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ABSTRACT

The 1977 phytoplankton and productivity studies consisted of (1)
water column light extinction measurements; (2) phytoplankton species
counts; (3) chlorophyll a determinations; (4) carbon uptake determina-
tions; and (5) continuous measurement of surface chlorophyll a, tempera-
ture and salinity along Transect II. General methods for 2, 3 and 4 are
presented in flow charts.

Secchi depth generally increased offshore except when unusual inter-
digitation of turbid and clear water coincided with station samples.
Biomass generally decreased offshore both as chlorophyll a concentration
and cell numbers. The nanno-fraction dominated the chlorophyll a values.
The diatoms dominated inshore while the coccolithophorids dominated off-
shore. Carbon uptake paralleled the biomass patterns, but were less vari-
able across the shelf. Assimilation numbers identified May as an espec-
ially efficient month for growth; along shelf gradients suggest that Tran-
sects I, II and III were more productive than Transect IV.

Depth profiles identified variable vertical structure during the
seasonal cruises. The nanno-fraction dominated the water column at all
depths especially in spring and fall.

Monthly samples along Transect II demonstrated the seasonal changes
that occurred in biomass and production. The spring bloom began with a
netphytoplankton peak followed by a nannophytoplankton peak. In the
fall, the size fractions occurred in reverse order. The continuous mea-
surements along Transect II clearly defined the physical processes (run-
off, upwelling, wind mixing) that resulted in increases in phytoplankton
biomass during 1977. Skeletonema costatun was the dominant netphyto-
plankter.

The interrelationships among Secchi depth, phytoplankton abundances,
and chlorophyll a were good. Carbon uptake was anomalously high during
May. A distinction can be made between the effect of Mississippi River
water and more local run-off.
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INTRODUCTION

The 1977 BLM-STOCS contract provided for a rumber of phytoplankton-
related analyses: 1) measure the light extincticn of the water column;
2) enumerate phytoplankton species; 3) determine chlorophyll a concentra-
tions in net-and nannophytoplankton fractions; 4) determine the absolute
carbon uptake in the net- and nannophytoplankton fractions; and 5) con-
tinuously measure chlorophyll a, temperature, anc conductivity from the
surface waters along Transect II. The two latter studies were performed
for the first time in 1977 and significantly contributed to a broader
understanding of STOCS processes.

Each of those measurements was backed by extensive literature. WVater
column light measurements including Secchi depth were reviewed by Strick-
land (1958). Jerlov and Steeman-Nielsen (1974) provided a recent discus-
sion of biologically pertinent optical oceanography. Steidinger (in El-
Sayed et al., 1972) discussed phytoplankton species enumerations in the
eastern Gulf of Mexico. Parsons et al. (1977) reviewed the applications
of the chlorophyll a and 1%C techniques. Steeman-Nielsen (1975) specifi-
cally summarized various aspects of marine photosynthesis. Malone (1971)
considered the implications of relative photosyn:hesis in the net--and
nannophytoplankton fractions. Platt and Demman (1975) demonstrated the
utility of continuously measured in vivo fluores:ence to characterize
phytoplankton spatial heterogeneity.

Historical data on the phytoplankton of the STOCS area is.generally
confined to the previous years of the BLM program. Two reports (Van
Baalen, 1976 and Kamykowski et al., 1977) summarize the data collections
during 1975 and 1976, respectively. Additional information that may be

generalized to the STOCS area is available in El Sayed et al. (1972).
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MATERIAL AND METHODS

Samples for the various analyses were collected as shown in Table 11.1.

The methodology for each measurement is discussed below.

Light Extinction

Secchi depth determinations were made at each station.

The use of the

LAMBDA submarine photometer depended on weather conditions and instrument

availability.

stations for a success rate of 61%.

The latter data was collected at 53 out of 87 possible

Chlorophyll a and Carbon Uptake Determinations

30-2 Niskin Bottle

Chlorophyll a

3-5 2 of water filtered through
20 um Nytex mesh; 2-4 £ of fil-
trate filtered through 0.4 um
47 mm NUCLEPORE filter (3 fil-
ters) with gentle suction; time
30-40 minutes l

Place filters in CORNING 8446
rubes and freeze immediately;
return samples to lab

Add 4 ml of 90% acetone (redis-
tilled) and approximately 1 mg

NaHCO;, disturb with glass rod,
extract at room temperature in

dark for 1 hr l

Filter through fine porosity sin-
tered glass filter (CORNING 36060,
size 15F), wash tube and filter and
make to 5 ml l

Record absorbance 570 to 710 nm, 1
cm cuvette, CARY 118 ¢ spectropho-
tometer, acidify sample and rerun
spectrum

SCOR-UNESCO values are used in the
following discussion

Carbon Uptake

12 125-ml reagent bottles filled

with seawater; 6 are clear and 6 are
wrapped with black PVC tape; each
bottle inoculated with 5 uCi lhe
labeled sodium bicarbonate; incubated
3 hr; all 12 bottles in temperature-
controlled light box

Following termination of incubation,
3 clear and 3 dark bottles filtered
through 20 um Nytex screen and fil-
trate filtered through 0.45 um milli-
pore HA filter; other 3 clear and 3
dark bottles only filtered through
0.45 ym membrane filter

All membrane filters transferred to
individual scintillation vials pre-
filled with toluene fluor. Stored
for laboratory counts of activity
on PACKARD Liquid Scintillation
Counter ‘

Additional sample collected for deter-
mination of alkalinity

Light bottle values without dark sub-
traction are used in the following
discussion
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TABLE 11.1

SAMPLING SCHEME FOR 1977

Light Extinction:

Seasonal - Transect I, III, IV, Stations 1, 2, 3;
Transect II, Statioms 1, 2, 3, 4, 5, 6;
Hospital Rock, Southern Bank;

Monthly - Transect II, Stations 1, 2, 3, 4, 5, 6

Phytoplankton Species:

Seasonal - Transect I, II, III, [V, Statioms 1, 2, 3;
Depth: surface and hal:i-photic zone.
Manthly -~ Transect II, Stations 1, 2, 3;
Depth: surface and hal: photic zone
Chlorophyll a:
Seasonal - Transect I, II, III, [V, Stations 1, 2, 3;
Depth: surface and hali-photic zone
Monthly - Transect II, Stations 1, 2, 3;

Depth: surface, half-photic zone, bottom

Carbon Uptake:

Seasonal - Transect I, II, III, [V, Stations 1, 2, 3;
Depth: surface

Monthly Transect II, Stations 1, 2, 3;

Depth: surface

Continuous Chlorophyll a, Temperature, Conductivity:

Seasonal - Transect II, Stations:continuous between
3 and Port Aransas je:ties; Depth: ~ 2 meters

Monthly - Transect II, Stations continuous between
3 and Port Aransas je:ties; Depth: ~ 2 meters
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Phytoplankton Counts

Same 30-2 Niskin Bottle

Preserve 1 % water in 27 formalin solu-
tion; 250 ml water in Lugol's solution;
return to lab l

Pour preserved water aliquot into 10,
50, or 100 ml settling chamber (ZEISS),
let stand for 24 hr.

Examine quantitative section of slide
at 200X magnification on an inverted

microscope; record species and abun-

dances. Use ZEISS compound scope for
species verification

Examine quantitative section of slide
at 400X magnification on an inverted
microscope, record coccolithophorid and
nannoflagellate abundances

Return counted aliquots to sample bottle;
settle total volume; siphon off supernatant
until 10 ml remains; archive remaining
liquid and cells

Continuous Chlorophyll a, Temperature and Conductivity

A continuous record of in vivo fluorescence (TURNER DESIGNS Fluoro-
meter), temperature and conductivity (MARTEK TDC) was made for near-surface
seawater available in the R/V LONGHORN's wet lab. Periodically data were
collected on in vivo chlorophyll a, temperature and salinity to calibrate
continuous measurements. Information on chlorophyll a, temperature and

salinity has been reported at one mile intervals along Transect II.

RESULTS
The results presented herein analyze the data for significant pat-

terns and trends. The raw data are included in Appendix J.



Seasonal Surface Patterns

The seasonal surface patterns of measured parameters are given in
Figures 11.1-11.9. Secchi depth was determined by water column turbidity
resulting from suspended sediments or phytoplankton biomass. Figure 11.1
provides the general impression of decreasing turbidity (Z.e. increasing
Secchi depth) offshore. This general trend was subject to occasiomnal
reversals depending on the specific water masses occurring at a geographic
location during the sampling. Occasionally, turbid water occurred off-
shore of clearer inshore water.

Figure 11.2 provides an index of phytoplankton biomass as measured by
chlorophyll a. A general offshore decrease is evident. Inshore, Transects
II, III and IV displayed biomass peaks in winter and fall. Offshore, the
highest concentration generally occurred in winter; phytoplankton biomass
was low in spring and fall.

The relative contributions of the chlorophyll a fraction larger (net)
and smaller (nanno) than 20 um are compared in Figure 11.3. The aanno-
fraction generally dominated the biomass across the shelf; especially in
offshore waters. Dominance of the nanno-fractionwas less in winter than
in spring and fall.

Figure 11.4 presents the pattern of carbon uptake in the STOCS area.
This parameter was more evenly distributed across the shelf than the bio-
mass measure. This impression was primarily derived from the high offshore
activity in spring.

Figure 11.5 compares the relative activity in the net and nanno-frac-
tions. As suggested by Figure 11.3, the nanno-fraction generally dominated
carbon uptake across the shelf. This dominance was at its maximum in the
offshore stations during spring and fall.

Figure 11.6 presents the pattern of the assimilation number
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Figure 11.1 Seasonal Secchi Depth (m) Variation in the STOCS Study
Area (W=winter, S=spring, F=fall).
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[mg C (mg Chl g)-l(hr)-l]. Previous oceanographic experience has suggested
that this ratio may be related to the growth climate (nutrients, tempera-
ture, salinity) at a geographic location. A high rate of carbon fixation
per unit chlorophyll a may be related to better growth conditions. If
this is true, the spring cruise sampled organisms that were doing well,
especially offshore. The ratio also exhibited high values at certain
stations during winter; it was uniformly low during fall.

The STOCS pattern of total phytoplankton counts is displayed in Fig-
ure 11.7. These values included estimates of both the net- and nanno-
fractions. As with the chlorophyll a data in Figure 11.2, the quantity
of phytoplankton decreased offshore. Seasonally, the individual stations
displayed unique patterns depending on the location. The inshore stations
showed decreasing cell numbers through the year; the offshore statioms
were more variable.

Figures 11.8 and 11.9 help in the interpretation of the phytoplankton
class distribution. Diatoms (Figure 11.8) generally dominated inshore and
decreased in abundance offshore. One important exception occurred at Sta-
tions 3/I and 3/II in winter. Coccolithophorids (Figure 11.9), in con-
trast, were more abundant offshore and decreased in influence as the
coast was approached. They tended to be more abundant in winter and spring
than in fall.

A north-south trend was'apparent in some of the seasonal plots (Fig-
ures 11.1 - 11.9). Transects I, II and III appezred more productive
than Transect IV. This suggested a major northerly source for phyto-

plankton growth materials.
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Depth Patterns

The seasonal depth patterns of phytoplankton biomass are given in
Figures 11.10 - 11.11. Figure 11.10 shows the depth pattern of net
chlorophyll a. Station 1, all transects, had the highest concentration
in winter; net chlorophyll a was uniformly distributed throughout the
water column. During spring, Station 1/I maintained relatively high con-
centrations; Statioms 1/II, 1/III and 1/IV decreased to fall values.
Station 2, all transects, exhibited low concentrations except for some-
what higher values at Statiom 2/I throughout the water column in spring
and at Station 2/IV near bottom in winter and spring. Stations 3, all
transects, exhibited significant vertical structure at low concentra-
tions during winter. Surface concentrations were relatively high at 3/I
and 3/I1; subsurface concentrations were relatively high at 3/III and 3/IV.
Spring and fall concentrations were uniformly low.

Figure 11.11 shows the depth pattern of nanno-chlorophyll a. The
concentrations were generally higher than those observed in the ~net-chlor-
ophyll a fraction and exhibited more variability. Station 1/I was highest
in winter and decreased through spring and fall. Stations 1/II and 1/III
were highest in fall with similar values in winter and spring. Station:
1/IV had similar concentrations throughout the three cruises. Station 2,
all transects, displayed the highest concentration in winter. Spring and
fall concentrations were similar except at all depths of 2/I and the bot-
tom of 2/IV. Stations 3, all transects, exhibited relatively high surface
nanno-chlorophyll a in winter with uniformly low concentrations in spring

and fall.

Monthly Temporal Patterns

Figures 11.12 - 11.21 display the monthly (nine cruises) temporal

patterns of the various measurements at various depths along Transect II.
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Figure 11.12 shows the monthly Secchi depth variztion at Stations 1-6,
Transect II throughout the year. The turbid instore zone usually affected
1/II1 and reached out to 4/II for part of the year (September-January).
Stations 2, 5, 6 and 3, Transect II, exhibited less turbidity and followed
a parallel pattern throughout the year. Secchi cepths were generally low
between January-May, increased abruptly in July and August, decreased in
September due to the influence of Hurricane Anita, increased somewhat in
November and decreased in December. These patterns were related to water
depth stratification strength, wind speed and fresh water inflow.

Figure 11.13 displays the monthly values of total chlorophyll a. A
similar patterrn occurred at the surface, and half the depth ofl the phaotic
zone. At 1/II, values less than ~ 1 ug 27! occurred only in July-August.
At Stations 2/II and 3/II, the highest concentra:ions were in January
with concentrations less than 0.5 ug 27! through the remainder of the year.
The bottom samples at Stations 1/II and 2/II exhibited higher summer con-
centrations than the shallower depths. In fact, the bottom water at 1/11
always contained more than ~ 1 ug L7t of chloropiayll a. Station 3/11
exhibited uniformly low concentrations throughout the year.

Figures 11.14 and 11.15 compare the relativz contribution of the net
and nanno-fractions to the monthly chlorophyll a patterns. Generally, the
nanno-fraction biomass peaks followed the net-fraction biomass peaks in
the spring and preceded the net-fraction peaks in the fall. This trend
resulted from-the successional response of phytoplankton life style to
environmental quality. An anomalous peak in net-chlorophyll a occurred
in the bottom waters of Station 2/II in July.

Figure 11.16 presents the total carbon uptake and the relative contri-
butions of the net and nanno-fractions at the surface of 1/II, 2/IT and

3/II. The total carbon uptake provided an impression similar to Figure
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11.13 at the surface. It also appears, however, that the stations were
more equal in carbon fixed, at least through August, than they were in
standing crop. The nanno-fraction again followed the net-fraction in
the spring and preceded it in the fall.

Figure 11.17 summarizes the monthly patterns of the assimilation num-
ber. The missed data points are due to undetected chlorophyll a. The
assimilation numbers based on total phytoplankton showed the highest
rates of carbon uptake per chlorophyll a during April-May and increased
offshore. This was probably respectively due to the environmental con-
ditions, including available nutrients, and the size of the dominant
phytoplankton. High assimilation numbers that were not reflected in high
biomass may be explained by samples taken at an early stage of community
development or by active grazing by the zooplankton.

Figure 11.18 shows the monthly trend of total phytoplankton counts
at the surface and half the depth of the photic zone. All stations exhi-
bited a similar pattern with decreasing amounts through August-September
followed by increasing amounts to the end of the year. Cell numbers gen-
erally decreased offshore during the productive times of the year and increased
offshore during the times of low biomass. The September increase in the
nanno-fraction of chlorophyll a (Figure 11.15) was not reflected in the
cell counts.

The rank order of phytoplankton species abundance by sampling date,
depth and station are presented in Appendix J. The monthly temporal pat-
tern of dominant phytoplankton species composition for Stations 1/II, 2/II
and 3/I1 are presented in Tables 11.2 - 11.4. Data from the surface and
one-half the depth of the photic zone samples were lumped in compiling
these tables. Using the data in Appendix J, Tables 11.2 - 11.4 were gen-

erated by listing approximately the 10 most abundant species at each sta-



tion during successive cruises in rank order of dacreasing abundance. The
numbers under each cruise heading give the rank order of abundance within
that period. For example, at Station 1/II, March, Skeletonema costatum
was the mest abundant and Gonyaulax minima was thz least abundant of the
top 11 species.

The tables simply express the community changzes observed at Stations
1/1I, 2/II and 3/II during 1977. Some general observations applicable to
all three tables are:

1) Successive monthly cruises unfailingly added new species to the
overall list of most abundant species. This was especially true of Sta-
tion 2/II between January and March and Station 3/II between January and
April,

2) Each table can be divided into its own monthly groups;

Table 11.2 - November-July; August-October;

Table 11.3 - September~February; April-July; August;

Table 11.4 - January-February; March-December.
These groupings are much more complex than those offered in the 1976
report (Kamykowski, In Groover, 1977). This complexity is probably due
to the differences in the STOCS processes in the two years.

The dominant species at each station during the periods defined in

2) above were:

1/11I November-July: Skeletonema costatum, Chaetoceros decipiens,
Chaetoceros spp., Nitzsckia seriata

August-October:Navicula spp., Thalassicnema nitzschioides,
Nitzschia

2/11 September-February; April-July: Skeletcnema costatum; Rhizoso-
lenia stolterfothii, Chaetoceros spp. Chaeto-
ceros decipiens

March: Dinoflagellates

August: Barren

3/11 January-February: Skeletonema costatwnm, Nitzschia pacifica,
Nitzschia seriata
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TABLE 11.2

MONTHLY CHANGES IN PHYTOPLANKTON SPECIES COMPOSITION AT STATION 1/II.
NUMBERS UNDER EACH CRUISE HEADING GIVE RANK ORDER OF
DECREASING ABUNDANCE

Species Jan Mar Apr May July Aug Sept Nov Dec
Feb June Oct

Skeletonema costatum
Ditylum brightwelli<
Nitzschia seriata
Chaetoceros decipiens
Chaetoceros spp.
Asterionella glacialis
Rhizosolenia delicatula
Rhizosolenia alata v. alata
Hemiaulus hauckii
Chaetoceros compressus
Prorocentrum compressum
Thalassiothrix frauenfeldit
Coelodinium archimedes
Chaetoceros atlanticus
Thalassionema nitzschioides
Gonyaulax minima 11
Chaetocercs curvisetus 1 1
Rhizosolentia stolterfothii 8

Chaetoceros affinis 9
Leptocylindrus danticus

Gymmodinium spp.

Rhizosolenta alata

Prorocentrum micans

Bacteriastrum spp. 1
Hemiaulus membranaceous

Hemiaulus sinensis

Chaetoceros didymus

Torodinium robustum

Gyrodinium spp.

Navicula spp.

Nitzschia spp.

Ceratium macroceros

Ceratium trichoceros

Nitzschia longissima

Cosecinodiscus spp.

Diploneis spp.

Pleurosigma spp.

Navicula membranacea

Rhizosolenia fragillisima

Eucampia zoodiacus 10
Cerataulina pelagica 7
Asteromphalus spp. 7
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TABLE 11.3

MONTHLY CHANGES IN PHYTOPLANKTON SPECIES COMPOSITION AT STATION 2/II.
NUMBERS UNDER EACH CRUISE HEADING GIVE RANK ORDER OF
DECREASING ABUNDANCE

.

Species Jan Mar Apr May July Aug Sept Nov Dec
Feb June Oct

Skeletonema costatum
Rhizosolenia alata v, alata
Rhizosolenia delicatula
Thalassionema nitzschioides
Rhizosolenia stolterfothit
Chaeteceros spp.
Chaetoceros decipiens
Chaetoceros atlanticus
Chaetoceros curvisetus
Pleurosigma spp.
Gymmodinium spp.

Ditylum brightwellii
Prorocentrum compressum
Gonyaulax minima

Gyrodinium spp.

Oxytoxum gladiolus
Rhizcsolenia alata
Nitzschia seriata
Gyrodinium fustiforme
Hemiaulus membranaceous
Thalassiothrix frauenfeldii
Craetoceros peruvianus
Chaetoceros coarcticus
Torodinium robustum
Thalassiosira spp.
Leptocylindrus danicus
Lauderia spp.

Nitaschia spp.

Rhizosolenia fragillisima
Bucampia zoodiacus
Chaetoceros brevis 1
Chaetoceros didymus

Trichodesmium erythraeum

Hemiaulus sinensis

Navicula spp.

Coseinodiscus excentricus

Podolampus spinifera

Dinophysis caudata 8
Cerataulina pelagica 11
Guinardia flaccida 2
Hemiaulus hauckit 10 8
Navicula warwrikae 11
Chaetoceros affinis 4
Coscinodiscus spp.
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TABLE 11.4

MONTHLY CHANGES IN PHYTOPLANKTON SPECIES COMPOSITION AT STATION 3/II.
NUMBERS UNDER EACH CRUISE HEADING GIVE RANK ORDER OF
DECREASING ABUNDANCE

Species Jan Mar Apr May July Aug Sept Nov Dec
opeciles
Feb June Oct

Skeletonema costatum 1

Nitzschia pacifica 2

Nitzschia seriata 3

Chaetoceros curvisetus 4

Nitzschia spp. 5 10 1 5 3
Chaetoceros spp. 6

Leptocylindrus minimus 7

Rhizosolenia fragillisima 8

Hemiaulus hauckii 9

Rhozosolenia stolterfothii 10

Gymnmodinium spp.

Gyrodinium fusiforme
Torodintum robustum
Chaetoceros coarcticus
Gymnodiniwm wulffi<
Rhizosolentia alata
Stauroneis quadripedes
Prorocentrum compressum
Trichodesmium erythrueum
Thalassicthrix fraunfeldis
Chaetoceros decipiens
Nitzschia seriata
Calyptrosphaera oblongata
Gyrodinium spp.

Chaetoceros peruvianus
Hemiaulus membranaceous
Lauderia borealis
Streptotheca thamesis
Eucampia zoodiacus
Chaetoceros atlanticus
Guinardia flaceida
Rhizosolenia calcar avis
Thalassionema nitzschioides
Leptocylindrus danicus
Chaetoceros didymus
Chaetoceros messanensis
Bacteriastrwm spp. 1
Hemiaulus sinensis

Ceratium macroceros

Ceratium minutum

Polykrikos schwartzii

Chaetoceros diversus

Navicula membranaceous

Rhizosolenia delicatula

Ceratium trichoceros

Oxytoxum sceptrum 4
Pleurosigma spp. 5
Coseinodiscus spp.
Navicula warwrikae -
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March-December: Nitzschia spp., Torodinium robustum, Thalasstio-
thrixz frauenfeldii

Table 11.5 summarizes the class dominance at each depth during each
cruise at all stations sampled. A succession of phytoplankton types was
evident. In January, diatoms dominated along Trarsects I and II while
coccolithophorids were significant along Transects III and IV. Dinoflag-
ellates became dominant at some stations in March. An onshore-offshore
gradient developed in March with diatoms dominant inshore and either cocco-
lithophorids or dinoflagellates dominant offshore. This pattern continued
through August with the coccolithophorid dominance moving toward the coast
The last four months of 1977 were characterized by mixed communities that
gradually changed to dominance by very small forms (coccolithophorids and
monods) .

Table 11.6 considers the relative abundance of the blue-green algae
at each depth of each cruise of all stations samp.ed. Since some blue-
green algae may fix dissolved nitrogen gas into organic molecules, they
contribute uniquely to the shelf ecosystem. Their presence suggests an
alternate source of water column nitrogen either rthrough leakage, grazing
or bacterial decomposition. The pattern in Table 11.5 suggests that blue-
greens first appeared in March and gradually increased in abundance through
May when they occurred across the shelf both at the surface and at omne
half the depth of the photic zone. Their numbers and distribution declined
in July and August but again increased from September to November. HNo
blue-greens were observed in December.

