Mean 1163 .7 1376 .7 971.1 1170 .5 

1976 I 603.9 1058 .3 578.3 746.8 

II 938 .6 1047 .3 520.3 835.4 

III 688 .3 962 .0 2161 .4 1270 .6 

IV 1385 .5 830.1 1013 .1 1076 .2 

Mean 904.1 974 .4 1068 .3 982.3 

1975 & 
1976 I 610.6 1986 .1 763.4 1120 .0 

II 1191 .7 1100 .4 741.9 1011 .3 

III 986.5 930.7 1586 .1 1167 .8 

IV 1346 .6 684 .9 987 .2 1006 .2 

Mean 1033 .8 1175 .5 1019 .6 1076 .3 
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TABLE 13 

AVERAGE SEASONAL NUMERICAL ABUNDANCE OF COPEPODS PER m3 FOR EACH TRANSECT 
MEAN OF THREE STATIONS FOR EACH TRANSECT 



Mean 1 1281 .3 1 795 .9 1 509 .4 1 862 .2 

b-Zb 

TABLE 14 

NUMERICAL ABUNDANCE OF COPEPODS PER m3 
ON TRANSECT II IN 1976 

MEAN OF TWO SAMPLES PER STATION 

Station 
Month 1 2 3 Mean 

January/February 1443 .0 717 .5 655.3 938.6 

March 1435 .5 516 .6 690.4 880.8 

April 2045 .0 884.1 485.4 1138.2 

May/June 978 .6 1822 .4 340.9 1047 .3 

July 1118 .2 652 .0 216.4 662.2 

August 484.6 338.8 454.4 425 .9 

September 694.5 241.8 624 .6 520.3 

November 1361 .6 830.8 473 .0 888 .5 

December 1970 .8 1158 .7 644.5 1258 .0 



high concentration at Station 1, irrespective of transect or season 

(Tables 17 and 18) . However, the average number of adult female cope-

pods in the entire study area remained at approximately 500/m3 through-

out the year . A total of 168 species of adult female copepods were 

identified during 1976, consisting of 107 calanoid species, 57 cyclo-

poid species and 4 harpacticoid species (Table 7, Appendix D) . 
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copepod number occurred in August when the total zooplankton number was 

the highest due to an extreme abundance of the cladoceran PeniZia . 

Approximately 75 percent of the copepods belonged to the suborder Cala-

noida, usually less than 2 percent belonged to the suborder Harpacticoida, 

with the rest belonging to the suborder Cyclopoida (Table 6, Appendix D) . 

The relative abundance of the Calanoida was highest in winter and grad-

ually decreased as the abundance of Cyclopoida increased toward summer, 

when Cyclopoida often comprised as much as 50 percent of the total cope-

pods . Developmental stages were abundant throughout the year, compris-

ing nearly 50 percent in the Calanoida and about 20 percent in the Cyclo-

poida . These percentage values showed no significant change with season, 

indicating a sustained copepod reproduction in the area (Table 6, Appen-

dix D) . The relative abundance of developmental stages in the total 

copepods was approximately 50 percent in the 1976 seasonal samples (Table 

15) . However, in winter and spring 1975, relative abundance of develop-

mental stages often exceeded 60 percent . Monthly samples from Transect 

II (Table 16) showed average relative abundance of developmental stages 

ranging from 39 .9 percent (September) to 63 .3 percent (December), again 

indicating a sustained copepod reproduction throughout the year . 

The number of adult female copepods per m3 varied in close agree-

ment with the total copepods . Adult female copepods often occurred in 



TABLE 15 

PERCENTAGE COMPOSITION OF IMMATURES IN TOTAL COPEPODS AT EACH STATION 
MEAN OF FOUR SAMPLES FOR 1975 AND TWO SAMPLES FOR 1976 

WINTER 

Station Mean 

1 2 3 

35 .2 58.8 77 .2 57 .1 

52 .6 38 .8 50 .7 47 .4 

92 .7 64 .0 43 .7 66 .8 

88 .4 69 .8 72 .2 76 .8 

SUMMER SPRING 

Station Mean 

1 2 3 

50 .4 75 .9 63 .1 63 .1 

65 .1 78 .4 67 .7 70 .4 

46 .2 65 .5 73 .7 61 .8 

73 .3 47 .8 53 .1 58 .1 

U 

b ~d 
~ 1a 
>+ H 

I 

II 

III 

r-1 

IV 

Mean 

3 

51 .8 53 .7 

45 .7 51 .2 

47 .2 48 .1 

55 .3 46 .3 

Station 

1 2 

49 .8 59 .6 

61 .0 46 .8 

50 .7 46 .3 

44 .4 39 .3 

o% i 
N 

Mean I 67 .2 57 .9 61 .0 I 62 .0 II 58 .8 66 .9 64 .4 1 63 .4 11 51 .5 48 .0 50 .0 49 .8 

I 49 .2 28 .8 23 .3 33 .8 

II 33 .5 24 .3 77 .5 45 .1 

III 43 .1 82 .7 67 .1 64 .3 

IV 73 .3 65 .9 88 .6 75 .9 

61 .5 41 .7 60 .7 54 .6 

43 .8 39 .6 54 .8 46 .1 

54 .9 45 .9 40 .8 47 .2 

41 .1 24 .1 63 .2 42 .8 

Mean 1 49 .8 50 .4 64 .1 1 54 .8 11 50 .3 37 .8 54 .9 1 47 .7 41 .2 45 .6 55 .0 40 .6 

59 .0 67 .5 

35 .0 35 .5 

83 .2 29 .2 

42 .8 30 .3 

41 .4 56 .0 

49 .2 39 .9 

31 .9 48 .1 

42 .1 38 .4 



Mean 1 44 .1 1 46 .6 1 56 .5 1 49 .1 
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TABLE 16 

PERCENTAGE COMPOSITION OF IMMATURES IN TOTAL COPEPODS' 
ON TRANSECT II IN 1976 

MEAN OF TWO SAMPLES AT EACH STATION 

Station 
Month \ I 1 I 2 I 3 I Mean 

January/February 33 .5 24 .3 77 .5 45 .1 

March 25 .5 41 .9 61 .2 42 .9 

April 17 .8 62 .4 55 .0 45 .1 

May/June 43 .8 39 .6 54 .8 46 .1 

July 52 .4 40 .2 65 .3 52 .6 

August 60 .2 42 .8 46 .8 49 .9 

September 35 .0 35 .5 49 .2 39 .9 

November 66 .7 63 .4 40 .5 56 .9 

December 62 .4 69 .1 58 .5 63 .3 



i w 
0 

Mean 849.1 298.8 249 .0 465 .7 11 492 .6 690 .1 286.9 489.9 1 815.4 383 .4 511 .1 1 570 .0 

TABLE 17 

NUMERICAL ABUNDANCE OF ADULT FEMALE COPEPODS PER m3 AT EACH STATION 
MEAN OF FOUR SAMPLES FOR 1975 AND TWO SAMPLES FOR 1976 

WINTER SPRING SUMMER 

(a (d Station I 
II 

Station I ~ Station 
H 3 Mean 1 2 3 j Mean 1 2 3 Mean 

1 490.0 313 .4 109 .1 304 .2 3436 .1 363.4 158.2 1319 .2 621.6 392 .4 342.3 452.1 

11 1245 .1 685 .2 419.5 783 .3 1339 .5 382.4 185.9 635.9 1035 .9 174 .9 338.1 516.3 

,n 111 769.9 670.2 336 .7 592 .3 640 .8 235.9 156.9 344 .5 508.1 671.6 584 .6 588.1 

IV 1060 .5 440.0 320.0 606.8 239.7 228 .5 251.9 240.0 502.6 718.6 352 .9 524.7 

Meant 891 .4 527.2 296.3 1571 .7 111414 .0 302 .6 188 .2 1 634.9 0 667.1 489.4 404 .5 1 520.3 

1 249 .6 334 .3 327 .1 303 .7 370 .2 816 .5 238 .6 475 .1 182 .1 294 .0 364 .1 280.1 

11 871 .8 346 .9 244 .3 487 .7 424 .9 796 .1 178 .6 466 .5 307 .3 143 .5 398 .5 283 .1 

111 504 .4 175 .4 296 .6 325 .5 299 .9 645 .1 534 .4 493 .1 1970 .8 768 .7 978 .7 1239 .4 
n 

IV 1770 .8 338 .5 128 .1 745 .8 875 .3 502 .7 196 .0 524 .7 801 .4 327 .3 303 .2 477 .3 



Mean 1 729 .6 1 408.4 1 277 .4 1 471.8 
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TABLE 18 

NUMERICAL ABUNDANCE OF ADULT FEMALE COPEPODS PER m3 
ON TRANSECT II IN 1976 

MEAN OF TWO SAMPLES AT EACH STATION 

Station 
Month 1 2 3 Mean 

January/February 871.8 346.9 244.3 487.7 

March 1073 .9 298.4 340.4 570.9 

April 1769 .1 521.8 277 .3 856.1 

May/June 424 .9 796.1 178.6 466.5 

July 564.5 385 .0 134.2 361.2 

August 203.9 222.7 272 .6 233 .1 

September 307.3 143.5 398.5 283 .1 

November 465.4 394.9 308.0 389.4 

December 885.9 566.1 342.5 598.2 



number with distance from shore (Tables 21 and 22) . However, on Tran-

sect IV in 1976, numbers increased shoreward in all seasonal samplings 

and the number at Station 1/IV (370 .6/m3) was the highest number found 

during the two years of study . Centropages veZificatus was found through-

out the year but usually in small numbers . In spring 1976, however, it 

occurred in unusually high concentrations at Stations 1 and 2, Transects 

I and II, where numbers exceeded 200/m3 . In general this species was 

more abundant toward shore . Another species that had a similar distri-

bution pattern was EueaZanus piZeatus . The highest concentration of 

this species, however, was only 81 .8/m3 (Station 1/I, spring) . Temora 

turbincztcz also increased in number toward shore but was more abundant 
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By identifying and counting all adult female copepods in the subsample, 

the numerical abundance of each copepod species per m3 was determined 

(Table 8, Appendix D) . 

The most abundant calanoid species were PczracaZanus indicus, Para- 

caZanus quasimodo, CZausocaZanus fureatus, Centropages veZificatus, 

Temora turbinata, ParacaZanus aculeatus, EucaZanus piZeatus, CZausoca-

Zanus jobei and Temora styZifera. ParacaZanus indicus and ParacaZanus 

quasimodo are morphologically and distributionally so similar that their 

taxonomic validity is questionable . Thus, their numbers were combined and 

treated as a single taxon . As shown in Table 19, their number reached 

a high of 1502 .4/m3 (Station 1/IV, winter 1976) and they showed a pro-

nounced regionality as well as a moderate seasonality in their quanti-

tative distribution ; i.e ., they were highly abundant at Station 1 usually 

in winter months where they comprised more than 70 percent of the total 

female copepods . The same pattern of quantitative distribution was dis-

played in monthly samples from Transect II (Table 20) . 

CZausocaZanus furcatus, on the other hand, usually increased in 



i 
w 
w 

Mean 685.4 95 .8 35 .4 1 272 .2 11 77 .6 123 .3 18 .4 1 73~1 11 304 .7 27 .9 5.3' 112 .6 

TABLE 19 

NUMERICAL ABUNDANCE OF PcrraeaZanus indicus AND ParacaZanus quasimodo 
PER m3 AT EACH STATION 

MEAN OF FOUR SAMPLES FOR 1975 AND TWO SAMPLES FOR 1976 

+J WINTER SPRING SUMMER 
U 

Station Station Station 
m 

~4 1 2 3 Mean 1 2 3 Mew 1 2 3 Mean 

I 264 .0 70 .8 2 .0 112 .3 578 .0 195 .4 12 .8 262 .1 232 .7 40 .5 1 .8 91 .7 

II 749 .1 247 .2 49 .7 348 .7 1125 .3 199 .5 9 .3 444 .7 566 .7 3 .4 2 .5 190 .9 

III 515 .9 30 .6 30 .2 192 .2 205 .9 65 .7 7 .7 93 .1 123 .1 55 .1 19 .2 65 .8 

'-+ IV 927 .1 154 .2 18 .5 366 .6 122 .7 41 .7 22 .0 62 .1 66 .1 121 .9 25 .0 71 .0 

Mean 1 614 .0 125.7 25 .1 1 255 .0 1, 508 .0 125 .6 13 .0 1215 .5 I, 247 .2 55 .2 12 .11 104.9 

I 134.7 115.5 33 .0 94 .4 102 .0 154.3 8.2 88 .2 63 .6 54 .5 2.0 40 .0 

II 737 .4 60 .0 7 .6 268.3 10 .6 140 .8 8 .2 53 .2 33 .2 2 .3 1 .9 12 .5 

to III 367.1 7.1 99 .2 157.8 56 .5 85 .6 46 .6 62 .9 11121.0 38 .5 15 .7 391 .7 

IV 1502 .4 200.6 1.6 568 .2 141 .3 112 .5 10 .4 88 .1 1.0 16 .3 1 .5 6.3 



Mean 1 452.5 1 92 .3 1 11 .6 1 185 .5 
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TABLE 20 

NUMERICAL ABUNDANCE OF ParacaZcznus indicus and ParacaZcznus quasimodo 
ON TRANSECT II IN 1976 

MEAN OF TWO SAMPLES AT EACH STATION 

Station 

Month 1 2 3 Mean 

January/February 737 .4 60 .0 7 .6 268 .3 

March 768 .3 126 .9 12 .3 302 .5 

April 1564 .7 256 .9 11 .5 611 .0 

May/June 10 .6 140 .8 8 .2 53 .2 

July 170 .0 23 .7 0 .2 64 .6 

August 75 .9 22 .9 10 .6 36 .5 

September 33 .2 2 .3 1 .9 12 .5 

November 144 .3 93 .4 22 .5 86 .7 

December 568 .1 103 .7 29 .2 233 .7 



TABLE 21 

NUMERICAL ABUNDANCE OF CZausocaZanus furcatus PER m3 AT EACH STATION 
MEAN OF FOUR SAMPLES FOR 1975 AND TWO SAMPLES FOR 1976 

WINTER 

Station 

1 2 3 Mean 

4.2 35 .9 25 .1 21 .7 

67 .4 150.1 201.1 139 .5 

11 .3 346.7 133 .8 163.9 

29 .9 108.1 74 .9 71 .0 

I 

II 

a` III 

IV 

i 
w 

Mean 1 28 .2 160.2 108 .7 1 99-4 4 .0 13 .3 32 .2 1 16 .5 9 .8 140.5 119.1 1 89 .8 

6.1 11 .8 55 .1 24 .3 0.4 31 .0 27 .3 19 .6 0 8.7 142 .3 50 .3 

10 .9 8.0 22 .5 13 .8 24 .6 10 .1 22 .1 18 .9 0 .9 36 .9 117 .7 51 .8 

14 .4 16 .3 47 .4 26 .0 16 .8 68 .5 34 .9 40 .1 2.5 262 .5 281 .3 182.1 

54 .9 11 .7 8.4 25 .0 370 .6 75 .5 8 .8 151 .6 344.9 139.7 82 .7 189.1 

I 

II 

III 

IV 

Mean 1 21 .6 12 .0 33 .4 1 22 .3 11 103.1 46 .3 23 .3 1 57 .6 11 87 .1 112 .0 156.0 118 .4 

$4 v 
rd N 
v c~ 

E+ 

SPRING 

Station 

1 2 3 Mean 

4 .4 14 .8 28 .9 16 .0 

8 .5 10 .2 30 .7 16 .5 

1.1 22 .6 30 .7 18 .1 

1.9 5.6 38 .3 15 .3 

SUMMER 

Station 

1 2 3 Mean 

1.3 129.6 91 .6 74 .2 

9.7 55 .5 96 .5 53 .9 

13 .5 248.2 145.7 135 .8 

14 .6 128 .5 142 .6 95 .2 



Station 

1 2 3 Mean 

10 .9 8.0 22 .5 13 .8 

10 .0 48 .7 65 .1 41 .3 

12 .4 31 .7 75 .4 39 .8 

24 .6 10 .1 22 .1 18 .9 

72 .1 53 .8 5.4 43 .8 

1.7 12 .3 24 .7 12 .9 

0.9 36 .9 117 .7 51 .8 

14 .8 82 .1 127 .8 74 .9 

12 .3 119 .1 77 .3 69 .6 

17 .7 44,7 59 .8 40 .7 

January/February 

March 

April 

May/June 

July 

August 

September 

November 

December 

Mean 
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TABLE 22 

NUMERICAL ABUNDANCE OF CZausocaZanus furcatus PER m3 
ON TRANSECT II IN 1976 

MEAN OF TWO SAMPLES AT EACH STATION 

Month 



The number of adult female copepods identified, number of copepod 
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in winter and summer than in spring . The highest number was 316.0/m3 

(Station 1/III, summer 1976) . The congeneric species Temora styZifera, 

however, was more abundant in spring . ParacaZanus acuZeatus showed a 

fairly uniform spatial as well as temporal distribution, although numbers 

were generally higher in summer reaching as high as 50 .9/m3 (Station 1/II) . 

CZczusocaZcmus jobei had a distributional pattern almost identical to that 

of CZausoeaZanus fureatus, although the former was much less abundant than 

the latter . Aeartia tonsa, which occurred in a concentration of 2656 .4/m3 

(Station 1/I, spring 1975), was found during 1976 only in small numbers 

at shallow stations in winter and spring and its highest number reached 

only 63 .9/m3 (Station 1/II, winter) . 

The most abundant cyclopoid copepods were Oneaea venusta, Oneaea 

mediterranea, FarranuZa graciZis, Oithona pZumifera, and Corycaeus 

amerieanus. Oneaea venusta occurred throughout the study area throughout 

the year, and showed a pronounced increase in number in summer months 

with the highest concentration (176 .7/m3) at Station 1/IV in summer 1976 . 

No obvious spatial variation was displayed by this species . Oneaea 

mediterranea, on the other hand, showed a pronounced seaward increase 

in abundance with little seasonal change . FarranuZa graeiZis showed a 

pronounced seaward increase, as well as a seasonal increase from winter 

through summer when density reached as high as 248 .7/m3 (at Station 3/III) . 

Oithona pZumifera and Coryeaeus amerieanus occurred throughout the year . 

The former showed a seaward increase with little seasonal change, but 

the latter showed a pronounced shoreward increase as well as a seasonal 

change with highest numbers occurring in spring . 

Species Diversity 



species found, species diversity index based on the adult female cope-

pods, and coefficient of equitability. calculated from the diversity index 

for each station are presented in Table 10, Appendix D . Contrary to 

the trend of numerical abundance, the number of copepod species increased 

considerably from shallow to deep stations . Species diversity indices 

and coefficients of equitability generally increased from shallow to deep 

stations in conformity to the number of species . However, the two high-

est coefficients of equitability observed in 1976 were for Stations 1/II 

in August (0 .8240) and 1/III in May/June (0 .8105) when the number of 

species and species diversity indices were low . The lowest species div-

ersity index (1 .1296) and coefficient of equitability (0 .2994) were for 

Station 1/II in April when the number of adult female copepods (1769 .1/m3) 

was the highest of all monthly values obtained for Transect II . By and 

large the coefficients of equitability (E) were considerably lower than 

the theoretical maximum value of 1 .0, suggesting that the copepod com-

munity in the study area was far from being well-organized into a stable 

community structure . 

Spatial and Temporal Variation Between 1975 and 1976 

The pertinent 1976 results concerning seasonal and regional distribu-

tions of the total zooplankton and its numerically significant constituents 

have been discussed in previous sections . When the data for 1976 were 

compared with those of 1975, more similarities than differences appeared 

in the two years of analysis . Biomass and the numbers of zooplankton 

showed similar patterns of variation in abundance with changes in season 

and stations . Some variation between the two years appeared when the data 

were compared by transects . In 1975, Transect I produced the highest bio-

mass and number of organisms, whereas in 1976, Transect III was the most 

productive. 



lier section . Among these, the calanoid species ParacaZanus indicus, Para-

eaZanus quasimodo, CZausocaZcmus furcatus, and the Cyclopoid species Oncaea 

venusta, Oneaea mediterranea, and FczrranuZa graeiZis occurred in the 

greatest numbers . ParaeaZanus indieus and P. qucrsimodo, considered as a 

single taxon, were highly concentrated at Station 1 of all transects 

during 1975 and in the winter and summer of 1976 . In spring 1976, they 

were uniformly distributed between Stations 1 and 2 . CZausocaZanus fur- 

Copepods accounted for the largest percentage of the zooplankton dur-

ing both years, however, percentages were somewhat lower in 1976 than in 

1975 . Variations in Copepoda numbers with changes in seasons and stations 

were similar during the two years . However, as in the biomass, the high-

est number in each season occurred on Transect I or II in 1975 but on 

Transect III or IV in 1976 . Ostracods appear to be concentrated at Station 

2 during both years except in the summer of 1976 when they were more abun-

dant at Station 3 . The numbers of Mollusca were somewhat larger in 1976 

than in 1975 . Chaetognaths were significantly more abundant in the spring 

of 1976 than in the same season of 1975, but showed fair agreement during 

the other two seasons . Lucifer was the most abundant in 1975 summer sam-

ples at Station 1/I, but more prominent in the spring of 1976 at Station 

1/III . Larvacea and jelly fish consistently appeared in the samples of 

both years . Both taxa were more abundant in 1976 than in 1975 . Cladocera 

and barnacle larvae were irregular in occurrence but occasionally impor-

tant contributors to the zooplankton . Cladocera were best represented in 

the summer of both years, especially in 1976 when they accounted for 59% 

of the zooplankCon at Station 1/III . According to the two years of data, 

barnacle larvae were the least predictable of the forms considered as 

numerically important fractions of the zooplankton . 

