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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 . SkeZetonema costatwn 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 number of phytoplankton-

related analyses : 1) measure the light extinction 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, and 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 gas backed by extensive literature . Water 

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 . Steidi:.ger (in E1-

Sayed et aZ ., 1972) discussed phytoplankton spec::es enumerations in the 

eastern Gulf of Mexico . Parsons et aZ . (1977) reviewed the applications 

of the chlorophyll a and 14C techniques . Steeman-Plielsen (1975) specifi-

cally summarized various aspects of marine photosynthesis . alone (1971) 

considered the implications of relative photosynthesis in the net-'.and 

nannophytoplankton fractions . Platt and Denman (1975) demonstrated the 

utility of continuously measured in vivo fluorescence to characterize 

phytoplankton spatial heterogeneity . 

Historical data on the phytoplankton of the STOCS area is.-generally 

confined to the previous years of the BLM progr&n . Two reports (Van 

Baalen, 1976 and Kamykowski et aZ ., 1977) summarize tie data collections 

during 1975 and 1976, respectively . Additional information that may be 

generalized to the STOCS area is available in E1 .Sayed et aZ . (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 . The latter data was collected at 53 out of 87 possible 

stations for a success rate of 61% . 

Chlorophyll a and Carbon Uptake Determinations 

30-Q Niskin Bottle r 
Chlorophyll a Carbon Uptake 

3-5 k of water filtered through 
20 um Nytex mesh ; 2-4 1C of fil-
trate filtered through 0 .4 ~im 
47 mm NtJCLEPORE filter (3 fil-
ters) with gentle suction ; time 
30-40 minutes 

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 
NaHC03, disturb with glass rod, 
extract at room temperature in 
dark for 1 hr ' 

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

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

SCOR-UNESCO values are used in the 
following discussion 

12 125-m1 reagent bottles filled 
with seawater ; 6 are clear and 6 are 
wrapped with black PVC tape ; each 
bottle inoculated with 5 uCi 14C 
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 um 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, Stations 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, -CV, Stations 1, 2, 3 ; 
Depth: surface and ha1 :=-photic zone . 

Monthly - Transect II, Stations 1, 2, 3 ; 
Depth: surface and hal :_ photic zone 

Chlorophyll a : 

Seasonal - Transect I, II, III, :CV, Stations 1, 2, 3 ; 
Depth: surface and hal :;L~-photic zone 

Monthly - Transect II, Stations l, 2, 3 ; 
Depth: surface, half-photic zone, bottom 

Carbon Uptake : 

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

Monthly - Transect II, Stations 1, 2, 3 ; 
Depth: surface 

Continuous Chlorophyll a, Temperature, Conductiv ity : 

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 jetties ; Depth : - 2 meters 
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Phytoplankton Counts 

Same 30-Q Pliskin Bottle 

Preserve 1 Q water in 2% formalin solu-
tion ; 250 ml water in Lugol's solution ; 
return to lab ' 

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

1 
Examine quantitative section of slide 
at 200X magnification on an inverted 
microscope ; record species and abun-
dances . Use ZEISS compound scope for 
species verification, 

1 
Examine quantitative section of slide 
at 400X magnification on an inverted 
microscope, record coccoJ.ithophorid and 
nannoflagellate abundances 

1 
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 (i .e . increasing 

Secchi depth) offshore . This general trend was subject to occasional 

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 sanno-

fraction generally dominated the biomass across the shelf ; especially in 

offshore waters . Dominance of the nanno-fraction was 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 a)_1(hr)_11 . 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 stations 

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 abL.ndant 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 appes.red 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 ; Stations 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 station 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 how concentra-

tions during winter . Surface concentrations were relatively high at 3/I 

and 3/II ; 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 variation at Stations 1-6, 

Transect II throughout the year . The turbid inshore zone usually affected 

1/II 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 c.epths were generally low 

between January-May, increased abruptly in July and August, decreased in 

September due to the influence of Hurricane Anit<<, increased somewhat in 

November and decreased in December . These patterns Wererelated to water 

depth stratification strength, wind speed and fresh water inflow . 

Figure 11 .13 displays the monthly values of total chlorophyll a . A 

similar pattern occurred at the surface, and hall : the depth-of-the photic 

zone . At 1/II, values less than , 1 ug Q 1 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 Z- 1 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/II 

alway3 contained more than - 1 ug Q-1 of chlorop'iyll a . Station 3/II 

exhibited uniformly low concentrations throughout the year . 

Figures 11 .14 and 11 .15 compare the relativ= contribution of the net 

and nanno-fractions to the monthly chlorophyll a patterns . Generally, the 

nanno-fraction biomass peaks followed the-net-fraction hiomass 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/II 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 tae surface and half the depth of the pnotic 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/II 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 decreasing abundance . The 

numbers under each cruise heading give the rank order of abundance within 

that period . For example, at Station 1/II, March, SkeZetonema costatum 

was the mast abundant and GonyauZax minima was tha least abundant of the 

top 11 species . 

The tables simply express the community changes observed at Stations 

1/II, 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/II November-July : SkeZetonema eostatum, CYaetoceros deciptiens, 
Chaetoceros spp .,Nitzschia seriata 

August-October :NavicuZa spp ., ThaZassicnema nitzschiotides, 
Nitzschia 

2/II September-February ; April-July : SkeZetcnema costatum; Rhtizoso-
Zenia stoZterfothii, Chaetoeeros sp.p . Chaetc-
eeros decipiens 

March : Dinoflagellates 

August : Barren 

3/II January-February : Sk,,Zetonema costatwn, llitzschia 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 

SkeZetonema costatzvn 1 1 2 4 1 
DityZum brightcveZZii 2 2 
Nitzschia seriata 3 5 6 5 
Chaetoceros decipiens 4 10 6 2 
Chaetoceros spp . 5 5 10 7 4 
AsterioneZZa gZaciaZis 6 4 
RhizosoZenia deZicatuZa 7 7 9 
RhizosoZenia aZata v . aZata g 
HemiauZus hauckii 9 
Chaetocervs compressus 10 
Prorocentrum compressum 3 S 5 
ThaZassiothrix frauenfeZdii 6 4 8 
CocZodiniwn archimedes 7 
Chaetoceros atZanticus 8 3 5 
ThczZassionema nitzschioides 9 1 2 
GonyauZax minima 11 
Chaetoc2rcs curvisetus 1 1 
RhtizosoZenia stoZterfothii g 
Chaetoceros affinis 9 
LeptocyZindrus danicus 2 9 
Gymnodinium spp . 3 
RhizosoZenia aZata 7 6 
Prorocentrum micans g ,5 
Bacteriastrum spp . 10 8 
HemiauZus membranaceous 
HemtiauZus sinensis 3 3 6 
Chaetoceros didymus 4 4 
Torodinium robustum 6 5 
Gyrodinium spp . 9 
NczvticuZa spp . 1 
Nitzschia spp . 2 2 4 3 
Ceratium macroceros 4 
Ceratizon trichoceros 7 
Nitzschia Zongisstima 8 10 
Coscinodiscus spp . 3 9 
DipZoneis spp . 6 
PZeurostigma spp . 7 6 
NavicuZa membranacea 3 
RhizosoZenia fragiZZisima 8 
Eucampia zoodiacus 10 
CeratauZina peZagica 7 
AsteromphaZus spp . 7 



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 

SkeZetonema costatum 
RhizosoZenia aZata v, aZata 
RhizosoZenia deZicatuZa 
ThaZassionema nitzschioides 
RhizosoZenia stoZterfotYctii 
G'haetcceros Spp, 
Chaetoceros decipiens 
Chaetoeeros atZanticus 
Chaetoceros curvisetus 
PZeurosigma spp . 
Gymnodintium spp, 
DityZum brightrue Z Zii 
Prorocentrum compresswn 
GonyauZax minima 
uyrodiniwn spp . 
Dxytoxum gZadioZus 
Rhizcso?2ria a?ata 
Nitzschia seriata 
Gyrodiniwn fuszforme 
HemiauZus membranaceous 
TT3crxZassiothrix frauenfeZdii 
Cy;cretoceros peruvianus 
G'haetoceros coareticus 
Torodinium robustum 
ThaZassiosira spp . 
LeptocyZindrus danicus 
Lauderia spp . 
Nitzschia spp . 
RhizosoZenia fragiZZisima 
Euccmrpia zoodiacus 
Chaetoceros brevis 
Chaetoceros didymus 
Trichodesmium erythraeum 
HemiauZus sinensis 
Ncrv2cuZa spp . 
Coscinodiscus excentricus 
Podo Zcmrpus spini fera 
Dinophysis caudata 
CeratauZina peZagica 
Guinardia fZaecida 
HemiauZus lcauckii 
NavicuZa warwrikae 
Chaetoceros affintis 
Cos--inodiscus spp, 

Jan Mar Apr May 
Feb June 

1 1 
2 
3 
4 
5 7 2 
6 5 
7 2 9 
8 
9 

10 
2 1 
3 
4 10 
5 
6 
7 
8 
9 

10 
1 
3 6 
4 
6 
8 
9 

3 
4 
S 
7 
8 

10 

July Aug Sept Nov Dec 
Oct 

3 

9 9 
4 8 
3 7 

5 

6 

5 3 1 3 

2 
4 
5 

4 10 6 

7 

2 

1 
7 
6 

5 

3 

2 

1 
7 4 1 

1 
2 
5 
6 

8 
11 

2 
10 8 
11 

4 
9 
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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 
Feb June Oct 

SkeZetonema cosdatum 1 
Nitzschia pacifica 2 
Nitzschia seriata 3 
CYcaetoceros curvisetus 4 
Nitzschia spp . 5 10 1 5 3 
Chaetoceros spp . 6 7 10 
LeptocyZindrus minimus 7 
RhizosoZenia fragiZZisima 8 
HemiauZus hauckii 9 
RhozosoZenia stoZterfothii 10 2 
Gymnodinium spp . 1 9 1 
Gyrodiniwn fusiforme 2 
Torodinuum robustwn 3 7 5 1 2 1 2 
Chaetoceros coareticus 4 
Gy1/t120Q'Z%lZi,07f ZJZIZ f fZZ 

RhizosoZenia aZata 6 1 
Stauroneis quadripedes 7 
Prorocentrwrr compresszvn 8 10 4 
Trichodesmiwn eruthrue,rm 9 3 
1/6U.(iU.AJVVV/4L'V~ J1'U.lib/4JG lA.(i~ 1 4 G 

Chaetoceros decipiens 2 4 
Nitzsehtia sertiata 3 
CaZyptrosphaera oblongata 4 
Gyrodinizon spp . S 2 
G'haetoceros peruvtianus 6 
HemiauZus membranaeeous 8 8 
Lauderia borealis 10 
Streptotheca th=esis 11 
Euccvrrpia zoodiacus 6 
Chaetoceros atZanticus 7 3 
Guinardia fZaccida 
RhizosoZenia caZcar avis 9 
ThaZassionema nitzschioides 2 4 1 
LeptocyZindrus danicus 5 3 
G'haetoceros didymus 
Chaetoceros messanensis 
Bactertiastrurrt spp . 10 
HemiauZus sirensis 
Ceratium macroceros 
Ceratium minutum S 
PoZykrikos schwartzii 6 
C'haetoceros diversus _ 7 
NavicuZa membranaceous 
Rhizosotenia deZicatuZa 9 
Ceratiwn trichoceros 3 
Oxytoxum sceptrwn 4 
PZeurosigma spp . 5 
Coseinodiscus spp . g 
NavicuZa warwrikae 



March-December : Nitzschza spp ., Torodinzum robustum, ThaZasstio-
thrix frauenfeZdii 

Table 11 .5 summarizes the class dominance at each depth during each 

cruise at all stations sampled . A succession of phqtoplankton types was 

evident . In January, diatoms dominated along Transects 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 b}' mixed communities that 

gradually changed to dominance by very small form:. (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 . Them- presence suggests an 

alternate source of water column nitrogen either 1:hrough 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 one 

half the depth of the photic zone . Their numbers and distribution declined 

in July and August but again increased from September to November . No 

blue-greens were observed in December . 

Table 11 .7 lists the monthly diversity indices for each sample col-

lected during 1977 . Replicated samples are represented by the mean of the 

three values available . Diversity index values lass 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 
Feb June Oct 

1/I 0 1 1 1 
.5 1 1 2 

2/I 0 1 1 1 
.S 3 1 2 

3/I 0 1 2 - 
.5 1 3 4 

1/II 0 1 1 1 1 1 3 1 1 
.5 1 1 1 1 1 1 2 1 

2/II 0 1 1 1 1 3 3 4 4 
.5 1 3 2 1 3 3 1 3 

3/II 0 1 2 1 2 1 3 1 4 
.5 1 3 3 3 1 3 1 4 

1/III 0 1 1 2 
.5 1 1 2 

2/III 0 3 1 4 
.S 3 1 3 

3/III 0 3 1 4 
.5 3 1 1 

1/IV 0 1 1 1 
.5 1 1 1 

2/IV 0 3 2 3 
.5 1 1 1 

3/IV 0 3 2 2 
.5 3 1 2 

Dec 

4 
4 
4 
3 
4 
3 

1 - diatoms 
2 - dinoflagellates 
3 - coccolithophorids 
4 - monods 
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TABLE 11 .6 

MONTHLY VARIATION OF BLUE-GREEN ALGAE ABUNDANCE (CELLS Z_'.) AT ALL STATIONS 

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

1/I 0 0 60 0 
.5 0 100 80 

2/I 0 0 140 40 
.5 0 191 0 

3/I 0 0 60 0 
.S 0 160 0 

1/II 0 0 0 0 60 0 20 0 382 0 
.5 0 0 0 0 0 0 0 764 0 

2/II 0 0 0 40 40 0 0 320 0 0 
.5 0 0 0 0 40 0 0 840 0 

3/II 0 0 100 40 380 0 0 0 0 0 
.5 0 0 40 0 0 0 0 0 0 

1/III 0 0 300 20 
.5 0 300 0 

2/III 0 0 0 60 
.5 0 1200 0 

3/III 0 0 280 20 
.5 0 20 0 

1/IV 0 0 0 360 
.5 0 0 80 

2/IV 0 0 320 880 
.5 0 0 0 

3/IV 0 0 100 0 
.5 0 0 0 
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TABLE 11 .7 

MONTHLY VARIATION OF SPECIES DIVERSITY (H)1 

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

1/I 0 3 .18 3 .78 1 .89 
.5 3 .03 3 .74 2 .72 

2/I 0 3 .59 3 .29 1 .72 
.5 3 .73 2 .88 0 .00 

3/I 0 3 .57 1 .07 - 
.5 3 .91 2 .91 2 .37 

1/II 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/II 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/II 0 3 .19 1 .25 2 .12 2 .03 2 .25 1 .00 2 .07 0 .31 2 .41 
.5 2 .87 2 .03 2 .58 1 .34 2 .58 1 .11 2 .90 1 .46 2 .88 

1/III 0 2 .27 4 .01 3 .68 
.5 3 .02 4 .23 2 .94 

2/III 0 3 .88 3 .64 2 .66 
.5 3 .30 3 .32 3 .12 

3/III 0 3 .54 3 .37 2 .47 
.5 3 .79 3 .45 2 .32 

1/IV 0 3 .01 3 .38 3 .63 
.5 3 .39 3 .04 3 .97 

2/IV 0 3 .63 2 .24 2 .67 
.5 4 .25 1 .22 1 .78 

3/IV 0 3 .51 2 .01 2 .25 
.5 1 .94 2 .01 1 .00 

1H = E - Pi loge Pi 
i 

where pi - 
abundance ith species 
total abundance 

2 Replicate stations 
3 Single species observed 
4 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 SkeZetonema costatwn . 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, temperatures 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 Q 1 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 about 25 nautical miles 

offshore in April and May; the outer shelf cleared to concentrations less 

than 0 .5 ug C' . 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 coastal 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 7.1 .20 summarizes the temp-

erature structure observed along Transect II . TY.e 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- 



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% isolune 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 . 
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The actual relationship of either measure to an aDsolute photic zone depth 

depended on the characteristics of the specific paytoplankton community . 

Figure 11 .24 considers the relationship between 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°/0o were associated with Secchi 

depths less than 4 m . Salinities above 33 '/ . . showed increasing variabil-

ity as oceanic salinities (t,- 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 phytoplank.ton 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 cased by classic«1 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 pattern 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 C", below 32°/� , the 

remaining months increased in chlorophyll a with any freshwater input (2 .e . 
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chlorophyll a ~ 2 .5 ug Q'1 at 32°/0, ), 

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 erlerged . The carbon uptake 

per unit chlorophyll a in clay 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 upta:ce increased from January 

through May, declined through the summer months a~zd increased again in 

December . On a station basis, assimilation numbers tended to increase off-

shore on all transects . These trends were relates 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 

Station Jan Mar Apr May July Aug Sept Nov Dec E/X 
Feb June Oct 

1/I 7 .93 15 .20 11 .31 34 .44/11 .48 
2/I 11 .88 27 .88 8 .26 45 .02/16 .01 
3/I 3 .26 49 .08 7 .89 60 .23/20 .08 

1/II 7 .16 12 .29 8 .38 16 .78 14 .21 5 .65 6 .32 7 .05 6 .81 84 .65/9 .41 
2/II 15 .76 13 .90 15 .68 34 .75 - 5 .53 10 .96 6 .30 19 .02 121 .90/15 .24 
3/II 7 .62 21 .23 39 .55 47 .27 15 .27 4 .44 7 .36 13 .00 28 .63 184 .37/20 .49 

1/III 5 .15 17 .71 8 .83 31 .69/10 .56 
2/III 12 .91 28 .33 5 .57 46 .81/15 .60 
3/III 6 .09 3 .72 6 .67 47 .48/15 .83 

1/IV 8 .74 23 .03 3 .55 35 .32/11 .77 
2/IV 11 .65 42 .58 6 .39 60 .62/20 .21 
3/IV 7 .11 50 .38 9 .73 67 .22/22 .41 

E 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 E - 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 11 15 .04 Station 1 10 .34 Station 3 16 .31 Station 3 19 .97 

F-' 
1 

N 
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Figure 11 .30 presents the mutual dependencies between total chloro-

phyll a and total phytoplar_l:ton 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 fraction 

and to the large variability of chlorophyll a per cell in different 

species . 

CONCLUSIONS 

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 into complex monthly groupings 

reflecting the complex physical processes in the STOCS area during 1977 . 

SkeZetonema eostatwn 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 conditions, 



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 can 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 for~Lminiferans and pteropods) 

as indices of oceanographic conditions . To this end, three tables are 

included in the text designating such indicators, and Table l, Appendix K 

is constructed so that it may be used in conjunction with the tables and 

figures in the text . 

METHODS AND MATERIALS 

Collecting Procedures 

Nansen Tows (.Depth Stratified Samples ) 

Nansen tows were taken at Stations 1-3 of al] . transects during the 

seasonal sampling, and at Stations 1-3, Transect I.I during the July 
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through December monthly samplings (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 SO 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-m1 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 Na2B407 " lOH2° 

(sodium borate) + 18 .2 gm SrC1X " 6H20 (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 
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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 dust off the sea floor at Stations 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-Q Niskin bottle, 29 Q 

were filtered through a 38-um mesh stainless steel screen . The filtrate 

was washed into a 500-m1 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 seasonal samples that did not contain stain) 

were dandled 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 BoZivincz 

Zotomani 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 seasonal 

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 

Phvsical and Chemical OceanoRranhic Settin 

Water masses of the STOCS in 1977 were plotted 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 co d ed 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 coast from north 

to south . Smith's Figure 2 .3 (Chapter Z) 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 component "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)0 

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

The data from the Nansen tows may be seen iii 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/m3), planktonic foraminiferans and 

the benthic foraminiferan BoZivtina Zowmtani ; and, polycystin radiolarian 

richness (number of species/tow) for each season at depths of 0-25 m, 

25-SO 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, x.977 ; Casey, In Groover, 

1977) with the exception of . the dramatic .upwelling (upwellediwater-to the 

surface, : not just an upbowing .of . wader) izi.-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 of 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/III . 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-SO 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 SO m), the shelf-intermediate water (25-SO m) contained high 

radiolarian densities especially in the northern section of the study area . 

Spring salinities (Figure 12 .7) suggested a lens of brackisr watercaas over 

the shelf in the shallow waters 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 Vansen 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 

encroachment 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/II 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 along Transects 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 . Zotamani density maps from Nansen tows for sinter (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 deeper 

tows . B. Zoumtanti density maps for spring (Figure 12 .5) showed 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 . Zorvmanti were 

very low over the inner shelf, suggesting a pond of nearshore water (B. 

Zozomani 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 . Zounani during the fall occurred at depth on the 

outer shelf, especially in the southern part of the 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)~salin ty 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- 

went 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 GZo-

bigerina quinqueZoba in the monthly samples suggesting that the fall sea-

sonal sampling period was the start of winter (presence of G . quinqueZoba) . 

The November and December monthly samples illustrated that winter condi-

tions had developed by the common occurrences of the winter STOCS indica-

tors G. faZconens2s and G. quinqueZoba 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 zaneZeus and Euchitonia eZegans, 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. 

eZegans 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 irreguZaris and S. tetras tetras . 
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S. tetras irreguZaris is a cold morphotype and S. tetras tetras is a warm 

morphotype (Table 12 .1) . S . tetras irreguZaris oily occurred during the 

winter whereas S. tetras tetras was present in all seasons . S. tetras 

irreguZaris was therefore a winter indicator for the STOCS. The group 

labeled U1 (upwelling 1) consisting of Hymentiastrtvn profundum and Lcvrtpro-

cycZas nupitaZis, 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 SpirateZZa trochiformi.3 and the benthonic foram-

inifenan_B . Zotomani, was restricted in abundance to nearshore waters and 

was a winter indicator . The group labeled U2 (up~aelling 2), consisting of 

the planktonic foraminiferan species GZobigerina ;;,achyderma and the radio-

larian species Spongotrochus gZactiaZis, indicated the same upwelling pattern 

as did group U1 . The group labeled WF (winter fauna) consisted of the 

winter shelled microplankton forms, including the planktonic foraminiferans 

GZobigertina faZconensis, G. buZZoides and G . quinqueZoba (Table 12 .2), and 

pteropod species SpirateZZa infZata and S. Zesueuri . The species labeled 

li3 (upwelling 3), the planktonic foraminiferan GZqborotaZia truncatuZinotides, 

appeared at depth over the shelf but upwelled at Station 1/II . The group 

labeled U4 (upwelling 4), consisting of the radiolarians CoZZosphaera tuber-

osa, Pterocaniwn praetextum praetextum, Orronatartus tetrathaZcmrus and StyZo-

troches 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 CoZZosphera spp . and 



TABLE 12 .1 

AVERAGE NUMBER OF RADIOLARIANS/m3 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 m/50 m+ 0-25 X0/25-50 m/50 mF 0-25 m/25-SO m/SO m+ 

WINTER/DEEP/UPWELLINC 
Lithelius minor .2 .1 0 U 0 0 0 .1 0 
Spongotrochua glacialia 1 .8 2 .0 0 .1 0 .1 .2 0 .3 
lleliotholua op . .2 .6 0 0 0 0 0 0 0 

DEEP AND UYWELLINC 
Challengerids 0 U 0 0 0 0 0 0 .4 

SUMMER ABOVE THENMOCLINE 
Eeuchi tonic e Zegana .1 . 3 0 0 0 0 .9 . 7 . 3 I 
Ouinatartua tetruthaZmua .1 .3 0 0 0 0 .4 .1 0 

y E'ucyrtiditun cteeuminatum 0 .1 0 0 0 0 .3 0 .1 r a 
Lcmrprocyelae maritalis 0 G 0 0 0 0 0 .1 0 

SUMMER BELOW THERMOCLINE 
Anthocyrtidiwn cinerarict 0 G 0 0 0 0 0 0 .7 
Pteroeorys aanaleua 0 .1 0 0 0 0 .4 .3 1 .0 
LcunprocycZaa nupitctlid 0 d 0 0 0 0 .2 .1 .4 

WARM AND COLD MOkPlIOTYPES 
Spongaater tetras irreyuluria (cold) .1 0 U 0 U 0 0 0 0 
Spuigaater tetras tetras (warm) .2 .1 0 0 0 0 .1 .3 .1 
Pterocanium praet:extwn eueolpum (cold) .1 0 0 0 .1 0 0 0 0 
Yterorsanium pruetextwn praetextwn (war m) .1 0 0 .1 .1 0 .2 0 .2 

OPEN GULF SURFACE OR SHALLOW 
Pulyaolertia Zappacea 0 0 0 0 8 .4 0 0 0 0 
Di.aolenia aunqueLarica 0 0 0 0 17 .0 0 0 0 .4 

OTHER 
Hyrnentiastrnun profundwn .6 .1 0 U 0 0 1 .7 3 .1 1 .6 
He:cadoridiwn streptacanthwa 1 .7 1 .0 .1 2 .5 .1 .2 .1 .3 .1 

*These indicator groups are essentially the gro ups that lave been developed du ring the three years of 
BLFI-STOCS and are not solely from this year's data (1977) . 



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 SPRING FALL 
0-25 m/25-50 m/50 m+ 0-25 m /25-50 m/50 m+ 0-25 m/25-50 m/SO m+ 

WINTER ASSEMBLAGE 
GZobigerina faZeonensis 6 .2 10 .8 1 .4 0 0 0 0 0 0 
GZobigerina pachyderma 1 .0 2 .5 .5 0 0 0 0 0 0 
GZobigerina quinqueloba 8 .0 14 .8 1 .2 0 0 0 .2 .6 .l 

SUMMER ASSEMBLAGE 
GZobigerina buZZoides 3 .7 8 .0 1 .3 .1 .1 0 2 .7 2 .0 2 .7 
GZobigerinoides Tuber 2 .0 6 .1 .6 1 .3 5 .1 .2 4 .0 .9 5 .1 

OTHER 
GZoborota ZZCL truncatuZinoides .1 1 .5 0 0 0 0 0 0 

OrbuZina universa 0 .2 0 0 0 0 0 0 0 
GZobigerinoides saccuZifer .1 0 0 .2 0 0 0 0 0 

F 
r 
r 

*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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Figure 12 .9 Cont .'d . Key to R-Mode Shelled Mi.crozooplankton Dendro-
gram, Spring Nansen 197i . Species and Group 
Names in Left Hand Column can be Found in Complete 
Form in Table 1, Appendix K. 
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DisoZenia zanquebraiea, 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 zaneteus, Spongotrochus gZaeiaZis and Pterocaniwn praetextwn 

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 GZobiaerina buZZ-

oides and the pteropod species Sp2rateZZa heZicina and S. troehiformis, 

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 foraminif eran B . Zotmanti and the pteropod 

species SpirateZZa infZata, SpirateZZa Zesueuri and Creseis acicuZa, 

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 HeZio-

thoZus sp ., occurred at depth (below 50 m) on Transect III . The group 

labeled U (upwelling), composed of the radiolarian species G . paehyderma 

and G . quinqueZoba, occurred at depth on the outer shelf and in shallow 

waters on the mid-shelf, illustrating upwelling . G . pachyderma and G . 

quinqueZoba have usually been considered winter assemblage members 

(Table 12 .2) . During the spring they occurred at depth under the 

thermocline along with Spongotroehus gZaeiaZis, which was considered to 

be a winter-deep-upwelling form (Table 12 .1) . The group labeled 01 

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



TABLE 12 .3 

AVERAGE NUMBER OF PTEROPODS AidD BoZivina Zorumani FOR EACH DEPTH INVERVAL 
FOR THE TWELVE PRIMARY SEASONAL STATIONS, 1977 . 
SPECIES ARE DIVIDED INTO INDICATOR GROUPS* 

SPRING ASSEMBLAGE 
Creseis acieuZa 

SUMMER ASSEMBLAGE 
SpirateZZa infZata 

OTHER 
SpirateZZa Zesueuri 

SPRING LOW SALINITY LENS 
Bo Zivina Zozomani 

WINTER SPRING FALL 
0-25 m/25-50 m/SO m+ 0-25 m/25-50 m/50 m+ 0-25 m/25-50 m/50 m+ 

.5 .4 0 40 .7 5 .0 1 .4 1 .1 4 .3 1 .3 

11 .9 5 .3 .7 84 .8 31 .1 0 12 .3 22 .2 4 .3 

6 .1 4 .7 .2 10 .3 2 .3 .2 1 .9 8 .5 .6 n 

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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Figure 12 .10 Cont .'d . Key to R-Mode Shelled Microzooplankton Dendrogram, 
Fall Nansen 1977 . Species and Group Names in 
Left Hand Column can be Found in Complete Form 
in Table 1, Appendix K, 
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subgroup d (deep), composed of the radiolarian species Anthocyrtidium 

cineraria and DisoZenia 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 Casey, in press) . The subgroup ds, composed of the radio-

larian species Euchitontia furcata, Pterocanium praetextum praetextum, 

S. tetras tetras and LanrprocyeZas nupitaZis, occurred throughout the 

water column at the outer stations . The group labeled 02 (offshore 2), 

composed of the planktonic foraminiferan species GZobtigerina rubescens 

and the radiolarian species. Eucyrtidium accwninatum, StyZodicta sp ., 

Pterocorys zcmeZeus and LitheZius 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 c (cosmopolitan), 

s (shallow) and o (outer shelf) . The subgroup c, composed of the pteropod 

SpirateZZa infZata (summer assemblage, Table 12 .3) and the benthonic 

foraminiferan B. Zotamani (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. heZicina and the planktonic 

foraminiferan G. buZZotides (summer assemblage, Table 12 .2), occurred in 

shallow water (upper 50 m) throughout the area . The species labeled 

o, Euchitonia eZegans, 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 . buZZoides, 

G. faZconensis and G. pachyderrrta, was mainly restricted to the winter of 
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1977 . There were a few occurrences of G . quinqueZoba in the fall while 

G. buZZoides occurred all year round (Table 12 .2) . The occurrences of 

G. quinqueZoba 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 GZob2gerineZZa aequiZateraZis (abundant in upwel-

ling regions according to Tolderlund and Be, 1971) and Spongotrochus 

gZactiaZis, a radiolarian species indicative of iipwelling (Table 12 .1) . 

The Q-mode cluster analyses dendrogram for spring 1977 (Figure 12 .12) 

was divided into two cluster groups . The group labeled B1, composed 

of stations that contained high concentrations of the benthonic foramini-

feran B. Zozoman2 (> 100/m3), 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 . Zotamani 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. Zownani 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 SptirateZZa infZata . These samples 

were mainly nearshore (Station 1), surface (0-25 m) collections . The 

group S1-Hp, composed of samples that contained the pteropod SpirateZZa 

Zesueuri and the radiolarian Hymeniastrum profundum along with same 

other radiolarians, occurred in collections from outer shelf shallow 

(0-50 m) waters . The group labeled B1, composed of samples containing 

common and abundant occurrences of B' . Zoummarti, was collected throughout 
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the study area at various depths . The group labeled Gq, composed of 

samples that contained the planktonic foraminifer<<n species G, quinqueZoba 

was found in the outer shelf Transect III samples from 25 to 50 m. As 

G, quinqueZoba was considered a member of the winter assemblage it was 

reasonable to expect it to be found at depth (Table 12 .2), The S1-Hp 

group appeared to correlate with a wedge of higher salinity water (see 

Figure 2.30, Chapter 2) . There appeared to be a 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 M:.croplankton 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 cLuring 1977 except those 

from Station 1/III in the spring and Stations 1/III, 1/IV and 3/IV in the 

fall, At Stations 1/III for spring and 1/III and 1/IV for the fall, blue-

green algae were dominant (with Trichodesmizvrt being the dominant genus at 

Station 1/III during the spring), At Station 3/n' in the fall, dinoflag-

ellates were the dominant phytoplankter but this :ample contained the low-

est density of general microplankton recorded dur=.ng 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 1S177 Niskin seasonal data 

(Figure 12017) illustrated a cluster labeled FCC (food chain cluster) that 
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separated 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)a Directly below and associated with the diatom cluster 

were the primary herbivores labeled h (herbivores) including the calanoid 

copepods and naupliar larvae . 

S-Mode Cluster Analysis 

Two large groups appeared on the Qr-mode cluster analysis dendrogram 

for 1977 Niskin seasonal data labeled HD (high density) 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/ 

m3), and fewer than seven taxonomic units (indicating low diversity) . These 

high density samples were mainly winter and springy samples . The samples in 

the low density (LD) group exhibited low density of general microplankton 

(usually lower than 400,000 individuals/m3), 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-phutic.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 GZobigerina faZccmensis, G . pachyderma 
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Figure 12 .18 Cont .'d . Key to Q-Mode General Microplankton Dendrogram, 
Niskin 1977 . In Code Names in Left Hand Column 
W = winter, S = spring, SS = fall and four letter 
sequence (such as BBAL) refers to specific tow 
whose station, transect and depth information can 
be seen in Table 1, Appendix K. 
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and to a lesser degree G. qutinqueZoba indicative of winter and G, buZZoides 

and GZobigerinoides Tuber indicative of summer (when G. faZconensis and 

G, pachydernaa 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 on planktonic foramini-

feran density contour maps) . 

3 . The radiolarians appear to be indicative : of the same trends as 

stated for the planktonic foraminiferans . The rz.diolarians are also 

indicative of several other physical phenomena st.ch as : upwelling, indicated 

by occurrences of'.Spongotroehus gZaetiaZzs ; deeper~pater movements, suggested 

by high density fingers or ponds of radiolarians at shelf-intermediate 

and deeper depths ; and the provenance of these w~.ters, such as from Gulf 

surface or shallow water indicated by the occurrences of Anthoeyrtid2um 

cineraria and DisoZenia zarcquebartica . 

4 . General microplankton from Niskin samples suggest conditions were 

eutrophic on the STOCS during the winter and spr :.ng of 1977 . This eutro-

nhism 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 acid 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 Gu:_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 eutropr.ism 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 .I977,108 one-liter samples were collected from the STOCS . 
These samples, iahch were preserved with l% basic Lugol's fixative, were 
analyzed for ciliated protozoa using the Lltermohl (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 as 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 348 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 i)ecome clear that marine 

protozoa, especially the ciliates, comprise a sig:iif icant fraction of 

the plankton community (Beers and Stewart, 1967, 1969, 1970, 1971 ; Johansen 

1976) . 

Marine ciliates are voracious predators on nannoflagellates ;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 reduces net-phytoplankton (.> 2.0 

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,19Z6), 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 short-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 

e:>ist for this group of organisms . 

One-liter microzooplankton samples collected from the BLM-STOCS 

Transect II 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 

of ciliated protozoa on the South Texas Cuter Continental Shelf (STOCS) 

throughput 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 . 

MATERIALS AND METHODS 

During three seasonal cruises in 1977, 1-liter water samples were 

collected with a 50-k 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-R, 

water samples were collected from the surface and from one half the depth 

of the photic zone at Stations 1, 2 and 3 of Transect II . These samples 

were preserved with 1% basic Lugol's fixative (Thompson, 1966) . 
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A 500-ml .aliquot of each 1-Z sample was placed 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, lu3 approx-

imately equals 10-6 ug wet weight . Dry weight was assumed to be 13% of 

the wet weight (Beers and Stewart, 1970) . Total dry weights (mg/m3) 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 

HS = E pi 1n pi where 
i=1 

HS = the diversity index of the saaple ; 
S = the number of species in the sample ; 
pi = the relative abundance of the ith species measured ; 

In pi = the natural log of pi . 

RESULTS AND DISCUSSION 

In the 108 samples analyzed, 86 protozoan species were observed . Of 

these, 49 were tintinnids, 10 were oligotrichs, _` 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 depths 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 Transect 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 PROTOZOA SAMPLES 

Explanation of Table : 

SACD - sample code 
S - station 
T - transect 

DATE - date 
TIME - time of sampling 

Z - depth of sample 
TAPL - total number of protozoa/Q 
TTPL - total number of tintinnids/Q 
TOPL - total number of oligotrichs/Q 
TFPL - total number of foraminifera/2 
TRPL - total number of radiolaria/acantharia/Q 
TMPL - total number of miscellaneous protozoa/Q 
TPCT - tintinnids as percent of total protozca 
OPCT - oligotrichs as percent of total protozoa 
MPCT - miscellaneous protozoa (including foraminifera, radiolaria, 

and acantharia) as percent of total Frotozoa 
NSPS - number of species/sample 
SDI - Shannon-Wiever species diversity index : 

TD1dT - total protozoan dry weight in mg/m3 
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TABLE 13 .1 CONT .'D 

NACU 9 T DAiE DIME 1 1P PL 11 Pt. iuPL TFPL IHPL TMPL 1NCT opCT MNti NSN9 sul IUwT 

bSFI 1 2 042177 e700 01 1124 242 592 0 d 240 26 53 21 16 2 .436 2 .25 
d3NJ 1 2 042171 0700 01 1532 392 752 0 0 313e 26 49 25 22 2 .517 5 .17 
nSPK 1 t 042171 0700 01 1356 328 712 4 0 292 25 53 22 22 2 .48e 3 .81 
eSPI 1 2 042177 is 7be b2 ld84 S17 564 0 0 20, 6 29 52 14 18 2 .221 3 .15 
b9NM 2 2 d42071 1145 e1 2320 214 19e0 11 0 292 1e 78 13 10 1 .755 4 .1e 
bSNN 2 2 041477 1145 dl 2384 248 1716 4 0 416 10 72 18 14 1 .733 5 .03 
e5PU 2 2 d421677 1145 e1 2640 296 1116e 0 32 452 11 70 19 11 1 .761 4,92 
bSF'P 2 2 1642077 1145 15 1012 lib 548 d 0 404 11 51 38 11 1 .499 2 .20 
hSl'U 3 2 041d71 l Bed e1 2196 l2N 1600 4 b 47l S 73 22 15 1 .495 3 .71 
bSVH 3 2 0420 17 1600 161 195b 84 1448 0 0 424 4 14 22 15 1 .948 3 .36 
e5V3 3 1 N41ti77 1800 dl 2144 14e 1536 N 16 426 7 73 20 16 2 .083 3 .88 
bSPI 3 2 042k) 77 18e0 22 7 bd 48 480 d 4 168 7 69 25 17 2 .317 1 .35 
d1Yb 1 1 e5td71 1714 dl 7od C! 12 2e8 0 0 208 3e 41 29 11 2,211 1 .75 
tllYG 1 1 052077 17 10 03 952 212 3bN 1o 0 38 e 22 38 40 19 1 .140 2 .00 
8JAB 2 1 dS2077 1315 41 612 32 See 0 N 332 4 56 38 14 2 .216 1 .72 
tlJAC 2 1 e521077 1315 161 1 144 16 e00 0 0 328 1 70 24 17 2 .341 2 .88 
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bKCU 3 1 1652077 0840 22 02 12 408 l0 8 24 3 90 7 14 2 .e48 ,70 
tfJEJ 1 2 eS1977 0800 id l 1bB 52 e9b 0 0 2e 7 41 3 !5 2 .105 1 .49 
tfJEK 1 2 05197/ 16800 164 451 72 1352 4 0 24 8 89 3 16 2 .bS3 1 .44 
UJGI. 2 2 451477 115e 41 11172 16 13816 0 0 16 1 94 5 14 1 .969 2 .94 
bJ6M 2 2 051977 1150 12 20b4 52 1949 0 16 b4 3 44 3 14 1 .955 5 .32 
bJIU 1 2 051871 1755 01 2036 4 1964 d 0 64 91 3 12 1,401 2 .41 
bJ1P 3 2 1651871 1 7SS 14 996 24 b72 0 0 1160 Z e8 to 15 1 .923 1 .74 
uJun i i 65i i i i loner W! 13C4 0 bled 4 0 484 1 63 37 12 1 .191 1 .94 
bJl9 1 3 1651777 1beN hH 104d 20 7134 8 0 22B 2 75 23 14 2 .075 1 .66 
bJrvU 2 3 051877 NHIAN 161 13bd 32 128e !f 0, 32 2 95 3 16 1 .911 3 .16 
bJWk 2 3 451871 eddy Id 921 3? 7b0 4 0 125 1 83 14 16 2 .tH5 l .nb 
bSUA 2 3 1651617 bHNd Ib 700 14 612 0 b 64 3 87 9 14 1 .924 1 .31 
d9U8 2 3 451871 0800 IN 1312 8 11411 4 0 152 1 e8 12 14 2 .009 1 .94 
nJNU 3 3 051877 114e e1 1528 44 1352 0 d l S2 3 8o 9 17 1 .00t3 3 .d4 
bJNk 3 3 d51877 114e 12 96b e 88e 4 0 6e 0 93 7 11 1 .772 1 .52 
bJNW 1 4 d51771 042io bl 1604 8 152N 12 b 56 95 4 15 1 .865 2 .31 
eJkx 1 4 051777 e91e 11 72b b 6bH 12 0 40 1 92 7 13 1 .945 1 .82 
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dJfU 1 4 451671 1720 01 752 4 7Nti b 4 36 1 94 5 13 1 .c194 1 .44 
HJIV 2 4 451671 1720 24 426 11 392 4 d 20 3 92 6 12 1 .902 ,55 
u6UE 2 4 051677 172b 29 572 12 536 0 0 24 2 94 4 Id 1 .77L .614 
tiSUf 1 4 051677 1 7ZN 29 bb4 12 532 0 16 6e 2 ad 10 13 1 .9 1e 1 .11 
bJUU 3 4 051677 1030 01 6214 12 592 0 0 do 2 87 12 13 2 .055 ,68 
HJUV 3 4 05107 llo3d 22 556 4 416 0 0 76 1 86 14 12 2 .011 ,95 
uSUG 3 4 051671 103e 22 656 8 528 0 0 120 1 Hb 1 H 13 2,076 1 .3N 
bSUFt 3 4 051677 11630 22 620 24 S2(h b 4 do 4 83 13 14 e . 085 1 .31 
tfLt9 1 2 07e617 1e900 dl 172 b 24N 0 0 124 2 05 33 11 2,59 1 .St1 
t'.LET 1 1 071ab77 16900 1N 44e 8 444 0 0 44 2 9b 4 12 2 .011 1 .17 
bLGK 2 2 0710677 1230 01 464 60 396 0 0 8 13 135 2 IS 1.149 ,90 
aLGI 2 2 07db77 1234 31 544 2u 516 e 4 0 4 95 1 13 1 .84n 1,49 
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bMSl 2 2 bt11o4/7 1245 16 Z6e 0 2136 0 4 0 16 98 2 8 1 .o93 .51 
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TABLE 13 .1 CONTa'D 

S AC U S T U A f E TIME Z (F' PL I I PL TO PL 1 f P L I k pL TM PL 1 NC T U PC T MP C T N SP S So l T ow i 

eSUb 3 2 11IeS77 1630 01 591d 2N 57e 0 0 d 1 97 0 8 1,314 .32 
bSMN 3 2 11e577 1630 35 9216 20 7410 0 10 0 1 96 1 1e 1 .371 .46 
bSuC 3 2 110577 163 15 76e 4a 611e d d 10 6 43 1 11 1 .440 .41 
bSUU 3 2 11N577 163e 35 631d e 5410 0 0 216 3 94 3 116 1 .621 ,55 
e1xJ 1 2 1216377 1335 dl 33a16 9e 3050 0 W 24e 3 40 7 14 e .r+38 5 .dH 
uTXK 1 2 120377 1535 03 3040 5e 2740 0 0 25e 2 9e 8 13 1 .988 4,14 
NUF1U 1 2 12e377 1355 d3 2190 20 1e60 0 0 310 1 d5 14 I1 2 .016 2 .65 
uUHE 1 2 120377 1315 e3 36716 8b 198e 0 0 610 2 81 17 12 1 .446 4,e0 
UTZb 1 2 114277 1200 ill 3480 0 3900 0 0 80 0 90 2 8 1,498 1 .78 
bUHi 2 2 1210277 12N10 01 45e0 0 4454 0 16 S0 14 49 1 1e 1 .515 3 .a5 
eUM6 2 2 12e277 121e0 01 352b 10 3470 0 b 30 1 99 1 10 1 .Se7 2 .68 
eilC 2 2 12x177 1200 15 3250 20 31t1H N e Se 1 98 2 10 1 .592 2,60 
bUHN 2 2 1tI0277 1200 l5 2511d 40 2490 d 0 416 2 47 2 12 1 .b1N 1 .95 
tiUN1 2 2 12e277 12ble 15 2531a 30 2470 b 16 316 1 9tf 1 10 1 .546 2 .49 
bUAU 3 2 120377 0910 01 12610 40 1224 0 b 0 3 41 0 11 1 .3/5 1 .15 
dUMJ 3 2 124377 0430 d1 1274 40 122e 0 0 1 d 3 9 b 1 12 1 .7H1 1 .44 
bUF1K 3 2 120377 0930 161 1514 bu 1450 0 16 0 11 96 0 11 1 .63H I 1 .58 
bUAV 3 2 120577 0450 13 1554 60 1450 0 10 10 4 95 1 12 173 1 2 00 . , N 
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TABLE 13 .2 