Table 11.7 lists the monthly diversity indicas for each sample col-
lected during 1977. Replicated samples are represented by the mean of the
three values available. Diversity index values lazss than 1.00 with more

than one species observed in the sample occurred only during March at
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TABLE 11.5

MONTHLY VARIATION IN PHYTOPLANKTON CLASS DOMINANCE AT ALL STATIONS

Station Depth Jan  Mar Apr May July Aug Sept Nov Dec
Feb June Oct ‘
1/1 0 1 1 1
.5 1 1 2
2/1 0 1 1 1
.5 3 1 2
3/1 0 1 2 -
.5 1 3 4
1/11 0 1 1 1 1 1 3 1 1 4
.5 1 1 1 1 1 1 2 1 4
2/11 0 1 1 1 1 3 3 4 4 4
.5 1 3 2 1 3 3 1 3 3
3/11 0 1 2 1 2 1 3 1 4 4
.5 1 3 3 3 1 3 1 4 3
1/111 0 1 1 2
5 1 1 2
2/111 0 3 1 4
5 3 1 3
3/111 0 3 1 4
5 3 1 1
1/1v 0 1 1 1
5 1 1 1
2/1v 0 3 2 3
5 1 1 1
3/1v 0 3 2 2
5 3 1 2
1 - diatoms
2 - dinoflagellates
3 - coccolithophorids
4 - monods
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TABLE 11.6

MONTHLY VARIATION OF BLUE-GREEN ALGAE ABUNDANCE (CELLS £7') AT ALL STATIONS

Station Depth Jan Mar Apr May July Aug Sept Nov Dec

Feb June Oct
1/1 0 0 60 0
.5 0 100 80
2/1 0 0 140 40
.5 0 191 0
3/1 0 0 60 0
.5 0 160 0
1/11 0 0 0 0 60 0 20 0 382 0
.5 0 0 0 0 0 0 0 764 0
2/11 0 0 0 40 40 0 0 320 0 0
.5 0 0 0 0 40 0 0 840 0
3/11 0 0 100 40 380 0 0 0 0 0
.5 0] 0 40 0 0 0 0 0 0
1/111 0 0 300 20
5 0 300 0
2/111 0 0 0 60
5 0 1200 0
3/111 0 0] 280 20
5 0 20 0
1/1v 0 0 0 360
5 0 0 80
2/1IV 0 0 320 880
5 0 0 0
3/1v 0 0 100 0
5 0 0 0



MONTHLY VARIATION OF SPECIES DIVERSITY (H)!

TABLE 11.7

11l=4U

Station Depth Jan Mar Apr May July  Aug Sept  Nov Dec
' Feb June Oct
1/1 0 3.18 3.78 1.89
.5 3.03 3.74 2.72
2/1 0 3.59 3.29 1.72
.5 3.73 2.88 0.00
3/1 0 3.57 1.07 -
.5 3.91 2.91 2.37
1/11 0 1.98 0.33 3.88 3.89 2.26 2.29 1.45 2.88 1.95
.5 2.24 0.30 3.96 4.19 2.55 1.69 1.93 2.52 2.33
2/11 0 3.83 0.67 2.80 4.01 3.08 1.49 2.31 2.19 2.10
.5 3.43 2.08 2.72 4.21 2.34 2.00 1.62 2.05 2.70
3/11 0 3.19 1.25 2.12 2.03 2.25 1.00 2.07 0.31 2.41
) 2.87 2.03 2.58 1.34 2.58 1.11 2.90 1.46 2.88
1/111 0 2.27 4,01 3.68
.5 3.02 4.23 2.94
2/1II1 0 3.88 . 3.64 - 2.66
) 3.30 3.32 3.12
3/I1I 0 3.54 3.37 2.47
.5 3.79 3.45 2.32
1/1v 0 3.01 3.38 3.63
.5 3.39 3.04 3.97
2/1V 0 3.63 2.24 2.67
.5 4.25 1.22 1.78
3/1v 0 3.51 2.01 2.25
.5 1.94 2.01 1.00

'H = - Pi log, Pi
i

abundance ith species

where Pi =

total abundance

2Replicate stations

3Single species observed

*No species observed
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Station 1/II, surface; Station 1/II, one half the depth of the photic zone;
and Station 2/II, surface. The overwhelmingly dominant species in these
samples was Skeletonema costatum. This was the main bloom species in the
STOCS area during 1977.

Figures 11.19, 11.20 and 11.21 consider the summarized results of the
continuous near-surface measurements (chlorophyll a, temperaturey $salinity,
respectively) obtained along Transect II during each month of 1977. The
continuous data calibrated to discrete measurements are presented as mon-
thly graphs in Appendix J. Figure 11.19 shows a complex pattern of chlor-
ophyll a across the shelf. Using the 1 ug 2! contour as a break point
for significant concentrations, chlorophyll a, extended about eight naut-
ical miles from the coast in January, February and March. In February,

a plume of chlorophyll a extended offshore from a point about 30 nautical
miles offshore. The coastal plume extended to atout 25 nautical miles
offshore in April and May; the outer shelf cleared to concentrations less
than 0.5 ug 2 '. The coastal plume quickly decayed in June and disappeared
in July and August. Hurricane Anita provided the stimulus (water mass
movement or wind mixing) for the September coastsl plume that extended
beyond 20 nautical miles offshore. This plume withdrew to about six
nautical miles in October-November and moved out to 12 nautical miles in
December.

Figures 11.20 and 11.21 provide temperature and salinity data to cor-
relate with the chlorophyll a patterns. Figure 11.20 summarizes the temp-—
erature structure observed along Transect II. The coastal temperature
range extended from 9°C in January to 30°C in August; the offshore temp-
erature range extended from 17°C in January to 30°C in August. Intermediate
sections of the shelf exhibited intermediate temperature ranges. The sur-

face waters were horizontally isothermal between April-November. The sig-
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nificant temperature information for interpreting Figure 11.19 occurred in
January-February. The cold coastal plume in January was related to a coin-
cident chlorophyll a plume; the coldest offshore temperature in January-
February was related to a generally higher biomass outside the 25 nautical
mile contour.

The significance of the offshore temperature is suggested in Figure
11.22, a plot of the temperature-nitrate relationship at Station 3/II dur-
ing 1976. Temperatures below 21°C generally were coincident with increas-
ing nitrate concentration.

Figure 11.21 further explains some of the chlorophyll a patterns in
Figure 11.19. The January coastal plumes of chlorophyll a and temperature
were coincident with a low salinity plume inshore. In fact, all major
coastal chlorophyll a plumes coincided with low salinity plumes (see Jan-
uary, April-May, September and November-December). It was also significant
that the offshore chlorophyll a plume in February was coincident with high
salinity water; this relationship together with the data in Figures 11.20
and 11.22 suggests upwelling. Apparently, the upwelling occurred mid-

shelf and curled back offshore in the surface layer.

DISCUSSION

Figure 11.23 compares the approximate depth of the 16% isolume as
determined by Secchi disc and by submarine photometer. In turbid water,
the two measurements generally agreed. With decreasing turbidity, however,
the Secchi depth increasingly overestimated the depth of the 16% isolume
of photosynthetically active radiation. These differenceswere related to
the sensitivity spectrum of the human eye vs that of the submarine photo-
meter. Since the submarine photometer treated a broader spectral band with

equal weight, it provided a standard index of photic zone depth.



11-43

221

n
o
1

NITRATE (ug-atNZ')
9_® o B & o @

H
L

——N=5288-22IT
-———-EYE FIT TO MAX

\
\

\

\

\
3
\
3

\

S

22 | 3. 722 114533
| g2 222333823 3 [2?233'32|23'12'3%2l33

14 16 18 20 22 24 26 28

TEMPERATURE (°c)

Figure 11.22 Temperature-Nitrate Relationship from Stations 1, 2 and

3, All Transects, During 1977. Rz2gression Line and
Eye-Fit Line are Computed for Station 3 Values Only.




11-44

PHOTOMETER 16 %= 1.617 -+ 0.517 {SECCHI DEPTH 16 %)

H
o
]

o
»
i

W
n
|

N
il

n

D
]
o

\

»
i
©
\

DEPTH OF PHOTOMETER 16% SURFACE I (m)
S
|
\

T T T T
25 30 35 40

SECCHI DEPTH (m)

Figure 11.23 Relationship Between Secchi Depth and Depth of 167
Isolume as Determined with Submarine Photometer.
Numbers Refer to Months of Year.




11-45

The actual relationship of either measure to an a’solute photic zone depth
depended on the characteristics of the specific paytoplankton community.

Figure 11.24 considers the relationship betwzen surface salinity and
Secchi depth. All data tended to fall within the solid line except for
May. This clear low-salinity mass was probably related to the influence
of Mississippi River water in the STOCS area. Trends within the solid
line show that salinities less than 33 °/,, were associated with Secchi
depths less than 4 m. Salinities above 33°/,, showed increasing variabil-
ity as oceanic salinities (= 37 °/.,) are approached.

Figure 11.25 presents the relationship between Secchi depth and sur-
face chlorophyll a. The contribution of the phytoplankton to water column
turbidity is evident: as Secchi depth decreased, surface chlorophyll a
generally increased. The scatter in the plot car be attributed to suspended
inorganic sediments and to layering of phytoplankton in subsurface layers.

Figure 11.26 presents the relationship between surface chlorophyll a
and salinity. Three categories of data were considered: 1) January off-
shore; 2) May; 3) remaining months. January offshore was distinguished by
relatively high chlorophyll a at high salinities. As stated previously,
this phytoplankton biomass was caused by classical upwelling of nutrient-
rich, high-salinity water at mid-shelf. The May values exhibited relatively
low chlorophyll a at low salinities. There was a detectable increase in
chlorophyll a with decreasing salinity. This pat:tern was attributed to Mis-
sissippi River influences. The remaining months followed a pattern of
increasing chlorophyll a paralleling decreasing salinity. Compared to the
May increase in chlorophyll a (from ~ 0.5 ug 271 below 32°/,, , the

remaining months increased in chlorophyll a with any freshwater input (Z.e.
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chlorophyll a ® 2.5 ug =% at 32°/.. ).

Figure 11.27 depicts the percent nanno-chlorophyll a as it changed
with temperature and salinity. The nanno contribution increased with
increasing temperature and with increasing salinity. The interpretation
of the salinity trend was again improved by divid:.ng the data into three
categories.

Figure 11.28 compares the pattern in chlorophyll a and carbon uptake.
Though the scatter was large, two linear trends energed. The carbon uptake
per unit chlorophyll a in May was significantly higher than that in the
remaining months. The reason for this change was not clear. Neither
analytical error in species counts nor substrate availability appeared to
account for the greater May uptake of carbon. It is possible that the
increased May efficiency was caused by the unique hydrographic conditions
or by some factor associated with the Mississippi River water.

Table 11.8 lists the total community assimilation numbers for 1977.

On a monthly basis, the efficiency of carbon uptace increased from January
through May, declined through the summer months aad increased again in
December. On a station basis, assimilation numbers tended to increase off-
shore on all transects. These trends were relatel in a complex relation-
ship with species composition, nutrient availability, temperature and salin-
ity. The former dependence is suggested in Figure 11.29. The assimilation
number increased both with percent nanno biomass and with percent nanno
activity. Assuming that high assimilation number is an index of a healthy
phytoplankton community, the times of lowest assimilation or growth stress
occurred in two time intervals: January and August-November. The remain-
ing months were dominated by relatively unstressed communities at a minimum
of two stations along Transect II. The January period probably reflected

temperature stress; the fall period probably reflected nutrient stress.
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TABLE 11.8

MONTHLY VARIATION OF ASSIMILATION NUMBERS [mg C(mg Chl a) '(hr) '] AT ALL STATIONS

¢S-T1

Station Jan Mar Apr May July Aug Sept Nov Dec /X
Feb June Oct
1/1 7.93 15.20 11.31 34.44/11.48
2/1 11.88 27 .88 8.26 45.02/16.01
3/1 3.26 49.08 7.89 60.23/20.08
1/11 7.16 12.29 8.38 16.78 14.21 5.65 6.32 7.05 6.81 84.65/9.41
2/11 15.76 13.90 15.68 34.75 - 5.53 10.96 6.30 19.02 121.90/15.24
3/11 7.62 21.23 39.55 47.27 15.27 4.44 7.36 13.00 28.63 184.37/20.49
1/111 5.15 17.71 8.83 31.69/10.56
2/111 12.91 28.33 5.57 46.81/15.60
3/111 6.09 34.72 6.67 47 .48/15.83
1/1V 8.74 23.03 3.55 35.32/11.77
2/1V 11.65 42.58 6.39 60.62/20.21
3/1v 7.11 50.38 9.73 67.22/22.41
95.28 47 .42 63.61 387.71 29.48 15.62 92.84 26.35 54.46
X 7.94 15.81 21.20 32.31 14.74 5.21 7.74 8.78 18.15
Overall ¥ - 812.77 Transect II 390.92 Station 1 186.1 Station 2 277.35 Station 3 359.39
Overall N - .53 Transect II 26 Station 1 18 Station 2 17 Station 3 18
Overall X - 15.33 Transect II 15.04 Station 1 10.34 Station 3 16.31 Station 3 19.97
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Figure 11.30 presénts the mutual dependencies between total chloro-
phyll a and total phytoplanlton cell counts. Despite high scatter, the
two biomass parameters showed.co-variation. The weakness of the plot was
due to the inadequate estimation of the numbers of the nanno fractiomn
and to the large variability of chlorophyll a per cell in different

species.

CONCLUSTIONS

1. Seasonal surface patterns of all measured parameters showed an
offshore decrease in phytoplankton biomass and production and suggested
decreasing activity from north to south.

2. The nannophytoplankton generally dominated STOCS biomass and
activity during 1977.

3. Substantial near bottom concentrations of chlorophyll a occurred
out to Station 2/II during the summer months.

4. The monthly temporal patterns of all parameters showed a bimodal
cycle of biomass and activity in the nearshore stations. The net frac-
tion preceded the nanno fraction in spring; the order of appearance
reversed in fall.

5. The continuous measurement of chlorophyll a, temperature and
salinity along Transect II identified the major incursions of freshwater
into the STOCS area, an upwelling at mid-shelf in February and possible’.
wind mixing in September due to Hurricane Anita. Nearshore chlorophyll a
plumes may have extended up. to: 25 ‘nautical miles offshore.

6. The phytoplankton species divided intocomplex monthly groupings
reflecting the complex physical processes in the STOCS area during 1977.
Skeletonema costatum was a universal dominant of net fraction abundance

peaks.
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7) Good relationships were observed among the various measured para-
meters. The assimilation numbers were anomalously high in May, possibly
reflecting the influence of Mississippi River water in the STOCS area.
Possible phytoplankton stress was identified in January and between August
and November.

8) Local run-off apparently contributes directly to high biomass in
the nearshore areas. Mississippi River water is characterized by unusual

clarity for its salinity range.
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ABSTRACT

Depth stratified Nansen net tows and discrete depth Niskin bottle
samples were collected in the BLM-STOCS study area seasonally and during
July, August, November and December of 1977. Shelled microzooplankton and
general microplankton were studied from the Nansen nets and Niskin bottles
respectively.

The shelled microzooplankton and general microplankton data were com-
pared to the physical oceanography of the study area by use of density,
diversity and other plots of the data along with cluster analysis. These
comparisons revealed: ponds of water moving onto the shelf at various
depths during the winter; strong upwelling in the winter and into the
spring; brackish water moving out toward the open Gulf of Mexico in the
spring drawing deeper open Gulf water shoreward underneath it; and, a
dramatic eutrophism of the STOCS during the winter and into the spring
of 1977. These conclusions were suggested by certain observed species of
shelled microzooplankton that indicated the above oceanographic conditioms.,



INTRODUCTION |
Purpose

This component of the BLM-STOCS studies was directed toward monitoring
the shelled microzooplankton and general microplankton with special emphasis
on the use of shelled microzooplankton as indicators of oceanographic condi-
tions to characterize the study area. The organisms collected were identi-
fied to lowest taxonomic unit, these data placed on computer cards, and R
and Q mode cluster analyses performed for significant stations, species and
species groups, resulting in dendrograms. This information was correlated
to the other oceanographic components (biological, physical and chemical)
of the STOCS study area. A survey of previous work on the microplankton
from the STOCS is contained in the 1976 Final Report (Casey, In Groover,
1977).

Emphasis was placed on the use of the shelled microzooplankton (radio-
larians, planktonic foraminiferans, benthonic foraminiferans and pteropods)
as indices of oceanographic conditions. To this end, three tables are
included in the text designating such indicators, and Table 1, Appendix K
is comstructed so that it may be used in conjunction with the tables and

figures in the text.

METHODS AND MATERTALS

Collecting Procedures

Nansen Tows (Depth Stratified Samples)

Nansen tows were taken at Stations 1-3 of all transects during the

seasonal sampling, and at Stations 1-3, Transect 1I during the July



12-4

through December monthly sémplings (Figure 12.1). At Station 1 of all
transects, the net was lowered to just off the bottom (usually about 25 m)
and slowly (about 20 m/minute) towed to the surface. At Station 2 of all
transects, two separate tows were taken. In the first tow, the net was
lowered to just off the bottom (usually about 50 m) and slowly towed toward
the surface. While the net was still fishing (towing) a messenger was
dropped so that the net closed at 25 m; the second tow at this station

was taken by lowering the net to 25 m and slowly towing it to the surface.
At Station 3 of all transects, three separate tows were taken. In the
first tow, the net was lowered to just off the bottom (usually about 100 m)
and slowly towed toward the surface and closed at 50 m; the second tow was
lowered to 50 m and closed at 25 m; and the third tow was from 25 m to the
surface. The net was then washed with seawater from the outside of the
mesh and the material in the cod end was preserved in a 500-ml Nalgene
bottle with a 5% formalin solution containing sodium borate, strontium
chloride and rose Bengal. This preservative solution was prepared in the
following manner: 1 gal. of 37% (stock) formaldehyde + 80 gm NazB,07+10H;®
(sodium borate) + 18.2 gm SrClyx-6H;0 (strontium chloride) + 2 gm rose Ben-
gal. Each bottle was then labeled and a shipboard data sheet completed.

A total of 96 samples were collected and are reported on herein.

Niskin Bottle Samples (Discrete Samples)

Niskin samples during the winter seasonal sampling were taken at 10 m
depth and at one-half the depth of the photic zone (as determined with
either a Secchi disk or photometer) at Stations 1 and 2, all transects; and
at 10 m depth, one-half the depth of the photic zone, the photic zone,
and just off the sea floor at Station 3, all transects. Niskin samples

during the remaining two seasonal samplings were taken at one-half the



Stations Where Nansen Net and Niskin Bottle Samples
were Taken During 1977. Seascnal Samplings were
From Stations 1-3, All Transects, and Monthly Samplings

were from Stations 1-3, Transect II,.

Figure 12.1
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depth of the photic zone and the depth of the photic zone at Stations 1,
all transects; and at one-half the depth of the photic zone, the photic
zone, and just off the sea floor at Statioms 2 and 3, all transects.
Transect II was sampled in the same manner monthly during the July, Aug-
ust, November and December cruises. From each 30-2 Niskin bottle, 29 2
were filtered through a 38-um mesh stainless steel screen. The filtrate
was washed into a 500-ml Nalgene bottle and preserved in a 2 to 3% pre-
servative solution as described for the Nansen tows, except that no rose
Bengal was used. Each bottle was then labeled and the shipboard data
sheet completed. A total of 126 samples were collected and are reported

on herein.

Post Collecting Procedures

Nansen Samples

In the laboratory, the samples were split into two aliquots with a
plankton splitter. One aliquot was archived and the second was sorted
for microplankton. The seasonal samples were either hand-picked using
a breaking pipette and a plankton microscope and then placed on slides,
or identified and counted directly with the plankton microscope. The
monthly samples (and a few seaéonal samples that did not contain stain)
were handled by taking an aliquot and identifying and counting organisms
using the plankton microscope. All samples and slides were saved.

Data from the seasonal samples were placed on computer cards and
cluster analyses performed that resulted in dendrograms (Sneath and
Sokal, 1973; Kruskal, 1956). The dendrograms, radiolarian density and
richness, planktonic foraminiferan density and the density of Bolivina
lowmani were compared with other oceanographic phenomena and used as aids

to interpret these phenomena.
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Niskin Samples

An aliquot of either 5 or 10 ml was removed from a well agitated Niskin
sample using a Hensen-Stemple pipette. This aliquot was placed in a Zeiss
plankton counting chamber and the microplankton were allowed to settle,
After the microplankton had settled to the chamber floor, the first 100
organisms (including fecal pellets) were identified and counted using an
inverted microscope. Due to very high density, 3C0 individuals were counted
from five winter samples. The surface area of the chamber traversed during
winter samples., 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 and maps of relative abundance (percent of total) of major
groups and total density were prepared on the data from the 12 seasomnal
stations. These were compared with other oceanographic phenomena. Tables

of what appeared to be some of the important indicators were also prepared.

RESULTS AND DISCUSSION

Physical and Chemical Oceanographic Setting

Water masses of the STOCS in 1977 were plottad on a Temperature-Salin-
ity (T-S) diagram (Figures 12,2). The T-S diagram for 1977 was very similar
to those prepared from the 1975 and 1976 data (Casey, 1977; Casey, In Groover,
1977) with a core of Western Gulf Surface Water (WGSW) always present during
the three seasons. The main differences between 1977 and previous years
were the colder temperatures during the winter 1977 samplings and the slight
suggestion of an incursion of Subtropical Underwater in the spring of 1977
(during the summer of 1976 this incursion was very evident),

Smith in Chapter 2 of this report, has done an excellent job of
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describing the physical oceanography of the 1977 STOCS and the following

is but a review of the physical oceanography of the STOCS in 1977, impor-
tant in interpreting the shelled microzooplankton distributions. Winter
1977 was dominated by strong cold fronts that cocled the waters to a greater
degree than in the previous two years and mixed the water column. The gen-
eral circulation pattern was wind driven parallel to the ccast from north
to south., Smith's Figure 2.3 (Chapter 2) shows an upwelling at mid-shelf
in winter. This probably was due to an '"early" switch in the wind systems
from a northerly to a southerly direction (Kamykcwski, personel communica-
tion). These conditions created the most obvious upwelling seen on the
STOCS; this upwelling apparently continued into the spring.

Spring run-off (both local and from the Mississippi) produced a lens
of brackish water that flowed from the north to south across the STOCS with
a slight offshore component. This offshore compcnent ''caused" an open ocean
estuarine type of upwelling within the STOCS. Smith suggested that Sub-
tropical Underwater might have moved onto the shelf along Transect I at
this time.

Summer conditions developed with the establishment and subsequent
thickening of the thermocline and the north-south alternating wind patterns.
This resulted in waters having a greater residence time on the shelf during
the summer than in either winter or spring (months as opposed to days of
weeks). Unlike the summer of 1976, there did not: appear to be an incursion
of Subtropical Underwater or the grounding of an anticyclonic gyre from the
Loop Current in 1977. However, a wedge of somewhat higher salinity water
did extend shoreward at mid depths over the outer shelf (Smith, Chapter 2,

Figure 2.30).

Nansen Depth Stratified Tow Data Related to Phys:.cal Oceanography

The data from the Nansen tows may be seen in Table 1, Appendix K.
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These raw data were converted into maps showing the densities of polycystin
radiolarians (in number of individuals/m®), planktonic foraminiferans and
the benthic foraminiferan Bolivina lowmani; and, polycystin radiolarian
richness (number of species/tow) for each season at depths of 0-25 m,
25-50 m and greater than 50 m (Figures 12.3 - 12.6).