Indicator species among the Copepods have been identified in an ear- 



tigators at the time of zooplankton collections were examined for possible 

relationships with the zooplankton . Of all environmental parameters 

studied by other investigators, temperature, salinity and chlorophyll a 

seemed to have readily discernible relationships with the zooplankton . 

The surface values for temperature and salinity and average values of 

chlorophyll a concentration for the entire water column are considered 

in the discussion below . 

Winter water temperature in 1976 was considerably lower than that 
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eatus, the second most abundant calanoid, did not show a consistent dis-

tributional pattern . In 1975, their peaks of abundance were found at 

Station 2/III in the winter and summer . In 1976, however, they were 

extremely abundant at Station 1/IV in the spring and summer . The cyclo-

poid Oncaea venusta did not establish easily definable patterns of seasonal 

or regional distribution in either year of the study . Oncaea mediterra2ea 

established a reasonably well defined population center at Station 3 during 

both years . This center often extended shoreward along Transects II, III 

or IV, without consistency . FczrrcmuZa graciZis developed only weakly 

defined seaward centers of abundance during both years . 

In view of the nature of zooplankton variability, which is a contin- 

uous process affected by complicated interactions of various environmental 

parameters, it cannot be expected that seasonal samples such as we have 

studied will reveal correctly their annual pattern of variation . It is 

therefore difficult to ascertain how much of the observed variation is 

real and how much can be expected as results of natural time lags during 

seasonal and annual cycles . Monthly samples taken on Transect II in 1976 

and 1977 may provide some insight into the scope of this problem . 

Interrelationship Between Zooplankton and Environmental Parameters 

Data for physical and biological parameters obtained by other inves- 



the study area, mainly in the spring when high zooplankton standing crops 

were usually found at stations with low salinity values . In 1975 the 

unusually low salinity at Station 1/I was accompanied by an extreme 

abundance of zooplankton (mainly Acartia tonsa) . In 1976 the two high-

est zooplankton numbers were at stations with the lowest salinities . 

The relationship between salinity and zooplankton was, however, not 

readily discernible during other seasons . The monthly data for Tran-

sect II also showed a close relationship between salinity and zooplank-

ton, with low salinity values often corresponding to high zooplankton 

abundance . The largest zooplankton biomass found on Transect II was 

in 1975, particularly at Station 1 on Transects I through III . The low 

temperature at these stations in 1976 was accompanied by low zooplankton 

abundance, and the lowest zooplankton biomass was obtained at Station 

1/I where temperature was the lowest . In spring, however, water temp-

erature was on the average 4°C higher in 1976 than in 1975 and average 

zooplankton biomass was approximately 1 .3 times higher in 1976 than in 

1975 . Contrary to biomass, average numerical abundance was higher in 

1975 than 1976 . This reversed relationship was due mainly to the unus-

ually high number of small zooplankters (mainly Acartia tonsa) at Sta-

tion 1/I in 1975 where the temperature and salinity were the lowest . 

Monthly temperature data on Transect II showed a regular seasonal pattern 

reaching the highest in August . At Station l, the gradual warming of the 

water from January through June was accompanied by a steady increase in 

zooplankton abundance . At Station 3, however, the zooplankton showed a 

steady decrease through July, displaying an inverse relation with temp-

erature . 

Salinity seemed to be strongly correlated with the zooplankton in 



a relatively high correlation with salinity and chlorophyll a values 

when monthly data for Transect II were considered . For the molluscs 

this relationship seemed to result from their spatial distribution 

which was mainly restricted to shallow stations with low salinity . Of 

the copepods, the most abundant species were PczracaZcznus indices and 
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from Station 2 when salinity was lowest . At Station 1, the zooplankton 

increased from March through June and in November when the salinity was 

low . It is interesting to note that on Transect II, the highest zooplank-

ton number (mainly the cladoceran genus PeniZia) occurred at Station 1 

in August when the salinity was unusually high . 

The chlorophyll a concentrations generally showed a pattern of dis- 

tribution similar to that of zooplankton abundance, i.e ., a general 

increase from deep to shallow stations and from winter through spring 

months . In each season the high zooplankton standing crop appeared to 

be associated with high chlorophyll a values . On Transect II the chloro-

phyll a values showed a spring increase at Stations 1 and 2 which was 

followed by large zooplankton biomass values . However, it was not always 

possible to correlate zooplankton abundance with chlorophyll a and 

sometimes an inverse relationship was noted. 

Linear correlation coefficients of the 1976 zooplankton data against 

the three physical and biological parameters considered above generally 

support the relationships discussed (Table 23) . Correlation coefficients 

based on seasonal data were somewhat lower than those for the monthly 

data and probably reflect the inability of such widely-spaced samplings 

to properly accomodate natural lag periods between changes in physical 

parameters and the zooplankton community . 

Of the major zooplankton groups, the copepods and molluscs showed 



TABLE 23 

CORRELATION COEFFICIENTS FOR CERTAIN BIOLOGICAL AND HYDROLOGICAL DATA 
COLLECTED SEASONALLY FOR THE ENTIRE STUDY AREA AND MONTHLY ON TRANSECT II IN 1976 

Correlation Coefficient 

Seasonal 

Salinity (ppt) Chlorophyll a 

0 .4699 0.3947 

I -0 .0391 0.5000 

-0 .1786 0.3811 

0.3201 -0 .6665 

0 .2005 0 .4271 

-0 .3694 0.1797 

-0 .3987 0.3091 

Ii 0 .4600 0.3507 

-0 .1870 0.3386 

-0 .3141 0.1309 

Monthly 

Salinity (ppt) Chlorophyll a 

-0 .5525 0.1988 

-0 .2730 0.3623 

-0 .7925 0.7530 

-0 .5685 -0 .6078 

0.0776 -0 .0047 

-0 .0451 -0 .1132 

-0 .5881 0.7334 

-0 .3093 0.1678 

-0 .7694 0 .8869 

0.4704 -0 .2778 

Zooplankton 

Dry Weight (mg/m3) 

Number of Zooplankters per M3 

Number of Copepoda per M3 

Number of Copepod Species 

Number of Cladocera per M3 

Number of Ostracoda per M3 

Number of Molluscs per M3 

Number of Chaetognatha per M3 

Number of PczrczcaZanus parvus group per M3 

Number of CZausocaZanus fureatus per M3 

w 



3 . Copepods were the most abundant group, comprising approximately 60 

percent of the zooplankton by number . When the zooplankton increased 

in spring and summer, the relative abundance of copepods decreased, indi-

cating that other organisms were increasing faster than copepods . 

4 . Numerically important groups besides copepods were Cladocera, Ostra-

coda, barnacle larvae, Mollusca, Chaetognatha and tunicates. Cladocera 

and Ostracoda occurred mainly at Stations 1 and 2, respectively . The 

occurrence of barnacle larvae was highly sporadic . Consisting mainly 

of veliger larvae, the molluscs were most abundant at shallow stations 

Pczracalcb2us quasimodo which were primarily inshore species . These species 

showed a strong correlation with salinity and chlorophyll a when monthly 

data for Transect II were considered . However, such a relation was not 

clearly displayed in the seasonal data . On the other hand, CZausoeaZcmus 

furcatus, an oceanic species usually dominant at offshore stations, dis-

played only a moderate correlation with salinity . Strong correlations 

between certain zooplankton data and chlorophyll a and salinity values 

suggest that land drainage which lowers salinity at near-shore stations 

provides nutrients which support phytoplankton blooms and ultimately 

increases zooplankton production . 

CONCLUSIONS 

1 . Zooplankton abundance in terms of both biomass and number displayed 

a considerable degree of spatial, as well as temporal variation and 

these variations were progressively extensive toward shore . 

2 . The zooplankton showed a usual seaward decrease, and the decrease was 

highly pronounced in spring and summer when the zooplankton generally 

increased to an annual maximum at Stations 1 and 2 and decreased to the 

lowest annual value at Station 3 . 
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in spring and summer . Chaetognaths and tunicates were abundant throughout 

the study area throughout the year . 

5 . Approximately 75 percent of the copepods belonged to the Calanoida, 

with the remainder belonging mostly to the Cyclopoida . The relative 

abundance of calanoids increased in winter while that of cyclopoids 

increased in summer . Throughout the year, the developmental stages 

comprised nearly 50 percent of the total copepod population, indicating 

a sustained copepod reproduction throughout the year . 

6 . The most abundant calanoid species were PczracaZanus indicus, P.-

quas2modo and CZausocaZanus furcatus . The first two species were abun-

dant at shallow stations while the latter was abundant at deep stations . 

The most abundant cyclopoid species were Oncaea venusta, 0 . mediterranea 

and FarranuZa graciZis . The first was abundant throughout the study 

area, but the latter two were abundant at offshore stations . 

7 . Species diversity indices and coefficients of equitability, based on 

adult female copepods, generally increased seaward in conformity to the 

number of species . 

8 . Of the other biological and physical data obtained at the time of 

zooplankton collection, salinity and chlorophyll a values seemed to be 

most closely correlated with the zooplankton . This correlation was most 

readily discernible in spring when the Zooplankton was highly productive 

in low-salinity water . 
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a total of 108 day and night neustoa samples from 12 stations along 
four transacts sampled regularly during 1976 on the South Texas Outer 
Continental Shel_' were subjected to taxonomic analyses . 

Differences in numerical absmdances of taxonomic groups were deter-
mined is relation to seasonal, diurnal, distance-from-shore, and geographic 
considerations . These differences are discussed for such major taxonomic 
groups as Foraminifera, Cnidarfa, Ctenophore, Vematoda, Polycnaeta, !!ol-
lusca, Crustacea, Echiaodezma u, Chaetognacha, Tunicata, Insecta and 
icht zvop lanictoa . 

Species groups which occurred frequently and showed relationships to 
ear-h other were determined by recurrent group analysis, and the targeted 
species were analyzed further by a two-way analysis o: variance to deter-
mine station and transact differences . 

Biomass calculations (dr9 and ash-free dry weights) are presented 
for the June through December samples and shoved considerable seasonal, 
geographic, and diurnal variations as did species diversity and dry 
weight of floating tar . Species diversities were greater at night, at 
the offshore stations and at Transact II during 1976 . Dry weights of tar 
showed overall average values consistent with those reported previously 
from the Gulf of 'iexice . 

Detailed species analyses mere provided for decapods, decapod larvae 
(85 taxes) and fish eggs and larvae (110 rena) . Decapod larvae were con-
sistently more abundant and diverse in night samples with tae most abun-
dant decapod teen being the sergestid shrimp Lucifer portunid 
crab megaiops larvae, !_'%:Z?inee:2s teen larvae, Por'.unus zoea larvae, 
sergestid shrimp postlarvae, and pinnotherid crab roans . Fish eggs were 
mast abundant is March, while fish larvae, most abundant in June, were 
represented most commonly by the families Clupeidae, Sciaeuidae, !sugilidae, 
Eaocoecidae, :4ullidae, Engraulidae and Gcbiidae . 

ABSTRACT 



INTRODUCTION 

of species, there are certain taxonomic groups which are commonly found 

in the upper 15-20 cm of the water column during significant portions of 

each day . There is considerable variability not only in the abundance 

of neuston, either as total numbers of organisms or is terms of dry 

weight, but also in taxonomic composition . This is due, is part, to 

diurnal vertical migration, but is also probably due to various types 

of environmental heterogeneity . Day-night sampling is, therefore, done 

to minimize the former variation, but the latter source of variability 

is not generally monitored . 
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Purpose 

The purpose of this study is to perform a taxonomic analysis of the 

neuston community occupying the upper 15-20 cm of the water column at 

specified locations sampled on a regular basis over the South Texas 

Outer Continental Shelf . This taxonomic analysis, which also includes 

quantitative enumeration of species, dry weight and ash-free dry weight 

determinations and weight of tar, is designed to serve as a baseline study 

of existing environmental conditions prior to possible environmental 

perturbations which might occur as a result of future offshore drilling 

and exploration . 

The neuston environment and its organisms are important to the water 

column ecosystem in that they occupy a relatively thin skin of the ocean 

surface where air-sea mixing initially occurs . Many potential pollutants 

are thought to enter the oceans through this route, and any biological 

impact might first manifest itself in changes fn the neuston . 

Although the neuston defies a strict biological definition in terms 



been published. Although Weikert's (1972) study of the zooQlankton of 

the subtropical Atlantic comes close, it omits several major zooplank-

ton groups such as cnidarians and tunicates, and does not provide 

identifications of species of calanoid copepods . 
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In this report an attempt is made to identify the variations in 

numerical abundance of the various taxonomic categories of neuston in 

relation to diurnal, seasonal, geographic, and distance-from-shore 

considerations as they existed during 1976 in the sampling area . In 

addition, attempts were made to analyze for relationships between species 

as co-occurring groups and to determine their significant levels of 

station and transect variation patterns . 

Literature Survey and Previous Work 

It is only within the last 15 years that much has become known 

about marine neuston, although the neuston of freshwater ponds and 

pools has been studied since Newman first applied the term to surface 

film organisms in 1917 (Zaitsev, 1970) . 

Marine neuston was studied fairly extensively in the Black 

Sea and Sea of Azov (Zaitsev, 1961 ; 1968, 1970) and in the North Sea, 

Norwegian Sea, and subtropical Northeast Atlantic (Hempel and Weikert, 

1972) . Neuston studies in most other areas, however, have been 

limited, usually concentrating on specific taxonomic groups . These 

include various reports on aspects of Mediterranean neuston fauna, 

studies of pontellid copepods of the Pacific (Heinrich, 1969 ; 1971), 

and ichthyofauna of the subtropical Easters Atlantic (Harttnan, 1970) . 

No complete quantitative faunal analysis of neuston samples has 



410 mg/m3 . Studies by TerEco Corporation (1974, 1975) and by Pequegnat 

et aZ . (1976) is the northern Gulf of Mexico reported on neuston quali-

tatively and in terms of relative abundances of the taxa in each sample ; 

these studies were, however, of short-term duration and did not express 

concentrations of organisms per unit volume of water nor in terms of 

b iomas s . 

Jeffrey et aZ . (1974) reported on relative abundance of pelagic tar 
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Two recent unpublished theses present the most complete quantitative 

and detailed analyses of neuston organisms to date . The first, a study 

of neuston of the Northwest Atlantic (Morris, 1975), compared the zoo-

plankton is the neuston with the subsurface zooplankton and reports on 

definite seasonal and diel cycles of neuston biomass . The area of study 

included the southeastern Gulf of Mexico and Caribbean Sea, as well as 

the northwestern Atlantic between Bermuda and Nova Scotia . The second, 

a thesis by Berkowitz (1976), an Assistant Investigator for the present 

BI.M neuston study, was a comparison of neuston and near-surface zooplank-

ton is the northwestern Gulf of Mexico in oceanic waters off Texas above 

the 1000-fathom bottom contour of the continental slope zone, which 

reported the neuston in the area to be relatively impoverished as com-

pared to plankton concentrations 1 m below the surface . However, the 

above two studies did not include detailed analyses of fish eggs and 

larvae or decapod larvae as in the present BLX study . 

Other neuston studies in the Gulf of Mexico, have been sparse and 

incomplete until the above-cited theses . Zaitsev (2970) found neuston 

from the Gulf of Mexico to be poor is areas of upwelling where biomass 

(wet, fresh weight) did not exceed 100-200 mg/m3, but where the water 

converged in the center of the Gulf, the wet-weight biomass reached 



a speed of approximately 2.4 knots . All neuston tows were taken with 

the engine at approximately 700 rpm . Immediately prior to a tow, the 

flowmeter reading was recorded, and then the net was hoisted over the 

starboard railing and lowered in the water by the telescoping crane 

(cherry picker) located on the stern of the R/V LONGHORN . Timing began 

when the mouth passed below the surface . The net fished about 2 to 5 m 
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in the Gulf of Mexico from neuston samples but did not report on the biotic 

aspects . A cursory study of the latter was reported on briefly, how-

ever, by Pequegaat et 4Z . (1976) . 
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METHODS AND MATERIALS 

Field 

A neuston net frame having an inside opening of 1 x 2 m was construc- 

ted of solid aluminum rod . A net with mesh size of 500 um was lashed to 

the frame, and the entire net system was made to fish to an average depth 

of 15 cm by the addition of a styrene pontoon affixed to each of the 

short sides of the frame . A flowmeter was suspended beneath the frame 

by two stainless steel rods . 

It was determined that 700 rpm on the R/n LONGHORN engine produced 
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away from the side of the ship . At the end of a tow, retrieval was 

begun so that the net left the water after about 15 minutes of fishing . 

Immediately after the net was brought on deck the flowmeter was read . 

The net was then thoroughly rinsed with the deck hose, and the contents 

of the cod end were transferred to an appropriate-sized jar and preserved 

in a 10 percent buffered formalin solution . 

Laboratory 

Each sample was initially poured into a large pan, and all organisms 

or objects approximately 1 .5 cm in size or larger, as well as those which 

were otherwise conspicuous, were picked out . This assemblage was called 

the "large fraction". Its members were counted and identified as far 

as possible, and any tar particles were dried at 60°C for one hour and 

weighed . The remainder of [he sample was then split in a Folsom Plank-

ton Splatter, with one-half (chosen at random) saved for archiving . The 

remaining one-half was then split as necessary to produce a fraction 

containing approximately 1-2,000 organisms . This fraction became the 

"aliquot", and its constituents were counted and identified as far as 

possible . Any tar in the aliquot was dried and weighed. Thus, the 

minimum effort for each sample was the identification of the organisms 

and other materials contained fn the large fraction and the aliquot . In 

the case of the detailed analysis of fish eggs and fish larvae, the large 

fraction and the entire non-archived half of the neuston sample (except 

for one of the final aliquots saved for ashing) were analyzed . 

Dry weight determinations were performed on each sample starting with 

the spring 1976 samples . Ash-free dry weight determinations were added 

starting with the fall seasonal samples . Of the two aliquot samples 

produced by the final split of each original sample, one was randomly 



Field Sampling 

Stations 1, 2 and 3, Transects I, II, III and IV, were sampled during 

three seasonal sampling periods in 1976 (winter, spring and fall) . Day 

and night samples were collected at each station for a total of 72 sea-

sonal samples . In addition, during six monthly sampling periods (March, 

April, July, August, November and December), day and night samples were 

taken at Stations 1, 2 and 3, Transect II, for a total of 36 monthly 

samples. Thus, the 108 neuston samples analysed for 1976 were as follows : 
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selected for taxonomic analysis and the other was used for dry weight 

determinations . The latter was rinsed in distilled water, placed in a 

pre-weighed aluminum pan, and dried at 60°C in a drying oven until its 

weight was constant (not less than 3 hours) . After the weight of the pan 

was subtracted, the resulting figure was multiplied by the denominator 

of the fraction of the original sample which the aliquot represented, 

and then by a volume filtered factor, to obtain the dry weight in g/1000 m3 

of water filtered . After the dry weight was determined, the sample was 

placed in a muffle furnace and incinerated for a period of 3 hours at a 

temperature of 500-550°C . The sample was then cooled in a desiccator 

and weighed . The difference between dry weight and ash weight was the 

ash-free dry weight or dry weight of organics . Because dry weights were 

determined on the aliquot, the large and conspicuous organisms removed 

from the sample initially as the "large fraction" before splitting were 

not calculated as part of the dry weights . 

RESULTS AND DISCUSSION 
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Transect Station Totals 
1 2 3 

I 6 6 6 18 

II 18 18 18 54 

III 6 6 6 18 

IV 6 b b 18 

Totals 36 36 36 108 

The sampling technique was described above . It should be pointed 

out, however, that the neuston tows were collected on the "benthic" 

cruises rather than the "water column" cruises . This means that temp-

erature, salinity, oxygen, nutrient, zooplanktoa and chlorophyll measure-

ments were not taken synoptically with the neuston tows . Several days 

and sometimes weeks usually separated hydrographic observations from 

neuston tows at the same location . For this reason, correlations with 

these parameters have not been attempted. 

Another limitation on interpretation and analysis was the lack of 

replication . We attempted to evaluate this weakness by collecting 

several replicates on a histopathology cruise in August . We obtained 

only two sets of two replicates . The analyses of these samples were 

discussed is the Third Quarterly Report (p . 304-305) . We suggested then, 

and still feel that this problem should be examined further . 