AVERAGE ABUNDANCE OF PROTOZOA BY SPECIES AT STATIONS 1, 2 AND 3 DURING 1977 
(Numbers/2) 

Species Station 
1 2 3 

Tintinnids 
AcanthostomeZZa graciZis 1 .1* 
AeanthostomeZZa norvegica Oo4* 
Amphorides quadriZineata 0 .2 l06* 0 .7 
CZimacocyZis scaZaroides 0 .1 0 .5 0 .8* 
CodoneZZopsis cvnericana 3 .6* 0 .2 0 .2 
Cox ZieZZa peZagica 0 .1* 
DadayzeZZa ganymedes 0 .1 0 .9 2 .0* 
DadayieZZa jorgenseni 0.1* 
Dictyocysta Zata 0 .1 0 .2* 
EpipZocyeZoides acuta 0 .2 1 .4* 1 .0 
Eutintinnus apertus m* 
Euttintinnus Zasus-undae 1 .4 20 .0* 8,9 
FaveZZa panamensis 0 .3* 
ParundeZZa attenuata Oal* 
ParundeZZa conZCa 0 .1* 
PropZecteZZa eZaparedei 0.1* 
PropZecteZZa subcaudata 0,1* 
ProtorhabdoneZZa cotta 0 .3 l05* 
PseudometacyZis ornata 0 .3* 0 .2 
Rhabcz'one Z Za orandti 0.1* 
RhabdoneZZa caneZata 0.2* 
RhabdoneZZa conica Oal* 
RhabdoneZZa hebe 0 .1* 
RhabdoneZZopsis triton Oo3* 
SaZpingacantha undata 0.2* 0 .1 
SaZpingeZZa acwninata 0 .6 0 .4 0 .9* 
SaZpingeZZa minutissima 0.2* 
SteenstrupieZZa graciZis 0.1 0.2 0 .5* 
StenosemeZZa ventricosa 12 .6* 0 .4 
Tintinnidium incertum 306.1* 3.4 0~9 
Tintinnopstis acuminata 29 .4* 604 Ool 
Tintinnopsis brandti 2 .3* 0 .1 
Tintinnopsis compressa 17 .6* 3 .0 1 .2 
Tintinnopstis dadayi 6 .0* 2 .0 
Tintinnopsis directa 3 .2* 1 .0 
Tintinnopsis fimbriata 0 .1* 
Tintinnopstis Zata 0,1* 
Tintinnopsis Zobtiancai 119 .8* 0 .5 
Tintinnopsis minuta 3 .4* 0 .3 0 .1 
Tintinnopsis ovate 0,2* 
Tintinnopsis parvuZa 2 .8* 0.1 
Tintinnopsis radix Oo2* 
Tintinnopsis saccuZus 0 .9* 0,1 
Tintinnopstis strigosa 0 .1* 
Tintinnopsis toccnntinensis 41 .1* 1 .3 0 .1 
Tintinnopsis tubuZosa 0 .8* Oa3 
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TABLE 13 .2 CONT .'D 

Species 

Tintinnids cont .'d 
Tintinnus tubuZosus 
UndeZZa hyaZina 
XystoneZZa treforti 

Oligotrichs 
LohmanieZZa oviformis 
Strombidium accwninatum 
Strombidium caZkinsi 
Strombidium conicum 
Strombidium cornucopiae 
Strombidium ovate 
Strambidium strobiZus 
Strombidiwn suZcatum 
Strombidiwn typicum 
Tontonia graciZZima 

Foraminifera 
BoZivina striatuZa 
BuceZZa frigida 
Corrcuspira p Zanorbis 
GZobigerina pachyderma 
Hastigeri-na peZagica 

Radiolaria/Acantharia 
Actinosphaera eichhorni 
CaZo_cyZas monumentum 
Ceratospyris sp . 
CZathroconicum sp . 
Q~bo~thcz-Zus requZaris 
Li theZ~ius. a:Zveo Z:ina 
LithomeZZisa setosa 
Sphaerozoum punetata 
Spongospluzera streptacantha 
Zygoctircus piscicaudata 

Other Protozoa 
Didinium gigantea 
Ephelo:ta gemznaria 
EugZypha ZQevis 
EupZotes minutes 
EupZotes aexcostatus 
Mesodinizvn rubrzon 
NassuZa microspora 
Ttiarina fucus 
Tiarina fusus 
Tiarina gigantea 
Tricophyra coZwnbiae 
Unidentified protozoa 

Station 
1 2 3 

2 . 6* 1.3 0 .9 
0.2 0.5 0.5 

0.1 

8204* 68 .1 50 .5 
27 .2* 2 .0 2 .6 
71 .6* 47 .6 46 .7 

227 .8* 128 .9 91 .7 
12 .1* 0 .4 0 .3 

437,3* 274 .6 160 .5 
122 .0* 59 .8 108,5 
761 .2* 293 .9 24506 
114 .6 14208* 134 .2 
18 .6* 12 .4 8 .3 

2 .0* 0 .3 Ool 
0 .1* 0 .1 
0 .1* 
0 .2 0 .2 0 .7* 

0>6* 0 .2 

0 .1* 
0 .1 0 .1* 
0 .1 0 .1* 

0 .1* 
Ool* 
0 .1* 
0 .2 0 .4* 

0 .1 0,8* 0 .2 
0 .2* 0 .1 
0 .1 0 .1* 

l00* 0 .2 
8,9* 800 5 .4 

0 .1* 
0 .8 0 .3 3,7* 
5 .8 4 .1 8 .2* 

105 .5* 104 .8 24,7 
14,6* 1 .0 1 .8 
0 .4 0 .8 1 .0* 

35 .0 49 .1* 4004 
36 .5* 1 .4 0 .3 
0 .4* 
0 .2* 

*Maximum Abundance 



TABLE 13 .3 

AVERAGE PROTOZOAN ABUNDANCE (INDIVIDUALS/k) BY SPECIES FOR EACH SAMPLING MONTH IN 1977 

Species Jan Feb Mar Apr May July Aug Sept Oct Nov Dec 
Tintinnids 
AcanthostomeZZa gracilis 1 .0 2.6* 
AeanthostomeZZa norvegica 1.4* 
Amphorides quadriZineata 0 .2 2 .6 2 .7* 0 .8 
CZirrKxcocyZis scaZaroides 1 .3 1 .2 2 .0* 0 .2 
CodoneZZopsis americana 0 .7 0 .1 2 .2* 9 .1 0 .7 
CoxZieZZa peZagica 0.7* 
DadayieZZa ganymedes 0 .2 1 .7 2 .8* 0 .7 0 .2 1 .7 0 .7 
DadayieZZa jorgenseni 0 .1* 
Dictyocysta Zata 0 .8* 
EpipZocycZoides acuta 1 .2 3 .2* 0 .7 0 .7 1 .4 
Eutintinnus apertus 0 .2* 
Eutintinnus Zasus-undae 101 .3* 2 .2 18 .7 10 .1 4 .6 1 .3 1 .4 
FaveZZa panamensis 0 .8* 
ParundeZZa attenuata 0.2 
ParundeZZa coniea 0 .3* 
PropZeeteZZa cZaparedei 3.7* 0.7 
PropZecteZZa subcaudata 0 .1* 
ProtorhabdoneZta curta 0 .3 0 .2 3 .3 10 .1* 0 .5 0 .7 1,3 1 .4 
n,. ,.. . ,7 ...,. ... .t. ,. ~, . ~ ~ .. �. a-,. 
.. u~(.suvnc. ~u. . J V VV Vl / NAVIA, 

n 04~ 
V . v'- 

RhabdoneZta brandti 0.6* 
RhabdoneZZa eaneZata 0.7* 
RhabdoneZZa conica le3* 
RhabdoneZZa hebe 0.2* 
RhabdonelZopsis triton 0 .7* 0 .2 
Salpingacantha undata 0 .3 0,1 0 .3* 
SaZpingeZZa acuminata 7.1* 
SaZpingeZZa minutissima 0 .5* 
SteenstrupieZZa graeiZis 0 .4 0 .7 0 .4 0 .7 0 .7* 
StenosemeZZa ventricosa 280 .0 1 .0 8 .1 0 .3 26 .3* 
Tintinnidium ineertion 520 .0* 81 .4 2~9 90 .2 1 .3 2 .3 19 .3 
Tintinnopsis aewninata 25 .0 1A 3 .0 49 .3* 

i 
h 
l 



TABLE 13 .3 CONT .'D 

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

Tintinnids cont .1d 
Tintinnopsis brandti 0 .9 3 .8* 
Tintinnopsis compressa 31 .6* 1 .0 3 .0 4 .7 1 .0 13 .1 
Tintinnopsis dadayi 1 .8 9 .0 0 .1 10 .3* 
Tintinnopsis directa g,6t 
Tintinnopsis fimbriata 0 .2* 
Tintinnopsis Zata Oo2* 
Tintinnopsis Zobiancoi 0 .2 0 .3 300 246 .3* 
Tintinnopsis minuta 8 .4 0 .5 0 .7* 0 .2 
Tintinnopsis ovate 0 .2* 0 .2 
Tintinnopsis parvuZa 6 .2 2 .0* 0 .3 0 .2 
Tintinnopsis radix Ool 0 .2* 
Tintinnopsis saccuZus 2,p* 
Tintinnopsis strigosa 0 .3* 
Tintinnopsis tocantinensis 
Tintinnopsis tubulosa 0 .2 0 .2 0 .3 87 .7* 
Tintinnus tubuZosus 0 .2 10 .7* 0 .6 6 .7 0 .3 0 .5 1 .7* 
UndeZZa hyaZina 0 .5 0 .3 1 .2* 2 .7 0 .3 
XystoneZZa treforti 0 .7* 0 .3 0 .7 

Oligotrichs 
LohmanieZZa oviformis 56 .6 64 .5 48,5 313 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 caZkinsi 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* 
Strombidizun cornucopiae 4 .3 0 .8 0 .7 18 .5* 1 .3 3 .1 4 .3 
Strombidium ovate 837 36 .5 575 .7 89 .3 83 .4 44 .0 24 .7 722,9 246 .0 187 .4 892 .1 
Strombidiwn strobiZus 36,6 9 .0 914 .0* 138 .3 7408 62 .7 36 .0 98 .5 60 .0 24 .3 88 .6 
Strombidium suZeatzon 194 .8 58 .5 42K2 306 .3 326,0 112 .0 89 .3 1230 .7* 451 .3 136 .4 64806 
Strombidium typicum 42 .2 4 .5 1036 .8* 354A 12508 48 .7 20 .0 5304 110,7 47 .3 114 .3 
Tontonia graciZZima 0 .2 2 .7 0 .7 51 .8* 6 .0 3 .0 2 .5 15 .3 4 .1 2 .1 
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Species Jan 
Foraminifera 

BoZivina striatuZa 
BueeZla frigida 0.4* 
Cornuspira planorbis 0 .2* 
GZobigerina paehyderma 0 .6 
Hastigerina peZagica 0.6 

Radiolaria/Acantharia 
Actinosphaera eichhorni 
CaZocyZas monumentum 
Cervtospyris sp . 
CZathroeonicum sp . 
CubothaZus reguZaris 0 .2* 
Lithetius aZveaZina 0,2* 
LithomeZZisa setosa Ooh 
Sphaerozoum punetata 
Spongosphaera streptacantha 
Zygocircus piscieaudata 0 .2 

Other Protozoa 

TABLE 133 CONTo'D 

Feb Mar Apr May 

0 .3 3 .5* 

2 .5* 0 .7 0 .3 0 .1 
1 .5* 0 .7 

0 .3* 

2 .7* 0 .4 
0 .2 

1 .0* 

July Aug Sept 

0 .2 

0 .3 
0 .7 

0 .2* 
0 .7* 

0 .3* 

0 .3 
0 .7* 

Dzdzdium gigantea 0 .8 2 .7 0 .7 
... ., . . �.~. yC., . .., . ~ ...~. . . .~ c n --- s4 I* ---- i i ~ -- . 1) i 

Euglypha Zoevis Oo2* 
EupZotes minuta 5 .2 6 .7 10 .1* 
EupZotes sexcostatus 4 .0 22 .4* 20 .0 
Mesodinium rubrum 14,8 3 .9 926,3* 3 .0 29 .0 
NassuZa microspora 0 .4 139a2* 1~7 
Tiarina fucus 0 .2 1 .5 2 .7* 0~7 
Tiarirux fusus 22 .8 100 53 .3 269 .3* 61 .0 1 .3 
Tiarina gigantea 11 .2 1 .5 64 .7* 2807 1 .4 0 .7 0 .3 
Tricophyra coZumbiae 0.3 
Unidentified Protozoa 1~0* 

Oct Nov Dec 

0 .7 0 .3 

1 .0* 0 .7 
0 .3 

0 .9 
o n ,i n 
J7 lYJ 

1~5 10 .0 

1 .5 
2 .2 180 .3 105 .7 

22,5 30 .0 
1 .3 1 .4 

0 .5 0 .7 
0 .5 1 .1 0 .7 
6 .1 
0 .7 

r 

*Maximum Abundance 
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centration of protozoa in September occurred at Stations L/IIIa-nd 1/IV, 

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 1976 (Figure 13 .6) . It is regrettable that no 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, 19J8)' . Fog 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 oligotri.ch 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 . AcanthostomeZi:a, DadayieZZa, Eutintinnus, 

ParzcndeZZa, PropZecteZZa and RhabdoneZZa) tended t:o inhabit more offshore 

regions while the agglomerate- and arenaceous-lor:Lcate forms (e .g. Codor.-

eZZopsis, T2ntinntidium, 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/acantliaria were almost totally 



40- 

0 30- 
0 
O 
"'' 20- 

to 

N o- 1111111 
1 5 10 15 20 25 1 5 10 t5 20 25 30 I 5 p ~5 2 

Lj 
3 ~ 10 IS 20 25 JO 

SEPTEMBER OCTOBER NOVEMBER DECEMBER 

1977 

(Y 30 
W 
m 

zo 

2 ,a 

J 

$ 
Q o x x x 

I 6 00 15 2O 25 3011 6 10 15 20 25 30 1 6 10 I5 20 25 1 5 10 15 20 25 
30 

SEPTEMBER 
F- 

OCTOBER NOVEMBER DECEMBER 
1978 

o " e woo/l 
X " NO SAMPLE TAKEN 

Figure 13 .6 Comparison of Protozoan Abundance in the Port Aransas Shipping Channel During Pall 1976 
and 1977 . 

F-' 
W 

i 
N 



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 between. the ubiquitous oligo-

trichs and the rare foraminifera-radiolaria/acantriaria . 

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 tintiiinids, 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 stations 

(Station 1, all transects)(Figures 13 .8 and 13 .9) . There was a secondary 

increase in the percentage of tiati-nnids 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 .9 . 

Protozoan biomass as a percentage of macrozooplankton biomass (based 

on unpublished data supplied by Dr . Taisoo Park) ranged from 1% (Station 

3/II, January) to 3481 (Station 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) . 



t. "77.1 SURFACE 

I/2 PHOTIC ZO NE 

100 

90 

80 
70 

60 - 

50- Z 
40 0 Q 

30 
N 20 - 
0 

. . 

10 - 
0 
cr 0 

100- 

9 

80 

0 70- ' 

0 50 

40 -; 
Z 
0 

L'LJ 30- ~Z 

V) 20 

t 

X 10 
0 

O 
Ix 

100- 

0 go- 

80- 

roo 

50- 

Z 
0 

3 0- 

2 4 0 ~4 1 
10 

0 
NOV DEC JAN FEB MAR AP R MAY JUN JUL AUG SEP OCT NOV DEC 
19, 

I 

1977 

Figure 13 .7 Oligotrichs as Percent of Total Protozoa : Transect II . 



86% 

i 0 

0 

CORPUS 
CHRISTI 

I 
0 

o _ a 
3 

r~l 

v 3 
0 

2~ 3~ 
11 ° a o 

4 

20 
I ~ 2 3 

IQ o a a 
(%1 t o 

o L z >-r- 4 i 
~ w I m ; 

Figure 13 .8 Tintinnids as Percent of Total Protozoa : 1977 . 



[~ SURFACE 

Q . I/2 PHOTIC ZONE TRANSECT II 
70 

Q 
60 - 

N 
50 

40 - 
a 

30 - f' 

20 

^F 

- 
i ,t 

0 
10 - ;̂. 

O 

0 20 z 
0 

N 10 

L 0 (1) 
Z 
Z 30 - 

Z 20 - z o 

0 
NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 
1976 1977 

Figure 13 .9 Tintinnids as Percent of Total Protozoa : Transect II, 1977 . 

H 

1 
a 



l-3-L7 

.I 

v 

G loll 0 

CORPUS 
CHRISTI jj 

I 
0 

348% 
G 

2 
0 

3 0 

I 2 Z.Jd 
3` J 

o 0 0 

4 

1.10 

2 3 20 
I 
o 0 0 

(%) 10 

0 
a as 

Figure 13 .10 Protozoan Biomass as Percent of Ma2rozooplankton 
Biomass : 1977 . 



13-30 

50 

40-

N 
N 

30 -

0 

Q 

m 20-

Z 

10-
Y 
Z 
Q 

Ct 
a 

V ~ 20 
LLJ O 
v1 

Q 10 -

LL II 0 

2 
V 50 -

a 
40-N 

N 

0 

w 

C 

30 
m 

Q 20-
0 
N 
O 
0 10 

a 
0 r7 

N D J F M A M J J A S O N D 

1976 1977 

Figure 13 .11 Protozoan Biomass as Percent-of Macrozooplankton Biomass : 
Transect II . 



13-31 

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 macrozooplankton 

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 1 ::, .J.1) 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 ma.crozooplankters . From the data reco:-ded her eonly speculative 

statements could be made about subsequential blootas 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 friction 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 (Johan:3en, 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 which:.ciliated :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 nannoplan'.<ton 

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-arch 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 1304 

CORRELATION COEFFICIENTS OF PROTOZOAN ABIfNDANCE AGAINST 
VARIOUS PHYSICAL AND CHEMICAL PAREMETERS 

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 protozoa generally exhibit high rates of oxygen utilization 

(Johansen, unpublished data), it was not likely that 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 SzyF~er, 1976 ; Beers et aZ ., 

1977) that stressed ecosystems tend to go from a uiacrozooplankton - net-

phytoplankton community to a microzooplankton - nE.nnoflagellate community . 

If this is the case, a frequent and long-lasting monitoring of the changes 

in abundance and composition of the planktonic coainunity (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 . Oligotrichs were 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 348 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 25% cyclopoids . Calanoid relative abundances 
increased shoreward throughout the year . Female copepods maintained aver-
age relative abundance of about 50% throughout the year . In winter, devel-
opmental stages in the copepods were 40-b0I 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 ParacaZanus quasimodo, 
CZausocaZanus furcatus and CZausocaZcmus jobei, (Calanoida), and Corycaeus 
americanus, Oncaea mediterranea and Oithona pZumifera (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 these 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 ParacaZanus crassirostrtis, 
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 zDoplankton distribution, 

the study area was subjected to a second (1976) and then a third (1977) 

year of intensive investigation . In 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 Ra.diolaria 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 enumeration 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 stations, 

three on each of four transects . All 12 stations were sampled during the 

three seasonal sapling 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 saEples were taken . 

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

flowmeter (Model 2030, GENERAL OCEANICS) was mounted centrally in the mouth 

of the net to determine the amount of water filtered in each tow, and a 

time-depth recorder (Model 1170-250, BENTHOS) was attached near the net to 

determine the maximum sampling depth . The water column was sampled from 

the surface to near-bottom by means of oblique tows of about 15-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, tie 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 bufzered formalin . 

Sample Analysis 

Tao 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 subsanple 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-m1 filtering crucibles with fritted discs of 40 to 

60 um pore size . Suction filtration at 10-15 psi was used to expedite 

removal of interstitial water . The subsamples were dried in the 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-lA) at 550°C, 

and the weight of crucible plus ash was recorded to the nearest milligram . 

The weight of the empty crucible was subtracted, yielding the subsample 

dry weight and ash weight from which the ash-free dry weight was 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 (Calar,.oida, Cyclopoida, and 

Harpacticoida), and then each sub-order was separated into adult females, 

males and immature copepodid forms for enumeration . All adult female 

copepods were identified to species and enumerated . 

The species diversity index was calculated for each sample on the 
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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) 
E = 

Hmax 

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

and Hmax(S) = log2S (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/m3) and ash-free dry weight 

(mg/m3) along with subsample size used to measure these values are also 

included in Table l, 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/m3 at Station 1/I in the spring, to 1 .9 mg/m3 at Station 2/IV in the 

summer of 1977 (Table 14 .1,1 Figure 14 .1) . Monthly data (Stations 1-3, 

Transect II) ranged from 53 .8 mg/m3 dry weight at Station 2/II in May-June 

to 2 .6 mg/m3 at Station 3/II in November (Table 14 .2, Figure 14 .2) . The 



TABLE 14 .1 

BIOMASS (DRY WEIGHT, mg/m3) AT EACH STATION 
MEAN OF FOUR SAMPLES FOR 1975 AND TWO SAMPLES FOR 1976 AND 1977 

v Winter 

Station 
1 2 3 Mean 

15 .0 16 .2 4 .5 11 .9 

II 29 .9 15 .4 15 .8 20 .4 

III 23 .7 17 .3 17 .5 19 .5 

IV 20 .4 16 .7 15 .7 17 .6 

Mead 22 .3 16 .4 13 .4 

9.7 26 .7 11 .5 16 .0 

II 15 .1 31 .0 15 .4 20 .5 

III 16.0 13 .6 19 .5 16 .4 

IV 26 .0 14 .0 10 .7 16 .9 

Mean 16 .7 21 .3 14 .3 

21 .8 24 .8 23 .0 23 .2 

II 14 .1 22 .3 47 .9 28 .1 

III 21,6 17 .0 21 .0 19 .9 

IV 13 .7 15 .7 9 .8 13 .1 

Meaj 17 .8 20 .0 25 .4 

Spring 

Station 
1 2 3 Mean 

89 .4 27 .3 9 .1 41 .9 

37 .6 35 .1 7.0 26 .6 

28 .9 9.9 7.7 15 .5 

47 .5 28 .1 8 .8 28 .1 

50 .9 25 .1 8 .2 

51 .3 60 .5 8 .1 40 .0 

38 .0 69 .0 8 .6 38 .5 

71 .3 70 .6 22 .0 54 .6 

27 .0 19 .3 7 .7 18 .0 

46 .9 54 .9 11 .6 

73 .5 67 .0 5 .9 98 .8 

51 .9 53 .8 14 .5 40 .1 

33 .6 28 .5 15 .9 26 .0 

41 .2 35 .7 14 .4 30 .4 

50 .1 46 .3 12 .7 

Summer 

Station 
1 2 3 

72 .8 12 .4 7 .7 

49 .1 10 .8 6 .9 

32 .2 15 .4 12 .0 

22 .3 38 .2 11 .1 

44 .1 19 .2 9 .4 

28 .5 26 .4 4 .4 

20 .1 8 .2 14 .6 

69 .1 13 .3 21 .6 

20 .5 16 .3 5 .3 

34 .7 16 .1 11 .5 

61 .6 16 .1 4 .6 

13 .2 11 .2 7 .5 

3 .3 10 .0 7 .1 

16 .6 1 .9 5 .3 

23 .7 9 .8 6 .1 

Mean 

31 .0 

22 .3 

19 .9 

23 .9 

19 .8 

14 .3 

34 .9 

14 .0 

27 .4 

10 .6 

6 .8 

7 .9 
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figure 14 .1 . Bionass (gig/m3) fir. terms of the mean dry weight or two 
replicate samples, collected seasonally prom Stations 1-3, 
all transects . 



TABLE 14 .2 

BIOMASS (DRY WEIGHT, mg/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 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 2i .s i5 .9 4 . 7 i4 . u e i5 .'* n n y .-~ l l '1 -Ll .L l '1 !~ 
-LL . Ij 

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 

45 
H 
x 
H 
Lad 
3 
r 
C4 

30 

< . 
0 
H 

15 

J/1' N1 A M/;f J A S N D J/F ' ~M A I1I/J J A S N D J/F M A M/J J A S N D 

MONTH 

Figure 14 .2 . Biomass (my/fit 
3 
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1977 annual mean for seasonal data was 23 .9 mg/m3, and the annual mean 

for data collected monthly was 20 .7 mg/m3 . 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 biomass 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 ]_ with an annual mean of 

30 .5 mg/m3 dry weight and the least productive was Station 3 with 14 .7 

mg/m3 . On a seasonal basis, the highest biomass value was 50 .1 mg/m3 at 

Station 1 in the spring, and the lowest was 6 .1 ng/m3 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/m3, respectively, 

which were more than double those of winter . Conversely, at Station 3, 

the biomass decreased by half from winter (25 .4 mg/m3) to spring (12 .7 

mg/m3) . This springtime decrease in biomass at Station 3 was also observed 

in 1975 and 1976, but during those years the win=er values were much smaller 

(14 .3 mg/m3, 1976, and 13 .4 mg/m3, 1975) and the springtime decreases 

lower in amplitude . Spatial variations in bioma,ss 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/m3 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/m3) and Station 1 (23 .7 mg/m3) . 

Spatial relationships in the winter, however, show that biomass values 



TABLE 14 .3 

AVERAGE SEASONAL BIOMASS (DRY WEIGHT, mq/m3) FOR EACH STATION 
MEAN OF FOUR TRANSECTS FOR EACH STATION 

Year Station Winter Spring Summer Mean 

1975 1 22 .3 50 .9 44 .1 39 .1 

16 .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 

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 

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 
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 Station 3 (25 .4 

mg/m3) 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 i4 .4), biomass values ranged from 48 .8 mg/m3 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/m3) was found on Transect I, the second highest (26 .3 mg/m3) on 

Transect II, and third (17 .6 mg/m3) on Transect III, and the lowest (17 .1 

mg/m3) on Transect IV . This gradient also appeared in 1975 and 19'5 but 

it was interrupted by occasional values on Transect III or IV which were 

higher than those on TransectsI or II . However, when the annual means for 

all three years were averaged by transact, Transact I (with 28 .9 mg/m3) 

was clearly the most productive and Transact IV (with 18 .9 mg/m3) 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 m3 at Station 1/II in spring, 

to 433 .9 per m3 at Station 2/IV in the summer of 1977 (Table 14 .5, Figure 

14 .3) . Monthly data (Transact II) ranged from 17.,030 .4 per m3 at Station 

1/II in May-June (spring), to 490.7 per m3 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 m3, and the annual mean for data collected monthly was 
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TABLE 14 .4 

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

Year Transect Winter Spring Summer Mean 

1975 1 11 .9 41 .9 31 .0 28 .3 

II 20 .4 26 .6 22 .3 23 .1 

III 19 .5 15 .5 19 .9 18 .3 

17 .6 28 .1 23 .9 23 .2 

Mean 17 .4 28 .0 24 .3 
i 

1976 1 16 .0 40 .0 19 .8 25 .2 

II 20 .5 38 .5 14 .3 24 .4 

111 16 .4 54 .6 34 .9 35 .3 

IV 16 .9 18 .0 14 .0 16 .3 

Mean 17 .5 37 .8 20 .8 

1977 1 23 .2 48 .8 27 .4 33 .1 

11 28 .1 40 .1 10 .6 26 .3 

111 19 .9 26 .0 6.8 17 .6 

IV 13 .1 30 .4 7.9 17 .1 

Mean 21 .1 36 .3 13 .2 

Three-Year 1 17 .0 43 .6 26 .1 28 .9 
Mean 

11 23 .0 35 .1 15 .7 24 .6 

111 18 .6 32 .0 20 .5 23 .7 

IV 15 .8 25 .5 15 .3 18 .9 

Mean ( 18 .6 ( 34 .0 ) 19 .4 

i 



TABLE' 14 .5 

3 
NUMERICAL ABUNDANCE OF ZOOI?L.ANKTON PLR m AT EACH STATION 

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

Winter Spring Summer 

b ~ Station Station Station 
1 2 3 Mean 1 2 3 Mean 1 2 3 Mean 

1061 .3 1255 .5 317.0 877.9 8380 .8 1087 .5 494.5 3320 .9 2701 .5 1261 .3 807.3 1590 .0 

II 2848 .0 1490 .0 1054 .5 1797 .5 3516 .5 2809 .5 451.8 2259 .3 3006 .0 453 .0 651.3 1370 .1 

III 2196 .8 1471 .0 920.0 1529 .3 2292 .3 676 .8 539.5 1169 .5 1654 .3 1740 .0 1221 .0 1538 .4 

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 

Mead 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 .9 2560 .6 907 .8 1881 .4 844 .8 1211 .3 

II 1948 .3 1411 .8 918 .4 1426 .2 1866 .9 3705 .3 475 .6 2015 .9 3756 .8 324 .9 954 .7 1678 .8 

III 1474 .5 660.0 849.3 994.6 2397 .1 2247 .2 1316 .9 1987 .1 7872 .1 1600 .5 2055 .6 3842 .7 

IV 3915 .1 1602 .9 586 .3 2034 .8 2149 .4 941.2 519 .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 .2 6137 .3 1840 .1 2496 .9 1571 .9 1969 .6 

III 2831 .2 977 .2 1450 .4 1752 .9 6861 .4 3392 .5 992 .6 3748 .8 439.1 855.3 858 .3 717 .6 

IV 2210 .3 1973 .4 695 .5 1626 .4 6045 .3 3498 .7 1265 .6 3603 .2 1320 .1 433.9 630.7 794 .9 

Meal 2097 .6 1645 .2 1836 .1 I I I 6932 .1 5049 .1 944 .81 I F758 .3 1376 .2 1089 .0 I 
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TABLE 14 .6 

NUMERICAL ABUNDANCE OF ZOOPLANKTON PER m3 
ON `PRANSECT II IN 1976 AND 1977 

MEAN OF TWO SAMPLES AT EACH STATION 

Year 1976 1977 

Month / Station 1 2 3 clean 1 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 1/%9 .2 412 .0 1531 .0 1451 .9 111 .1 %80 .~l 986 .b 

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 m3 . The highest number (11,030 .4 per m3) of zooplankters 

found from seasonal data in 1977 was considerably larger than extreme 

numbers collected seasonally in 1976 (7872 .1 per m3, Station 1/III, summer) 

or in 1975 (8380 .8 per m3, Station 1/I, spring) . It is however, similar 

to the largest number (12,141 .5 per m3, Station 1/II, August) reported in 

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 P2niZia was very abundant . The annual mean number (2636 .5 per m3) 

of zooplankters collected seasonally in 1977 was about one-third again as 

large as the numbers reported in 1975 (1691,8 per m3) and 1976 (1744 .3 per 

m3), but the annual means (2178 .0 per m3, 1976 and 2178 .1 per m3, 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 m3 

and Station 3 was the least productive with 1290 .0 per m3 . On a seasonal 

basis, zooplankton numbers ranged from 6932 .1 per m3 at Station 1 in the 

spring to 944 .8 per m3 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 m3 

respectively, which were more than double those of winter . The numbers of 

Station 3, however, reduced by half (from 1836 .1 to 944 .8 per m3) 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 



TABLE 14 .7 

AVERAGE SEASONAL NUMERICAL ABUNDANCE OF ZOOPLANKTON PER m3 
FOR EACH STATION 

MEAN OF FOUR TRANSECTS FOR EACH STATION 

Year 'Station Winter Spring Summer Mean 

1975 1 2115 .3 3931 .9 2224 .5 2757 .2 

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 

i 

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 m3) at Station 2 was five times as large as that at Station 

3 (944 .8 per m3) . 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 tile variations in zooplank- 

ton numbers when compared by station and season, the differences in numbers 

between transacts were small . 

Viewed as the average of three stations for each transact and season 

(Table 14 .8), zooplankton numbers ranged from 613 :x .3 per m3 in spring on 

Transact II, to 717 .6 per m3 in summer on Transact III . In 1977, all four 

transacts showed two to three-fold increases from winter to spring and 

decreases oz varying magnitude from spring to summer . Transact II was much 

more productive in the winter (2456 .5 per m3) and spring (6137 .3 per m3) 

than the other three transacts (1600-1750 per m3, winter and 3600-3750 per 

m3, spring) . In the summer, Transacts I and II , with 3482 .5 and 1969 .6 

zooplankters per m3, respectively, were well separated in terms of abundance 

from Transacts III and IV, with 717 .6 and 794 .9 par m3, respectively . The 

three year means for all the transacts (Table 14 .8) showed that zooplankton 

numbers were slightly lower on Transacts III and IV (1920 .1 and 1674 .1 per 

m3, respectively) than on Transacts I and II (2156 .9 and 2345 .7 per m3, 

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 Copep.oda accounted for more than 60% of the zooplankton in 21 of 

the 36 seasonal samples with only seven samples composed of less than SOI 
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TABLE 14 .8 

AVERAGE SEASONAL NUMERICAL ABUNDANCE OF ZOOPLANKTON PER m3 
FOR EACH TRANSECT 

MEAN OF THREE STATIONS FOR EACH TRANSECT 

Year Transect Winter Spring Summer Mean 

1975 1 877 .9 3320 .9 1590 .0 1929 .6 

11 1797 .5 2259 .3 1370 .0 1808 .9 

111 1529 .3 1169 .5 1538 .4 1412 .4 

IV 1548 .9 1345 .4 1954 .2 1616 .2 

Mean , 1438 .4 2023 .8 1613 .1 

1976 1 1020 .9 2560 .6 1211 .3 1597 .6 

11 1426 .2 2015 .9 1678 .8 1707 .0 

111 994 .6 1987 .1 3842 .7 2274 .8 

IV 2034 .8 1203 .6 
i 

955 .4 1397 .9 

Mean 1369 .1 1941 .8 1922 .0 

1977 1 1602 .7 3745 .4 3482 .5 2943 .5 

11 2456 .5 6137 .3 1969 .6 3521 .1 

111 1752 .9 3748 .8 717 .6 2073 .1 

IV 1626 .4 3603 .2 794 .9 2008 .2 

Mean 1859 .6 4308 .7 1741 .2 

Three-Year 1 1167 .2 3209 .0 2094 .6 2156 .9 
Mean 

11 1893 .4 3470 .8 1672 .8 2345 .7 

111 1425 .6 2301 .8 2032 .9 1920 .1 

IV 1736 .7 2050 .7 1234 .8 1674 .1 

Mean I 1555 .7 I 2758 .1 I 1758 .8 

f 

I 



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 

Winter Spring Summer 

Station Station Station 
H 1 2 3 Mean 1 2 3 Mean 1 2 3 Mean 

85 .5 57 .8 72 .7 72 .0 92 .0 76 .0 64 .3 77 .4 61 .8 59 .6 66 .6 62 .7 

II 85 .9 74 .6 70 .0 76 .8 61 .4 34 .3 82 .4 59 .4 71 .9 66 .7 79 .9 72 .8 

III 93 .0 82 .7 66 .6 80 .8 84 .1 63 .5 66 .3 71 .3 67 .5 66 .2 72 .3 68 .7 

IV 89 .4 79 .8 77 .5 82 .2 52 .5 67 .2 40 .3 53 .3 63 .4 36 .3 80 .9 60 .2 

z Mea 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 61 .4 46 .1 36 .2 73 .9 52 .1 53 .6 34 .7 69 .1 52 .5 

II 74 .2 52 .1 72 .8 66 .4 58 .6 50 .8 73 .9 61 .1 18 .8 75 .2 68 .1 54 .0 

III 58 .1 76 .5 85 .0 73 .2 31 .0 56 .8 68 .6 52 .1 52 .9 66 .6 63 .5 61 .0 

7v 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 

III 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 

Meal 43 .8 45 .4 62 .7 I I I 45 .1 32 .8 48 .6 I + 68 .8 54 .4 68 .0 

r 
I 
N 
W 
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copepods . In 1977, copepod percentages rarely exceeded 60% (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 70% 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 

i~ict~ct'~:i~~uc wcic i.ilc ~uv3t or second most abundant taxon throughout the 

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 concentrated about Station 2 on all four transects in the spring . 

In fact, the highest number (4377 .0 per m3) 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 m3) 

at Station 3/II . In the summer the ostracods appeared in much lower num-

bers, of which the largest was 295 .8 per m3 (Station 3/II ; they were most 

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 m3) 

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

1/II in concert with the maximum abundance (2699 .1 per m3) 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 1 2 3 Mean 1 2 3 Mean 

January/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 .7 /3 .1 68 .b b7 .u 69 .b 

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 
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1976 . In all three years of the study, they were best represented (300-

500 per m3) 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 m3) 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 m3 in winter to about 200 per m3 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 consistently throughout the area, with centers 

of abundance (50-100 per m3) 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 . Winter and spring abundances (30-50 per m3) 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 OtikopZeura, 

ranged in numbers from 261 .3 per m3 (Station 1/IV, spying) to 2 .0 per m3 

(Station 1/III, spring) without forming recognizable patterns of temporal 

or spatial distribution . The thaliacean genus DoZioZum, a pelagic tunicate, 

occurred with fair regularity throughout the year and produced an annual 

maxima of 96 .7 per m3 in March at Station 2/II . Closely related to DoZioZum, 

the genus SaZpa occurred sporadically and was most abundant (90 .0 per m3) 
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in August at Station 3/II . 

The Cladocera, composed mainly of the genus PentiZ2a, produced extreme 

abundances (2251 .7 per m3, Station 1/II and 200 .9 per m3, Station 1/III) 

in the 1976 summer seasonal samples . Their greatest abundance (10,331 .1 

per m3) during the three year study was found in the August 1976 sample 

from Station 1/II . In 1977 they were most abundant (4711 .0 per m3) at 

Station 1/II in the May-June seasonal cruise and produced numbers over 

1000 per m3 at Stations 1/III, 2/III and 1/IV . In 1975 the largest number 

recorded (328 .2 per m3, Station 1/I, summer) was much lower than in fol-

lowing years . PeniZia is small and soft-bodied and therefore probably 

does not contribute significantly to the dry-weight biomass . This would 

explain the apparent discrepancies in the relationship between total zoo-

plankton numbers and biomass weights during periods when PeriZia were very 

abundant (summer 1976, Stations 1/If .and 1/III ;- :spring 1977, Stations 

1/II, 1/III, 2/III and 1/IV) . 

The decapod genus Lucifer occurred throughout the study area, but it 

was most concentrated (about 30 per m3) at Stations 1 and 2 in the spring 

and summer of all three years . Barnacle larvae, consisting of naupliar 

and cyprid stages, occurred sporadically without forming patterns of 

seasonal or spatial concentrations . They did, however, consistently pro- 

duce annual maxima at Station 1/I in all three years (171 .7 per m3, spring 

1975, 55 .9 per m3, winter 1976, and 253 .8 per m3 ;, 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 



14-L0 

stages, ranged from 6743 .3 per m3 (Station 1/I, September) to 130 .6 per m3 

(Station 2/IV, September) in 1977 (Table 14 .11) . Numerical maxima reported 

in 1976 (4156 .7 per m3, Station 1/III, September) and 1975 (7683 .1 per m3, 

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 seasonal 

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, 1971, copepod numbers at Stations 1 and 2 

lI1l:LCdSCCI while RlliI1DCLS GL JI.GI.lUIl J declined . In spite o1 the somewhat 

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 . In 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 m3) recorded in 1977 occurred at Station 1/II in May-June and 

the lowest (335 .1 per m3) 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 

v Winter Spring Summer 
v - -- 

Station Station Station 
E+ 1 2 3 Mean 1 2 3 Mean 1 2 3 Mean 

909.0 712 .9 229 .7 617 .2 7683 .1 741.8 317 .2 2914 .0 1569 .9 741.4 534 .4 948 .6 

2489 .5 1110 .8 734 .5 1444 .9 2174 .3 913.8 372 .6 1153 .6 2074 .7 295 :7 520 .4 963 .6 

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 

Mea 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 .5 655.3 938.6 978.6 1822 .4 340 .9 1047 .3 694.5 241 .8 624.6 520.3 

III 857 .4 494 .3 713.3 688 .3 744 .5 1252 .0 889 .4 962 .0 4156 .7 1054 .6 1272 .9 2161 .4 

IV 3042 .6 746 .0 368.0 1385 .5 1465 .9 682 .3 342 .1 830 .1 1175 .4 451 .1 399.8 675.4 

Me 1450 .7 648 .8 612.8 1028 .6 1396 .6 498.0 1627 .4 608.5 715 .6 

898.2 754 .7 997.5 883 .5 2832 .6 1702 .9 291 .8 1609 .1 6743 .3 1066 .0 918 .7 2909 .3 

II 462 .7 758 .7 1410 .4 877 .3 4745 .5 1747 .5 355 .0 2282 .7 1411 .4 1744 .2 995 .2 1383 .6 

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 

IV 1318,3 890 .1 516 .0 908.1 2354 .2 1459 .7 740 .0 1518 .0 672 .3 130.6 483 .9 428 .9 

Mear~ 918.4 717 .9 951 .9 I I I 2903 .6 1545 .7 461 .81 I I 2268 .4 852.2 734 .31 



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 

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 

648 .8 1396 .6 608 .5 884 .6 

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 

794 .1 1192 .8 767 .0 918 .0 

716 .2 431 .7 696 .5 620 .0 

Mean 976 .8 1324 .4 1080 .0 



TABLE 14 .13 

AVERAGE SEASONAL NUMERICAL ABUNDANCE OF COPEPODS PER m3 FOR EACH TRANSECT 

MEAN OF THREE STATIONS FOR EACH TRANSECT 

Year Transect Winter Spring Summer Mean 

1975 I 617 .2 2914 .6 948.6 1493 .3 

II 1444 .9 1153 .6 963 .6 1187 .4 

III 1284 .8 899 .9 1010 .9 1065 .0 

IV 1307 .8 539 .~~ 961.4 936 .3 

Mean 1163 .7 1376 .1 971.1 

1976 I 603 .9 1058 .3 578 .3 746 .8 

II 938 .6 1047 .3. 520 .3 835 .4 

III 688 .3 962 .0 2161 .4 1270 .6 

IV 1385 .5 830 .1. 1013 .1 1076 .6 

Mean 904 .1 974.4 1068 .3 

1977 I 883 .5 1609 .1. 2909 .3 1800 .6 

II 877.3 2282 .7 1383 .6 1514 .5 

III 781.9 1138 .4 417 .9 779 .4 

IV 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 .9 1196 .7 1038 .3 

1200 .5 962.E 801 .1 988.1 

Mean I 976.8 ( 1329 .4 1108 .1 

I 



TABLE' 14 .14 

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

IRAN OF TWO SAMPLES AT EACH STATION 

Year 

Month / Station 

January/February 

March 

April 

May/June 

July 

August 

September 

November 

December 

1 I 2 

1443 .0 717 .5 

1435 .5 516.6 

2045 .0 884 .1 

978.6 1822 .4 

1118 .2 652 .0 

484 .6 338 .8 

694 .5 241.8 

1361 .6 830 .8 

1970 .8 1158 .7 

1976 

3 

655.3 

690.4 

485.4 

340.9 

216.4 

454 .4 

624 .6 

473 .0 

644.5 

Mean 1 1281 .3 1 795 .9 1 509.4 

1977 

Mean 1 1 I 2 I 3 

938.6 462 .7 758 .7 1410 .4 

880.8 1120 .1 934 .3 533 .5 

1138 .2 2304 .8 853 .0 335 .1 

1047 .3 4745 .5 1747 .5 355 .0 

662 .2 1051 .8 494 .8 522 .1 

425 .9 1001 .7 769.1 474.6 

520 .3 1411 .4 1744 .2 995 .2 

888 .5 2044 .3 1420 .3 1367 .7 

1258 .0 1489 .1 767 .3 369 .7 

1734 .8 1054 .4 595.9 

Mean 

877 .3 

862 .6 

1160 .3 

2282 .7 

689 .1 

748.5 

1383 .6 

1277 .4 

875 .4 

r 
r 

r 



first and largest (4745 .5 per m3) occurred in May--June and the second 

(2044 .3 per m3) occurred in November . Copepod numbers at Station 2/II 

ranged from 500 to 1000 per m3 except in May-June and September when they 

increased to over 1700 per m3 . The temporal variation of copepod numbers 

at Station 3/II followed the pattern established by the biomass and total 

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

from 98 . 4 (Station 1/ 1 
1 /r 
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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 an all transects . They were, however, fairly consis-

tent throughout the study area in the winter (40-50I), and spring (SO-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 

+J 
Winter Spring Summer 

N 

id Station Station Station w ~4 
H 1 '. 2 3 Mean 1 2 3 Mean 1 2 3 Mean 

55 .4 43 .1 47 .6 48 .7 43 .5 46 .4 50 .2 36 .7 44 .5 52 .2 64 .2 53 .6 

51 .7 61 .7 57 .5 57 .0 57 .5 41 .6 50 .0 49 .7 48 .1 60 .8 64 .5 57 .8 

III 37 .1 53 .1 58 .5 49 .6 33 .1 52 .2 46 .1 43 .8 45 .8 66 .5 65 .0 59 .1 

IV 49 .9 43 .8 40 .1 44 .6 32 .1 47 .7 51 .2 43 .7 53 .7 57 .6 58 .6 56 .6 

Mea
d 

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 

II 59 .4 48 .4 37 .5 48 .4 43 .7 43 .9 52 .4 46 .7 44 .4 61 .3 63 .8 56 .5 

III 58 .8 35 .5 41 .5 45 .3 40 .4 51 .1 60 .3 50 .6 47 .4 72 .9 77 .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 

Mead 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 

II 50 .3 49 .3 45 .3 48 .3 59 .2 42 .7 56 .3 52 .7 33 .9 45 .8 63 .5 47 .7 

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 

Meal 51 .1 46 .0 42 .9 I II 50 .7 54 .1 51 .2 I 
i 

II 32 .2 48 .1 67 .2 

F 

1 
4 



TABLE 14 .16 

PERCENTAGE COMPOSITION OF ADULT FEMALES 
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 98 .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 4% .b bL .b bL .U 5% .4 %4 .0 lti .4 5J .b bb .y 

August 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 ahundances (about SOI) 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/III 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 .00 of immature copepods in 

the 1977 monthly samples was only about half as great as the annual mean 

percentage (49 .10 in 1976 . It should be noted that aside from the indi-

cations of temporal and spatial variations 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 m3 

(Station 1/II, May-June) to 46 .9 per m3 (Station 1/III, September), with 

area-wide averages that fluctuated around 500 per m3 (Table 14 .19) . The 

monthly data from Transect II showed a peak of female abundance (2807 .9 

per m3) at Station 1 in May-June 1977 which was comparable to a similar 

peak (1769 .1 per m3) 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 carefully 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 IMMA7'URES IN TOTAL COPEPODS AT EACH STATION 
MEAN OF FOUR SAMPLES FOR 1975 AND TWO SAMPLES FOR 1976 AND 1977 

Winter Spring Summer 

Station Station Station 
>+ H ~ 1 '. 2 3 Mean 1 2 3 Mean 1 2 3 Mean 

35 .2 58 .8 77 .2 57 .1 50 .4 75 .9 63 .1 63 .1 49 .8 59 .6 51 .8 53 .7 

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 

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 

IV 88 .4 69 .8 72 .2 76 .8 73 .3 47 .8 53 .1 58 .1 44 .4 39 .3 55 .3 46 .3 

Mead 67 .2 57 .9 61 .0 58 .8 66 .9 64 .4 51 .5 48 .0 50 .0 

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 
%.o 

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 

IV 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 

I 34 .0 48 .5 53 .7 45 .4 19 .7 27 .2 31 .7 26 .2 54 .2 39 .8 28 .2 40 .7 

II 33 .8 37 .4 39 .5 36 .9 7.3 24 .5 25 .1 19 .0 53 .0 44 .3 25 .6 41 .0 

III 26 .9 45 .6 43 .2 38 .6 24 .8 18 .3 28 .2 23 .8 70 .4 27 .1 21 .2 39 .6 

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 

Meal 30 .0 43 .4 44 .6 ( I I 17 .0 22 .8 29 .0 ~ .55 .4 38 .9 23 .6 



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 3 Mean 

January/February 33 .5 24 .3 77 .5 45 .1 33 .8 37 .4 39 .5 36,9 

March 25 .5 41 .9 61 .2 42 .9 12 .1 39 .1 39 .4 30 .2 

April 17 .8 62 .4 55 .0 45 .1 24 .4 21 .1 32 .9 26 .1 

May/June 43 .8 39 .6 54 .8 46 .1 7 .3 24 .5 25 .1 19 .0 

July 52 .4 40 .2 65 .3 52 .6 7.0 14 .4 33 .6 18 .3 

August 60 .2 42 .8 46 .8 49 .9 7.8 19 .4 33 .0 20 .1 

September 35 .0 35 .5 49 .2 39 .9 53 .0 44 .4 25 .6 40 .0 

November 66 .7 63 .4 40 .5 56 .9 40 .3 26 .3 33 .0 33 .2 

December 62 .4 69 .1 58 .5 63 .3 44 .6 30 .9 32 .1 35 .9 

Mean 44 .1 46 .6 56 .5 25 .6 28 .6 32 .7 



TABLE 14 .19 

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

Winter Spring Summer 

Station Station Station 
a~+ H ~ . 1 '. 2 3 Mean 1 2 3 Mean 1 2 3 Mean 

490.0 313 .4 190 .1 304 .2 3436 .1 363 .4 158 .2 1319 .2 621.6 392 .4 342.3 452 .1 

II 1245 .1 685.2 419.5 783 .3 1339 .5 382 .4 185.9 635 .9 1035 .9 174 .9 338.1 516 .3 
on 
r-+ 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 3c.12 .6 188.2 667 .1 489 .4 404.5 

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 

III 504.4 175.4 296 .6 325 .5 299 .9 645.1 534 .4 493 .1 1970 .8 768 .7 978.7 1239 .4 

IV 1770 .8 338.5 128.1 745 .8 875 .3 502 .7 196.0 529 .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 

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 1251 .3 478.4 799 .6 632 .2 636 .7 

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 

IV 810 .3 416.7 228.5 485 .2 1311 .6 894 .5 359 .3 855 .1 359.3 56 .5 359 .3 258.4 

Meal 482 .2 330 .7 408.6 I ~ I 1526 .4 830.1 232 .6 I I I 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 1976 19 

Month / Station 1 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 

F 
i 

1 
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species (Table 7, Appendix rI) . Calanoid .species which consistently 

accounted for a significant fraction of the 1977 .r_opepod population were 

ranked in declining order of abundance : ParacaZcrnus indices, ParacaZanus 

quasunodo, CZausocaZarus jobei, CZausocal'lanus furcatus, ParacaZanus acuZe-

atus, T2mora turb2rcata and Centropages veZificatus . Three other species, 

which were often very abundant in estuarine areas, appeared in hig:~ly 

localized, large abundances in 1977 . These species were AcC7rt2a tOnsa 

(787 .5 per m3, Station 1/II, May-June), Centropagf?s harnatus (253 .4 per m3, 

Station 1/II, March), and Acart2a ZiZZjeboraii (131 .3 per m3, Station 1/I, 

September) . 