During the winter, ponds of shallow and deeper open-ocean Gulf water
moved onto the STOCS probably due to eddies breaking off from the general
southerly movement of the offshore wind driven current. In winter, deep
open-ocean Gulf water occurred all along the STOCS at mid-shelf with a
return seaward at the surface. In spring, a lens of brackish water, from
local sources and the Mississippi River, moved south across the STOCS.
The offshore component of this surface flow dragged surface and deeper
open Gulf water shoreward under the pycnocline. Mixing occurred through
the pycnocline resulting in an "open-ocean type' of estuarine upwelling
on the STOCS during spring. In the fall there appeared to be a general
encroachment of open-ocean Gulf water throughout the water column. The
nearshore surface currents in the fall alternated north and south with a
general deep bottom current directed toward the north on the outer shelf.
These general trends appear to be similar to what was found in the 1975
and 1976 years of the BLM-STOCS program (Casey, 1977; Casey, In.Groover,
1977) with:'the exception of the dramatic upwelling (upwelled water -to the

surface, not just an upbowing. of water) in. the spring of 1977,

Radiolarian Density Maps from Depth Stratified Nansen Tows

Radiolarian density maps from depth stratified Nansen tows for
winter, spring and fall ef 1977 are shown in Figure 12.3. The radiolarian
densities for winter showed a general encroachment (high radiolarian

densities) of Gulf surface waters (0-25 m) along Transect III and a pond
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of shallow water (high radiolarian densities) at Station 2/I1I. The win-
ter salinities (Figure 12.7) showed normal marine waters (36 ppt) shore-
ward to Station 2 and high salinity (36.4 ppt) water around Station 2/III
agreeing with our interpretation that a pond of shelf intermediate (25-50 m)
water occurred at that station.

Radiolarian density maps from Nansen tows for spring (Figure 12.3)
showed an absence of radiolarians in surface waters at most inner and
mid-stations and open Gulf water was present at the surface at the outer
stations. The greatest radiolarian density was at Station 3/II for this
surface (0-25 m) water. Under this surface water and above deeper water
(greater than 50 m), the shelf-intermediate water (25-50 m) contained high
radiolarian densities especially in the northern section of the study area.
Spring salinities (Figure 12.7) suggested a lens of brackishwater was over
the shelf in the shallow wate?s and there was an encroachment of shelf-
intermediate and shelf deeper waters. This agreed with the high radio-
larian densities recorded.

Radiolarian density maps of Nansen tows for fall (Figure 12.3) showed
there was an encroachment of open Gulf water (high density) into Station 1
along Transect III at all depths. The salinity maps for fall (Figure 12.7)
also suggested such an encroachment of open marine waters, but that this
encrcachment was from the south to the north at surface and shelf-inter-
mediate depths (note 36.3 ppt contours on the fall maps of Figure 12.7).

Planktonic foraminiferan density maps from Nansen tows for winter
(Figure 12.4) showed there were two ponds of open Gulf surface water
(high densities) at Stations 3/I1 and 2/IV. The maps also indicated there
was another pond of Gulf surface water at shelf-intermediate depth at

Station 2/III, where the radiolarian densities also suggested a pond. The
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density maps for spring (Figure 12.4) showed there was an encroachment of
open ocean water at the surface from the north and perhaps at shelf-inter-
mediate depths from the east alongTransects II and III. Planktonic foram-
iniferan density maps for fall (Figure 12.4) showed there was an encroach-
ment of open Gulf water onto the shelf at the surface along Transect III
with what appeared to be a branching to the north and south. At shelf-
intermediate depths the general circulation of open Gulf water appeared to
be to the north which was in good agreement with the salinity maps (Figure
12.7).

B. lowmani density maps from Nansen tows for winter (Figure 12.5)
showed a high density in the surface waters of the southern STOCS moving
offshore and northward, with no occurrences in shelf-intermediate or dzeper
tows. B. lowmani density maps for spring (Figure 12.5) showéd a high
density nearshore moving out along Transect III at the surface and at shelf-
intermediate depths. This pattern agreed well with the pattern of low
salinity water (32 ppt) moving offshore at the surface (Figure 12.7).

Density maps for fall illustrated that densities of B. lowmani were
very low over the inner shelf, suggesting a pond cf nearshore water (B.
lowmani rich) had moved offshore at Station 3/III, and another pond of
nearshore water was at shelf-intermediate depths at about Station 2/II. The
highest densities of B. lowmani during the fall occurred at depth on the
outer shelf, especially in the southern part of thte STOCS. This high den-~
sity suggested a northerly transport of water as was also suggested by the
36.3 ppt shelf-intermediate depth (36 m) salinity contour (Figure 12.7).

Radiolarian richness maps (Figure 12.6) for winter illustrated there
was a pond of water at surface and shelf-intermediate depths on the outer
(Station 3) and mid-shelf (Station 2) along Transect III. Spring radio-

larian richness (Figure 12.6) illustrated that the radiolarians were mainly
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confined to the outer shelf with an encroachment onto the shelf at shelf-
intermediate depths. The fall maps (Figure 12.6) showed a general encroach-

ment onto the shelf at all depths.

Monthly Samples

The data for the monthly samples on Transect II are found in Table 1,
Appendix K. The July and August monthly samples appeared to be very simi-
lar to the fall seasonal samples except that there was an absence of Glo-
bigerina quinqueloba in the monthly samples suggesting that the fall sea-
sonal sampling period was the start of winter (presence of G. quinqueloba).
The November and December monthly samples illustrated that winter condi-
tions had developed by the common occurrences of the winter STOCS indica-
tors G. falconensis and G. quinqueloba and the general decline in poly-

cystin radiolarian abundance.

R-Mode Cluster Analysis

The R-mode cluster analysis dendrogram for winter 1977 was divided
into main cluster groups (Figure 12.8). The group labeled STR (summer
thermocline related), consisting of the radiolarian species Eucyrtidium
accuminatum, Pterocorys zancleus and Euchitonia elegans, separated in
abundance either above or below the thermocline in summer. During winter
these three forms all occurred between 25 and 50 m at Station 2/III. E.
elegans also occurred at Station 2/II in the surface sample (0-25 m)
representing an upwelling of waters onto mid-shelf. This species was desig-
nated by the u (upwelling) on the dendrogram. This upwelling was sub-
stantiated by the outcropping of isotherms in Figure 2.5 of Chapter 2.
The group labeled '"tet" (Spongaster tetras subspecies) consisted of the

two morphotypes of S. tetras, S. tetras irregularis and S. tetras tetras.
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Key to R-Mode Shelled Microzooplankton Dendrogram,

Winter Nansen 1977.

Figure 12.8 Cont.'d.

Species and Group Names in

Left Hand Column Can Be Found in Complete Form in

Table 1, Appendix K.
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S. tetras irregularis is a cold morphotype and S. tetras tetras is a warm
morphotype (Table 12.1). S. tetras irregularis only occurred during the
winter whereas S. tetras tetras was present in all seasons. S. tetras
irregularis was therefore a winter indicator for the STOCS. The group
labeled Ul (upwelling 1) consisting of Hymentiastrum profundum and Lampro-
cyclas nupitalis, occurred at shelf-intermediate depths in the southern
STOCS and upwelled in the northern STOCS, suggesting at least some of the
upwelled water came in from the south. The group labeled NS (nearshore),
consisting of the pteropod Spiratella trochiformis and the benthonic foram-
iniferan B. lowmani, was restricted in abundance to nearshore waters and
was a winter indicator. The group labeled U2 (upwelling 2), consisting of
the planktonic foraminiferan species Globigerina pachyderma and the radio-
larian species Spongotrochus glacialis, indicated the same upwelling pattern
as did group Ul. The group labeled WF (winter fauna) consisted of the
winter shelled microplankton forms, including the planktonic foraminiferans
Globigerina falconensis, G. bulloides and G. quinjueloba (Table 12.2), and
pteropod species Spiratella inflata and S. lesueuri. The species labeled
U3 (upwelling 3), the planktonic foraminiferan Globorotalia truncatulinoides,
appeared at depth over the shelf but upwelled at Station 1/IT. The group
labeled U4 (upwelling 4), consisting of the radiolarians Collosphaera tuber-
osa, Pterocanium praetextum praetextum, Ommatartus tetrathalamus and Stylo-
trochus geddesi, upwelled at mid-shelf then moved offshore at the surface.
The winter dendrogram (Figure 12.8) suggested that upwelling to the surface
was prevalent over the STOCS in the winter of 1977 and this upwelled water
moved offshore at the surface.

The R-mode cluster analysis dendrogram for spring 1977 was divided
into four cluster groups (Figure 12.9). The group labeled OGSW (open

Gulf surface water), composed of the radiolarians Collosphera spp. and



TABLE 12.1

AVERAGE NUMBER OF RADIOLARIANS/m® FOR EACH DEPTH INTERVAL FOR THE TWELVE PRIMARY SEASONAL STATIONS, 1977.
SPECIES ARE DIVIDED INTO INDICATOR GROUPS*

WINTER SPRING FALL
0-25 m/25-50 w/50 mt+  0-25 w/25-50 w/50 wt  0-25 m/25-50 m/50 mt+

WINTER/DEEP /UPWELLING .

Lithelius minor .2 .1 0 0 (] 0 0 1 0

Spongotrochus glacialis 1.8 2.0 0 .1 0 .1 .2 0 .3

Heliotholus sp. .2 .6 0 0 0 0 0 0 0
DEEP AND UPWELLING

Challengerids 0 0 0 0 0 0 0 0 4
SUMMER ABOVE THERMOCLINE

Euchitonia elegans .1 .3 0 0 0 0 .9 .7 3

Onmatartus tetrathalmus .1 .3 0 (] 0 0 4 .1 0

Eucyrtidium accuminatum 0 1 0 0 0 0 .3 0 1

Lamprocyclas maritalis 0 o 0 0 0 0 0 .1 0
SUMMER BELOW THERMOCLINE

Anthocyrtidium eineraria 0 0 0 0 0 0 0 0 .7

Pterocorys azancleus 0 .1 0 0 0 0 4 .3 1.0

Lamprocyclas nupitalis 0 v 0 0 0 0 .2 1 N
WARM AND COLD MORPHOTYPES

Spongaster tetras irregularis (cold) .1 0 0 0 0 0 0 0 0

Spongaster tetras tetras (warm) .2 .1 0 0 0 0 .1 .3 1

Pterocanium praetextun eucolpum (cold) .1 0 0 0 .1 0 0 0 0

Pterocanium praetextwn praetextun (warm) .1 0 0 .1 1 0 2 0 .2
OPEN GULF SURFACE OR SHALLOW

Polysolenia lappacea 0 0 0 0 8.4 0 0 0 0

Disolenta aanquebarica 0 0 0 0 17.0 0 0 0 4
OTHER

Hymentiastrum profundum .6 .1 0 0 0 0 1.7 3.1 1.6

Hexadoridium streptacanthum 1.7 1.0 .1 2.5 .1 .2 .1 .3 .1

*These indicator groups are essentially the groups that have been developed during the three years of
BLM-STOCS and are not solely from this year's data (1977).
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TABLE 12.2

AVERAGE NUMBER OF PLANKTONIC FORAMINIFERA/m® FOR EACH DEPTH INTERVAL
FOR THE TWELVE PRIMARY SEASONAL STATIONS, 1977.
SPECIES ARE DIVIDED INTO INDICATOR GROUPS#*

WINTER SPRINC FALL
0-25 m/25-50 m/50 m+ 0-25 m/25-50 m/50 mt+ 0-25 m/25-50 m/50 mt+
WINTER ASSEMBLAGE

Globigerina falconensis 6.2 10.8 1.4 0 0 0 0 0 0

Globigerina pachyderma 1.0 2.5 .5 0 0 0 0 0 0

Globigerina quinqueloba 8.0 14.8 1.2 0 0 0 .2 .6 .1
SUMMER ASSEMBLAGE

Globigerina bulloides 3.7 8.0 1.3 1 1 0 2.7 2.0 2.7

Globigerinoides ruber 2.0 6.1 .6 1.3 5.1 2 4.0 9 5.1
OTHER

Globorotalia truncatulinoides .1 1.5 0 0 0 0 0 0 0

Orbulina universa 0 .2 0 0 0 0 0 0 0

Globigerinoides sacculifer .1 0 0 .2 0 0 0 0 0

*These indicator groups are essentially the groups that have been developed during the three years of
BLM-STOCS and are not solely from this year's data (1977).
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Species and Group
Names in Left Hand Column can be Found in Complete

Key to R-Mode Shelled Microzooplankton Dendro-
Form in Table 1, Appendix K.

gram, Spring Nansen 1977.
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Disolenta zanquebraica, occurred in high abundances between 25 and 50 m
at Station 3/I. This group appeared to be brought in with the '"salt
water wedge" of the estuarine type upwelling that occurred in the spring.
The group labeled U (upwelling) composed of the radiolarian species,
Pterocorys zancleus, Spongotrochus glacialis and Pterocanium praetextum
praetextum, clustered together because they occurred at the various depths
sampled at Stations 3 during the spring. The group labeled SOS (shallow
outer shelf), composed of the planktonic foraminiferan Globigerina bull-
otdes and the pteropod species Spiratella helicina and S. trochiformis,
occurred together in the shallow (0-50 m) waters of the mid and outer
stations on Transect III. The group labeled SNS (shallow nearshore),
composed of the benthonic foraminiferan B. Zowmani and the pteropod
species Spirdtella inflata, Spiratella lesueurt and Creseis acicula,
were most abundant in shallow (0-50 m) nearshore (Stations 1 and 2)
waters and were indicative of the spring low salinity lens (Table 12.3).

The R-mode cluster analysis dendrogram for fall 1977 was divided into
five major cluster groups (Figure 12.10). The group labeled DIII (deep
Transect III), composed of the radiolarians challengeriids and HelZo-
tholus sp., occurred at depth (below 50 m) on Tramsect III. The group
labeled U (upwelling), composed of the radiolarian species G. pachyderma
and G. quinqueloba, occurred at depth on the outer shelf and in shallow
waters on the mid-shelf, illustrating upwelling. G. pachyderma and G.
quinqueloba have usually been considered winter assemblage members
(Table 12.2). During the spring they occurred at depth under the
thermocline along with Spongotrochus glacialis, which was considered to
be a winter-deep-upwelling fdrm (Table 12.1). The group labeled 01

(offshore 1) was composed of two subgroups labeled d and ds. The



TABLF 12.3

AVERAGE NUMBER OF PTEROPODS AND Bolivina lowmani FOR EACH DEPTH INVERVAL
FOR THE TWELVE PRIMARY SEASONAL STATIONS, 1977.
SPECIES ARE DIVIDED INTO INDICATOR GROUPS*

WINTER SPRING FALL

0-25 m/25-50 m/50 m+ 0-25 m/25-50 m/50 mt+ 0-25 m/25-50 m/50 mt
SPRING ASSEMBLAGE

Creseis acicula .5 .4 0 40.7 5.0 1.4 1.1 4.3 1.3
SUMMER ASSEMBLAGE

Spiratella inflata 11.9 5.3 .7 84.8 31.1 0 12.3 22.2 4.3
OTHER

Spiratella lesueuri 6.1 4.7 .2 10.3 2.3 .2 1.9 8.5 .6

SPRING LOW SALINITY LENS
Bolivina lowmant 12.0 0 0 167.2 6.7 .7 5.7 12.0 36.3

*These indicator groups are essentially the groups that have been developed during the three years of
BLM~STOCS and are not solely from this year's data (1977).
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Species and Group Names in

Key to R-Mode Shelled Microzooplankton Dendrogram,

Fall Nansen 1977.
Left Hand Column can be Found in Complete Form

in Table 1, Appendix K.

Figure 12.10 Cont.'d.
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subgroup d (deep), composed of the radiolarian species Anthocyrtidium
eineraria and Disolenia zanquebarica, occurred below 50 m on Transect III
and was considered summer and open Gulf surface or shallow forms that
were ''pulled in'" under the thermocline during this time (Table 12.1 and

- McMillen and Césey, in press). The subgroup ds, composed of the radio-
larian species Euchitonia furcata, Pterocanium praetextum praetextum,

S. tetras tetras and Lamprocyclas nupitalis, occurred throughout the
water column at the outer stations. The group labeled 02 (offshore 2),
composed of the planktonic foraminiferan species Globigerina rubescens
and the radiolarian species Eucyrtidiwn accuminatum, Stylodicta sp.,
Pterocorys zancleus and Lithelius minor generally occurred throughout

the water column at Stations 3 of all transects. The group labeled FF
(fall fauna) was subdivided into three subgroups labeled ¢ (cosmopolitan),
s (shallow) and o (outer shelf). The subgroup ¢, composed of the pteropod
Spiratella inflata (summer assemblage, Table 12.3) and the benthonic
foraminiferan B. lowmani (the most common species on the dendrogram),
occurred throughout the entire water column on the STOCS during the fall.
The subgroup s, composed of the pteropod S. helicina and the planktonic
foraminiferan G. bulloides (summer assemblage, Table 12.2), occurred in
shallow water (upper 50 m) throughout the area. The species labeled

o, Euchitonia elegans, occurred at Station 3 of all transects through

the entire water column.

Q-Mode Cluster Analysis

The Q-mode cluster analysis dendrogram for winter 1977 (Figure 12.11)
was divided into two cluster groups. The group labeled WF (winter fauna),
composed of samples containing the planktonic foraminiferans G. bulloides,

G. falconensis and G. pachyderma, was mainly restricted to the winter of
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Winter Nansen Data, Q-Mode Dendrogram for 1977 Shelled Microzooplankton. Numbers
in the Left Hand Column Represent the Station and Depth of Tow [Example: III-1 =
Transect III, Station 1; III-2-2 = Transect III, Station 2 from 25-50 m (second

depth from surface tow)].
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1977. There were a few occurrences of G. quinqueloba in the fall while
G. bulloides occurred all year round (Table 12.2). The occurrences of
G. quinqueloba in the fall suggested that during the fall sampling
period conditions were getting close to those of winter. The group
labeled U (upwelling) was composed of samples containing the planktonic
foraminiferan species Globigerinella aequilateralis (abundant in upwel-
ling regions according to Tolderlund and Bé, 1971) and Spongotrochus
glacialis, a radiolarian species indicative of upwelling (Table 12.1).

The Q-mode cluster analyses dendrogram for spring 1977 (Figure 12.12)
was divided into two cluster groups. The group labeled Bl, composed
of stations that contained high concentrations of the benthonic foramini-
feran B. lowmani (> 100/m?), was present only in surface (0-25 m) samples
collected along Transect III. The group labeled BIP, composed of samples
that contain high concentrations of B. lowmani and pteropods, was present
only in surface (0-25 m) samples. These groups appeared to correlate
with the brackish water spring lens (Figure 12.7) and may be used as an
indicator of that water. Table 12.3 illustrates that B. lowmani was an
indicator of this spring low salinity lens.

The Q-mode cluster analysis dendrogram for fall 1977 (Figure 12.13)
was divided into four cluster groups. The group labeled Si was composed
of samples that contained the pteropod Spiratella inflata. These samples
were mainly nearshore (Station 1), surface (0-25 m) collections. The
group S1-Hp, composed of samples that contained the pteropod Spiratella
lesueuri and the radiolarian Hymeniastrum profundum along with some
other radiolarians, occurred in collections from outer shelf shallow
(0-50 m) waters. The group labeled Bl, composed of samples containing

common and abundant occurrences of B. lowmani, was collected throughout
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the stﬁdy area at various depths. The group labeled Gq, composed of
samples that contained the planktonic foraminiferzn species G. quinqueloba
was found in the outer shelf Transect III samples from 25 to 50 m. As

G. quinqueloba was considered a member of the winter assemblage it was
reasonable to expect it to be found at depth (Table 12.2). The Sl1-Hp
group appeared to correlate with a wedge of higher salinity water (see
Figure 2.30, Chapter 2). There appeared to be 2 tendency for some radio-
larians to occur either mainly above or below the thermocline in the fall
(Table 12.1).

Niskin Sample (Discrete Depth) Data for General Microplankton Related to
Physical Oceanography

Trends of the General Microplankton Data

The data from the Niskin samples may‘be seen in Table 2, Appendix K.
Diatoms were dominant in all the samples taken from half the depth of the
photic zone collected from the seasonal stations curing 1977 except those
from Station 1/III in the spring and Stations 1/I1I, 1/IV and 3/IV in the
fall, At Stations 1/I1I for spring and 1/III and 1/IV for the fall, blue-
green algae were dominant (with Trichodesmiwm being the dominant genus at
Station 1/III during the spring). At Station 3/IV in the fall, dinoflag-
ellates were the dominant phytoplankter but this sample conéained the low-
est density of general microplankton recorded during the half-photic zone
sampling for this year (Figures 12,14 - 12.16). Comparing 1977 data to
that of the previous two years, it appeared that there was an order of
magnitude increase in general microplankton standing crop during the first

two seasons of 1977,

R-Mode Cluster Analysis

The R-mode cluster analysis dendrogram for 1977 Niskin seasonal data

(Figure 12.17) illustrated a cluster labeled FCC rfood chain cluster) that
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sepafated the most abundant forms into a rough food chain. The centric
solitary diatoms, centric colonial diatoms and pennate colonial diatoms
form the primary producer group labeled d (diatoms) on the dendrogram
(Figure 12.17). Directly below and associated with the diatom cluster
were the primary herbivores labeled h (herbivores) including the calanoid

copepods and naupliar larvae.

Q-Mode Cluster Analysis

Two large groups appeared on the Qemode cluster analysis dendrogram
for 1977 Niskin seasonal data labeled HD (high dersity) and LD (low density)
(Figure 12.18). The samples in the high density (HD) group exhibited high
densities of general microplankton (usually higher than 400,000 individuals/
m®), and fewer than seven taxonomic units (indicating low diversity). These
high density samples were mainly winter and spring samples. The samples in
the low density (LD) group exhibited low density cf general microplankton
(usually lower than 400,000 individuals/m®), and z high number of taxonomic
units (about 12), suggesting higher diversity. These low density samples
were collected during all seasons. General observations suggested that
diversity of general microplankton at the half-photic zone depth showed
a drastic drop during the first two seasons of 1977 when compared to the
previous two years. Considering the apparent drastic increase in density
and the apparent drastic decline in diversity, it appears that the first
two seasons of 1977 were periods of eutrophism on the STOCS. This is con-
sidered to be one of the most important aspects that should be dealt with

in the future synthesis of these data.

CONCLUSIONS
1. The planktonic foraminiferans appear to be good indicators of

seasonality with the presence of Globigerina falconensis, G. pachyderma
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Key to Q-Mode General Microplankton Dendrogram,

Niskin 1977.
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and to a lesser degree G. quinqueloba indicative of winter and G. bulloides
and Globigerinoides ruber indicative of summer (when G. falconensis and
G. pachyderma were absent from the fauna).

2. The planktonic foraminiferans also appear to be indicative of
surface and shallow water intrusions onto the shelf from offshore (and
appear as "fingers" or ponds of such intrusions ¢n planktonic foramini-
feran density contour maps).

3. The radiolarians appear to be indicative of the same trends as
stated for the planktonic foraminiferans. The rzdiolarians are also
indicative of several other physical phenomena stch as: upwelling, indicated
by occutrences of :Spongotrochus glacialis; deeper water movements, suggested
by high density fingers or ponds of radiolarians at shelf-intermediate
and deeper depths; and the provenance of these wzaters, such as from Gulf
surface or shallow water indicated by the occurrences of Anthocyr%idium
cineraria and Disolenia zanquebarica.