Biomass 

Figures 1 and 2 show the dry weight biomass for neuston samples 

plotted against time during 1976 . Biomass determinations were made 

starting with the spring (June) samples ; thus, no data are available for 

the winter, March or April sampling periods . On Transect II (Figure 1), 

neuston biomass ryas higher in day samples at the nearshore station-, 
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Figure 1 . Dry Weight Biomass of Neuston Samples at Transect II 
during 1976 . 
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copepods Centropages furcatus, Temora sLytifera and PonteZZa spp . (imma-

ture) as well as high numbers of hyperiid amphipods (212/m3) . The high 

spring night sample at Station 2 was dominated by some of the same 

copepods (C. furcatus, m. styZifera, and other unidentified calanoids), 
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(Station 1), but tended to be higher in night samples at the two offshore 

stations . The greatest biomass at Station 1 was in the spring (121 

g/I000 m3 in the day sample) . At Station 2 the peaks were in spring and 

fall, especially in night samples, while at Station 3 the peaks were in 

spring and August . The spring highs were as expected because of the 

generally higher productivity at that time and the greater abundance of 

larval forms . 

Neuston biomass on other transects sampled seasonally (Figure 2) also 

showed highs in the spring (June) . Daytime biomass tended to be higher 

at aearshore stations on all transects, while nighttime biomass was 

higher at offshore Stations 2 and 3, all transects . 

Ash-free dry weights, which were determined only on fall, November 

and December samples, are presented in Table 1 . 

Numerical Abundance 

Figures 3 and 4 show numerical abundances plotted against time, and 

the results were similar to the biomass plots (Figures 1 and 2) . On 

Transect II (Figure 3), Station 2 night samples were consistently higher 

in numerical abundance than day samples . However, at Station 1 (the 

nearshore station), day numerical abundaaces were higher than night, 

except in February, March, April and December . Station 3 showed more 

variation between day and sight abundaaces, but also showed higher sight 

values for February, March, April and December . 

The high spring abundance at Station 1 (1,551/m3) was dominated by the 
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Figure 2 . Dry Weight Biomass of Neuston samples at Transects I, 
II, III, and IV sampled seasonally during 1976 . 



1/IV/D 5 .0777 
1/IV/N 7 .5329 
2/ID/D 0 .6973 
2/IV/N 14 .5604 
3/IV/D 1 .1421 
3/IV/N 7 .5137 

AVERAGES 7 .2120 5 .8085 6 .6098 
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TABLE 1 

ASH-FREE DRY WEIGHTS FOR 1976 NEUSTON SAMPLES 
TAKEN Lei FALL, NOVEMBER, AND DECEMBER 

ASH-FREE DRY WEIGHT (R/1000 m3) 
STATION FALL NOVEMBER DECEMBER 

1/I/D 5 .7900 
1/I/v 20 .0362 
2 JI/D 4 .6764 
2/I/N 16 .3278 
3/I/D 2 .6995 
3/I/N 1 .4388 

1/II/D 6 .3843 9 .4735 0 .3980 
1/II/N 3 .5261 3 .5487 2 .4081 
2/II/D 2 .1181 7 .6867 16 .2275 
2/II/N 14 .2612 4 .0935 10 .4846 
3/II/D 10 .3938 4 .8592 5 .7271 
3/II/N 5 .0921 5 .1896 4 .4135 

1/III/D 3 .5258 
1/III/N 2 .2156 
2/III/D 7 .9011 
2/III/N 16 .1354 
3/III/D 0 .5944 
3/III/N 13 .4478 
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samples during 1976 . 
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June were accounted for by the copepods Temorcz sty tifera (118/m3), 

Centropages furcatua (81/m3) and unidentified calanoids (64/m3), as well 

as by chaetognaths (38/m3) and hyperiid amphipods (38/m3) . The high 

June night count at Station 2, Transact III, was accounted for by hyper-

iid amphipods (170/m3), brachyuran megalops larvae (50/m3), and the 

copepods Centropctges f~,crcatus (36/m3) and unidentified calanoids (33/m3) . 

Station 2/IV/N SPRING, with a somewhat lower count than the same station 

on other transacts, was dominated by hyperiid amphipods (83/m3) and the 

copepods Centropages furcatus (52/m3), Temora styZifera (39/m3), and 
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chaetognaths (60/m3), and brachyuran crab megalops larvae (27 .6/m3) . 

At Station 3, the high March night sample was dominated by a variety of 

organisms, viz., hyperiid amphipods (78 .7/m'), the copepod Nm2nocaZanus 

minor (55 .9/m3), brachyuran megalops larvae (19 .5/m3), salps (18 .2!m3), 

and Lucifer °2:,oni (14 .2/m3), while the high spring day sample was domi-

nated primarily by one organism, the copepod Temora styZifeztiz (178/m3) . 

Numerical abundances on other transects sampled seasonally (Figure 4) 

also showed the highest figures for June . Considering the nearshore 

stations, at Station 1, Transect I, the June daytime high was accounted 

for by the copepods .Labidocertiz aestiva (626/m3), Centropages furcatus 

(196/m3), Labidocera Immature (69/m3), and PonteZZa meadii (34/m3) . The 

June high day count at Station 1, Transect III, was also accounted for 

by the copepods Labidocera immature (1,035/m3), Lcrbidocera aestiva (92/m3), 

and L. scotti (90/m3) . The high night count at the same station (1/III) 

in June was dominated by Labtidocercz mature (158/m3), unidentified cal-

anoids (151/m3), Temora styZifera (101/m3) and the sergestid shrimp 

Lucifer faxoni (112/m3) . 

At the intermediate Station 2, Transect I, the high night counts in 
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unidentified calaaoids (25/m3) . 

The highest aeuston counts at the offshore stations (Station 3) 

were at Transact III in June at night . This sample was not dominated 

by copepods, but rather by hyperiid amphipods (3461m3), chaetognaths 

(28/m3), brachyuran zoea larvae (14/m3), and the sergestid shrimp 

Lucifer fu..^~rti (13/m3) . 

Species Diversity 

Using the number of taxa is each sample as an indication of species 

diversity, some generalizations concerning diversity on the basis of 

seasonal, diurnal, geographical, and distance-from-shorn were made . 

Out of the possibility of 136 taxes routinely identified (not includ- 

ing the more detailed analyses of decapod larvae and fish larvae), the 

greatest diversity on a seasonal basis was during the March and August 

sampling periods with 40 and 39 average number of taaa per sample, respec- 

t ivelp (Table 2) . 

The night samples had consistently higher diversity than day samples 

(39 versus 31 taxes per sample, overall average) . 

Considering geographical variation is diversity, Transact II had 

the highest average diversity (37) and Transact IV had the lowest (31) . 

Transacts I and III were intermediate with 35 and 34 average taxes per 

sample, respectively . 

on a nearshore-offshore basis, the offshore stations (Station 3) 

showed the. highest average diversity (38 tans) as compared to the inter- 

mediate stations (31 taaa) and nearshore stations (31 taaa) . 

Analysis of Data 

Over the course of 1976, over 160 taaa were routinely identified . 

Of these, more than half were at the species level sad only a few were at 



SPECIES DIVERSITIES IN NEUSTON 
SAMPLES COLLECTED DURING 1976 

NUMBER OF TAXA PER SAMPLE 
DAY NIGHT DAY/NIGRT 

RANCH (Ave .) , RAN( (Ave .) AVERAGE 

14-46 (29) 30-59 (43) 36 

26-42 (34) 32.55 (46) 40 

17-43 (29) 34-41 (38) 34 

20-31 (26) 17-47 (35) 31 

26-29 (28) 32-38 (35) 32 

23-43 (32) 41-48 (45) 39 

28-40 (32) 32-47 (39) 36 

28-49 (36) 34-38 (35) 36 

30-39 (36) 33-42 (36) 36 

Total Total 
Day Night 
Ave . - 31 Ave. = 39 

November 

December 

SALES 

Winter 

March 

April 

Spring 

Ju ly 

August 

Fall 
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TABLE 2 



where I .A . - index of affinity (0 - 1 .0) 

Jab = joint occurrences of a, b 

Na = total occurrences of a 

Nb =total occurrences of b 

and Nb > Na- 

We set Z .A . = 0 .8, 0.7, 0.6 and 0.5 on successive but separate runs using 

all 1976 data for DAY and NIGHT separately . The 0.5 level gave large and 

unwieldy groups while the 0 .8 level yielded small groups . The 0.7 level was 

selected for presentation (Figures 5 and 6) . The DAY results showed five 

groups . The largest (Group 1D ; D-day) contained two copepod species, one 

sergestid shrimp and brachyuran zoea larvae . Group 2D consisted of males 

and females of another species of copepod, PonteZZopsis viZZosa, and i-a-

tures of that genus . This group showed a weak connection to Group 1D . 

A third group (3D) contained males, females and immatures of a species of 

pontellid copepod, .4nwrraZocera ornatct ; it appeared to show no attraction 

to other groups . Group 4D encompassed the matures of two 
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the phylum level . It was necessary to eliminate some of the tam from 

consideration and to identify a subset of taxa for a more detailed analysis . 

To this end, recurrent group analysis (Fager, 1957) was selected which has 

previously been used to examine species groupings in zooplankton samples 

(Fager and McGowan, 1963) . In this analysis groups of species are formed 

on the basis of co-occurrence in samples . The purpose is to identify groups 

of species that are frequently found together and possibly indicative of a 

certain unique set of conditions or a similar response to changing condi-

tions . This co-occurrence or level of affinity can be set at any level 

between 0 and 1 (total absence of affinity and complete affinity, respec-

tively) . The following formula was used : 

I .A. = Jab - 1 
(NaNb)1/2 2(Nb)1/2 



frequently during 1976 and showed relationships with other species . 

Since Transect II was sampled every cruise, Stations 1-3 were averaged 

and the results plotted on semi-log graphs (Figures 7-11) . This was 

done to visually reduce the variability (log scale) and to reduce the 

amount of data (averaging Stations 1-3) . It is realized that averaging 
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pontellid copepod genera, Laoidocera and PonteZZa ; it also showed a 

weak attraction to 1D . The last group, 5D, consisted of males and 

females of a species of pontellid copepod, Labidocera aestiva. Single 

species or taxes showed affinities to 1D and are illustrated in Figure 5 . 

The major change if the level of affinity was lowered to 0 .6 was that 

2D joined with 1D . One must be reminded that this analysis deals only 

with presence and absence, not quantitative values . It was selected for 

a first pass because of the large variation that existed in the data . 

A similar analysis of the pooled night data at the same level of 

affinity (0 .7) produced five groups . The largest, 1N, contained all the 

members in 1D with the addition of a pteropod (Limacina zrochiforrrris), 

brachyuran megalops larvae, and another calanoid copepod (YctmtocctZanus 

minor) . There were a number of "associate members" of this group which 

are shown in Figure 6 . A second group, 2N, consisted of males and females 

of one copepod species (CaZanopia canericana), and a second species of 

calanoid copepod (Temora tz~btinata) . This group showed a strong bond to 

1N . The third group (3N) was the same as 3D (ArtrnnuZocera ornczta males, 

females and immature) and again was isolated by itself . Group 4N was 

very similar to 2D with the absence of immatures of a pontellid copepod 

species (PonteZZopsis viZZosa) being the only difference . Group SN was 

the same as SD (iczbidocera aestiva, males and females) . 

These analyses served to identify species that occurred rather 
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Figure 8 . Transect II averages plotted against time for 
Centrvpages furcatus females . 

1976 



7-25 

Figure 9 . Traasect II averages plotted against time for 
Labidocera . aestiva females . 

1976 
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Figure 10 . Transect II averages plotted against time for 
Pontellopsis villosa females . 

1976 
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Figure 11 . Transact II averages plotted against time for 
Brachyuran zoeas . 
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Their greatest numerical abundance was 18,084/1000 m3 is the spring at 

Station 3/II/v . They were more common . in night samples than in day 

samples and considerably more common at offshore Station 3 than at the 

more inshore stations . They were more coon in the winter and fall than 
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may obscure some important onshore-offshore differences, but the next 

procedure discussed examined these possibilities . 

The third analytical technique was a two-way analysis of variance 

using the winter seasonal cruise (Station vs Transect) and Transect II 

over the nine cruises (Month vs Station) . This was done for some of the 

targeted species and the results are presented in Tables 3 and 4 . The 

values in Table 3 show that only two species and one larger taxon had 

significant station effects for the winter cruise . Two species and one 

larger taxon had significant transect effects . Table 4 shows that five 

species had significant monthly effects, while one species and .one larger 

taxon had significant station effects . 

Taxonomic Groups 

The taxa from each neuston sample were tallied and ranked according 

to their numerical abundance in the sample . Those taxes receiving the 

highest rankings throughout the samples, i.e ., those ranking 1-6 in the 

most samples, are presented in Table 5 in descending order of dominance . 

A detailed phylogenetic listing of all taxes identified from the 1976 

neuston samples is given in Appendix E, Table 1 . Numerical abundance 

totals for selected taxonomic groups at each station are given in Appendix 

E, Table 2 . Computer-printouts of the detailed taxonomic analyses of 

neuston samples from each sampling period are presented in Appendix E, 

Table 3 . 

Foraminifera 

Foraminiferans were never very dominant in the 1976 neuston samples . 



*indicates significance at the .OS level . 
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TABLE 3 

ANALYSIS OF VARIANCE FOR SELECTED SPECIES 
FOR THE WINTER SEASONAL CRUISE 
(VALUES WERE LOG TRANSFORMED) 

F VALUE LEVEL OF SIGNIFICANCE 
TAXON STATION TRANSECT STATION TRANSECT 

Lucifer faxoni 5 .87 1 .42 .04* .32 

Anomalocera ornata 5.49 0 .44 .04* .73 
immature 

Anomalocera ornata 7.90 0 .30 .02* .83 
male 

Anomalocera ornata 4.90 0 .42 .OS* .74 
female 

Limacina trochiformis 0 .45 0 .59 .66 .64 

Centroaastes furcatus 3 .35 0.88 .11 .SO 
female 

Labidocera aestiva 0.65 8 .19 .55 .02* 
male 

Temora turbinata 1.04 5.64 .41 .04* 

Temora stylifera 4.25 4 .50 .07 .06 

Nannocalanus minor 2.99 1 .86 .13 .24 

Calanopia Americana 1.00 3.99 .42 .07 
male 

Calanoaia Americana 0 .46 0 .60 .4b .60 
female 

Brachyuraa zoeas 5 .47 5.40 .04* .04* 

Brachyuran megalops 1 .61 1.63 .27 .28 



TABLE 4 

ANALYSIS OF VARIANCE FOR SELECTED SPECIES USING 
LOG TRANSFORMED DATA FOR TRANSECT II FOR ALL NIA CRUISES 

LEVEL OF SIGN IFICANCE 
MONTH STATION 

.15 .45 

.O1* .03* 

.08 .26 

.O1* .07 

.17 .004* 

.005* .69 

.03* .48 

.45 .45 

.25 .07 

.03* .10 

.13 .O1* 

.82 .59 

F VALUE 
MONTH STATION 

1.80 0 .85 

3.97 4 .29 

2.29 1 .47 

3.61 3 .17 

1 .73 7 .85 

4.41 0 .38 

2.99 0 .76 

1.03 0 .85 

1 .45 3 .19 

2.87 2.67 

1.91 6 .42 

0.53 0 .55 

TAXON 

Lucifer faxoni 

?.nomalocera ornata 
male 

Limacina trochiformis 

Centropastes furcatus 
female 

Labidocera aestiva 
male 

e ora turbinata 

Temora stvlifera 

Nannocalanus minor 

Calanopia americana 
male 

Calanonia americana 
female 

Brachyuran zoeas 

Brachyuran megalops 
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*indicates significance at the .OS level . 



*Most abundant species = Rank 3 
Second most abundant species = Rank 2 
Third most abundant species = Rank 1 
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TABLE S 

TAXA RANKED IN ORDER OF DECREASING 
DOMINANCE IN 1976 NEITSTON SAMPLES 

Sum No . of Samples 
of with #1, 2, or 

Ranks* 3 ranking 

1 . Hyperiid amphipods 72 29 

2 . Unidentified calanoid copepods 65 30 

3 . Chaetognaths 56 35 

4 . Anomalocera o a a 45 17 

5 . emora stvlifera 44 22 
6 . Fish eggs 44 20 

7 . Centrooaaes urcatus 42 26 

8 . Lucifer fa.YOni 40 18 

9 . Brachyuran megalops larvae 35 17 
10 . Pontellocsis villosa 21 10 
11 . Labidocera immature 21 9 

12 . Labidocera scotti 16 7 

13 . Labidocera aestiva 15 9 

14 . Nannocalanus minor 13 8 

15 . Ostracods 13 6 

16 . Salps 10 6 

17 . Brachyuran zoea larvae 9 5 

18 . Pontella immature 8 4 

19 . Calanoaia americana 7 

20 . Fish larvae 6 2 
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ranging from 24 to 180/1000 m3 . They were found only at Station 1, 

Transects I and II, in winter and December samples and at Station 3/II 

in August and December . Nematodes never appeared at Station 2 (the 

intermediate station) on any of the transects . 

is the spring . 

Cnidaria 

The large siphonophores PhysaZtia, VeZeZZcz and Porpita were sometimes 

quite conspicuous in neuston samples during 1976, primarily during Feb- 

ruary . They were rare or entirely absent during June, July, August and 

November . 

Porptita reached its greatest concentrations in winter and March 

(1293/1000 m3 at Station 2/II/N, March) . 

'JeZeZZa reached its peak concentration of around 1600/1000 m3 at 

Transect I (Stations 1 and 2) fn winter . 

?although the Physaiia were often large in size, they never occurred 

in large numbers . They were most abundant at Transect I, Stations 1 and 

Z, in February where greatest abundances were only 10-15/1000 m3 . 

Medusae reached their greatest abundances (200-874/1000 m3) in night 

samples at all three stations on all transects throughout the gear . 

Ctenophora 

Ctenophores were quite rare and found in only three samples during 

the 1976 sampling period . All were from the same station, 1/I/D, in 

April, November and December . Ctenophore numbers were low, ranging 

from 17 to 75/1000 m3 . 

Nematoda 

Nematodes were not common, occurring in only seven samples in numbers 



night samples than day samples (49 :44), and occurred more frequently at 

the offshore station than at the two nearshore stations . They were more 

coon in spring and fall than in winter . The highest pteropod concen-

tration was 44,137/1000 m3 in spring at Station 2/II/N . 
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Polychaeta 

Typhloscolecids were the dominant polychaetes and occurred at all 

stations on all transects . Highest numbers occurred in the spring at 

Station 1/I/D (1358/1000 m3) . 

Alciopids were less common, occurring only at Stations 2 and 3, 

Transects I and II . Their concentrations ranged between 41 and 191/1000 

m3 . Alciopods occurred in winter, April, spring and august . 

Tomopterid polychaetes, often coon in plankton samples (especially 

is open-ocean areas), were rare in the 1976 neuston samples, occurring 

only once at Station 3/II/N in December (117/1000 m3) . 

Other unidentified polychaetes occurred at all stations on all tran-

sects and had highs of 2400 and 2218/1000 m3 at Station 1/IV/D in the 

spring and at Station 1/IIIID in August . 

Mollusca 

Pteropods 

Certain species of pteropods were relatively abundant in scme neuston 

samples during 1976 . Cre3eis acicuZa and Limacina trochifozmis were 

dominant is several samples . The former was the most abundant organism 

at Station 1/IV/D in the fall, while the latter was the-most abundant 

taxon at Station 1/III/D in the fall . Cresies virguZa also ranked rela-

tively high, i.e ., in the top six taxa, in several samples throughout 

the year, ranking highest (No . 2) at Station 3/II/D is the fall . 

Pteropods, in general, tended to occur somewhat more frequently in 



Crustacea 

Hyperiid Amphipods 

These organisms were often extremely abundant (up to 346,000/1000 m3) 

and ranked as the most dominant taxon during the year (Table 5) . Figures 

12 and 13 show their numerical abundance during the 1976 sampling period . 

Nighttime abundance was consistently greater than daytime numbers, with 

the exception of Station 1/II/D in spring where the situation was reversed . 

Except for the spring peak at Transect II, hyperiids were otherwise most 

abundant at Transects III and IV at the two offshore stations (Stations 

2 and 3) . At Traasect III, hyperiids were most abundant in the spring 

and fall, while at Transect IV, they were most abundant in the winter and 

spring (Figure 13) . 
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Bivalve Larvae 

Bivalve larvae were considerably more frequent in night samples than 

in day samples (23 :8) and were more coon at Station 1 and 2 than at the 

offshore Station 3(1 :2 :3 : :10 :14:6) . They were considerably more common 

in winter than in spring or fall . Bivalve larvae were the least common 

on Transect IV . Their greatest abundance (4805/1000 m3) occurred in 

April at Station 1/II/N . 

Gastropod Larvae 

In contrast to bivalve larvae, gastropod larvae were only slightly 

more abundant in night vs day samples (37 :27) . They were also more 

common at Stations 1 and 2 than at Station 3 (1 :2 :3 : :24 :23 :17), and tended 

to be more common in winter samples than in spring or fall . Gastropod 

larvae were most common on Transect III . Their greatest abundance 

(20,086/1000 m3) was in spring at Station I/ID/N . 
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Figure 13. Hyperiid amphipods at Transect I, II, III, and IV 
stations sampled seasonally during 1976 . 



ure 14), decapod larvae reached peaks in March, June and August at 

Station 1 ; at Station 2 the peaks were in the March-April-June period 

with another smaller peak is December ; and at Station 3, the peaks were 

is March and August . On Transect II the greatest concentration of deca-

pod larvae was 41 .7/m3 at Station 1/N in August . This sample had a high 

decapod species diversity with 27 taxa,and the dominant taxes were pinno-

therid crab zoeas (8/m3), portunid crab megalops (8/m3), portunid crab 
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Barnacle Larvae 

Barnacle larvae were almost entirely restricted to winter and early 

spring and were practically non-existent from June through November . 