ParacaZarus 2ndicus and ParacaZanus quasimodo are so similar morpho- 

logically and in distribution that for the purpose of data analysis their 

numbers were summed and reported under the classification "ParacaZanus 

parvus group" (Tables 14 .21 and 14 .22) . The maximum abundance (1178 .9 per 

,:.', 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 

m3, Station 1/II, May-June) reported in 1975 . In 1976, however, their 

numbers peaked (1502 .4 per m3) at Station 1/IV in January-February . The 

maxima for all three years represented localized extreme numbers, with 

average abundances centered around 200 per m3 . 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 14 .22) the 

PczracaZanus pazYvus group occurred in the greatest: concentrations (more 

than 1100 per m3) at Station 1 between April and May-June of 1977 and in 

April (more than 1500 per m3) of 1976 . 

Ranked second in abundance, CZczusocaZanus jabei was slightly larger 

in general density than CZausocaZareus jurcatus 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 Paraca2unus indicus AND ParacaZanus quasimodo 
PER m AT EACH STATION . 

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

Win ter Spring Summer 
N 

Station Station Station 
2 3 Mean 1 2 3 Mean 1 2 3 Mean 

1 264 .0 70 .8 2.0 112 .3 578 .0 195 .4 12 .8 262 .1 232 .7 40 .5 1 .8 91 .7 

749 .1 247 .2 49 .7 348.7 1125 .3 199.5 9.3 444 .7 566 .7 3 .4 2 .5 190 .9 

III 515 .9 30 .6 30 .2 192 .2 205 .9 65 .7 7.7 93 .1 123 .1 55 .1 19 .2 65 .8 

IV 92 " 1 154 .2 18 .5 366 .6 122 .7 41 .7 22 .0 62 .1 66 .1 121.9 25 .0 71 .0 

Mea 614.0 125 .7 25 .1 508.0 125.6 13 .0 247 .2 55 .2 12 .1 

1 134.7 115 .5 33 .0 94 .4 102 .0 154.3 8 .2 88 .2 63 .6 54 .5 2.0 40 .0 

11 737.4 60 .0 7 .6 268 .3 10 .6 140.8 8 .2 53 .2 33 .2 2 .3 1 .9 12 .5 

111 367.1 7.1 99 .2 157 .8 56 .5 85 .6 46 .6 68 .5 1121 .0 38 .5 15 7 391 7 . . 

IV 1502 .4 200 .6 1 .6 568 .2 141 .3 112 .5 10 .4 88 .1 

1 

1.0 16 .3 1 .5 6 .3 

Mea 685.4 95 .8 35 .4 77 .6 123 .3 24 .5 304 .7 27 .9 5 .3 

1 211.1 132 .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 
n 

111 261.6 61 .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 

Mear~ 281.7 138 .7 101 .2 I II 668 .5 152 .2 24 .71 II 143 .7 74 .7 9 .6 I 

r 
i 
n: 



TABLE 14 .22 

NUMERICAL ABUNDANCE OF ParacaZanus indicus AND ParacaZanus quasimodo 
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 737.4 60 .0 7 .6 268.3 131 .4 150 .6 305.7 195 .9 

March 768 .3 126 .9 12 .3 302 .5 154 .2 199 .4 76 .9 143 .5 

April 1564 .7 256 .9 11 .5 611 .0 1108 .5 327 .5 25 .2 487 .1 

May/June 10 .6 140 .8 8 .2 53 .2 1178 .9 250 .5 17 .0 482 .1 

July 170 .0 23 .7 0 .2 64 .6 70 .3 4 .9 12 .4 29 .2 

August 75 .9 22 .9 10 .6 36 .5 23 .4 25 .6 2.3 17 .1 

September 33 .2 2 .3 1 .9 12 .5 231.7 175 .3 13 .8 140.3 

November 144 .3 93 .4 22 .5 86 .7 40 .9 169 .6 1.2 70 .6 

December 568 .1 103 .7 29 .2 233 .7 532 .1 80 .0 10 .9 207,7 

Mean 452 .5 92 .3 11 .6 385 .7 153.7 51 .7 
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well formed concentrations of CZausocaZcrnus jobei 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 CZausocaZanus jobei were poorly 

formed, but in 1977 they produced spring peaks at Stations 1 and 2 and 

winter and summer peaks at Station 3 . CZausocaZanus furcatus, a typical 

oceanic calanoid, was well concentrated at the seaward stations in summer 

1975 and 1977 (Table 14 .23) . In 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 m3 occurring in both months at 

Station l (Table 14 .24) . 

ParacaZanus 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 m3, Station 

1/IV, 1975 ; and 50 .9 per m3, Station 1/II, 1976) . In summer 1977 their 

numbers were well concentrated about Station 2 with the annual maximum 

(186 .5 per m3) occurring at Station 2/II . 

Temora turbirtuta, typically a nearshore form, was not well represented 

in the winter of all three years and in the spring of 

1977, spring abundances at Station 1 (average of all f, 

aged 194 .6 per m3 in contrast with 1 .5 per m3 in 1976 

1975 . Similarly, summer 1977 abundances at Station 1 

vious years with the annual high value (689 .0 per m3) 

1/I . Annual averages for each station on Transect II 

1975 and 1976 . In 

cur transects) aver- 

and 21 .0 per m3 in 

were larger than pre-

occurring at Station 

(collected monthly) 



TABLE 14 .23 

NUMERICAL ABUNDANCE OF CZausocaZarius furcatus PAR m3 AT EACH STATION 
MEAN OF FOUR SAMPLES FOR 1975 AND TWO SAMPLES FOR 1976 AND 1977 

Winter Spring Summer 

1a 
Station Station Station 

+ H 2 3 Mean 1 2 3 Mean 1 2 3 Mean 

4 .2 35 .9 25 .1 21 .7 4 .4 14 .8 28 .9 16 .0 1.3 129 .6 91 .6 74 .2 

II 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 

Mean 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 .6 0 8.7 142.3 50 .3 

II 10 .9 8.0 22 .5 13 .8 24 .6 10 .7 22 .1 18 .9 0 .9 36 .9 117 .7 51 .8 

III 14 .4 16 .3 47 .4 26 .0 16 .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 

11 1.9 15 .6 27 .2 14 .9 6.9 75 .7 34 .3 39 .0 0 .4 43 .2 122 .3 55 .3 

III 3.2 6 .5 13 .2 7 .6 13 .3 22 .8 5 .9 14 .0 0 .1 19 .9 59 .9 26 .6 

IV 18 .2 19 .7 5 .1 14 .3 104 .7 81 .5 16 .1 67 .4 0 10 .6 132 .6 47 .7 

Meal 5.9 12 .6 16 .6 I I ) 35 .8 108.8 16 .0 I I I 0 .1 21 .9 110.7 



TABLE 14 .24 

NUMERICAL ABUNDANCE OF CCazcsocaZanus fureatus 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 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 I 59 .8 I I 76 .4 1 111 .5 I 41 .0 

41 
i 
4-1 
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showed that Temora turbinata was most abundant at Station 1 in both 1976 

and 1977 . 

Centropages veZificatus occurred with fair consistency throughout 

the study area with the best defined distributional patterns and greatest 

abundances (over 200 per m3) 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 veZificatus numbers during both 1976 and 1977 . 

The most abundant cyclopoid copepods in the 1977 data, ranked in 

declining order of abundance, were Corycaeus arnerieanus, Otithona pZwni-

fera, Oncaea venusta, Oncaea medtiterranea and FarranuZa graciZis . Cory-

caeus amerticanus was, in all three years poorly represented (generally 

less than two ger~m3) in the summer . It was somewhat more abundant in 

winter, and well represented in the spring, particularly at Station 1/III 

(157 .7 per m3) in 1975 ; at Station 2/II (90 .2 per m3) 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 pZumifera was most abundant at the offshore 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 . Abundance:s of artcaea venusta were 

variable both spatially and seasonally . In 1975 the greatest numbers 

(124 .2 per m3) occurred at Station 3/III in summer ; in 1976 (176 .7 per m3) 

at Station 1/IV in summer ; and in 1977 (181 .0 per m3) 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 pZumifera, monthly data 

from Transect II showed annual mean concentrations of Oncaea venusta to be 

largest at Station 2 . 

The numbers of Oncaea medtiterrarea 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 . 

FczrranuZa graciZis 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 were 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 FczrranuZa gractiZis occurred in the summer with the 

largest average numbers occurring at the deepest stations . Monthly data 

from Transact II showed that the largest numbers of FarranuZa graciZis 

occurred in July and August, between seasonal 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 

equitability (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 m3) . The lowest overall diversities and equitabilities 

occurred in the summer seasonal samples . The lowest station by station 

values occurred in the monthly samples on Transec:t II where the lowest 

diversity (1 .28), equitability (0 .3480) and number of species (14) were 

found at Station 1/II in April along with one of the larger numbers of 

female copepods (1303 .4 per m3) . 

Interrelationship Between Zooplankton and Environmental Parameters 

As in the past two dears of the study ; those physical and biological 

parameters, measured by other investigators, which had the greatest poten-

tial for interrelationships with the zooplankton were 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 wire 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 . In 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 zooplankton 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/m3) and zooplankton numbers (7433 .9 

per m3, largely composed of immature calanoids) in the summer when temp-

eratures were highest . The monthly data from Traflsect 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 CZausocaZanus 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 Stations 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 ParacaZanus parvus group), were also very 

high during the spring at Stations 1/I and 1/II . Zooplankton abundances 



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 increased . 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-Jung 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 generally 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 (3b 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 2ooplankton 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 . In 

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 a data 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 ParacaZanus parvus group 

showed strong but negative correlation to salinity . On the other hand, 

CZausoeaZanus fureatus, 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 



TALE 14 .25 

CORRELATION COEFFICIENTS FOR CERTAIN BIOLOGICAL AND HYDROLOGICAL DATA 

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

Correlation Coefficient 

Zooplankton Monthly 

Salinity (ppt) Ch 

Seasonal 

11 a I Salinity (ppt) Chlorophyll a 

3 ) Dry Weight (mg/m -0 .5512 p.1686 -0 .5522 -0 .0958 

3 
Number of Zooplankters per M -0 .5776 0.0877 -0 .7631 0 .4282 

3 Number of Copepoda per M -0 .4244 0 .0438 -0 .6566 0.3966 

Number of Copepod Species 0 .2300 -0 .4256 0.3175 -0 .6108 

Number of Cladocera per M3 -0 .5244 0 .0228 -0 .5853 0.0366 

Number of Ostracoda per M3 -0 .1041 0 .1467 -0 .1884 0.0264 

Number of Mollusca per M3 -0 .54 4 1 -0 .0328 -0 .5675 0 .6208 

Number of Chaetognatha per M3 -0 . 6669 -0 .0582 -0 .8341 0.1932 

Number of Paracalanus parws group per M 3 -0 .5001 0 .2599 -0 .7228 0 .5840 

Number of Clausocalanus furcatus per M3 -O .O611 -0 .2689 0 .3854 -0 .3006 
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PctracaZanus 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-OCS 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 stations), 

located within the BLM-STOCS study area, were analyzed for zooplankton 

taxonomic composition and abundance . Except for biamass 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 

1-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 m3) in the historical zooplankton, 

fell within the range of annual means (4122 to 844 per m3) reported from 

Transect II monthly data collected in the recent study . Further, patterns 

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 

50-65I of the historical zooplankton 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 cf calanoids (about 75%), 

cyclopoids (about-25%), and harpacticoids (less than l%), together with 

seasonal and spatial variations in their relative. abundances, were similar 

between the studies . Percentages of adult copepods 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 ParacaZanus i.rtdicus, ParacaZanus quasi-

modo, CZausocaZanus furcatus and Temora turbiruztc: were, in terms of abun-

dance and distribution, very similar in both studies . However, the small 

estuarine species Accrrtia tonsa and ParacaZanus crassirostris were more 
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abundant in the historical samples than in the recent study . Among the 

most abundant cyclopoids, Oiihona pZwnifera produced similar patterns of 

abundance and distribution in both studies . The small estuarine species 

Otithona 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 increasing faster than copepods . 

4 . Numerically important groups other than copepods were Ostracoda, 
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Amphipoda, Cnidaria, Mollusca, Chaetognatha, Cla<iocera and Larvacea . 

Ostracods were most abundant at the mid-depth anti 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 75% of the copepods were calanoids, 25% cyclopoids, and 

less than lI 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 40-60I of the copepods in 

winter and summer, but dropped to less than 25% :in spring . 

5 . The most abundant calanoid species were ParaeaZartus inclieus, 

ParacaZanus quasimodo, CZausocaZanus furcatus and CZausocaZanus 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 arnericanus, Oncaea mediterranea and Oithona pZumtifera . 

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 than 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 m3 in December to 79 .98 gms per 1000 m3 in March . Tar values 
averaged along only Transect II ranged from 8 .33 gms per 1000 m3 in August 
to greater than 70 gms per 1000 m3 in March . 

A total of 77 decapod taxes 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 taxes of larval fishes 
were collected during 1977 . In 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 environment and its organisms are important to the water 

column ecosystem in that they occupy a relatively thin skin of the ocean 

surface where air-sea mixing initially occurs . Many potential pollutants 

are thought to enter the oceans through this route, and any biological 

impact might first manifest itself in changes 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 portions of 

each day . There is considerable variability not~~.onlp in the abundance of 

neustQn, 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 variations 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 patterns . 

Literature Survey and Previous Work 

It is only within the last 15 years that much has become known about 

marine neuston, although the neuston of freshwater ponds and pools has been 

studied since Naumann first applied the term to surface film organisms in 

1917 (Zaitzev, 1970) . 

Marine neuston has been studied fairly extensively in the . Black Sea 

and Sea of Azov (Zaitsev, 1961, 1968, 1970) and in the North Sea, Norwegian 

Sea, and subtropical Northeast Atlantic (Hempel and Weikert, 1972) . Neuston 

studies in most other areas, however, have been limited, usually 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 . Althc:ugh 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 . 

Sao 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 

zooplarkton 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 BLM 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 at . (1974) reported on relative abundance 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 at . (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 

a 2 m x 1 m opening 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 sip: 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 . One of these final aliquots was used for a dry weight 

determination while the other was used for taxonomic identifications . 

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 m3 per net per aliquot . If these 

numbers were multiplied by the inverse of the aliquot size (16) the number 

per LOGO m3 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 m3 per tow obtained 

from the "B" counts . Then the total sample was counted and corrected to a 

standard volume, 1000 m3 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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SAMPLE 

ARCHIVE HALF OTHER HALF 

z \1 
1/4 1/4 

1/8 1/8 

LARGE -~ COUNT = A 

FRACTION 

RESIDUE 
TAXONOMIC DRY WEIGHT 

ALIQUOT 
ALIQUOT ALIQUOT 
1/16 1/16 

3/8 

COUNT = B 

1000m3 = C 
(VOLUME FILTERED ) 

4 

TOTALS = (A'C) + ( B " C " 16) = NUMBERS PER 1000M3 

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 

u c^z a se~t- . Figure LJ . s<<ows these means and 95/ con~idence iinter-

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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TABLE 15 .1 

CRUISE AVERAGES FOR DRY WEIGHT OF NEUSTON TOWS 

Cruise Average Standard N 
(nms/~O~m3) Deviation 

Winter 12 .85 15 .74 15 

March 79 .78 94 .39 6 

April 16 .44 12 .37 6 

Spring 20 .42 26 .74 15 

July 9 .96 6 .45 6 

August 57 .02 131.24 6 

Fall 10 .96_ 13 .60 15 

Nlovemoer 17 .59 10 .80 6 

December 9 .37 5 .00 6 
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TABLE 15 .2 

TRANSECT II AVERAGES ONLY FOR NEUSTON TOWS 

Cruise Average Standard N 
(gms/103m3) Deviation 

Winter 11 .29 11 .2E 6 

March 79 .78 94 .39 6 

April 16 .44 12 .37 6 

Spring 17 .39 11 .73 6 

July 9 .96 6 .45 6 

August 57 .02 131 .2 6 

Fall 8 .33 6 .78 6 

November 17 .59 10 .80 

December 9 .37 4 .99 6 
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Figure 15 .2 Dry Weight Averages (Horizontal Dash) and 95% Confidence 
Limits (Vertical Rectangles) for Transect II Only, 1977 . 



15-13 

180-

160 -

140- TAR 

izo 

ioo 

E80 
0 
0 

60 

40 

20 

8 0 
0 

-10 -30.8 
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

Figures 15 .3 Tar Weight Averages (Horizontal Lash) and 95% Confidence 
Limits (Vertical Rectangles) For Transect II Only, 1977 . 
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fore are presented in the summary tables in Appendix N, Table 1 . A number 

of species or larger taxa were selected which were both frequent in occur-

ence and/or abundant at times . These species or taxonomic groups were 

also analyzed in detail in the 1976 neuston data . The most encouraging 

generalization which could be made about these results was the high degree 

to which they followed the important trends seen in the 1976 data . 

The most remarkable and most interesting of these patterns was that 

of AnomaZocera orrata . Males, females and immature forms of this species 

showed the same trends (Figures 15 .4 - 15 .6) . Immatures wire found in 

their highest abundance in the winter sampling and showed a decline in 

March . The adults increased by about an order of magnitude in the winter 

and then peaked in March with the maturation of the immature forms (mostly 

Stage IV and V copepodites) . This species completely disappeared from the 

sampling area from the April to the spring cruise . During this time inter-

val the water temperature increased from an average of 21 .94 to '5 .28°C . 

Their reappearance in the December samples went along with a decrease in 

average temperature from 25 .52 in November to 23 .07°C in December . The 

similarities in "critical temperatures" was remarkable . The possibility 

of a resting egg in this species seemed very strong and warrants further 

work . 

Centropages furcatus males and females showed very similar trends to 

1976 values (Figures 15 .7 and 15 .8) . Not only did the diel differences 

remain basically the same, but the gross trends in abundances were the 

same . During both years, PonteZZopsis viZZosa males and females were low 

in abundance and quite variable early in the year followed by a strong 

increase in the late summer and fall (Figure 15 .9 and 15 .10) . 

Brachyuran zoeas (Figure 15 .11) had a pronounced diel difference as 

in 1976 and showed high overall abundance with no pronounced seasonal 
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Figure 15 .4 Annual Variation of Mean Day and Night Abundances Along 
Transect II for AnomaZoeera ornata: Males . 
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Anomo/ocero ornato females 
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Figure 15 .5 Annual Variation of Mean Day and Night Abundances Along 
Transect II for AnomaZocera ornata Females . 
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Figure 15 .6 Annual Variation of Mean Day and Night Abundances Along 
Transect II for AnomaZocera ornata Immature . 
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Figure 15 .7 Annual Variation of Mean Day and Night Abundances Along 
Transect II for Centropages furcatus Males . 
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,Figure 15 .8 Annual Variation of Mean Day and Night Abundances Along 
Transect II for Centropages furcatus Females . 
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Figure 15 .9 Annual Variation of Mean Day and Night Abundances Along 
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15-Z1 

Pontel/opsis vil/oso females 

Day o--- 

NightO--- 

E~ ~I 
00 
0 
0 A` 

~I~ 

VC~ 

1 

t f 
1 
1 
1 
1 

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 
Figure 15 .10 Annual Variation of Mean Day and Night Abundances Along 

Transect II for PonteZZopsis viZlosa Females . 



15-22 

8rachyuran zoeas 

E 
O 
O 
O 

1 ~ 1 
1 

i i 
1~ ~ P 
b 

1 

JAN FEB MAR AP ; MAY JUN JCL AUG SEP OCT NOV DEC 
'Figure 15 .11 Annual Variation of Mean Day and Night Abundances Along 

Transect II for Brachyuran Zoeas . 



15-23 

changes . Brachyuran megalops (Figure 15 .12) showed a very similar pattern . 

A number of other species groups are shown in Figures 15 .13 - 15 .24 . A 

more complete interpretation of their changes will be made when all ancil-

lary data are obtained . 

Grouping Results 

As in our analysis of the 1976 data the index of affinity and its 

associate recurrent group analysis was selected to look for species which 

frequently tended to be a part of each others environment . Groups of 

species were formed on the basis of co-occurrence in samples . This co-

occurrence or level of affinity could be set at piny level between 0 and 1 

(total absence of affinity and complete affinity, respectively) . The 

following formula was used : 

I.A . = Jab _ 1 

(NaNb) 
l/2 

2(Nb) 
1/2 

where I .A . = index of affinity (0 - 1 .0) 

Jab = joint occurrences of a, b 

Na =total occurrences of a 

Nb =total occurrences of b 

and Nb Z Na . 

The 1977 data I .A . was set at .0 .7 to . be consistent -with our 

treatment of the 1976 data . As before day (D) and night (N) were run 

separately . Seven day groups were obtained with the largest consisting 

of eight taxa (Figure 15 .25) . Four taxa in this group (Group 1D) were 

the same as for 1976 and an additional two showed associations with Group 

1D of the 1976 data . Groups 2D, 3D and 5D were repeats from 1976 data . 

In the night data (Figure 15 .26) Group 1N had all the same taxa as 

Group 1N - 1976 with only one exception . It had four members which showed 



1J- L4 

- 
Night 

M 

. \ 

'OP 
1000, 

0 - 

0/ 

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

Figure 15 .12 Annual Variation of Mean Day and Night Abundances Along 
Transect II for Brachyuran Megalops . 
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Figure 15 .13 Annual Variation of Mean Day and Night Abundances Along 
Transect II for Limacina trochtiformtis . 
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Lucifer foxoni 
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Figure 15 .14 Annual Variation of Mean Day and Night Abundances Along 
Transect II for Lucifer faxoni . 



15-27 

Nonnocolanus minor 

Dayo--- 

N i g ht o---- 

E 
00 
0 c 

# 1 
1 
1 
1 
1 
1 1 o 

1 
10 

1 

1011 I I 1 1 1 1 1 cr 1-V -- - -; cr- -t -IJ i , 
JAN FEB MAR APR MAY JUN JUL AUK SEP OCT NOV DEC 

Figure 15 .15 Annual Variation of Mean Day and Night Abundances Along 
Transect II for NannocaZanus minor . 
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Figure 15 .16 Annual Variation of Mean Day and Night Abundances Along 
Transact 11 for Temora stz~Zifera . 
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Figure 15 .17 Annual Variation of Mean Day and Night Abundances Along 
Transect II for Temora turbinata . 
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Labidocero aestiva males 
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Figure 15 .18 Annual Variation of Mean Day and Night Abundances Along 
Transect II for Labidocara aestiva Males . 
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Figure 15 .19 Annual Variation of Mean Day and Night Abundances Along 
Transect II for Labtidocera aesti~~a Females . 
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Figure 15 .20 Annual Variation of Mean Day and Night Abundances Along 
Transect II for PonteZZa meadii Males . 
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Figure 15 .21 Annual Variation of Mean Day and Night Abundances Along 
Transect II for PonteZZa meadii Females . 
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Figure 15 .22 Annual Variation of Mean Day and Night Abundances Along 

Transect II for Hyperiidae . 
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Figure 15 ..23 Annual Variation of Mean Day and Night Abundances Along 
Transect II for Ostracods . 
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Figure 15 .24 Annual Variation of Mean Day and Night Abundances Along 
Transect II for Chaetognaths . 
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associations with Group 1N - 1976 . Groups 2N, 311 and 6N were repeats . 

The similarities in the 1976 and 1977 Day and Night groups were very 

encouraging . More detailed analysis of quantitative aspects of these 

associations is now underway . 

DISCUSSION 

There awe a number of findings in the 1977 data which, when taken 

together with the 1976 findings, represent significant results . These are : 

1 . The repetition of the cycle for AnomaZocera orrcata in 1976 and 

1977 repr.esent.s the. strongest signal in .he two years of data . 

This species should also receive special attention in the zooplankton 

program . 

2 . The similarities in the species groupings for the two years 

strongly suggest that there are groups of species that tend to be a fairly 

constant feature of the STOCS environment . More detailed examination of 

the seasonal occurrence and quantitative aspects of these groups should 

be done . 

3 . The large variability in the results of the dry weights indicates 

that this is a low return measurement and it is suggested that it be dis- 

continued in future studies . It is presently impossible to determine the 

signal due to the high noise level . 

Decapods and Decapod Larvae 

A total of 77 decapod taxa, including the different larval stages, 

were identified from 1977 STOCS neuston samples . This compares to 85 

decapod taxa from the 1976 samples . 

Along Transect II (the only transect sampled monthly during 1977) 

(Figure 15 .27), the decapod larvae reached peak concentrations in the 
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Figure 15 .27 Annual Variation of Decapod Larvae at Transect II Sta- 
tions for 1977 . 
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spring (April and May) and again in the fall (August-November), especially 

in the night samples, which were nearly always higher in decapod larvae 

than the daytime samples . The 1976 neuston data showed similar spring and 

fall-winter peaks of decapod larvae with slight variations in onset or 

duration of peaks . For example, the Station 3 spring peak was confined to 

late March in 1976, while it spanned April and May in 1977 . The Station 1 

fall peak was confined to late August in 1976, while in 1977 it spanned 

September to November . 

Maximum concentrations of decapod larvae occurred at Station 2/II in 

April and May night samples (120 .6/m3 and 129 .8/m3, respectively), but with 

completely different taxa accounting for the peaks during each month . The 

April sample from Station 2/II contained 14 decapod taxa and the dominant 

decapod larvae were portunid crab zoeas (CaZZinectes sp . and Portunus sp .) 

(76 .7/m3) and sp . E megalopa crab larvae (10/m3) . In May, at this sta-

tion, the decapod species diversity was greater (25 taxa) and the dominant 

decapod larvae were penaeid shrimp zoeas of Xiphopenaeus (39/m3), xanthid 

crab zoeas of Menippe mercenartia (12/m3) and sp . I crab megalopas (11 .7/m3) . 

The April and May peaks in decapod larvae in the night samples from 

Station 2/II were also reflected in the night samples from Station 3/II, 

but at somewhat lower concentrations (82/m3 for April and 85 .8/m3 for May) . 

The dominant decapod larvae at Station 3/II in April were similar to 

those at Station 2/II for the same month (Portunid crab zoeas, 68 .8/m3), 

but the diversity was considerably less, with only six decapod taxa 

represented . At the same station in May, however, the dominant decapod 

larvae were Portunid crab megalopas (44 .8/m3), sp . E crab megalopas (19/m3), 

and sp . B crab megalopas (12/m3), and there were nine decapod taxa . 

The smaller "fall" peaks occurred at Station 1/II in November (35 .8/m3, 

11 taxes, with sergestid shrimp zoeas accounting for 27 .7/m3 and stenopodid 
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shrimp 2oeas for 2/m3), at Station 2/II in August (36 .4/m3, 14 taxa, 

with CaZZinectes crab zoeas dominant at 26 .8/m3), and at Station 3/II in 

September (37 .8/m3, 16 taxa, with portunid crab megalopas dominant at 

15/m3 and CaZZinectes zoeas at 8/m3) . 

The nighttime samples were nearly always higher in decapod larval 

concentrations then the daytime samples . The daytime concentrations at 

Station 1 tended to be generally higher than at the two offshore stations, 

and tended to reflect the nighttime peaks in spring and fall, but on a 

lower level of concentration . This was also true of the 1976 samples . 

The levels of concentration of decapod larvae in 1977 during the spring 

peaks were greater than in 1976, e .g . ., 219 .8/m3 for the 1977 spring peak 

at Station 2/II/N compared to 38 .6/m3 for the same station during the 

1976 spring peak . 

Figure 15 .28 compares the numbers of decapod larvae in day samples 

from Transects I, II, III and IV during the seasonal sampling periods of 

winter (January), spring (May), and fall (September) . Along Transect I 

there were peak concentrations of decapod larvae in September at Stations 

1 and 3 (62 .9/m3 and 63 .4/m3, respectively) . Both Stations were dominated 

by portunid crab megalopa (8 .3/m3 at Station 1 and 58 .2/m3 at Station 3) . 

Pagurid (hermit crab) zoeas also accounted for 7 .5/m3 at Station 1 . Sta-

tion 1/I fall had a greater species diversity of decapods with 24 taxa 

while Station 3/I fall had only 10 decapod taxa . Why Station 2/I did not 

reach such high decapod larvae concentrations in September could not be 

explained, except it was noted that the dominant taxa (portunid crab mega-

togas) at Station 2'-.were the same as those at the :other ~~two stations, but 

in much lower concentrations (1,.7/m3) . 

Only one other major peak in decapod larvae numbers stood out among 

the seasonal day samples, and that was also in September from Station 1, 
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Transect IV (76 .8/m3) . There was a high species diversity of decapods 

(31 decapod taxa) and the dominant decapod larvae were pinnotherid crab 

larvae (17 .7/m3), sergestid shrimp zoeas (15 .4/m3) and portunid crab 

megalopas (13.8/m3) . These daytime high concentrations were considerably 

higher than the highest daytime concentrations from the 1976 samples, where 

the highest daytime concentration of decapod larvae reached only 16 .2/m3 

(at Station 3/IID fall) . 

In most of the 1977 samples decapod species diversities were greater 

at night than in the day (see Tables 15 .3 and 15 .4) . This was to be expec-

ted because of the known nocturnal migrations of many decapods, especially 

decapod larvae, toward the surface . Transect II was the only transect 

sampled at night during 1977 . Looking at those night samples only, the 

decapod species diversity was found to range from a low of six taxa (at 

Station 1/II/N winter, Station 3/II/N April, and Station 2/II/N July) to 

a high of 32 taxa (at Station 1/II/N spring) . The average species diver-

sity for night samples was 15 .1 decapod taxa while that for day samples 

was 6 .4 taxa . 

Table 15 .3 presents decapod species diversity averages from Transect 

II showing nearshore-offshore differences, seasonal differences, and day-

night differences . The nearshore station (Station 1) showed the highest 

average diversity of decapods in day and night samples combined (12 .4 taxa) 

with the intermediate station (Station 2) next highest (10.8 taxa) and the 

offshore station (Station 3) the least diverse (8 .8 taxa) . Spring had the 

highest average species diversity (17 .9 taxa), followed by fall (12 .4 taxa), 

and winter had the lowest (8 .7 taxa) . 

Considering the average species diversities for daytime samples from 

all four transects, Transect I had the greatest (9 .4 decapod taxa), then 

Transect 11 (8 .9 taxa), Transect 111 (8 .7) and Transect IV (6 .6)(Table 15 .4) . 
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TABLE 15 .3 

SPECIES DIVERSITY AVERAGES FOR DECAPUD CRUSTACEA 
IN TRANSECT II NEUSTON SAMPLES FOR 1977 

NEARSHORE-OFFSHORE NEARSHORE INTEKHEDIATE OFFSHORE 
DIFFERENCES : (STA . 1) (ST.A . 2) (STA . 3) 

DAY 8 .3 5 .3 5 .6 

NIGHT 15 .7 16 .3 12 .1 

DAY & NIGHT 12 .4 10 .8 8 .8 

SEASONAL DIFFERENCES : WINTER SPRING FALL 

DAY 6 .3 13 .7 6 .7 

NIGHT 11 .0 22 .0 18 .0 

DAY & NIGHT 8 .7 17 .9 12 .4 

OVERALL DAY-NIGHT 
DIFFERENCES : DAY NIGHT 

6 .4 15 .1 
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TABLE 15 .4 

SPECIES DIVERSITY AVERAGES FOR DECAPOD CRUSTACEA 
IN DAYTIME SEASONAL NEUSTON SAMPLES FOR 1977 

GEOGRAPHICAL (TRANSECT) 
DIFFERENCES : TF . I Tr . 11 Tr . III Tr . IV 

9 .4 8 .9 8 .7 6 .6 

SEASONAL DIFFERENCES : WINTER SPRING FALL 

4 .6 10 .4 10 .2 

NEARSHORE-OFFSHORE 
DIFFERENCES : STA . 1 STA . 2 STA . 3 

SEASONAL (DAY) SAMPLES : 11 .3 7 .3 6 .5 

ALL (DAY) SAMPLES : 9 .9 5 .9 6 .1 
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Comparing seasonal differences in average species diversities for day 

samples from all transects, spring was the highest with 10 .4 decapod taxa, 

followed by fall with 10 .2 taxa, and then winter with only 4 .6 taxa (Table 

15 .4) . 

The holoplanktonic sergestid shrimp, Lucifer faxoni, freq,ently occurred 

in very high numbers in south Texas neuston samples and ranked first in 

numerical dominance of decapod taYa in both 1976 and 1977 samples . Figure 

15 .29 shows the numerical concentrations of Lucifer faxoni in day and night 

samples throughout 1977 from Transect II . The greatest concentrations 

occurred at Station 1 with maxima of 44 and 47/m3 in May (daytime) and 

August (nighttime) samples . These concentrations were :low compared to the 

1976 station 1 maxima of 147 and 186/m3 in June and August . At Stations 

2 and 3 the concentrations were generally lower than at Station 1, and the 

nighttime concentrations nearly always exceeded the daytime concentrations 

at these two offshore stations on Transect II . 

The other transects, at which only day samples were taken (Figure 15 .30), 

also showed generally higher concentrations of Lucifer faxoni at Stations 1, 

and the lowest concentrations at Stations 3 . Stations 2 generally showed 

intermediate numbers of L. faxoni, except for the dramatically high concen-

tration of 416/m3 at Station 2/IV/D in May. Although L. faxonti tended to 

reach its highest concentrations in May at most stations, this was not 

consistently true for all stations . It is interesting to note that Lucifer 

typus, which is an indicator of open ocean water and occurred in 1976 only 

at the offshore stations (Station 3) between June and November, did not 

appear at all in 1977 samples . 

Appendix N, Table 2 presents a listing of the numerically dominant 

decapod taxa at each station sampled during 1977, their concentration, and 

percentage of total decapods in the sample . 
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Figure 15 .29 Lucifer faxoni at Transect II during 1977 . 
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The dominant decapod taxa of the 1977 neuston samples may be ranked 

in order of dominance as follows : Lucifer faxonti, CaZZinectes zoeas, Por-

tunid megalopas, Portunus zoeas, Trachypenaeus zoeas, Alpheid zoeas, Ser-

gestid sp . A postlarvae, Sp . E megalopas . 

Portunid crab larvae were frequently the dominant decapods, especially 

in night samples . The highest concentrations of portunid zoeas (CaZZinec-

tes and Portunus) occurred in April samples from Transect II with concen-

trations of 77/m3 at Station 2/II/N and 69/m3 at Station 3/II/N . 

Portunid megalopa larvae were most abundant at offshore stations in 

spring and fall with 58/m3 at Station 3/I/D fall and 45/m3 at 3/II/N 

spring . Portunid megalopa also occurred in greatest concentrations at 

offshore stations in 1976, but reached their highest peaks in the months 

of February and June . 

Penaeid shrimp larvae were more abundant in 1977 than in 1976 . They 

occurred primarily in spring samples and reached concentrations up to 

39/m3 (Xiphopenaeus) and 7/m3(Trachypenaeus) . 

Pinnotherid crab zoeas were less abundant in 1977 than in 1976, and 

occurred primarily at the nearshore stations (Stations 1) as was the case 

in 1976 . In 1977 they were most abundant from May through September with 

a maximum concentration of 19/m3 (Pinnotheridae sp . A) at Station 1/II/N 

August . 

In general, it may be said that there were many similarities in geo- 

graphical and seasonal occurrences of decapod taxa between 1976 and 1977 . 

Unique peak occurrences of certain taxa at certain locations and times 

were difficult to explain, e .g . Lucifer faxoni at Station 2/IV/D spring 

in concentrations of 416/m3, nearly 10 times its concentration at any 

other 1977 neuston station . Possibly during the data synthesis phase of 

these studies, certain detailed correlations can be made with these drama- 
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tic peaks in concentrations and other biological, chemical or physical 

parameters . It is also expected that some of the brachyuran crab megalopa, 

designated in this report as sp . A, sp . B, etc ., will be assigned to more 

specific taxa during the data synthesis so they can be related more spe-

cifically to their benthic adult stages . 

Ichthyofauna 

A total of 1,932,166 eggs and 280,683 larvae were captured during the 

1977 neuston survey (Appendix id, Table 3), During the -1977. cruises the 

greatest abundance of eggs (62%) was captured in the spring . Larvae were 

also most abundant in July (37I) on the monthly cruises and in the spring 

(45%) on the seasonal cruises . The November cruise yielded the lowest 

number of eggs and larvae of the monthly cruises and the winter cruises 

yielded the lowest number of eggs and larvae of the seasonal cruises . 

A total of ?I taxes of larval fishes were collected in nearly equal 

increments during the year . Number of taxes on the monthly cruises ranged 

from 27 and 24 during the winter and fall seasonal cruises to 12 taxes 

during the December monthly cruise . Thirty (30) taxes were collected on 

the winter and spring seasonal cruises and 28 taxes were captured on the 

fall seasonal cruise . 

At stations where both day and night tows were made (Transect II, 

Stations 1, 2 and 3) during the three seasonal cruises more eggs were cap-

tuned during the day then during the night and more larvae were captured 

during the night than during the day . Seventy-four Rercent:(74%) of the 

eggs and 27% of the larvae were captured during the day and 26% of the 

eggs and 73% of the larvae were captured during the night . Daytime cap-

tunes of larvae ranged from 3 .1% on the March cruise to 71% on the April 

cruise . Night time captures of larvae ranged from 28 .27 on the April 
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cruise to 96 .9 on the March cruise . 

The inshore and mid-depth stations along the four transects yielded 

the greatest number of eggs and larvae . On the three seasonal surveys 

12 .31 of the eggs and 31 .4 of the larvae were captured at the four shal-

lowest stations, 77 .8 of the eggs and 41 .9% of the larvae were captured 

at the four mid-depth stations and 9 .6% of the eggs and 26 .61 of the larvae 

were captured at the four deepest stations . On the monthly cruises 37 .0 

of the eggs and 43 .9 of the larvae were captured at the shallowest sta-

tion on Transect II (1/II), 47 .9 of the eggs and 26 .2% of the larvae were 

captured at the mid depth station (2/Ij) and 15 .0% of the eggs and 29 .91 

of the larvae were captured at the deepest station (3/II) . 

The number of taxa did not appear to vary with the depth of the sta- 

tions . A total of 28, 24 and 33 taxa were collected at the four inshore, 

mid-depth and deepest stations respectively during the three seasonal 

cruises . A total of 35, 34 and 33 taxa were taken at the inshore, mid-

depth and deepest stations during the monthly cruises . On the three 

seasonal :c.ruises-eggs were more. abundant along Transect I (M) and 

larvae . were inoxe~abundant -along -Transect-I.I (53.I) . 