4. General microplankton from Niskin samples suggest conditions were
eutrophic on the STOCS during the winter and spr:ng of 1977. This eutro-
phism was apparently related to the dramatic upwelling on the STOCS during
the winter and into the spring of 1977.

5. Figure 12.19 illustrates the general oceanographic trends for
1977 derived from the shelled microzooplankton and general microplankton
data interpretation. The winter illustrated that ponds of shallow and
deeper open-ocean Gulf water moved onto the STOCS probably due to eddies
breaking off from the general southerly movement of the offshore wind
driven current. Upwelling of deep open-ocean Gul.f water occurred all
along the STOCS at midshelf; this upwelled water then moved offshore at
the surface resulting in eutrophism of the STOCS in winter. The spring

figure illustrates that a lens of brackish water (from local and Mississ-
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ippi River runoff) moved south across the STOCS with an offshore component
at the surface that dragged surface and deeper open-ocean Gulf water
shoreward under the pycnocline. Some of this "salt water wedge" of open
Gulf water upwelled resulting in continued eutroptism in the STOCS in spring.
The fall figure illustrates a general encroachment of open-ocean Gulf water
throughout the water column. The nearshore surface currents in fall alter~
nated north and south with a general deep bottom current to the north on

the outer shelf.
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ABSTRACT

During 1977, 108 one-liter samples: were collected 'from the  STOCS.
These samples, which were preserved with 17 basic Lugol's fixative, were
analyzed for ciliated protozoa using the Utermohl (1931) method. Of the
86 protozoan species observed, 49 were tintinnids, 10 were oligotrichs,
5 were foraminifera, 10 were radiolarian/acantharia and 12 were ''other"
protozoa.

Protozoa reached an abundance maximum in early spring (March-April).
There was a second abundance peak in September which was thought to be
abnormal and a result of Hurricane Anita, which passed through the area at
that time.

Oligotrichs were the most dominant group of protozoa on the STOCS.
They were ubiquitous and abundant both spatially and temporally. The other
protozoan groups tended to be less abundant and more restricted in space
and time.

Protozoan biomass ranged from 1 to 3487% of the macrozooplankton biomass,
indicating that the protozoa are a significantly component of the zooplank-
ton community.

Protozoan abundance was positively correlated with nannoplankton and
silicate. Correlations with temperature, salinity, dissolved oxygen, net-
phytoplankton, nitrate and phosphate were not significant but the salinity
relationship with protozoans was negative suggesting a possible ecological
relationship.
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INTRODUCTION

Marine protozoa have been generally ignored :in most quantitative sur-
veys of the flora and fauna of a given area. The reasons for this neglect
are simple; the protozoa are generally too small :o be collected with the
larger-mesh~size nets normally used by investigators of zooplankton and
they are ignored by those who study phytoplankton because most are non-
photosynthetic. However, in recent years it has become clear that marine
protozoa, especially the ciliates, comprise a significant fraction of
the plankton community (Beers and Stewart, 1967, 1969, 1970, 1971; Johansen
1976).

Marine ciliates are voracious predators onnannoflagellates {Spittler,
1972; Blackburn, 1974; Heinbokel, 1977) and they in turn serve as food for
macrozooplankters (Zsitzschel, 1967), including larval fish. Since the
ciliates are most abundant during times of reduced net-phytoplankton (> 20
um) abundance, it is probable that the ciliates serve as important links
in the food web between the nannoplankton and macrozooplankton during these
times because macrozooplankton generally are unable to utilize nannoplank-
ton efficiently.

Marine ciliates exhibit nitrogen excretion .rates one to two orders .of .
magnitude greater than macrozooplankters (Johansen, 1976), hence they contribute
significantly to the nitrogen budget of nearshore marine areas where they
are most abundant. Their small size and rapid reproduction rates (Gold,
1968, 1971, 1973a; Heinbokel, 1977) enhance their potential as a food source
for macrozooplankters.

In order to assess the role of marine protozoa in the food web of a
particular area, information must first be gathered concerning the types

and abundances of protozoa inhabiting that area. The kinds and amounts of
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temporal and spatial variations in abundance should also be noted. In
order to determine short-term and long-term effects of environmental per-
turbations on the marine protozoa, both ghort—term and long-term studies
of the protozoan populations should be made. Although several qualitative
studies have been made concerning the marine pelagic ciliates of the wes-
tern Gulf of Mexico (Borror, 1962; Balech, 1967), no quantitative data

exist for this group of organisms,

One-liter microzooplankton samples collected from the BLM-STOCS
Transect IT during 1975 and 1976 were later analyzed for ciliated protozoa
content but proved to be totally inadequate due to poor and inconsistent
preservation by the buffered formalin used to fix the samples (Johansen,
1978). Interpretation of the data was further hampered by infrequent

sampling during 1975 when only three cruises occurred.

The purpose of this study was to determine the kinds and abundances

(9]

of ciliated protozoa om the South Texas Outer Continental Shelf (STOCS)
throughout the course of one year. Seasonal changes in abundance were to
be noted and biomass estimates for this fraction of the zooplankton com-
munity were to be made.

.

MATERTALS AND METHODS

During three seasonal cruises in 1977, l-liter water samples were
collected with a 50-2 Niskin bottle from the surface and from one half
the depth of the photic zone at Stations 1, 2 and 3 of Transects I, II,
III and IV on the STOCS. Also, during six monthly cruises in 1977, 1-2
water samples were collected from the surface and from one half the depth
of the photic zone at Stations 1, 2 and 3 of Tramsect II, These samples

were preserved with 17 basic Lugol's fixative (Thompson, 1966).
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A 500-ml aliquot of each 1-2 sample was placad in a graduated cylinder
and allowed to settle for 24 hours. At this time, 400 ml were drawn off
and the remaining 100 ml transferred to a Utermohl settling chamber., The
ciliates were identified to species and enumerated. The foraminifera,
radiolaria and acantharia were enumerated. Following counting, the ali-
quot was combined with the original sample, resettled, drawn down to 10 ml
and archived.

Biomass estimates were calculated by estimating the volume of the cil-
iates (not including the lorica). Assuming a cell density of 1, 1p? approx-
imately equals 10~°% pg wet weight. Dry weight was assumed to be 137% of
the wet weight (Beers and Stewart, 1970). Total dry weights (mg/m?) were
calculated by multiplying the abundance of each species in the sample by
its respective volume, converting to dry weight and summing the individual
estimates.

The Shannon-Wiener Index (Pielou, 1974) was used to calculate the
species diversity of each sample. The Shannon-Wiener Index was calculated
as follows:

S
Hg = Z pj 1In p; where
i=1

s = the diversity index of the sample;

the number of species in the sample;

pj = the relative abundance of the ith species measured;
the natural log of pj.

wn
(]

[
=
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RESULTS AND DISCUSSION
In the 108 samples analyzed, 86 protozoan species were observed. Of
these, 49 were tintinnids, 10 were oligotrichs, I were foraminifera, 10
were radiolaria/acantharia and 12 were "other' protozoan species.
Species lists and abundances for each sample are presented in Appendix
L. The number of individuals of the various groups per liter, the percen-

tage of the total protozoa of each group represented, number of species per
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sample, species diversity indices, and total dry weight of the protozoa
are presented in Table 13.1.

Table 13.2 indicates the distribution of the various species of
Stations 1, 2 and 3., Values were obtained by averaging all data from each
station regardless of transect, month or depth, Table 13.3 indicates the
occurrence of the various species during the year. These values were
obtained by averaging all data from each month regardless of transect,
station or depth. Figure 13.1 shows the abundance of total protozoa for
each station, depth and month for Tramnsect II during 1977. Figures 13.2
through 13.4 show this information for the three seasonal cruises during
1977.

Protozoa on the STOCS reached a maximum abundance in early spring
(March and April-Figure 13.1), somewhat later than the time of maximum
abundance inshore in the Port Aransas shipping channel, where peak abun-
dances occurred in January-February (Figure 13.5). This winter - early
spring protozoan bloom was in stark contrast to that which generally occurs
off the coast of Nova Scotia, where large numbers of protozoa are found in
late summer, and early fall, July - September (Johansen, 1976). In general,
the inshore stations exhibited greater concentrations of protozoa (Figures
13.1 - 13.4), which was to be expected, considering the higher nutrient
and primary productivity levels to be found in more nearshore areas. The
reasons for the rather large concentrations of protozoa at Station 3/II
during March (Figure 13.1) were somewhat obscure but may have been related
to an influx of nutrient-rich, highly productive Mississippi River water
into the area. The large increase in protozoan abundance at Station 1/II
during September (Figure 13.1) was thought to be a result of Hurricane Anita
which passed through the area on 1-2 September. The storm apparently did

not affect protozoan abundance at the offshore stations. The greatest con-
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TABLE 13.1

STATISTICAL DATA FOR THE 1977 PROTOZCA SAMPLES

of Table:

sample code

station

transect

date

time of sampling

depth of sample

total number of protozoa/R

total number of tintinnids/%

total number of oligotrichs/%

total number of foraminifera/2

total number of radiolaria/acantharia/%

total number of miscellaneous protozoa/
tintinnids as percent of total protozca
oligotrichs as percent of total protozoa

miscellaneous protozoa (including foraminifera, radiolaria,
and acantharia) as percent of total protozoa
number of species/sample

Shannon-Wiever species diversity index

total protozoan dry weight in mg/m?
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TABLE 13.2

AVERAGE ABUNDANCE OF PROTOZOA BY SPECIES AT STATIONS 1, 2 AND 3 DURING 1977
(Numbers/%)
Species Station
1 , 2 3
Tintinnids
Acanthostomella gracilis
Acanthostomella norvegica
Amphorides quadrilineata 0.2
Climacocylis scalaroides 0.1
Codonellopsis americana 3.6
Coxliella pelagica
Dadayiella ganymedes 0.1
Dadayiella jorgensenti
Dictyocysta lata 0.1 0
Epiplocycloides acuta 0.2 1.4% 1.
Eutintinnus apertus 0
Eutintinnus lasus-undae 1 8
Favella panamensis 0.
Parundella attenuata 0,1%
Parundella conica 0.1*
Proplectella claparedei 0.1*
Proplectella subcaudata 0,1%
Protorhabdonella curta
Pseudometacylis ornata 0.3%
Rhabdonella brandti 0.1
Rhabdonella canelata 0.2
Rhabdonella conica 0.1
Rhabdonella hebe 0.1%
0.3
0.1
0.9

oo

Rhabdonellopsis triton

Salpingacantha undata 0.2% .
Salpingella acuminata 0.6 0.4 L%
Salpingella minutissima 0.2%
Steenstruptella gracilis 0.1 0.2 0.5%
Stenosemella ventricosa 12.6% 0.4

Tintinnidium incertum 306.1% 3.4 0.9
Tintinnopsis acwminata 29.4% 6.4 0.1
Tintinnopsis brandti 2.3% 0.1

Tintinnopsis compressa 17.6%* 3.0 1.2
Tintinnopsis dadayi 6.0%* 2.0

Tintinnopsis directa 3.2% 1.0

Tintinnopsis fimbriata 0.1%

Tintinnopsis lata 0.1%*

Tintinnopsis lobtancoi 119.8* 0.5

Tintinnopsis minuta 3.4% 0.3 0.1
Tintinnopsis ovale 0.2*

Tintinnopsis parvula 2.8% 0.1

Tintinnopsis radix 0.2%

Tintinnopsis sacculus 0.9% 0.1

Tintinnopsis strigosa 0.1%

Tintinnopsis tocantinensis 41.1% 1.3 0.1
Tintinnopsis tubulosa 0.8% 0.3



Species

Tintinnids cont.'d
Tintinnus tubulosus
Undella hyalina
Xystonella treforti

Oligotrichs
Lohmaniella oviformis

Strombidium accuminatum

Strombidium calkinsi
Strombidium conicwn

Strombidium cormucopiae

Strombidium ovale
Strombidium strobilus
Strombidium sulcatum
Strombidium typicum
Tontonia gracillima

Foraminifera ,
Bolivina striatula
Bucella frigida
Cornuspira planorbis

Globigerina pachyderma

Hastigerina pelagica

Radiolaria/Acantharia

Actinosphaera eichhorni

Calocylas monumentum
Ceratospyris sp.
Clathroconicum sp.
Cubothalus regularis
Lithelius. alveolina
Lithomellisa setosa
Sphaerozoun punctata

Spongosphaera streptacantha
Zygoeireus piscicaudata

Other Protozoa
Didinium gigantea
Ephelota geminaria
Euglypha laevis
Euplotes minuta
Buplotes sexcostatus
Mesodiniwn rubrum
Nassula microspora
Tiarina fucus
Tiarina fusus
Tiarina gigantea
Tricophyra columbiae
Unidentified protozoa

*Maximum Abundance
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227.8*%
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122.0*
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TABLE 13.3
AVERAGE PROTOZOAN ABUNDANCE (INDIVIDUALS/#) BY SPECIES FOR EACH SAMPLING MONTH IN 1977

Species Jan Feb Mar Apr May July Aug Sept Oct Nov Dec

Tintinnids

Acanthostomella gracilis : 1.0 2.6%

Acanthostomella norvegica 1.4%

Amphorides quadrilineata 0.2

Climacocylis scalaroides

Codonellopsis americana

Coxliella pelagica 0.7%

Dadayiella ganymedes 0.2 1.7 2.8% 0.7

Dadayiella jorgensenti 0.1%

Dictyocysta lata 0.8%

Epiplocycloides acuta 1.2 3.2 0.7 0.7 1.4

Eutintinnus apertus 0.2%

Eutintinnus lasus-undae 101.3* 2.2 18.7 10.1 4.6

Favella panamensis 0.8%

Parundella attenuata 0.2

Parundella conica 0.3%

Proplectella claparedei 3.7« 0.7

Proplectella subcaudata

Protorhabdonella curta 0.3

Pseudometacylic crnata
Rhabdonella brandti 0.6*
Rhabdonella canelata 0.7%
Rhabdonella contca 1,3%

Rhabdonella hebe 0.2%

Rhabdonellopsis triton 0.7% 0.2

Salpingacantha undata 0.3 0.1 0.3%
Salpingella acuminata 7.1%
Salpingella minutissima 0.5%

Steenstrupiella gracilis 0.4 0. 0.7 0,.7%
Stenosemella ventricosa 280. 1

Tintinnidium incertum 520.0% 81.

Tintinnopsis acuminata 25.0 1

O =
~ W

* 9.1 0.7

0.2 1.7 0.7

1.3 1.4

*

3.3  10.1% 0.5 0.7 1.3 1.4

DO O
<
CO N

*

4

1 .

.9 90.2 1.3 2.3 19.3
0

T _rT



TABLE 13.3 CONT.'D

OTwCT

Species Jan Feb Mar Apr May July Aug Sept Oct Nov Dec
Tintinnids cont.'d
Tintinnopsis brandti 0.9 3.8%
Tintinnopsis compressa 31.6% 1.0 8.0 4.7 1.0 13.1
Tintinnopsis dadayt 1.8 9.0 0.1 10.3%
Tintinnopsis directa 8.6%
Tintinnopsts fimbriata 0.2%
Tintinnopsis lata 0,2%
Tintinnopsis lobiancol 0.2 0.3 3.0 246, 3%
Tintinnopsis minuta 8.4 0.5 0.7 0.2
Tintinnopsis ovale 0.2% 0.2
Tintinnopsis parvula 6.2 2.0 0.3 0.2
Tintinnopsis radix 0.1 0.2*
Tintinnopsis sacculus 2.0%
Tintinnopsis strigosa 0.3%
Tintinnopsis tocantinensis
Tintinnopsis tubulosa 0.2 0.2 0.3 87.7%
Tintinnus tubulosus 0.2 10.7% 0.6 6.7 0.3 0.5 1.7
Undella hyalina 0.5 0.3 1.2 2.7 0.3
Xystonella treforti 0.7% 0.3 0.7
Oligotrichs

Lohmaniella oviformis 56.6 64.5 48.5 31.3 24.4 6.0 8.0 70.5 41,3 35,1 327.9%
Strombidium accuminatum 1.6 2.0 19.7 5.3 1.0 51.6% 0.9 6.4
Strombidium calkinst 47.6  41.0 179.0% 92.0 74.2 32,2 15.0 54.4 32.7  13.9 41.4
Strombidium conicum 63.4 16.0 415.5 111.7 87.6 53.3 56.0 229.1 147.3 86.3 440.7%
Strombidium cornucopiae 4.3 0.8 0.7 18.5% 1.3 3.1 4,3
Strombidium ovale 83.7 36.5 575.7 89.3 83.4 44,0 24,7 722.9 246.0 187.4 892.1
Strombidium strobilus 36.6 9.0 914.0*% 138.3 74.8 62,7 36.0 98.5 60.0 24,3 88.6
Strombidium suleatuwn 194.8 58.5 428.2 306.3 326.0 112.0 89.3 1230.7* 451.3 136.4 648.6
Strombidium typicum 42.2 4.5 1036.8*% 354.6 125.8 48.7  20.0 53.4 110.7 47.3 114.3
Tontonia gracillima 0.2 2.7 0.7 51.8% 6.0 3.0 2.5 15.3 4.1 2.1



Species
Foraminifera
Bolivina striatula
Bucella frigida
Cornuspira planorbis

Globigerina pachyderma

Hastigerina pelagica

Radiolaria/Acantharia

Aetinosphaera eichhorni

Calocylas monumentum
Ceratospyris sp.
Clathroconicum sp.
Cubothalus regularis
Lithelius alvealina
Lithomellisa setosa
Sphaerozoum punctata

Spongosphaera streptacant
Zygocircus piscicaudata

Other Protozoa
Dididium gzgantea

L-"hlln7/\+/v nnmrl Mn'\nn o4
prve vl vile [&f

Ehglypha loevis
Euplotes minuta
Euplotes sexcostatus
Mesodinium rubrum
Nassula microspora
Tiarina fucus
Tiarina fusus
Tiarina gigantea
Tricophyra columbiae

Unidentified Protozoa

*Maximum Abundance
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Jan
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*
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926. 3%
139.2%

53.3
64.7%

Apr

0.3

[« =)

0.3%

2,7%

May July

-3.5%

0.1

0.7%

Aug

0.7%

0.3

10.1%*

w w

Sept

0.2%

0.3%

N we

Nov

0.3

180.3

1.1

Dec
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1.4
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centration of protozoa in September occurred at Station§ 1/III and 1/1V,
which were the closest stations to the path of the hurricane. It was
thought that increased mixing of the water as a result of the storm pro-
vided the nutrients necessary for a phytoplankton bloom which was followed
by the protozoan bloom. The hurricane did not appear to have much effect
on the protozoan populations in the Port Aransas shipping channel unless
the increased numbers found in October are interpreted as a delayed response
(Figure 13.6). At any rate, no protozoan bloom was observed in the shipping
channel during the fall of 197€ (Figure 13.6). It is regrettable thatno com-
parative data exist for this study. Until more data are available on the long-
and short-term effects of environmental perturbations, much of the discus-
sion above, and to follow, is purely speculative.

The distribution patterns of the 1977 data reflected those of the
1975-76 data (Johansen, 1978). For example, the data revealed
that the oligotrichs, as a group, were widely distributed in space (Table
13.2) and time (Table 13.3). Most of the oligotrich species were most
common at the inshore stations (Station 1), but usually existed in consid-
erable numbers all across the shelf, gradually decreasing in abundance with
increasing distance from land. Oligotrichs appeared to be more abundant in
March, September and December (September values may be abnormal because of
Hurricane Anita). The tintinnid species, on the other hand, were more
restricted in spatial and temporal distribution. For example, the hyaline-
and sculptured-loricate forms (e.g. Acanthostomelia, Dadayiella, Butintinnus,
Parundella, Proplectella and Rhabdonella) tended to inhabit more offshore
regions while the agglomerate-~ and arenaceous-loricate forms (e.g. Codor.-
ellopsis, Tintinnidium, Tintinnopsis) tended to inhabit inshore areas
(Table 13.2). Foraminifera were more common in inshore areas and tended

to be most abundant in winter. Radiolarian/acantharia were almost totally



40~

304

20

10

E] 0 () 20 25 M) 5 0
SEPTEMBER OCTOBER NOVEMBER OECEMBER

TOTAL NUMBER PROTOZOA/L(1,000)

SEPTEMBER OCTOBER NOVEMBER DECEMBER

0: Lipoo/f
X = NO SAMPLE TAKEN

Figure 13.6 Comparison of Protozoan Abundance in the Port Aransas Shipping Channel During Fall 1976
and 1977.

9T-€1



13-25

restricted to the two offshore stations and were slightly more abundant
during the cooler months of the year. The "other" protozoa were somewhat
intermediate in abundance and distribution betweer. the ubiquitous oligo-
trichs and the rare foraminifera-radiolaria/acantharia.

Figure 13,7 shows that the oligotrichs were the most dominant marine
protozoa. They particularly dominated the offshore station community.
There is practically no information in the literature for this group
of organisms. The reason for this lack of knowledge is that they are
rarely seen. Though closely related to the tintinnids, the oligotrichs
possess very delicate loricae which will not pass intact through any form
of filtering apparatus (nets, screens, etc.).

Tintinnids constituted the greatest numerical percentage of the
protozoan community primarily during the winter at the inshore statioms
(Station 1, all transects) (Figures 13.8 and 13.9). There was a secondary
increase in the percentage of tintinnids at Stations 1/II, 1/III, 1/IV
and 2/IV in September (Figure 13.8) but again, this may have been a result
of the hurricane. The higher percentage of tintinnids at Station 1/I in
May and 1/II in March and April may have again reflected the effects of
an influx of Mississippi River water into these areas. The percentage of
tintinnids comprising the protozoan community in 1977 ranged from 0 - 86.97%.

Protozoan biomass as a percentage of macrozcoplankton biomass (based
on unpublished data supplied by Dr. Taisoo Park) ranged from 1% (Station
3/11, January) to 348% (Statiom 1/III, September, (Figure 13.10). Off the
coast of Nova Scotia, protozoan biomass usually exceeded 10% of the macro-
zooplankton biomass and during August the protozoan biomass was twice that
of the macrozooplankton biomass (Johansen, 1976). On the STOCS in Septem-
ber, the protozoan biomass was at least half tha: of the macrozooplankton

at 5 of the 12 stations (Figure 13.10).
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It is tempting to speculate that the hurricane damaged many of the
larger macrozooplankton while increasing the nutr:ent availability for
the phytoplankton, which subsequently bloomed. The protozoa were immediately
able to respond to this increased food source and therefore, they too bloomed.
There is no hard evidence to support this speculated phytoplankton - proto-
zoa - macrozooplankton relationship. Some extra protozoan samples taken at
Station 1/II in October showed that the increased abundance of the protozoa
remained until October (Figure 13.1). Unfortunately, no macrozcoplankton
samples were collected in October.

By November, the number of individuals of protozoa (Figure 13.1) as
well as the percentage of protozoan biomass as opposed to macrozooplankton
biomass (Figure 15.11) were greatly reduced. It has always been a diffi-
cult problem in a field study of limited scope to determine whether the
protozoa abundance drops off because the protozoa were absent or due to heavy
grazing by macrozooplankters. From the data recorded here, only speculative
statements could be made about subsequential blooms of phytoplankters,
protozoa and macrozooplankters. The fact that the protozoan biomass
has~ at times exceeded the macrozooplankton biomass by a factor of three
indicated that the protozoa were a significant fraction of the zooplankton
community and as such deserve further study.

Species diversity indices varied erratically both temporally and spa-
tially (Figures 13.12 and 13.13). These indices were somewhat higher than
those calculated for protozoan communities off the coast of Nova Scotia
where indices rarely were greater than 1.5 (Johansen, 1976). This was in
agreement with the theory that the number of species increases with decreas-
ing distance from the equator.