They were found slightly more frequently at the offshore station than at 

the two more inshore stations . Barnacle larvae were most common along 

Transect I and least coon along Transect IV . 

Barnacle nauplii (the first of the barnacle larval stages) occurred 

almost exclusively in night samples, while cyprids (the last stage) 

occurred almost exclusively in day samples . Barnacle nauplii reached 

their peak abundances of 1747 and 1624/1000 m3 at Stations 1/I/v (April) 

and 1/I/v (Winter), while barnacle cqprids reached their peak of 4,893/ 

1000 m3 at Station 3/II/D in December . 

Decapod and Decapod Larvae 

This group was studied in considerable detail . A total of 85 decapod 

taxa, including the different larval stages, were identified from the 

1976 South Texas neuston samples (see Appendix E, Table 1) . The decapod 

larvae exhibited a very strong nocturnal increase fn abundance over 

daytime levels (Figures 14 and 15), apparently due to vertical migrations 

to the surface at night . 

At Transect II, the only Traasect sampled monthly during 1976 (Fig- 
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species diversity ranged from a low of five decapod tam (Station 2, 

Transect I, winter) to a high of 28 decapod taxa at Station 1, Transect 

III, in the fall . Considering monthly averages for Transect II alone 

(the only transect sampled monthly), the greatest decapod species div-

ersity occurred in August (average = 20 taxes per sample) . Next was July 

with an average of 17 taxes per sample . Lowest species diversity averages 

were April with 9 taxes and winter with 10 taxes per sample . 

Also, using only the night sample averages, average species diver-

sities which reflected aearshore-offshore differences, north-south geo-

graphical differences (or transect differences) and seasonal differences 
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zoeas (8/m3) and brachyuraa sp . B megalops (6/m3) . 

Figure 15 compares the numbers of decapod larvae at Transect I, II, 

III and IV during February, June and September-October . Most of the 

Transects showed a June peak, except for Transect IV, Station 3, which 

had a peak of 102/m3 in February . This sample had a total of only seven 

decapod taxa dominated by portunid megalops larvae (91/m3) and portunid 

zoea larvae (9/m3) . The peak of 83/n3 at Station 1/IV/N in June was 

composed of 21 decapod taxa dominated by portunid crab zoeas (39/m3) and 

pinnotherid crab zoeas (18/m3) . On Transect III, the peaks of 73 and 

78/m3 in June at Stations 1 and 2 at night were dominated by pinnotherid 

crab zoeas (18/m3), caridean shrimp larvae (10/m3), and AZbunea (Anomuran) 

larvae (7/m3) at Station 1, and by Port-anus megalops (48/m3) and caridean 

shrimp larvae (26/m3)~at Station 2 . 

Considering total decapod species diversity throughout 1976, a con-

sistently higher diversity was found in night .vs day samples . This was 

as expected due to the nocturnal migration toward the surface by many 

decapods, especially decapod larvae . 

Thus, taking only the night neuston samples into consideration, 



with the exception of a moderate daytime peak of nearly 30 per m3 at 
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were obtained (Table 6) . This table shows that the nearshore station 

(Station 1) has the highest average decapod species diversity (17 taxa 

per sample), that the transect with the highest average number of deca-

pod taxes per sample (15 .8) was Transect III, and that the season with 

the highest average decapod taxes per sample was the-fall (15 taxes per 

sample) . 

When the dominant decapod taxes is the 1976 neuston samples were 

ranked, the following order of dominance was obtained : 

1 . Lucifer fcLxoni 

2 . Portunid megalops 

3 . CaZZinectea zoeas 

4 . Portunus zoeas 

5 . Sergestid sp . A postlarvae 

6 . Pinnotherid zoeas 

The sergestid shrimp, Lucifer fa=oni, frequently occurred in very 

high numbers and ranked first in dominance of decapod taxes and number 

8 in dominance of all neuston taxes (Table 5) . Lucifer f=oni reached 

greatest abundance at nearshore stations (Station 1) with daytime abun-

dance usually exceeding nighttime abundance at this station on Transect 

II (Figure 16) . Peak concentrations of L. fctxani occurred at Station 

1/II/D in August (186/m3) and June (147/m3) . The other two peak occur-

rences of L. faxoni were on Transect III (Station 1N, 112/m3) and Tran-

sect IV (Station 1D, 102/m3)(Figure 17) . 

Offshore stations generally had lower numbers of L. fcrxoni than near- 

shore or intermediate stations, and the species tended to be more abun- 

dant in night samples as compared to day samples at offshore stations 
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TABLE 6 

SPECIES DIVERSITY AVERAGES FOR DECBPOD 
CBDS'TACEA Lv PIIGSTTIIM NEUSTON SAMPLES FOB 1976 

Station 1 Station 2 Station 3 

Nearshose-offshore Differences : 17 11 .7 10 .4 

Transect I Transect II Transect III Transect IV 

Geographical (Transact) 
Differences : 9 .6 12 .6 15 .8 13 .8 

Winter Spring Fail 

Seasonal Differences : 1.D.3 13 .6 15 
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ore 18) and were more abundant at the two offshore stations than at the 

Station 3/II/D Fall (Figure 17) . 

Daytime abundances of L. f2xoni on Transect I were greater at the 

intermediate station (Station 2) in February and June than at the near-

shore or offshore stations (Stations 1 or 3) . Abundances at Station 2/I 

were also greater than at intermediate stations on any other transects 

during these months (Figure 17) . 

Another species of Lucifer, L . opus, occurred occasionally in South 

Texas neustoa samples . Considered to be an indicator of oceanic water 

(Bowman and McCain, 1977 ; Fiarper, 1968), L. typus was taken only at off-

shore stations (Station 3) between June and November, except for one 

occurrence at Station 2/II/N in Judy . 

Lucifer typus was taken at the following stations in the following 

concentrations during 1976 : 

Sample No/1000 m3 

3/II/N Spring 547 

3/IV/N Spring 2005 

2/II/N July 1064 

3/II/N July 40 

3/II/D Fall 318 

3/II/N Fall 37 

3/II/D November $$9 

It is interesting that L. typos occurred most often at Transect II, 

Station 3 (five of seven occurrences), and did not occur on Transects I 

or III . L. typus also occurred more frequently in night tows than in 

day tows, with five of seven occurrences being at night . 

Portunid crab megalops larvae were occasionally quite abundant (Fig- 
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shore stations (Station 1) and were almost never taken at Station 3 (Fig-

ure 18) . Highest concentrations only reached 18/m3 in June at Stations 

1/III/N and 1/IV/N . Pinnotherid crabs are often commensal or parasitic 

in molluscs, ascidians, worm tubes, or echinoderms, but free-living or 

migratory stages are occasionally taken in open water (Williams, 1965) . 

Felder (1973) lists eight species of pinnotherid crabs from coastal 

waters (to 35 fathoms) of the northwestern Gulf . The 1976 South Texas 

aeuston samples yielded zoea larvae of six species : Firacti= chaetopterana, 

P. sayana, P. sp . (cf . cyZindrtica), Ptinnotheres sp ., Pinnothezid sp . A, 

Pinaotherid sp . H and Pinnotherid sp . C . Holland (1977) listed six 

species of pinnotherid crabs from the BLX South Texas benthic stations . 

It is interesting that, of the 38 families and/or genera of decapod 
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nearshore stations . Their peak abundance (91/m3) was at Station 3/IV/N 

in February . They were also abundant at Station 2lIII/N is June (48/m3) . 

Two types of portunid zoea larvae were identified, viz ., Portunus sp . 

and CaZZinectes sp . The CaZZinectes zoeas were usually the more abundant, 

especially at nearshore stations (Stations I and 2) . C¢ZZinectes zoeas 

reached peak abundance (31/m3) in June at Station 1/ID/N . Porturtus zoeas 

also occurred at this station at one of their more abundant levels (9/m3) . 

The peak abundance for Portunus zoeas, however, was 11/m3 in February 

at an offshore station (3/II/N) . 

The following five species of juvenile or adult portunid crabs were 

also taken : CaZZinectes simitis, Portunus gibbesii, P. scyi, P . spini-

corpus and P, spinimcmus . 

All but Portunus sayi (a pelagic species which lives among floating 

Sargasszon) were also found in South Texas benthic samples (Holland, 1977) . 

Zoea larvae of the pinnotherid crabs were most abundant at near- 
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larvae from the 1976 neuston samples, 29 were also represented as adults 

in Dr . Holland's benthic species lists . 

Total numbers of brachquran zoea larvae were averaged from Stations 

1, 2 and 3, Transect II, and plotted against time in Figure 11 (presented 

earlier is this report) . 

Penaeid larvae occurred in very low numbers (maximum of 5/m3) in the 

spring at Stations 1/III/N and 1/IV/N . The most coon penaeid larvae 

were Sicyonia and Trcchyperuzeus . Larvae of the commercially important 

genus, Penaeus, were very rare . Penaeid larvae were most common and 

most abundant at nearshore stations (Station 1) and least so at offshore 

stations (Station 3) . 

Stomatopoda 

Stomatopod alima larvae were considerably more common and abundant 

is the sprang than at other seasons, although they never reached very 

high numbers as compared to ether larval forms (e .g . portunid crab 

larvae) . Greatest concentrations reached 7/m3 at Station 3/II/N in the 

spring . Stomatopod larvae were least common and least abundant in the 

fall samples . They were considerably more common and reached highest 

concentrations in night samples as compared to day samples. They were 

common at all three stations, but somewhat more common at offshore 

Stations 2 and 3 . Although stomatopod larvae occurred on all four tran-

sects, they were more common, although not necessarily more abundant, 

at Transect IV stations . 

Euphausiacea . 

Euphausiids were neither common nor abundant . They, occurred between 

February and July, disappeared in August and fall, and reappeared in 



Sample No/m3 

2/II/N December I52 
2/I/N Spring 35 
2/IV/N Winter 23 
2/II/N Winter 21 
I/IV/N Spring 20 
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November and December . Euphausfid larvae were present in March and 

June . Euphausiids occurred only at the more offshore stations (Stations 

2 and 3) and were never taken at Station 1 . They were mare common in 

night samples than in day samples and were present on all transects . 

The highest concentration (7944/1000 m3) occurred in March at Station 

3/II/N . 

Mysidacea 

Five species of mysid shrimps were identified, only one of which, 

SirieZZu thontpsoni, is truly pelagic. S. tlwmpsoni occurred nearly 

always at the offshore stations (Stations 2 and 3) . The other four 

species were benthic species that frequently swarm to surface waters at 

night . The five species of mysids are listed is Table 7 in order of 

most common occurrence . 

AnchiaZirta typica was the most commonly occurring mysid and present 

in 18 samples; SirtieZZa thonrpaontii was next (15 stations) . BrastiZomysis 

castroi was quite rare and was taken only once . 

Ostracoda 

Ostracods were considerably more common and abundant is night samples 

than in day samples . They were also more common at offshore Stations 

2 and 3 than at nearshore Station 1 . They occurred throughout all 

seasons, but peak abundance was in December at Station 2/II/N (152/m3) . 

The 10 samples in which ostracods reached highest concentrations were : 



averaged 30 percent . Individual samples ranged from 96 percent copepods 

(1/I/D in the spring) to 6 percent copepods (3/II/N, spring) . Copepod 

average dominance by season, station (ti .e ., distance from shore) transect 

(north-south geographical differences) and in day and night samples 
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Sample No/m3 

3/II/N December 18 
1/II/N December 18 
2IIV/N Spring 14 
2/III/N Fall 13 
3/II/N :March 12 

It should be noted that Station 2, all transects, was the most common 

station for high ostracod concentrations . 

Cladocera 

Cladocera were sporadic in their presence and abundance in the 1976 

neuston samples . They were present is February through June, absent in 

July, present in fall, and absent in November and December . Peak abun-

dance of 27,959/1Q00 m3 occurred in April at Station 1/II/v . However, 

this was a unique peak, for average concentration throughout the year 

was 2,093/1000 m3 and the average for all stations excluding the April 

peak at Station I/II/N was only 656/100Q m3 . Cladocera were equally 

common and more or less equally abundant in day and night samples . They 

were more coon at nearshore Stations 1 and 2 than at offshore Stations 

(3) . 

Copepoda 

Copepods accounted for an average of 48 percent of the total organisms 

in .the 1976 neuston samples . Highest dominance was is April when they 

averaged 62 percent . Their lowest percentage occurred in August and 



MYSID SHRIMP SPECIES AND THEIR 
DISTRIBUTIONS IN 1976 NEUSTON SAMPLES 

STATIONS SEASON TRANSECTS 

1, 2, and 3 All Seasons II, III, IV 

GREATEST ABUNDANCE 
(NO./1000 m3) 

11,324 
2/II/N NOVEMBER 

2,192 
3/II/N SPRING 

1,884 
2/III/N WINTER 

615 
2/II/N APRIL 

45 
1/II/N WINTER 

v 
1 
F-' 

Winter, July, 
and August 

Spring, Fall, 
and December 

Winter only II only Brasilomysis castroi Station 1 only 

SPECIES 

Anchialina tyEica 

Siriella thompaoni 

Mysidopais bigelowi 

Promyaie atlantica 

TABLE 7 

1, 2, and 3 

Station 1 only 

1, 2, and 3 

All Seasons All Tranaecte 

All Transects 

I, II, and III 



Dav Night 

54 43 

Station Percent 

1 59 
1 50 
3 37 

Winter (Feb) 49 
March 41 
April 62 
Spring (June) 56 
July 47 
August 30 
Fall (Sept- 42 

Oct) 
November 54 
December 54 

I 55 
II 52 
III 39 
IV 42 

October and appeared again in relatively high numbers in November . Total- 

were as follows : 

Month Percent 
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Transect Percent 

Of the 20 taxa ranked in order of dominance in [he 1976 neustoa samples 

(Table 5), 11 were copepod taxa as follows : 

Rank Taxon 

2 Unidentified calanoid copepods 
4 AnomaZocera ornata 
5 Temoza sty Zip era 
7 Centropages furcatus 

10 PonteZZopsis viZZosa 
11 Labidocera immature 
12 Labidocera seotti 
13 Labidocera aestiva 
14 Ncmnoca Zcnus mirror 
18 PanteZZa immature 
19 Ca Zanoptia canez~ic¢na 

Of these 11 taxes, four were singled out earlier as species that occurred 

rather frequently and showed relationships with other species by recur-

rent group analysis . Figures 7-10 show average concentrations (averag-

ing Stations 1, 2 and 3) at Transect II plotted against time for AnomaZo-

cera ornata males, Centropages furecztus females, Labidocera aestiva 

females, and PonteZZopstis viZZosa females . 

AnomaZoeera ornata was an interesting taxan which occurred in high 

numbers during February, March and April, disappeared between June and 
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ing the males, females and juveniles of this species at each station, con-

centrations greater than 10/m3 occurred at 16 stations (IS percent of the 

1976 samples) whereas they were absent from 72 samples (67 percent of the 

total samples) . A . ozrtata was present in larger numbers only at the two 

nearshore stations and not at different stations . It was abundant on all 

transects and slightly more abundant in day than night samples . 

By contrast, Centropages furcatus, Labidoeera aestiva andPonteZZopsis 

vtiZZosa females reached peaks of abundance during June for the first two 

species, and August-September-October for the latter species (when Ano?ra-

Zocera ornate was absent) . 

Centzopages farcatus males and females collectively achieved concen- 

trations greater than 10/m3 in 23 samples (21 percent) and were absent 

in only 12 samples (11 percent) . Peak concentrations of 235-237/m3 were 

reached in the spring (June) at Stations 1/II/D and 1/I/N . They were 

more abundant in night samples than in day samples (18:5) and most abun-

dant on the northernmost transect (Transect I) . Like AnamaZocera oznata, 

they were more abundant at nearshore stations than at the offshore stations 

1 and 2 in all transects . 

LcrbtidocezYZ aestiva male and female totals reached concentrations 

greater than 10/m3 in 12 samples (11 percent) and were absent in 45 samples 

(42 percent) . Their greatest concentration of 626/m3 was in the spring 

at Station 1/II/D . The neat highest concentration was only 92/m3 at 

Station 1/III/D, also in the spring . Greater concentrations occurred 

only slightly more often at night than day (7 :5), and they were consider-

ably more abundant at Station 1, next at Station 2, and were never greater 

than 10/m3 at Station 3 . They were slightly more abundant along Tran-

sect II and least abundant on Transects I and IV . 



Greatest Abundance 
Species Day Night Season Station Transect 

:4nomaZocera ornata 637 37% Winter 1 & 2 I 
Centropages Tureatus 22% 78% Spring 1 & 2 I 
Lavtidocera aestiva 42% 58% Spring 1 II 
PonteZZopsis vtiZZosa 38% 62% Fall 1 & 2 I & III 
Temora styZif2rcz 29% 71,°G Spring All All 
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PonteZZopsis viZZosa was never as abundant as the above-mentioned 

three copepod species, reaching concentrations of over 10/m3 in only 

eight ~)r 7 percent of the total samples . The maximum concentration was 

only 34/m3 at Station 1/1/N in the fall . Highest concentrations were 

reached in late summer and fall, rather than in the spring as for Cen-cro-

gates fureatus and Lcibi'docerct aestiva. P . viZZosa reached greater 

abundances at Station 2 more often than at other stations, but least 

often at offshore Station 3 . They were relatively more abundant along 

Transects I and III, considerably less abundant on Transects II and IV, 

and were only slightly more abundant in night samples than in day samples . 

Temora styZifera occurred in large numbers and was frequently domi- 

nant in the 1976 neuston samples, ranking number 1, 2 or 3 in 20 percent 

of the samples . It was dominant more often in the spring (June) at the 

two offshore stations on all transects and was rarely dominant between 

September and December . Greatest concentrations, 230/m3 and 179/m3, 

occurred in the spring at Stations 1/II/D and 3/II/D, respectively . 

Considering the 17 samples in which Temora stytifezn was present in 

concentrations exceeding 10/m3, 12 were night samples and only 5 were 

day samples . The species was nearly evenly distributed among the three 

stations and four transects . 

Summarizing the five dominant copepod species mentioned above, great-

est concentrations (> 10/m3) were at the following times of day, seasons, 

stations and transects : 
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Echinodermata 

Echinoderm larvae were sparse, occurring in only five of the 108 

samples analyzed . Although most common in the fall, the peak abundance 

of 679/1000 m3 occurred in June at Station I/I/D . They were absent from 

February to June, and again in July and August . Echinoderm larvae were 

present in both day and night samples and nearshore, intermediate, and 

offshore stations (Stations 1, 2 and 3) . They were present on the two 

northern traasects, but absent from the two southern transects . 

Chaetognatha 

Chaetogaaths were often dominant in numerical abundance, ranking 

number three in dominance among the taxa listed in Table 5 . They ranked 

1, 2 or 3 is 35 of the 108 neuston samples . Peak abundance (60,138/1000 

m3) was reached in the spring at Station 2/II/N . Chaetognaths mere 

present in concentrations greater than 10,000/1000 m3 in 29 samples . 

Greatest concentrations were reached in the spring and lowest concentra-

tions in July and August . Considerably more night samples showed higher 

concentrations of chaetognaths (i .e .,> 10,000/1Q00 m3) than day samples 

(24 :5) . They were more abundant at nearshore stations (Stations 1 and 2) 

than at the offshore station (Station 3), and were equally abundant on all 

transects . 

Tunicata 

Doliolida 

Doliolids occurred in concentrations greater than 1/m3 is 21 of the 

108 samples collected during 1976 . They were most coon in winter 

(February) samples, but peak abundance was 5 .8/m3 at Station 2/II/N in 

March . Doliolids were much more common at the two offshore stations than 

at the inshore Station 1 . They were most abundant along Transect I and 



Larvacea 

Larvaceans occurred in concentrations greater than 1/m3 in 15 of the 

108 samples . They were somewhat more coon in sight tows than in day 

tows . Larvaceans were present in concentrations of 1/m3 or more during 

all sampling periods, but were most abundant in April samples with a peak 

of 7 .4/m3 at Station 1/II/N . Larvaceans were most abundant at intermediate 

stations (Station 2) and least abundant at offshore Station 3 . They were 

most abundant along Transect II sad least abundant on Transects III and IV . 

Larvaceaas were completely absent from Transect ID stations in the fall 

and from Transect II stations in November . 
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least abundant along Transect IV . Doliolids were completely absent from 

spring (June) samples on Transects III and IV . Highest concentrations 

occurred much more frequently in night samples than in day samples (3 day 

vs 18 night samples where doliolid concentrations exceeded 1/m3) . 

Salpida 

In contrast to the doliolids, salps reached greatest abundances in 

spring and were at their lowest concentrations during winter when the 

doliolids were high . The peak abundance was 66/m3 at Station 2/III/D in 

the spring . Salps were absent from Transect I and II samples in February 

and from Transect II in November . Salps were present in concentrations 

greater than 1/m3 in 18 of 108 samples during 1976 . 