Transect II was used to describe the distributions of the taxa of 

ichthyoplankton since this transect was sampled monthly and larvae collec-

ted along this transect were representative of those collected along the 

three other transects sampled during the seasonal surveys . The 10 most 

abundant families of fishes over the entire survey were : Clupeidae, Engrau-

lidae, Sciaenidae, Mullidae, Bothidae, Triglidae, Mugilidae, Exocoetidae, 

Gerreidae and Gobiidae (Table 15 .5) . Engraulidae and Sciaenidae were more 

abundant during the fall than during the winter or spring surveys, while 

Exocoetidae and Mullidae were mote abundant during the spring than during 

the winter or fall surveys (Figures 15 .31 through 15 .40) . 



TABLE 15 .5 

TEN MOST ABUNDANT FAMILIES CAPTURED ON TRANSECT I21 . 

FAMILY TOTAL N0 ./1G00 M3/YEAR °1. OF TOTAL N0. LARVAE 

Clupeidae 67,183 27 .5% 

Engraulidae 29,994 12 .3% 

Sciaenidae 17,065 7 .0% 

Mullidae 12,750 5 .2% 

Bothidae 2,979 1 .2% 

Triglidae 2,276 0.9% 

Mugilidae 1,603 0.7% 

Exocoetidae 906 0.4% 

Gerreidae 672 0.39. 

Gobiidae 

- - - - - - - 

496 

- 

0.2% 

- - 

TOTAL 

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

135924 

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

55 .7' 

lA total of 244,550 fishes were captured on transect II over the 
survey . 
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Figure 15 .34 Relative Abundance of Both idae at Each of the Stations Along the Four Transects During 
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Although more larvae were captured during the:night and most taxa were 

more abundant during the night, some taxa were predominantly captured during 

the day . Clupeidae, Engraulidae and Bothidae predominated in the night 

samples and Exocoetidae, Mullidae and Mugilidae predominated in the day 

samples . 

The ten most abundant species were Etrumeus fetes (8 .2I), MugZZ eephu- 

Zus (1 .5%), HcrrenguZa jaguana (1 .4%), Prionotus sp . (1 .1%), Eucinostomus 

sp . (1 .OI), Bregmaceros atZanticus (0 .8I), Trachurus Zathcnni (0 .7%), Micro-

pogon unduZatus (0 .4I), PczraZtichthys sp . (0 .3I), and Etropus sp . (0 .2I) . 

The species of Sciaenidae and Clupeidae varied seasonally in their relative 

abundance during the seasonal surveys . The sciaenids Leiostomus xcrnthurus 

and Mticropogon unduZatus were captured during the winter and fall but were 

absent during the spring . Menticirrhus sp . was most abundant during the 

fall . 

The clupeid Brevoortia sp . was captured during the winter but was absent 

during the spring and fall . The clupeid Etrwneus fetes was captured during 

the winter and spring but was absent during the fall . 

Ichthyofauna Conclusions 

During the 1977 survey the greatest abundance of eggs was collected 

during the spring seasonal cruise and on the July monthly cruise indicating 

that spawning was most intense during the spring and early summer . Larvae 

were also-most abundant during the spring and early summer with mullids, 

clupeids and engraulids making up the majority of the larvae . These three 

families were probably responsible for the high concentration of eggs 

during the spring and early summer . In 1976 the greatest abundance of 

eggs occurred in the winter and the greatest abundance of larvae occurred 

in the spring . Clupeids and engraulids were the most abundant larval forms . 
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Distribution of larvae along the transects indicated that most fishes, 

i.e . Sciaenidae and Gerreidae, spawn near shore while a few fishes, i.e . 

Mugilidae, spawn offshore . The majority of the larvae during 1977, as in 

1976, were captured during the night, indicating either that larvae are 

more abundant in the neuston zone during the night or that larvae are less 

able to avoid the sampling gear during the-.night . However, larvae of the 

families Exocoetidae, Mullidae and Mugilidae were more abundant during the 

day than during the night indicating that either they .s ink below the neu-

ston zone during the night or are less able, than other larvae, to avoid 

the sampling gear during the day . 

During the 1976 neuston survey, Clupeidae was the most abundant family 

and nine of the 10 most abundant families were among the 10 most abundant 

families for 1977 . However, in 1976 the families Sciaenidae, Mugilidae, 

Exocoetidae, Gobiidae and Carangidae were relatively more abundant and 

the families Engraulidae and Triglidae were relatively less abundant than 

during the 1977 survey . 
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ABSTRACT 

A total of 540 sediment samples collected between February and December 
1977 from 25 transect stations and four bank stations on the South Texas 
Outer Continental Shelf (STOCS) were analyzed for establishment of meiofaunal 
populations and communities . The degree of similarity between 1976 and 1977 
data indicated that reasonably stable meiofaunal populations exist on this 
shelf . In general, populations tended to decrease with increasing depth 
between 14 and 134 m. It was confirmed that the true meiofauna exhibited 
strong seasonal population increases in March-April, July-August, and Novem-
ber . These seasonal pulses were noted at even the deepest stations, albeit 
with lesser amplitudes . Nematodes were by far the predominant component of 
the true meiofauna . 

Nematodes were highly correlated with sediment granulometry, increasing 
markedly in number when the sand component attained or exceeded 60% . Har-
pacticoid copepods did not respond to this factor, especially around some 
areas at the base of the banks. Calculations of the harpacticoid/nematode 
ratios, which averaged 0 .04 for all transect stations, reflected this bank 
increase of harpacticoids in that the ratio increased to an average of 0 .08 . 
Significant differences among the ratios of the four transects appeared to 
have reasonable explanations, which suggested that the ratio could be used 
to predict, monitor, and evaluate environmental perturbations of either 
sedi.mental or chemical nature . 
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INTRODUCTION 

Purpose 

The major objective of this investigation was to determine in a 

relatively small geographical area of the South Texas Outer Continental 

Shelf (STOCS), including two hard banks, the distributions, abundances, 

and environment of the taxonomic components of the meiofauna . These 

findings will play a significant role in formulation of natural conditions 

from which it should be possible for environmental managers to determine 

whether or not man's activities on the shelf are having impacts of concern 

on the fauna . It is our belief that the meiofauna can provide data and 

concepts that will be useful in judging the impacts of sedimental and 

other environmental changes that will result from discovery and production 

of oil and gas . 

Background 

The term meiofauna generally refers to a taxonomically diverse and 

numerically abundant assemblage of animals that are further described by 

their small size . In early studies the meiofauna was separated from the 

macroinfauna by means of sieves having a mesh opening of 1 .0 mm ; more 

recently, however, the upper limit of size is taken as 0 .5 mm (McIntyre, 

1964 ; Tietjen, 1969, 1971 ; Coull, 1970 ; McIntyre and Murison, 1973 ; and 

Gettleson and Pequegnat, 1976) . The lower limit has also been variable 

but 0 .062 mm is now the usual mesh size employed for extraction . Accord-

ingly, the meiofauna in this study was defined by passage through a 0 .5 mm 

and retention on a 62 um sieve, whereas all other organisms taken by the 

grab and retained on the 0 .5 mm sieve were designated as macrofauna . 

The meiofauna is composed of both a permanent and more numerically 

stable set of organisms as well as a temporary, numerically variable group 
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composed of juvenile macroinfaunal forms (McIntyre, 1961 ; Thorson, 1966) . 

The permanent or true meiofauna differs from the macroinfauna not only in 

size, but also in regard to number, average generation time, and morpholo-

gical adaptations to their environment . Some protozoans meet the size 

requirements of the meiofauna but, as Thiel (1975) pointed out, the Foram-

inifera have been excluded from most investigations on deep water meio-

fauna . Up to now, the Foraminifera have been grouped together with the 

multicellular meiof auna in only three publications (Wigley and McIntyre, 

1964 ; Tietjen, 1971 ; and Thiel, 1975) . There are several reasons for 

this deletion, among them being the difficulty of separating live from 

dead individuals because material in the tests other than protoplasm may 

stain red with rose bengal . On the basis of numbers alone, it would 

appear that they should be included in meiofaunal studies . The present 

study, as well as the work of others (Wigley and McIntyre, 1964 ; Tietjen, 

1971 ; and Thiel, 1975), shows that the Foraminifera often are either the 

most numerous group or the second in abundance behind the nematodes. 

Even so, for this report, the metazoan meiofauna were placed in the 

category of "true" meiofauna (all of which are permanent) and the Foram-

inifera and temporary meiofauna were lumped into a second category . 

As Thiel (1975) noted, effective work on offshore meiofauna was 

started as late as 1964 when Wigley and McIntyre (loc.cit .) obtained quan-

titative samples from a transect on the North American Atlantic shelf and 

down the continental slope to about 600 m . In addition, quantitative 

samples were taken from slope to abyss by McIntyre from DISCOVERY (War-

wick, 1973) and by Thiel from METEOR (Thiel, 1966) both in 1964/1965 in 

the Arabian Sea . 

The meiofauna has received very little attention in the sublittoral 
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of the Gulf of Mexico . Pequegnat and Gettleson (1974) listed the number 

of individuals in major meiofaunal and macroinfaunal taxa from five sta-

tions in the vicinity of Stetson Bank . In 1976, they examined meiofaunal-

sediment correlations from 25 stations located on the STOCS . Gettleson 

and Pequegnat (1976) reported on an intensive study of the wet weight and 

abundance of the meiofauna and macroinfauna taken from 10 stations on the 

outer continental shelf of east Texas . Prior to this report, there has 

been only a limited number of sublittoral studies in which the wet weight 

and/or abundance of the meiofauna and macroinfauna have been compared . 

Krogh and Sparck (1936) described the fauna contained within several cores 

taken in Copenhagen Harbor ; Mare (1942) examined the flora and fauna of 

a small area in the English Channel ; Sanders (1958) examined the macro-

inf auna and Wieser (1960) the meiofauna of three stations in Buzzards 

Bay, Massachusetts ; McIntyre (1961, 1964) studied two areas off Scotland 

(Lock Nevis and Fladden Ground, North Sea) ; Wigley and McIntyre (1964) 

analyzed ten samples from a transect (40 to 567 m off Massachusetts) ; 

Guille and Soyer (1968, 1974) studied the fauna off the French Banyuls-

sur-Mer coast (Meditteranean) ; Stripp (1969) examined samples from the 

Helgoland Bight (North Sea) ; Ankar and Jansson (1973), Elmgren (1972), 

Ankar and Elmgren (1975), and Jansson and Wulff (1977) analyzed samples 

from the Baltic Sea . Pequegnat et aZ . (1977) collected 294 sediment 

samples between February and December 1976 from 25 transect stations and 

eight bank stations on the STOCS and analyzed them for establishment of 

meiofaunal populations and communities . 

Nematodes usually dominate the meiofauna ; however, their systematics 

and ecology have been neglected to a great extent . Only six known papers 

have been published on Gulf of Mexico nematology, and all of the material 

was from the littoral zone (Chitwood, 1951 ; Chitwood and Timm, 1954 ; 
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Hopper, 1961a, 1961b, and 1963 ; King, 1962) . Hulings (1967) reviewed 

previous papers dealing with the systematics and ecology of podocopid and 

platycopid ostracods in the Gulf of Mexico . Disregarding the foraminifer-

ans, no other published reports on the components of the permanent meio-

fauna of the sublittoral Gulf are known . There are, however, a number 

of papers describing the living, soft-bottom foraminiferans of the Gulf . 

Phleger's (1951) study dealt with an area similar to that of the present 

study, but his total number of identified living forms was very low (16) 

due to the unreliable biuret test used to distinguish living from dead 

individuals . Phleger (1956) used the more accurate rose bengal method 

to detect living forams . Walton (1964) in a study of the central Texas 

coast and continental shelf was able to discriminate among four depth-

related assemblages on the shelf . Other foraminiferal studies in the 

Gulf of Mexico have also resulted in depth-related biofacies . Phleger 

(1951) recognized Six Adeptn ;acies, Bandy (1954) three within water depths 

of 8 to 37 m, Parker (1954) six in the northeast Gulf, and Bandy (1956) 

described five major facies also in the northeast Gulf . Phleger (1960) 

reviewed much of the Gulf of Mexico foraminiferal work . Other studies 

of living, sublittoral, Gulf of Mexico foraminiferal distributions since 

1960 include Walton (1964), Loep (1965), Lankford (1966), Greiner (1970), 

Poag and Sweet (1972), and Buzas (1967, 1972) . 

MATERIALS AND METHODS 

Sampling Transects and Stations 

The meiofaunal samples were collected with a Smith-McIntyre .grab 

from all stations on the four transects and two stations of both Southern 

Bank and Hospital Rock during the three seasonal cruises . Additionally, 

Stations 1-6, Transect II were sampled during six monthly cruises . Four 
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replicate samples were taken from each grab for laboratory analysis, giving 

a total of 540 samples (Table 16 .1) . The 25 transect stations were divided 

into the five zones (A-E) shown in Figure 16 .1 . Hospital Rock (HR) and 

Southern Bank (SB) were located within zone C . More detailed information 

on specific depths of the zones is given in Figure 16 .2 . It should be 

noted that Transect II was located more or less in line with the channel 

entrance to Corpus Christi Bay and that Transect IV had seven stations, 

whereas the others had six . Also, Station 7, Transect IV was actually 

slightly beyond the shelf break which may have accounted for some of its 

unique faunal characteristics . 

Sample Processing 

On deck, all meiofauna samples were taken from the grab by means of 

a plexiglass core tube of 2 .43 cm diameter (internal area = 9 .187 cm 
2) 

that was pushed into the sediment to a depth of S cam . Four such cores 

were taken and the enclosed sediment was extruded into 8 oz . glass jars . 

One sample was frozen immediately . The remaining three samples were anes-

thetized in isotonic MgC12 for 10 minutes and then placed in 10% buffered 

formalin . Only two of the three samples were to be sorted and these 

received rose bengal in the formalin . The remaining sample was archived . 

In the laboratory, the stained meiofauna samples were sieved through 

20 .3 cm diameter 500 and 62 um mesh sieves . The material retained on the 

smaller sieve was washed into 2 oz . squat jars with 10% buffered formalin, 

to which 10 ml of rose bengal in formalin (200 mg/Q) was added . After the 

sample had been allowed to stain for between 24 and 48 hours, it was washed 

in a 7 .6 cm diameter, 62 um sieve to remove excess stain and then aliquoted 

into an 80 x 40 mm rectangular sorting dish marked off in a 7 mm square 

grid . The whole sample was then examined microscopically and the sorted 



TABLE 16 .1 

SOURCE AND TIME OF COLLECTION OF THE MEIOFAUNA SAMPLES COLLECTED AND ANALYZED IN 1977 

SAMPLING PERIOD TRANSECTS HARD BANK 

1977 I II III IV SOUTHERN BANK HOSPITAL ROCK 

February 24 24 24 28 16 16 

March 24 

April 24 

May-June 24 24 24 28 16 16 

July 24 

August 24 

September-October 24 24 24 28 16 16 

November 24 

December 24 

SUBTOTALS 72 216 72 84 

GRAND TOTAL 540 samples anal 

48 48 
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SOUTH TEXAS OCS BASELINE SURVEY 

ZONES TRANSECTS ANO STATIONS 

1- SW IQ ~ II I NE -+ 

STATIONS STAT10 STATIONS STATIONS 
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Figure 16 .2 Zonal Distribution and De pths of the 25 Transect Stations 
and the Two Bank Stations on the South Texas Outer 
Continental Shelf . (Also see Figure lb .1) . 
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animals placed in vials . When the number of nematodes exceeded 150, the 

150 were vialed and the remainder were only counted and archived . 

The meiofaunal samples were occasionally sugar floated with a satur-

ated water-sugar solution in order to obtain the lighter organisms promptly . 

The sediment mixture was then stained with rose bengal and again sorted 

for bivalves and those animals not recovered during flotation . Finally, 

the remaining material was examined microscopically for extraction of the 

smallest organisms . 

RESULTS 

Transect Populations 

As was demonstrated previously (Pequegnat and Sikora, In Groover, 

1977), the highest number of individuals of the true meiofauna was found 

on Transect IV and the smallest number on Transect II . Second and third 

positions were held by Transects III and I, respectively, as was also 

true in 1976 (Table 16 .2) . 

These differences between transects were statistically significant . 

On the other hand, the totals between years were remarkably close, with 

the possible exception of Transect IV, which alone accounted for the 

smaller 1977 total (see Appendix 0 for a summary of 1977 populations) . 

As noted previously, Transect II appeared to be the aberrant sampling 

line . Since populations increased in both directions from this transect, 

it may be that the low populations were somehow related to the fact that 

the stations were in line with the entrance to Corpus Christi Harbor and 

the effluent therefrom . There was also the possibility that the monthly 

trawling for epifauna along this transect could have accounted for at 

least part of the difference . Still, an analysis of the populations of 

the individual stations did not wholly support such a contention . Moreover, 
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TABLE 16 .2 

SUMS OF THE MEANS OF INDIVIDUALS OF TRUE MEIOFAUNA 
TAKEN AT ALL STATIONS OF TRANSECTS I THROUGH IV 

DURING THE THREE SEASONAL SAMPLING PERIODS OF 1977 . 
1976 NUMBERS ARE IN PARENTHESES . 

SAMPLING PERIOD TRANSECT 

I II III IV 

WINTER 284(241) 97(35) 287(176) 297(303) 

SPRING 100(111) 43(52) 209(234) 351(275) 

FALL 163(183) 42(58) 170(270) 179(421) 

547(535) 182(145) 666(680) 827(999) 

1976 TOTAL = 2359 1977 TOTAL = 2222 
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the station pattern was nearly the same along Transect II in both 1976 and 

1977 . 

Population Trends by Station 

As shown in Figure 16 .3, populations of true meiofauna tended to 

decrease along the transects as distance from shore and depth increased . 

The major exception was on Transect II, where the shallow station not 

only supported low populations but also differed most from the conditions 

along other transects . It was interesting to note, however, that whereas 

the populations of true meiofauna at the outermost stations of Transects 

I, III and IV averaged only 6% of those of their respective shallowest 

stations, the population of the outermost station of Transect II was 57% 

of that of the shallow station . This again pointed to the aberrancy of 

the shallow station of Transect II . 

Population Trends by Season 

Populations of the meiofauna appeared to reach three definitive peaks 

(Table 16 .3) . After two years of sampling, it seemed best to designate 

these as March-April, July-August and November . It is interesting to note 

(Table 16 .4) that the peaks in 1976 appeared to be more decisive in March, 

July, and November, whereas in 1977, with the exception of the nematodes, 

they were in April . There was, however, little difference in time between 

the two sampling periods . When data from 1976 and 1977 were combined 

(Table 16 .5), the picture became clearer . 

Figure 16 .4 shows that monthly sampling gave a much more reliable 

picture of meiof auna standing crop than did the seasonal sampling, at least 

as it was carried out in this study . Examining the depth-related popula-

tion response to season (Figure 16 .5), it was evident that such responses 

occurred at all station depths sampled in this study (up to 134 m) . This 
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Figure 16 .3 Distribution of True Meiofauna During the Winter, Spring 
and Fall Sampling Periods by Depth Zone (Also See Figures 
16 .1 and 16 .2) . 



TABLE 16 .3 

POPULATION TOTALS OF VARIOUS MEIOFAUNAL GROUPS FROM ALL STATIONS OF 
TRANSECT II IN 1977 BY SAMPLING PERIOD (Highest Underlined) . 

TAXON SAMPLING PERIODS 

JAN-FEB MAR APRIL MAY-JUNE JULY AUG SEPT-OCT NOV DEC 

NEMATODES 1950 2358 1664 797 1134 2198 736 978 761 

HAR.PACTICOIDS 89 107 126 52 51 103 49 19 8 

KINORHYNCHS 10 26 33 25 9 11 8 3 5 

FORAMINIFERS 445 355 801 421 183 381 230 150 80 

POLYCHAETES 62 59 69 29 52 91 35 36 28 

F 
C 

I 
F 
l 



TABLE 16 .4 

TAXON 

NEMATODES 

HARPACTICOIDS 

KINORHYNCHS 

FORAMINIFERS 

POLYCHAETES 

POPULATION TOTALS OF VARIOUS MEIOFAUNAL GROUPS FROM ALL STATIONS OF 

TRANSECT II IN 1976 BY SAMPLING PERIOD (Highest Underlined) . 

SAMPLING PERIODS 

JAN-FEB MAR APRIL MAY-JUNE, JULY AUG SEPT-OCT NOV DEC 

379 433 422 568 1716 1193 594 1254 849 

9 14 8 7 59 89 27 198 39 

0 5 7 1 30 19 3 13 1 

19 111 21 285 882 783 358 227 579 

14 51 11 23 99 45 24 51 38 

F-' 

1 
N 
o~ 



TABLE 16 .5 

COMBINED POPULATION TOTALS OF VARIOUS MEIOFAUNAL GROUPS FROM ALL STATIONS OF 
TRANSECT II IN 1976 AND 1977 BY SAMPLING PERIOD (Highest Underlined) . 

TAXON SAMPLING PERIOD 

JAN-FEB MAR APRIL MAY-JUNE JULY AUG SEPT-OCT NOV DEC 

NEMATODES 2329 2791 2086 1365 2850 3391 1330 2232 1610 

HARPACTICOIDS 98 121 134 59 110 192 138 217 47 

KINORHYNCHS 10 31 40 26 39 30 11 16 6 

FORAMINIFERS 464 466 822 706 1065 1164 588 377 659 

YOLYCHAETES 76 110 80 52 151 136 59 87 66 

F-' 
V 



16-18 

150 TRANSECT a -NEMATODES 

MEAN MONTHLY STANDING CROP 

100 

aE 
ca 
O 

W 
O 

IQ 

W 
Z 

t 
1 

1 
1 

1 
1 
1 
1 

---+ MEAN SEASONAL (FEB, JUNE, 
SEPT.) STANDING CROP 

50-

" . . . . . . 

10 
4 2 1 

STATION 

S a 31 

Figure 16 .4 Transect II Mean Annual Nematode Standing Crop by Station 
(Offshore to Right) Calculated for the Six Monthly Sam-
pling Periods and for the Three Seasonal Sampling Periods. 
One Nematode = 6 .93 jig, Wet Weight . 



16-19 

300 NUMBER OF NEMATODES/10 ae 
FROM TRANSECT IL ..~. STATIONS I AND 4 

.""""""" STATIONS 2 4N0 6 

~- " -" STATIONS 3 APO 6 
280 

200 

V 

W 150 
D 
O 
H 
Q 
Z 
w 
z 

100 

. . 

50 - 

JAN. FEB. MAR. APR. WAY JUN. JUL. AUO. SEP. OCT NOV. DEC. 

Figure 16 .5 Monthly Distribution of Nematoda at Inshore Stations 
(1 and 4), Mid-way Stations (2 and 5) and Offshore 
Stations (6 and 3) of Transect II . 
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observation agreed with the 1976 findings, even to the extent that more 

pronounced seasonal population changes occurred at the shallow stations 

than at the deepest stations (Figure 16 .5) . This same seasonal result 

was shown for nematodes from Transect II considered as a whole (Table 16 .6) . 

The remarkable population differences between the shallowest stations of 

Transects II and IV and also between the shallow and deep stations on 

Transact II were also apparent (Table 16 .6) . 

Bank Populations 

The meiofaunal populations of Southern Bank and Hospital Rock were 

similar to those of the transact stations . Compared on the basis of sea-

sonal sampling, Hospital Rock supported somewhat larger populations of 

meiofaunal groups than did Southern Bank (Table 16 .7) . 

Population data from the banks could be compared to that from the 

transacts provided only those transact stations of zone C, where the banks 

were located . were used for comparison . The comparison showed that the banks 

and transacts supported similar populations . It was very interesting to 

note that whereas the true meiofaunal populations of both banks were larger 

than those of the homologous station (5) of Transact II, the populations 

of Southern Bank were smaller than those of all other transacts and Hospi-

tal Rock's populations were larger than all but Transact IV (Table 15 .8) . 

This same situation was observed in 1976 . Reference to Figure 16 .1 showed 

that Southern Bank was much closer to Transact II than was Hospital Rock, 

and possibly retlected :a response to those envirorinental-factors that were 

depressing the populations of the shallower stations of Transact II . 

The bank populations of foraminiferans and-temporary meiofauna 

exhibited a mixed pattern . As above, the populations of Hospital Rock 

were larger than those of Southern Bank (Table 16 .9) . However, they 

proved to exceed those of all homologous transact stations, including 



TABLE 16 .6 

MEAN NUMBER OF NEMATODES PER CORE SAMPLE FROM TRANSACT II AND TOTAL NEMATODE POPULATIONS FOR 
TRANSECT II AND STATIONS 1/II, 2/II, 3/II 

FEBRUARY MARCH APRIL JUNE JULY AUGUST SEPTEMBER-OCTOBER NOVEMBER DECEMBER 

NEMATODES 
Mean/Core 88 .5 106.9 75 .5 36 .1 51 .4 104 .0 33 .4 44 .4 34 .5 
Transect II 

NEMATODES 
Total 
Transect II 1950 2358 1664 797 1134 2198 736 978 761 

NEMATODES 
Total 
Station 1/II 452 1051 940 224 502 1274 31 90 261 

NEMATODES 
Total 
Station 4/IV 3970 1461 3584 

NEMATODES 
Total 
Station 3/II 139 63 31 18 96 48 78 145 41 

F-' 

N 
F~ 
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TABLE 16 .7 

SUM OF THE MEANS OF INDIVIDUALS PER 10 cm 2 
OF FOUR IMPORTANT MEIOFAUNAL TAXA COLLECTED DURING THE THREE 
SEASONAL SAMPLING PERIODS FROM SOUTHERN BANK AND HOSPITAL ROCK 

Southern Bank 

Nematodes 

Hospital Rock 

111 234 

Harpacticoids 13 17 

Foraminif ers 27 133 

Polychaetes 6 12 
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TABLE 16 .8 

MEAN NUMBER OF INDIVIDUALS PER 10 cm 2 OF ALL TRUE MEIOFAUNA 
TAKEN FROM SOUTHERN BANK (SB) AND HOSPITAL ROCK (HR) 

AND THE HOMOLOGOUS TRANSECT STATIONS 

5/I 5/II 5/III 5/IV SB HR 

Winter 102 60 23 262 56 133 

Spring 40 44 94 145 58 94 

Fall 10 41 32 54 33 49 

Total 152 145 149 461 147 276 
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TABLE 16 .9 

MEAN NUMBER OF INDIVIDUALS PER 10 cm 2 OF 
FORAMINIFERS AND TEMPORARY MEIOFAUNA TAKEN FROM 
SOUTHERN BANK (SB) AND HOSPITAL ROCK (HR) AND THE 

HOMOLOGOUS TRANSECT STATION S 

5/I 5/II 5/III 5/IV SB HR 

Winter 29 10 1 107 10 101 

Spring 3 22 10 11 18 36 

Fall 2 22 4 17 4 15 

Total 34 54 15 135 32 152 
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Transect IV . For this and other reasons, such as the fact that forams are 

not metazoans, it seemed wise to place major emphasis on the true meiofauna 

in this and future studies . 

Specific Populations 

As was noted in the 1976 study, approximately 90 nematode taxa at the 

genus level and above have been collected from the transect and bank sta-

tions . Those of 1977 were remarkably close to the taxa found in the pre-

vious year, as was reflected by the fact that the predominant genera of 

nematodes in the two years were the same . These in numerical order were 

as follows : Sabatieria; Thertistus; HaZaZaimus; DoryZaimposis; Neotonchus; 

TerscheZZingia ; SynonchieZZa; Uiscosia; LaimeZZa; and, PtychoZaimeZZus . 

The dominant position of nematodes in the meiofaunal community is shown in 

Table 16 .10 ; they accounted for from 50 to 93% of the individuals of the 

true meiofauna . 

Additional meiofaunal organisms observed during the study period 

included the following . Five genera of kinorhynczs were collected from 

the transect and bank stations : Pycnophyes; Echtinoderes; Trachydemus; Sem-

noderes; and, Certtroderes . Approximately 65 species of polychaetes 

appeared regularly in the meiofaunal samples but less than ten of these 

predominated . Chief among these were : Paraonis graciZis, Mediomastus 

caZiformiensis ; Tharyx setigera; Prionospio cirrobranchiata; Sigambra 

tentacuZata; Exogone dispar; DorviZZea sociabiZis .; ProtodorviZZea sp . A ; 

and, Aedicidea cerruti . 

DISCUSSION 

As was found in the 1976 study, ANOVA analyses demonstrated that the 

total meiofauna, true meiofauna, nematodes alone, and temporary meiofauna 

were significantly different (< 0 .01) with respect to : 1) transect ; 2) 



16-26 

TABLE 1b .10 

MEAN PERCENT OF TRUE MEIOFAUNA REPRESENTED BY NEMATODES AND HARPACTICOIDS 
BY .TRANSECT, STATION, AND MONTH 

TRANSECT I 
STATION NUMBER 4 1 2 S 6 3 

February 
Nematodes 87 83 87 90 85 88 
Harpacticoids 3 6 3 0 .1 4 2 

June 
Nematodes 90 80 76 85 60 50 
Harpacticoids 1 7 3 3 9 9 

September-October 
Nematodes 91 88 85 82 85 84 
Harpacticoids 0 .1 2 3 0 .0 5 3 

TRANSECT II 
STATION NUMBER 4 1 2 5 6 3 

February 
Nematodes 90 87 80 80 76 65 
Harpacticoids 1 4 7 10 9 6 

June 
Nematodes 84 72 67 83 85 45 
Harpacticoids 3 10 9 0 .0 2 10 

September-October 
Nematodes 87 51 81 61 56 67 
Harpacticoids 1 10 3 5 13 6 

TRANSECT III 
STATION NUMBER 4 1 2 S 6 3 

February 
Nematodes 91 88 77 88 87 85 

Aarpacticoids 1 2 9 3, 4 3 

June 
Nematodes 88 75 90 82 72 75 

Harpacticoids 3 8 1 8 3 3 

September-October 
Nematodes 82 73 90 85 82 92 

Harpacticoids 7 5 0 .0 2 3 0 .0 
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TABLE 16 :10 CONT .'D 

TRANSECT IV 
STATION NUMBER 4 1 2 5 6 3 7 

February 
Nematodes 89 93 77 85 91 77 80 
Harpacticoids 3 3 11 6 1 9 4 

June 
Nematodes 90 90 97 80 88 87 85 
Harpacticoids 1 5 2 2 1 3 4 

September-October 
Nematodes 89 91 90 87 88 88 85 
Harpacticoids 1 0 .0 2 2 1 1 3 

TRANSECT II 
STATION NUMBER 1 4 2 5 6 3 

March 
Nematodes 83 84 89 90 90 91 
Harpacticoids 5 4 3 0 .0 0 .0 0 .0 

April 
Nematodes 78 93 80 70 80 61 
Harpacticoids 5 0 .0 5 16 9 4 

July 
Nematodes 85 77 84 90 88 82 
Harpacticoids 5 8 6 1 1 7 

August 
Nematodes 87 87 83 89 87 74 
Harpacticoids 4 5 7 3 1 9 

November 
Nematodes 86 91 90 82 85 81 
Harpacticoids 3 0 .0 1 3 1 6 

December 
Nematodes 90 91 85 79 75 66 
Harpacticoids 1 0 .0 2 1 1 2 
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depth zones within transacts ; and 3) depth zones among transacts . 

Correlations were calculated between meiofaunal populations and 

nine physical parameters measured during the study . The results were 

essentially the same as those presented in the 1976 study . For instance, 

sediment texture gave the best correlations with nematodes, harpacticoids, 

true meiofauna and temporary meiofauna, whereas temperature gave the best 

correlation with the forams . 

Although the harpacticoid/nematode ratio was not a prime considera- 

tion in this study, it was still considered as a potential way of estima-

ting the degree of environmental perturbation, whether such impacts were 

more likely physical or chemical in nature, and possibly the degree of 

recovery . In essence the underlying basis for interpreting the values of 

the ratio is the fact that nematodes are very responsive to changes in 

sediment granulometry whereas harpacticoids are more likely sensitive to 

chemical factors in the sediment (Pequegnat et al ., 1977) . It is also to 

be expected that biological factors such as reproductive cycles can affect 

the ratio to a certain extent . 

The harpacticoid/nematode ratio calculated for all sampling stations 

in 1977 averaged 0 .04 . It was interesting to note that the ratio for the 

bank stations had a value twice (0 .08) that of the transact stations . 

Although at individual stations the range may have been as high as 0 .19, 

whole transact ratios ranged only from 0 .01 to 0 .08 . Taking only the 

values for the seasonal samples, Table 16 .11 shows that Transact II had 

the highest average ratio (0 .06), whereas Transact IV had the lowest 

(0 .02) . This situation, of course, was just the reverse of population 

totals, where Transact IV was the highest and Transact II the lowest . 

Examination of the harpacticoid and nematode population totals in Table 

16 .11 gave a clue to the explanation for this situation . For instance, 
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comparing Transects II to IV, it could be seen that the harpacticoid 

populations of the latter were about 2 .5 times those of Transect II, 

whereas the nematodes increased by a factor of about six . Sediment 

characteristics may have been the principal controlling factor recalling 

that nematode populations are low when clay fractions are high and are 

high when the sand fraction approaches or exceeds 60% . Located opposite 

the mouth of Corpus Christi Harbor, Transect II had high clay levels, 

whereas the location of Transect IV favored increased sand levels . Look-

ing again at Table 16 .11, it was apparent that 5 of the 12 ratios 

were above the mean value of 0.04, 5 were below and 2 were equal to 

it . All of the above data provided a base from which to estimate what 

basic kind of stress was being applied to the marine environment by man's 

activities in a given area . 

CONCLUSIONS 

The following conclusions are in agreement with data obtained in 

1976 and 1977 : 

1 . The meiofaunal populations of the STOCS exhibited seasonally 

related population peaks in March-April, July-August, and November . The 

lowest peak was in spring and the largest in summer, but the seasonal 

amplitude was far greater at shallow locations . Nevertheless, even at 

depths of 134 m seasonal fluctuations were clearly evident . 

2 . The meiofaunal populations on the shelf and upper slope decreased 

substantially with increasing depth down to 134 n . The decrease, however, 

was not wholly uniform . Local factors could modify the shape of the trend 

but not the overall trend of reduction . It was not known with certainty 

what happened to meiofaunal populations below the 134 m isobath in this 

region . 
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TABLE 16 .11 

MEANS OF POPULATIONS OF HARPACTICOIDS AND NEMATODES 
FROM ALL TRANSECT STATIONS IN 1977 AND THE CORRESPONDING RATIO FOR EACH . 

TRANSECT I TRANSECT II TRANSECT III TRANSECT IV 

WINTER 

Harpacticoids 282 89 89 259 

Nematodes 5848 1950 6192 7284 

Harpacticoid/ 
Nematode Ratio 0 .05 0 .05 0 .01 0 .04 

SPRING 

Harpacticoids 49 52 157 144 

Nematodes 2076 797 4393 8752 

Harpacticoid/ 
Nematode Ratio 0 .02 0 .07 0 .04 0 .02 

FALL 

Harpacticoids 53 49 245 56 

Nematodes 3441 736 3372 4489 

Harpacticoid/ 
Nematode Ratio 0 .02 0 .07 0 .07 0 .01 

AVERAGE RATIO 0 .03 0 .06 0 .04 0 .02 
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3 . Comparing 1977 results to the 1976 findings seemed to support 

the conclusion that a reasonably good conception of the nature of the 

meiofauna over this shelf has been obtained . 

4 . Nematodes were strongly influenced by sediment grain size, 

increasing markedly when sand constituted as much as 60% of the bed . 

5 . Harpacticoid copepods found were not strongly influenced by grain 

size . Indirect evidence suggested that they responded more to labile 

organic inputs . Such evidence came from work on and around hard banks 

and from the fact that harpacticoids were more abundant at locations where 

one might expect inputs of detrital material .. 

6 . Development of the harpacticoid/nematode ratio indicated that it 

was reasonably stable from year to year and that at least some of its 

departure from the all-station mean of 0 .04 could be accounted for by 

either chemical or biological rar_rnrs, 
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ABSTRACT 

The third year of data collection on the South Texas Outer Continen-
tal Shelf (STOCS) benthic invertebrate study consisted of 450 samples of 
benthic infauna and 186 epifaunal samples collected seasonally on four 
transects . 

Infaunal data was analyzed for community structural parameters, for 
station and species groupings and station groups so identified were veri-
fied by use of discriminant analysis . Species groups were analyzed for 
constancy and fidelity to various station groups . Three major distribu-
tion patterns of benthic inf aunal invertebrates were observed with nine 
distinct species groups composing the various patterns . The study area 
is divided into five distinctive regions by cluster analysis based on 
species distribution . Discriminant analysis showed three distinct regions 
utilizing species distributions and various environmental parameters . Many 
observations made in previous reports were corroborated . 

Epifaunal data were analyzed for community structural parameters, for 
station and species groupings and for individual species distribution pat-
terns by linear correlations and multivariate analyses . Epifaunal species 
groups were analyzed for constancy and fidelity to various station groups . 
Eight species groups were seen to be distributional through two major 
areas (shallow and deep) which were divided into six distinct regions . 
Single effect correlation coefficients of seven environmental parameters 
win one distribution of major species within each species group are 
presented as are linear additive models for distribution of species 
thought to be representative of various species groups . 
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INTRODUCTION 

The benthic invertebrate epifauna and macroinfauna of the South 

Texas Outer Continental Shelf (STOCS) have been studied for three years 

(1975-1977) . The third year of the study (1977) is reported here . 

The primary goals of this study, were to : lj identify and quantify 

the macroinfauna and epifauna inhabiting the STOCS region ; 2) to delineate 

faunistically similar geographical regions within the study area and to 

identify faunal assemblages characteristic of these regions ; and 3} to 

correlate observed distributions of invertebrate populations with biolo-

gical, chemical and physical factors assayed in the study area . 

Literature pertinent to invertebrate studies of the South Texas 

region has been reported in previous reports (Holland, In Parker, 1976) . 

Although a number of benthic invertebrate studies have been undertaken 

in the same study area historically, none have attempted the scope of 

the study reported here . Epifaunal studies have been more prevalent 

than studies of macroinfauna . Estuarine and nearshore Gulf studies are 

more common than are outer continental shelf studies . 

The report of the first year's work (Holland, In Parker, 1976) con- 

centrated on spatial patterns of benthic invertebrate communities, com-

munity-structure parameters and taxonomic findings . Epifaunal abundance 

patterns were considered largely a function of depth or some combination 

of parameters associated with depth, whereas infaunal distribution was 

considered to be affected by sediment as well as depth or depth-related 

factors . The report of the second year of study (1976) continued the 

spatial distribution analysis and went into more detail on temporal 

analysis of benthic invertebrate population distributions . Included in 

the second year report (Holland, In Groover, 1977) were preliminary 
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results on small scale distribution of some infaunal species and an analy-

sis of the effects of topographic highs on benthic infaunal (soft-bottom) 

communities surrounding these features . Epifaunal communities were 

characterized for various regions of the study area, primarily inner shelf 

and outer shelf communities . The inner-shelf communities were character-

ized by large numbers of individuals, low diversity and low equitability . 

Many typical inner-shelf species ; such as Traehypenaeus s2miZis, SquiZZa 

empusa and Penaeus settiferus generally have strong affinities for estuaries 

and showed seasonal variability in continental shelf distribution patterns . 

The outer-shelf assemblages were characterized by greater temporal stabil-

ity, higher diversity, higher equitability and relatively small numbers of 

individuals . 

Macroinfaunal communities were reported in 1976 (Holland, In Groover, 

1977) as being distributed basically in the following three habitat-defined 

regions : 1) shallow-muddy-sand (10-27 m) ; 2) deep-silty-clay (65-134 m) ; 

and 3) deep-muddy-sand (65 and 91 m) . Macroinfauna were most abundant along 

the inner shelf with decreasing numbers offshore and increasing equita-

bility and diversity offshore . Populations comprising the macroinf aunal 

communities showed a greater tendency toward aggregation at the shallow 

muddy-sand stations than at deeper silty-clay stations . 

The results reported here provide additional information on the vari- 

ations in benthic macroinvertebrates both spatially and temporally on the 

STOCS . It is felt that these results when combined with the previous 

two study years should provide a good characterization of the STOCS ben-

thos including both epifauna and infauna . 

METHODS 

Sampling and laboratory methods were essentially the same during 1977 
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as in previous years . The infaunal sampling intensity declined, however, 

in that monthly samples were not collected from Transect II . 

Infaunal samples were collected seasonally from all stations and from 

fwn :stations on_ .both .Souther.n Bank and Hospital Rock : ._ Six -.replicate samples 

were taken from each station with a 0 .1 m3 Smith-McIntyre grab sampler . 

Epifaunal samples were collected from all transect stations season- 

ally . One day and one night trawl was taken at each station on Transects 

I, II and IV, while one day and three night trawls were taken at each 

station on Transect II . Additionally, three night trawls were made at 

Stations 1-3,0tiTransect Il,during the six monthly sampling periods . 

A 35-ft (10.7 m) Texas-box otter trawl was used for the epifauna collec-

tions . 

After removal of a subsample core (5 cm diameter) for sediment analy- 

sis, infaunal samples were washed through a 0 .5 mm mesh or. board ship, 

narcotized and preserved in formalin with rose bengal added . Epifaunal 

samples were preserved in formalin aboard ship . In the laboratory, 

samples were re-preserved in 70% alcohol, sorted, identified to lowest 

possible taxon, counted and archived by taxon . The inf aunal samples of 

the fall collection period were wet weighed before sorting to obtain a 

biomass estimate . 

The measure of species diversity for the species' lists at each sta- 

tion during each sampling interval was calculated by a modified Shannon-

Wiener diversity index (Pielou, 1966), while equitability (Lloyd and 

Ghelardi, 1964) and Hulbert's (1975) probability of interspecific encounter 

(P .I .E .) were also determined as in previous years . It was assumed that 

by combining a diversity index with a measure of evenness, showing species 

richness and total abundance, and providing the P .I .E . measure, a reason-

able comparison of diversity between communities could be accomplished . 



The tremendous quantity of data accrued in a large scale survey such 

as this and the fact that inclusion of many rare species into several of 

the numerical techniques (e .g ., cluster analysis) added nothing to the 

analysis and even caused misinterpretation in some cases, made it neces-

sary to reduce data input into: .several analyses by eliminating-tare-

species from consideration, as have others (e .g ., Thorson, 1957) . In 

previous years work rare species were defined as those not collected at 

least three (3) times in the three seasonal collections . This cut-off 

point reduced the 1976 epifauna by 34% of the species but only omitted 

.04% of the individuals . Infauna was reduced more stringently due to 

the greater percentage of rare species . Therefore, cluster analysis was 

performed on approximately 40% of the :: species which comprised approximately 

96% of the individuals . Cluster analysis for this year was limited to 

those species which were termed "Biologically Important Species" (BIS) 

according to the concept of Thorson (1957) . These species were selected 

according to the following criteria . A species must have been collected 

at 20% of the stations, must have comprised 7% of the total number of 

individuals at any one station, or must have been one of the species 

comprising the top SOI of the individuals at any one station . 

The cluster analysis technique utilized in 1976 was performed on an 

Amdahl 470Vy-6 at the Texas A&M University Data Processing Center . The 

program, Class, developed by Dr . R . W . Smith of the Department of Biology, 

USC, was modified by the STOCS data management group in close cooperation 

with personnel from the benthic ecology group . A new program which does 

the same analysis but is in Fortran was developed so that it could be 

utilized by the University of Texas Computation Center . The new program 

was checked by processing 1976 data and was found to produce equivalent 

results . 
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Analysis of species composition of the individual stations using 

principal components ordination (Orloci, 1966) was incorporated in this 

year's study to provide another means of numerical classification . This 

technique identified communities with similar species records by close 

position of ordination scores on an ordination plot . The similarity index 

used was that of Bray and Curtis (1957) . Square root transformation was 

done on the raw species counts in order to decrease the effects of a few 

species with large abundances . Species utilized in this analysis were 

selected by a BIS technique similar to that utilized in the cluster 

analysis . The results of this method were compared with cluster analysis 

results and found to be almost identical in community classification . 

To statistically define regions of the study area that differentiated from 

one another both biologically and environmentally, discriminant analyses 

(Morrison, 1969) was employed . A computerized program was selected from 

the Statistical Packages for Social Sciences (SPSS) and run on a CDC 6600 

computer through the University of Texas, Austin . The discriminative 

variables chosen were the general community characteristics of the infauna, 

mean sediment parameters for each station of each cruise and the varia-

bles of bottom water temperature and salinity . 