Correlation coefficients were calculated for relationships between

protozoan abundance and various physical and chemical parameters measured
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on the same cruises during whichiciliated .protozoan samples were collected.
These correlation coefficients are listed in Table 13.4. None of the cor-
relation coefficients were particularly high., One of the stronger rela-
tionships was with nannoplankton, which would be expected since nannoplankton
is a natural food source of protozoa. This direct correlation between
protozoa and nannoplankton was also evident in data from Nova Scotia
(Johansen, 1976).

It seemed reasonable to assume that since protozoa were more abundant
during the cooler months of the year, temperature, in some way, must have'
affected their distribution. However, no correlation was evident. Off the
Nova Scotia coast, for example, the annual summer bloom of tintinnids did
not occur unless there was a sudden drop (6°C) in water temperature in mid-
summer (Johansen, 1976). Yet, on a yearly basis, there was no significant
correlation with temperature. The same situation occurred in trying to
correlate salinity with protozoan abundance (Table 13.4). The correlation
was negative, but not significantly so. Samples collected on a daily basis
from the Port Aransas shipping channel during January-March 1977, however
showed a very clear, inverse correlation between salinity and protozoan
abundance (Figure 13.14). It was difficult to sort out such relationships
with so few samples from the STOCS.

In order to understand the protozoa better, it may be necessary to:

a) collect and analyze more samples during a shorter period of time; b)
correlate the abundance of individual species with the various parameters;
or c¢) study the effects of such parameters under laboratory conditions as
has been done by others (Gold, 1973b; Gold and Morales, 1974). The use of
non-parametric statistics may also be useful.

A lack of correlation with dissolved oxygen was not surprising.
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TABLE 13.4

CORRELATION COEFFICIENTS OF PROTOZOAN ABUNDANCE AGAINST
VARIOUS PHYSICAL AND CHEMICAL PARAMETERS

Parameter Correlation Coefficient
Temperature 0.039
Salinity --0.030
Dissolved Oxygen 0.062
Nitrate 0.144
Phosphate 0.235
Silicate 0.572
Net-Phytoplankton Chlorophyll a 0.095

Nanno~Phytoplankton Chlorophyll a 0.555
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Although érotozoa generally exhibit high rates of oxygen utilization
(Johansen, unpublished data), it was not likely ttat oxygen levels in the
water column of the STOCS were ever limiting.

The meaning of the correlations with nutrients was unclear. High
dissolved silicate values indicated a lack of diatoms in the water. Johan-
sen (1976) has noted that tintinnids, at least, were not present during
diatom blooms off Nova Scotia. Correlations with nitrate and phosphate
were not significant.

There is increasing evidence (Hirota and Szyper, 1976; Beers et al.,
1977) that stressed ecosystems tend to go from a macrozooplankton - net-
phytoplankton community to a microzooplankton - nennoflagellate community.
If this is the case, a frequent and long-lasting monitoring of the changes
in abundance and composition of the planktonic community (phytoplankton,
microzooplankton, macrozooplankton) may most quickly reveal detrimental

short-term and long-term effects on the health of the entire STOCS ecosystem.

CONCLUSIONS

1. Protozoa on the STOCS reached a maximum in abundance in early
spring (March-April).

2. A second protozoan abundance peak was noted in September 1977 but
this peak was thought to be abnormal and a result of Hurricane Anita which
passed through the area at that time.,

3. Oligotrichswere the dominant protozoan group on the STOCS, both
spatially and temporally. - The other protozoan groups tended to be more
restricted both in space and time.

4, Protozoan biomass ranged from 1 to 3487 of the macrozooplankton
biomass, indicating that protozoa are a significant component of the zoo-

plankton community.
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5. Species diversity was high during most of the year and varied
erratically.

6. The abundance of protozoa was positively correlated with nanno-
plankton chlorophyll a and with silicate. Correlation with salinity was
negative, but not significant., Correlations with temperature, dissolved
oxygen, net-phytoplankton chlorophyll a, nitrate and phosphate were not
significant. Although some data exist that indicate a significant corre-
lation between protozoan abundance and temperature, salinity and net~phyto-
plankton, the relatively low sampling frequency in this study may have

masked such relationships.
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ABSTRACT

This report details the significant findings of the third year (1977)
of zooplankton studies on the South Texas Outer Continental Shelf. When
grouped by depth related stations, transects and seasons, the data show
many of the trends observed in past years.

Biomass and zooplankton numbers increased shoreward during all seasons.
Averaged for the entire year, Transect I produced the highest biomass and
Transect II the highest numerical abundances; Transects III and IV generally
produced lower abundances of zooplankton than Transects I and II.

The best represented major taxa were Copepoda, Ostracoda, Amphipoda,
Cnidaria, Mollusca, Chaetognatha, Larvacea and Cladocera. Ostracods rivaled
the copepods in abundance, especially during the winter and spring. Clado-
cera and Mollusca were most abundant in the spring at nearshore stations.
Amphipoda, Cnidaria, Chaetognatha and Larvacea occurred in moderate numbers
throughout the area and their numbers were generally greatest in the spring.

Copepod numbers increased shoreward from winter to spring; however,
their abundances relative to the total zooplankton decreased from winter to
spring indicating that other forms increased faster. About 75% of the
copepods were calanoids and 257% cyclopoids. Calanoid relative abundances
increased shoreward throughout the year. Female copepods maintained aver-
age relative abundance of about 507 throughout the year. In winter, devel-
opmental stages in the copepods were 40-607 of the copepod population, but
decreased to less than 25% in the spring. A total of 150 species of adult
female copepods were identified in 1977: 97 calanoids, 49 cyclopoids, and
4 harpacticoids. The most abundant species were Paracalanus quasimodo,
Clausocalanus furcatus and Clausocalanus jobei, (Calanoida), and Corycaeus
americanus, Oncaea mediterranea and Oithona plumifera (Cyclopoida).

Species diversities, coefficients of equitability (E) and numbers of
adult female copepod species increased seaward. In general, equitabilities
were quite variable and considerably lower than the theoretical maximum of 1.0.

Changes in temperature, salinity and chlorophyll a values showed some
correlation with changes in zooplankton abundances. The maximum abundances
of zooplankton occurred at nearshore stations in the spring when tempera-
tures were in the upper half of their annual range and salinities were at
their yearly low. In general, zooplankton abundances were highest at sta-
tions where chlorophyll a values were highest during each season.

Data for the three years of this study were compared to those from
samples collected for three years between 1963 and 1965. Numerical abun-
dances and relative abundances of component taxa, followed similar patterns
of spatial and temporal distribution in both studies. However, at the
species level, the small, estuarine copepods Paracalanus crassirostris,
Acartia tonsa and Oithona nana were more abundant in the historical samples
than in the recent samples.
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INTRODUCTION

The zooplankton project was initiated in October 1974 to provide basic
data which, in conjunction with concurrent studies of other biological and
physical parameters, would characterize the pelagic marine environment of
the South Texas Outer Continental Shelf (. TOCS). Many of the basic features
of the zooplankton community were revealed after the first year of study.
However, to better define the complex nature of zd>oplankton distribution,
the study area was subjected to a second (1976) aad then a third (1977)
year of intensive investigation. 1In all three years, data were gathered
from 12 sites (Stations 1-3, all transects) on a seasonal basis (winter,
spring and summer). Following the analysis of data collected in 1975
some changes in the data gathering regime were deemed appropriate.

Initially, two replicate samples were taken during both day and night
at each station. Since the entire water column was sampled by oblique tow,
little difference was noted between the data from day and night samples.
Consequently, a diel-flexible program was adopted in which only one series
of replicate samples were taken per station per cruise. The data further
revealed considerable variation in results between replicate tows; there-
fore, in 1976, three replicate samples were collected during each station
occupation and the two with the most similar volumes of water filtered
were analyzed. This produced better agreement of the data between repli-
cates. In 1976 the sampling frequency on Transect II was increased by two
monthly cruises between each seasonal cruise for a better look at short-
interval changes in the zooplankton community. Further refinements required
by contract in 1976 included the discontinuance of the wet volume biomass
measurements, the addition of Foraminifera and Radiolaria counts and the

separation of the phylum Mollusca into component lower taxa. Data collec-
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tion for the Foraminifera and Radiolaria was discontinued when it was found
that the mesh size (233 um) of the sampling gear was too large to adequately
sample them.

This report concerns results of the third consecutive year (1977) of
the zooplankton studies. The sampling regime and analytical requirements,
evolved by 1976, were continued without modification in 1977. In addition
to the normal sampling design, a sample was also collected at each station
for taxonomic emnmeration in conjunction with the trace metals and hydro-

carbon sampling programs for zooplankton body burdens.

METHODS

Sampling

The study was based on zooplankton samples collected from 12 stationms,
three on each of four tranmsects. All 12 stations were sampled during the
three seasonal sampling periods. In addition to the seasonal sampling,
the three Transect II stations were sampled during the six monthly sampling
periods. During each sampling, each station was occupied once and three
replicate sarples were taken.

Standard 1-m NITEX nets of 233 um mesh size were used. A digital
i
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 1l5-minutes
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. 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

Two 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 adequate
subsamples for archiving and analysis. The subsamnple size for biomass
determination was adjusted to the capacity of the crucible to be used
(50 ml).

For dry weight determination, subsamples were washed with tap water
through tared PYREX 50-ml 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 cru-
cibles 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-1A) 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 calculated.

Each subsample was sorted into major taxa in a BOGOROV plankton sort-
ing tray, and all the individuals were counted. The copepods, which were
usually the numerically dominant form, were most intensively studied. They
were first separated into three sub-orders (Calanoida, Cyclopoida, and
Harpacticoida), and then each sub-order was separated into adult females,
males and immature copepodid forms for enumeraticn. All adult female
copepods were identified to species and enumerated.

The species diversity index was calculated for each sample on the
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basis of adult female copepods and according to the Shannon-Weaver func-
tion. The coefficient of equitability (E) was calculated for each sample

using the formula:

£ _H(S)
Hmax ()
where E = coefficient of equitability, H(S) = observed species diversity,

and HmaX(S) = log;S (maximum species diversity for a given S).

RESULTS AND DISCUSSION

Field data for each sample analyzed, including date and time of col-
lection and volume of water filtered are recorded in Table 1, Appendix M.
Zooplankton biomass in terms of dry weight (mg/m’) and ash-free dry weight
(mg/ms) along with subsample size used to measure these values are also
included in Table 1, Appendix M. Since replicate samples yielded similar
biomass measurements in most cases, these results were averaged to simplify
interpretation and presentation. Subsamples, analyzed for taxonomic comp-
osition and numerical abundances, ranged in size from 1/1024 to 1/64 and
yielded from 1226 to 5832 zooplankters per subsample (Table 2, Appendix M).
The numbers of organisms per subsample were converted to numbers of indi-
viduals per volume of water filtered and are considered later in greater

detail.

Biomass

Biomass data, considered as the mean dry weight of two replicate
samples from each station (Stations 1-3, all transects), ranged from 73.5
mg/m® at Station 1/I in the spring, to 1.9 mg/m’ at Station 2/IV in the
summer of 1977 (Table 14.1, Figure 14.1). Monthly data (Statioms 1-3,
Transect II) ranged from 53.8 mg/m® dry weight at Station 2/II in May-June

to 2.6 mg/m® at Station 3/II in November (Table 14.2, Figure 14.2). The
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BIOMASS (DRY WEIGHT, mg/m ) AT EACH STATION

TABLE 14.1

MEAN OF FOUR SAMPLES FOR 1975 AND TWO SAMPLES FOR 1976 AND 1977

§ Winterx Spring Summer
n
?, 5 Station Station Station
sl & 1 2 3 Mean 1 2 3 Mean 1 2 3 Mean
I 15.0 16.2 4.5 11.9 89.4 27.3 9.1 41.9 72.8 12.4 7.7 31.0
p 11 29.9 15.4 15.8 20.4 37.6 35.1 7.0 26.6 49.1 10.8 6.9 22.3
S I1I 23.7 17.3 17.5 19.5 28.9 9.9 7.7 15.5 32.2 15.4 12.0 19.9
v 20.4 16.7 15.7 17.6 47.5 28.1 8.8 28.1 22.3 38.2 11.1 23.9
Meaﬁ 22.3 l6.4 13.4 50.9 25.1 8.2 44.1 19.2 9.4
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
© I1 15.1 31.0 15.4 20.5 38.0 69.0 8.6 38.5 20.1 8.2 14.6 14.3
~
2 III 16.0 13.6 19.5 16.4 71.3 70.6 22.0 54.6 69.1 13.3 21.6 34.9
v 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 16.7 21.3 14.3 46.9 54.9 11.6 3.7 1le6.1 11.5
1 21.8 24.8 23.0 23.2 73.5 67.0 5.9 48 .8 61.6 16.1 4.6 27.4
~ II 14.1 22.3 47.9 28.1 51.9 53.8 14.5 40.1 13.2 11.2 7.5 10.6
E IIT 21.6 17.0 21.0 19.9 33.06 28.5 15.9 26.0 3.3 10.0 7.1 6.8
IV 13.7 15.7 9.8 13.1 41.2 35.7 14.4 30.4 16.6 1.9 5.3 7.9
Mean 17.8 20.0 25.4 50.1 46.3 12.7 23.7 9.8 6.1



Station 1/I

107]
o]
t

-
—

ion 1/71II

wn
rt
o
ct
[WH
o]
o]
\l\)
(]

)
N

0"
cr
2]

t

ion 2/1II

Station 1/III

Station 2/III

11 s

Station 3/1I2

1 n

Station 3/11II

10 x

Station 1/1IV

L]

: 75 7
i
' 50
| 2c
|
i
i
g 75 4
50 4
25 4
mE
N
o
I3
e
= 75 4
O
=
S
2 50 1
2
19}
g 25 7
O
-t
m
75 o
50 A
25
Figure 14.1.

W Sp Su

Biomass (mg/m”)

all transects.

Station 2/1IV

L

W Sp Su

in terms of the mean dry
replicate samples, collected seasonally

Station 3/IV

n il n

Sp Su

weight of two
from Stations 1-3,




TABLE 14.2

3
BIOMASS (DRY WEIGHT, mg/m ) ON TRANSECT II IN 1976

AND 1977. MEAN OF TWO SAMPLES AT EACH STATION

Year 1977

Month / Station 1 2 3 Mean 1 2 3 Mean
January/February 15.1 31.0 15.4 20.5 14.1 22.3 47.9 28.1
March 21.1 16.1 17.2 18.1 24.7 37.4 28.9 30.3
April 28.6 14.9 12.2 18.6 33.0 22.0 8.2 21.1
May/June 38.0 69.0 8.6 38.5 51.9 53.8 14.5 40.1
July 21.3 15.95 4.7 i4.0 15.4 5.4 11.2 12.0
August 28.3 11.8 13.3 17.8 11.6 7.8 5.4 8.3
September 20.1 8.2 14.6 14.3 13.2 11.2 7.5 10.6
November 36.2 18.1 11.4 21.9 41.2 16.5 2.6 20.1
December 17.6 15.0 11.4 14.7 17.6 16.8 13.5 16.0
Mean 25.1 22.2 12.1 19.8 24.7 21.9 15.5 20.7




STATION 1 STATION 2 STATION 3

60 A
. ]
™M
| P
B 45 |
& r
@]
%
3 [
>
% [
2 30 |
" [
8
aa [ ]

(] a
15 | M ] -
J/PMOA M/0 J A S N D J/F M A M/J 'J A S N D J/F M A M/JJ A S N D
MONTH

Figure 14.2. Biomass (mg/m3) in terms of the mean dry weight of two replicate samples, collected at
approximately monthly intervals in 1977, from Stations 1-3, on Transect II.

NT=hT



1977 annual mean for seasonal data was 23.9 mg/ms, and the annual mean
for data collected monthly was 20.7 mg/ma. The highest biomass weight
and the annual mean weight recorded in 1977 were very similar to those
reported in the previous two years of this study.

Certain patterns of spatial and temporal biocmass distribution reported
in 1975 and 1976 were also recognized in the 1977 data. To put the
relationship between biomass and station depth (or distance from shore)
into perspective, the seasonal data from all four transects were averaged
station by station (Table 14.3). This condensation of data showed that
in 1977 the most productive station was Station 1 with an annual mean of
30.5 mg/m3 dry weight and the least productive was Station 3 with 14.7
mg/m’. On a seasonal basis, the highest biomass value was 50.1 mg/m® at
Station 1 in the spring, and the lowest was 6.1 ng/m® at Station 3 in the
summer. Seasonal changes in biomass distribution were pronounced at all
three stations in 1977. Stations 1 and 2 (the nearshore and intermediate
stations) produced springtime values of 50.1 and 46.3 mg/ma, respectively,
which were more than double those of winter. Conversely, at Station 3,
the biomass decreased by half from winter (25.4 mg/m®) to spring (12.7
mg/ma). This springtime decrease in biomass at 3tation 3 was also observed
in 1975 and 1976, but during those years the win:er values were much smaller
(14.3 mg/ms, 1976, and 13.4 mg/ma, 1975) and the springtime decreases
lower in amplitude. Spatial variations in biomass abundance were charac-
terized by a shoreward increase in dry weight in the spring and summer in
1977. In the spring biomass values increased aburptly from 12.7 mg/m3 at
Station 3 to 46.3 mg/m® at Station 2, and 50.1 mg/m3 at Station 1. Shore-
ward increases were also well defined in the summer when the greatest
increase took place between Station 2 (9.8 mg/m?®) and Station 1 (23.7 mg/m?) .

Spatial relationships in the winter, however, show that biomass values
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AVERAGE SEASONAL BIOMASS (DRY WEIGHT, mg/m ) FOR EACH STATION
MEAN OF FOUR TRANSECTS FOR EACH STATION

T Al

TABLE 14.3

Year Station Winter Spring Summer Mean
1975 1 22.3 50.9 44.1 39.1
2 l16.4 25.1 19.2 20.2
3 13.4 8.2 9.4 10.3

Mean 17.4 28.1 24.2
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
1977 1 17.8 50.1 23.7 30.5
2 20.0 46.3 9.8 25.4
3 25.4 12.7 6.1 14.7

Mean 21.1 36.4 13.2
Three-Year 1 18.9 49.3 34.2 34.1

Mean

2 19.2 42.1 15.0 25.4
3 17.7 10.8 9.0 12.5

Mean 18.6 34.1 19.4




increased seaward. When winter biomass values for 1975 and 1976 were com-
pared to those for 1977, it was found that they were fairly similar from
year to year at Stations 1 and 2, but the biomass value at Statiom 3 (25.4
mg/m®) in 1977 was about twice as large as those of earlier years (Table
14.3). Whereas the biomass data, compared by stations, showed well defined
patterns of temporal and spatial distribution, biomass values compared by
transects were poorly patterned.

When all three stations were averaged for each transect by season for
1977 (Table 14.4), biomass values ranged from 48.8 mg/m’ on Transect I in
the spring, to 6.8 mg/m3 on Transect III in the summer. The annual mean
for each transect suggests the presence of a southerly directed gradient
of declining biomass production. In other words, the highest annual mean
(33.1 mg/m?) was found on Tranmsect I, the second highest (26.3 mg/m*®) on
Transect II, and third (17.6 mg/ma) on Transect ITII, and the lowest (17.1
mg/m3) on Transect IV. This gradient also appeared in 1975 and 1976, but
it was interrupted by occasional values on Transect III or IV which were
higher than those on Transectslor II. However, when the annual means for

all three years were averaged by transect, Transect I (with 28.9 mg/m3)

was clearly the most productive and Transect IV (with 18.9 mg/ms) the least.

Numerical Abundance of Zooplankton

Zooplankton numbers, considered as the mean of two replicate samples
from each station ranged from 11,030.4 per m? at Station 1/II in spring,
to 433.9 per m® at Station 2/IV in the summér of 1977 (Table 14,5, Figure
14.3). Monthly data (Transect II) ranged from 11,030.4 per m® at Station

1/I1 in May-June (spring), to 490.7 per m®

at Station 3/II in April (Table
14.6, Figure 14.4). The 1977 annual mean number for data collected season-

ally was 2636.5 per m®, and the annual mean for data collected monthly was



AVERAGE SEASONAL BIOMASS (DRY WEIGHT, mg/m3) FOR EACH TRANSECT
MEAN OF THREE STATIONS FOR EACH TRANSECT
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TABLE 14.4

Year Transect Winter Spring Summer Mean
1975 I 11.9 41.9 31.0 28.3
11 20.4 26.6 22.3 23.1
III 19.5 15.5 19.9 18.3
v 17.6 28.1 23.9 23.2

Mean 17.4 28.0 24.3
1976 I 16.0 40.0 19.8 25.2
II 20.5 38.5 14.3 24.4
III l6.4 54.6 34.9 35.3
v 16.9 18.0 14.0 16.3

Mean 17.5 37.8 20.8
1977 I 23.2 48.8 27.4 33.1
I1 28.1 40.1 10.6 26.3
III 19.9 26.0 6.8 17.6
v 13.1 30.4 7.9 17.1

Mean 21.1 36.3 13.2
Three-Year I 17.0 43.6 26.1 28.9

Mean

II 23.0 35.1 15.7 24.6
III 18.6 32.0 20.5 23.7
v 15.8 25.5 15.3 18.9

Mean 18.6 34.0 19.4




TABLE 14.5

3
NUMERICAL ABUNDANCE OF ZOOPLANKTON PER m AT EACH STATION
MEAN OF FOUR SAMPLES FOR 1975 AND TWO SAMPLES FOR 1976 AND 1977

Me al'l

Fy)
8 Winter Spring Summer
" 0
8 5 Station Station Station
> Ei 1l 2 3 Mean 1 2 3 Mean 1 2 3 Mean
I 1061.3 1255.5 317.0 877.9 8380.8 1087.5 494.513320.9 2701.5 1261.3 807.3 ] 1590.0
ﬁ II 2848.0 1490.0 1054.5 1797.5 3516.5 2809.5 451.8]2259.3 3006.0 453.0 651.311370.1
o
~ ! IIXI 2196.8 1471.0 920.0 1529.3 2292.3 676.8 539.5(1169.5 1654.3 1740.0 1221.0] 1538.4
Iv 2355.3 1268.0 1023.3 1548.9 1538.0 1617.5 880.8]1345.4 1536.3 3572.0 754.3 ] 1954.2
Meaq 2115.3 1371.1 828.7 3931.9 1547.8 591.6 2224.5 1756.6 858.5
I 743.9 1370.7 948.1 1020.9 2001.4 5090.6 589.912560.6 907.8 188l1.4 844.8 | 1211.3
O I1 1948.3 1411.8 918.4 1426.2 1866.9 3705.3 475.612015.9 3756.8 324.9 954.7 ] 1678.8
r~
2 I1I 1474.5 660.0 849.3 994.6 2397.1 2247.2 1316.9]1987.1 7872.1 1600.5 2055.61] 3842.7
IV 3915.1 1602.9 586.3 2034.8 2149.4 941.2 519.6|1203.6 1565.0 660.3 640.8 955.4
Mean| 2020.4 1261.3 825.5 2103.7 2996.2 725.5 3525.4 1116.8 1124.0
I 1784.4 1778.7 1244.9 1602.7 3791.2 6837.1 607.8]3745.4 7433.9 1718.7 1294.9 | 3482.5
~ II 1564.4 1851.6 3953.6 2456.5 | 11030.4 6468.2 913.216137.3 1840.1 2496.9 1571.9| 1969.6
~
2 IIT | 2831.2 977.2 1450.4 1752.9 6861.4 3392.5 992.6]3748.8 439.1 855.3 858.3 717.6
v 2210.3 1973.4 695.5 1626.4 6045.3 3498.7 1265.6(3603.2 1320.1 433.9 630.7 794.9
2097.6 1645.2 1836.1 6932.1 5049.1 944.8 2758.3 1376.2 1089.0

—— L
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Figure 14.3 The mean number of zooplankters per m from two replicate

samples collected seasonally in 1977, from Stations 1-3,

all transects.