Also, unlike the doliolids, salps did not show great diurnal differ-

ences . Salps were most abundant at the intermediate stations (Station 2), 

next at offshore Station 3, and least abundant at nearshore stations . 

Salps were most abundant on Transect III and least abundant on Transect IV . 



1This table replaces previous miscalculated fish egg and larva data pre-
sented in the 1976 Quarterly Reports in similar tables, which should, 
therefore, be disregarded and replaced by data in Table 4, Appendix E, 
of this report . 
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Insecta 

The hemipterid "water-strider", HaZooates =cans, occurred in con- 

centrations exceeding 100/1000 m3 in 36 of the 108 samples and was most 

common in spring and fall samples . Peak abundances of 4597/1000 m3 was 

at Station 2/IV/N in the fall . It was more abundant at offshore stations 

(Stations 2 and 3) than at the inshore stations, and more abundant on 

Transects III and IV than at the two northern transects . 

Ichthyoplaakton 

During 1976, 495,580 fish eggs and 77,195 larvae were collected dur- 

ing the neuston survey (appendix E, Table 4)1 . Along Transect II, the 

only transect sampled monthly as well as seasonally, 169,000 eggs and 

53,871 larvae were captured during the year . A total of 380,381 eggs and 

42,679 larvae were collected during the three seasonal surveys on all 

four transects . On Transect II the greatest abundant of eggs (24 percent) 

was collected during the ;larch monthly survey, and the greatest number of 

larvae (21 percent) was collected during the spring (June) survey . The 

lowest number of eggs and larvae were captured on the December and winter 

(February) cruises, respectively . 

During the seasonal samplings of all transects, the winter cruise 

yielded the greatest number of eggs and the spring cruise the greatest 

number of larvae . The fall and winter cruises yielded the least number 

of eggs and larvae of the seasonal cruises . 

A total of 110 taxes of larval fishes was collected during the year 

(Appendix E, Table 4), Species richness at Transect II was greatest 



percent) larvae were captured at the inshore station (Station 1, Transects 

I, II, III and ID) on the seasonal cruises . A total of 53,830 (31 .9 

percent) eggs and 21,870 (43 .3 percent) larvae was collected at the in-

shore station at Transect II . The mid-depth station (2/II) yielded 95,559 

(56.5 percent) eggs and 14,679 (29 percent) larvae over the year on the 

monthly cruises, while mid-depth stations on seasonal cruises (Station 2, 

Transects I, II, III and IV) yielded 201,908 (53 .1 percent) eggs and 

13,113 (30 .7 percent) larvae during the year . The deepest station (3/II) 

yielded 19,614 (11 .6 percent) eggs and 13,939 (27 .6 percent) larvae during 

the year on the monthly cruises and the deepest stations on seasonal 

cruises (3/I, 3/II, 3/III, 3/IV) yielded 25,293 (6 .7 percent) eggs and 

12,8000 (30 percent) larvae . 
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during the spring and '.`larch cruises with 50 taxa and 34 taxa being col-

lected on the two cruises, respectively . The spring seasonal cruise, 

sampling all four transects, yielded 63 taxes, while the winter and fall 

seasonal cruises yielded 57 taxes . 

Over the entire survey, 84,054 (49.7 percent) of the eggs and 35,493 

(65 .9 percent) of the larvae were collected during the night, while 84,949 

(50.3 percent) eggs and 18,378 (34.11 percent) larvae were collected dur-

ing the day . A greater number of larval taxes (73,or 57 percent) were 

collected during the night than during the day (55 taxes or 42 .9 percent) . 

A relatively large percentage of larvae (42 .7 percent) was captured 

during the daytime on the spring survey at Transect II, and the smallest 

percentages of daytime captures were during winter (1 .14 percent) and 

August (I .19 percent) . On the seasonal surveys of all four transects, 

the greatest percentage of daytime captures of larvae was in spring (70 

percent), and the least percentage was in the fall (5 .5 percent) . 

Over the entire year, 152,936 (40 .2 percent) eggs and 16,766 (39 



tries since this transact was sampled monthly and larvae collected along 

this transact were representative of those collected along the other 

three transacts during the seasonal surveys. The ten most abundant fam-

ilies during the survey were Clupeidae (23.26 percent), Sciaenidae (16.23 

percent), Mugilidae (11 .98 percent), Exocoetidae (6 .71 percent), Mullidae 

(6 .06 percent), Engraulidae (5 .97 percent), Gobiidae (3 .12 percent), 

Gerreidae (1 .73 percent), Carangidae (1 .49 percent) and Bothidae (1 .09 

percent)(Table 8) . The abundance of the above families varied seasonally 

(Figures 19-28) . Mullidae and Exocoetidae comprised 27 .8 percent and 

27 .5 percent of the larvae during the spring, but only 0 .5 percent and 

10 .3 percent of the larvae during the fall . Gobiidae comprised only 

1 .0 percent of the larvae during the spring, but were 39 .4 percent of the 

larvae during the fall . Engraulidae were more abundant during the spring 

than fall, comprising 8 .2 percent and 2.8 percent of the larvae in the 
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On Traasect II during the entire year, 48 taxa were collected at 

Station 1, 49 at Station 2 and 46 at Station 3 . On the seasonal surveys 

at all four transects, 66 taxa were captured at the four inshore stations, 

66 taxes at the four intermediate stations and 74 taxes at the four offshore 

stations . At the inshore and intermediate stations on Transect II, div-

ersity was greatest during spring (June) . At the inshore and offshore 

stations in seasonal surveys of all four transecis, diversity was greatest 

during the spring . 

On the three seasonal surveys, the greatest number of eggs and larvae 

were collected along Transect II, and the least number were collected along 

Transect I . However, Transect I had the greatest diversity of taxes over 

the three seasonal surveys . Transect II had the greatest number of larvae 

during the spring and least number during the winter seasonal survey . 

Transect II is used to describe the distribution of ichthyoplankton 



C 

TOTAL 41,825 77 .647; 

1A total of 53,871 fishes as captured on Transect II during the 
survey . 
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TABLE 8 

TEN :MOST ABUNDANT FAMILIES CAPTURED ON TRANSECT II1 

FAMILY TOTAL N0 ./1000 m3/YEAR PERCENT TOTAL OF LARVAE 

Clupeidae 12,529 23 .26% 

Sciaenidae 8,742 16 .237 

Mugilidae 6,45 11 .93% 

Exocoetidae 3,612 6.711 

:iullidae 3,266 6.06% 

Engraulidae 3,217 5 .97,°e 

Gobiidae 1,678 3 .122 

Gerreidae 933 1.73% 

Carangidae 805 1.49 

Bothidae 588 1.092 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - r- - - - - - - 
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Figure 21 . Relative Abundance of Mugilidae et each Station Along the Four Transacts During the 
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Figure 23 . Relative Abundance of Mullidae at Each Station Along the Four Transects During the 
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Figure 24 . Relative Abundance of Engraulidae at Each Station Along the Four Tra"ects During the 
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Figure 25 . Relative Abundance of Gobiidae at Each Station Along the Four Transects During the 

Three Seasonal Cruises . 

so 

40 

30 

C 
d u 

Z0 

10 



Spring Winter Fall 

v 

00 

o - --- -'- ' --- - -- ~ -s-
Stalion 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 

Transact I II III IV 1 II 111 It' I 11 III 1\' 

GERREIDAE 
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Figure 27 . Relative Abundance of Carangidae at Each Station Along the Four Transacts During 
the Three Seasonal Cruises . 
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abundance . The sciaenids Leiostamus scntthurua and Mieropogon unduZatus 

were captured during the December, winter and March cruises, but were 

absent during other cruises . Mentieirrhus sp . and Cynosction sp . were most 

abundant during the August and fall cruises . 

The clupeids Brevoorticz sp . and Etrumeus tares were captured in 

large numbers during the winter (February) and March cruises, but were 

absent from the collections during the June, July,-,August and September-

October cruises . EareenguZcz jagzcmca was most abundant during the June, 

7-Z1 

two seasons, respectively . 

The abundance of Mugilidae and Sciaenidae varied among stations 

along Transect II . Mugilidae increased in abundance with distance off-

shore and comprised 1.6 percent, 10 .7 percent and 32 .6 percent of the 

larvae at Stations 1, 2 and 3, respectively . Sciaenidae decreased in 

abundance with distance offshore and comprised 30 .4 percent, 11 .2 percent 

and 3 .2 percent of the larvae at Stations 1, 2 and 3, respectively . 

Although ire larvae were captured at night and most families were 

more abundant during the night, several families were predominantly cap-

tuned during the day . Clupeidae (30 .3 percent), Sciaenidae (26.3 percent) 

and Gobiidae (5 .20 percent) predominated in night samples and Exocoetidae 

(15 .9 percent), Mugilidae (32 percent) and Mullidae (Z7 .3 percent) pre-

dominated in day samples (Table 9) . 

The ten most abundant species were MqtiZ cephaZus (10 .63 percent), 

HarenguZa ,jagucma (9 .9 percent), Mottos auratus (6 .0 percent), GLgncscion 

sp . (5 .5 percent), Mticropogon unduZatus (4 .0 percent), Brevoortia sp . 

(3 .7 percent), Pmnesocoetus brachypterus (2 .0 percent), Cpisthonema 

ogZiraart (2 .0 percent), Hirundichthys rondeZeti (1 .9 percent) and DtgrauZis 

auzystoZe (1 .8 percent) . 

The species of Sciaenidae and Clupeidae varied seasonally in relative 



Clupeidae 12,529 24 .46 75 .61 31 .2% 47 .7% 21 .16 

Sciaenidae 8,742 6.06 94 .0 76 .1% 18 .8 5 .1% 

Mugilidae 6,455 91 .2% 8 .8% 5 .3% 24 .31 70 .4 

Exocoetidae 3,612 80 .86 19 .26 73 .9 13 .0% 13 .1 

Mullidae 3,266 97 .5.6 2 .5% 91 .6% 3 .7 .E 5 .3% 

Engraulidae 3,217 10 .4% 89 .61 38 .81 36 .3 24 .9 

Gobiidae 1,678 2 .2% 97 .8 26 .26 44 .5 29 .3 

Gerreidae 933 15 .31 84 .71 39 .5% 23 .0 37 .4 

Carangidae 805 23 .7 76 .3 61 .2 22 .71 16 .0 

Bothidae 588 14 .51 85 .5 43 .0 43 .91 13 .1 

V 

v i 
N 

TABLE 9 

PERCENTAGE OF LARVAE OF TEN MOST ABUNDANT FAMILIES CAPTURED DURING 
THE DAYTIME,-.-NIGHTTIME AND AT EA(:ll STATION ALONG_ TRANSECT II 

OF LARVAE 
CAPTURED I CAPTURED CAPTURED AT 

FAMILY TOTAL N0 ./1000 m3/YEAR DURING DAY DURING NIGHT EACH STATION 

1 2 3 

1 



that the most abundant families were Engraulidae, Gobiidae, Bregmacerotidae, 

Clupeidae, Sciaenidae, Ca=angidae, Bothidae, Synodontidae, Myctophidae 

and Serranidae . However, Bregmacerotidae, Synodontidae and Myctophidae 

were uncommon in the present neuston survey . The discrepancy in faunal 

composition between the two studies might be due to differences in sam-

pling techniques or differences in abundance of the fish taxes between the 

two years . In the 1975 ichthyoplankton survey, the. sampling gear was 

towed obliquely and almost the entire water column was sampled (Finucane, 

1976) . The neustoa sampling gear was towed at the surface and only the 
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July, August and September-October cruises, but was absent during the 

remaining months . 

The greatest abundance of eggs during the winter season indicated 

that most spawning occurred at that time . A few months later in the 

spring, large numbers of larvae were captured showing a correlation with 

winter spawning . Clupeidae and Engraulidae were most abundant in the 

spring . Opisthonema ogZirtum and Ancnoa hepsetus were the most abundant 

species of these two families . 

Larval captures at the inshore and offshore stations indicated that 

most fishes, such as Sciaenidae and Gerreidae spawn inshore, while a few 

others, such as Mugilidae, spawn offshore . 

Most larvae were collected at night, indicating that most larvae 

inhabit the neuston layer at night and seek greater depths during the day 

or have a greater ability to avoid the sampling gear during the day . 

Mugilidae, Exocoetidae and Mullidae were more abundant during the daytime 

indicating that they are surface dwellers during the day and are either 

located below the neuston layer at night or are less-able to avoid the 

sampling gear during the daytime than other taxa . 

In the 1975 STOCS ichthyoplankton survey, Finucane (1976) stated 



first to report semiquantitatively on the concentrations of pelagic tar 

using a water displacement method . They found concentrations in the 

Mediterranean Sea of up to 540 mg/m2 with a mean concentration of 20/mg/m2. 

Morris (1971), using a wet weight method, reported considerably lower 

quantities of floating tar in the northwestern Atlantic, i.e ., a range 

of 0 .1 to 9 .7 mg/m2 with a mean of 2 .2 mg/m2. Morris and Butler (1973) 

made biweekly tows approximately 20 miles southeast of Bermuda in the 

Sargasso Sea in 1971 and 1972 and reported tar concentrations ranging from 

0 .1 to 40 mg/m2 with a mean of 9 .4 mg/m2 . 

Jeffrey et ctZ . (1974), using a quantitative extraction method, 

reported the Gulf of Mexico and Caribbean Sea to be less polluted with 
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upper 0.5 m of the water column was sampled . The three families abundant 

in the 1975 ichthyoplankton survey but not the neuston survey may be 

concentrated below the depths sampled by the neuston net . 

Tar 

As an additional observation during the neuston study, floating 

tar from each neuston sample was dried and weighed, the results of which 

are plotted in Figures 29 and 30 . From these data, it appears that the 

distribution of floating tar over the South Texas Outer Continental Shelf 

was patchy . To determine any seasonal, offshore-onshore, or geographical 

differences in tar distribution, Table 10 was prepared to show average 

amounts of tar by time of year, station, and transact . Two noticeable 

observations were the relatively higher levels of tar at the two 

offshore stations as compared to the inshore station and the relatively 

higher tar levels along Transact II as compared to other'transects . The 

months with highest tar values were April and December . 

In previous studies on floating tar, Horn et ¢Z . (1910) were the 
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I 3 .85 0 .58 

II 18 .39 2 .76 

III 4 .36 0 .65 

IV 2.16 0 .32 

OVERALL. 1976 AVERAGE : 10 .93 1 .64 
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TABLE 10 

AVERAGE DRY WEI(EIZ5 OF FLOATING TAR 
BY SEASON, STATION, AND 1'RANSECT 

TAR TAR 

Morrrx Wlooo m3) 

WINTER (Feb .) 6.57 0 .99 

MARCH 14 .98 2 .25 

APRIL 74 .75 11 .21 

SPRING (June) 5 .18 0 .78 

JULY 0.78 0.12 

AUGUST 1.83 0 .27 

FALL (Sept.-Oct.) 4.16 0.62 

NOVEMBER 1.21 0.18 

DECEMBER 39 .47 5.92 

STATION 

1 3 .49 0 .52 

2 16 .88 2 .53 

3 12 .39 1 .86 

TRANSECT 



are more abundant in the surface waters at night than during the day . 

This is probably accounted for by nocturnal vertical migrations to the 

surface at night which are known to occur is many organisms . Examples of 

taxes more abundant in night tows were : foraminiferans, medusae, bivalve 

mollusc larvae, hyperiid amphipods, barnacle aauplius larvae, decapod 

7-78 

pelagic tars (1 .20 and 0.773 mg/m 2, respectively) than the Mediterranean 

and Sargasso Seas but more polluted than the Northeast Pacific, and about 

the same as the Gulf Stream . Measurements based on a chemical extraction 

method reduce the previously reported levels of pelagic tar concentrations 

since debris accounts for, on average, approximately one-third of the 

tar lump's mass and, therefore, are not strictly comparable to previous 

reports (Jeffrey et at ., 1974) . They suggest that some of the pelagic 

tar is swept into the Gulf of Mexico through the Yucatan Straits and 

comes primarily from shipping and tanker cleaning operations . Bimodal 

gas chromatogram traces also relate many tars to crude oil sludges or 

tanker wastes damped at sea (Sherman et at ., 1974 ; Jeffrey et at ., 1974) . 

Translating the tar values into units of mg/m2 (Table 10) so as to 

be comparable to previous studies, an overall 1976 average from all 

stations sampled on the South Texas Outer Continental Shelf was 1.64 mg/m Z, 

a figure only slightly higher than the 1.20 mg/m Z reported by Jeffrey 

et at ., (1974) for the Gulf of Mexico . 

CONCLUSIONS 

South Texas neuston samples during 1976 showed variations in biomass,, 

species diversity, numerical abundance of the taxonomic components, and 

dry weight of tar . These variations can be related to diurnal, seasonal, 

geographic, and distance-from-shore considerations . 

For example, this study has shown very definitely that certain taxes 



certain traasects, was noticeable for certain tries, but others appeared 

to occur ubiquitously throughout the four traasects off the South Texas 

coast . Among those taaa which showed geographic limitations and/or 

preferences were : 

Transect I : VeZeZZa, PhysaZia, barnacle larvae, doliolids, 
copepods in general, but especially .4nomZocera 
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larvae, stomatopod larvae, euphausiids, mysids, ostracods, chaetognaths, 

doliolids, most fish larvae, the sergestid shrimp Lucifer typus, and the 

copepods, Centropczges furcrztus, Temora stytzfera and PonteZZopsis viZZosa. 

0a the other hand, those taxes more abundant or common in day samples 

included the copepodArconraZocera orrtatc and fish larvae of the families 

Mugilidae, Esocoetidae and Mullidae . 

Seasonal differences were apparent is the following taxes, which are 

listed under their season of greatest abundance : 

February : VeZeZla, PhysaZia, bivalve larvae, gastropod 
larvae, BzYSStiZomystis castroi (mysid shrimp), 
AnomaZocera ornatcz (copepod) and fish eggs 

February 
and March:AOrpita, barnacle larvae and doliolids 

April : Larvaceans 

June : Pinnotherid crab zoeas, chaetognaths, sales, 
fish larvae, copepods in general, but espec- 
ially Centrnpages furcatus, Labidocera aestiva 
and Temora sty tifera 

September-
October : PanteZZopsis viZZosa (copepod) 

December : Ostracods 

June had the highest average biomass and highest numerical abundance 

of total organisms, while August had the highest species diversity . The 

highest tar values were is April . 

Geographical differences, as determined by greatest abundance on 



Station 3 : Foraminifera, barnacle larvae, the sergestid 
shrimp Lucifer typus and fish larvae of the 
family Mugilidae . 
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ornczta and Centropages fzcrcatus 

Transects I 
& II : Echinoderm larvae 

Transect II : Larvaceans 

Transect III :Gastropod larvae and salps 

Transect III 
IV : Hyperiid amphipods and HaZobates micczns 

More taxes were absent from or showed least abundant distributions 

on Taansect IV than any other transect . Transect IV was also lowest in 

species diversity, average biomass, numerical abundance of total organ-

isms and dry weight of tar . Transect III had the highest average biomass, 

while Transect II had the highest average species diversity and the 

highest dry weight of tar . 

As with geographic differences, distance-from-shore differences were 

noticeable in only certain taxes which were most common at certain stations 

as follows : 

Station 1 : Pinnotherid crab zoea larvae, penaeid larvae, 
Lucifer f=oni, the mysid shrimps Atysidopsis 
bigeZotui and BrasiZiomysis ecstroi, copepods 
in general, but especially Labidocera aestiva 
and fish larvae of the families Sciaenidae 
and Gerridae 

Stations 1 
& 2 : PhysaZia, VeZeZZcz, bivalve larvae, gastropod 

larvae, Cladocera, chaetognaths, the copepods 
AnomaZocera orrcata, Centropages furcatus and 
PonteZtopsis viZZosa 

Station 2 : Larvaceans 

Stations 2 
& 3 : Portunid megalops larvae, euphausiids, Sir-

ieZZcz thompsoni (mysid shrimp), ostracods, 
hyperiid amphipods, doliolids, salps and 
Hatobates nricans 



area . 
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Station 1 showed the highest average biomass . Station 3, which 

showed the lowest average biomass throughout 1976, showed the highest 

species diversity . Dry weight of tar was highest at Station 2 and lowest 

at Station 1 . 

The above observations point out the great variability of the South 

Texas Outer Continental Shelf neuston during 1976 . Since the 1976 data 

are not comparable to the 1975 neuston study because of different sampling 

methods and gear, different analytical techniques, and lack of quanti-

fication in the 1976 study, no real comparisons can be made between the 

two years . Thus, the 1977 study and subsequent neuston studies become 

more urgent to determine yearly norms for neuston is the STOCS study 
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The value of the meiofauna study could be compounded by undertaking 
monthly sampling on a second transect and by permitting a comparative 
analysis of the available organic content of sediments rich and poor in 
harpacticoids . 
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ABSTRACT 

A total of 294 sediment samples collected between February and Decem-
ber 1976, from 25 transect stations and eight bank stations on the South 
Texas Outer Continental Shelf were analyzed for establishment of meiofauna 
populations and communities . In general, populations tended to decrease 
with increasing depth between 10 and 134 m ; however, this trend was not 
uniform . It was established that the true meiofauna (metazoan animals) 
exhibit strong seasonal population increases in March, November, and 
especially July . Nematodes were by far the predominant component of the 
true meiofauna, not only in terms of populations but also taxal diversity . 
Up to now 90 taxes at and above the genus level were identified from the 
sampling stations . 