The discriminant analysis was undertaken to determine whether it 

might provide a more objective method of determining significant differ-

ences between station groupings than the more subjective techniques of 

cluster and ordination analysis . The analysis phase (contrasted to the 

classification phase) of this technique was subjected to the station 

groupings determined from both infaunal and sediment textural numerical 

evaluation (clustering and ordination) . The results were evaluated for 

significance of the Mahalanobis D square distance between groups . The 

classification phase of this technique was employed to determine exactly 
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how many individual stations were misplaced in the final groups tested 

based on their discriminant scores . 

Multivariate linear analyses utilizing species thought to be most 

representative of epifaunal groups delineated by cluster and ordination 

analyses were incorporated in this year's study . Key species of groups 

shown to be relatively consistent through time, were utilized as depen-

dent variables with data from other elements within the STOCS project 

as independent variables . 

RESULTS 

A total of 59,220 individuals representing 667 species of infauna 

were collected in 75 Smith-McIntyre grab samples taken during 1977 . 

Numerically dominant infaunal species included MageZona phyZZisae, Para-

prtionospio pinnata and Lumbrineris parvapedata . 

A total of 23,933 individuals representing 88 species of epifauaa 

were collected in the 258 trawls taken during 1977 . Three crustaceans 

(Traehyperuzeus simiZis, Penaeus azteeus and Sieyonia dorsaZis) comprised 

60% of the total epifaunal catch by number . There were 24 species repre-

sented by only one individual . 

Community structure parameters examined for the past three years 

included number of species, number of individuals, species diversity (H') 

and equitability (E) . Infaunal community structure patterns for 1977 are 

presented in Figures 17 .1 - 17 .3 . 

In general, the number of infaunal species collected at various 

stations showed a basic spatial pattern with little temporal variability . 

Transects I and II were similar in spatial pattern of species abundance 

as were Transects III and IV but there was a decided difference between 

the two pairs of transects . Transects I and II showed little or no peak 
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species abundance inshore . In fact, number of species on these two tran-

sects was often greatest at the offshore stations . Essentially the oppo-

site case was true for Transects III and IV . Large peaks in number of 

species always occurred at the innermost sites on these transects . Tran-

sect III never showed high numbers of species offshore while Stations 

3/IV and 6/IV had species numbers approaching those found at the inner-

most stations . Transect I had basically the same pattern in species 

richness over the three seasonal samples . It had a small inshore peak, 

a definite depression at the next shallowest station (Station .l) with the 

remainder of the stations displaying numbers of species approaching that 

of the innermost station . Basically little or no gradient in species 

richness with depth was observed but Station 1/I was consistently depaup-

erate in species . Transect II had a slightly varying pattern of species 

richness . Winter and spring collections had no inshore peak with slight 

increases in species richness at Stations 2 and 6 . These slight increases 

did not materialize in the fall samples . The pattern of species richness 

on Transect III remained very consistent through 1977 . A definite inshore 

peak was seen in all three seasons with the remainder of the stations 

exhibiting poor species richness . Transect IV consistently had the great-

est species richness overall with a fairly constant pattern of increased 

richness at the inner two stations (1 and 4), the next two stations (2 

and 5) were always relatively depauperate while Stations 3 and 6 showed 

increasing species richness and a sharp decline in number of species 

was observed for collections at the deepest station (7/IV) . 

The number of individual inf aunal organisms collected at each site 

over the three seasonal collections of 1977 showed extremely similar pat-

terns through time on each transect . The general pattern was one of 



decreasing density with depth. Transect II did not follow the general 

pattern in that there was never a decided peak in the innermost site on 

this transect and the numbers of individuals were consistently low, 

showing no relation to depth. Avery slight increase in numbers of indi-

viduals was encountered at Station 6/II during the winter . Numbers of 

individuals always peaked inshore on Transect III . The greatest number of 

individuals collected per station was found at the spring collection of 

4/III . All other stations along this transect exhibited very low numbers 

of individuals other than the innermost stations . This seemed to be the 

most uniformly depauperate transect of the study area . Transect IV gen-

erally followed the pattern of decreasing density with depth although a 

slight peak at the deeper stations (3 and 6) was observed in the winter 

collection . The inner two stations (1 and 4) always had large numbers of 

individuals . 

Diversity (H') of infaunal communities in the STOCS region was rela- 

tively high compared to data from neighboring bay areas . There was a 

trend for diversity to increase with depth . Transect I had a slightly 

different pattern of diversity in the winter than in spring or fall . Sta- 

tion 1/I did not appear to have lowered diversity in the winter while 2/i 

did . The opposite was true in succeeding collections . The deepest sites 

(3, 5 and 6) always had the highest diversity on this transect . Transect 

II had a slight peak in diversity at Station 2 during the winter and spring 

but otherwise indicated a smooth increase in diversity with increasing water 

depth . Diversity values at the shallowest and deepest sites on Transect 

III were fairly similar . A decrease in diversity was always seen at Sta-

tion 1/III and at Station 5/III in the fall . Transect IV had the highest 

diversity normally, with diversity being fairly uniform along the transect 

with decreases at Stations 2 and 5 common . 
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In general, equitability showed an increase with depth . Transect I 

had a consistent pattern of low equitability at the three shallowest sites 

and a greatly increased value at the deepest sites . Transect II showed 

the same basic pattern except that the winter collection on this transect 

showed a decreased equitability with little tendency to increase offshore . 

Transect III showed a slight variation on the general pattern in that only 

the inner two sites exhibited the decreased equitability common to the 

inner three sites of the other transacts . The pattern of equitability was 

remarkably stable through time on Transact III . Transact IV had a more 

variable pattern of equitability . It exhibited the general pattern although 

the innermost three sites were more equitable than similar depths on other 

transacts . Unusual depression in equitability were noted at Stations 3, 

5 and 6 in winter, spring and fall, respectively . 

Epifaunal community structure parameters are presented in Figures 

17 .4 - 17 .6 . Number of epifaunal species collected per station presented 

no consistent general pattern . The numbers collected were much smaller 

than in the infaunal collections . Along Transact I, epifaunal species 

numbers were fairly evenly distributed during each collection period . 

Differences between seasons were apparent . The winter sampling showed 

fewer species collected on this transact . The number of species collected 

at 5/I was somewhat depressed at all collection times . Transact II showed 

a varying pattern of species abundance spatially and temporally . The 

winter collection had a peak species abundance at 6/II which looked like 

an increase with depth . Both spring and fall collections had species 

abundance peaks at Station 2/II so that the abundance of species was 

greatest at mid-depth and decreased shoreward and offshore . On Transact 

III, there was a. slight winter increase in species richness with depth . 

Spring collections at the deepest two stations (3 and 6) were extremely 
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depressed . Minor peaks in species abundance occurred at Stations 1/III and 

2/III in the fall . Transect IV epif aunal species richness varied widely 

with season . The winter collection showed a strong decrease in species 

richness with depth . The spring had number of species more or less evenly 

distributed along the .transect with Station 6/IV somewhat depressed . 

The fall collection exhibited a strong positive correlation of species 

richness and water depth . 

The number of individual epifaunal organisms collected at each station 

had a general tendency to peak at mid-depth or shallow-intermediate depth 

and to decrease shoreward and offshore . Transect I epifaunal density 

distribution followed the general pattern but had maximal numbers of 

individuals at inshore sites, more so than other transects . A highly 

varied pattern of density was seen on Transect II . Winter collections 

were small and similar in numbers of individuals across the shelf . A 

major peak in density occurred in the spring collection at Station 2/II 

with numbers of individuals decreasing shoreward and offshore . The fall 

collection on this transect displayed the densest epifaunal communities 

observed for the entire year, particularly at the four shallowest stations . 

The number of epifaunal organisms collected on Transect III varied widely 

through the year . The winter collection had dense populations on the inner 

half of the study area . This transect was practically depauperate during 

the spring collections . Fall collections indicated peaks of abundances 

at Stations 1, 2 and 6 . Transect IV had epifaunal density patterns 

similar to Transect III with the winter onshore collections slightly dimin-

ished and the fall collections generally increased . 

Epif aunal diversity (H') was generally lower than that exhibited by 

infaunal collections . No trends were observed which were consistent across 

all transacts so no general pattern of diversity could be proposed . Tran- 
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sect I generally had relatively high diversity consistent across the shelf 

with some tendency to increase with depth in the winter . Transect II 

epifaunal diversity was extremely consistent during the winter showing 

a major peak at Station 2/II in the spring and major decline at Station 

3/II in the fall . Transect III exhibited a fairly high winter diversity 

with a minimum at Station 1/III . Increases in this variable with depth 

were observed, except at the deepest site where a decrease in diversity 

was seen . A major decrease in diversity was observed at 3/III in the 

spring collection . Spring diversity on Transect III was fairly uniform 

with decreases at Stations 5 and b . Transect IV had relatively low 

diversities in the winter, uniformly high values in spring with the excep-

tion of Station 3/IV and a tendency for H" values to increase with depth 

in the fall . 

Epifaunal equitability values showed no pattern consistent to all 

transects . There was a trend toward greater equitability inshore and 

offshore with mid-depth areas being depressed . Transect I showed a 

smooth pattern of increasing equitability with depth in the winter . 

Spring and fall values were more diverse with low equitability at Stations 

1 and 6 in the spring and Stations 4, 2, and 3 in the fall . Transect II 

exhibited increased equitability at the deepest site (Station 3) in win-

ter and spring which decreased sharply in fall concommitant with an 

increase in equitability at the nearshore stations . Transects III and IV 

were very similar in the winter with high equitability at all except the 

shallow mid-depth stations . Equitability on Transect III showed peaks 

shallow and deep with variable levels between in the spring while Transect 

IV values remained almost uniformly high . Fall collections on Transects 

III and IV indicated the trend toward greater equitability inshore and 

offshore with decreased values at mid-depths . 
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Infaunal data from all 25 stations for each of the three seasons was 

subjected to cluster analysis . One hundred and seventeen (117) infaunal 

species were selected for inclusion in this analysis by the BIS criteria . 

Thus an original data matrix of 75 site-times by 117 infaunal species was 

compiled and subjected to both normal and inverse cluster analysis . 

The dendrogram resulting from normal analysis of infaunal data 

(Figure 17 .7) indicated that our study area was divided into five distinct 

regions, each represented by a group of stations . These regions were most 

identifiable by depth, with the following designations : shallow (10-27 m) ; 

shallow-intermediate (18-24 m) ; intermediate (34-49 m) ; deep-intermediate 

(69-100 m) ; and deep (106-134 m) . The apparent overlap of shallow and 

shallow-intermediate stations was due to one station (1/IV) with a depth 

of 27 m clustering with a group of three stations with depths of 15 m or 

less . Among all groups, only Station 1/IV (27 m) failed to comform to a 

clear cut depth differentiation . No station was clustered outside its 

respective group in any season (i .e . all stations showed 100% faithful-

ness to their station-groupings) . Within each station-group, many indi-

vidual stations showed close similarity through the three seasons . There 

was definitely no seasonal trend between station-groups nor was there any 

evidence to support seasonal groupings of stations within a station-group 

observed . 

It was decided to statistically test the differences between station 

groupings that were derived from clustering and ordination techniques 

subjected to infauna and sediment characteristics separately . The multi-

variate procedure of discriminant analysis proved valuable in testing the 

hypothesis that there was significant difference between the station 

groupings of Figure 17 .8 over the study interval . The analysis technique 

provided several tools for the interpretation of the infauna data . Among 
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these were the statistical 

discriminating variables a~ 

combined into discriminant 

existed among these groups 

variables employed in this 

characteristics as well as 

tests for measuring the success with which the 

:tually discriminated the station groupings when 

functions and the spatial relationship that 

based on the final functions . The discriminating 

analysis were the general infaunal community 

the environmental variables measured for each 

station during each sampling period . All the variables considered are 

listed in Table 17 .1 . The station groupings that were subjected to the 

analyses were modified from those defined by clustering techniques . 

Station Group 1 was the same in both instances . Station Group 2 defined 

for discriminant analyses however, contained both mid-depth station groups 

(II and III) from the clustering method . The discriminant Station Group 

3 included clustering Groups 4 and S with the exception of Stations 

3/IV and 6/III which comprised Station Group 4 for the discriminant anal-

ysis . 

As illustrated by Figure 17 .9, there was a spatial separation of 

station groups based on both infaunal and physical station characteristics . 

Group 1 (Group 1 from cluster also), the sandy stations, were well differ-

entiated from the other groups by the discriminating variables . This was 

also the case for Group 4 (Stations 3/IV and 6/IV of Station Group 5 from 

cluster analysis) which further supported the difference in these stations 

from the other collection sites as strongly suggested by sediment charac-

teristics and less by infaunal community structure parameters . Station 

Group 2 (cluster group 2 and 3) and 3 (cluster groups 4 and 5) 

although aligned more closely on the plot (Figure 17 .9) did also differ-

entiate from one another . The classification property of discriminant 

analysis indicated that 96% of the individual stations considered in this 

analysis for the entire study interval were correctly classified into a 
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TABLE 17 .1 

THE :fEANS AND STANDARD DEVIATION FOR EACH STATION GROUPING OF THE DISCRLXII~(ATLYG VARIABLE USED IN THE 
DISCRIMINANT ANALYSIS PROCEDURE TO TEST FOR DIFFERENCES BETWEEN THE GROUPS 

MANS 

Abbreviation Variable Description Group 1 Group 2 Group 3 Group 4 

SPC Number of Species 150 .58337 50 .27083 59 .43939 117 .00000 

.1BGN Total Number of Organisms 2971 .79167 490 .50000 195 .36364 494 .75000 

DID Diversity 4.97910 3 .90167 1 .08160 5 .83635 

?I,-? Probability of Interspecific Encounter .91710 .83411 .95588 .96705 

EQUI .quicability .35397 .53561 .93068 .77803 

SAND Percent Sand 72.33833 21.98083 7 .19242 49 .34661 

SILT Percent Silt 11.51333 35 .60250 31 .90773 16 .09083 

CLAY Percent Clay 16 .14708 42 .41542 60 .89909 34 .56167 

KGR52 Mean. Grain Size 4 .40958 7 .47458 9 .02212 6 .03543 

G:LSTJ Grain Size Duration 2.85167 3 .48771 3 .11424 3 .92833 

GRSBEIJ Grain Size Skewneas 1.30333 .33542 - .08924 .54833 

TEMP Bottom Water Temperature 22 .53708 22.01250 19 .+1030 20 .40750 

SAL Bottom Salinity 34 .32500 15 .21021 36 .23030 36 .24000 

,)?J1 ;irs: ?:'sc:pal Ordinate _'rcm ?afacna: 9 .35379 : .5 :192 2.09545 3.38367 
Ccamunity Ordination 

ORD2 Second Principal Ordinate from Iaiaunal 2 .38942 2 .24442 1 .91242 4.99533 
Community Ordination 

STANDARD DEVIATION 

SPC ;lumber of Species 44 .61421 13 .94478 22 .25041 32 .11344 

dBUN Total :lumber of Organisms 1588 .82489 305 .65068 117 .00791 268 .90557 

DIV Diversity .75013 .84490 .53528 .29014 

PIE Probability of Interspecific Encounter .05673 .13603 .02900 .00986 

BQUI Equitability .22678 .27183 .14870 .10682 

SAND Percent Sand 9 .06434 14 .47718 9 .24675 14 .93209 

SILT Percent Silt 3 .+8184 8 .19747 5 .23964 4 .63925 

CLAY Percent Clay 6 .80981 9 .10989 9 .34908 10 .39945 

:lGRSZ Hewn Grain Size .75382 .97101 .84588 1 .17116 

GRSTD Grain Size Duration .81570 .26616 .30285 .34443 

GRSKEW Grain Size Skewess .80634 .27163 .21287 .30133 

TFKP Bottom Water Temperature 5 .85683 4 .84975 2 .69727 1.54382 

S2L Bottom salinity 1.84911 1.28661 .39938 .75152 

OBD1 First Principal Ordinate from Lafauaal 2 .20137 .66997 .88032 .77451 
Community Ordination 

ORD2 Second Principal Ordinate from Infaunal 1 .04261 .x6398 .84519 1 .95702 
Community Ordination 
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Figure 17 .9 Plot of First (x axis) and Second (y axis) Discriminant 
Functions of the DiscriminantAnalysis Results that 
Considered Infaunal and Environmental Variables . 
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station grouping . The chi-square derived from the general Mahalanobis D 

square was 403 .28 and was significant of P < 0 .0001 . Thus, there was 

very little probability that the groups could have been formed by chance . 

The separation between them was complete and very large . 

Examination of the standardized discriminant function coefficients 

for the two functions that exhibited the group separation in Figure 17 .9 

snowed that the first infaunal principal coordinate (from ordination), 

mean grain size, percent sand and clay and number of species were most 

important (highest coefficient values) in causing the discrimination 

observed (Figure 17 .9) . These variables helped to explain approximately 

93% of the variation observed between stations over the study duration . 

Table 17 .1 shows the means of all the variables used in the discriminant 

analysis for the four station groupings over the study period . Comparison 

of these means between station groups helped to illustrate why the most 

important variables listed above were so strong in differentiating between 

the groups . It should be noted that although the first principal coor-

dinate from infaunal ordination was the strongest discriminating variable, 

there was not a great deal of difference between Station Groups =2 and 

in respect to this variable . If the second principal coordinate was 

examined, however, it was evident that this variable provided additional 

separation between these two station groups . This distinction was secon-

dary to that derived from the variables of mean grain size, percent sand 

and clay and species number, which the analysis deemed more powerful . 

Inverse cluster analysis divided the 117 species utilized into nine 

groups which were characteristic of individual station groups or various 

combinations of station-groups . Two way coincidence tables (Tables 17 .2 

and 17 .3) showing constancy (Table 17 .2) and fidelity (Table 17 .3) of 
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TABLE 17 .2 

CONDENSED TWO-WAY TABLE AS CONSTANCY OF A SPECIES 
IN A STATION GROUP 

Species Number of Station Grout) 
Occurrences 1 2 3 4 S 

?:a aonis gracti His 74 I4HM MAf.~4i ,MM MKM pqKMA1 
Cossuz. deZ ;a 74 IAIIY4t i4m ±II4At '4m mmm 
Siormora :eretccul,.::a 71 'mm mi-AIIi MAm :Am *4Q1 
.4z±amtdtia ,^acu Zc = 5 7 x2 .14t = PQIIim mm %1~A4I 
Paaprticnosaio ptinrra-;a 73 u.Pm %t.AAf mmm %?49M X".Im 
Veaitz~ys irtc:sG 63 rill .'em MIMM %2~m my-mm 
,Y:noe ntigrzes 56 MIO.M ulm 7~R .~.M 
."fu~^ys .znxu Lo sus 5 0 mmi'm = rill '-MM 
3sc"~~ r+a~'i.7rti 5 9 MA%M V-1024 rill m2m V1 ̂_ 4m 
wonoz^ nez^ a ;7¢^vmedc -,z 68 .M IILV~~ .`em X""i `2~m 
,N¢ai.;m8tus Ca?il"az'ttian:3i3 , 63 4MM %T5."4f MI".A4S M~~4Af rill 
Jo Zvu Ze i Zc =as icnc 43 rill nolm rill 
Sc-_~.cvirmn¢s sp .4. 34 mlim rill 
?=aonia sp :1 52 rill }A441 ~BAS V4AS 
?ar,arsides Zyra 43 ~RA4! :gC~{ ml~m rill 
?? aerice Luae 15 
Carrnc:a svtiJ`~a 55 MIA", `4.~"L"1 III M~.`f 
°olpcaaete sp . a 42 ?Am rill III ~{'d 
~r:ner:a enuis 39 uM2i rill = rill 
.Voua..̂ascza cf . 'asarrceus 47 V1411M mtS."Qi ;"-M = 
0r+:Zoste^sis ,74cqnc 34 :".rSNIIi )4m IIII 
<<!a.?eZo= Zongticornis 49 
Ar"DeZiaca v¢^!- ZZi 42 MmIIS NMIM rill rill 
vere:d (vican) sp . A 43 ?4w, :~q4",M mmm :III 
Amp¢Ziaca :.,5asaizi 40 MAm !AQ~.M M~m rill 
AmceLi3ca r.:di-,.c 38 USX x14A41 = rill 
AsyCit~-3 2'wryaza 26 = LZII rill lili 
;iereid so . 3 23 rill rill 
:Votomas=s :ate,-:ceus 21 :~ rill 
AeGirGra ;,aZ.,,r.̂ .'c..̂a 31 xAffm = till 
dttira=io ci,z^~: faro 21 IOM 7C{.~{ 
Araeud¢s sp . A 21 IIII PQ49M 
Liatrtie Z Za cca~nc ~: 25 %elm rill 
.Kcceicrtc ^oaea 36 t4m 
Az~c .̂.d¢a ,; e; ffrsyaii 36 1MMIIi ~ ~pC 
'lti trtirue L Za T ~ ic'au 19 XcaC R~L 

;7cgecona pny4,.taae 32 M-114 MKMM rill 
StitartBZati3 boa 29 MK4K rill till 
Gyptis vtitrata 25 mmm rill 
Yct CC CcrcTe= 18 MKM rill 
AmDitar4te accti=:Mrts 23 Mim rill 
PaL¢anot-as he:wroaeia 19 w.Am 
:+rtictidea cf . ;ingi Zis 19 :mm 
Aricidea tay Lori 19 144IIi 
Qoenia fuaifornria 22 mmm 
Ana trmssversa 18 mmm 
PsaudaphiZcmedes sp . 3 4 
Ccec.arr vu Zone Z Zzorr 3 
AbzYZ aequaLia 29 mmm rill 
3otcmastcs mnericaais 18 RXX.Y 
Ts ZZ ra versica Zor " y 
S,aiovi=es 3omcY= 9 mmm 
Iao i,ca pra Lche Z ;a 9 ,QqqK 
Caratonarsis tism*,:otiZis 7 rill 
CZymanella torqucya 15 :QQffi 
?rionoaaio cmstates 14 1%2~4QI 
C¢ratoceairaZe -cc :::a 21 mtm 
GZotttidia 11 rill 
.ramtbr:nertis aZotidenta-a 20 
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TABLE 17 .2 CONT .'D 

Species Number or Station Group 
Occurrences 1 2 3 4 5 

:fc i Ziarseudes sp . A 14 
Autana-.2 evemann-- 28 rill 
zudors?Za monodon 32 MIAII1 ~C~C 
aetaz-7vna.;.cs c:, ocutus 25 IZII HKM 
dippomedare cf . serrZ-.as 24 1111 1111 
Part=ninarte pu Zcke Z a 22 XR&Y 
Anchcrew a~^vtiden^cyc 17 :CXR .Y 
Thyas,.;ra sp . A 22 ~C{7C 
Z'JC :G SD . :1 29 IZIZL'L4:C IIZI 
Zyccocaz+2za az^ra?Za 6 lill 
Ostracod sp . a 9 Z4.Y.Y 
?hi cmedes sp . 2. 14 ?2~.2~I 
Sy L L L3 SD . C 16 ,II~QI 
c~'cpiaa incisa g 
Scnauinc Laz-+.c amguino Z2r:t 10 1111 
Sotiaoncnes Zongtic:z^_wcs 31 M0I X~tY 

=ori.cius 37 MMMK M4AIIi 
Scutcaus sp . d 28 1444 = 
9zar^cspis scutcta 30 iii MQ4Qi 
JifGLZ3 Cf . 4j f'.7CL3 26 ~X :AM 
Parta iccyconia pcsado:,a 29 JC~C{ ;Q4Qi 
ArrmaLiaca sp . a 28 :pC~C M4QIIi 
A i. tarrrocne i.ata sp . a 22 1111 :MM 
en-aLi:art aoweroyi 28 

27:ycsira pyamcec 22 IIII ;IIPQf 
G'rcXrtia sp . 8 1-3 IIII lill 
Ostracod sn . D 12 lill 
-~rr..c::c macula= 18 lill rill 
SpiCDitCrea vig?2yti 19 Iiii lill 

orev-,te7jon is MMM 
:7rew?, 13 

A 'pan, :~tura- magnij--~ca 7 
sp . A 5 

SphaerosyL~.t'z cf . suoZcev:s 10 lill 
Ps¢uccairi Zcmedes sp . d 6 
.,'ut^,.ce^nn sp . a 3 
.,uzidezma sp . B 9 
Oralaic z sp . F 8 IIZI 
irvnortiner:a cf . magaLirrensi 7 
Tmcad sv . 3 4 
TereoeZZides stroemii 37 ,QII4i ~C hffAQi 
YucuZmta 2c~ltc 32 Ml4M IIII te4Qi 
Aglaoairanus ciz~naT..C 31 MrII`IM IIIZ MMA4i 
PhiZine sagra 19 1111 1111 1111 
GZyc¢ra tesae%cta 30 IZII &'C{.4 X~C 
dcracnaus pmcciCheZczus ZS 7~ IIII 7~ 
Arroisar2ta cmrer+.c--na 17 1111 
5 viachaetovterus coetarxn ~ % - 24 1111 

Sigawra bassi 22 MAM IIII 
Ortuphi8 ap . A 30 R~ I III IIII IIII 
Laorttice ci2 .̂+s:a 22 %~TL4 IIII 
Yncia lc[ aerr2ta 20 &~ IIII 
?hyZZadoce mucosa 27 
Cir^,=nozus Zym;'7rmtia 27 IIII 44M 

tQAQ! ~ > .10 
.50 - .69 

IIII ~ .30 - .49 
Black ~ < .30 
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TABLE 17 .3 

CONDENSED TWO-WAY TABLE OF FIDELITY OF A SPECIES 
IN A STATION GROUP 

Species Number of Station Group 
Occurrences 1 2 3 4 5 

?craanis gn=:ij 74 rill rill rill rill 
Co88um deLta 74 rill rill rill rill 
Si5=br2 cenutcuLata 71 rill rill rill 
Az+namd-,',a macuZaza 57 rill till rill 
?=-=ztiorto8fltio airnata 73 rill rill till 
:le~itr,,rs -.nc-.aa 63 rill rill rill rill 
:Vinoe niampes 56 rill rill rill 
n=-ax X^2=zosus 50 rill rill rill 
Tlrcz^js -r=-;ani 59 rill rill rill 
i.ZO7tG2':7tBZ"S.3 p=,.,=edata 68 rill rill 
.NeasCtr~s~as ~~i;~az7eiartsi3 , 63 rill rill rill rill 
Jo1. ;~ui..z~a ~2scsuac 43 rill 
_°ctiopiicnes sp A 34 rill rill 

^,._"QC7LZ3 3D a 
~ 

52 rill rill rill 
22+nosti .zes "yra 43 rill rill 
?:'Z~v:a berre' ua¢ 14 rill Till IIZZ 
Corbuic s~ft-_=a 55 rill III : rill 
?olqcaaete sp . A 42 rill rill 
'wnbr:n¢ra t~~:~ n 39 rill rill 
:Voramasr-.t8 cf . Ct2rticeus 47 rill rill rill 
7z ;̂ lcnersis .r,¢gra 34 IIII 11 11 
MageZoxc Zongicorniz 49 rill rill rill 
:1moeZsca verm .Zi 42 rill rill 
Yereid (Yicon) so . A 43 :III rill rill 
At=e Zis= agassizi 40 rill rill rill 
.~mee'~,iZca abdi :a 38 rill rill rill 
.4svcicis eZ_nga-_- 26 rill rill rill 
Vereid sp . B 23 rill rill rill 
:Vot^~nastus ?ct2:~ticeus 21 rill iii I 
.4aciCirc 1;-eLqscaa 31 rill 

- 

;Minusz7~,.a ciz-.,feara 21 rill 
Avae:rdea 21 rill 7QC{X 
::istrtieZZaoarnca=i 25 = rill ~{Y.Y 
.NcgaLana ^osec 36 = rill rill 
3ztindea jeT,rsysii 36 = rill rill 
Vii imn¢ Z la ;'ZozM:dmca 19 = rill 7GY:LY 
Afinusmo 21 rill rill rill 
:Nage Bona icy !ai3ae 32 7~{ X~{ 
StheneZ.aij boa 29 rill 
Gypti3 vittCta 23 Mm rill 
,vatica ecrcreraa 18 %Am rill 
AmDitarste acutij~ona 23 rill 
?cZemsoiua heiarosata 19 mb.P4t 
Aricidea cf . frcytiZis 19 RACY rill 
drrcidaa `ayZorti 19 I~m till 
Qwenia r'u9tijor+rr_s 22 :4m 
Ariad= trmlsversa 18 MKHK rill 
Pa¢uGOphilanedes ap . 8 4 Mm till 
Ccaczorr VraZcnaLZwn 3 M4ff`ui 
Abra aequaiia 29 
Notanastus wrrerticmaaa 18 &~t 
2aLZna veraicolor " 22 Mm 
Sbtiophmses xmoyr 9 .HM 
Zso ir.a cuZcrte Z i, .z 9 m4Q44 
Carc+.on¢rsie :r^t tabi Zis 7 r4A4i 
CZymene Z Za torqua-= 15 IMQ4S 
?rtionoaptio crizzata 14 rill 
Ceratoceairc?a ocuLcra 21 ;~4M 
Glottid+.c z~yzCvridc:c 11 rill 
Limrcrtirc¢ :~is aLb dentcta 20 ~C{R till rill 
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TABLE 17 .3 CONT .'D 

Species "lumber of Station Croup 
Occurrences 1 2 3 4 5 

ZcLZi=se~.~C2s sp . A 14 ~444i 
Au-.a=te 2vezmanni 28 IZII IIII 
:l.x:ors ::a mcrodan 32 ~L4 IZII 
Hez2z-.7-,icc.:.ls cf . ocrsi.=s 25 II Z {X~t 
3ippcmerorc cf . 3er-s :zcs 24 IIZI IIII I III 
?~rrrchincme cuLcice?Za 22 
Aimhcreia oaz .̂rid2nta,: : 17 :L~C 
Thycsira sp . ?a 22 X~LY 
3vc :c So . A 29 IIII IIZZ IIII 
., yc c;, c--czc =-M,72 6 MMMK 
Oszracod sp . A 9 MMM 
Phi ZcAneces sp . ?. 14 :ll'44S 
.5u % oia sz . C 16 ?II~.[II~S 
~rscaisa irciaa 8 IZII 
:;crt5utirzo i.,=~a ;ancuina Zart 10 iIII :QII`Qi 
S~icpiicnes 1.cnqir: ...cs 31 IIZI IIII 

eCTdG:us 37 IIII IZZI 
Scsctaous sp . 2. 28 X~4.Y IZII 
$i.22'f1Q37t3 3CLlt.CtQ 30 X.~. :Y .~.{~CX 

3ybZis c: . c; fw.nia 25 IZII 
Pan?ac-ydcnia =---.do= 29 IIII iS~4.4 
AnveZisca sp . a 28 IIII 
dZtarnccne :,ara sp . ?. 22 ZIII ~A4A! 
Den=? iwrr aawez'by : ? 8 IIII ?CSC 
Thyasti:+s pyymc2¢ 22 IIII :~Qi 
Onuairia so . 3 13 IZII :L'C{X 
Ostracod so . D 12 IIZI ~L 
Carti:'a mactZa`,.a 18 IIII IZII 
Sp-~aprtcres >.rial2yi 19 IIZI IIIi 
:fzn~:~ir.:z J ~revi ;z Lscn 13 IIII '4IIQi 
:arsti2? a ci . emu: 15 

'7 
MI 
VWMM 

Y?'{4 

'Q:JP:CtQ SD . ~ J ~C{Y 

Saiccerosy Z Zis ci . auoZceui .3 10 '4~4~2 
Pseudoprti?cm¢d¢s sp . a 6 IIZI 
~tcz,:dezmc so . A 3 :Al14S 
Auaid2zma sp . 3 9 ~ IZII 
Oremhis sp . F 8 rff44i I III 
Lwnordnez-,s cf . magaZircansi 7 ~ IIII 
Tm+.aid sn . B 4 ~ I I I I 
ereaec .;aes svmemtii 37 IIII IZII IIII 

,yucuZcxa ¢cct¢ 32 3~Y IIII 
,qq j,Qpa j&am;g circm-nata 31 XR.~C III I 
pFryZina sQy^r2 19 IIII IIII IIII 

GZycera. tasseZcta 30 IIII IZII 

3arccnaus -naucic?seiawcs 25 IIII IIII IIII 
Amcrtcret¢ =erticm+a 17 ~ IIZI 
Soiachaatoptazw costareon 24 :~R IIII 
Pr~anosflia sieerstr-.mti 18 ~ IZII 
S:ganora bassi 22 r44 yQi IIII 
Omphia sp . A 30 IZIZ ZIIZ 
Laonicg ci:^_nta 22 1~ LIII 
IlncioZa sez .̂nta 20 ~ IIII 
phy1 jadacg mwaaQ 27 IIII IIII 
Cirrapnorua Zyrtilormtia 27 IIII 

lQAIIi ~ > 3 
~iXR = 2 - 2 .99 
IIII = 1 - 1 .99 
Blank ' < 1 
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each species for each station-group enhance visualization of the associa-

tion of species-groups with station groups . 

Species Group I (SGI) contained species which were generally ubiqui-

tous over the entire study area with relatively high constancy and low 

fidelity for all station groups . This group (SGI) contained many abundant 

species such as Paraprtionosptio ptinnata and Lumarineris parvapedata but 

also included some relatively uncommon but truly ubiquitous species such 

as PiZargis berkeZyae . All but one species in this group were polychaetes . 

Species Group II(SGII) also contained species which were nearly 

ubiquitous over the study area but were relatively rare or absent from the 

deepest stations . Constancy was relatively high ,at all but the deep and 

intermediate-deep station groups . This group of 13 species had nine poly-

chaete, three amphipod and one pelecypod species . 

Species Group III (SGIII) contained species vith wallow to inter- 

mediate depth distribution . Most species within this group (SGIII) had 

higher constancy and fidelity in the shallow and shallow intermediate 

group than in the intermediate depth group . All had very low constancy 

for the deeper station groups . Of the eight species in this group; five 

were polychaetes, one was a tanaidacean, one an amphipod and one was a 

mollusc . 

Species Group IV (SGIV) was a relatively large group (23 species) 

that were practically limited to the shallow station group . Several spe-

cies (SGIV) were minimally represented in other station groups but this 

group showed high constancy and fidelity only at the shallow stations . 

This group contained 16 polychaete, five mollusc and two arthropod species . 

Species Group V (SGV) was comprised of three crustacean species which 

were found primarily in the shallow-intermediate depth range . They were 

not found at the shallow or deep stations . 
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Species Group VI (SGVI) was comprised of six species, two polychaete 

and four crustacean, which appeared to be distributed in the intermediate-

to-deep station groups, not being found in the shallow zones . Most spe-

cies in this group showed higher constancy and fidelity for the deeper 

stations than for intermediate stations . 

Species Group VI (SGVI) was comprised of 22 species ; seven polychaetes ; 

six molluscs, five ostracods, three amphipods and one isopod . This group 

was found primarily at the deeper stations with very low constancy or 

fidelity at intermediate or shallow sites . 

Species Group VIII (SGVIII) was comprised of nine species ; three 

polychaetes, two isopods, three ostracods and a tanaid . This group con-

tained species found only on Transect IV . Most of these species were 

found both shallow and deep and showed low constancy with relatively high 

fidelity . 

Species Group IV (SG IX) consisted of nine species ; six polychaetes, 

two molluscs and an ostracod . This group of species exhibited a unique 

distribution pattern in that they had relatively high constancy at both 

the shallow and deep stations but were absent or rare at intermediate 

depths . 

The station-groups delineated by cluster analysis were differentiated 

by species composition of the stations within the different groups . It 

was apparent that the biotic composition of the groups varied not only 

at the species but also at higher taxonomic levels . Table 17 .4 shows the 

percent composition by phyla at each station group for the year . Generally, 

the percent contribution of polychaetes was highest at the shallow stations, 

tapering off slightly at deeper stations . It was observed that the per-

centage of polychaetes was lower than was to be expected at the shallow-

intermediate group . This resulted from large numbers of Ampeliscid amphi- 
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TABLE 17 .4 

PERCENT MAJOR TAXA FOUND AT EACH STATION GROUP 

Station Group 
1 2 3 4 5 6 

Taxa 

Mollusc 9 .78 3 .67 8 .18 20 .50 16 .18 12 .30 

Polychaete 72 .95 46 .22 68 .02 58 .56 52 .4 56 .90 

Crustacea 6 .45 24 .87 15 .28 10 .34 18 .16 14 .90 

Gastropod 1 .28 3 .07 5 .78 3 .62 2 .38 1 .10 

Pelecypod 8 .25 0 .63 4 .26 14 .36 10 .70 10 .35 

Ostracod 0 .60 - 0 .25 1 .80 8 .20 5 .80 

Malacostra 0 .75 0 .13 5 .51 1 .16 1 .64 2 .00 

Isopoda 0 .50 - 0 .10 0 .50 1 .80 2 .00 

Amphipoda 3 .6 24 .0 7 .20 4 .66 4 .98 3 .40 
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pods being found at one station (1/III) within the shallow-intermediate 

group, thereby lowering the polychaete domination within this group . The 

percent contribution of molluscs and most arthropods was highest at the 

deeper stations . The above mentioned dominance of Ampeliscid amphipods 

at Station 1/III also interfered somewhat with this pattern . 

Examination of taxa between species and phylum level showed that 

within the mollusca, pelecypods had the highest percent contribution in 

the deep and, secondarily, in the shallow station groups . Pelecypods 

were generally rare or absent from intermediate depth stations . Gastro-

pods, however, showed their highest percent contribution (although it was 

low) at the intermediate depth stations . Within the arthropods, ostracods 

and isopods showed highest percentage contribution at the deeper stations 

while amphipods and malacostracans were more prevalent at intermediate 

depth stations . 

Cluster analysis of epifauna data divided the study area into two 

major regions based on depth and/or distance from shore (Figure 17 .10) . 

All stations with 10 to 45 m depth (plus 2/II at 49 m) and located less 

than 30 miles offshore were grouped together (A) . Stations with depths 

greater than 45 m and located at least 30 miles offshore formed the other 

major group (B) . The two regions varied in other physical variables . 

Temperatures (10-29°C) and salinity (30-37 ppt) varied widely throughout 

the year in Group A. Group B stations were characterized by a more stable 

temperature (TS-25°`C) and salinity (35-37 ppt) regime . There was consider-

able overlap of sediment types between the two regions but the sandiest 

sediments were found at shallow, nearshore stations and the highest clay 

content was in sediments from the deep offshore stations . 

Subdivisions of the dendrogram divided the study area into six groups 

of stations . These minor divisions generally corresponded to shallow 
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Figure 17 .10 Normal Dendrogram From Cluster Analysis of Seasonal Epi-
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Designation Refer to Depth (in meters) . Large Numbers 
and Letters on the Left Designate Station-Groups . 
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(10-15 m), shallow-intermediate (22-45 m), deep-intermediate (47-100 m), 

and deep (106-134 m) stations (Figure 17 .11) . Stations which clustered 

together two out of three seasons were considered to be a group . Sea-

sonal changes in abundance and the mobility of epifaunal organisms pre-

cluded clean distinctions of station groups consistent through the year . 

Station Groups 3 and -4 contained Transect IV stations which had fewer 

individuals and species compared to the other groups . Station 3/III was 

not grouped because it was in a different station group each season . 

Station groups were defined by the species found there . Clustering 

by species or inverse analysis resulted in eight species groups (Figure 

17 .12) . The first three groups of species were collected only at stations 

with greater than 45 m depth; Species Group IV was taken most consistently 

at the same stations (Figure 17 .13) Group V species were collected at 

intermediate depth stations but not at shallow or deep stations . Species 

in Groups VI and VII were most often collected at stations less than 45 m 

in depth. Group VIII species were collected at all but the deepest sta-

tions . Species representative of the station groups are listed in Table 

17 .5, along with correlation coefficients of the abundance of each species 

with physical variables . One method for interpreting data from STOCS study 

is to analyze distributions of species in response to the physical regime 

they encounter . Simple linear regression was used to test the hypothesis 

that there was a causal relationship between the abundance of a species 

and a physical parameter . Depth was the most consistently significant 

variable for all species except those collected at intermediate depths . 

Salinity appeared to be the least important variable . 

Distribution of a species was probably influenced by several physical 

variables . Multivariate effects were analyzed by constructing linear addi-

tive models . The results were examined for reduction of the mean square 
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TABLE 17 . 5 

SPECIES CHARACTERISTIC OF VARIOUS DEPTH ZONES AND CORRELATION COEFFICIENTS OF THE SPECIES ABUNDANCE WITH BENTIIIC PHYSICAL VARIABLES 

SINGLE EFFECT - CORRELATION COEFFICIENT 
Optimal Total 

Depth Zone Ab undance Species Julian UepLh Temperature Salinity Mean Grain Percent Transect 
Day Size Silt 

Shallow to 513 Squilla errqwa .150 - .370* .190k - .250* - .235* -.105 - .204* 
Shallow- 230 Penaeuo aetiferus .177* - .327* .212* - .178* - .219* -.140 - .218 
Intermediate 386 Portunua gi-Lbeaii .192* - .233+ .285* - .015 - .138 -.062 - .125 
(10-45 m) 

Intermediate 448 Squilla chydaea - .031 - .133 .041 - .003 - .014 .215* .001 
(29-91 m) 112 Sicyonia Lreoiroatr>ia .113 .028 .111 .084 .031 - .046 -.052 

140 Aatropeeten duplicatus .161* - .151 .219* - .090 - .072 .183* - .041 

Intermediate 583 Amusium pupyraceue .076 .15E - .010 .U96 .139 .085 - .130 
to Deep 1160 Solenocem viosecti .111 .087 .062 - .048 .093 .199* - .124 
(40-134 m) 119 Anasimus Zatus .175* .262* - .081 .091 .078* - .004 .067 

1101 Portunun apinicarpua .184* .214" - .066 - .007 .111 .OU9 .059 

Deep-Inter- 37 Anidctrrz Lnugjvnatti .092 .272* - .066 .1U3 .244* .003 .020 
mediate to Deep 84 Pnrapencteua Zor:giroetria .002 .288* - .069 .054 .167 - .015 - .052 
(65-134 m) 14 Rarzirtoides Zouisianensia .058 .274* - .094 .122 .242* - .021 .063 

19 Briosopsio alts - .025 .183* - .054 .059 .128 - .029 .128 
30 Aatropeaten cinpulatus - .005 .17B* - .096 .084 .141 .047 - .003 

Ubiquitous 1175 Penaeue asteeua .084 - .182* .141 .049 -.024 .108 - .061 
Except Deep 3319 Sticyonia doraalio .146 - .075 .159 .045 - .034 .129 - .037 
(10-106 m) 2443 Trachyperuieus aimilis .102 - .352* .036 - .341* - .024 .207* - .113 

1265 Cullinectee similia .222* - .292* .401* .112 - .110 .212 - .163* 

v 
1 

0 

*Level of significance - s 0 .01 
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(a measure of the seduction of the variance) at several levels of signifi-

cance for rejecting the null hypothesis (Table 17 .6) . The independent 

variables were depth, temperature, salinity, mean grain size, percent silt, 

Julian day and transect . An important point to note was that the mean 

square reduction for all species models was generally low and never exceeded 

27% implying that a great deal of the variance remained . Species (Group VII) 

representing shallow and shallow-intermediate depth stations shared a common 

response of decreased abundance with increased depth toward the southern 

transects . Intermediate depth stations were represented by species (Groups 

IV and V) which were each responding to different environmental conditions . 

Depth was the only significant variable for explaining the distribution of 

species collected at deep-intermediate to deep stations (Group III) . The 

ubiquitous species (Group VII) were collected at most stations and as was 

expected, the multivariate models of these species had little in common . 

Although there were species groups characteristic of station groups, these 

results indicated that few species showed a common response to the physical 

environment found at those stations . The species that comprised a species 

cluster generally exhibited a wide variety of responses to a variety of 

physical variables . 