NUMERICAL ABUNDANCE OF ZOOPLANKTON PER m3

TABLE 14.6

ON TRANSECT II IN 1976 AND 1977

MEAN OF TWO SAMPLES AT EACH STATION

Year 1976 1977

Month / Station 1l 2 3 Mean 1l 2 3 Mean
January/February 1948.3 1411.8 918.4 1426.2 1564.4 1851.6 3953.6 2456.5
March 3784.8 997.8 956.1 1912.9 1398.4 2378.5 1018.8 1598.6
April 5123.1 1145.2 736.0 2334.8 5126.2 2035.5 490.7 2550.8
May/June 1866.9 3705.3 475.6 2015.9 11030.4 6468.2 913.2 6137.3
July 2401.8 1779.2 412.0 1531.0 14571.9 721.1 718V.9 986.6
August 12141.5 666.0 768.8 4525 .4 1135.6 1115.6 856.7 1036.0
September 3756.8 324.9 954.7 1678.8 1840.1 2496.9 1571.9 1969.6
November 2062.6 1270.1 1230.8 1521.2 2323.1 1724.1 524.5 1523.9
December 4008.1 2818.6 1140.6 2655.8 1817.5 1453.1 760 .7 1343.8
Mean 4121.5 1568.7 843.7 3077.1 2249.4 1207.9
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2178.1 per m®. The highest number (11,030.4 per m®) of zooplankters

found from seasonal data in 1977 was considerably larger than extreme
numbers collected seasonally in 1976 (7872.1 per m®, Station 1/III, summer)
or in 1975 (8380.8 per m®, Station 1/I, spring). It is however, similar

3 Station 1/II, August) reported in

to the largest number (12,141.5 per m
1976 monthly samples. It should be noted that these extremely high numbers
occurred at the same station, two months apart, in consecutive years (May-
June, 1977 and August, 1976), and that in both instances, the cladoceran
genus Penilia was very abundant. The annual mean number (2636.5 per n?)

of zooplankters collected seasonally in 1977 was about one-third again as
large as the numbers reported in 1975 (1691.8 per m?) and 1976 (1744.3 per
m?), but the annual means (2178.0 per m®, 1976 and 2178.1 per md, 1977)

for both years of monthly data were almost exactly the same.

When averaged by station (mean of four transects) for each season
(Table 14.7), zooplankton numbers showed patterns of spatial and temporal
distribution similar to those found in the biomass. Station 1 was the
most productive with an annual mean number of 3929.3 zooplankters per m’

and Station 3 was the least productive with 1290.0 per m’. On a seasonal

3

basis, zooplankton numbers ranged from 6932.1 per m” at Station 1 in the

3

spring to 944.8 per m” at Station 3 in spring. Seasonal fluctuations in

zooplankton numbers were well defined at all three stations in 1977.
Stations 1 and 2 produced springtime numbers of 6932.1 and 5049.1 per m?
respectively, which were more than double those of winter. The numbers at
Station 3, however, reduced by half (from 1836.1 to 944.8 per n®) between
winter and spring. These seasonal changes in zooplankton numbers agree

in direction of change and amplitude with the changes observed in the

biomass. Spatially, zooplankton numbers increased shoreward in all three

seasons. The most abrupt changes took place in the spring when the number



AVERAGE SEASONAL NUMERICAL ABUNDANCE OF ZOOPLANKTON PER m3

MEAN OF FOUR TRANSECTS FOR EACH STATION

TABLE 14.7

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
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 1369.1 1941.8 1922.1
1977 1 2097.6 6932.1 2758.3 3929.3
2 1645.2 5049.1 1376.2 2690.2
3 1836.1 944.8 1089.0 1290.0
Mean 1859.6 4308.7 1741.2
Three~Year 1 2077.8 4322.6 2836.1 3078.8
Mean
2 1425.9 3197.7 1416.5 2013.4
3 1163.4 754.0 1023.8 980.4
Mean 1555.7 2758.1 1758.8
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(5049.1 per m®) at Station 2 was five times as large as that at Station
3 (944.8 per m®). Although shoreward increases in biomass were evident
in 1975 and 1976, the difference in numbers between successive stations
was never more than three-fold. In contrast to the variations in zooplank-
ton numbers when compared by station and season, the differences in numbers
between transects were small.

Viewed as the average of three stations for each transect and season
(Table 14.8), zooplankton numbers ranged from 6137.3 per m® in spring on

Transect II, to 717.6 per m?

in summer on Transect III. In 1977, all four
transects showed two to three-fold increases from winter to spring and
decreases of varying magnitude from spring to summer. Transect II was much
more productive in the winter (2456.5 per m?) and spring (6137.3 per n?)
than the other three transects (1600-1750 per m?, winter and 3600-3750 per
m?, spring). In the summer, Transects I and II , with 3482.5 and 1969.6
zooplankters per m’, respectively, were well separated in terms of abundance
from Transects III and IV, with 717.6 and 794.9 per m®, respectively. The
three year means for all the transects (Table 14.8) showed that zooplankton
numbers were slightly lower on Transects III and LV (1920.1 and 1674.1 per
m®, respectively) than on Transects I and II (2156.9 and 2345.7 per m?,
respectively).

The copepoda as a group accounted for a significant portion of the
zooplankton throughout 1977. They were not, however, as abundant in pro-
portion to the total zooplankton as they were in 1975 and 1976 (Table 14.9).
In 1975, the Copepoda accounted for over 70% of the zooplankton numbers in
half the samples taken, and in only 3 of the 36 seasonal samples did they
account for less than 50%. Percentages were somewhat lower in 1976, but

still the Copepoda accounted for more than 60% of the zooplankton in 21 of

the 36 seasonal samples with only seven samples composed of less than 507%
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TABLE 14.8

3
AVERAGE SEASONAL NUMERICAL ABUNDANCE OF ZOOPLANKTON PER m
FOR EACH TRANSECT
MEAN OF THREE STATIONS FOR EACH TRANSECT

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
I1I 15239.3 1169.5 1538.4 1412.4
v 1548.9 1345.4 1954.2 1616.2
Mean 1438.4 2023.8 1613.1
1976 I 1020.9 2560.6 1211.3 15387.6
II 1426.2 2015.9 1678.8 1707.0
IIT 994.6 1987.1 3842.7 2274.8
v 2034.8 1203.6 955.4 1397.9
Mean 1369.1 1941.8 1922.0
1977 I 1602.7 3745.4 3482.5 2943.5
II 2456.5 6137.3 1969.6 3521.1
III 1752.9 3748.8 717.6 2073.1
v - le26.4 3603.2 794.9 2008.2
Mean 1859.6 4308.7 1741.2
Three-Year I 1167.2 3209.0 2094.6 2156.9
Mean .
II 1893.4 3470.8 1672.8 2345.7
I1X 1425.6 2301.8 2032.9 1920.1
v 1736.7 2050.7 1234.8 1674.1
Mean 1555.7 2758.1 1758.8




TABLE 14.9

PERCENTAGE COMPOSITION OF COPEPODS IN TOTAL ZOOPLANKTON AT EACH STATION
MEAN OF FOUR SAMPLES FOR 1975 AND TWO SAMPLES FOR 1976 AND 1977

Meaw

§ Winter Spring Summer
" n
g E Station Station Station
> £ 1 L2 3 Mean 1 2 3 Mean 1 2 3 Mean
1 85.5 57.8 72.7 72.0 92.0 76.0 64.3 77.4 61.8 59.6 66.6 62.7
ﬂ 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
o
~ ] 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
v 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 61.9 46.6 75.6 6l.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
~
2 I1X 58.1 76.5 85.0 73.2 31.0 56.8 68.6 52.1 52.9 66.6 63.5 61.0
TV 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 68.0 55.6 74.2 51.1 54.2 71.1 50.1 61.5 69.0
I 50.7 39.9 80.0 56.9 73.8 24.8 48,2 48.9 90.7 60.7 70.1 73.8
~ II 29.3 40.9 35.5 35.2 43.1 26.9 39.6 36.5 76.5 72.1 62.9 70.5
~
ol 1II 35.6 55.6 60.9 50.7 24.3 37.9 47.8 36.7 57.0 54.6 62.6 58.1
Iv 59.6 45.1 74.3 59.7 39.0 41 .6 58.6 46.4 50.9 30.2 76.5 52.5
43.8 45.4 62.7 45.1 32.8 48.6 .68.8 54.4 8.0

£7-91
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copepods. In 1977, copepod percentages rarely exceeded 607 (only 11
replicate sets), while values of less than 50% were found from more than
half of the combined winter and spring samples. Monthly data from Tran-
sect II (Table 10) indicated that in 1977 relative abundance of copepods
was . usually less than 50% at all three stations from January-February
through May-June and greater than 707 from July to December. In general,
copepod percentages were lower in the spring than the winter or summer of
all three years. This pattern indicated that taxa other than the Copepoda
increased in numbers more rapidly in the spring. Taxa other than the
Copepoda which were significant because of their large numbers, or consis-
tent numerical contribution to the zooplankton community, included the
Ostracoda, Amphipoda, Cnidaria, Mollusca, Chaetognatha, Cladocera and
Larvacea (Table 3, Appendix M).

The ostracods, composed almost entirely of the species Euconchoecia

study area in the winter of 1977 and they ranked first or second in abun-
dance in half the spring and summer samples. In 1977, the ostracods were
highly conceﬁtrated about Station 2 on all four transects in the spring.
In fact, the highest number (4377.0 per m’) recorded for the year occurred
at Station 2/I in the spring. In the winter, the ostracods were uniformly
distributed throughout the study area with the highest number (2155.7 m?®)
at Station 3/II. In the summer the ostracods appeared in much lower num-

3 (Station 3/II; they were most

bers, of which the largest was 295.8 per m
concentrated at Station 3 on all four transects.

The Mollusca as a group ranked near the Copepoda and Ostracoda in
terms of numerical abundance. The greatest concentration (2350.1 per m®)

of meolluscs in 1977, occurred in the April monthly samples from Station

1/11 in concert with the maximum abundance (2699.1 per m’) observed in



TABLE 14.10

PERCENTAGE COMPOSITION OF COPEPODS IN TOTAL ZOOPLANKTON

ON TRANSECT II IN 1976 AND 1977

MEAN OF TWO SAMPLES AT EACH STATION

Year 1976 1977

Month / Station 1l 2 3 Mean 1 2 k} Mean
Januarxy/February 74.1 50.8 71.4 65.4 29.3 40.9 35.5 35.2
March 38.4 55.5 72.2 55.4 80.0 39.3 52.5 57.3
April 39.1 77.6 66.0 60.9 45.0 41.9 68.3 51.7
May/June 52.2 50.6 71.8 58.2 43.1 26.9 39.6 36.5
July 45.0 42.5 52.6 46.77 73.1 o08.6 07.0 69.0
August 4.2 50.9 59.1 38.1 88.1 69.8 55.7 71.2
September 18.8 24.4 66.1 53.1 76.5 72.1 62.9 70.5
November 66.4 65.3 39.4 57.0 86.8 82.6 70.2 79.9
December 50.1 41.5 55.6 49.1 81.8 53.3 48.6 61.2
Mean 43.1 56.6 61.6 67.1 55.0 55.6

C7=6T
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1976. 1In all three years of the study, they were best represented (300-
500 per m®) in the spring at nearshore stations when large numbers of
pelecypod and gastropod larvae were reported. During the winter and summer
molluscan abundances (30-100 per m’) were lower than in spring, but evenly
distributed throughout the area.

The Chaetognatha, composed primarily of small neritic species, were
uniformly distributed throughout the study area during each season. Their
numbers increased from about 60 per m® in winter to about 200 per m® in
spring. Monthly data from Transect II showed that their abundances were
greatest in May-June, even at Station 3 where the abundances of zooplankton
numbers and biomass were lowest.

The Amphipoda, primarily hyperiids, did not rank with the Copepoda,
Ostracoda, and Mollusca as large contributors to zooplankton numbers.

They did, however, occur consistentlyrthroughout the area, with centers
of abundance (50-100 per m®) formed at Station 1 or 2 in the spring.

The Cnidaria, composed mainly of hydromedusae and the zooids of
siphonophores, were uniform in number throughout the area during each
season. Wintér and spring abundances (30-50 per m®) were twice as large
as summer values at most.stations. Monthly data for cnidarian medusae
on Transect II showed that, during an annual cycle, abundances were
highest from January-February to July and lowest between August and December.

The Larvacea, pelagic tunicates, primarily of the genus Oikopleura,
ranged in numbers from 261.3 per m® (Station 1/1IV, spring) to 2.0 per m°
(Station 1/III, spring) without forming recognizable patterns of temporal
or spatial distribution. The thaliacean genus Doliolwn, a pelagic tunicate,
occurred with fair regularity throughout the year and produced an annual
maxima of 96.7 per m’ in March at Station 2/II. Closely related to Doliolwn,

the genus Salpa occurred sporadically and was most abundant (90.0 per m®)
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in August at Station 3/IL.

| The Cladocera, composed mainly of the genus Pentilia, produced extreme
abundances (2251.7 per m3, Station 1/I1 and 200.9 per ma, Station 1/I1I)
in the 1976 summer seasonal samples. Their greatest abundance (10,331.1
per m®) during the three year study was found in the August 1976 sample
from Station 1/II. 1In 1977 they were most abundant (4711.0 per n’) at
Station 1/II in the May-June seasonal cruise and produced numbers over
1000 per m® at Stations 1/III, 2/III and 1/IV. 1In 1975 the largest number
recorded (328.2 per m?, Station 1/I, summer) was much lower than in fol-
lowing years. Penilia is small and soft-bodied end therefore probably
does not contribute significantly to the dry-weight biomass. This would
explain the apparent discrepancies in the relaticnship between total zoo-
plankton numbers and biomass weights during periods when Pentliaq were very
abundant (summer 1976, Stations 1/IE and 1/III; spring 1977, Stations
1/11, 1/11I, 2/II1 and 1/IV).

The decapod genus Lucifer occurred throughout the study area, but it
was most concentrated (about 30 per m®) at Stations 1 and 2 in the spring
and summer of all three years. Barnacle larvae, cousisting of naupliar
and cyprid stages, occurred sporadically without forming patterns of
seasonal or spatial concentratioms. They did, however, consistently pro-
duce annual maxima at Stationm 1/I in all three years (171.7 per m?®, spring
1975, 55.9 per m®, winter 1976, and 253.8 per m?®, winter 1977). Larval
forms of crustaceans including decapod zoea, crab megalops, stomatopod
larvae, mysids and some forms not assignable to specific taxa, collectively
contributed minor numbers to the zooplankton, which were typically highest

in May/June and September (Table 3, Appendix M).

Numerical Abundance of Copepods

Copepod numbers, considered as a total of adults and developmental
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stages, ranged from 6743.3 per m® (Station 1/I, September) to 130.6 per m
(Station 2/IV, September) in 1977 (Table 14.11). Numerical maxima reported
in 1976 (4156.7 per m®, Station 1/III, September) and 1975 (7683.1 per m®,
Station 1/I, May-June) differed from each other and the one reported for
1977, in terms of amplitude, seasonality and location. Compared to the
numbers reported throughout the study area, these maxima represented
localized extremes in copepod abundance. For the most part, area-wide
averages of copepod numbers (500-1000 per m3) were fairly similar through-
out the nine seasonal cruises of the three-year period. Data averaged by
transects for each station (Table 14.12) showed that patterns of seascnal
distribution were irregular. In spring 1975, copepod numbers at Station 1
increased sharply while they declined at Stations 2 and 3. In spring,
1976, copepod numbers at Station 2 increased while numbers at Stations 1
and 3 declined, and in spring, 1977, copepod numbers at Stations 1 and 2
iucreased while numbers at Station 3 declined. 1In spite of t
inconsistent nature of depth-related distributions on a seasonal basis,
annual means for each station suggested a strong shoreward gradient of
increasing copepod numbers during each of the three years. Data averaged
by stations for each transect (Table 14.13) showed less variability among
transects than among stations. Annual means for each transect suggested
that in 1975 and 1977 copepod numbers tended to follow biomass values in a
southerly decline from Transect I to IV. 1In 1976, however, annual means
were higher on Transects III and IV than on Transects I and II. In gen-
eral, monthly data (Table 11.14) indicated that on Transect II copepods
were somewhat more abundant in 1977 than in 1976. The highest numbers
(4745.5 per m?®) recorded in 1977 occurred at Station 1/II in May-June and
the lowest (335.1 per m’) occurred at Station 3/II in April. In 1977,

two well formed peaks of copepod abundance occurred at Station 1. The



TABLE 14.11

NUMERICAL ABUNDANCE OF COPEPODS PER m3 AT EACH STATION
MEAN OF FOUR SAMPLES FOR 1975 AND TWO SAMPLES FOR 1976 AND 1977

§ Winter Spring Summer

" 0

g ?‘ Station Station Station

> 3 1 L2 3 Mean 1l 2 3 Mean 1 2 3 Mean
I 909.0 712.9 229.7 617.2 7683.1 741.8 317.21 2914.0§Q 1569.9 741.4 534.4 948.6

ﬁ 11 2489.5 1110.8 734.5 1444.9 2174.3 913.8 372.6] 1153.6} 2074.7 295.7 520.4 963.6

[o)]

~ | III 2047.8 1229.6 577.0 1284.8 1928.6 425.9 343.7 899.4) 1129.9 1011.1 891.6 | 1010.9
Iv 2119.5 1009.4 794.4 1307.8 668.9 463.0 487.6 539.8 959.0 1312.8 611.5 961.4
Mean] 1891.5 1015.7 583.9 3113.7 636.1 380.3 1433.4 840.3 639.5
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 1443.0 717.5 655.3 938.0 978.6 1822.4 340.9{ 1047.3 694.5 241.8 624.6 520.3

l\

2 TIIX 857.4 494.3 713.3 688.3 744.5 1252.0 889.4 962.0[ll 4156.7 1054.6 1272.9] 2161.4
IV 3042.6 746.0 368.0 1385.5 1465.9 682.3 342.1 830.1) 1175.4 451.1 399.8 675.4
Meanl 1450.7 648.8 612.8 1028.6 1396.6 498.0 1627.4 608.5 715.6
I 898.2 754.7 997.5 883.5 2832.6 1702.9 291.8| 1609.1f 6743.3 1066.0 918.7 1} 2909.3 -

~ II 462.7 758.7 1410.4 877.3 4745.5 1747.5 355.0] 2282.711 1411.4 1744.2 995.2{ 1383.6

-

3 III 994.4 467.9 883.5 781.9 1682.1 1272.6 460.5] 1138.4 246.4 467.8 539.5 417.9
v 1318.3 890.1 516.0 908.1 2354.2 1459.7 740.0] 1518.0 672.3 130.6 483.9 428.9
Meany 918.4 717.9 951.9 2903.6 1545.7 461.8 2268.4 852.2 734.3



TABLE 14.12

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
1976 1 1450.7 1028.6 1627.4 1368.9
5 648.8 1396.6 608.5 884.6
3 612.8 498.0 715.6 608.8
Mean 904.1 974.4 983.8
1977 1 918.4 2903.6 2268.4 2030.1
2 717.9 1545.7 852.2 1038.6
3 951.9 461.8 734.3 716.6
Mean 862.7 1637.1 1284.9
Three-Year 1 1420.2 2348.6 1776.5 1848.4
Mean
2 794.1 1192.8 767.0 918.0
3 716.2 431.7 696.5 620.0
Mean 976.8 1324.4 1080.0




TABLE 14.13

3
AVERAGE SEASONAL NUMERICAL ABUNDANCE OF COPEPODS PER m FOR EACH TRANSECT
MEAN OF THREE STATIONS FOR EACH TRANSECT

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.¢ 961.4 936.3
Mean 1163.7 1376.7 971.1
1976 I 603.9 1058.3 578.3 746.8
IT 938.6 1047.3 520.3 835.4
IIT 688.3 962.0 2161.4 1270.6
v 1385.5 830.1 1013.1 1076.6
Mean 904.1 974.4 1068.3
1977 I 883.5 1609.1 2909.3 1800.6
Iz 877.3 2282.7 1383.6 1514.5
IIX 781.9 1138.4 417.9 779.4
v 908.1 1518.0 428.9 951.7
Mean 862.7 1637.1 1284.9
Three-Year I 701.5 1860.5 1478.7 1346.9
Mean
II 1086.9 1494.5 955.8 | 1179.1
III 918.3 999.¢ 1196.7 1038.3
v 1200.5 962.6 801.1 988.1
Mean 976.8 1329.4 1108.1




TABLIE

14.14

NUMERICAL ABUNDANCE OF COPEPODS PER m3
ON TRANSECT II IN 1976 AND 1977

MEAN OF TWO SAMPLES AT EACH STATION

Year 1976 1977

Month / Station 1 2 3 Mean 1 2 3 Mean
January/February 1443.0 717.5 655.3 938.6 462.7 758. 1410.4 877.
March 1435.5 516.6 690.4 880.8 1120.1 934. 533.5 862.
April 2045.0 884.1 485.4 1138.2 2304.8 853. 335.1 1160.
May/June 978.6 1822.4 340.9 1047.3 4745.5 1747. 355.0 2282.
July 1118.2 652.0 216.4 662.2 1051.8 494 . 522.1 689.
August 484 .6 338.8 454 .4 425.9 1001.7 769. 474.6 748.
September 694.5 241.8 624.6 520.3 1411.4 1744. 995.2 1383.
November 1361.6 830.8 473.0 888.5 2044.3 1420. 367.7 1277.
December 1970.8 1158.7 644.5 1258.0 1489.1 767. 369.7 875.
Mean 1281.3 795.9 509.4 1734.8 1054. 595.9

-~



first and largest (4745.5 per m’) occurred in May-June and the second
(2044.3 per m?) occurred in November. Copepod numbers at Station 2/II
ranged from 500 to 1000 per m? except in May-June and September when they
increased to over 1700 per m®. The temporal variation of copepod numbers
at Station 3/II followed the pattern established by the biomass and total
zooplanktoﬁ in that copepods were more abundant in the winter than in

the spring.

Three suborders of the Copepoda (the Calanoida, Cyclopoida and Har-
pacticoida) were identified in this study. The orders Calanoida and Cyclo-
poida together accounted for more than 99% of the Copepoda in most of the
1977 samples (Table 6, Appendix M). Harpacticoid percentages in 1977 were
generally less than 1% and ranged from 18.2 (Station 2/IV, September) to
less than 0.05% (Station 2/IV, May-June; 1/II, July; 1/II, August; and

1/1II, September). The relative abundances of Calanoida in 1977 ranged

from 98.4 (Station 1/I, September) to 4L.4% {(Station 3/III, May-June).

Since the harpacticoid fraction of the Copepoda was small, cyclopoid rela-
tive abundances varied proportionately with the calanoids. Throughout

the nine seasonal cruises (1975-1977), calanoid relative abundances increased
shoreward while cyclopoid percentages increased seaward. This trend was

not obvious, however, in spring 1977 when  cyclopoid percentages were high
throughout the study area.