Both physical and biological controls, some of which are still spec-
ulative, were demonstrated . Nematodes were highly correlated with sediment 
granulometry, increasing substantially in number when the sand component 
attained or exceeded 60 percent . Harpacticoid copepods tended not to 
respond to this factor, but responded to some as yet unknown characteris-
tic of sediments around the bases of the banks . It was assumed that the 
unknown factor was available organic carbon . These observations reinforce 
the proposition that the harpacticoid/nematode ratio can be developed into 
a valuable yardstick of environmental degradation and recovery . 

Strong indications of competitive elimination of many nematode taxes 
throughout the gear were noted . Also, there was some evidence that pre-
dation was a potent control of nematode populations, but the kinds of 
predators are as yet unknown although some of them are likely to be nema-
todes . 



INTRODUCTION 

benthic organisms that live in marine soft bottoms and that are inter-

mediate in size between the microfauna and the better known macrofauna . 

In early studies, the meiofauaa was separated from the latter by means 

of sieves having a mesh size of 1 .0 mm ; more recently, however, the 

upper limit of size is taken as 0 .5 mm (McIntyre, 1964 ; Tietjen, 1969, 

1971 ; Coull, 1970 ; McIntyre and Murison, 1973) . The lower limit has 

also been variable, but 0 .062 mm is now the more common mesh size 

employed . Accordingly, the meiofauna in this study is defined by reten-

tion on a 62 um screen, whereas a11. organisms taken by the grab and 

D_J 

Purpose 

The major objective of the present investigation was to determine in 

a relatively small geographical area of the South Texas Outer Continental 

Shelf the distributions, abundances and environment of the taxonomic 

components of the meiofauna . It is anticipated that these findings can 

be used to aid in establishing baseline conditions and to discern when 

and if environmental disturbances are having measurable biologic impacts . 

It is hoped that upon completion, this study will have established certain 

in-meiofauna ratios as reliable indicators of environmental quality . This 

is dependent in part upon measuring environmental parameters that are not 

now a part of the overall study . 

Background 

Definitions 

The term meiobenthos was introduced by Mare (1942) to apply to 



retained on a 0 .5 mm sieve are designated as macrofauna . The term 

megafauna is applied to those large organisms, both invertebrate and 

vertebrate, that one cannot sample effectively with a grab . 

Permanent and Temporary Meiofauna 

The meiofauna is composed of both a permanent and more numerically 

stable set of organisms as well as a temporary, numerically variable 

group composed of juvenile macroinfaunal forms (McIntyre, 1961, 1964 ; 

Thorson, 1966) . The permanent or true meiofauna differs from the 

macroinfauna not only in size but also in regard to number, average 

generation time, and morphological adaptations to their environment . 

Some protozoans meet the size requirements of the meiofauna but, as 

Thiel (1975) pointed out, the Foraminifera have been excluded from most 

investigations on deep water meiofauna . Up to now, the foraminifera 

are grouped together with the multicellular meiofauna in only three 

publications (Wigley and McIntyre, 1964 ; Tietjen, 1971 ; and Thiel, 1975) . 

There are several reasons for this deletion, among them being the 

difficulty of separating live from dead individuals because material 

in the tests other than protoplasm may stain red with rose bengal . On 

the basis of numbers alone, it would appear that they should be included 

in meiofaunal studies . The present studq,as well as the work of others 

(Wigley and McIntyre, 1964 ; Tietjen, 1971 ; and Thiel, 1975) . shows that 

the Foraminifera often are either the must numerous group or the second 

in abundance behind the nematodes . 

Even so, in this report the metazoan meiofauna are placed in the 

category of "true" meiofauaa (all of which are permanent) and the 

Foraminifera and temporary meiofauna are lumped into a second category . 



tal shelf of east Texas . Yrior .to this report there have been only a 

limited number of sub littoral studies in which the wet weight and/or 

abundance of the meiofauna and macroinfauna have been compared . Krogh 

and Sparck (1936) described the fauna contained within several cores 

taken in Copenhagen Harbor ; Mare (1942) examined the flora and fauna of 

a small area in the English Channel ; Sanders (1958) examined the macro-

infauna and Wieser (1960) the meiofauna of three stations in Buzzards 

Bay, Massachusetts ; McIntyre (1961, 1964) studied two areas off Scotland 

(Loch Nevis and Fladden Ground, North Sea) ; Wigley and McIntyre (1964) 

analyzed ten samples from a transect (40 to 567 m off Massachusetts ; 

Previous Work 

As Thiel notes, effective work on offshore meiofauna was started as 

late as 1964 when Wigley and McIntyre (1964) obtained quantitative 

samples from a transect on the North American Atlantic shelf and dower 

the continental slope to about 600 m. In addition, quantitative samples 

were taken from slope to abyss by McIntyre from DISCOVERY (Warwick, 

1973) and by Thiel from METEOR (Thiel, 1966) both in 1964/196 in the 

Arabian Sea . 

The meiofauna have received very little attention is the sub littoral 

of the Gulf of Mexico . Pequegnat and Gettleson (1974) listed the number 

of individuals in major meiofaunal and macroinfaunal taxa from five 

stations in the vicinity of Stetson Bank. In 1976 they examined 

meiofaunal-sediment correlations from 24 stations located on the outer 

continental shelf of west Texas . In the same year, Gettleson and Pequeg-

nat (1976) reported on as intensive study of the wet weight and abundance 

of the meiofauna and macroinfaunafrom 10 stations on the outer continen- 



and ecology have been neglected to a great extent . Only six known 

papers have been published on Gulf of Mexico nematology, all on 

material from the littoral zone (Chitwood, 1951 ; Chitwood and Timm, 

1954 ; Hopper, 1961a, 1961b, and 1963 ; Ring 1962) . Rulings (1967) 

reviewed previous papers dealing with the systematics and ecology of 

podocopid and platycopid ostracods in the Gulf of Mexico . Disregarding 

the foraminiferans, no other published reports on the components of the 

permanent meiofauna of the sublittoral Gulf are known . There are, 

however, a number of papers describing the living, soft-bottom 

foraminiferans of the Gulf. Phleger's (1951) study dealt with an area 

similar to that of the present study, but his total number of identified 

living forms was very low (16) due to the unreliable biuret test used 

to distinguish living from dead individuals . Phleger (1956) used the 

more accurate rose bengal method to detect living forams . Walton (1964), 

in a study of the central Texas coast and continental shelf, was able to 

describe four depth-related assemblages on the shelf . Other 

foraminiferal studies in the Gulf of Mexico have also resulted in depth-

related biofacies . Phleger (1951) recognized six depth facies, Bandy 

(1954) three within water depths of 8 to 37 m, Parker (1954) six in the 

northeast Gulf, and Bandy (1956) described five major facies also in 

the northeast Gulf . Phleger (1960) reviewed much of the Gulf of Mexico 

Guille and Soyer (1968, 1974) studied the fauna off the French Banquls-

sur-Mer coast (Mediterranean) ; Stripp (1969) examined samples from the 

Helgoland Bight (North Sea) ; Ankar and Jansson (1973), Elmgren (1972), 

Ankar and Elmgren (1975) and Jansson and Wulff (1977) analyzed samples 

from the Baltic Sea . 

Nematodes usually dominate the meiofauna ; however, their systematics 



Frequency of Sampling and Sample Inventory 

Stations were sampled either on a seasonal or a so-called monthly 

basis or both . All 25 traasect stations and the four bank stations were 

visited three times on the seasonal schedule . In addition, the six 

stations of Traasect II and the four bank stations were sampled an addi-

tional six times on the monthly schedule . Two replicate samples were 

taken from each grab for laboratory analysis, giving a total of 294 

samples (Table 1) . 

foram work . Other studies of living, sublittoral, Gulf of Mexico 

foraminiferal distributions since 1960 include Walton (1964), Loep 

(1965), Lankford (1966), Greiner (1970), Poag and Sweet (1971) and 

Buzas (1967, 1972) . 

METHODS AND MATERIALS 

Sampling Transects and Stations 

The meiofaunal samples were collected with a Smith-Maclntyre grab 

on four transacts and two hard banks . The locations of the 25 transact 

stations are shown in Figure 1 . Note also the locations of Hospital 

Rock (SR) and Southern Bank (SB) in Zone C . Two stations were sampled 

at each hard bank (topographic feature) during each of nine sampling 

periods . More detailed information on specific depths of each station 

is given is Figure 2 . Note particularly that Transact II is located 

more or less in line with the channel entrance to Corpus Christi Bay and 

that Transact IV has seven stations, whereas the others have six . Also, 

Station 7, Transact IV, is actually slightly beyond the shelfbreak which 

may account for some of its unique faunal characteristics . 
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Figure 1 . Location of South Texas OCS Baseline Study transects (roman) 
and stations (arabic) . Note also the location of Southern 
Bank (SB) and Hospital Rock (HR) topographic highs in Zone C . 
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Figure 2. 2ona1 distribution and depths of the 25 transact stations end the two bunk stations on the 
South Texas Outer Qontinental Shelf . Also see Figure 1 . 
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TABLE 1 

SOURCE AND TIME OF COLLECTION OF THE 
294 MEIOFAUNA SAMPLES COLLECTED AND ANALYZED IN 1976 

SAMPLING DATES TRANSECTS 

1976 I II III IV 

February 13-20 12 12 12 14 

March 25-27 12 

April 9-10 12 

June 13-25 12 12 12 14 
July 17-18 12 

August 16-27 12 

October 8- 9 12 12 12 14 
November 16-19 12 

December 9-10 12 

SUB TOTALS 36 108 36 42 = 222 

GRAND TOTAL 294 samples analyzed 

HARD BANK 

SOUTHERN HOSPITAL 
BANK ROCK 

4 4 

4 4 

4 4 

4 4 

4 4 

4 4 

4 4 

4 4 

4 4 

36 36 = 72 



In the laboratory the stained samples were sieved through 8-inch 

diameter 500 and 62 am mesh sieves . The material retained on the 

62 um sieve was washed into 2 oz . squat jars with 10 percent buffered 

formalin, to which 10 ml of rose bengal in formalin (200 mg/1) was 

added . After the sample had been allowed to stain (1-2 days), it was 

first washed in a 3-inch diameter, 62 um mesh sieve to remove 

excess stain and then aliquoted into an 80 x 40 mm rectangular sorting 

dish marked off in a 7 mm square grid . The whole sample was then 

examined microscopically and the sorted animals placed in vials . When 

the number of nematodes exceeded 150, the first 150 were vialed and 

the remainder were only counted . 

Analysis of Samples 

Shipboard 

All meiofauna samples were taken with a standard Smith-McIntyre 

grab . On deck,a plexiglass core tube of 3 .42 cm diameter (area = 

9 .187 cm 2) was pushed into the sediment to a depth of 5 cm. Four such 

cores were taken and the enclosed sediment was extruded into 8 oz . 

glass jars . One sample was frozen immediately . The remaining three 

samples were anesthetized in isotonic KgC12 for 10 minutes and then 

placed in 109', buffered formalin . Only two of the three samples were 

to be sorted and these received rose bengal is the formalin . 

Laboratory 



Population Trends by Station 

Since the transects run normal to the coast and station depths 

RESULTS 

Traasect Populations 

Considering all taxa of the true meiofauna, the Transect IV stations 

yielded the highest number of individuals and the Transect II stations 

the smallest number . The sums of the means of individuals of true meio-

fauna taken at all stations of Traasect I through ID during the three 

seasonal sampling periods were as follows : 

Sampling Period Transect 

1976 I II III IV 

Winter 241 35 176 303 

Spring 111 52 234 275 

Fall 183 58 270 421 

Totals 535 145 680 999 

Traasects I and III supported intermediate population levels . 

These differences between traasects were statistically significant . The 

above table demonstrates that Transect II was the aberrant sampling line . 

Since populations increased in both directions (northeast and southwest) 

from Transect II, it is suggested that the low populations were somehow 

related to the fact that the stations were is line with the entrance to 

Corpus Christi Harbor . This situation was supported by the analysis of 

populations of the individual stations . The complete analysis of both 

monthly and seasonal samples from the 25 traasect stations is given in 

Appendix F, Tables 1 and 2 . 



would result is a false picture of the meiofauna standing crop . Exam-

ining the depth-related population response to season (Figure 6), it 

was evident that such responses occurred at all station depths sampled 

is this study . However, more pronounced seasonal population changes 

occurred at the shallow stations (22-34 m) as compared with the deepest 

stations (98-131 m) . The response of the intermediate depth stations 

shoed a prolonged summer peak (Figure 6) and a fall peak is December 

range from 10 to 134 m, it was not particularly surprising that substan-

tial changes in station populations were observed along the tzaasects . 

The general trend was a marked reduction in true meiofauna populations 

as depth increased (Figure 3) . The major exception was on Transect II, 

where the shallow station not only supported low populations but also 

differed most from the conditions along other transacts . In Figure 3 

note that the Foraminiferida followed essentially the same patterns as 

the true meiofauna . However, the outermost station (Station 7) of Tran-

sect IV had very low populations, because this station was on the upper 

continental shelf . More taxonomic work will be required with the foram 

samples before the implications of this observation can be understood . 

Pooulatioa Trends by Season 

Populations of the true meiofauna reached three seasonal peaks . 

There was a minor peak in late :larch and early April, a maximum peak in 

.Tiny, and an intermediate peak in November . As shown in Figure 4, this 

seasonalitq would not have bean detected by sampling only during the 

three so-called seasonal periods in February, June and October, since 

these periods were out of phase with the population increases . 

Figure 5 shows clearly that the so-called seasonal samples alone 
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Figure 5 . Transect II mean annual nematode standing crop by station 
(offshore to right) calculated for the 9 monthly sampling 
periods and for the three seasonal sampling periods . Use of 
the so-called seasonal samples leads to an underestimation a 
5 of the 6 stations and a slight overestimation at Station 2 
(One nematode = 6 .93 ug, wet weight) 
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Figure 6 . Transect II monthly samples showing distribution of Nenwtoda at inshore stations (1 and 4), 
midway stations (2 and 5) and offshore stations (6 and 3) . Spring, summer, and late fall peaks 
occur at both inshore and offshore stations with the greater fluctuations occurring inshore . 
The midway stations have a very prolonged summer peak . 
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transects, provided only Zone C stations where the banks are located 

are considered (see Figure 1) . Such a comparison indicates that the 

banks and traasects support similar populations . It was very interesting 

to note, however, that whereas the populations of both banks were larger 

than those of the homologous station (5) of Transect II, populations of 

the Southern Bank were smaller than those of all other transects while 

instead of November . The same seasonal result in shown for nematodes 

from Tzansect II considered as a whole in the upper half of Table 2 . 

Bank Populations 

The meiofauna of Southern Bank and Hospital Rock was similar to 

that of the transect stations but exhibited some instructive differences . 

As with transects, nematodes predominated among the true meiofauna, 

followed by the harpacticoids . All sampling periods considered, nema-

todes were more abundant on Hospital Rock than on Southern Bank, whereas 

foraminiferans and harpacticoids were more abundant on Southern Bank . 

The sum of the means of individual per 10 cm2 of four important meiofauna 

taxa from the nine sampling periods on the hard banks was as follows : 

Southern Bank Hospital Rock 

Nematodes 441 538 

Harpacticoids 72 59 

Foraminiferans 759 205 

Polychaetes 29 32 

If the two banks are compared on the basis only of the seasonal 

sampling, then Hospital Rock appears to exceed Southern Bank in regard 

to all categories . 

Population data from the banks can be compared to that from the 



TABLE 2 

MEANS PER CORE SAMPLE AND STATION TOTALS OF NEMATODE. POPULATIONS ON TRANSECT II 
AND A COMPARISON BETWEEN THE NEMATODE POPULATIONS OF THE SHALLOWEST STATIONS ON 

TRANSECTS II (1) AND TV (4) AND BETWEEN THOSE AND THE DEEPEST STATION OF TRANSECT II (3) 

FEBRUARY MARCH APRIL JUNE JULY AUGUST OCTOBER NOVEMBER DECEMBER 
20 25 9 16 8 16 8 17 9 

(WINTER) (SPRING) (FALL) 

NEMATODES 
Mean/Core 33 .6 39 .3 38 .3 51 .5 155 .7 108 .2 53 .9 11308 77 .0 
Transect II 

NEMATODES 
Total 

Transect II 

NEMATODES 
Total 

Station 1/II 

NEMATODES 
Total 

Station 4/IV 

NEMATODES 
Total 

Station 3/II 

379 433 422 568 1716 1193 594 1254 844 

43 46 30 38 78 270 12 355 58 .5 

817 673 899 

17 .5 14 61 .5 11 .5 54 21 .5 63 39 .5 31 .5 



These were : 

Ccupy Za .̂;mus 
DesmodoreLZa 
DesmoacoZe.-
Doz- yZatimapais metatyptica 
Graphonema 
HaZaZai.mus 
IroneZZa 
T.azme Z Za 
Liahamoeidae 
Monhysteridae 
iveotonchus 

Pompcnema 
Pse Zianema 
Ptycho Zatime Z Zus 
SaoatiezYz 
Syronchie Z Za 
TerscheZZingia 
ThezN s tus 
Tricom 
'Jtiscosia 
Unknowns 

populations of the Hospital Rock were larger than all but Transect ID 

(Table 3) . References to Figure 1 shows that Southern Bank is much 

closer to Transect II than Hospital Rack . This was another excellent 

example of meiofaunal sensitivity to environmental conditions . 

The meiofauna of the banks exhibited seasonal peaks in population 

numbers resembling those on the transects . In fact, the summer peak was 

stretched out or plateaued essentially as was the case of the two mid-

traasect stations shown in Figure 6 . See Appendix F, Table 3, for a 

complete analysis . 

Nematode Populations 

Thus far 90 nematode taxes at the same level and above have been 

collected (Table 4) from the transect and bank stations . There is no 

doubt that nematodes predominated not only in numbers of individuals, 

but also in number of taxes . Althouth the taxonomy of the harpacticcids 

and kinorhyachs has not bean completed, only a few species appeared to be 

involved is the former and only five genera have thus far been encountered 

in the kinorhyachs (Table 6) . In Table 4 the nematode taaa taken at 

the inner most stations of Transects II and IV and the outermost station 

of Transect II are shoves . 

Twenty-one of the above 90 trio occurred at all three stations . 



TRITE MEIOFAL'NA 

TRANSECT I TRANSECT II TRANSECT III 
STATION 5 STATION 5 STATION 2 

43 .5 12 .5 30 .5 

51 .2 47 .4 63 .1 

69 .7 40 .8 111 .0 

TOTAL 164 .4 100 .7 204 .6 

SOUTHERN BANK HOSPITAL ROCK 

70 .5 13 .0 

42 .E 74 .5 

26 .5 117 .5 

TOTAL 139 .5 205 .0 

FORA.LlS AI~TD .''F.NMRARY M2IOFAUNA 

TRANSECT I 
STATION 5 

TRANSECT ZI TRANSECT III 
STATION 5 STATION 2 

TRAVSECT IV 
STATION 6 

64,2 13 .6 34,3 263 .4 

56 .6 51 .2 74 .6 127 .9 

84 .4 47 .9 131 .7 274 .3 
i 

205.2 112,7 240 .6 665 .6 

92 

57 
46 

195 

18 

106 

151 

275 

W~T~R 

SPRLVG 

FALL 

TOTAL 

WI=R 

SPRING 

FALL 

WII~TI'x..'R 

SPRING 

FALL 

WI:TTEQ 

SPR.LNG 

FALL 

TABLE 3 

%,M.AQN YCM3ER OF INDIVIDUALS PER. 10 cm 2 CF ALL 
TRUE MOFAL'NA TAKEN FROM THE HARD BANKS AND THE 

HOMOLOGOUS TRANSECT STATION . 
THE SAME DATA ARE GIti'E:t FOR THE FOR?.MZ21iiFE'RI .̀ 

AND TESPORARY NlEIOFAUNt1 ; SEASONAL SAMPLINGS ONLY 

TOTAL 

TRANS E CT IV 
STATION 6 

185 .6 

93 .6 

209 .4 

488 .6 

SoUlM RN BANK HOSPITAL ROCK 



Number of Nematode Taxa is Common Number on Unique Taxa 
1/II & 4/IV 4/IV 6 3/II 1/II & 3/II 1/IZ 4/ID 3/II 

26 31 21 2 18 22 

The principal genera among these 21 may be rank ordered on the basis of 

the frequency of their occurrence at three stations on Transects II and 

IV (Table 4) . Considering the substantial amount of taxonomical work 

required to deal with the nematodes, it was decided to concentrate on 

the innermost (shallowest) stations of Transect II (having the sparsest 

meiofauna) and of Transect IV (having the richest meiofauna) and then 

compare these with the deepest station of Transect II . As shown in 

Table 4, Stations 1 and 3, Transect II, were sampled nine times and 

Station 4, Transect IV, only three times during the seasonal regimen . 