DISCUSSION 

Inf auna 

Infaunal communities of the STOCS have historically been little stud-

ied . The present three year study remains the most extensive research pro-

gram known to have investigated the macroinfaunal communities of this por-

tion of the Gulf of Mexico . Previous reports by the author have reported 

basic similarities between these studies and those of investigators on 

other continental shelf areas . For example : zonation of infaunal assemblages 



TABLE 17 .6 

LINEAR ADDITIVE MODELS FOR SPECIES REPRESENTATIVE OF THE SPECIES GROUPS FROM CLUSTER ANALYSIS 

Species 
Group 

Species Multiple Effects 
Linear-Additive Model 

Significance 
Level (a) 

Percent Mean 
Square Reduction 

VI Penaeua duorarwn A - .27 (mean grain size) I- 1 .98 .O1 10 

VII Squilla enpuau A - :17 (X silt) - .08 (depth) - 2 .9 (Transect) + 20.3 .O1 22 
A - - .17 (X silt) - .OB (depth) + .O1 (,Julian Day) - 2 .8 (Tranaect) + 18 .0 .02 24 

VII Perweua aetiferue A - - .U8 (X silt) - .03 (depth) + .O1 (Julian Day) - 1 .35 (Tranaect) + 7 .9 .O1 22 

VII Portunua gibbeaii A - .42 (temperature) - .Ol (depth) - 4.85 ,O1 10 
!+ - .42 (temperature) - .OJ (depth) - 1 .2 (transec[) - 2 .0 .02 12 

V Syuilla chyduea A - .13 (X silt) - 1 .8 .O1 4 
A - .63 (mean grain size) + .19 (X Silt) + 1 .2 .04 6 

V Sicyonia Lrevirootria A - .003 (Julian Day) + .U4 ,OB 1 

V AatroPeeten dupliaatua A - .15 (temperature) - .74 (salinity) + .OS (x silt) + 8 .2 .O1 10 

IV Mtuaium popyrnceua A - .BO (assn grain size) - 3,31 ,O1 3 

IV Solenoceva vioacai A - .70 (X silt) - 2 .89 .O1 7 

IV An,tsimua lotus A - -.45 (temperature) + .02 (Joltau Day) + 6 .39 ,O1 12 
A - - .35 (temperature) + .02 (depth) t .02 (Julian Day) + 3 .76 .02 14 

IV Porturtue aE4rsicaryua A - -2 .9 (temperature) + .15 (depth) + 40 .76 .O1 11 

III Arwdnrq baug)mttrti A - .O1 (depth) - 0 .16 .O1 7 

III Parupenaeue Zunyixoatvie A - .Ol (depth) - 0 .35 .01 0 

III Raninwiden Zouieianeneie A - .002 (depth) - 0.07 .O1 7 

III Brieaopaie alts A - .003 (depth) - 0 .13 .O1 3 
A - .003 (depth) + 0 .11 (traneect) - 0 .40 .04 5 

III Aatropecten cinyulatue A - .007 (depth) - 0 .07 .O1 3 

VILI Feruieua uztaeua A - 10 .8 (mean grain size) - 0 .64 (depth) - 24 .2 .O1 6 

V1II Sicyonia duraalia A - 4 .76 (temperature) - 0,70 .02 3 

VIII Truehyperuseue airnilie A ~ -2 .24 (temperature) - 9 .13 (salinity) + 1 .0 (X tills) - 0 .31 (depth) + .OL 21 
0.14 (Julian Day) + 355 .0 

VIII CuZlineetea aimilio A - 0.97 (temperature) + 2 .45 (saltulty) - 0 .11 (depth) - 7 .17 (cransect) - 86 .5 .Ol 26 

R A - predicted abundance 
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with depth ; increase in species richness in sandy-shelly sediment ; decreased 

diversity and increased dominance in physically-controlled communities ; 

increased diversity and increased equitability in biologically accomodated 

communities, etc . The 1977 data was analyzed in order to corroborate our 

initial findings . 

Basic parameters, descriptive of various communities, generally include 

species richness, density of individuals, species diversity and equitability 

These four were closely analyzed to attempt to describe general patterns of 

communities within the study area and to make comparisons between transects 

and between stations within a transect . 

Several patterns of interest were apparent from the species richness 

data . First, the general spatial pattern of species richness on each tran-

sect remained very stable temporally . This implied that either benthic 

macroinfaunal communities in our area displayed little seasonal fluctuation 

in major component species or that a highly defined seasonal succession was 

occurring in which one species replaced another . Thus, the number of spe-

cies varied little through time . There was no evidence to support the 

latter hypothesis from our 1977 data or from preceding years . Data from 

each station for each collection (Appendix P) tended to support the former 

hypothesis . Consequently, with few exceptions, there was little temporal 

variability in the various infaunal populations comprising the communities 

of the shelf . This was particularly true of the more numerically dominant 

species . The lack of seasonality of dominant infaunal species was also 

observed in a study of the wet weight biomass of fourteen infaunal species 

selected for relative "importance" to the infaunal community. Importance 

was defined as density, size or uniqueness (Holland and Holt ; 1977) . . . The 

relatively small biomass and the constancy with which various infaunal 

species were collected indicated that most of the infaunal species exhibited 
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a very short life span and consequently a relatively high turn-over rate in 

the warm waters of the South western Gulf :. In an earlier. .report (Holland, 

In Grodver, 1977, the use of a technique (Gaufin et aZ ., 1956) was pro-

posed by which efficiency of collection of species at a given site could 

be estimated . In that report, it was shown that on Transect II between 

65 and 72% of the total number of species originally collected in 12 

replicate samples could be collected in six samples and that between 87 

and 93% of the non-rare species (defined as having been collected in more 

than one of the original 12 samples) could be collected in six replicate 

samples . Applying this information to the above hypothesis of relative 

temporal stability of component species, it was readily seen that observed 

variation in a species at a station through time may well be more a facet 

of collecting efficiency than of actual temporal variation . This was 

especially true for the less common species . 

The second pattern observed in the species richness data was that 

Transects I and II were similar in having little or no peak in species 

richness at the innermost sites and often having more species at deeper 

stations than at shallow ones . Transects III and IV were more nearly 

similar in that large peaks of species richness always occurred at the 

shallow station although Transect IV always had high species richness at 

Stations 3/IV and 6/IV also . This pattern (possibly due to latitudinal 

differences) was of interest because we had earlier postulated (Holland, In 

Parker, 1976) a possible Caribbean influence on the southernmost transects . 

There was a group of infaunal species observed (SGVIII) which were limited 

to Transect IV . So there continued to be evidence for some latitudinal 

variation within the study area . It was felt, however, that the major 

differences between transects observed in the species richness data were 
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also influenced by sediment type . Recent information from Dr . Behrens 

concerning the percentage composition of sediment particles greater than 

1 mm (0 phi) correlated nicely with the observed species richness data . 

There may have been several mechanisms influencing species richness . 

These included some depth related parameters influencing the northern two 

transects ; sediment particle size which may have been more important on 

the southern transects due to larger particle size at the inshore station 

on Transect III and at several stations on Transect It' ; and the latitudinal 

influence because of increased species richness on the southernmost tran-

sect . 

Any discussion of species richness as a community structure parameter 

should note that it is a quantitative parameter not a qualitative .bne in 

terms of the biotic community . That is, communities with the same species 

richness are not necessarily the same in component species . A major misuse 

of species richness information comes from the fact that these data are 

invariably presented as species collected from a certain sample size and 

comparisons between areas are made on samples of equal sizes . It was shown 

(Holland,-ln . .Groover, ; 1977) that sampling efficiency varies such that six 

replicate samples in one area may well sample that area more efficiently 

(i .e ., catch more of the species in that area) than six samples from 

another area . It is true that the fewer the samples taken, the greater 

the disparity may be . There is probably a 5 to 6% efficiency difference 

between the inshore samples and offshore samples when considering only 

the non-rare species collected in six replicates . There is probably 7-8% 

difference in the efficiency of catch of the total species . In both cases, 

sampling is less efficient in the deeper sites . This is due to the scale 

of distribution relative to the sample size . The species inshore are 

distributed or tend to be distributed on a smaller scale and therefore are 
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sampled more efficiently with a given (small) sample size . If a correc-

tion for this disparity is built into our data, the offshore data would 

be slightly enhanced relative to the onshore data . With as many as six 

replicates, this disparity is relatively small and thus was not corrected 

for . A real problem occurs when data from only one or two grabs is 

reported which may involve a disparity of 15-20I efficiency between areas . 

A definite pattern of decreasing density (number of individuals per 

unit area) with increasing water depth was observed on all transect although 

minor peaks in density occurred on some transects at deeper sites . We 

felt that there was a multiplicity of reasons explaining this fact . The 

inshore waters had richer supplies of nutrients in the form of detritus, 

phytoplankton and dissolved materials . This afforded a greater carrying 

capacity in the ecosystem which may have directly affected the benthos . 

The nature of the inshore sediments (sandy-Shelly), provided greater niche 

availability . The physically dominated nature of the inshore community 

may have selected for species with higher reproductive capacity while the 

biologically accomodated offshore community possible could not tolerate 

high densities of individual populations . 

Speculatively, the trophic level of various members of each community 

may limit individual densities, i .e ., inshore communities with organisms 

of all trophic levels may allow for crowding whereas a community comprised 

of predominantly one major trophic level (non-selective deposit feeding) 

may require more space per individual thereby limiting density . This line 

of reasoning suffers from lack of information on the feeding habits of many, 

if not most, marine benthic macroinvertebrates . 

The number of individuals per station remained very stable through all 

seasonal collections adding credence to our hypothesis that many infaunal 
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species in our study area were short-lived species and the populations 

were essentially reproducing year-round, maintaining on the average very 

stable population numbers . There were, of course, some populations that 

showed periodic increases presumably due to reproduction and recruitment 

but the variability inherent in many of these "blooms" suggested the capa-

blity:to reproduce practically year:-round . Again, the binmass study pre-

viously mentioned (Holland and Holt, 197-7). showed a high degree of constancy in 

individual population numbers throughout the year . 

Transect II was generally the most depauperate transect in that it 

lacked the inshore peak abundance common to the other three transects . The 

innermost station on Transact II (1/II) was about seven meters deeper than 

the innermost station on the other three transects . It lacked the sandy-

shelly stations that apparently so influenced the number of individuals 

on the other three transects . While it was true that sandy-Shelly sub-

strate apparently is highly correlated with large numbers of individuals 

at the innermost stations on Transects I, III and IV, there must have been 

other factors involved in the increased densities at these stations . 

Although Stations 3/IV and 6/IV had sandy-Shelly sediment, they did not 

produce the numbers of individuals observed in the inshore sandy-shelly 

stations . Again, we believed other factors including food availability, 

nature of the community, trophic levels, etc . were interacting to allow 

the increase in density at the inshore stations . It was true that sharply 

increased infaunal densities were observed at Station 6/IV in the winter 

collection of 1977 . This collection had two-to-three fold the number of 

individuals of other collections at this station . Of the 984 individuals 

collected, 42% were accounted for by the dominant 10 species (of 171 total 

species) . Apparently there was a minor bloom in some of the dominant 

species accompanied by a large number of relatively rare species collected . 
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Transect IV exhibited the overall highest densities of organisms . This 

probably occurred due to the sandy-Shelly substrate which was much more 

prevalent on this transect . 

Diversity and equitability are community structure parameters that 

are closely interrelated . Species diversities at various stations in our 

study area generally ranged between 3 and 6, which was considerably higher 

than those observed (Holland et aZ ., 1974 ; 1975) in estuaries adjacent to 

the present study area . Fewer species and individuals per station also 

characterized the estuarine studies which utilized a much smaller sample 

size . Diversity of infaunal communities of the STOCS had a decided ten-

dency to increase offshore . The increase in equitability with depth was 

generally much more pronounced . Equitability is a measure of how evenly 

the number of individuals is spread between the number of species present 

and as such is actually a part of the diversity measure . It is felt that 

the increase in diversity offshore in the infauna communities was simply 

a reflection of the lack of numerical dominance by a few species which did 

occur at the nearshore stations . Several stations had chronically low 

diversities and low equitability (2 .e . Station 1/III and 5/IV) at which 

one or two species were found to generally dominate the samples . Ampelis-

cid amphipods (most often AmpeZisca agassizi) dominated Station 1/III 

year round and Paraprionospio pinnata and nemerteans were most dominant 

at 5/IV . This tendency for dominance by a few species was characteristic 

of physically controlled communities and added further credence to our 

population of inshore physically controlled communities and offshore 

biologically accommodating communities . 

Cluster analysis of the infaunal data essentially corroborated with the 

data of previous years in that a number of station groups primarily related 

to water depth, somewhat modified by sediment types, were delineated . As 
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previously reported (Holland et al ., In Groover, 1977), zonation of infaunal 

assemblages with depth on continental shelves is a commonly reported pattern 

(Day et al ., 1971 ; Field, 1971) . Five station clusters were delineated by 

normal cluster analysis of 1977 inf auna data . These five station groups 

were arranged on a perfect depth gradient with the exception of one station 

(1/IV), which at 27 m was clustered with three stations of 15 m or less . 

This apparent anomaly was closely checked and we agreed that the program 

had properly classified 1/IV with the shallower stations . It had excellent 

representation by the ubiquitous (SGI) group, the nearly ubiquitous group 

(SGII) and the shallow-intermediate group (SGIII) . Of the group of 16 

species (SGIV) specifically characterizing the shallow stations, 12 were 

found at 1/IV in the winter, 15 in the spring and 15 in the fall . Although 

most of the species from SGIV were common to 1/IV . There was a definite 

tendency for them to be found in reduced numbers, especially dominant forms . 

It was significant that the three collections from 1/IV clustered together 

first and then were added to the remaining six station-time collections 

from Stations 4/I and 4/III which had agglomerated without pattern . These 

nine station-time collections were then joined by the three station 4/IV 

collections to make up the shallow group . This same pattern was true for 

sediment composition of these four stations, i.e . Stations 4/I and 4/III 

had sandy-Shelly sediments which clustered indiscriminantly . Station 1/IV 

had significantly greater sand-shell in its sediments and thus would join 

the former two stations after their collections had been added by the 

agglomerative process . Finally Station 4/I, with the highest percentage 

of sand and shell, combined with the rest to complete the group . Thus it 

seemed that although Station 1/IV was 12 m deeper than the three sites 

with which it clustered it was central to them in sediment type and was 

correctly clustered with them . 
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Each of the station clusters was characterized by one or more species 

groups . Station Group Y, the shallowest stations on Transects I, III and 

IV plus the slightly deeper 1/IV showed relatively large numbers of species 

including most species of SGI, SGII, SGIII, SGIV, SGV, and SGIX . All these 

species showed relatively high constancy at the group 1 stations indicat?zg 

that they were found often at these inshore stations . Only species groups 

III, IV, and IX indicated high levels of fidelity to Station Group 1 indica-

ting that these species, especially SGIV are found primarily at the very 

shallow stations . Most of the species showing high fidelity to the very 

shallow stations were polychaetes although a few molluscs (e .g . Natica 

canrena, Anadara transversa, Abra aequaZis and TeZZina versicoZor) showed 

both high constancy and high fidelity to stations in Group 1, Caeeum puZ-

eheZZum showed high fidelity but low constancy indicating low frequency 

of collection usually limited to Station Group Y, the shallow water stations . 

Station Group 2, comprised of three shallow-intermediate stations, was 

well represented by the first three species groups as far as constancy of 

collection . Little fidelity to Station Group 2 was shown by any of the 

first three species groups with the exception of the tanidacena, Apseudes 

sp . A. A small group, SGV, showed both high constancy and high fidelity 

to the shallow-intermediate stations . All of the species represented by 

SGV were crustaceans . 

Station Group 3 was comprised of six stations at intermediate depths 

of 34-49 m. This station group again was well represented by the first 

three species groups in constancy but was generally lacking species which 

showed high fidelity . Two polychaetes, MageZoncz phyZZisae and Sigcvnbra 

bassi, from SGIV and SGVI, respectively showed high constancy and fidelity 

to this station group . An amphipod and mollusc from SGIII each showed 

relatively high fidelity to Station Group 3. . 
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Station Group 4 had good representation from SGI and SGII but again 

little fidelity from species within these groups SGV, SGVI, and SGVII 

each showed fair to high constancy at Station Group 4 with moderate levels 

of fidelity . SGVIII showed little constancy but high levels of fidelity 

to Station Group 4 indicating that species in this croup were relatively 

rare but when collected usually were found at Station Group !+ . .Species 

Group IX with its unusual distribution pattern showed moderate constancy 

and fidelity to Station Group 4 . 

Station Group 5, the deepest stations, was represented by SGI with 

moderate to high constancy and with low fidelity . Species Group VII 

seemed truly representative of the deep stations by showing both high 

levels of constancy and fidelity . Again, SGIX was well represented at 

the deepest sites but showed low levels of fidelity . 

From the foregoing discussion, it became readily apparent that most 

of the station groups were represented by species groups either ubiquitous 

or site specific . A pattern was discernible indicating that the very 

shallow and very deep stations were represented by large distinct groups 

of species other than the ubiquitous groups . The shallow-intermediate 

and intermediate deep-stations each showed small groups of species with 

high fidelity . At the intermediate stations, no distinct groups of species 

showed fidelity although several individual species from the various 

groups did . Apparently, there were gradients of two distinct groups of 

benthic infauna . The first, a shallow group gradually diminished offshore 

and a deep group, declined in constancy and fidelity inshore . Across 

these two major divisions were the ubiquitous to semi-ubiquitous groups 

which showed high constancy across the shelf with little fidelity to any 

group of stations . The unusual group of species in SGIX showed moderate 

to high constancy at the shallow and deep stations but were absent or rare 



- 1-7-52 

from the intermediate depths . They showed moderate fidelity to the shallow 

stations but low fidelity to the deep stations . This distribution . pat-

tern was not explainable . 

Along with having species representative of various portions of the 

continental shelf, it was apparent from 1977 data that various shelf regions 

were dominated by different higher order of taxa . Polychaetes, although 

found everywhere, were also most abundant in those groups specifically 

characteristic of the nearshore stations . The deeper station species 

groups were characterized more by molluscs and crustaceans . It appeared 

that if the ubiquitous species were not included, polychaete species 

would diminish offshore to be gradually replaced by molluscs and crusta-

ceans as dominants in the infaunal community . 

Analysis of station groups by discriminant analysis verified the 

basic results from cluster analysis . Three major station clusters occurred 

which encompassed the five clusters delineated by cluster analysis . The 

sandy inshore-stations were grouped identically by both analysis techniques . 

Discriminant analysis resulted in non-separation of cluster groups II 

and III, and IV and V, essentially lumping the shallow-intermediate and 

intermediate stations as well as the intermediate-deep and deep'stations :-

This same result could have been arrived at from the cluster program by 

reading the dendrogram at a higher level of similarity . Discriminant 

analysis did separate out Stations 3/IV and 6/IV, making them a separate 

group . This separation was made more on abiotic factors, primarily sedi-

ment mean grain size than on invertebrate community information which was 

the only factor considered by the cluster analysis . Cluster analysis 

did cluster these two stations first, then joined them with other sta-

tions to make cluster Station Group IV . If the cluster dendrogram had 

been read at a lower level of similarity, a single cluster containing 
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these two stations would have been present . The discriminant analysis 

allowed for statistical testing for the validity of the observed groups 

and as a very low level of statistical probability existed that these 

groups could have occurred by chance, our confidence in these groups 

was fortified . . The discriminant analysis did re-enforce our feeling 

that a number of factors including but not limited to depth and sediment 

were acting on benthic infaunal distribution patterns in the STOCS region 

during the study period . 

Ep if auna 

Epifaunal community structure parameters (diversity, number of indi- 

viduals, etc .) showed no general trends on spatial patterns . Variation 

in temporal and spatial abundances of dominant species in 1976 was found to 

be due to recruitment of young age classes (Bolt and Holland, 1977) . 

Generally the variation in abundance was due to large numbers of young 

at shallow to shallow-intermediate stations and migration of the adult 

population, accompanied by reduction in abundance, to the deeper stations . 

The same pattern was found in 1977 data except there was a stronger ten-

dency for the large abundances to be concentrated at stations along 

Transects I and II . 

The division of the 1977 STOCS study area into station groups based 

on depth and factors associated with depth was consistent with the results 

from 1976 data analyses . Species groups characteristic of the various 

depth zones were also consistent for the two years . Although a species 

group was highly constant to a station group, most individual species 

that comprised a group, responded in a unique way to the physical environ-

ment common to the stations . 

Since epif aunal species have different physical and biological needs, 
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and move considerable distances, analysis of individual species distributions 

may be the best method for interpreting the STOCS data . An important 

aspect of this initial study is the evaluation of STOCS in terms of num-

bers and kinds of species . Further information that can be derived from 

the data include an understanding of the distribution of species impor-

tant to man (directly or indirectly) and the identification of species 

with narrow or critical tolerances to change . 

Linear additive models presented here indicated that epifaunal 

species distributions were significantly correlated with abiotic variables 

but only a small amount of the variation was explained . Relationships of 

species abundance to physical variables were often non-linear, better 

characterized by gaussian and exponential sine curves . Preliminary 

non-linear, multiplicative models, using the same physical variables, 

reduced the mean square by as much as 80% and were therefore superior 

models for predicting species distribution . With a thorough analysis 

of species distribution over the three years of study, important species 

and areas critical to the needs of a species can be determined . 
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ABSTRACT 

The collection and analysis of samples of benthic fishes on the South 
Texas Outer Continental Shelf (STOCS) was continued for the third consecu-
tive year . The sampling regime consisted of three seasonal surveys (win-
ter, spring and fall) on all four transects used in previous years and six 
monthly surveys on Transect II, Data on relative abundances, gross distri-
bution patterns and average catches for selected species are summarized . 

A brief comparison of the data contained in this report with data from 
the previous year (1976) was made . Differences between 1976 and 1977 were 
observed in patterns of the numbers of species, numbers of individuals and 
total biomasses caught and in various diversity indices . These differences 
have been attributed to shortcomings in the design of the sampling program . 
Specifically, low replication, differences between years in the timing of 
seasonal cruises and the distribution of sampling effort over the study 
area were considered to have contributed to confounding attempts to resolve 
whatever patterns of distribution and abundance were shown by the demersal 
fishes on the STOCS . 

Correlative patterns between selected environmental parameters and 
several species were examined . The use of such patterns serves to identify 
the environmental variables of importance to demersal fishes and also 
represents a starting point for the development of a predictive capability 
for abundances of benthic fishes based on knowledge of environmental 
conditions . 

Statements about the functional relationships between the demersal 
fishes of the STOCS could not be made from the information generated by 
this study . A more detailed examination of the data on fishes and of 
information generated by other work elements of the STOCS program may, 
however, facilitate a better understanding of the benthic ichthyofauna 
of the STOCS . 
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INTRODUCTION 

The study presented herein represents the third continuous year of 

regular sampling of selected stations on the South Texas Outer Continental 

Shelf (STOCS) . As in past years, the primary mission of the study was a 

characterization of the ichthyofauna of the region against which future 

studies may be compared . 

This report is confined to the presentation of descriptive information 

on the relative distributions and abundances of the major components of the 

ichthyofauna under study . Our work during 1976 (Wohlschlag, In Groover, 

1977) demonstrated the existence of significant differences in faunal comp-

osition between depth zones on the STOCS . These differences continued to be 

-recognized, by treating data from day and night samples separately and by 

retaining the classification of sampling stations into station groups 

based on depth as described in our report for 1976 and in TcLble 108 .1 of 

this report . 

MATERIALS AND METHODS 

Sampling was conducted on both a seasonal (all transacts) and monthly 

(Transact II only) basis . Sampling dates are given in Table 18 .2 . Sam-

pling dates for the corresponding seasons and months for the 1975 and 1976 

sampling programs are also given for comparison . The distribution of 

sampling effort over stations for 1977 is summarized in Table 18 .3, 

Samples consisted of 15-minute trawls for epibenthic macroinverte-

brates and demersal fishes, as in previous years . The trawl was a con-

ventional Gulf coast 10 .7 m "flat trawl" with a 12 .2 m lead line and a 

9 .1 m head line, each made of 12 .7 mm steel impregnated rope . There was 

a 0 .9 m separation between the net wings and the 0 .76 by 1 .52 m doors 

(otter boards) which were fitted with steel runners . Net materials were 
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TABLE 18 .1 

DIVISION OF COLLECTING STATIONS INTO STATION GROUPS BASED ON DEPTH 
(ROMAN NUMERALS IidDICATE TRANSECTS) 

Stations 

Station Group 1 4/I 1/II 4/III 4/IV 
(<_ 30 meters) 1/I 1/III 1/IV 

Station Group 2 2/I 4/II 5/III 5/IV 
(31-90 meters) 5/I 2/II 2/III 2/IV 

5/II 6/IV 

Station Group 3 3/I 3/II 3/III 3/IV 
(>_ 91 meters) 6/I 6/II 6/IZI 7/IV 



18-5 

TABLE 18,2 

DATES OF SAMPLING CRUISES* 

1975 1976 1977 

Seasonal Cruises 

Winter December 3, 1974- February 8-9, 
January 25, 1975 14-16 & 26-28 

March 9-11 

Spring April 8 - May 16 June 10-14, 
19-20 & 25-28 

Fall September 19-23 ; August 27 - October 6-11 September 12 

Monthly Cruises 

January 28-30 ; 
February 1-2, 
9-10 & 13-14 

May 24-27 ; 
May 31 - June 4 

September 26-28 ; 
October 4-7 

March March 26-28 March 10 & 15 

April April 8-10 April 17 & 20 

July July 17-19 July 8 & .11 

August August 5-i, August 5-7 
27-28 

November November 15-17 November 20 & 30 

December December 8-9 December 18 & 19 

*Dates given for 1975 bracket the actual cruise dates . 
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TABLE 18 .3 

NUMBER OF TRAWLS MADE AT EACH STATION DURING 1977 
(D = Day ; TI = Night) 

Transect I Transect II Transect III Transect IV 
D N D N D N D rI 

Station 1 3 3 6 27 3 3 3 3 

Station 2 3 3 6 27 3 3 3 3 

Station 3 3 3 6 27 3 3 3 3 

Station 4 3 3 6 9 3 3 3 3 

Station 5 3 3 6 9 3 3 3 3 

Station 6 3 3 6 9 3 3 3 3 

Station ? - - - - - - 3 3 

18 18 36 108 18 18 21 21 

Day = 93 

Night = 165 

Total = 258 
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of white, untreated nylon twine . The wings and the main body of the net 

had 44 .5 mm stretched mesh of No . 18 nylon twine . The 3 .0 m bag was made 

of 44 .5 mm No . 36 stretched mesh . As in most of 1976, a bag liner (which 

was employed during 1975 and the first part of 1976) was not used for the 

1977 sampling . Conventional chafing gear surrounded the bag . All trawls 

were taken from the twin-screwed R/V LONGHORN at 900 rpm which, with net 

drag, was equivalent to a dragging speed of approximately two knots . 

The statistics of diversity (Hn"), Probability of Interspecific 

Encounter (P .I .E .), and equitability were calculated according to the 

procedures described for the 1976 collection year (Glohlschlag, In Groover, 

1977) . 

RESULTS AND DISCUSSION 

All stations were classified into station groups based on depth, as 

defined by Table 18 .1 and illustrated in Figure 18 .1 . This was the same 

classification employed for the 1976 data analysis . 

The numbers of trawls made for day and night periods are shown in 

Tables 18 .4 and 18 .5 . A total of 258 samples were taken in 1977, compared 

to 240 in 1976 . As in 1976, the bulk of the 1977 sampling effort focused 

on the seasonal sampling periods . The number of samples taken for the 

1977 seasonals was roughly similar to the number taken during 1976, so 

some comparisons of the resultant data could be made between the two years . 

There were 132 species captured during the 1977 sampling effort, compared 

to 128 caught during 1976 (this latter figure supercedes the inaccurate 

count of 131 reported by Wohlschlag In Groover, 1977) . The following dis-

cussion will focus only on seasonal samples, since the data for monthly 

samples were based on a small number of collections . 

A greater number of species were caught in night trawls than in day 

trawls during the seasonal sampling cruises (see Table 18 .6) . Part of this 

difference was attributed to the greater sampling effort expended during 
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Figure 18 .1 Station Groups by Depth . Numbers in Parenthesis are 
Depths in Meters . 



Day 

Station Group 1 

Station Group 2 

Station Group 3 

Night 

Station Group 1 

Station Group 2 

Station Group 3 

TABLE 18 .4 

NUMBER OF TRAWLS PLR STATION GROUP IN 1977 

Winter Spring Fall March April July August November December 

8 8 8 - - - - - -

13 13 13 - - - - - - 

8 10 10 2 - - - - -

29 31 31 2 - - - - - 

9 9 9 3 3 3 3 

16 16 16 3 3 3 3 

10 12 12 5 3 3 3 

35 37 37 11 9 9 9 

3 3 

3 3 

3 3 

9 9 

Grand Total = 

24 

39 

30 

93 

45 

66 

54 

165 

258 

00 i 
10 



Day 

Transect I 

Transect II 

Transect III 

Transect IV 

Night 

Transect I 

Transect II 

Transect III 

Transect IV 

TABLE 18 .5 

NUMBER OF TRAWLS PER TRANSLCT IN 1977 

Winter Spring Fall March April July August November December 

6 6 6 - - - - - - 18 

12 12 12 - - - - - - 36 

4 6 6 2 - - - - - 18 

7 7 7 - - - - - - 21 

29 31 31 2 - - - - - 93 

6 6 6 - - - - - - 18 

18 18 18 9 9 9 9 9 9 108 

4 6 6 2 - - - - - 18 

7 7 7 - - - - - - 21 

35 37 37 11 9 9 9 9 9 165 

F-~ 
w 
i 
0 

Grand Total = 258 



TABLE 18 .6 

TOTAL NUi4BER OF SPECIES CAUGHT IN EACH STATION GROUP DURING 1977 

Winter Spring Fall March April July August November December 

Day 

Station Group 1 19 28 45 - - - - - - 

Station Group 2 28 28 48 - - - - - - 

Station Group 3 20 27 32 13 - - - - - 

Night 

Station Group 1 27 37 47 13 18 21 20 20 21 

Station Group 2 44 51 52 23 23 23 20 26 25 

Station Group 3 36 39 45 24 18 28 24 16 27 

00 
i 
r 
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night cruises . However, the difference between the numbers of night and 

day trawls taken during the seasonal cruises was rather small, and it 

appears reasonable to conclude that some biological reason existed for 

the observation that night trawls yielded greater numbers of species than 

did day trawls during 1977 . Night trawling also yielded greater numbers of 

species than did day trawling during the 1976 seasonal cruises, even though 

the sampling efforts expended on day and night trawls were roughly the 

same . 

Other consistent trends observed for the 1977 data were : (1) Station 

Group 2 generally yielded the greatest numbers of species during both day 

and night sampling, probably due to the higher sampling effort expended on 

Station Group 2 ; and (2) fall samples yielded the greatest numbers of 

species . 

Total catches (number of individuals per trawl) for each station group 

during each sampling period are given in Table 18 .7 . This table illustrates 

that the greatest catches occurred during the spring for day trawls and 

during the fall for night trawls . The lowest catches occurred in winter 

for both day and night trawls . 

Table 18 .8 presents values for the average biomass caught per trawl 

for day and night collection periods . The lowest biomasses were taken 

during the winter for both day and night trawls . The fall night trawls 

yielded the highest seasonal biomasses . Spring and fall day trawls yielded 

much higher biomasses than did winter day trawls . 

Values for various diversity indices for the three station groups 

are presented in Tables 18 .9 (day) and 18 .10 (night) . Station Group 2 

appeared to show a trend of higher diversity values (Hn") than the other 

two station groups . It also had the highest probability of interspecific 

encounter (P .I .E,) in all cases except for spring day trawls . No other 



TABLE Y8 .7 

TOTAL IvU24BER OF INDIVIDUALS (OF ALL SPECIES) CAUGHT (PER TRAWL) IN EACH STATION CROUP DURING 1977 

Winter Spring Fall March April July August November December 

Day 

Station Group 1 12 1051 208 - - - - - - 

Station Group 2 28 188 125 - - - - - - 

Station Croup 3 27 110 95 74 - - - - - 

Night 

Station Group 1 20 85 178 37 75 95 103 58 109 

Station Group 2 22 79 123 38 45 94 65 117 111 

Station Group 3 48 80 156 42 82 135 199 119 148 

00 
1 
N 
w 



TABLE' 18 .8 

TOTAL BIOMASS (IN GRAMS) OF ALL SPECIES CAUGHT (PER TRAWL) IN EACH STATION GROUP DURING 1977 

Winter Spring Fall March April July August November December 
Day 

Station Group 1 288 .0 12726 .6 4245 .5 - - - - - 

Station Group 2 670 .9 2800 .8 4257 .9 - 

Station Group 3 1709 .5 3837 .5 3843 .6 3414 .1 - - - - - 

Night 

Station Group 1 662 .3 1274 .E 6047 .5 478 .5 1000 .4 982 .3 1733 .6 1009 .4 1256 .2 

Station Group 2 650 .3 1696 .4 2816 .1 2517 .4 1446 .6 1443 .6 845 .0 2468 .5 2182 .0 

Station Group 3 2040 .5 3732 .0 5562 .7 1660 .2 4083 .4 5328 .0 7822 .0 4073 .9 4989 .1 

i 
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TABLE 18 .9 

VALUES FOR THE SHAiINON-WEAVER DIVERSITY INDEX (H."), 
PROBABILITY OF INTERSPECIFIC ENCOUNTER (P .I .E .) 
AND EQUITABILITY (E) FOR EACH STATION GROUP 

(BASED ON NUMERICAL ABUNDANCE OF SPECIES IN DAY TRAWLS) 

Winter Spring Fall 

Station Group 1 
Hn" 2 .482 1 .566 1 .988 

P .I .E . 0 .898 0 .680 0 .685 

E 0 .421 0 .143 0 .133 

Station Group 2 
Hn" 2 .641 1 .407 3 .000 

P .I .E . 0 .909 0 .633 0 .926 

E 0 .286 0.107 0.250 

Station Group 3 
ri.," 2 .03 1 .339 2 .363 

P .I .E . 0 .793 0 .547 0 .873 

E 0 .300 0 .148 0 .188 
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TABLE 18 .10 

VALUES FOR THE SHANNON-WEAVER DIVERSITY INDEX (Hn"), 
PROBABILITY OF INTERSPECIFIC ENCOUNTER (P .I .E .) 
AND EQUITABILITY (E) FOR EACH STATION GROUP 

(BASED ON NUMERICAL ABUI3DANCES OF SPECIES IN NIGHT TRAWLS) 

Winter Spring Fall 

Station Group 1 
Hn" 2 .651 2 .497 2 .278 

P .I .E . 0 .908 0 .864 0 .773 

E 0 .321 0 .210 0 .156 

Station Group 2 
Hn" 3 .000 2 .971 2 .271 

P .I .E . 0 .993 0 .924 0 .994 

E 0 .286 0 .216 0 .135 

Station Group 3 
Fin" 2 .400 2 .360 2 .232 

P .I .E . 0 .863 0 .846 0 .817 

E 0 .194 0 .179 0 .156 
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clear patterns were evident . 

A listing of all species of fishes caught during 1977, arranged in 

systematic order, with total number of individuals and total biomass of each 

species caught is given in Table 1, Appendix Q . The most commonly encoun-

tered species and the most abundant species captured during 1977 are 

listed in Tables 18 .11 and 18 .12, respectively . If a species was included 

in one list, it usually occurred in the other . Some frequently encountered 

species (e .g. Synodus foetens and Upeneus parvus),however, were not caught 

in relatively high abundance and, conversely, some of the most abundant 

species (e .g. Cynoscion nothus and ChZoroscombrus chrysurus) were not 

frequently caught . 

The ten most abundant species (with abundance >_ 10 individuals) caught 

in each station group during each season are listed in Tables 18 .13 (day) 

and 18 .14 (night) . Most of these species also occurred in the tcp ten 

listing for the corresponding station groups and time periods in 1976 . 

Occurrences of each of the major species in the top ten listings were 

tabulated and are presented in Table 2, Appendix Q . These tables gave an 

indication of how predominant certain species were among the ichthyofauna 

of the three station groups during each of the seasons . 

Many of the species which occurred in the top ten listings for a par- 

ticular station group were not found during 1977 in one or two of the other 

station groups . This was consistent with the premise that faunal composi-

tion changed with depth . These species are presented in Table 18 .15 . Sev-

eral of the species showed the same patterns as in 1976, however, the 

majority of the species did not occur in the absence list for 1976 . 

Values of the average catch per trawl are given for each of the 

common species in Appendix Q . Values were computed for station groups 
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TABLE X8 .11 

THE FIFTEEN MOST COMONLY ENCOUNTERED SPECIES FOR 1977 

Species Number of Occurrences 

r Serranus atrobranchus 101 

rristipomoides aquiZoncc_ris 96 

V Synodus foetens 87 

Trachurus Zathcnni 83 

,~ Stenotomus caprinus 83 

Centropristis phiZadeZphtica 80 

Syacium gunteri 77 

Frionotus z~araZatus 70 

croDcgon ur�duZatus 6? 

PepriZus barb 64 

Upeneus parvus 61 

Porichthys porosissimus 56 

J Prionotus stearnsi 53 

V Prionotus rubio 51 

Lutjanus ccvnpechanus 50 

r indicates species which were also among the 15 most commonly encountered 
species in ."1976 
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TABLE 18 .12 

THE FIFTEEN MOST ABUi1DA:1T SPECIES FOR 1977 

Species Number of Individuals 

P2priZus barb 5574 

i7rachurus Za tharni 4380 

Serranus atrobrancicus 2578 

llicropogon unduZatus 2856 

Stenotorrus caprinus 1648 

Priorotzcs paralatus 1615 

PY'ZStipomoides aquiZonartis 1446 

Cynoscion nothus 1248 

.5'UCZC22fi+r yru;ntor2 1099 

CnZoroscomdrus chrysurus 642 

PoZydaetyZus octonemus 636 

DipZectrUm bivtittatum 524 

Centropristis phiZadeZphica 456 

Tricnopsetta ventraZis 449 

Prionotus stea2msi 401 

indicates species which were also among the 15 most abundant species 
caught in 1976 



TABLE 1 .13 

TEN MOST ABUNDANT SPECIES CAPTURED IN DAY TRA4TLS IN EACH STATION GROUP DURING EACH SEASON . 
SPECIES LISTED ALSO HAVE ABUNDANCE _> 10 INDIVIDUALS . 

NUMBERS OF INDIVIDUALS CAPTURED ARE GIVEN FOR EACH SPECIES, 1977 DATA 

Station Group 1 

Species 
WINTER 

Syacium gunteri 
rCYnoseion arenarius 
rPeprilus burti 
rMicropogon undulatus 

No . Species 
SPRING 

No . Species 
Fall 

No . 

20 ,/PepriZus burti 4289 ,/Mieropogon unduZatus 906 
15 /Trachurus Zathami 1727 Cynoscion nothus 139 
14 ,/Micropogon unduZatus 750 ,/Syacium gunteri 91 
10 ,/ChZoroscombrus chrysurus 602 PoZydactyZus octonemus 85 

,ICynoseion riothus 462 ,/Lutjanus ecnrrpeehanus 77 
Brevoortia patronus 181 Trachurus Zathami 67 

,lAnchoa hepsetus 91 PepriZus burti 46 
HarenguZa pensaeolae 88 ,/UipZectrum bivittatum 28 
Etrurneus teres 53 Anchoa hepsetus 28 

VPoZydactyZus oetonernus 46 Citharichthys spiZopterus 21 

0 

-,Denotes species which also occurred in the top ten list for the corresponding time period and station 
group in 1976 . 



Station Group 2 

Species 
WINTER 

VPristipomoides aquiZonaris 
v1Serranus atrobranehus 
VPrionotus stearrtsi 
Sphoeroides parvus 
V5aurida brasiZiensis 
JStenotomus caprinus 
SeZar crwnenophthalmus 
Trachurus Zathami 
Centropristis phiZedeZphica 

rSynodus foetens 

TABLE 18 .13 CONT,'D 

SPRING FALL 
No . Species No . Species No . 

55 rTraehurus Zathami 1207 HarenguZa pensacolae 269 
48 rPepriZus burti 846 YlTrachurus Zathami 201 
45 Etrwneus teres 83 VISerranus atrobranchus 155 
44 YISerrcznus atrobrarcchus 50 YlPepri Zus burti 120 
30 vlPristipomoides aquiZonaris 47 Cynoscion arenarius 101 
24 rSynodus foetens 47 Synodus foetens 78 
17 Seomber japonicus 31 Micropogon undulates 78 
16 rSaurida brasiZiensis 25 rPoZydactyZus octonemus 57 
15 rStenotomus caprircus 24 DipZectrum bivittatum 56 
14 VUpeneus parvus 15 rStenotornus caprinus 56 

DipZectrum bivittatwn 15 
F-' 



Station Group 3 

WINTER 
Species 

,lPristipomoides aquiZonaris 
ISerranus atrobranchus 
rStenotomus caprinus 
AJpeneus parvus 
lPrionotus paraZatus 

TABLE 18 .13 CONT .'ll 

SPRING 
No . Species 

82 Trachurus Zathcrnri: 
37 VPristipomoides G~quiZonaris 
31 Stenotomus caprir~us 
10 vISerranus atrobrcrchus 
10 Synodus foetens 

v~Prionotus paraZG-tus 
Upeneus parrvus 

FALL 
No . Species No . 

708 rTrachurus Zathami 183 
167 rSerranus atrobranehus 180 
71 rPristipomoides aquiZonaris 145 
61 rPrionotus pavatatus 110 
16 Stenotomus caprinus 99 
15 4eneus parvus 55 
11 rPontinus Zongispinis 36 

CauZoZatiZus intermedius 33 
rTrichopsetta ventraZis 26 
vPrionotus stearnsi 16 1-~ 

CA 
1 
N 
N 



TABLE 18,14 

TEN MOST ABUNDANT SPECIES CAPTURED IN NIGHT T1Z4WLS IN EACH STATION GROUP DURING EACH SEASON . 
SPECIES LISTED ALSO HAVE ABUNDANCE >_ 10 INDIVIDUALS . 

NUMBERS OF INDIVIDUALS CAPTURED ARE GIVEN FOR EACH SPECIES, 1977 DATA 

Station Group 1 

Species 
WINTER 

Trichiurus Zepturus 
~Syacium gunteri 
VCynoscion arenarius 
lCynoseion nothus 
Anchoa mitehiZZi 
PepriZus burti 

No . Species 
SPRING 

No . Species 
FALL 

No . 

28 rPoZydactyZus octorcemus 212 JMicropogon unduZatus 724 
25 Cynoscion nothus 115 rLutjanus campechanus 138 
23 ~Micropogon unduZcxtus 106 rSyacium gunteri 114 
18 rCynoscion arenarius 64 VPoZydactyZus octonemus 96 
12 PepriZus burti 50 Cynoscion nothus 71 
10 Syacium gunteri 35 Ortlzopristis chrysoptera 67 

Upeneus parvus 24 ~Sphoeroides parvus 57 
Trachurus Zatharni 21 VDipZectrum bivittatum 51 

VSphoeroides parvzcB 17 Chaetodipterus faber 26 
ChZoroscombrus chrysurus 13 VPrionotus rubio 23 

- Denotes species which also occurred in the top ten list for the corresponding; time period and station 
group in 1976 . 



Station Group 2 

Species 
WINTER 

JStenotomus caprinus 
~Serranus atrobranchus 
Sphoeroides parvus 

JSyacium gunteri 
VPorichthys porosissimus 
DipZeetrum bivittatum 
VCentropristis phiZadeZphiea 
VTrichopsetta ventraZis 
Kathetostoma aZbigutta 
Synodus poeyi 

TABLE 18 .14 CONT .'D 

SPRING FALL 
No . Species No . Species No . 

55 v'Stenotomus ccrpriraus 196 VSerranus atrobranehus 315 
46 v'Serranus atrobranchus 153 Prionotus paratatus 181 
31 Frionotus paraZatus 133 DipZeetrum bivittatum 173 
29 ~Syacium gunteri 96 IStenotomus caprinus 161 
20 rPrionotua stearnsi 88 rSyacium gunteri 146 
18 Upeneus parvus 84 VICentropristis phiZadeZphica 124 
14 vlSynodus poeyi 60 Micropogon unduZatus 121 
14 VCentropristis phiZadeZphica 54 rPrionotus stearnsi 99 
13 Pristipomoides aquiZonaris 45 Cynoscion nothus 90 
12 vIBoZZmannia corronunis 27 YIPristipomoides aquiZonaris 72 

i 
N 



Station Grouu 3 

Species 
WINTER 

rSerranus atrobranchus 
rStenotomus caprinus 
vlPristipomoides aquitonaris 
,lTriehopsetta ventraZis 
lPrionotus paraZatus 
Syacium gunteri 
Pontirtus Zongispinis 
VPrionotus rubio 
Upeneus pawns 

TABLE 18 .14 CONT .'D 

SPRING FALL 
No . Species No . Species No . 