Mature female copepods accounted for about 50% of the copepod popula-
tion in each season of 1977 (Tables 14.15 and 14.16). In summer, relative
abundances of females ranged from 60 to 70% at Station 3 with percentages
declining shoreward on all transects. They were, however, fairly consis-
tent throughout the study area in the winter (40-50%), and spring (50-60%).

Within the Calanoida, males generally occupied less than 15% of the popu-

lation, but among the Cyclopoida, the percentages of males were frequently



TABLE 14.15

PERCENTAGE COMPOSITION OF ADULT FEMALES IN TOTAL COPEPODS AT EACH STATION

MEAN OF FOUR SAMPLES FOR 1975 AND TWO SAMPLES FOR 1976 AND 1977

Mean

4+
0 Winter Spring Summer
g < Station . Station Station
Ml OB 1 L2 3 Mean 1 2 3 Mean 1l 2 3 Mean
1 55.4 43.1 47.6 48.7 43.5 46.4 50.2 36.7 44.5 52.2 64.2 53.6
w | 11 51.7 6l1.7 57.5 57.0 57.5 41.6 50.0 49.7 48.1 60.8 64.5 57.8
Sl 111 37.1  53.1 58.5 49.6 33.1  52.2 46.1 43.8 45.8 66.5 65.0 59.1
v 49.9 43.8 40.1 44.6 32.1 47.7 51.2 43.7 53.7 57.6 58.6 56.6
Mean, 48.5 50.4 50.9 41.6 47.0 49.4 48.0 59.3 63.1
I 54.4 51.1 45.5 50.3 40.2 44.7 57.0 47.3 37.6 45.7 65.4 49.6
© IX 59.4 48.4 37.5 48.4 43.7 43.9 52.4 46.7 44 .4 61.3 63.8 56.5
5 III 58.8 35.5 41.5 45.3 40.4 51.1 60.3 50.6 47.4 72.9 177.0 65.8
iv 56.4 45.7 35.6 45.9 56.9 73.8 57.3 62.7 68.6 73.4 75.8 72.8
Mean 57.3 45,2 40.0 45.3 53.4 56.8 49.5 63.3 70.5
I 39.4 42.2 35.9 39.2 44.1 57.8 52.0 51.3 22.4 38.3 62.6 41.1
~ 11 50.3 49.37 45.3 48.3 59.2 42.7 56.3 52.7 33.9 45.8 63.5 47.7
t~
2 III 53.3 45.5 46.0 48.3 43.9 54.6 47.7 48.7 18.9 64.9 68.4 50.7
Iv 61.4 46.8 44.2 50.8 55.7 61.3 48.6 55.2 53.4 43.3 74.3 57.0
51.1 46.0 42.9 50.7 54.1 51.2 32.2 48.1 67.2
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PERCENTAGE COMPOSITION OF ADULT FEMALES

TABLE 14.16

IN TOTAL COPEPODS AT EACH STATION
MEAN OF TWO SAMPLES AT EACH STATION

Year 1976 1977

Month / Station 1 2 3 Mean 1 2 3 Mean
January/February 59.4 48.4 37.5 48.4 50.3 49.3 45.3 48.3
March 74.6 63.8 49.3 62.6 48.7 46.9 50.9 48.8
April 80.9 59.1 57.2 65.7 56.6 57.5 56.3 56.8
May/June 43,7 43.9 52.4 46.7 59.2 42.7 56.3 52.7
July 47.6 62.6 62.0 57.4 74.8 78.4 53.6 66.9
Auqust 41.6 66.1 60.0 55.9 74.0 71.6 55.3 67.0
September 44.4 61.3 63.8 56.5 33.9 45.8 63.5 47.7
November 33.4 46.9 65.1 48.1 22.8 27.8 58.7 36.4
December 44.6 48.6 53.1 48.8 44 .9 60.7 55.9 53.8
Mean 52.2 55.6 55.6 51.7 53.4 55.1




greater than those of females and immatures combined (Table 6, Appendix M).
Immature copepods maintained uniform relative abundances (about 507) within
the copepods during all three seasons in 1975 and 1976 (Table 14.17). In
1977, immature forms, although well represented, occupied a noticeably
smaller percentage of the copepod population, especially in the spring
(generally less than 25%). The relative abundance of immature copepods
was higher than 50% only at Station 1/I in winter and Stations 1/I, 1/II
and 1/I1I in summer. Monthly data for Transect II showed that percentages
of immature copepods fell between 40 and 60% in most of the 1976 samples,
but in 1977 their percentages were considerably lower (Table 14.18).
Furthermore, the annual mean percentage (29.0%) of immature copepods in
the 1977 monthly samples was only about half as great as the annual mean
percentage (49.1%) in 1976. It should be noted that aside from the indi-
cations of temporal and spatial vafiations found in 1977, the seasonal
data for all three years clearly demonstrated the persistent occurrence of
immature copepods, which seemed to indicate a fairly uniform copepod pro-
duction throughout the area all year long.

In 1977, adult female copepods ranged in numbers from 2807.9 per m’
(Station 1/II, May-June) to 46.9 per m® (Station 1/III, September), with
area-wide averages that fluctuated around 500 per m® (Table 14.19). The
monthly data from Transect II showed a peak of female abundance (2807.9
per m?) at Station 1 in May-June 1977 which was comparable to a similar
peak (1769.1 per m’) that occurred a month earlier in 1976 (Table 14.20).
Otherwise, the temporal and spatial distribution of adult females was
generally similar between the two years. Each species was caréfully enum-
erated to estimate its relative abundance on the basis of adult females.

During 1977, a total of 150 species of adult female copepods were

identified: 97 calanoid species, 49 cyclopoid species and 4 harpacticoid



TABLE 14.17

PERCENTAGE COMPOSITION OF IMMATURES IN TOTAL COPEPODS AT EACH STATION

MEAN OF FOUR SAMPLES FOR 1975 AND TWO SAMPLES FOR 1976 AND 1977

A .
8 Winter Spring Summer
@
o 5 . . \
8 o Station Station Station
> & -1 T2 3 Mean 1 2 3 Mean 1 2 3 Mean
I 35.2 58.8 77.2 57.1 50.4 75.9 63.1 63.1 49.8 59.6 51.8 53.7
2 II 52.6 38.8 50.7 47.4 65.1 78.4 67.7 70.4 61.0 46 .8 45.7 51.2
2 III 92.7 64.0 43.2 66.8 46.2 65.5 73.7 61.8 50.7 46.3 47.2 48.1
v 88.4 69.8 72.2 76.8 73.3 47.8 53.1 58.1 44 .4 39.3 55.3 46.3
Meaﬁ 67.2 57.9 61.0 58.8 66.9 64.4 51.5 48.0 50.0
I 49,2 28.8 23.3 33.8 61.5 41.7 60.7 54.6 59.0 67.5 41 .4 56.0
© II 33.5 24.3 77.5 45.1 43.8 39.6 54.8 46.1 35.0 35.5 49 .2 39.9
E III 43.1 82.7 67.1 64.3 54.9 45.9 40.8 42.2 83.2 29.2 31.9 48.1
v 73.3 65.9 88.6 75.9 41.1 24.1 63.2 42 .8 42.8 30.3 42.1 38.4
Mean 49.8 50.4 64.1 50.3 37.8 54.9 55.0 40.6 41.2
1 34.0 48.5 53.7 45.4 19.7 27.2 31.7 26.2 54.2 39.8 28.2 40.7
~ I 33.8 37.4 39.5 36.9 7.3 24.5 25.1 19.0 53.0 44 .3 25.6 41.0
~
2 III 26.9 45.6 43.2 38.6 24.8 18.3 28.2 23.8 70.4 27.1 21.2 39.0
Iv 25.4 42.1 42.0 36.5 16.3 21.3 30.9 22.8 43.9 44.5 19.2 35.9
Mean 30.0 43.4 44 .06 17.0 22.8 29.0 . 55.4 38.9 23.6
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TABLE 14.18

PERCENTAGE COMPOSITION OF IMMATURES IN TOTAL COPEPODS
ON TRANSECT II IN 1976 AND 1977

MEAN OF TWO SAMPLES AT EACH STATION

Year 1976 1977

Month / Station 1 2 3 Mean 1 2 Mean
January/February 33.5 24.3 77.5 45.1 33.8 37.4 39. 36.9
March 25.5 41.9 61.2 42,9 12.1 39.1 39. 30.2
April 17.8 62.4 55.0 45.1 24.4 21.1 32. 26.1
May/June 43.8 39.6 54.8 46.1 7.3 24.5 25. 19.0
July 52.4 40.2 65.3 52.6 7.0 14.4 33. 18.3
August 60.2 42.8 46.8 49.9 7.8 19.4 33. 20.1
September 35.0 35.5 49.2 39.9 53.0 44.4 25. 40.0
November 66.7 63.4 40.5 56.9 40.3 26.3 33. 33.2
December 62.4 69.1 58.5 63.3 44.6 30.9 32. 35.9
Mean 44.1 46.6 56.5 25.6 28.6 32.




TABLE 14.19

3

NUMERICAL ABUNDANCE OF ADULT FEMALE COPEPODS PER m AT EACH STATION
MEAN OF FOUR SAMPLES FOR 1975 AND TWO SAMPLES FOR 1976 AND 1977

Meaw

v
8 Winter Spring Summer
0
?3 E Station Station Station
> (3 1 L2 3 Mean 1 2 3 Mean 1l 2 3 Mean
I 490.0 313.4 190.1 304.2 3436.1 363.4 158.2 | 1319.2 621.6 392.4 342.3 452.1
p I1 1245.1 685.2 419.5 783.3 1339.5 382.4 185.9 635.9 1035.9 174.9 338.1 516.3
[¢)}
~ ] III 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
Mean, 891.4 527.2 296.3 1414.0 302.6 188.2 667.1 489.4 404.5
I 249.6 334.3 327.1 303.7 370.2 816.5 238.6 475.1 182.1 294.0 364.1 280.1
© II 871.8 346.9 244.3 487.7 424.9 796.1 178.6 466.5 307.3 143.5 398.5 283.1
E III 504.4 175.4 296.6 325.5 299.9 645.1 534.4 493.1 1970.8 768.7 978.7 11239.4
1V 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 849.1 298.8 249.0 492.6 690.1 286.9 815.4 383.4 511.1
I 354.7 318.8 359.0 344.2 1247.9 984.7 151.6 794.7 1508.6 408.6 575.0 830.7
~ II 233.0 374.2 639.7 415.6 2807.9 746.1 199.9 1 1251.3 478.4 799.6 632.2 636.7
E III 530.9 213.0 407.2 383.7 738.1 694.9 219.5| 550.8 46.9 303.4 369.1 | 239.8
1v 810.3 41e6.7 228.5 485.2 1311.6 894.5 359.3 855.1 359.3 56.5 359.3 258.4
482.2 330.7 408.6 1526.4 830.1 232.6 '598.3 392.0 483.9



TABLE 14.20

NUMERICAL ABUNDANCE OF ADULT FEMALE COPEPODS PER m3
ON TRANSECT II IN 1976 AND 1977
MEAN OF TWO SAMPLES AT EACH STATION

Year 1977

Month / Station 1l 2 3 Mean 1 2 3 Mean
January/February 871.8 346.9 244.3 487.7 233.0 374.2 639.7 415.6
March 1073.8 298.4 340.4 '570.9 545.3 437.9 271.8 418.3
April 1769.1 521.8 277.3 856.1 1303.4 490.9 188.7 661.0
May/June 424.9 796.1 178.6 466.5 2807.9 746 .1 199.9 1251.3
July 564.5 385.0 134.2 361.2 786.6 388.0 280.0 484.9
August 203.9 222.7 272.6 233.1 741.6 550.3 262.2 518.0
September 307.3 143.5 398.5 283.1 478.4 799.6 632.2 636.7
November 465.4 394.9 308.0 389.4 642.7 985.5 215.7 614.6
December 885.9 566.1 342.5 598.2 669.3 465.4 206.7 447.1
Mean 729.6 408.4 277.4 912.0 582.0 321.9
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species (Table 7, Appendix M). Calanoid species which consistently
accounted for a significant fraction of the 1977 .copepod population were’
ranked in declining order of abundance: Paracalanus indicus, Paracalanus
quasimodo, Clausocalanus jobet, Clausocalanus furcatus, Paracalanus acule-
atus, Temora turbinata and Centropages velificatus. Three other species,
which were often very abundant in estuarine areas, appeared im hig~ly
localized, large abundances in 1977. These specizs were Acartia tonsa
(787.5 per m?®, Station 1/II, May-June), Centrcopages hamatus (253.4 per m?,
Station 1/1I, March), and dcartia lilljeborgii (131.3 per m®, Stationm 1/I,
September).

Paracalanus indicus and Paracalanus quasimods are so similar morpho-
logically and in distribution that for the purpose of data analysis their
numbers were summed and reported under the classification 'Paracclanus
parvus group" (Tables 14.21 and 14.22). The maximum abundance (1178.9 per
w3, Station 1/II, May-June) reported for this group in 1977 was similar
in magnitude and location of occurrence to the maximum number (1125.3 per
m®, Station 1/II, May-June) reported in 1975. 1In 1976, however, their
numbers peaked (1502.4 per m’) at Station 1/IV in January-February. The
maxima for all three years represented localized extreme numbers, with
average abundances centered around 200 per m?. Spatially, this group
showed a shoreward increase in numbers which was usually most pronounced
in May-June. Considered on a monthly basis on Transect II (Table 1%4.22) the
Paracalanus parvus group occurréd in the greatest concentrations (more
than 1100 per m®) at Station 1 between April and May-June of 1977 and in
April (more than 1500 per m®) of 1976.

Ranked second in abundance, Clausocalanus jobei was slightly larger

in general density than Clausocalanus furcatus in 1977, but in 1975 and

1976 it was relatively low in numbers. Spring 1977 and 1976 data showed



TABLE 14.21

NUMERICAL ABUNDANCE OF Baracalanus indicus AND Paracalanus quasimodo
PER m AT EACH STATION .
MEAN OF FOUR SAMPLES FOR 1975 AND TWO SAMPLES FOR 1976 AND 1977

Fe]
9 Winter Spring Summer
. Iy
8 E Station Station Station
> (3] I D2 3 Mean 1 2 3 Mean 1l 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
ﬁ 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
a1 11z 515.9 30.6 30.2 192.2ff 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
Meaq 614.0 125.7 25.1 508.0 125.6 13.0 247.2 55.2 12.1
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
© 1I 737.4 60.0 7.6 268.3 10.6 140.8 8.2 53.2 33.2 2.3 1.9 12.5
~
2 IIX 367.1 7.1 99,2 157.8 56.5 85.6 46.6 68.5] 1121.0 38.5 15.7 391.7
v 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 685.4 95.8 35.4 77.6 123.3 24.5 304.7 27.9 5.3
I 211.1 132.9 26.9 123.6 178.9 122.2 22.1 107.7 317.2 105.9 17.3 146.8°
~ 11 131.4 150.6 305.7 195.9( 1178.9 250.5 17.0 482.1 231.7 175.3 13.8 140.3
~
ﬂ III 261.6 6l.7 68.5 130.6 518.5 73.3 12.1 201.3 12.1 16.7 6.4 11.7
Iv 522.5 209.7 3.6 245.3 797.6 162.7 47.5 335.9 13.8 1.1 0.7 5.2
Mearn 281.7 138.7 101.2 668.5 152.2 24.7 143.7 74.7 9.6
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TABLE 14,22

NUMERICAL ABUNDANCE OF Paracalanus indicus AND Paracalanus quasimodo

ON TRANSECT

ITI IN 1976 AND 1977
MEAN OF TWO SAMPLES AT EACH STATION

Year 1976 1977

Month / Station 1l 2 3 Mean 1 2 3 Mean
January/February 737.4 60.0 7. 268.3 131.4 150.6 305.7 195.9
March 768.3 126.9 12. 302.5 154.2 199.4 76.9 143.5
April 1564.7 256.9 11. 611.0 1108.5 327.5 25.2 487.1
May/June 10.6 140.8 8. 53.2 1178.9 250.5 17.0 482.1
July 170.0 23.7 0. 64.6 70.3 4.9 12.4 29.2
August 75.9 22.9 10. 36.5 23.4 25.6 2.3 17.1
September 33.2 2.3 1. 12.5 231.7 175.3 13.8 140.3
November 144.3 93.4 22, 86.7 40.9 169.6 1.2 70.6
December 568.1 103.7 29. 233.7 532.1 80.0 10.9 207.7
Mean 452 .5 92.3 11. 385.7 153.7 51.7
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well formed concentrations of Clausocalanus jobeil about Station 2, and
summer results for all three years illustrated strong concentrations at
Station 3 with a complete lack of occurrence at most of the shallow sta-
tions. Monthly data for Transect II showed that in 1976 patterns of
spatial and temporal distribution of Clausocalanus jobei were poorly
formed, but in 1977 they produced spring peaks at Stations 1 and 2 and
winter and summer peaks at Station 3. C(lausocalanus furcatus, a typical
oceanic calanoid, was well concentrated at the seaward stations in summer
1975 and 1977 (Table 14.23). 1In 1976, while still primarily concentrated
at Station 3, the spring and summer data showed a strong shoreward increase
in their numbers on Transect IV. A similar strong shoreward increase in
this species on Transect II appeared in the July and August 1977 monthly
data with numbers in excess of 300 per m? occurring in both months at
Station 1 (Table 14.24).

Paracalanus aculeatus was regular in occurrence but without discern-
ible patterns of abundance in winter and spring 1977. Their greatest
concentrations during the three years occurred in the summer with maximum
abundances produced at Station 1 in 1975 and 1976 (219.8 per m?, S:tation
1/Iv, 1975; and 50.9 per m?, Station 1/II, 1976). In summer 1977 their
numbers were well concentrated about Station 2 with the annual maximum
(186.5 per m®) occurring at Station 2/II.

Temora turbinata, typically a nearshore form, was not well represented
in the winter of all three years and in the spring of 1975 and 1976. 1In
1977, spring abundances at Station 1 (average of all four transects) aver-
aged 194.6 per m® in contrast with 1.5 per m® in 1976 and 21.0 per m® in
1975, Similarly, summer 1977 abundances at Station 1 were larger than pre-
vious years with the annual high value (689.0 per m?) occurring at Station

1/I. Annual averages for each station on Transect II (collected monthly)



TABLE 14.23

3
NUMERICAL ABUNDANCE OF Clausocalanus furcatus PER m~ AT EACH STATION
MEAN OF FOUR SAMPLES FOR 1975 AND TWO SAMPLES FOR 1976 AND 1977

§ Winter Spring Summer
" 1)}
2’, E Station Station Station
> B 1 L2 3 Mean 1l 2 3 Mean 1 2 3 Mean
I 4.2 35.9 25.1 21.7 4.4 14.8 28.9 16.0 1.3 129.6 91.6 74.2
ﬁ 11 67.4 150.1 201.1 139.5 8.5 10.2 30.7 16.5 9.7 55.5 96.5 53.9
)]
~]III 11.3 346.7 133.8 163.9 1.1 22.6 30.7 18.1 13.5 248.2 145.7 135.8
iv 29.9 108.1 74.9 71.0 1.9 5.6 38.3 15.3 14.6 128.5 142.¢6 95.2
Meaq 28.7 160.2 108.7 4.0 13.3 32.2 9.8 140.5 119.1
I 6.1 11.8 55.1 24.3 0.4 31.0 27.3 19.06 0 8.7 142.3 50.3
© 11 10.9 8.0 22.5 13.8 24.6 10.7 22.1 18.9 0.9 36.9 117.7 51.8
o~
2 ITXI 14.4 16.3 47.4 26.0 l6.8 68.5 34.9 40.1 2.5 262.5 281.3 182.1
iv 54.9 11.7 8.4 25.0 370.6 75.5 8.8 151.6 344.9 139.7 82.7 189.1
Mean 21.6 12.0 33.4 103.1 46.3 23.3 87.1 112.0 156.0
I 0.3 8.7 20.9 10.0 18.4 255.1 7.5 93.7 0 13.9 128.0 47.3
~ II 1.9 15.6 27.2 14.9 6.9 75.7 34.3 39.0 0.4 ﬁ3.2 122.3 55.3
E IIT 3.2 6.5 13.2 7.6 13.3 22.8 5.9 14.0 0.1 19.9 59.9 26.6
Vv 18.2 19.7 5.1 14.3 104.7 81.5 l6.1 67.4 0 10.6 132.6 47.7
Mear] 5.9 12.6 16.6 35.8 108.8 16.0 0.1 21.9 110.7



TABLE 14.24

NUMERICAL ABUNDANCE OF Clausocalanus furcatus PER m3
ON TRANSECT II IN 1976 AND 1977

MEAN OF TWO SAMPLES AT EACH STATION

Year 1976 1977

Month / Station 1l 2 3 Mean 1 2 3 Mean
January/February 10.9 8.0 22.5 13.8 1.9 15.6 27.2 14.9
March 10.0 48.7 65.1 41.3 0.3 4.6 2.4 2.4
April 12.4 31.7 75.4 39.8 1.0 30.7 17.3 16.3
May/June 24.6 10.1 22.1 18.9 6.9 75.7 34.3 39.0
July 72.1 53.8 5.4 43.8 316.7 121.5 23.6 153.9
August 1.7 '12.3 24.7 12.9 359.6 228.2 31.4 206.4
September 0.9 36.9 117.7 51.8 0.4 43.2 122.3 55.3
November 14.8 82.1 127.8 74.9 0 353.4 60.1 137.8
December 12.3 119.1 77.3 69.6 1.1 130.8 50.3 60.7
Mean 17.7 44.7 59.8 76.4 111.5 41.0

9v-%1
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showed that Temora turbinata was most abundant at Station 1 in both 1976
and 1977.

Centropages velificatus occurred with fair consistency throughout
the study area with the best defined distributional patterns and greatest
abundances (over 200 per m’) occurring at Station 2 in the spring of 1976
and 1977. However, in 1975, seasonal data showed a shoreward gradient of
increasing numbers in all three seasons. Annual averages for each sta-
tion in the monthly data for Transect II indicated a shoreward increase
of Centropages velificatus numbers during both 1976 and 1977.

The most abundant cyclopoid copepods in the 1977 data, ranked in
declining order of abundance, were Corycaeus americanus, Oilthona plumi-
fera, Oncaea venusta, Oncaea mediterranea and Farranula gracilis. Cory-
caeus americanus was, in all three years poorly represented (generally
less than two per’ma) in the summer. It was somewhat more abundant in
winter, and well represented in the spring, particularly at Station 1/III
(157.7 per m®) in 1975; at Station 2/II (90.2 per m?) in 1976, and at
Station 1/II (477.6 per m3) in 1977. Monthly data from Transect II, aver-
aged by station for 1977 showed a strong shoreward gradient of increasing
numbers.

Oithona plumifera was most abundant at the cffshore stations in the
summer of all three years; however, monthly data from Transect II indicated,
on the basis of annual averages for each station, maximum concentrations
about Station 2 in both 1976 and 1977. Abundances of Oncaea venusta were
variable both spatially and seasonally. In 1975 the greatest numbers
(124.2 per m®) occurred at Station 3/III in summer; in 1976 (176.7 per m®)
at Station 1/IV in summer; and in 1977 (181.0 per m’) at Station 2/I in
spring. In general, numerical abundances were distributionally erratic

in the winter and spring, but formed seaward gradients of increasing numbers
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in the summer of all three years. As with Oithona plumifera, monthly data
from Transect II showed annual mean concentrations of Oncaea venusta to be
largest at Station 2.