The rank order of nematode genera was as follows : 

Percent Occurrence 
Highest Possible = 300 

1 . Sabatiez-!a 300 
2 " TFceristus 278 
3 . Ha Za Zatirnus 244 
4 . DoryZaimposis metatypica 233 
5 . Neotonchus 178 
6 . TerscheZZingia 177 
7 . SyrtonchieZla 167 
8 . Viscosia 166 
9 . LatimeZZa 156 

10 . PtychoZaimeZZus 144 

The distribution of the 90 taxa among the three stations of the two 

transects was of some interest . A comparison of the number of Nematoda 

genera coon to the two shallowest stations 1 and 4, Transects II and 

ID, respectively, and the deepest station (3) of Transect II is given 

below . Found only at the given station : 



TABLE 4 

NEMATODE TAXA AT GENUS LEVEL AND ABOVE, 
FOUND AT TWO INSHORE STATIONS AND ONE OFFSHORE STATION 

Aetinonema 

AegiaZoaZaimus 

AZaimeZZa 

Amphimonhystera 

AxonoZaimus 

Bathylaimus 

Ccnnaco Zaimus 

CampyZaimus 

Ceramonema 

Cervonema 

Chaetonema 

Cheironchus 

Chromadoridae 

Chromaspirina 

Comesoma 

1 11 

3 33 

1 11 3 100 

1 33 

2 67 

TRANSECT II 
STATION 1 

FREQUENCY OF 
OCCURRENCE 
(Maximum 9) PERCENT 

3 33 

2 22 

TRANSECT IV 
STATION 4 

FREQUENCY OF 
OCCURRENCE 
(Maximum 3) PERCENT 

2 67 

67 

1 33 

2 67 

1 33 

1 33 

1 33 

TRANSECT II 
STATION 3 

FREQUENCY OF 
OCCURRENCE 
(Maximum 9) PERCENT 

3 33 

3 33 

1 11 

3 33 

2 22 



Comesomatidae 

Coninekia 

Cyatholaimidae 

DasynemeZZa 

Desmodoretla 

Desmodoridae 

DesmoZaimus 

Desrnoaeo Zex 

Dichromadora 

IYip Zoseapter 

DipZopeZtis 

DipZopeZtuZa 

Dorylaimopsis metatypioa 

DoryZaimopsis app . 

Dory2aimopsis ep . 6 

EZeutheroZaimus 

0 

2 22 

3 33 

1 11 

2 22 

2 22 

4 44 

6 67 

1 11 

1 33 

8 89 3 100 

TABLE 4 . CONT .'D 

TRANSECT II TRANSECT IV 
STATION 1 STATION 4 

FREQUENCY OF FREQUENCY OF 
OCCURRENCE OCCURRENCE 
(Maximum 9) PERCENT (Maximum 3) PERCENT 

1 33 

1 33 

3 100 

1 33 

3 33 1 33 

1 33 

1 11 

1 11 1 33 

1 11 

TRANSECT II 
STATION 3 

FREQUENCY OF 
OCCURRENCE 
(Maximum 9) PERCENT 

1 11 

2 22 



TABLE 4 . CONT .'D 

TRANSECT II TRANSECT IV TRANSECT II 
STATION 1 STATION 4 STATION 3 

FREQUENCY OF FREQUENCY OF FREQUENCY OF 
OCCURRENCE OCCURRENCE OCCURRENCE 
(Maximum 9) PERCENT (Maximum 3) PERCENT (Maximum 9) PERCENT 

EZzaZia 1 11 2 22 

Enoplidae 2 67 1 11 

EnopZus 1 11 

Eubostriahue 2 22 2 22 

Graphonema 4 44 1 33 1 11 

Hatataimus 7 78 3 100 6 67 

HaZiehoanoZaimus 1 11 1 33 

Haliptectus 1 11 

Nopperia 1 11 3 33 

IroneZla 1 11 1 33 1 11 

LaimeZZa 7 78 2 67 1 11 

Latronema 3 100 

LeptoZaimus 1 11 1 33 1 11 

Leptosomatidae 1 11 

Linhomoeidae 5 56 3 100 5 56 

Longicyatholczimus 1 33 

MesodoryZaimus 2 22 2 22 

Alesotheristus 5 56 2 67 



TABLE 4 . CONT .'D 

TRANSECT II TRANSECT IV 
STATION 1 STATION 4 

FREQUENCY OF FREQUENCY OF 
OCCURRENCE OCCURRENCE 
(Maximum 9) PERCENT (Maximum 3) PERCENT 

Metaehromadora 
Micro Zairmes 

Monhysteridae 

Neotonchus 
OdontophorQ 

Onehium 

OnehoZaimeZZus 

Oxyatomina 

Paracwnesoma 

Paracyathotaimus 

ParaZinhomoeus 

ParaZZeZocoiZas 

Paratarvaia 

Paradontophora 

Pomponema 

PseZionema 

PtyehoZaimeZZus 

33 

67 

33 
66 

100 

100 

33 

67 

33 

33 

33 

100 

c 
r 
c 

2 

1 

1 

1 

3 

2 22 

1 11 

2 22 

1 11 

1 

1 

3 

11 

11 

33 

6 

7 

3 

67 
78 

33 

1 

2 

1 

2 

3 

3 

1 

TRANSECT II 
STATION 3 

FREQUENCY OF 
OCCURRENCE 
(Maximum 9) PERCENT 

1 11 

1 11 

6 67 

6 67 

i 1i 
1 11 

3 33 

1 11 



TABLE 4 . CONT .'D 

TRANSECT II TRANSECT IV TRANSECT II 
STATION 1 STATION 4 STATION 3 

FREQUENCY OF FREQUENCY OF FREQUENCY OF 
OCCURRENCE OCCURRENCE OCCURRENCE 
(Maximum 9) PERCENT (Maximum 3) PERCENT (Maximum 9) PERCENT 

Rhabdodemania 1 11 

Rhips 1 33 

Rhynehonema 1 33 

Riehtersia 2 22 

Sabatieria 9 100 3 100 9 100 

Setopleetus 1 11 

Siphonataimus 
1 33 1 11 

Southernia 1 11 

Sphaero Zctimus 8 89 9 100 

SpiZophoreZZa 1 33 

Steineria 1 11 1 33 

Stilbonematidae 3 33 7 78 

Symptoeastoma 1 11 

SynonehieZZa 1 11 3 100 5 56 

Syringo Zaimus 2 2 2 

Tarvaia 1 33 

TerscheZZingia 9 100 1 33 4 44 

Tha Zaesoa Zaimus 1 11 2 2 2 



TABLE 4 . CONT .'D 

FREQUENCY OF 
OCCURRENCE 
(Maximum 9) PERCENT 

FREQUENCY OF 
OCCURRENCE 
(Maximum 3) PERCENT 

3 100 7 78 

1 33 1 11 

1 11 

3 100 2 22 

2 67 

2 67 4 44 

Vieris tus 9 100 

Trieoma 6 67 

Tycnodora 

Viscosia 4 44 

Xyala 

Unknowns 7 78 

TRANSECT II 
STATION 1 

FREQUENCY OF 
OCCURRENCE 
(Maximum 9) PERCENT 

TRANSECT IV 
STATION 4 

TRANSECT II 
STATION 3 



The species collected during the first half of 1976 are listed in Table 7 . 

8-29 

These distributions appear to indicate that Transect II is an extremely 

aberrant environment on its inner extremity with more "normal" conditions 

on its seaward extension . For example, note that the shallow station of 

Transect IV was more closely related to the deep station of Transect IZ 

than it was to the shallow Station of Transact II (3Z vs 26 common genera) . 

Secondly, note that Station 1/II had only two unique genera whereas Sta-

tion 3/II had 22 ; this would not be particularly surprising except that the 

innermost station of Transact IV had 18 unique genera . This seems to 

indicate that the meiofauna was severely "stressed" toward the harbor 

entrance and that these stresses were not present as the transacts seaward 

end . The dominant position of nematodes is the meiofauna community is 

shown in Table 5 were they accounted for from 62 to 100 percent of the 

individuals of the true meiofauna . 

Rinorhyncn Populations 

Five genera of kinorhynchs were collected from the transezt and bank 

stations (Table 6) . These organisms were confined principally to the 

shallow stations . As shown is Figure 4, they exhibited three masked sea-

sonal population increases in :larch, July and November . On the basis of 

their frequency of occurrence among stations, the genera were ranked as 

follows : 

1 . Echinoderes 
2 . R ycnophyes 
3 . Tracnydenncs 
4 . Senacoderes 
5 . Cantro4'eres 

Polychaete Populations 

The polychaetes were the principal group of the temporary meiofauna . 



June 

Nematodes 1 .00 0 .99 0 .99 0 .95 0 .94 0 .96 

Harpacticoids 0 .0 0 .0 0 .01 0 .05 0 .06 0 .0 

Sept .-October 

Nematodes 0 .62 0 .93 0 .97 0 .96 1 .00 0 .93 

Harpacticoids 0 .26 0 .03 0 .03 0 .01 0 .0 0 .04 

TABLE 5 

NEMATODE AND HARPACTICOID 
MEAN PERCENT OF TRUE ME IOFaUNA BY 

TRAIVSECT, MONTH, STATION 

TRANSECT I 

STATION NUMBER 4 I 2 5 6 3 

February 

Nematodes 0 .97 0 .97 1 .00 0 .98 1 .00 0 .92 

Harpacticoids 0 .02 0 .03 0 .0 0 .0 0 .0 0 .0 

June 

Nematodes 0 .96 0 .98 1 .00 0 .97 0 .96 0 .98 

Harpacticoids 0 .02 0 .0 0 .0 0 .02 0 .03 0 .02 

Sept .-October 

Nematodes 0 .98 0 .97 0 .94 0 .94 1 .00 1 .00 

Harpacticoids 0 .01 0 .01 0 .03 0 .04 0 .0 0 .0 

TRANSECT II 

STATION NUMBER 1 4 2 5 6 3 

February 

Nematodes 0 .95 0 .95 0 .97 . 1 .00 0 .97 1 .00 

Harpacticoids 0 .05 0 .02 0 .03 0 .0 0 .03 0 .0 



June 

Nematodes 0 .87 0 .99 0 .99 0 .98 0 .98 0 .98 0 .96 

Harpacticoids 0 .09 0 .0 0 .0 0 .01 0 .01 0 .01 0 .02 

Sept .-Oct . 

Nematodes 0 .97 0 .94 0 .94 0 .84 0 .82 0 .93 0 .94 

Harpacticoids 0 .03 0 .04 0 .03 0 .07 0 .13 0 .03 0 .0 

TABLE 5 . CONT .'D 

TRANSECT III 

STATION NUMBER 4 1 5 2 3 6 

February 

Nematodes 0 .89 0 .92 0 .92 0 .95 1 .00 0 .98 

Harpacticoids 0 .11 0 .08 0 .07 0 .0 0 .0 0 .30 

June 

Nematodes 0 .79 0 .87 0 .88 0 .96 0 .93 0 .76 

Harpacticoids 0 .13 0 .07 0 .0 0 .03 0 .02 0 .18 

Sept .-October 

Nematodes 0 .94 0 .92 0 .94 0 .98 0 .92 0 .86 

Harpacticoids 0 .05 0 .06 0 .03 0 .02 0 .03 0 .11 

TRANSECT IV 

STATION NUMBER 4 1 5 Z 6 3 7 

February 

Nematodes 0 .99 0 .96 0 .99 0 .99 0 .94 0 .98 1 .00 

Harpacticoids 0 .01 0 .01 0 .0 0 .0 0 .06 0 .01 0 .0 



TABLE 5 . CONT .'D 

TRANSECT II 

STATION 13ZJIfBER 1 4 2 5 6 3 

March 

Nematodes 0 .99 0 .97 0 .91 0 .90 0 .94 1 .00 

Harpacticoids 0 .01 0 .0 0 .06 0 .0 0 .04 0 .0 

April 

Nematodes 0 .98 0 .99 0 .96 1 .00 1 .00 0 .94 

Harpacticoids 0 .02 0 .0 0 .03 0 .0 0 .0 0 .03 

July 

Nematodes 0 .98 0 .95 0 .91 0 .99 0 .90 0 .96 

Harpacticoids 0 .0 0 .02 0 .06 0 .0 0 .08 0 .01 

August 

Nematodes 0 .83 0 .93 0 .94 0 .96 0 .89 0 .98 

Harpacticoids 0 .09 0 .04 0 .06 0 .03 0 .02 0 .0 

November 

Nematodes 0 .73 0 .97 0 .91 0 .97 0 .92 0 .98 

Harpacticoids 0 .18 0 .02 0 .09 0 .03 0 .06 0 .01 

December 

Nematodes 0 .97 0 .98 0 .91 0 .95 0 .87 0 .85 

Harpacticoids 0 .03 0 .02 0 .05 0 .02 0 .09 0 .09 



AUGUST 1/II Echinoderes 16 
3/Southern Bank 3 
3/Southern Bank Plycnophyes 7. 
3/Southern Bank Serratoderes 2 

TABLE 6 

RINORHYNCHA COLLECTED IN 1976 

SAMPLE STATION & TRANSECT GENUS NUMBER OF INDIVIDUALS 

WINTER 1/I Echinoderes 2 
4/I 3 
5/III 1 
1/Southern Bank 1 
1/IV Pljcrtophyes 1 

MARCH 2/II Eehir`oderes 2 
6/II 1 
6/Hospital Rock Pycnophyes 1 

APRIL 3/II Centroderes 1 
4/II Echtinoderes 1 

SPRING 1/IV - C2ntroderes 1 
4/I Echinoderes 3 
1/III 6 
1/IV 4 
2/II Pycnophyes ], 
3/Southern Bank 1 
4/III Trachydemus 

JULY 1/II Echinoderes 
2/II 4 
4/II 22 
6/II 2 
I/Hospital Rock 1 
2/Hospital Rock 1 
1/Southern Bank 3 
2/II Pycnophyes 1 
1/Southern Bank Sanmoderes 1 



TABLE 6 . CONT .'D 

SAMPLE STATION & TRANSECT GENUS NUMBER OF INDIVIDUALS 

FALL 1/I Echinoderes 12 
1 

5/I 
1/II 
4/II 
4/III 
1/IV 30 
2/IV 
4/IV 
2/Hospital Rock 1 
1/1 Pycnaphyes 1 
1/IV 
2/Southern Bank 1 
1/Hospital Rock Semnoderes 4 
1/I Trachyde»rus 
4/I 
2/IV 

NOVEMBER 1/II Echinaderes 10 
1/Hospital Rock 
1/II Semnoderes 
6/II 
1/Hospital Rock 
2/Southern Bank Trachyciemus 1 

DECEIVER 4/II Echinoderes 1 
5/II 
4/Hospital Rock 
4/Hospital Rock Pycnophyes 1 
2/11 Trachydemus 1 

TOTAL 190 



POLYCHAETA FOUND IN MCIOFAUNA SAMPLES DURING THE FIRST HALF OF 1976 

SEASON : TRANSECT/STATION (NUMBER OF INDIVIDUALS) GENUS SPECIES FAMILY 

Amphinomidae Pararrrphinome pulehe2la WINTER : SB/1 (1) 
Pilargidae AnciatrosyZZis papiZZosa MARCH : II/1 (1) ; SPRING : IV/4 (2) 

Sigambra tentacuZata WINTER : I/1 (1) ; III/3 (1) ; III/4 (1) ; IV/4 (1) 
SPRING : IV/4 (2) 

Syllidae Brania aZavata SPRING : IV/4 (1) 
Exogone dispar WINTER : HR/1 (2) ; SB/1 (2) ; APRIL II/3 (1) 
Exogone gemnifera MARCH : II/6 (1) ; APRIL : II/3 (1) 
Exogoree verrugera APRIL : II/3 (1) 
OdontosyZlis enopla WINTER : SBA (1) 
SphaerosyZlia erinaeeus MARCH : HR/1 (S) 
SphaerosyZZis pirifera APRIL : II/3 (1) 
Undetermined ep . WINTER : IV/1 (1) ; IV/6 (1) 

Nereidae Undetermined sp . WINTER : IV/4 (3) 
Glyceridae Glycera tesseZata MARCH : SB/1 (1) 

Undetermined sp . WINTER : IV/4 (1) 
Eunicidae Marphysa sp . (juvenile?) SPRING : IV/4 (2) 
I.umbrineridae Lumbrineris cf, aZbidentata MARCH : HR/2 (1) 

Lwnbrineris parvapedata WINTER : I/1 (1) ; I/2 (1) ; SPRING: IV/4 (1) 
Undetermined sp . WINTER : II/1 (1) ; III/6 (1) ; MARCH : II/6 (1) 

Arabellidae DriZonereis magna WINTER : IV/1 (1) ; IV/6 (1) ; MARCH : II/S (1) 
Dorvilleidae DorviZZea cf . negZeeta WINTER : IV/4 (2) 

DorviZZea rtcdolphi WINTER : III/1 (1) 
DorviZZea sociabilis WINTER : SB/1 (2) ; IV/6 (1) ; SPRING : IV/4 (2) 
DorviZZea sp . APRIL : SB/2 (3) 
Protodorvillea sp . A WINTER : 11 1/2 (1) ; HR/2 (1) ; IV/3 (1) ; IV/5 (1) 

MARCH : HR/1 (1) ; II/6 (2) ; APRIL : HR/3 (2) 
ProtodorviZZea sp . B MARCH : II/6 (1) ; APRIL : II/3 (2) ; 

TABLE 7 



WINTER : IV/1 (1) ; IV/6 (1) 

I/4 (5) 
I/4 (2) 
IV/1 (1) ; MARCH : HR/1 (2) ; 
IV/4 (6) 
IV/6 (1) ; SPRING : IV/4 (1) 
SB/1 (1) 
IV/1 (1) ; APRIL : II/3 (1) 
IV/4 (1) 
I/4 (1) 

WINTER : 
WINTER : 
WINTER : 
SPRING : 
WINTER: 
WINTER: 
WINTER: 
SPRING : 
WINTER : 
WINTER: 
APRIL : 
WINTER : 
WINTER : 
SPRING : 
WINTER : 
WINTER : 
MARCH : 
SPRING : 
WINTER : 
WINTER : 
SPRING : 
WINTER : 
WINTER : 
SPRING : 
WINTER : 
APRIL : 
WINTER: 
WINTER: 
WINTER : 

SPRING : IV/1 (2) 

I/4 (1) ; III/S (1) ; IV/1 (2) ; IV/4 (1) 
SB/3 (1) ; SPRING IV/4 (2) 
III/4 (1) 
II/4 (1) 
IV/4 (1) 
IV/1 (3) 
SB/1 (1) ; III/4 (6) ; IV/1 

II/1 (1) ; II/2 (1) ; APRIL : 
IV/1 (5) ; IV/4 (1) 
III/5 (1) 
III/4 (4) ; IV/1 (5) ; IV/2 
IV/4 (1) 
IV/1 (4) ; IV/6 (1) 
III/3 (1) ; IV/1 (1), IV/4 
IV/4 (6) 
II/1 (1) ; II/2 (la) ; II/4 

II/1 (1) ; SPRING IV/1 (1) 
IV/1 (2) 

(18) ; IV/6 (4) ; 
HR/4 (1) ; 

(1) ; 

(3) ; 

(1) ; III/1 (2), 

Heteroapionidae 
Paraonidae 

Ariaidea fauveli 
Arioidea sueeiaa 
Cirrophorus branehiatus 

I/2 (1), III/S (1) ; IV/1 (2) 
II/2 (1) ; APRIL : II/2 (1) 

FAMILY 

Dorvilleidae 
(Cont'd .) 

Spionidae 

Magelonidae 
Cirratulidae 

GENUS SPECIES 

Undetermined sp . 

Lanniee eirrata 
Paraprionospio pinnata 
Frionospio Qirrobranchiata 
Prionospio eristata 
Prionospio ehZersi 
Prionospio steenstrupi 
Prionospio op . 
Rhyruahospio sp . 
Spiophanes bornbyx 
Undetermined sp . 

MageZona phyZZisae 
Clutetoxone setosa 
Cirriformia fiZigera 
Tharyx annuZosus 
Tharyx setigera 

Tharyx sp . 
Undetermined sp . 

Heterospio Zongissima 
Aedicira beZgiQae 

Aricidea aerruti 

TABLE 7 . CONT .'D 

SEASON : TRANSECT/STATION (NUMBER OF INDIVIDUALS) 



WINTER : IV/1 (1) 

Cosaura ap . A 
Arenicolidae BranehiomaZdane sp . 
Capitellidae Medianastus eaZiforniensis 

op . A 
ProtodritZus op . A 

WINTER : I/4 (5) ; III/1 (6) ; MARCH : II/2 (7) 

a juveniles 

FAMILY GENUS SPECIES 

Paraonidae Cirrophorus Zyriformis 
(Cont'd .) 

Paraonides Zyra 
Pcxraonis graei Zis 

Undetermined sp . 
Opheliidae Taehytrypane cf . jeffreyaii 
Cossuridae Cossttva delta 

Maldanidae 
Pectinariidae 

Terebellidae 
Sabellidae 

ARCHIANNELIDA 

Nerillidae 
Polygordiidae 

Unidentified juveniles 

CZymeneZZa torquata 
Peatinaria gouldii 
Undetermined sp . 
Undetermined sp . 
Undetermined sp . 