123 rSerranus atrobranehus 251 YlSerranus atrobranchus 564 
85 YlPristipomoides aquiZonaris 205 VPrionotus paraZatus 492 
74 YlStenotomus caprinus 162 VStenotomus eaprinus 208 
43 v/Pontinus Zongispinis 49 rPristipomoides aquilonaris 114 
31 Trachurus Zathami 42 Trachurus Zathami 95 
17 rl'richopsetta ventraZis 41 YlTrichopsetta ventraZis 71 
16 rPrionotus paraZatus 40 Upeneus parvus 52 
13 Urophycis cirratus 30 VPontinus Zongispinis 41 
14 HopZunnis tennis 15 YlHaZieutichthys acuZeatus 38 

Upeneus pawns 15 Urophycis eirratus 24 
d 
i 
n 
v 
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TABLE 18 .15 

ABSENCE OF MAJOR SPECIES IN THE STATION GROUPS DURING 1977 

Species 

o Anchoa hepsetus 

Anchoa mitchiZZi 

o BoZZmannia communis 
o Brevoortia patronus 
o CauZoZatiZus intezmedius 
o Chaetodipterus saber 

C'hZoroscombrus chrysurus 
o Citharichthys sptiZopterus 

o Cynosction nothus 

ctropus crossotus 

o Etrumeus teres 

c Ha-rerauZa pen.sacc: Zae 

o HopZunnis tznuis 

o Kathetostoma aZbigutta 
o Orthopristis chrysoptera 

PoZydactyZus octonemus 
Pontinus Zongispinis 

o SeZar crumenophthaZrrrus 
Sphoeroides parvus 

Never Found in Station Group 
I II III 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

J corresponds to observations for 1976 
o did not occur in the absence list for 1976 
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(Appendix Q, Table 3) and for transects (Appendix Q, Table 4) . 

The information in Appendix Q, Table 3 could be used to classify spe-

cies according to where on the STOCS they were predominantly found . View-

ing the data without regard to the seasons, most of the species could be 

described as either shallow-water, shallow to mid-depth, mid-depth to deep, 

or deep-water . This categorization is presented in Table 18 .16 . Several 

species in Table 3, Appendix Q either showed ambiguous abundance patterns 

over depth zones or were not abundant enough to allow such categorization, 

and were therefore omitted from Table 18 .16 . 

There appeared to be relatively little segregation of the major spe- 

cies into particular transacts or groups of transacts, (Table 4, Appendix Q), 

although a few species were absent from some transacts (Table 18 .17) . Most 

species were found on all four transacts, and several species were parti-

cularly well represented over the four transacts . These spa des were 

Serranus atrobranchus, Trachurus Zatharni, Stenotomus caprinus, Pristi-

pomoides aquiZoncris and PepriZus burti . 

Data on relative abundances of species and species composition of 

individual trawls are presented in Table 4, Appendix Q. 

It is highly desirable to make comparisons between the data of dif- 

ferent years in an attempt to identify those patterns of abundance and 

distribution shown by demersal fishes which are constant from year to year 

and those patterns which are variable between years . Caution must be 

exercised, however, in attempting to make year-to-year comparisons and in 

interpreting these comparisons because of two important sources of con-

fusion that were inherent in the sampling program . 

The first of these was nonuniformity in both time and space of the 

sampling regimes for the three years . Even though sampling was attempted 
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TABLE 18 .16 

CHARACTERISTIC DEMERSAL FISHES OF THE DIFFERENT DEPTH ZONES 

Shallow (Station Group I) 

Anchoa hepsetus 
Brevoortia patronus 
ChZoroscombrus cnrysurus 
CZtharichthys spiZopterus 
Cynoseion not'rcus 
Chaetodipterus faber 
Lutjanus ecvnpechanus 
Micropogon unduZatus 
Orthopristis chrysoptera 
PoZydactyZus octonemus 

Mid-Depth (Station Group II) 

Shallow-to-Mid-Depth 

Cynoseion arenarius 
DipZectrum btivittatum 
HarenguZa pensacoZae 
PeprzZus barb 
Sphoeroides parvus 
Syacium gunteri 
Trtichiurus Zepturus 

Centropristis phiZadeZphica 
Prionotus stearnsi 
Saurida brastiZiensis 
Synodus foetens 
Synodus poeyi Mid-Depth-to-Deep 

Deep (Station Group III) 

CauZoZatiZus intermedzus 
Pontinus Zongisptinis 
Trichopsetta ventraZis 

Prionotus paraZatus 
Pristipomoides aquiZonartis 
Serranus atrobranchus 
Stenotomus caprinus 
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TABLE 18 .17 

RESTRICTION OF MAJOR SPECIES TO PARTICULAR TRANSECTS . 
SPECIES LISTED UNDER EACH GROUP OF TRANSECTS WERE CAPTURED ONLY 

ON THOSE TRANSECTS DURING 1977 . 
(THIS TABULATION IS BASED ON ALL MONTHLY AND SEASONAL DATA.) 

Transects Species 

I, II Chaetodipterus faber 
Citharichthys spiZoptems 
HopZunnis tennis 

II, IV SeZar erwnenophthaZmus 

I, II, III Anchoa mitchiZZi 

I, II, IV Brevoortia patronus 

I, III, IV Etrumeus terres 
Orthoprzstis chrysoptera 
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on a seasonal basis for the three years, the exact dates of these seasonal 

sampling periods varied widely, as shown in Table 18 .2 . Monthly sampling 

dates also differed between years (Table 18 .2) but, of course, to a lesser 

extent than did the seasonal samples . Nonuniformity of sampling over space 

was due to the variance from year to year in the sampling effort expended 

in different parts of the STOCS study area . 

It should be noted, however, that although the detailed distribution 

of sampling effort over the sampling stations differed between years, there 

was reasonable correspondence between years in the relative expenditure 

of sampling effort over the three station groups seasonally . Evidence that 

the sampling schemes for 1976 and 1977 were broadly comparable is provided 

by Tables 13 .11 and 18 .12 . Of the 15 most commonly encountered species 

during 1977 (Table 18 .11), 12 were also among the 15 most commonly encoun-

tered species during 1976 . Of the 15 most abundant species caught during 

1977 (Table 18 .12), 10 were among the 15 most abundant species caught 

during 1976 . 

The second source of confusion to consider was the modest amount of 

replication employed in the sampling program. There is a limit to the 

amount of interpretation which one can safely indulge in on the basis of 

only one, two, or even three trawls taken at a single station during a 

given season. An attempt was made to circumvent this constraint to some 

degree by lumping stations into station groups, thereby increasing the 

sample sizes on which conclusions have been based . 

The following discussion is restricted to seasonal samples since 

monthly data are too few to base a credible discussion on . Also, for 

this discussion, attention is focused on the 1976 and 1977 data ; the 1975 

data were not thought comparable to 1976 and 1977 data . 

Comparison of the 1977 data with 1976 data showed a number of dis- 
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crepancies, In 1977, unlike 1976, fall samples yielded the greatest num-

bers of species . In 1976, Station Group 3 consistently had the lowest 

numbers of species, which was not apparent in 1977 . The highest total 

catches, in terms of numbers of individuals, occurred during spring for 

day trawls and during fall for night trawls in 1977 ; this was not evident 

in 1976 . The lowest total catches in 1976 generally occurred in Station 

Group 3, which was not true in 1977 . In 1977, the lowest total biomasses 

were taken during winter for both day and night trawls, which was not true 

for 1976, and higher total biomasses were taken in fall than in other 

seasons for night trawls . The 1976 data generally showed no trends in 

total biomasses taken . In addition, no trends in the diversity indices, 

which were consistent between 1976 and 1977, were evident . 

The patterns of occurrences of major species among the top ten species 

drawn from the 1977 data (Table 2, Appendix Q), demonstrated general agree-

went with the patterns shown by the same species in 1976 . Numerous minor 

discrepancies did, however, exist . Values for the average number of fishes 

caught per trawl, for the station group data (Table 3, Appendix Q), differed 

between the 1976 and 1977 data to varying degrees for different species . 

Some species, such as Synodus foetens, showed reasonable correspondence 

between the 1976 and 1977 values, while others, such as Anchoa hepsetus, 

showed wide differences . 

In spite of the differences in the sampling regime between 1976 and 

1977, some types of observations were fairly consistent . One such obser-

vation was the tendency of certain species to be caught in either day or 

night trawls . Examination of Table 3, Appendix Q, which gives average 

numbers of individuals caught for each of the major species, revealed the 

propensities of certain species to be caught during night or day . For 
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instance, Anchoa hepsetus showed an average catch rate of 16 .1 individuals 

per trawl during the day, but only .5 individuals per trawl during the 

night . Species which showed such obvious differences are presented in 

Table 18 .18 . 

Twenty-two (22) species showed correspondence between the two years 

in their tendencies to be caught during either day or night from the 

30 major species for which information on the average number of individuals 

caught per trawl was available for both 1976 and 1977 . The remaining 

eight species had higher total yields during the day in one year and during 

the night in the other year . For a more definitive and comprehensive 

statement on day-night differences in captures of these species based on a 

statistical analysis (of data from 1976 only), see Wohlschlag (In Groover, 

1977) and Vetter (1977) . 

Seasonal charges in abundance's of the fishes "w ere quite evident . 

Although most of the major species showed seasonal trends in abundance to 

at least some degree (Table 3, Appendix Q), a few of them had especially 

prominent peaks during spring and two species peaked during fall . In 

particular, G'FcZoroscombrus chrysurus, Cynoscion nothus, PepriZus burti, 

and Trachurus Zathami showed substantially elevated abundances during 

spring, while Serranus atrobranchus peaked in the fall and Micropogon 

unduZatus showed elevated abundances during spring and fall . These peaks 

were probably related to the influx into the system of young-of-the-year, 

but an analysis of lengths would b e required to corroborate this . 

Seasonal changes were also observed in the constellation of predomi- 

nant species in each of the three station groups, as documented by Tables 

18,13 and 18 .14 . For example, for day trawls in Station Group 1, eight 

new species entered the top ten list between winter and spring, and there 

was a change of four species between spring and fall . In Station Group 2 
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TABLE 18,18 

SPECIES OF DEMERSAL FISHES WHICH SHOWED OBVIOUS DIFFERENCES 
IN AVERAGE RATES OF CAPTURE BETWEEN DAY AND NIGHT TRAWLS . 

1977 

Species Caught at Higher 
Abundance During Day Trawls 

Species Caught at Higher 
Abundances During Night Trawls 

Anchoa hepsetus 
Brevoortza patronus 
ChZoroscombrus chrysurus 
Cynoscion notl2us 
Etrumeus teres 
HarenguZa pensacoZae 
Mzcropogon unduZatus 
Synodus foetens 
Traehurus Zatiurmi 

Prionotus paraZatus 
Serranus atrobranchus 
Stenotomus caprinus 
Syacium gunteri 
Synoaus poeyi 
Urophycis cirratus 
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(for day trawls), five species on the top ten list changed between winter 

and spring and four species changed between spring and fall . It was not 

possible to determine from the data to what extent these changes in the 

predominant species were due to migratory activities of the fishes or to 

the recruitment of young . References in the literature, however, cite the 

large-scale migratory activities for some of these species (e .g . Gunter, 

1945) and this aspect of the ecology of the local fishes presents a highly 

interesting topic for further study . 

Drawing from the data of Tables 18 .13 and 18 .14, we categorized the 

species according to the season (s) in which they predominated . This scheme 

is presented in Table 18 .19 . It was observed that while a large number of 

species predominated in a faunal assemblage only during a single season 

(e .g. Anchoa mitchiZZi only during winter and CauZoZatiZus intermedius 

only during fall), an equally large number of species were abundant all 

year round . Twelve species were particularly prominent constitutents 

of the STOCS ichthyofauna, and are marked with asterisks in Table 18 .19 . 

The results of this study on the distribution patterns of particular 

species generally appeared to conform with those presented by Chittenden 

and McEachran (1976) as well as with the data of earlier workers discussed 

by these authors . There were some points of difference, however, between 

other results and those of Chittenden and McEachran . Specifically, these 

authors reported a richer species composition in winter than in summer, 

whereas trawls in this study yielded the lowest numbers of species (for 

all station groups) during winter . They also reported a higher biomass on 

brown shrimp grounds (corresponding to Station Groups 2 and 3) than on 

white shrimp grounds (corresponding to Station Group 1) . No strong state-

went on trends in biomasses caught with change in depth could be made from 

the data collected in this study. On the other hand, Chittenden and 



18-35 

TABLE 18 .19 

THE MAJOR SPECIES CAUGHT DURING 1977 CLASSIFIED ACCORDING 
TO THE SEASON (S) IN WHICH THEY PREDOMINATED 
THE SPECIES ASSEMBLAGE IN WHICH THEY OCCURRED 

Winter 

Anchoa mitchiZZi 
Kathetostoma aZbtigutta 
Porichthys porosissimus 
SeZar crwnenophthaZmus 
Trichiurus Zepiurus 

Spring 

Bn Z Zmannia corronunis 
Brevoortia patronus 
CYcZoroscombrus chrysurus 
Etr~�6meus teres 
HopZunnis tennis 
Scomber japonicus 

Fall 

CauZoZaiiZus intermedius 
Chaetodipterus saber 
Cithartichthys sptiZopterus 
HaZieuttichthys aeuZeatus 
Lutjanus campechanus 
Orthoprtistis chrysoptera 

Winter-Spring 

Saurida brasiZiensis 
Synodus poeyi 

Siring-Fall 

Anehoa hepsetus 
HarenguZa nersacoZae 
PoZydactyZus octonemus 
Urophycis cirratus 

Wintar-Fall 

Prionotus rubio 

All Year 

Centropristis phiZadeZphtica 
Cynoscion arenarius 

* Cynoscion nothus 
* DipZectrwn bivittatwn 
* Micropogon unduZatus 
* FapriZus burti 

Pontinus Zongispinis 
* Prionotus paraZatus 

Prionotus stearnsi 
* Pristipomoides aquiZonaris 
* Serranus atrobranchus 

Sphoeroides pawns 
* Stenotomus caprinus 
* Syaciwn gunterti 

Synodus foetens 
* Trachurus Zathami 
* Trichopsetta ventraZis 
* Upeneus pawns 
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McEachran reported that biomasses caught were lower in winter than in 

summer which was consistent with the observation that for the 1977 BLM-

STOCS program, lowest catches (in terms of biomass) occurred in the winter . 

The published information on species composition of the demersal ich- 

thyofauna of the Gulf of Mexico was reviewed in depth by Chittenden and 

McEachran (1976) . These authors discussed the correspondence of charac-

teristic faunas with depth and sediment type and also touched briefly 

upon the possible roles of temperature and salinity in affecting community 

composition . For the BLM-STOCS program efforts in identifying and quanti-

fying the effects of environmental variables on the distribution and abun-

dance of species has thus far been limited . These initial results, however, 

are instructive and have therefore been included in this report . (Also 

see Wohlschlag, In Groover, 1977) . 

The relationships between abundances of selected species and some 

physical variables were examined by plotting abundance of these species 

against values of a particular variable . Representative plots for four 

major species, Trachurus Zathrnni, Syacium gunteri, ChZoroscombrus chrysurus, 

and Pepr2Zus burti are presented in Figures 18 .2 to 18 .34 . 

It can be seen that Trachurus Zatytmni (Figures 18 .2 - 18 .10) was 

ubiquitous with respect to depth . The greatest frequencies of capture 

and highest abundances occurred in trawls taken in the 17-26°C temperature 

range and the 31 .5 - 36 .5 ppt salinity range . Higher frequencies of 

captures occurred at stations with relatively low levels of sand (< 16% 

sand) . Highest frequencies of capture and abundances also occurred at 

stations with sediment composition of 28-41% silt and 40-707 clay . High 

abundances occurred in trawls taken between 0600 and 1600 hours, with a 

peak between 0800 and 1500 hours . The species was taken at highest 
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Figure 18 .2 Plot of Trachurus Zathami Abundance vs . Depth . Data 
for 1977 . 
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Figure 18 .3 Plot of Trachurus Zathami Abundance vs . Temperature . 
Data for 1977 . 
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Figure 18 .4 Plot of Trachurus Zathami Abundance vs . Salinity . 
Data for 1977 . 
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Tiochurus /othorni 
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Figure 18 .5 Plot of Trachurus Zathamti Abundance vs . Percent Sand . 
Data for 1977 . 
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Figure 18 .6 Plot of Trachurus Zathami Abundance vs . Percent Silt . 
Data for 1977 . 
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Figure 18 .7 Plot of Trachurus Zathami Abundance vs . Percent Clay . 
Data for 1977 . 
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Figure 18 .8 Plot of Trachurus Zathrnrtti Abundance vs . Time of Day . 
Data for 1977 . 
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Trochurus /athomi 
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Figure 18 .9 Plot of Trachurus Zatharni Abundance vs . Julian Day . 
Data for 1977 . 
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Figure 18 .10 Plot of Trachurus ZatYtcmti Abundance vs . Transect . 
Data for 1977 . 
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abundances on Transects I, II and III . 

PepriZus burti (Figures 18 .11 and 18 .18) was caught mainly at depths 

less than 50 m . Highest- abundances were encountered in the 20-24°C temp-

erature range and salinities greater than 34,S.ppt . This species was caught 

in abundance over a wide range of sediment composition (- 10-75% sand ; 

< 41% silt ; - 15-50% clay) . Highest abundances also occurred during the 

spring, when it was caught in abundance exclusively during daylight periods 

(at approximately 1400 hrs) . 

ChZoroscombrus chrysurus (Figures 18 .19 through 18 .26) was taken 

mainly at depths less than SO m with temperatures greater than 24°C . No 

preference for particular salinities was evident . This species occurred 

over a wide range of sediment composition (< 82% sand ; < 44% silt ; < 61% 

clay) . C. chrysurus showed no discernible pattern in the time of day at 

which it was captured . 

Syactium gunteri (Figures 1 .27 to 18 .34) was caught mainly at shallow 

stations (< 47 m) . It showed a high frequency of occurrence in the 14-30°C 

temperature range with greatest abundances at the higher temperatures . It 

also showed a high frequency of occurrence in the 31 .5 - 36 .5 ppt salinity 

range with greatest abundances at the higher salinities . Most captures 

occurred at stations with a sediment composition of < 45% sand (with a peak 

at - 14I), 23-44I silt (with a peak at - 37%) and < 69% clay (with a peak 

at - 50%) . This species was frequently encountered and abundant at all 

times of the (24-hr) day . 

It is important to bear in mind differences which may arise between 

plots based on data collected on different years, for a single species . 

For example, plots of the abundance of Lutjanus ccnnpeel2anus against temp-

erature, salinity and sediment composition are given for each of the 
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Figure 18 .11 Plot of PepriZus burti Abundance vs . Depth . Data for 
1977 . 
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Figure 18 .12 Plot of Pepr2Zus burti Abundance vs . Bottom Temp- 
erature . Data for 1977 . 



Pepsi/us 6 u~ fi 
1419 

J 
Q 

D 

O 
Z 

LL. 709- 
C) 

Ll.i 
m 

i 
0 

31 32 3 4 35 
, 

36 

., BOTTOM SALINITY (%o) 

Figure 18 .13 Plot of PepriZus burti Abundance vs . Bottom Salinity . 
Data for 1977 . 
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Figure 18 .14 Plot of PepriZus barb Abundance vs . Percent Sand . 
Data for 1977 . 
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Figure 18 .15 Plot of PepriZus burti Abundance vs . Percent Silt . 
Data for 1977 . 
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Data for 1977 . 
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Figure 18 .30 Plot of Syacium gunteri Abundance vs . Percent Sand . 
Data for 1977 . 
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Data for 1977 . 
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years 1975, 1976 and 1977 in Figures 18 .35 to 18 .43 . It can be seen that 

the highest abundances and frequencies of captures occurred in the 17-29°C 

temperature range in 1975, within the 18-28°C range in 1976, and the 26-28°C 

range in 1977 . Highest abundances and frequencies of captures occurred in 

the salinity ranges ` 29 .5 - 37 ppt in 1975, - 32 .5 - 36 .5 ppt in 1976, 

and - 36 .5 - 37 ppt in 1977 . The sediment composition which corresponded 

to the highest abundances and frequencies of capture of L, campeckanus 

ranged from 1-70% sand in 1975, 10-75I sand in 1976 and 14-72% sand in 1977 . 

It was evident that noticeable differences in the presumably preferred 

ranges of various physical parameters existed (e .g . percent sand composi-

tion of the sediment) . The message which emerges is that statements on 

the preferred ranges of various physical variables for the different 

species which are based on data from a single year must be viewed only as 

approximations . 

That the preferred ranges of certain variables differ between years 

is possibly an indication that the manner in which these variables affect 

the abundance of some species may be influenced by the action of other 

variables, which themselves differ between years . Of course, it may also 

be that some variables are simply unimportant to a particular species, and 

plots of the abundance of the species against these variables would not 

necessarily be expected to show consistency between years . If it is 

assumed, however, that most of the factors chosen for study do have at 

least some effect on the abundance of fishes, it becomes of interest to 

determine just how these factors interact in influencing fish abundances . 

It is expected that in some cases these interactions between variables 

are complex and subtle, and there are certainly correlations between a 

number of variables . Techniques for studying the interactions between 

factors and their effects on the abundances of species are presently 
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under study and it is planned that these techniques will be .applied to the 

data on demersal fishes . 

Data from all three years of sampling of the BLM-STOCS program can be 

combined to construct plots of fish abundance against values of physical 

variables . This was done for Lutjanus campechanus, and representative 

plots for temperature, salinity and percent sand composition of the sedi-

ment are given in Figures 18 .44 to 18 .46 . These plots of three years of 

data are of course more accurate in displaying the correlative relationships 

between fish abundance and physical variables than are plots based only on 

a single year's data . We plan to construct more of these plots for all of 

the major fish species that have been encountered . 

It has been recognized by several workers on Gulf fishes (Gunter, 1945 ; 

Wohlschlag, In Groover, 1977) that some differences in spatial distribution 

exist between sizes of certain species . These differences in distribution 

presumably reflect differences between sizes of fish in the preferred range 

of various physical parameters . With this in mind, a number of major 

species encountered in this study were divided into size classes and their 

abundances plotted against values of selected variables . Lutjanus carnpech-

anus has again been used as an example, and plots of abundance versus temp-

erature, salinity, percent sand composition of the sediment, time of day 

and Julian day are shown for two size classes (<_ 30 grams and > 30 grams) 

of this species in Figures 18 .47 to 18 .58 . (These plots are based on the 

combined 1975, 1976 and 1977 data .) 

It was apparent from comparison of the corresponding plots for the 

two size classes of L. earnpechanus that small (<_ 30 gram) fish occurred 

exclusively in water deaths of 50 m while larger individuals (> 30 grams) 

showed a broader distribution, ranging from 15 to 97 m . Small fish had 
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high frequencies of capture in the 19-30°C temperature range, while most 

captures of larger fish occurred in the 20-24'C range . Fish of all sizes 

were more frequently caught at salinities _> 35 ppt, although a significant 

number of captures of small individuals were made at salinities down to 

29 ppt . Both small and larger fish were captured over a wide range of 

percent sand composition of the sediment, showing no difference in this 

respect . There also appeared to be no difference between small and large 

fish in the time of day at which captures occurred . Fish of all sizes 

were caught throughout the 24-hr day at fairly uniform frequencies and 

abundances . However, there appeared to be a difference between small and 

large fish with respect to the time of year at which they were caught . 

Large fish showed a generally uniform frequency of capture over the entire 

year . Small fish, although caught throughout the year, showed a marked 

increase in abundance and in the frequency of capture during the fall . This 

probably corresponded with the time when the bulk of the young L. ccvrrp2chanus 

first became susceptible to capture with the gear employed in this study . 

It is evident from the comparisons of the two size classes of L . 

ccvnpechanus with respect to correlations with selected physical parameters 

that, within a given species, different sizes of fish may respond differently 

to some environmental variables . The implication clearly is that further 

studies on the relationships between the abundance of the species and 

environmental variables should consider the possible effects of individual 

size on the relations of the fish to environmental conditions . In parti-

cular, if more plots such as those presented here are to be constructed, 

it may be best to divide each species into appropriate numbers of size 

classes before attempting the correlative analyses . 

The point to be obtained from the plots and foregoing discussion is 

that correlative relationships between the abundance of each fish species 
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and selected physical parameters may be drawn . These relationships do 

not necessarily represent actual functional (cause and effect) relation-

ships, but they nonetheless offer a starting point for ascertaining what 

functional relationships may exist . These correlative relationships also 

provide some degree of predictive capability of fish abundances, although 

in its present form this capability is somewhat crude . It is hoped that 

the predictive capability will eventually be refined to the point where 

reasonably accurate statements on the distribution and abundances of 

species can be made based on knowledge of the prevailing environmental 

conditions . Such work will inevitably lead to some understanding of the 

biological importance of certain environmental variables . For instance, 

the existence of appropriate temperatures and sediment composition may 

explain why certain species show highest abundance at or are restricted 

to particular depths, transects, or seasons . This approach is admittedly 

purely inferential, but it is felt that by proceeding in a systematic 

and cautious fashion, much can be learned from such correlative studies 

of the data at hand . 
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ABSTRACT 

This report is concerned with the histopathologic analyses of 15 
species of demersal fishes . Observations pertain to nine cruises : three 
seasonal (February, June and October) and six monthly (March, April, 
July, August, November and December) . All samples were collected at Sta-
tions 1, 2 and 3, along Transect II and at Southern Bank . The minimum 
sampling effort was five specimens of two species of fish at each station . 
The organ sampling effort included heart, stomach, kidney, muscle and 
liver . Organ samples were prepared for histologic examination by routine 
histologic procedures . 

Parasitism, both protozoan and helminthic, was the primary cause of 
lesions in all organs . Lesions consisted of free and encapsulated para-
sites with varying degrees of inflammation and necrosis . The integrity 
of the tissues adjacent to the lesions was maintained . 

Quantitative analyses of the percentages of lesions between and with-
in various groups demonstrated that the lesions of stomach and liver were 
significantly more frequent throughout the study than were those of kidney, 
muscle and heart, while kidney lesions occurred with significantly greater 
frequency than did heart and muscle lesions . Cardiac lesions were signi-
ficantly more frequent in the vermilion snapper (RhombopZites aurorubens) 
and the red snapper (Lutjanus eampeehanus) than in the 13 other species . 

Lesion percentages that did not differ significantly were as follows : 
between species, except between red snapper and Atlantic threadfin (PoZy-
dactyZus octonemus) ; between cruises within stations ; between stations ; 
between cruises within seasonal effort ; between cruises within monthly 
effort ; and between seasonal and monthly cruises . 
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INTRODUCTION 

This annual report is concerned with the histopathologic analyses of 

demersal fishes . Qualitative and quantitative observations pertain to 

fish samples collected on nine cruises : three seasonal (February, June and 

October) and six monthly (March, April, July, August, November and Decem-

ber) . All samples were collected at Stations l, 2 and 3, Transect II and 

at Southern Bank . The minimum sampling effort for this study was five 

specimens of two fish species at the Transect II stations . An additional 

effort was made to collect five specimens of two fish species at Southern 

Bank . 

The organ sampling effort for each specimen within each species 

included the heart, stomach, kidney, muscle and liver . Samples of gill 

tissue were also collected on the first four cruises . Fish organ samples 

were collected by the Principal and Associate Investigators on all cruises . 

MATERIALS AND METHODS 

Fish were collected in a 35 ft (10 .7 m) otter trawl at Stations 1, Z 

and 3, and by hook and line at Southern Bank . Trawl time was approximately 

30 minutes, with two to four trawls per station . Fish from each trawl were 

sorted, identified by species, and placed in a live holding tank . Fish 

caught at Southern Bank were also placed in a live holding tank . 

Organ sample processing began immediately aboard ship in an effort 

to prevent postmortem changes . Samples of each organ no greater than five 

millimeters in all directions were placed in a fixative solution in tissue 

capsules with identification information . Two fixatives were employed : 

buffered neutral formalin and Helly solution (Appendix R, Table 1) . 

Cardiac tissue, predominantly from the ventricle, was fixed primarily in 

Helly solution and occasionally in formalin . Organ samples were fixed 



19-4 

for 24 hours . 

Following fixation, the organ samples were washed in running tap water 

for 24 hours and placed in 70% ethyl alcohol . While in 707 alcohol, the 

tissues were trimmed to remove unnecessary connective tissue remnants and 

for blocking purposes . Kidney tissue, collected in situ, was placed in 

ethylene-diamine-tetra-acetic acid (EDTA) for eight hours to decalcify 

adjacent bone structures . All organ samples were then dehydrated with 

ethyl alcohol in increasing concentrations, cleared in xylene, infiltrated 

with paraffini in a vacuum oven at 58° for three hours and embedded in 

paraffin 

Organs were sectioned at six micrometers on a rotary microtome2 . The 

sections, cut from organs fixed in both Helly solution and formalin, were 

mounted on glass microscope slides . Section size permitting, six sections 

of fQriIIdl1P fixed ti ssue LTPra mniintar? per ^?_ d a, T w, .̂ c?Oi1G pf H211v- 

fixed tissue were mounted per slide . A minimum of two slides was prepared 

for each organ with each fixative . The basic staining procedure employed 

was hematoxylin and eosin (Appendix R, Tables 2 and 3) . Additional sections 

fixed in Helly solution were also stained with Verhoeff and Van Gieson 

connective tissue stain (Appendix R, Tables 4 and 5) . All slides were 

mounted with synthetic mounting media3 . 

Fish were coded aboard ship . Each fish species was given a single 

Arabic letter, followed by a number to indicate the sequence of the speci-

mens within each species . This is referred to as the Haensly code and will 

be used throughout this report . A computer code was also provided for each 

species, each specimen within each species, and each organ within each 

1 TISSUE PREP, Fisher Scientific Co ., Houston, Texas 77001 
2 AMERICAN OPTICAL 820 
3HISTOCLAD, Clay Adams, Parsipany, New Jersey 07054 
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specimen, by the Data Management staff at the UTMSI/PAML . 

RESULTS AND DISCUSSION 

Organ samples for the 1977 sampling effort were collected from the 

species of fish listed in Table 19 .1 . 

Qualitative Evaluation 

The lesions observed in each of the organs were predominantly related 

to parasitism . 

Muscle 

Histology 

The muscle sections, sampled from blocks of tissue collected .-from the 

left dorsal trunk musculature, demonstrated striated muscle fibers cut 

obliquely and/or in cross-section . The individual fibers were large and 

surrounded by small amounts of collagenous connective tissue fibers . 

Occasionally, nerve ganglia and nerve fibers were observed between the 

muscle fibers . Blood vessels were also present in the interstitial connec-

tive tissue . 

Histopathology 

All of the muscular lesions ob ; 

majority were protozoan cysts, with 

either between or within the muscle 

sporidian infections . A few of the 

None of the lesions were associated 

lation of unusual cell types . 

served were related to parasitism . The 

and without prominent capsules, located 

fibers . These were classified as myxo-

parasitic lesions were encysted helminths . 

with inflammatory reactions or accumu- 
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TABLE 19 .1 

SPECIES LIST OF FISH COLLECTED DURING THE 1977 SAMPLING EFFORT 

Scientific Name 

Pristipomoides aquiZonaris 

Stenotomus caprinus 

Cynoscion arenarius 

rlicropogon unduZatus 

PepriZus burti 

Centropristis phiZadeZphica 

Lutjanus ecurrpechanus 

Trachurus Zathami 

3erranus atrobranchus 

Lagodon rhomboides 

Leiostomus xanthurus 

HarenguZa pensacoZae 

ChZoroscombrus chrysurus 

PoZydactyZus octonemus 

RhombopZites aurorubens 

Common Name 

Wenchman 

Longspine porgy 

Sand seatrout 

Atlantic croaker 

Butter fish 

Rock sea bass 

Red snapper 

Rough scad 

Blackear bass 

Pinfish 

Spot croaker 

Scaled sardine 

Atlantic bumper 

Atlantic threadfin 

Vermilion snapper 

Haensly Code 

A 

B 

C 

D 

E 

F 

G 

H 

K 

L 

M 

N 

P 

R 

SN 
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Kidney 

Histology 

Renal tissue was morphologically the same for all species, that is, 

nephrons were embedded in varying amounts of hemopoietic tissue . Glomer-

uli were located peripherally, both dorsally and laterally, within the 

main renal mass . Renal tubules were numerous and appeared structurally 

similar to mammalian renal tubules, composed of a layer of simple cuboidal 

epithelial cells with round, central basophilic nuclei surrounded by an 

eosinophilic cytoplasm . Wandering lymphocytes penetrated the tubular 

epithelium only occasionally . 

Scattered through the kidney sections were areas of pigment-contain- 

ing cells . The pigmented areas varied in number from kidney to kidney 

and appeared to be associated with the hemopoietic tissue . Delicate 

strands of collagenous fibers supported the renal parenchyma . Connec-

tive tissue was not conspicuous in the kidney except adjacent to large 

blood vessels . Acidophil cells were occasionally observed in the renal 

interstitium . 

Histopathology 

The lesions observed in the kidney samples were varied : protozoa 

in duct lumens and between duct epithelial cells or thickly encapsu-

lated in the parenchyma as xenomas, remnants of helminth parasites, and 

an apparent deposition of large amounts of lipid in tubule epithelial 

cells . Protozoa, free or encysted, were observed to be the most numer-

ous parasite . A cardiac protozoa, observed only in fish sampled at 

Southern Bank, was also detected within the lumen of renal vessels . 

Adenomas were observed in two kidney samples . 
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Heart 

Histology 

Sections of cardiac ventricular muscle revealed bundles of striated 

muscle fibers cut in cross section, obliquely or longitudinally . Small 

amounts of collagenous connective tissue fibers supported the muscle 

cells and the abundant interstitial vascular supply . Occasional clumps 

of lightly pigmented cells were present, predominantly in the pericardium . 

Acidophil cells were occasionally observed in the pericardial region . 

Histopathology 

Encysted helminth parasites or their remnants were infrequently 

observed . The predominant cardiac lesions were circular and measured 

about 24 um in diameter . The outer wall of these lesions were cellular 

and surrounded a central region varying structure which was apparently 

degenerative . In the same hearts that contained these lesions, there 

were protozoa-like cells aligned in rows along the cardiac muscle fibers 

or arranged in aggregates between muscle fibers . An extensive myocarditis 

was associated with these lesions . These protozoa-like cells were present 

only in the cardiac tissue of fish sampled at Southern Bank . 

Stomach 

Histology 

The basic structure of the stomach wall was similar to that of carni- 

vorous animals and exhibited a well-developed mucosa with columnar epithel-

ial cells, gastric glands and muscularis mucosa, a well-developed submu-

cosa, and tunica muscularis . No parietal cells were observed in the gland-

ular epithelium in any of the species examined . Occasionally, striated 

muscle fibers were present in the muscle tunic . 
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Histopathology 

Most of the histopathologic observations were lesions associated 

with parasitism . Helminth parasites were occasionally seen in the mucosa 

or attached to the mucosal surface . The most common mucosal parasites 

were protozoa, located among the gastric epithelial cells either as single 

cells or in small groups . 

Protozoa were also observed in the submucosa, although less frequently 

than helminths . Helminth parasites in the submucosa represented the most 

intensive gastric infection, with sections of encysted trematodes, ces-

todes and nematodes . In addition, many encapsulated areas of degenerat-

ing parasitic foci could be detected in the submucosa . Helminth parasites 

were occasionally observed in the tunica muscularis . 

The submucosa of all stomachs exhibited varying amounts of inflam-

;natorreap~i.on_s, Usually these were scattered foci of inflammatory 

cells, predominantly lymphocytes, plasma cells or mixtures of these two 

cell types . Lymph nodules were not observed . 

Acidophil cells were commonly observed in the gastric tissue . While 

they were predominantly located in the submucosa, they were also present 
.j 

in the other two wall types . In this study, the presence and numbers of 

acidophil cells in the stomach appeared to be directly correlated with 

the degree of parasitism . 

Liver 

Histology 

Liver cell arrangement was generally either tubular or muralium . In 

the tubular pattern, six to eight hepatocytes surrounded a central sinusoid . 

In the muralium arrangement, there were interweaving sheets of hepatocytes 

two cells thick, marginated by sinusoids . 
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Hepatocytes were large cuboidal cells with prominent nuclei and 

nucleoli . The cytoplasm ranged from non-vacuolated to extremely vacu-

olated . Vacuolation of the hepatocytes may have been due to glycogen 

and/or lipid accumulation . 

Sinusoids were lined by discontinuous endothelium and Kupffer cells . 

The sinusoids were either dilated or closed . Sinusoid dilation may have 

been a shock reaction to trawl entrapment and rapid decompression . 

Hepatopancreas (exocrine pancreas) units were scattered through the 

hepatic parenchyma in all species observed except the rock sea bass (F) 

and the rough scad (H) . With hematoxylin and eosin stain, hepatopancrea-

tic cells were basophilic, showing prominent eosinophilic zymogen gran-

ules at the apical end of the columnar cells . 

Groups of yellow to gold pigmented cells were also found in the hep-

atic parenchyma . 

In the perihepatopancreatic space, cells with acidophilic granules 

and basophilic nuclei (acidophil cells) were sometimes observed . 

Aistopathology 

Pathologic lesions were primarily parasitic in nature . Three types 

of protozoa were observed . Encysted biconcave discs and nucleated proto-

zoa were present in the hepatic parenchyma . A third type of protozoa was 

observed between epithelial cells of the bile ducts . This type was oval 

with an eosinophilic cytoplasm and basophilic nuclei . 

Cross sections of helminths were observed in the liver parenchyma . 

One bile duct contained a trematode . 

Necrosis was frequently observed in the liver parenchyma, bile ducts 

and blood vessels . Granulomas were observed occasionally . 

Scattered areas of vacuolated hepatocytes were present in some liver 

samples . 
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Gill 

Gill tissue samples were not routinely collected . Except for one 

sample that contained an ectoparasite, no histopathology was observed . 

Quantitative Evaluation 

Duncan's new multiple range test (Steel and Torrie, 1960) was used to 

detect possible significant differences between means . Percentages of 

lesions found in various groups of fish were used to interpret data from 

this testing . Gill tissues were not included in the analyses because 

they were not routinely collected . The results from this study are recorded 

in Tables 19 .2 through 19 .17 . 

Table 19 .2 is a summary of the entire investigation according to 

species of fish and organs within each species . Forty-two percent of 

1591 organ samples showed lesions . Among species, lesions present varied 

from 16% (threadfin,R) to 69% (red snapper, G) . This variation may have 

little meaning because species sample size varied widely . In only one 

comparison, red snapper (G) versus threadfin (R), was there a significant 

difference in the percentages of lesions observed . This absence of sig-

nificant differences between species was due to the large variation which 

existed within each species . 

For the overall study, Table 19 .2 also summarizes the percentages of 

lesions found in each organ . Regardless of species, the stomach and liver 

had consistently more lesions than did other organs,-perhaps because the 

functions of stomach and liver make them more susceptible to infection . 

Lesion percentages in heart, kidney and muscle were smaller and more vari-

able, with the overall percentage of kidney lesions significantly higher 

than were the percentages of heart and muscle lesions . Compared with the 



TABLE 19 .2 

NUMBER OF ORGANS CONTAINING ti1S'fOYA'flllll.OCIC CONDITIONS WITHIN 
EACH SPECIES SAMPLED ON THE FEBRUARY, MARCH. APRIL, 
JUNE, JULY, AUGUST, OCTOBER, NOVaIBER, AND DECEMBER 

CRUISES, 1917, SOUTH TEXAS l)CS MONITORING STUDY 

Species 

Organ -A B C D E F C - 11 

Heart 4*(9)** 3(S) 0(0) 3(9) 0(0) 0(0) 16(40) 0(0) 
44 SS 45 35 20 14 20 3 

Stomach 45000) 37(67) 43(96) 14(40) 1400) 11(73) 20(100) 200) 
45 55 45 35 20 15 20 5 

Kidney 11(26) 13(24) 33(73) 9(26) 0(0) 1(7) 14(70) 4(NO) 
43 55 45 35 20 15 20 5 

Muscle 2(4) 3(5) 15(33) 2(6) U(0) U(0) U(0) 2(40) 
45 55 45 35 20 15 20 3 

Liver 41.(91) 55(100) 29(64) 15(43) 12(60) 11(73) 19(95) 4(80) 
45 55 45 35 20 15 20 5 

Gill 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 1(20) 0(0) 
20 30 25 S 15 10 5 0 

TOTAL 103(43) 111(36) 120(48) 43(24) 26(23) 23(27) 70(67) 14_(48) 
242 305 250 180 115 84 105 25 

*Numerat or : number of organs cont aining histopathologic condition . 
Denomin ator : nu mber of organs sa mpled. 

**Percent age of lesions. 

K L M N P R SN TOTAL 

0(0) U(0) 1(7) 0(0) 1(20) 0(0) 19(63) 47(15) 
14 S 15 S 5 5 30 317 

9(64) 2(40) 6(40) 3(60) n(0) 4(80) 26(87) 236(76) 
14 5 15 S 5 3 30 319 

0(0) 1(20) 5(33) 0(U) U(0) U(0) 9(30) 100(32) 
14 5 15 5 3 5 30 317 

U(0) 1(20) 12(80) 0(0) 0(0) 0(0) 0(0) 37(12) 
14 5 15 5 5 3 30 31.9 

8(57) 3(60) 12(8U) 2(40) 4(BO) 0(0) 28(93) 243(76) 
14 5 15 5 5 5 30 319 

0(U) U(0) 0(0) 0(0) 0(0) 0(0) 0(0) 1(1) 
4 5 5 0 0 0 10 1.34 

17(23) 7(23) 36(45) 5(20) 5(2U) 4(16) H2(Sl) 664(38) 
74 30 80 25 25 25 160 1725 

N 

1 
N 
N 



TABLE 19 .3 

NUMBER OF ORGANS CONTAINING HISTOPATHO LOGIC COND ITIONS WITHIN 
STATION 1, TRANSECT II, ON THE MO NTHLY AND SEASONAL 

CRUISES, 1977, SOUTH TEXAS OCS MONITORING STUDY 

Cruise Dates 

Feb . March April June July Aug . Oct . Nov . 

Organ/Species F,K C,E ,C,E C,D C,FI N,P D,R C.ll 

Heart 0*(0)** 0(0) 0(0) 0(0) 0(0) 1(10) 1(1.0) 0(0) 
9 10 10 10 10 10 10 10 

Stomach 3(33) 9(90) 9(90) 5(50) 7(70) 3(30) 6(60) 9(90) 
9 10 10 10 70 10 10 10 

Kidney 0(0) S(50) 4(40) 6(60) 7(70) 0(0) 1(1) 4(40) 
9 10 10 10 10 10 10 10 

Muscle 0(0) 4(40) 2(20) 2(20) 2(20) 0(0) 0(0) 1(10) 
9 10 10 10 10 10 10 10 

Liver 7(78) 8(80) 7(70) 3(3U) 0(0) 6(60) 5(5U) 5(SO) 
9 10 10 10 10 10 10 10 

Gill 0(0) 0(0) 0(0) 0(0) ()(0) 0(0) 0(0) 0(0) 
9 10 10 10 0 0 0 0 

TOTAL 10(19) 26(43) 22(37) 16(27) 24.(48) 1.0(20) 13(26) 19(38) 
54 60 60 60 50 50 50 50 

*Numera tor : number of organs containing histopathologic conditions . 
Denomi nator : number of organs samp led . 

**Percen tage of lesions . 

Dec . 

C'D TOTAL 

0(0) 2(2) 
10 $9 

6(60) 57(64) 
10 89 

3(30) 30(34) 
10 89 

1(10) 1.2(13) 
10 89 

2(20) 43(48) 
10 89 

0(0) 0(30) 
0 39 

12(24) 152 01) 
50 484 

.n 
i 
w 



TABLE 19 .4 

NUMBER OF ORGANS CONTAINING HISTOPATnoLocic COND ITIONS WITHIN 
S TATION 2, TRANSLCT II, ON '1'H1: MONTHLY AND SEASONAL 

CRUISES, 1977, SOUTH TEXAS OCS MONITORING STUDY 

Cruise Dares 

Feb. March April June July Aug . Oct . Nov . Dec . 

Organ/Species B,F B,L C,M A,F -I;K- F,K D,M C,D D,M TOTAL 

Heart 0*(0)** 0(0) 0(0) 0(0) U(0) 
- - 

0(0) 1(10) 1(10) 1(10) 3(3) 
10 10 10 f() 10 9 10 10 10 89 

Stomach 7(70) 6(60) 8(80) 9(90) i'(:70) 6(60) 5(50) 7(70) 2(20) 57(63) 
10 10 10 10 10 10 10 10 10 90 

Kidney 1(10) 1(10) 8(80) 0(0) _U1;0) n(0) 3(30) 8(80) 1(10) 22(24) 
10 10 10 10 1() 10 10 10 10 90 

Muscle 0(0) 1(10) 7(70) 0(0) 0{0) 0(0) 4(40) 3(3U) 3(30) 18(20) 
- - i io io o io io io 10 ~=o ~ O 

Liver 9(90) 8(80) 8(80) 10(100) _`i(50) 5(SO) 8(80) 4(40) 3(30) 60(67) 
10 10 10 10 l0 10 10 10 10 90 

Gill 0(0) 0(0) 0(0) 0(0) U(0) U(0) 0(0) 0(0) 0(U) 0(0) 
10 10 10 10 0 0 0 0 0 40 

17(28) 16(26) 31(52) 19(32) l :'.>_(24) 11(22) 21(42) 23(G6) 10(20) 160(33) 
TOTAL 60 60 60 60 50 49 50 50 50 489 

*Numerator : number of organs containing liisto pathologic conditions . 
Denominator : number of organs sampled . 