The numbers of Oncaea mediterranea recorded at each station during
all three years were almost invariably lowest at Station 1 (all transects)
with values increasing in a seaward direction. Temporally, Oncaea medi-
terranea was most equally distributed throughout the area in winter, with
a reduction of occurrences at Station 1 in the spring and with almost no
representation at Stations 1 and 2 in the summer. Monthly data showed
that Oncaea mediterranea was well concentrated at Station 3 throughout the
year in both 1976 and 1977.

Farranula gractlis was not as well represented in 1977 as in previous
years; however, trends of seasonal and spatial distribution of abundance
were in agreement. Winter occurrences wefe rare at Station 1 and abundances
were low throughout the area. In the spring, their numbers increased
somewhat but patterns of regional distribution were still poorly defined.
Maximum abundances of Farranula gracilis occurred in the summer with the
largest average numbers occurring at the deepest stationms. Monthly data
from Transect II showed that the largest numbers of Farranula gracilis
occurred in July and August, between seasomnal cruises, at Stations 1 and
2 in both 1976 and 1977. Therefore, annual means from monthly data reflected
a greater general abundance of this species at Station 2 than was apparent

from strictly seasonal data.

Species Diversity

The number of adult female copepods identified, number of copepod
species found, species diversity index (based on adult female copepods),

and coefficient of equitability (calculated from the diversity index for
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each station) are presented in Table 10, Appendix M. In general, the
trend for diversity indices and equitability coefficients to increase
with depth and species numbers, which was observed in 1975 and 1976,
continued in 1977. The highest species diversity (4.74), coefficient of
eéuitability (0.7797), and number of species (68) occurred together at
Station 3/I in the spring along with one of the lowest numbers of female
copepods (151.6 per m®). The lowest overall diversities and equitabilities
occurred in the summer seasonal samples. The lowest station by station
values occurred in the monthly samples on Transect II where the lowest
diversity (1.28), equitability (0.3480) and number of species (1l4) were
found at Station 1/II in April along with one of the larger numbers of

female copepods (1303.4 per m?®).

Interrelationship Between Zooplankton and Environmental Parameters

n

As in the past two years of the study, those physical and biological
parameters, measured by other investigators, which had the greatest poten-
tial for interrelationships with the zooplankton wefe temperature, salin-
ity and chlorophyll a measurements. Surface values for temperature and
salinity and mean water column values for chlorophyll a are considered in
the discussion below.

On a seasonal basis, water temperatures in the winter of 1977 were
lower than in either 1975 to 1976 and showed a seaward gradient of increas-
ing temperatures. Spring temperatures in 1977 were very uniform throughout
the area and more comparable to 1975 spring values than those of 1976 which
were about 2° higher. In the summer, 1977 temperatures were higher by an
average of 1-2°C than in preceding years. Generally speaking, zooplankton

numbers, biomass values and the relative abundances of individual taxa are

poorly correlated to temperature on a station by station basis. 1In a
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broader sense, however, springtime increases in the zooplankton correspond
directly to the increase in temperature at Stations 1 and 2. A further
increase in temperature by summer was usually accomplished by reductions
in biomass and zocoplankton numbers. One exception to this generalized
pattern occurred at Station 1/I (in summer 1977) where large values were
recorded for both biomass (61.6 mg/m’) and zooplankton numbers (7433.9

per m?, largely composed of immature calanoids) in the summer when temp-
eratures were highest. The monthly data from Tramsect II showed that at
Stations 1 and 2 temperatures and zooplankton abundances increased simul-
taneously until temperatures reached springtime values; then the zooplank-
ton varied in abundance with a net decline as temperatures approached
summer levels. In the summer a second peak of zooplankton numbers (pri-
marily copepods) occurred at all three stations. The biomass at Station
3 showed an inverse relationship to temperature in 1977 in that winter
values for biomass and zooplankton numbers (primarily ostracods) were
highest when temperatures were lowest and decreased with increasing temp-
eratures. However, zooplankton numbers (primarily ostracods and the
copepod Clausocalanus furcatus) increased again in September 1977 when

the temperature was at its yearly maximum.

In 1977, salinity values varied seasonally in the same pattern observed
in earlier years. That is, salinities decreased throughout the area between
winter and spring, then increased from spring to summer. Zooplankton abun-
dances at Statiomns 1 and 2 increased from winter to spring in conjunction
with reduced salinities. The largest biomass values in seasonal samples
accompanied low spring salinities at Station 1/I and 1/II. Similarly,
zooplankton numbers, comprised primarily of ostracods, cladocerans, and
copepods (Temora turbinata and Paracalanus parvus group), were also very

high during the spring at Stations 1/I and 1/II. Zooplankton abundances
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at Station 3 correlated poorly with changes in salinity in that, biomass
decreased from winter to spring as salinities decreased but continued to
decrease from spring to summer as salinities increzased. Zooplankton num-
bers, however, fluctuated throughout the seasons in fair agreement with
changes in salinity. In the monthly data zooplankton biomass and numeri-
cal values at Stations 1 and 2 increased from winter to spring as salini-
ties gradually decreased. Between May-June and July, zooplankton values
abruptly decreased to about 20-25% of the May-Juna values. This was
accompanied by approximately a five parts-per-thousand increase in salin-
ity. Throughout the rest of 1977 salinities at Stations 1 and 2 remained
well above springtime levels, and zooplankton abundances remained close to
the July levels. Some correlation between salinity and the zooplankton
could be seen within individual seasons. For instance, .in the winter and
spring zooplankton abundances génerally increased shoreward along each
transect accompanied by decreasing salinities. In the summer, however,
the data appeared grouped in opposing corners of the study area, separated
by a line from Station 1/IV in the southwest corner to Station 3/I in the
northeast corner. Below the line in the southeast corner, salinities were
at their annual maxima (36 ppt) and zooplankton abundances were at their
lowest. Above the line in the northwest corner, salinities decreased
northward accompanied by an increase in zooplankton abundances. In general,
maximum zooplankton abundances in 1977 occurred in the spring at the
shallow stations when salinities were the lowest for the year and tempera-
tures were in the upper half of their range.

Chlorophyll a values decreased seaward during all seasons of 1977
in conformity to the findings of past years. Winter values at all sta-
tions were the highest for the year in 1977. At Stations 2 and 3 chloro-

phyll a values generally declined from winter through spring and summer,
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but at Station 1 the values on most transects were higher in the summer
than in the spring. At Stations 1 and 2 chlorophyll a values declined
from winter to spring as biomass and zooplankton numbers increased. In
spite of this apparent inverse seasonal relationship, chlorophyll a values
were highest at stations where zooplankton abundances were highest. 1In
the summer, however, chlorophyll a values showed an increase at Stations
1/II, 1/III and 1/IV while zooplankton abundances showed a sharp decline.
At Stations 1/I chlorophyll a was very low in summer when zooplankton
values were among the highest of the year. In the monthly data from
Transect II chlorophyll a values showed a progressive decline from Sta-
tion 1 to Station 3 throughout the year. The data for zooplankton abun-
dance showed the same trend in most months. During the annual cycle,
changes in chlorophyll é_dat; were poorly correlated to changes in zoo-
plankton abundance at Stations 1 and 2. However, at Station 3, changes
in chlorophyll a were directly related to changes in zooplankton abundances.
Linear correlation coefficients of the 1977 zooplankton data against
the three physical and biological parameters considered above, generally
supported the relationships discussed (Table 14.25). Correlation coeffi-
cients based on seasonal data were somewhat lower than those for the
monthly data and probably reflected the inability of such widely-spaced
samplings to properly accommodate natural lag periods between changes in
physical parameters and the zooplankton community. Of the zooplankton
data tested for linear relationships, the total number of zooplankton,
numbers of Chaetognatha, and numbers of the Paracalanus parvus group
showed strong but negative correlation to salinity. On the other hand,
Clausocalanus furcatus, an oceanic species, displayed only a moderate,
though positive correlation to salinity. Good positive correlations

occurred between forms abundant near shore, such as the Mollusca and the



CORRELATION COEFFICIENTS FOR CERTAIN BIOLOGICAL AND HYDROLOGICAL DATA

TABLE 14.25

COLLECTED SEASONALLY FOR THE ENTIRE STUDY AREA AND MONTHLY ON TRANSECT II IN 1977

Correlation Coefficient

Zooplankton

Monthly

Seasonal

Salinity (ppt)

Chlorophyll a

Salinity (ppt) Chlorophyll a

3
Dry Weight (mg/m’)

3
Number of Zooplankters per M

Number

Number

Number

Number

Number

Number

Number

Number

of

of

of

of

of

of

of

of

3
Copepoda per M
Copepod Species
3
Cladocera per M
3
Ostracoda per M
3
Mollusca per M

3
Chaetognatha per M

3
Paracalanus parvus group per M

3
Clausocalanus furcatus per M

-0.

~0.

5512

5776

.4244

.2300

.5244

.1041

.5441

.6669

.5001

.0611

0.

0.

0.

-0

0

1686

0877

0438

.4256

.0228

.1467

.0328

.0582

.2599

.2689

-0.

-0.

0.

5522

7631

.6566

.3175

.5853

.1884

.5675

.8341

.7228

3854

-0.0958

0.4282

0.3966

-0.6108

0.0366

0.0264

0.6208

0.1932

0.5840

-0.3006
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Paracalanus parvus group, and the chlorophyll a data. These results,
expressed statistically, support many of those suggested by visual exam-
ination of the data. Strong correlations between certain zooplankton data
and chlorophyll a and salinity values suggested that land drainage, by
lowering salinities at nearshore stations, provided nutrients which sup-
ported phytoplankton blooms and ultimately increased zooplankton produc-

tion.

Comparison of Recent BLM-0CS and Historical Zooplankton Studies

"Historical zooplankton' refers to samples collected from 1963 to
1965 from the Texas continental shelf. These samples were originally
analyzed for larval penaeid shrimp; then stored until 1975 when samples
from three transects (two with four stations and one with three statioms),
located within the BLM-STOCS study area, were analyzed for zooplankton
taxonomic composition and abundance. Except for biomass weights, which
were not measured, the historical samples were analyzed following the
procedures described in the methods section above. Historical samples
were collected one per station, at monthly intervals using a 0.4 meter,
wire screen net (GULF-V); whereas the recent samples were collected both
monthly (on Transect II) and seasonally (all four transects) using a
l-meter nylon net. Some differences in data from the two studies may be
attributable to these differences in sample collection methods.

In general, more similarity than dissimilarity appeared in the results
of the two studies. Viewed as the annual mean for each station, the range
of numerical abundances (3595 to 909 per m®) in the historical zooplankton,
fell within the range of annual means (4122 to 844 per m®) reported from
Transect II monthly data collected in the recent study. Further, pattermns

of historical zooplankton abundance showed a seaward decline in numbers
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and a seasonal increase during the spring months, in agreement with the
results of the recent study. The major difference in data from the two
studies was found in the results” for the total zooplankton at the deepest
stations. Seasonal fluctuations in historical zooplankton abundances at
the deepest stations increased from winter to spring in conformity with
the results from the shallower stations. In the recent study, however,
abundances at the deepest stations decreased from winter to spring. This
suggested that the zooplankton population at the deepest (73 m) historical
stations was more like the zooplankton at the intermediate depth (45-90 m)
stations, than at the deepest (90-135 m) stations in the recent study.

As was found in the recent BLM-OCS results, copepods accounted for
50-65% of the historical zcoplankton numbers except in the spring months
when other forms were more abundant. Further, the same groups which were
abundant in the recent study (ostracods, mollusc larvae, chaetognaths,
and larvaceans) were generally well represented- in the historical samples.
Patterns of temporal and spatial distribution among these taxa also were
in close agreement between the two studies.

Among the copepods the relative abundances of calanoids (about 757%),
cyclopoids (about 25Z), and harpacticoids (less than 1%), together with
seasonal and spatial variations in their relative abundances, were similar
between the studies. Percentages of adult copepcds and immatures also
followed similar seasonal and spatial trends in both studies. Most of
the species found in recent samples were also found in historical samples.
The numerically abundant calanoids Paracalanus indicus, Paracalanus quasi-
modo, Clausocalanus furcatus and Temora turbinatc were, in terms of abun-
dance and distribution, very similar in both studies. However, the small

estuarine species Acartia tomsa and Paracalanus crassirostris were more
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abundant in the historical samples than in the recent study. Among the
most abundant cyclopoids, Otthona plumifera produced similar patterns of
abundance and distribution in both studies. The small estuarine species
Otthona nana along with Oncaea media, a small form well represented
throughout the area, were the most abundant cyclopoids in historical
samples; whereas, the larger species Corycaeus americanus, Oncaea venusta
and Oncaea mediterranea were usually the most abundant cyclopoids in the
recent study.

In conformity with the findings in recent BLM-OCS results, the
species diversity indices and coefficients of equitability increased sea-
ward along with the numbers of copepod species. Differences in species
composition between the two studies may, in part, be attributed to the
differences in sampling gears and sampling depths which were discussed

earlier.

CONCLUSIONS

1. Zooplankton abundances in terms of both biomass and number dis-
played a considerable degree of spatial and temporal variations and these
variations were progressively extensive toward shore.

2. The zooplankton usually showed a seaward decrease, and this
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.

3. Copepods were the most abundant group, comprising approximately
50% of the zooplankton by number. When the zooplankton increased in
spring and summer, the relative abundance of copepods decreased, indica-
ting that other organisms were idcreasing faster than copepods.

4. Numerically important groups other than copepods were Ostracoda,
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Amphipoda, Cnidaria, Mollusca, Chaetognatha, Cladocera and Larvacea.
Ostracods were most abundant at the mid-depth and deep stations and
Cladocera and Mollusca, near shore in the spring. Amphipoda, Cnidaria,
Chaetognatha and Larvacea usually showed no discernible distributional
patterns, spatially or temporally, throughout the area.

5. About 757 of the copepods were calanoids, 25% cyclopoids, and
less than 1% harpacticoids. Percentages of calanoids were at their high-
est in the winter and summer, cyclopoids, in the spring. In copepods
the adult females maintained a relative abundance of about 50% throughout
the year. Developmental stages accounted for 40-607% of the copepods in
winter and summer, but dropped to less than 257 in spring.

6. The most abundant calanoid species were Paracalanus indicus,
Paracalanus quasimodo, Clausocalanus furcatus and Clausocalanus jobei.
The first two species were abundant at shallow stations while the latter
two were abundant at deep stations. The most abundant cyclopoid species
were Corycaeus americanus, Oncaea mediterranea and Oithona plumifera.

The first was abundant near shore and the latter two were abundant off-
shore.

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 produc-
tive in low-salinity water.

9. A comparison of data from historical samples with the three
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years of BLM-OCS data show more similarity tﬁan dissimilarity in the

abundance and taxonomic composition of the zooplankton. The fact that
smaller forms and some estuarine species of copepods were more abundant
in historical samples may be the result of the differences in sampling

gear employed and location of stations sampled.
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ABSTRACT

Neuston samples were collected on nine cruises on the South Texas
Outer Continental Shelf (STOCS) during 1977. The samples were analyzed
taxonomically and for standing crop and tar values. All three of these
attributes showed high variability. Seasonal trends in abundance for
many groups, both invertebrates and vertebrates, showed good agreement
with 1976 patterns. Species groupings for invertebrates also agreed well
with 1976 data.

Average dry weights for all tows on a single cruise ranged from 9.37
gms per 1000 m® in December to 79.98 gms per 1000 m® in March. Tar values
averaged along only Transect II ranged from 8.33 gms per 1000 m® in August
to greater than 70 gms per 1000 m® in March.

A total of 77 decapod taxa were identified in the 1977 samples. The
decapod larvae reached a peak in the spring and fall seasonal cruises.
Concentrations were generally higher at night than during the day. Deca-
pod species diversity was also generally higher at night.

The greatest abundances of fish eggs occurred in the spring. Fish
larvae were most abundant during July. A total of 71 taxa of larval fishes
were collected during 1977. 1In general, more fish eggs were captured during
the day than during night tows, while the fish larvae showed the opposite
trend.
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INTRODUCTION

The purpose of this study was 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 STOCS. This
taxonomic analysis, which included quantitative enumeration of species,
dry weight and ash-free dry weight determinations and weight of tar, was
designed to characterize existing environmental conditions prior to pos-
sible environmental perturbations which might occur in the future as a
result of offshore drilling for oil and gas.

The neuston enviromment 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 in the neuston.

Although the neuston defies a strict biological definition in terms
of species, there are certain taxonomic groups which are commonly found
in the upper 15-20 cm of the water column during significant portioms of
each day. There is considerable variability not:.onily in the abundance of
neustan, either as total numbers of organisms or in terms of dry weight,
but also in its taxonomic composition. This is due, in part, to diel
vertical migration, but is also probably due to various types of environ-
mental heterogeneity. Therefore, day-night sampling is done to minimize
the former variation, but the latter source of variability is not generally
monitored.

In this report, an attempt was made to identify the variatioms in
numerical abundance of the various taxonomic categories of neuston in
relation to diel, seasonal and geographic considerations as they existed

during 1977 in the sampling area. In addition, an attempt was made to
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analyze for relationships between species as co-occurring groups and to

determine significant temporal patternms.

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 Naumann first applied the term to surface film organisms in
1917 (Zaitzev, 1970).

Marine neuston has been studied fairly extemsively 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 concen-
trating 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
Eastern Atlantic (Hartman, 1970).

No complete quantitative faunal analysis of neuston samples has been
published. Althcugh Weikert's (1972) study of the zooplankton of the sub-
tropical Atlantic came close, it omitted several major zooplankton groups
as coelenterates and tunicates, and did not provide identifications of
species of calanoid copepods.

Two recent unpublished manuscripts presented the most complete quant-
itative and detailed analyses of neuston organisms to date. The first,
a'study of neuston of the Northwest Atlantic (Morris, 1975), compared the
zooplankton in the neuston with the near-surface zooplankton and reported
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 was a
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M.S. thesis by Berkowitz (1976). This study compared the neuston and
near-surface zooplankton in the northwestern Gulf of Mexico in oceanic
waters off Texas above the 1000-fathom bottom contour of the continental
slope zone. The neuston in this area appeared to be relatively impover-
ished compared to plankton concentrations one meter below the surface.
The above two studies did not, however, include detailed analyses of
fish larvae and eggs or decapod larvae, as in the present BIM study.

Other neuston studies in the Gulf of Mexico have been sparse and
incomplete. Zaitsev (1970) reported on neuston from the Gulf of Mexico,
which he found to be poor in areas of upwelling, where biomass (wet fresh
weight) did not exceed 100-200 mg/m3, but where the water converges in
the center of the Gulf the wet-weight biomass reached 410 mg/m3.

Jeffrey et al. (1974) reported on relative zbundance of pelagic tar
in the Gulf of Mexico from neuston samples but did not report on the
biotic aspects of the neuston. A cursory study of the latter was reported

on briefly, however, in Pequegnat et al. (1976).

METHODS

Field

Field sampling was carried out under two different schemes. The
winter seasonal cruise used the net from the 1976 program} This net had
a2m x 1 mopening and yielded one sample per tow. Starting with the
March monthly and for the remainder of 1977, a net 2 m x 0.5 m partitioned
into four equal areas by vertical bars was used. Each section had a
separate net so it was possible to collect four samples per tow. All four
samples from each tow were analyzed for the March and April cruises. The
agreement among the four '"replicates" for all six tows was compared in

detail for the March samples and the results were reported in the Second
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Quarterly Report, 1977. No systematic bias was found in any of these com-
parisons and the agreement within the sets of four was very good. Starting
with the spring seasonal samples two net chambers were randomly selected
and analyzed. The values used for analysis represented averages of four
samples for March and April and averages of two samples from Spring to
December.

The mesh size of the four nets was 505 um. After each tow
the nets were rinsed down and each cod end was emptied into a separate jar.
The jars were filled with 10% formaldehyde solution (4% formaldehyde) and
buffered with sodium borate. Labels were added with the starting and final
flowmeter readings. The flowmeter was suspended just below the middle of
the.net and recorded the distance traveled by the net. Assuming an average
fishing depth of 15 cm the volume of water filtered could be estimated.
It also was assumed each net filtered an equal volume of water. The valid-

ity of these last two assumptions remains untested.

Laboratory

Each sample was '"rough sorted” initially to remove large organisms and
non-living debris. This material was put in a separate jar and labeled as
the large fraction. The remainder was put into a Folsom plankton splitter
which mechanically divided the sample in half. The first split produced
the "archive half" and the other half was resplit. This resplitting pro-
cess continued until two final aliquots of approximately 1000 individuals
were obtained. Omne of these final aliquots was used for a dry weight
determination while the other was used for taxonomic identificatious.

Each tow resulted in at least four aliquots, five if there was a large
fraction present. For example, if a sample was split four times and

there was also a large fraction, there were the following aliquots: a large



fraction, an archive half (1/2 of original sample), one final aliquot for
taxonomy (1/16 of original sample), one final aliquot for dry weight and
ash-free dry weight (1/16 of original sample) and a residue (1/2 - 1/16 -
1/16 or 3/8 of original sample) (Figure 15.1).

The archive half was permanently stored. The organisms and debris
in the large fraction were enumerated. These counts were called "A'". The
organisms in one final aliquot were also identified and counted. These
were called "B". Any tar in either of these samples was removed, dried at
60°C and weighed separately. Any tar in the other final aliquot was
removed and added to that form from the other final aliquot before drying.
This then represented the tar from 1/8 of the original sample.

The counts termed '"B'" were then multiplied by (1000/volume filtered)
X 4 nets to give the numbers per 1000 m® per net per aliquot. If these
numbers were multiplied by the inverse of the aliquot size (16) the number
per 1000 m® per net was obtained. The large fraction counts ("A") were
multiplied by "C", which was a correction factor to a constant volume (Fig-
ure 15;1) and added to the values of the number per 1000 m? per tow obtained
from the "B" counts. Then the total sample was counted and corrected to a
standard volume, 1000 m® in this case.

The other final aliquot was dried at 60°C to constant weight and weighed.
It was then put in a muffle furnace at 500°C to combust all organics and
weighed again. The difference between these two weights was the ash-free
dry weight. The same corrections for aliquot size and volume filtered were
made.

In the taxonomic sorting all decapods and decapod larvae were sorted
out and sent to Dr. Linda Pequegnat for analysis. All fish and fish eggs
were also removed and sent to Dr. John McEachran for analysis. These

people also sorted through all the large fractions for their organisms.
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Figure 15.1

Schematic diagram of the analysis of a single sample.




In addition McEachran sorted all the residue aliquots for fish and fish
eggs..

The results of the general taxonomic analyses will be discussed first,
followed by a discussion of the decapod and decapod larvae results by Dr.
Pequegnat and finally a discussion of the fish and fish eggs results by Dr.

McEachran.

RESULTS
Dry Weight
An examination of the dry weight data for the entire year (Table 15.1)
showed a considerable amount of variability. In Table 15.2 the averaged
values along Transect II using both day and night values are presented.
This was done since there were unequal numbers of day and night observa-

tions if all transects were used and diel differences were not consistent

9

1g a transect. TFigure 15.2 shows these means and 957 confidence inter-
vals. Considerable overlap of intervals was observed due to the high vari-
ability and a horizontal line could be drawn which intersected every month.

This indicated that there were no significant seasonal changes which could

be shown in our data.

Tar Weight

Figure 15.3 shows monthly and seasonal averages for all available
data. With the exception of August which had small variability (and a

small mean), all other values were indistinguishable at the 95% level.

Species Counts

The general philosphy of this report was not to present a lot of
results which showed little. Examination of monthly changes of total

numbers per unit volume provided little additional information and there-
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Cruise

Winter
March
April
Spring
July
August
Fall
November

December
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TABLE 15.1

Average
(gms/10°m3)

12.
79.
16.
20.

9.
57.
10.
i7.

9.

85
78
44
42
96

02

96.

59