TABLE 7 . CONT .'D 

SEASON : TRANSECT/STATION (NUMBER OF INDIVIDUALS) 

WINTER : IV/1 (1) ; IV/4 (1) ; IV/6 (1) 
WINTER : I/6 (1), II/2 (1), II/4 (1), III/1 (1) 
III/S (4) ; III/6 (1) ; IV/1 (5) ; IV/4 (1), IV/5 (2) 
IV/6 (1), IV/7 (1) ; NR/2 (1) ; MARCH : II/2 (1) 
HR/1 (1) ; SB/1 (2) ; SBA (1) ; APRIL : II/3 (1), 
II/4 (2) ; III/5 (1) ; HR/4 (2) ; SB/2 (1) ; SB/3 (2) 
SPRING : IV/1 (3) 
WINTER : IV/1 (15) ; SPRING : IV/4 (5a) 
WINTER : III/3 (1) 
WINTER : II/2 (2) ; IV/1 (1) ; IV/5 (2) ; SB/1 (1) 
APRIL : SB/2 (2a) 
WINTER : II/2 (3) ; SB/1 (la) ; APRIL : SII/3 (1) 
WINTER : IV/5 (1) 
WINTER : IV/1 (2) ; IV/4 (1) ; IV/6 (6) ; SB/2 (1) 
MARCH : HR/2 (1) ; SB/1 (1) ; APRIL : HR/3 (1) 
SPRING : IV/4 (4) 
SPRING : IV/4 (1) 
WINTER : IV/1 (1) 
APRIL : II/2 (1) 
WINTER : I/4 (1) 
MARCH : II/2 (i) ; sa/4 (1) 

WINTER : II/4 (1) 
WINTER : II/4 (1) 



the nematodes alone were not significantly different with respect to 

seasonal sampling in February, June and October. The total meiofauna 

and nematodes were slightly different at the 0 .07 level, primarily due 

to the fact that forams showed a significant seasonal difference at the 

.O1 level and the temporary meiofauna showed a slight seasonal 

difference at the 0 .09 level . 

Construction of a linear regression model showed that there was a 

significant positive relationship between the presence of nematodes and 

the total meiofauna (significance level = C 0 .01) and that 61% of the 

DISCUSSION 

ANOVA analyses demonstrated that the total meiofauna, true meio-

fauna, nematodes alone, and temporary meiofauaa were significantly 

different (< 0 .01) with respect to : 

1) transect 

2) depth zones within transects, and 

3) depth zones among transects . 

Most of this difference can be accounted for in the difference 

between Transect II and the other three transects, particularly at the 

shallower depths in Zones A and B (Figure 1) . This was essentially 

what J .S . Holland et aZ . (1977) found in regard to the macroinfauna . . 

The depauperate meiofauna on the innermost station of Transect II may or may 

not be due to the fact that it is 7 m deeper than the homologous stations 

of the other transects, as suggested by Holland et aZ . (1977) . The 

forams showed significant differences by depth only (< 0 .01), with no 

observed differences among transects . 

ANOVA analyses indicated that the true meiofauna as a whole and 



physical parameters measured throughout the study (Table 8) . As shown 

in Table 8y sediment texture gave the best correlations with nematodes, 

harpacticoids, true meiofauna and temporary meiofauna, whereas temperature 

gave the best correlation, albeit low, with the forams . The fact that 

the harpacticoid/nematode ratio gave poor correlations seems to indicate 

that we are not measuring the critical abiotic factor for control of har-

pacticoid populations . Evidence presented in the past indicates that 

this may well be available organic matter in sediments . 

Interestingly, seasonal population data gave better correlations for 

nematodes and harpacticoids with abiotic factors than the overall data 

(Z .e . including the monthly sampling)(Table 9) . The explanation for this 

seems to be the fact that the "odd" Transect 11 is represented in the 

variation found in the total meiofauna could be explained in terms of 

the presence of nematodes . In other words, the total meiofauna community 

appeared to be responding in the same way as the nematode component . 

Thus, there seemed not to be any serious competition between nematodes 

and the rest of the community at the population levels observed is this 

study . 

The forams, on the other hand, were related to a much lesser degree, 

with only 36 percent of their population variations being explained fn 

terms of the presence of nematodes . Even so, whatever relationship 

present was positive instead of negative (negative might imply competi-

tive exclusion) ; hence it appears that forams were responding more defini-

tively to parameters other than those controlling nematodes and the rest 

of the meiofauna . 

Correlations were calculated between meiofauna populations and nine 



overall data six more times than the other more "normal" transects, whereas 

they are equally represented in the seasonal data . 

Limiting the analysis of nematodes on Transect II only, correlations 

with abiotic factors were highly variable over time, both with respect to 

which factors were important and the overall (mean) importance of abiotic 

factors (Table 10) . The only reasonable explanation for this seems to be 

that, at times, biotic factors exert increasingly important controls . 

As shown in Table 11, correlations were calculated between bank 

populations and the same nine abiotic factors used for the transect popu-

lations . As compared with the transect populations, greatly lowered 

correlations were observed for nematodes, true meiofauna, and temporary 

meiofauna (see Table 8) and greatly improved correlations for harpacticoids . 

Forams had about the same correlations, except salinity replaced tempera-

ture with the highest correlation . The harpacticoid/nematode ratio gave 

the best correlations due to the presence of increased numbers of harpac-

ticoids is bank samples as compared with nematodes . In our opinion, 

the harpacticoid increases were more related to organic enrichment of the 

sediments surrounding the banks than to the fauna on the bank proper . 

This is another indication that this parameter should be measured in 

future studies . 

Possible interaction between abiotic and biotic factors as controls 

of meiofauna populations is shown in Figure 7 . The mean correlation 

coefficient (r) appears to give a very sensitive estimate of the roles 

of physical and biological factors in accounting for population fluctua-

tions of nematodes . Graphing nematode population numbers against the 

mean r (a statistically unorthodox practice) or correlation coefficient 



.008 Salinity .00006 Salinity 

.102 Latitude .0003 Latitude 

.106 Depth .002 Sand 

.151 Temperature .003 Silt 

.166 Distance from shore .006 Mean 

.269 Clay ,011 Clay 

.328 Silt .014 Depth 
,334 Mean ~ .024 Distance from shore 
.411 Sand .035 Temperature 

TABLE 8 

OVERALL CORREIATIONS (ALL SAMFLES, ALL TIMES) OF SELECTED 
GROUPS PLUS HARPACTICOID"NEMATODE RATIO WITH ABIOTIC FACTORS 

NEMATODES HARPACTICOIDS 

2 2 
r r 

.0095 Salinity .030 Latitude 

.069 Latitude .041 Salinity 

.196 Depth .077 Temperature 

.238 Temperature .110 Depth 

.286 Distance from shore .161 Silt 

.375 Silt .172 Distance from shore 

.383 Clay .186 Clay 

.448 Mean ~ ,196 Mean 

.531 Sand .244 Sand 

TRUE MEIOFAUNA FORAMINIFERIDA 

2 2 r r 

.013 Salinity .000012 Salinity 

.068 Latitude .002 Latitude 

.020 Depth .063 Silt 
,230 Temperature .194 Sand 
.290 Distance from shore .200 Depth 
.3b8 Silt .219 Clay 
.380 Clay .219 Mean 
.441 Mean ~ .222 Distance from shore 
.524 Sand .245 Temperature 

TEMPORARY MEIOFAUNA HARPACTICOID/YF.MATODE RATIO 

2 2 r r 



SEASONAL CORREIATIONS OF NEMATODES AND HARPACTICOIDS 
'WITH ABIOTIC FACTORS 

NEMATODES HARPACTICOIDS 

2 
r 2 

r 

FALL 

r2 r2 

.004 Salinity .005 Salinity 

.053 Latitude .121 Latitude 

.239 Temperature .176 Depth 

.245 Depth .180 Temperature 

.364 Distance from shore .244 Distance from shore 

.511 Clay .392 Clay 

.514 Silt ,455 Mean 

.570 Mean ~ .472 Silt 

.675 Sand .563 Sand 

TABLE 9 

WINTER 

.015 Latitude ---- 

.377 Temperature ---- 

.384 Depth ---_ ---- 

.458 Salinity ---- ---- 

.494 Distance from shore ---- ---- 

.SO1 Clay ---- ---- 

.561 Silt ---- ---- 

.631 Sand --- _ -- 

SPRING 

r2 r2 

.046 Salinity .025 Latitude 

.080 Latitude .045 Salinity 

.148 Temperature .189 Temperature 

.275 Depth .119 Depth 
,379 Silt .154 Silt 
.392 Distance from shore .2Q2 Distance from shore 
.511 Clay .231 Mean 
.529 :dean 4 .251 Clay 
.582 Sand .266 Sand 



AUGUST OCTOBER 

r2 r r2 r 

---- --- Salinity .000004 .002 Depth 
.035 .19 Silt .00004 .006 Temperature 
.340 .58 Sand .010 .10 Distance from shore 
.388 .62 Mean ~ .023 .15 Latitude 
.466 .68 Clay .030 .17 Silt 
.598 .77 Temperature .153 .39 Clay 
.631 .79 Depth .163 .40 Mean 
.759 .87 Distance from shore ,234 .48 Salinity 
.761 .87 Latitude .399 .63 Sand 

X = .67 x = .26 

TABLE 10 

CORRELATIONS OF TRANSECT II NEMATODES 
WITH NINE ABIOTIC FACTORS BY MONTH 

MARCH APRIL 

2 2 
r r . r r 

.001 .03 Temperature .00005 .02 Salinity 

.042 .20 Salinity _ .003 ,OS Distance from shore 

.079 .28 Sand .005 .07 Depth 

.082 .29 Silt .009 .09 Latitude 

.156 .39 Distance from shore .009 .09 Clay 

.I56 .39 Mean ~ .013 .11 Mean 

.172 .41 Clay .015 .12 Temperature 

.183 .43 Latitude .029 .17 Sand 

.194 .44 Depth .043 .21 Silt 

X = .32 X = .I0 

JUNE JULY 
2 2 r r r r 

.004 .06 Salinity .001 .03 Sand 

.053 .23 Temperature .014 .12 Mean ad 

.110 .33 latitude .020 ,14 Clay 

.132 .36 Distance from shore .040 .20 Silt 

.I85 .43 Depth .128 .36 Distance from shore 

.I97 .44 Silt .143 .38 Latitude 

.254 .50 Mean ~ .188 .43 Depth 
,256 .S1 Clay .198 .44 Salinity 
.284 .53 Sand .262 .51 Temperature 

X = .38 R = .29 



.010 .10 Temperature .0002 .04 Sand 

.026 .16 Clay .010 .10 Salinity 

.034 .18 Mean ~ .022 ,15 Temperature 

.059 .24 Sand .053 .23 Mean 
,191 .44 Silt .057 .24 Clay 
.277 .53 Depth .084 .29 Silt 
.406 .64 Distance from shore .183 .43 Latitude 
.460 .68 Latitude .185 .43 Distance from shore 
.728 .85 Salinity .260 .5I Depth 

X= .42 X= .27 

TABLE 10 . CONT .'D 

NOVEMBER DECEMBER 

2 2 r r r r 



CORREIATIONS OF SELECTED GROUPS PLUS HARPACTICOID-NEMATODE 
RATIO WITH ABIOTIC FACTORS AT BANK STATIONS 

NEMATODES HARPACTICOIDS 

2 
r 

2 
r 

.0002 Distance from shore .001 Distance from shore 

.005 Latitude .002 Temperature 

.055 Salinity .003 Salinity 

.061 Temperature .011 Latitude 

.124 Depth .031 Depth 

.129 Clay .404 Silt 

.215 Sand .433 Clay 

.284 Silt .576 Sand 

TABLE 11 

.0002 Clay .017 Distance from shore 

.0Q08 Latitude .018 Salinity 

.002 Depth .022 Temperature 

.008 Sand .034 Latitude 

.033 Silt .039 Depth 

.052 Distance from shore .300 Clay 

.089 Salinity .311 " Silt 

.132 Temperature .411 Sand 

TRUE MEIOFAUNA FORAMIDTIFERIDA 

2 2 r r 

.008 latitude .0001 Silt 

.011 Depth .0003 Distance from shore 

.034 Clay .002 Sand 

.049 Distance from shore .003 Depth 

.087 Salinity .017 Clay 

.089 Sand .038 latitude 

.121 Silt .071 Temperature 

.132 Temperature .212 Salinity 

TEMPORARY MEIOFAUNA EARPACTICOID-NEMATODE RATIO N 



of 9 physical factors appears to bear this out (Figure 7) . At no time 

can more than 67 percent of the variability be explained by physical fac-

tors . In Figure 7, when the values of mean r for physical factors are 

declining, it is concluded that biological factors are more important 

in controlling population (April, June-July and September) . When the 

mean r is increasing, it is likely that physical factors may be the prin-

cipal controls . This is not to say that one or the other is wholly respon-

sible for the observed population shifts, but merely indicates the rela-

tive importance of each . 

As shown in Tables 8 and 9, there is a good correlation between nema- 

tode populations and some amount of sand in the sediments . In Figure 8 

this observation is refined by linear regression analysis to show that 

the influence of sand on nematode numbers is not significant until it 

accounts for 60 percent or more of the sediment by weight . Sand is 

probably important because it allows the meiofauna to live deeper in the 

sediments thereby increasing the numbers per unit area . 

Undoubtedly, some portion of the population fluctuations seen in the 

nematode data is due to biological factors not measured in the present 

sampling program . However, one way of assessing these factors is to analyze 

population numbers (lower part of Figure 9) is conjunction with changes 

in the number of taxes present (upper part of Figure 9) . The figure shows 

this kind of analysis for three stations viz ., 1/II, 3/II and 4/IV . It 

is apparent that, even at this taxonomic level, there is substantial fluc-

tuation in numbers of taxes through the gear . This holds for both the 

inshore (1) and offshore (3) stations of Transect II . At Transect IV, 

Station 4, there is evidence for competitive exclusion, particularly 

in the period from June and October when nematode population numbers 
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Figure 7 . Transect II monthly mean numbers of nematodes per 10 cm 2 compared with tine average correlation 
coefficient (Y) and the best r2 for the combination of four variables together for the corres- 
ponding monthly sampling periods . Periods during which mean r for physical factors is declint 
(April) may indicate that biological factors are more important iii controlling population, and 
where it is increasing physical factors may be more important . 
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Figure 8 . Plot of mean numbers of nematodes at particular stations against the percent of sand found at 
some stations on occasion (all stations from March to December considered) . Dramatic increase 
in nematode numbers is indicated when the amount of sand exceeds 60%. Slopes of regressions are 
significantly different beyond the 0 .01 level . 
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Figure 9 . Nematode taxes at genus level and above at Transect II, 
stations 1 and 3, and Transect IV, Station 4, compared with 
mean numbers of nematodes per 10 cm2 found at the same 
stations and times . Evidence for the biological factor of 
competitive exclusion exists at Transect IV, Station 4, for 
the period between spring and fall when population numbers 
increased while the number of taxes decreased . 

SO 

to 



(Figure 8) are increasing and nematode genera are decreasing . Interest-

ingly, this does not occur at either the inshore or offshore stations on 

Transect II ; however, it may be seen that even at the deep offshore 

station (3) there is considerable taxal fluctuation in this presumably 

more stable environment . 

In the period between November and December, the converse of this 

occurs, i .e ., while population numbers are dropping, numbers of genera 

are increasing . Most other times during the year both population numbers 

and genera increase or decrease together . 

Returning to the situation of competitive exclusion which occurred 

from June to October at Station 4/IV, the graph (Figure 8) indicates a 

loss of 17 genera in the period . Actually, 21 of the genera present in 

June were eliminated by October, but four genera appeared at the station for 

the first time in October . 

The four genera occurring in October but not in June were : Gropiconema, 

LeptoZcziunus, MicroZatimus and Paratravatia . The following 21 taxes were 

present in June but not in October : 

Aciinonema 
AZainre Z Za 
campy kimus 
Comesonca 
Coninckia 
DesmodoreZZa 
Desmodoridae 
Deamoscotex 
Dorylaimopstia 
Enoplidae 
HaZichoanotaimus 
IroneZZa 
Mesotheristus 
Monhysteridae 
Odontophora 
Pomponema 
Rhynconema 
Siphonolaimus 
Spi Zophore Z Za 
Stetinericz 
Xya Zct 



study, it is still considered one of the most promising ways 

to estimate the degree of environmental perturbation, whether 

caused by physical or chemical factors, and the degree of recovery . 

To refine this method would require measurement of the available organic 

Undoubtedly, the meiofauaa is preyed upon by several types of 

predators, including nematodes . Since nematodes are the predominant 

component of the offshore meiofauna, it is appropriate to examine the 

possible role of predation from all sources in accounting for the obser-

ved fluctuations in nematode populations at all stations of Transect II 

throughout the nine sampling periods . This analysis is presented in 

Figure 10 . The inshore station (1) is at the top of the figure and 

we move progressively offshore toward the bottom of the ordinate . 

Moving along the abscissa, the relative times of sampling the transect 

and its stations are shown . Note that the sampling periods in some 

cases are not well spaced (e .g . March-April) . Nevertheless, one can 

see the three population peaks in March, July and November, as noted 

previously . The shaded circles indicate nematode populations that are 

lower than would be expected at certain stations as sampling is conduc-

ted on the transect both at a given period and in successive periods . 

Both the open and shaded figures are accurate portrayals of the popula-

tions . It is assumed that predation is the principal cause of the 

unexpectedly low populations anted by shading . The arrows denote 

speculations as to the movements of predators preying upon nematodes, 

and thereby depleting their numbers, 

The Harpacticoid/Nematode Ratio 

Although the harpacticoid/nematode ratio is not featured in this 
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Figure 10 . Transect II through time (abscissa) and space (ordinate), indicating population densities of 
nematodes . Shaded areas indicate nematode population values lower than expected . Arrows 
indicate pattern of movement of large populations of hypothetical predators which could be 
responsible for lowered nematode numbers . 



matter in the sediment envelope as requested on several occasions . Never-

theless, two facts support the original contention that nematodes are 

very responsive to changes in sediment granulometry whereas harpacticoids 

are sensitive to sediment organic chemistry . Note in Table 8 the rela-

tively high correlation of nematodes and the lower correlation of harpac-

ticoids with sedimental characteristics . We believe the fact that har- 

pacticoid populations are substantially higher at stations around the 

banks than on the transects is related to the input of organic matter 

derived from the macrofaunal populations of the bank proper . This 

speculation should be tested by appropriate sampling . 

CONCLUSIONS 

1 . The meiofauna populations of the continental shelf of the northwest 

Gulf of Mexico exhibited seasonally related population peaks in March, 

July and November . The lowest peak was in March and the highest in July . 

It is noted that this fact could not have been determined by the present 

schedule of "seasonal" sampling in February, June and October, which 

actually corresponded with intermediate population lows . 

2 . Present work demonstrated that both physical and biological factors 

exert strong controls on meiofauna populations, and that these factors 

interact throughout the year to account for the observed population fluc-

tuations . 

3 . Even though 90 taxa of nematodes at the genus level or above were 

identified from the transect and bank stations, only a few of these 

appeared to be of substantial importance . 

4 . The fact that nematodes were strongly correlated with sediment charac-

teristics, particularly the percentage of sand at and above 60 percent, 

and that harpacticoids were not, lends further support to the importance 



of the harpacticoid/nematode ratio as an indicator of environmental 

degradation and recovery . Some provision should be made for the deter-

urination of available organic carbon in sediments . 

S . Finally, it is concluded that the value of the meiofauna study 

could easily be compounded by permitting the taking of monthly samples 

on a more typical transect such as Transect III . 
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The Department of the Interior Mission 
 
As the Nation's principal conservation agency, the Department of the Interior has responsibility 
for most of our nationally owned public lands and natural resources.  This includes fostering 
sound use of our land and water resources; protecting our fish, wildlife, and biological diversity; 
preserving the environmental and cultural values of our national parks and historical places; 
and providing for the enjoyment of life through outdoor recreation. The Department assesses 
our energy and mineral resources and works to ensure that their development is in the best 
interests of all our people by encouraging stewardship and citizen participation in their care. 
The Department also has a major responsibility for American Indian reservation communities 
and for people who live in island territories under U.S. administration. 
 
 
 
The Minerals Management Service Mission 
 
As a bureau of the Department of the Interior, the Minerals Management Service's (MMS) 
primary responsibilities are to manage the mineral resources located on the Nation's Outer 
Continental Shelf (OCS), collect revenue from the Federal OCS and onshore Federal and Indian 
lands, and distribute those revenues. 
 
Moreover, in working to meet its responsibilities, the Offshore Minerals Management Program 
administers the OCS competitive leasing program and oversees the safe and environmentally 
sound exploration and production of our Nation's offshore natural gas, oil and other mineral 
resources.  The MMS Minerals Revenue Management meets its responsibilities by ensuring the 
efficient, timely and accurate collection and disbursement of revenue from mineral leasing and 
production due to Indian tribes and allottees, States and the U.S. Treasury. 
 
The MMS strives to fulfill its responsibilities through the general guiding principles of:  (1) being 
responsive to the public's concerns and interests by maintaining a dialogue with all potentially 
affected parties and (2) carrying out its programs with an emphasis on working to enhance the 
quality of life for all Americans by lending MMS assistance and expertise to economic  
development and environmental protection. 
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