**Percentage of lesions . 

.o 
i 
1-' 
A 



TABLE 19 .5 

NUMBER OF ORGANS CONTAINING HISTOPAT11O LOGIC COND ITIONS WITHIN 

STATION 3, T RANS ECT 11, ON THE MO NTHLY AND SEASONAL 
CRUISES, 1 977, SOUTH TEXAS OCS MONITORING STUDY 

Cruise Dates 

Feb . March April June July Aug . Oct . Nov . 

an/Species Or C h AB A B A,B A ,B A,B A,B A,B g , - , 

Heart 2*(20)** 0(0) 0(0) 1(10) 1(10) 1(10) 1(10) 0(0) 

10 9 10 10 10 10 10 10 

Stomach 9(90) 8(80) 9(90) 9(90) _l0(100) 9(90) 6(60) 8(80) 

10 10 10 10 10 10 10 10 

Kidney 3(30) 4(SO) 3(30) 1(10) __3,(30) 4(40) _4(40) 0(U) 

10 B 10 10 t0 10 10 10 

Muscle 4(40) 1(10) 1(10) 0(0) l(10) 0(0) 0(0) 0(0) 
10 10 10 10 1.0 10 10 10 

Liver 9(90) 10(10) 10(100) 10(100) 10(100) 8(80) 10(loo) 10(100) 
10 10 1.0 10 10 10 10 10 

Gill 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(u) 

10 10 10 10 0 0 0 0 

27(45) 23(40) 23(38) 21(35) 25 (50) 22(44) 21(42) 18(36) 
TOTAL 60 57 60 60 

_ 
50 50 50 50 

*Numerator : number of organs containing histopathologic conditions . 

Denomin ator : number of organs sampled . 

**Percent age of lesions . 

Dec . 

A, B TOTAL 

1(10) 7(8) 
' - 10 6 

8(80) 76(84) 
1.0 90 

3(30) 25(28) 
10 88 

0(0) 7(8) 
10 90 

8(80) 85(94) 
10 90 

0(0) 0(0) 
0 40 

20(40) 200 (41) 
50 487 

i 



TABLE' 19 .6 

NUMBER OF ORGANS CONTAINING 1(IS1'OPATHOLOGIC CONDITIONS WITHIN 
SOUTHERN BANK ON THE MONTHLY AND SEASONAL CRUISES, 

1977, SOUTH TEXAS OCS MON ITORING STUDY 

Crui se Dates 

April June July Aug . Oct . Nov . Dec . 

Organ/Species SN,G SN,G SN,G_ S N,G SN G SN TOTAL 

Heart 8*(89(** 2(33) 7(70) t)(80) 3(60) 4(80) 3(60) 35(70) 
9 6 10 10 5 S 5 50 

Stomach S(89) 6(100) 10(100) 10(100) 4(80) 5(100) 3(60) 46(92) 
9 6 10 l0 5 5 S 50 

Kidney 2(22) 1(17) 3(30) 9(90) 2(40) 4(80) 2(40) 23(46) 
9 6 10 10 5 5 5 50 

Muscle 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 
9 6 10 10 5 5 5 50 

Liver 9(100) 6(100) 9(90) 10(100) 3(60) 5(100) S(100) 47(94) 
9 6 10 10 5 5 5 SO 

Gill 1(11) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 1(7) 
9 6 0 0 0 0 0 15 

TOTAL 2852) 15(42) 29(58) 37(74) 12(48) 18(72) 13(52) 152 (57) 
54 36 50 50 25 25 25 265 

*Numerator : number of organ s containing histopat hologic conditions . 
Denominator : n umber of org ans samp led . 

**Percentage of l esions . 

i 
ON 



TABLE 19 .7 

NUMB ER OF ORGANS CONTAINING HISTOI'AT110LOGIC CONDI TIONS 
FOR THREE SEASONAL CRUISES, 1977, 
SOUTH TEXAS OCS MONITORING STUDY 

Seasonal Cruises 

February .Tune October 

Organ/Species E .K .B .F .B,C D,C,A,r,I3,SN ,G llLR,M,A,B ,SN TOTAL 

Heart 2*(6)** 3(8) 6(17) 11(11) 
29 36 35 100 

Stomach 19(65) 29(81) 2 .1(60) 69 (69) 
29 36 35 100 

Kidney 4(13) 8(22) 10(29) 22 (22) 
29 36 35 100 

Muscle 4(13) 2(6) 4(11) 10 (10) 
29 36 35 100 

Liver 25(86) 29(81) 26(24) 80 (80) 
29 36 35 100 

Gill 0(0) 0(0) 0(0) U(0) 
29 -f6- 0 65 

54 (31) 71(33) 67 (38) 192 (34) 
TOTAL 

174 216 175 565 

*Numerator : number of organs containing histopathologic 
conditions . 

Denominator : number of organs sampled . 

**Percentage of lesions . 

.a i 
V 



TABLE 19 .8 

NUMBER OF ORGANS CONTAINING HISTOPATHOLOGIC 
CONDITIONS FOR SIX h10NTHLY CRUISES, 1977, 

SOUTH TEXAS OCS MONITORING STUDY 

Monthly Cruises 

March April July Aug . Nov . Dec . 

Organ/Species C,E,B,L, C,E,M,A, C,H,E,K, N,P,K,F, C,D,A, C,D,M, TOTAL 
A,B _ B,SN,G A,B,SN,G A,B,SN,G B,G A,D,SN 

Heart 0*(0)** 8(21) 8(20) 10(26) 5(14) S(14) 36 (17) 
29 39 40 39 35 35 217 

Stomach 23(76) 34(87) 34(85) 28(70) 29(83) 19(54) 167 (76) 
30 39 40 40 35 35 219 

Kidney 10(35) 17(44) 13(32) 13(32) 16(46) 9(26) 78 (40) 
28 39 40 40 35 35 217 

Muscle 6(20) 10(26) 3(8) 0(0) 4(11) 4(11) 27 (12) 
30 39 40 40 35 35 219 

Liver 26(86) 34(87) 32(80) 29(72) 24(69) 18(51) 163 (74) 
30 39 40 40 35 35 219 

Gill 0(0) 1(3) 0(0) 0(0) 0(0) 0(0) 1(1) 
30 39 0 0 0 0 69 

65 (36) 104 (44) 90(45) 80 (40) 78 (45) 55 (31) 472 (41) 
TOTAL 177 234 200 199 175 175 1160 

*Numerator : number of organs containing histopathologic conditions . 
Denominator : number o f organs sampled . 

**Percentage of lesions . 

i 
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TABLE 19 .9 

NUMBER OF ORGANS CONTAINING HISTOPATHOLOGIC CONDITIONS 
PER NUMBER OF ORGANS SAMPLED ON THE FEBRUARY, 1977, 

CRUISE, SOUTH TEL~~S OCS MONITORING STUDY 

Organ/Species : 

Heart 

Stomach 

Kidney 

Muscle 

Liver 

Gill 

Subtotal 

TOTAL 

Station 1 

E K 

0*(0)** 0(0) 
S 4 

2(40) 1(25) 
5 4 

0(0) 0(0) 
5 4 

0(0) 0(0) 
S 4 

4(80) 3(75) 
5 4 

0(0) 0(0) 
5 4 

6(20) 4(16) 
30 24 

10(18) 
54 

;station 2 

B F 

0(0;) 0(0) 
5 5 

2(40) 5(100) 
5 5 

0(0) 1(20) 
5 5 

0(0) 0(0) 
5 5 

5(100 ) 4(80) 
5 5 

0(0) 0(0) 
S 5 

7(23) 10(33) 
30 30 

17(28) 
60 

Station 3 

B C 

.g_(40) 0 (0) 
S 

4(80) 5(100) 
5 S 

2(40) 1(20) 
5 5 

2(40) 2(40) 
5 S 

5(100) 4(80) 
5 5 

0(0) 0(0) 
5 5 

15(50) 12(40) 
30 30 

27(45) 
60 

TOTAL 

2(6) 
29 

19(65) 
29 

4(13) 
29 

4(13) 
29 

25(86) 
29 

0(0) 
29 

54 (31) 
174 

*Numerator : number of organs containing histopathologic conditions . 
Denominator : number of organs sampled . 

**Percentage of lesions . 

V i 
F 
V 



TABLE 19 .10 

NUMBER OF ORGANS CONTAINING HISTOPATHOLOGIC CONDITIONS 
PER NUMBER OF ORGANS SAMPLED ON THE MARCH, 1977, 

CRUISE, SOUTH TEXAS OCS MONITORING STUDY 

Station 1 Station 2 Station 3 

Organ/Species : C E B L A B TOTAL 

Heart 0*(0)** 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 
5 5 5 5 4 5 29 

Stomach 5(100) 4(80) 4(80) 2(40) 5(100) 3(60) 23(76) 
5 5 5 5 5 5 30 

Kidney 5(100) 0(0) 0(0) 1(20) 1(33) 3(60) 10(35) 
5 5 5 S 3 S 28 

Muscle 4(80) 0(0) 0(0) 1(20) 1(20) 0(0) 6(20) 
5 5 5 5 5 S 30 

Liver 5(100) 3(60) 5(100) 3(60) 5(100) 5(100) 26(86) 
5 5 5 5 5 5 30 

Gill 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 
5 5 5 5 5 30 

Subtotal 19(63) 7(23) 9(30) 7(23) 12(44) 11(36) 
30 30 30 30 27 30 

TOTAL 26(43) 16(26) 23(40) 65 (36) 
60 60 57 177 

*Numerator : number of organs containing histopathologic conditions . 
Denominato r : number of organs sampled . 

**Percentage of lesions . 

i 
N 
0 



TABLE 19 .11 

NUMBER OF ORGANS CONTAINING 1IISTOPAT110LOCIC CONDITIONS 

PER NUMBER OF ORGANS SAMPLED ON THE APRIL, 1977, 

CRUISE, SOUTH TEXAS OCS MONITORING STUDY 

Organ/Species : 

Heart 

Stomach 

Kidney 

Muscle 

Liver 

Gill 

Subtotal 

Station 1 Station 2 Station 3 

C E ,-- 
M C A B 

0*(0)** 0(0) 0(0) 0(0) 0(0) 0(0) 

5 5 S 5 5 5 

4(80) S(100) 3(60) 5(100) S(100) 4(80) 

5 5 S 5 5 5 

4(80) 0(0) 3(60) 5(100) 1(20) 2(40) 

5 5 5 5 5 5 

2(40) 0(0) 5(100) 2(40) 0(8) 1(20) 

5 S 5 5 5 5 

5(100) 2(40) 4(80) 4(80) 5(100) 5(100) 
5 5 5 5 5 

0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 

5 5 5 S 5 5 

15(50) 7(23) 15(50) 16(53) 11(37) 12(40) 

30 30 30 30 30 30 

Southern Bank 

SN G 

4(80) 
5 

4(80) 
5 

0(0) 
S 

0(0) 
5 

S(100) 
5 

0(0) 
5 

13(43) 
30 

4(100) 
4 

4(100) 
4 

2(50) 
4 

0(0) 
4 

4(100) 
4 

1(25) 
4 

15(62) 
24 

TOTAL 22(37) 31(52) 2308) 
60 60 60 

*Numerator : number of organs containing histopathologic conditions . 

Denominator : number of organs sampled . 

**Percentage of lesions . 

28(52) 
54 

TOTAL 

8(21) 
39 

34(87) 
39 

17(44) 
T9- 

10(26) 
39 

34(87) 
39 

1(3) 
39 

104 (44) 
234 

F-' 

1 
N 



TABLE 19 .12 

NUMBER OF ORGANS CONTAINING HISTOPATHOLOGIC CONDITIONS 
PER NUMBER OF ORGANS SAMPLED ON THE JUNE,1977, 

CRUISE, SOUTH TEXAS OCS MONITORING STUDY 

Station 1~ Station 2 

Organ/Species D C A F 

Heart 0*(0)** 0(0) 0(0) 0(0) 
5 5 5 5 

Stomach 0(0) S(100) 5(100) 4(80) 
5 5 5 5 

Kidney 1(20) 5(100) 0(0) 0(0) 
S 5 5 5 

Muscle 0(0) 2(40) 0(0) 0(U) 
S 5 5 5 

Liver 1(20) 2(40) 5(100) S(lU0) 
5 5 5 S 

Gill 0(0) 0(0) 0(0) 0(U) 
5 5 5 5 

Subtotal 2(7) 14(47) 10(33) 9(30) 
30 30 30 30 

TOTAL 

Station 3' 

A B 

1(20) 0(0) 
5 5 

5(100) 4(IIO) 
5 S 

0(0) 1(20) 
S 5 

U(0) 0(0) 
S 5 

5(100) 5(100) 
S S 

0(0) 0(0) 
S 5 

11(37) 10(33) 
30 30 

16(27) 1902) 21(35) 
60 60 60 

Southern Bank 

SN G 

200) 0(0) 
5 1 

5(100) 1(100) 
5 1 

1(20) 0(0) 
S 1 

0(0) 0(0) 
5 1 

5(l0U) 1(100) 
S 1 

0(0) 0(0) 
5 1 

13(43) 2(33) 
30 6 

15(42) 
36 

TOTAL 

3(8) 
36 

29(81) 
36 

8(22) 
36 

2(6) 
36 

29(81) 
36 

0(0) 
36 

71 (33) 
216 

F-' 

i 

*Numerator : number of organs containing histopatliologic conditions . 
Denominator : number of organs sampled . 

**Percentage of lesions . 



TABLE 19 .13 

NUMBER OF ORGANS CONTAINING HISTOPATHOLOGIC CONDITIONS 
PER NUMBER OF ORGANS SAMPLED ON Tti1. JULY, 1977, 

CRUISE, SOUTH TEXAS OCS MONI'T'ORING STUDY 

Southern 
Station 1 Station 2 Station 3 Bank 

Organ/Species : C H E K A B SN G TOTAL 

Heart 0*(0)** 0(0) 0(0) 0(0) 1(20) 0(0) 4(80) 3(60) 8(20) 
5 5 S 5 5 5 S S 40 

Stomach 5(100) 2(40) 3(60) 4(80) 5(100) 5(lU0) 5(100) 5(100) 34(85) 
S 5 S S S 5 5 5 40 

Kidney 3(60) 4(80) 0(0) 0(0) 3(60) 0(U) 0(0) 3(60) 13(32) 
5 5 5 5 S 5 5 5 40 

Muscle 0(0) 2(40) 0(0) 0(0) 1(20) 0(0) 0(0) 0(0) 3(8) 
S 5 S S S 5 5 5 40 

Liver 4(80) 4(80) 3(6p) 2(40) 5(100) 5(l0U) 5(100) 4(8U) 32(80) 
5 5 S S 5 5 S 5 GO 

Subtotal 12(48) 12(48) 6(24) 6(24) 15(60) 10(40) 14(56) 15(60) 
25 25 25 25 25 25 25 25 

TOTAL 24(48) 12(24) 25(50) 29(58) 90 (45) 
SO SO 50 50 200 

*Numerator : number of organs co ntaining histopathologic conditionS " 
Denominator : number of organs sampled . 

**Percentage of lesions . 

N 
W 



Organ/Species : 

Heart 

Stomach 

Kidney 

Muscle 

Liver 

Subtotal 

TOTAL 

TAIiI.L 19 .14 

NUMBER OF ORGANS CONTAINING HISTOPATHOLOGIC CONDITIONS 
PER NUMBER OF ORGANS SAMPLED ON THE AUGUST, 1977, 

CRUISE, SOUTH TEXAS ()CS MONITORING STUDY 

Station 1 

N P 

0*(0)** 1(20) 
5 5 

3(60) 0(U) 
S 5 

0(0) 0(0) 
5 5 

5 S 

2(40) 4(80) 
5 

5(20) S(20) 
25 25 

10(20) 
50 

10(26) 
39 

28(70) 
40 

13(32) 
40 

40 

29(72) 
40 

80(40) 
199 

*Numerator : number of organs containing histopathologic conditions . 
Denominator : number of organs sampled . 

**Percentage of lesions . 

Station 2 

K F 

0(0) 0(0) 
5 4 

4(80) 2(40) 
5 5 

0(0) 0(0) 
5 5 

S S 

3(60) 2(40) 
S 5 

7(28) 4(17) 
25 24 

11(22) 
49 

Station 3 

A 

1(20) 
S 

S(100) 
S 

3(60) 
5 

S 

3(60) 
5 

12(48) 
25 

B 

0(U) 
5 

4(80) 
5 

1(20) 
S 

5 

S(100) 
5 

10(40) 
25 

22(44) 
50 

Southern 
Bank 

SN G TOTAL 

3(60) 
S 

5(7_00) 
5 

4(80) 
5 

5 

5(0) 
5 

17(68) 
25 

5(100) 
S 

5(100) 
5 

5(100) 
S 

S 

S(100) 
S 

20(80) 
25 

37(74) 
50 

F 
V 
i r 
1 



TABLE, 19 .15 

NUMBER OF ORGANS CONTAINING HISTOPA`PHOLOGIC CONDITIONS 
PER NUMBER OF ORGANS SAMPLED ON THE OCTOBER, 1977, 

CRUISE, SOUTH TEXAS OCS MONITORING STUDY 

Station 1 Station 2 Station 3 

Organ/Species D R D M A B 

Heart 1*(20)** 0(0) 0(0) 1(20) 1(20) 0(0) 
5 5 5 S' S S 

Stomach 2(40) 4(80) 2(40) 3(60) 5(100) 1(0) 
5 5 S 5 5 5 

Kidney 1(20) 0(0) 1(20) 2(40) 2(40) 2(40) 
5 5 5 5 5 5 

Muscle 0(0) 0(0) 0(0) 4(80) 0(0) 0(0) 
S S 5 5 5 5 

Liver 5(100) 0(0) 3(60) S(100) 5(100) S(l0U) 
5 S S 5 5 S 

9(36) 4(16) 6(24) 15(60) 13(52) 8(32) 
Subtotal 25 25 25 25 25 25 

TOTAL 
13(26) 
50 

21(42) 
SO 

21(42) 
50 

Southern 
Bank 

SN 

3(60) 
5 

4(80) 
5 

2(40) 
5 

0(0) 
5 

3(60) 
5 

TOTAL 

6(17) 
35 

21(60) 
35 

10(29) 
35 

4(11) 
35 

26(74) 
35 

12(48) 
25 

67(38) 
175 

i 
v 

*Numerator : number of organs containing histopathologic conditions . 
Denominator : number of organs sampled . 

**Percentage of lesions . 



TABLE 19 .16 

NUMBER OF ORGANS CONTAINING tIISTOPAT110LOGIC CONDITIONS 
PER NUMBER OF ORGANS SAMPLED ON THE NOVEMBER, 1977, 

CRUISE, SOUTH TEXAS OCS MONITORING STUDY 

Station 1 Station 2 Station 3 

Organ/Species C D C D _ A R 

Heart 0*(0)** 0(0) 0 1(20) 0(0) 0(0) 
5 5 5 5 S 5 

Stomach 5(100) 4(80) 5 2(40) 5(100) 3(60) 
5 S S 5 5 5 

Kidney 2(40) 2(40) 5 3(60) 0(U) 0(0) 
S 5 S 5 S S 

Muscle 0(0) 1(20) 2 1(20) 0(0) 0(0) 
S S 5 5 5 S 

Liver 2(40) 3(60) 2 2(40) S(100) S(0) 
5 5 S 5 5 S 

9(36) 10(40) 14(56) 9(36) 10(40) 8(32) 
Subtotal 25 25 25 

- 
25 25 25 

TOTAL 
19(38) 
-5-O- 

23(46) 
SO 

18(36) 
50 

Southern 
Bank 

G 

4(80) 
5 

S(100) 
5 

4(80) 
S 

0(0) 
5 

S(100) 
S 

TOTAL 

5(14) 
35 

29(83) 
35 

16(46) 
35 

4(11) 
35 

24(69) 
35 

18(72) 
25 

78(45) 
175 

*Numerator : number of organs containing histopathologic conditions . 
Denominator : number of organs sampled . 

**Percentage of lesions . 

.n 
i 
N a 



TABLE 19 .17 

NUMBER OF ORGANS CONTAINING 11ISTOPATHUI.OGIC CONDITIONS 
PER NUMBER OF ORGANS SAMPLED ON THE DECEMBER, 1977, 

CRUISE, SOUTH TEXAS OCS MONITORING STUDY 

Station 1 Station 2 Station 3 
Southern 

Bank 

Organ/Species D C ~ D _ M A B SN TOTAL 

Heart 0*(0)** 0(0) 1(20) 0(0) 0(0) 1(20) 3(60) 5(14) 
5 S 5 S 5 S 5 35 

Stomach 2(40) 4(80) 2(40) 0(0) 5(100) 3(0) 3(60) 19(54) 
5 S S S 5 5 5 35 

Kidney 0(0) 3(60) 1(20) U(0) 1(20) 2(40) 2(40) 9(26) 
5 5 S 5 5 5 5 35 

Muscle 0(0) 1(20) 0(0) 3(60) 0(0) 0(0) 0(0) 4(11) 
5 5 S S 5 5 5 35 

Liver 1(20) 1(20) v(0) 3(60) 3(60) S(lU0) 5(1.00) 18(57.) 
5 S 5 5 5 5 5 35 

3(12) 9(36) 4(16) 6(24) 9(36) 11(44) 13(52) 
Subtotal 

25 25 25 25 25 25 25 

12(24) 10(20) 20(40) 13(52) 55 (31) 
TOTAL 

50 50 50 2 5 175 

*Numerator : number of organs containing histopathologic conditions . 
Denominator : number of organs sampled . 

**Percentage of lesions . 

F' 

I 
N 
v 
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other 13 species, vermilion snapper (SN) and red snapper (G) showed signi-

ficantly more cardiac lesions, an observation which may be related to the 

environment of these two species (Southern Bank) . Kidney and muscle 

lesions were more numerous in sand sea trout (C), rough scad (H), and spot 

croaker (yi) than in all other species . Red snapper (G) also had numerous 

kidney lesions . 

Tables 19 .3 - 19 .6 summarize lesion percentages observed at the various 

stations : 1, 2 and 3, Transect II, and Southern Bank, respectively . No 

significant differences in overall lesion frequency was found in organ 

samples taken from monthly cruises and those taken from seasonal cruises . 

Again, however, within each station gastric and hepatic lesions . were sig-

nificantly more frequent than cardiac, renal and muscular lesions, and 

renal lesions were significantly more frequent than lesions of heart and 

muscle . There was a consistent increase in the overall number of lesions 

observed from Stations 1 to 2 to 3 to Southern Bank . 

A comparison of the lesions found in each organ at each station gave 

the following results : cardiac lesions were significantly more frequent 

at Southern Bank than at the other stations ; hepatic lesions were signi-

ficantly more frequent at Southern Bank than at Stations 1 and 2 ; and 

hepatic lesions were more frequent at Station 3 than at Station 1 . Liver 

lesion percentages increased from Station 1 to 2 to 3, with the highest 

percentage at Southern Bank . 

Table 19 .7 presents a summary of percentages of lesions observed 

during the seasonal sampling effort . These percentages did not differ 

significantly among the seasonal cruises . During these cruises, however, 

both liver lesions and stomach lesions were observed with significantly 
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greater frequency than were muscle, heart and kidney lesions . 

Table 19 .8 summarizes lesion percentage data gathered from the monthly 

cruises and, again, the overall percentages from these cruises showed no 

significant difference . Percentages of both liver and stomach lesions 

were significantly larger than the percentages of muscle, heart and kidney 

lesions, and the kidney percentage was significantly larger than those for 

muscle and heart . 

Between seasonal and monthly cruises (Tables 19 .7 and 19 .8), overall 

lesion percentages were not significantly different, nor were the percen-

tages of liver, stomach, muscle, kidney or heart lesions . 

Tables 19 .9 through 19 .17 present histopathologic detail of each 

seasonal and monthly sampling effort as well as the data summarized in 

Tables 19 .2 through 19 .8 . 

SL':MIAIR: 

The qualitative information obtained in the histopathologic study of 

demersal fish demonstrated that parasitism was the major cause of lesions . 

Lesions that may be related to other pathologic agents were not observed . 

Parasitism caused varying degrees of necrosis, especially in the liver and 

stomach . Adjacent to such lesions, however, the general integrity of the 

tissues was maintained . 

Quantitative analyses of the percentages of lesions between and with-

in various groups demonstrated the following : 

1 . Approximately two-fifths of the organ samples collected had _-

lesions . 

2 . Among species, aside from significant differences-between red 

snapper (G) and threadfin (R), overall lesion percentages did not differ 

significantly . 
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3 . Hepatic and gastric lesions were significantly more frequent 

throughout the study than heart, kidney and muscle lesions . 

4 . Overall, kidney lesions occurred with significantly greater fre- 

quency than did heart and muscle lesions . 

5 . Cardiac lesion percentages in vermilion snapper (SN) and red 

snapper (G) were significantly higher than in the 13 other species sampled . 

6 . Within each station, lesion percentages did not differ signifi- 

cantly according to month or season . 

7 . Within each station, gastric and hepatic lesions were observed 

with significantly greater frequency than were heart, kidney and muscle 

lesions . Kidney lesions were significantly more frequent than heart or 

muscle lesions . 

8 . Overall lesion percentages did not differ significantly according 

to station . 

9 . Cardiac lesions were observed with significantly greater fre- 

quency at Southern Bank than at Stations 1, 2 or 3 . 

10 . Gastric, renal and muscular lesion percentages did not differ 

significantly according to station . 

11 . Hepatic lesions were significantly more frequent at Southern 

Bank than at Stations 1 and 2 and significantly more frequent at Station 3 

than at Station 1 . 

12 . Among the seasonal cruises, overall lesion percentages were not 

significantly different . 

13 . During the seasonal cruises, gastric and hepatic lesions were 

significantly more frequent than were muscular, cardiac and renal lesions . 

14 . During the monthly cruises, gastric and hepatic lesions were sig- 

nificantly more frequent than were muscular, cardiac and renal lesions, 

while kidney lesions were significantly more frequent than those for 
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muscle and heart . 

15 . Overall lesion percentages did not differ significantly accord- 

ing to month or season . 

16 . Percentages of cardiac, gastric, hepatic, renal and muscular 

lesions did not differ significantly acc~~rding to month or season . 

CONCLUSIONS 

Parasitism caused most of the histopathologic conditions observed 

in fish taken from the stations of Transect II and Southern Bank, and was 

randomly distributed between species, stations and time of year . Aside 

from the parasitism, the fish sampled appeared to be in good health and 

free from lesions that could be attributed to other etiological agents . 

Monitoring studies should be much enhanced, since other types of lesions 

can be readily contrasted with this baseline information . 
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ABSTRACT 

A histopathological study of epifaunal invertebrates was carried out 
on animals collected at Stations 1, 2 and 3, Transect II each month of 1977 
except for January, May and September . A total of 2265 organs were used 
from 453 specimens . Crustaceans were the most common specimens obtained . 
There were 6 species of shrimp totaling 214 specimens, 5 species of crabs 
totaling 129 specimens and 2 species of stomatopods totaling 26 specimens . 
Molluscs collected consisted of 3 species of bivalves totaling SS specimens 
and 1 species of squid totaling 29 specimens . 

The total number of pathologies in the gills almost equaled that in 
internal organs . Shrimp had the highest percent and variety of symbionts 
in the gills, most of which were parasitic ciliates . The total percent of 
other types of pathological conditions in the gills was higher than the 
total percent of symbionts . Crabs had by far the largest number of such 
conditions and molluscs had very few gill pathologies of any kind . 

Internal organs, as opposed to the gills, had a much higher total 
percent of symbionts than other types of pathologies . Crabs were the 
exception, with less symbionts than other pathologies . Bivalves had many 
more symbionts in their internal organs than other animals . 

All pathological conditions other than symbionts in the gills and 
internal organs could have been caused by parasites, bacteria, viruses or 
injuries . Most of these conditions in the internal organs, however, 
appeared to be related to the host's reaction to parasites . The largest 
percent of all pathologies in the internal organs were found in the gastro-
intestinal tract of the animals studied . 
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INTRODUCTION 

The purpose of this study was the continuation of the development of 

a data base of histopathologies of invertebrate epifauna of the South Texas 

Outer Continental Shelf (STOCS) . Such a study is necessary for environmen-

tal monitoring purposes, as such surveys have not been performed previously . 

It is also a very useful study to the general scientific community, as 

knowledge of the normal histology as well as histopathology of these animals 

is meager (Couch et at ., 1974) . 

Most reports of histopathological conditions in the literature con- 

cerned commercial species (Cheng, 1967 ; Sparks, 1972) . Only two such 

species, Penaeus aztecus and P. setiferus (the brown and white shrimp, 

respectively), were collected as part of this study . Many of the patholo- 

gical conditions found in this study had not been reported in the litera-

ture For either the animals studied or for closely related animals (John-

son, 1968) . The majority of the pathological conditions were due to para-

sites, particularly nematodes, cestodes and trematodes . These could not 

be specifically identified from sectioned material, but had to be obtained 

whole from their hosts by dissection . The only parasitological survey of 

Gulf invertebrates found in the literature was on shrimp by Hutton et al ., 

(1959), and only dissection, no sectioning, was used for identifying the 

parasites . In almost all reports concerning parasites in the literature, 

the parasites were identified to at least the genus level . Since no para-

sitology was conducted in the STOCS study, the identification beyond gen-

eral classification of the majority of the symbionts found in the animals 

used in this study was impossible . In a few cases, i .e . 1Vematopsis sps . 

and PseudokZossia sps ., comparison of the morphology of the parasite, its 

histopathological effects on the host and its presence in closely related 



host species, resulted in identification at least to the genus level . 

The etiologies of various hyperplastic conditions observed in this 

study are unknown . Such pathologies may be caused by viruses (Rosenfield, 

1976), which can only be diagnosed with the use of live material or elec-

tron microscopy ; bacterial diseases, which can only be identified from 

living material ; or protozoans and fungi, which also require living mate-

rial for identification . 

This report shows the general types of pathological conditions found 

in several different kinds of marine invertebrates of the region studied . 

Differences between the various pathological conditions in the different 

types of animals, i,e ., shrimp and crabs, are presented as well as dif-

ferences between the different species of each type, i .e . the two shrimp 

Penaeus aztecus and Trachyperaeus sim:Zis . Some pathological conditions 

were shown to differ with change in seasons and some were found only at 

..̂.2itaii~ ucuLiij of tL1C V1111 . 

MATERIALS AND METHODS 

Collections were made at Stations 1, 2 and 3, Transect II each 

month in 1977 except for January, May and September . A 35-ft (10 .7 m) 

otter trawl was used with trawl times generally of 30 minutes . Trawling 

efforts were generally performed until sufficient specimens were obtained, 

and ranged from one to six efforts per station . Collections were made 

between sunset and sunrise . The two instances when insufficient numbers 

of specimens were obtained, collections were performed during daylight 

(Station 3, April 18 and Station 1, July 29) . 

Three species per station, five specimens per species, and five 

organs per specimen were required by BLM for the study . Extra specimens 

and species were obtained when possible to provide supplemental material 

if needed . A total of 405 specimens and 2025 organs were required for 
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study while 453 specimens and 2265 organs were actually examined . BLM 

suggested that the brown shrimp, Penaeus aztecus, a bivalve, and any 

other species be used . P. aztecus was collected at least once every 

cruise, but bivalves were not available in February or October and only 

one specimen was collected in November (Table 20 .1) . An attempt was made 

to collect the same species studied in 1976, but this was not always 

possible . A total of 17 species was collected, some of which were extra 

species and others only obtained one time . 

Animals were removed from the otter trawl net and sorted immediately . 

Usable specimens were placed in a tank with running sea water . One spe-

cimen at a time was brought into the dissecting area and measured, sexed 

(if possible) and various organs dissected out, if the animal was large 

enough . If the animal was too small to dissect properly, it was opened 

up to allow penetration of the fixative as discussed below . Shrimp abdo-

men were severed from the cephaiotnorax, a small central dorsal portion 

of the carapace of the cephalothorax removed, and the front of the head 

just behind the eyes cut off . Stomatopod abdomens were severed from the 

cephalothorax, sharp edges of abdominal segments as well as thoracic 

appendages were cut off and the front of the heads were removed just 

behind the eyes . Crab legs were removed and the carapace opened dorsally 

from the posterior end, leaving the anterior end attached . A cut was 

also made into the muscle mass just anterior to the fourth leg . Bivalves 

were carefully shucked . Squid mantles were cut along the ventral mid-

line and the animal spread open . Organs not dissected on board ship were 

dissected with the aid of a dissecting microscope after returning to the 

laboratory when there was sufficient time to be careful . Small organs 

were easier to dissect after they had been fixed, as less damage occurred 

to fixative-hardened tissues than to soft, fresh ones . Bivalves, no matter 



TABLE 20 .1 

NUMBER OF SPECIMENS S'Il4)ItD IN MONTIIS, SEASONS AND STATIONS 

no- uuururv 

Feb . March A ril J~u ie July Aug . Oct . Nov . Dec . 
Species 

Winter Spring Sprin g Skimmer Suuwer Summer Fall Fall Winter 
Total 

1 2 7 1 2 3 1 2 7 1 2 3 1 t 3 1 2 3 1 2 3 1 2 3 1 2 

Paptaeua nstecao S S 6 7 6 6 6 6 5 5 5 S 5 6 6 S 89 
Perwteua anti ferua 6 7 ~ 5 5 5 T 

Trschypenaeus eimflia 7 7 S S 5 S S 5 44 

Sioyonia dorealin S 5 6 

Sisyonia etimpsorii 6 

3olanwuz+ "a vioaaai 5 5 6 16 

SquilZa chydsea S S 6 16 

Sq:ii11a e^rpuea 3 7 - - lU 

CJZZineuCea ai+nilie 6 g 7 y 6 5 5 6 S 5 52 

Portunus epinfcarpua 

- 

6 1 

- -- 

6 5 S 6 5 S 39 

Porturmy gibb.riii ~ b 6 - - - 6 lb 

Ar1:79Lr':u3 ZQtu9 1 

-- - 

) 

- 

5 6 ' 19 
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what their size, were not dissected as they have a small coelomic cavity 

and most of their organs could not be dissected out without destroying 

the surrounding ones . 

Different organs were studied in different types of animals as shown 

in Table 20 .2 . Since the organs of bivalves were not dissected out, sec-

tions were made in the areas of the desired organs . 

Dissected organs as well as parts of or whole animals were placed 

in appropriate size tissue capsules, wrapped in cheese cloth or placed in 

perforated plastic bags with a label and immersed in Zenker's fixative 

for 12 to 24 hours . Then they were placed in 70% ethyl alcohol, in which 

they could remain indefinitely . At this time dissection was completed . 

Further dehydration, clearing and infiltration with paraffin were completed 

in an automatic tissue processor . Final paraffin embedding was done by 

hand . 

Sections were cut at 6 1.1m, mounted or, cleaned labeled slides and 

allowed to dry at 35°C for about 24 hours . If the sections were small 

enough six serial sections were mounted per slide, or six serial sec-

tions were mounted on the necessary number of slides . Each organ was 

stained with two different stains, two slides of each, or 12 sections 

per stain, making a total of four slides or 24 sections . Different 

stains were used for different tissues as follows : gills were stained 

with Qhlorazol Black E and Alcian Blue-PAS ; muscles were stained with 

Chlorazol Black E and Masson's Trichrome ; all other tissues were stained 

with Alcian Blue-PAS and Mason's Trichrome, The Alcian Blue-PAS and 

Chlorazol Black E stains were performed by hand and the Masson's Trichrome 

stain was carried out in an automatic tissue stainer . Slides were cover 

slipped with "Permount" mounting media . Slides were read with the aid 

of a Leitz Ortholux microscope . 



TABLE 20 .2 

ORGANS USED FOR HISTOPA'I'HOLOGY OF INVERTEBRATES 

Gill Digestive Intestine Muse:l .e Kidney Stomach Heart Caecum 
Organ 

Shrimp x x x x x 

Stomatopods x x x x x 

Crabs x x x x x 

Squid x x x x x 

Bivalves x x x x x 

N 
0 
i 
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Occasionally a tissue block would need to be recut . This occurred 

for example, when hard material was in the intestinal contents and caused 

the tissue section to shatter upon sectioning . Another example was an 

insufficient amount of a particular organ in a section, particularly 

in bivalve tissue blocks where the organs were not dissected and further 

sectioning deeper into the block provided sufficient material for exami-

nation . The total number of recuts was 262 . The total number of slides 

studied was 9322 . 

A total of 15 organs was lost (9 intestines, 5 hearts, and 1 diges- 

tive gland) . In all cases the tissue present was not the proper organ . 

Intestines of shrimp were very small and were usually left attached to 

muscle and/or jonadal tissue when di_-G?rted . During preparation of the 

tissue the intestines probably became detached and were lost . Crab hearts 

were very thin and fragile .and were occasionally destroyed when opening 

the anal . The harts may nave partially adhered to the epidermis 

underlying the dorsal carapace . All of these blocks were recut several 

times in an attempt to find the wanted tissue . 

Dr . John G . rlackin served as a consultant to aid in identifying 

parasites and other types of pathologies . Several pathological condi-

tions of the paper shell scallop, Amusiton papyraeeus, were unknown to 

Dr . Mackin and nothing concerning them was available in the literature . 

An expert in molluscan pathology, Dr . Thomas C . Cheng, offered to identify 

these conditions . Slides containing these pathologies were sent to him 

in July, 1977, but he has been too busy to aid us as of this writing . 

RESULTS AND DISCUSSION 

General 

Parasitic symbionts were responsible for most of the pathological 
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conditions observed in this study . Non-parasitic symbionts, found pre-

dominantely in the gills of decapods, generally were not pathological 

unless present in excessively high numbers . In such cases, blockage of 

normal function or mechanical damage may have resulted . Normally, path-

ological conditions caused by symbionts were obvious, but if the sec-

tinned tissue did not contain the central portion of a lesion, such path-

ological conditions had to be described as having an unknown etiology . 

Viral diseases could not be identified in this study and were also class-

ified as etiology unknown . There may have been more than one etiology 

for each type of pathological condition described in the same or different 

species . 

The results are given in Tables 20 .3 through 20 .15 . Results are 

given as percentages because the number of animals studied of each 

species was not the same . The percentages were obtained by dividing the 

number of animals of a given species with a particular pathological con-

dition by the total number of animals of that species studied . Percent-

ages higher than 100 indicate the pathological condition occurred in more 

than one organ. Each type of pathological condition was only counted 

once for a given organ . This was necessary as certain symbionts, such 

as nematodes, are long and sinuous, and could pass in and out of the plane 

of section several times without the observer being able to identify the 

true number of nematodes present . Therefore, animals were identically 

recorded as having a particular condition, whether one or many such con-

ditions were present in any one organ . Tables of original data are 

presented in Appendix S . 

Symbionts, other pathological conditions, organs and locations of 

conditions in the gills were listed by number to conserve space in the 

tables herein and in Appendix S . These numbers are decoded in the two 



20-11 

Key to Table Codes 

ORGANS 

105 GONAD 

106 HEART 

107 HEPATOPANCREAS 

108 INC SAC 

110 INTESTINE 

111 KIDNEY 

112 LIVER 

113 MUSCLE 

114 OVARY 

117 STOMACH 

120 CAECLM 

121 BRAIN GANGLION 

122 MANTLE 

125 SALIVARY GLAND 

150 PANCREAS 

LOCATIONS 

201 IN GILL CHAMBER 

202 IN GILL FILAMENT 

203 BETWEEN GILL FILAMENTS 

204 BRANCHIAI. SINUS 

205 INVOLVING FILAMENTS AND 

BRANCHIAL SINUS 

209 EPITHELIUM 

SYMBIONTS 

301 ALGAE 

302 CESTODE LARVA 

303 COPEPOD 

304 DEGENERATE PARASITE 

305 ECTOCO!,~fENSAL 

306 FUNGI 

307 GREGARIVE 

308 Lr1BRYIVTHYLID 

309 MYXOSPORIDIr1N CYST 

310 NEMATODE 

311 NIIMERTEAN 

312 PSEUDOKLOSSIA SP . 

313 PROTOZOA 

314 AMUSIUM HP BACTERIA 

315 SPORAZOAN 

316 SMALL CILIATE 

317 STALKED CILIATE 

318 OTHER CILIATE 

319 TRIIKATODE LARVA 

320 SYNOPHRYA SP . 

321 SUCTORIA 

322 COELENTERATE 

323 NEMATOPSIS SP . 

324 UNKNOWN EGGS ATTACHED TO GILL 

TISSUE 
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Key to Table Codes 
(cont.'d) 

SYMBIONTS (cont .'d) 

325 HEI~~IINTHS 

327 UNKNOWN DIGESTIVE GLAND 

DISEASE (GREEN DISEASE) 

328 DORVILLID POLYCHAETE 

329 FLATWORM 

330 ANNELID 

331 BARNACLE 

332 PIDINOTHERIDAE (PEA CRAB) 

333 TUBULARIAN 

334 POLYCHAETE 

335 LARVAL CRAB 

336 AMUSItJM HALO CELL 

398 UNKNOWN 

411 DEFORMED FILAMENT 

PATHOLOGIES OTHER THAN SYMBIONTS 

501 

502 

503 

504 

505 

506 

507 

520 

571 

529 

540 

GILL PATHOLOGIES OTHER THAN SYMBIONTS 

401 EXCESS CELLULARITY & ATROPHY 541 

402 LARGE CELL AGGREGATE 

403 T - SHAPED 542 

404 Y - SHAPED 

405 SMALL CELL AGGREGATE 549 

406 SWOLLEN BRANCHIAL SINUS 

407 SWOLLEN FILAMENTS 550 

408 THICKENED CUTICLE 551 

410 DISEASE CONDITION - GLANDS 

STAIN PAS POSITIVE 

ARTRETIC EGGS 

SWOLLEN SARCOL&kfMA 

HYPERPLASIA - ABNOR'~1AL CELLS 

HYPERPLASIA - NORMAL CELLS 

GRAM NEGATIVE BACTERIA 

GRAM POSITIVE BACTERIA 

OTHER BACTERIA 

CYST - PROBABLE DEGENERATE 

PARASITE 

f_YCTTr R.F_a(_T 1l)N 'P(1 NaKAti l.'I'H: 

CYST - UNKNOWN 

LEUCOCYTIC INFILTRATION 

BY CYST 

LEUCOCYTIC INFILTRATION 

BY DEGENERATING PARASITE 

LEUCOCYTIC INFILTRATION 

BY PARASITE 

LEUCOCYTIC INFILTRATION 

BY UNKNOWN 

GENERAL LEUCOCYTIC INFILTRATION 

HYALINIZATION 
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PERCENT OF SHRIMP WITH GILL SYMBIONTS 
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PERCEiJT OF SHRIMP WITH GILL PATHOLOGIES OTHER THAN SYMBIONTS 
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PERCENT OF SHRIMP WITH SYMBIONTS IN INTERNAL ORGANS 

SYMHI ON'1 
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TABLE 20 .6 

PERCENT OF SHRIMP WITH PATHOLOGIES OTHER THAN SYP4BIONTS IN INTERNAL ORGANS 

PATHOLOGY 
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TABLE 20 .7 

PERCENT OF CRABS WITH GILL SYMBIONTS 

SYMBIONT AND LOCATION 

.-1 

O 
M 

In 
O 
PI 

~rl 

O 
l'1 

m 
O 
M 

m 

O 
~'1 

a0 

M 

a0 

P1 

O 

r~l 

O 

Cl 

O 

cal 

.~1 

M 

~n 

M 

.o 

t~l 

h 

t1l 

ao 

P'1 

a~ 

M 

ts~ 

M 

O 

Cl 

O 
N 
M 

H 
N 
M 

N 
N 
t'1 

1'1 
N 
Y1 

J 
N 
t'1 

00 
N 
m 

0~ 
~`1 
M 

O 
~'1 
I'1 

N 
N1 
0l 

v 
f'1 
m 

~n 
,"1 
t'1 

Species o 
N 

In 
0 
N 

In 
0 
N 

H 
0 
N 

cal 
0 
N 

J 
0 
N 

ul 
0 
N 

N 
0 
N 

M 
0 
N 

J 
0 
N 

i'1 
0 
tV 

N 
0 
N 

t~l 
0 
N 

~') 
0 
N 

t'1 
0 
N 

r 
0 N 

J 
o 
N 

N 
v 
N 

~A 
o 
N 

`~ 
N 

cal 
o 
tV 

J 
0 
N 

~~h 
0 
N 

.-1 
0 
N 

~"1 
0 
N 

(~1 
0 
N 

N 0 N 1'1 
0 
N 

t"~ 
0 
N 

CalLinaites eimilia 13 10 2 12 4 4 

Portunaa spinicai"pua 5 3 7 23 

Portunua gi6beaii 6 11 

Ana8imua latua 5 5 5 11 42 5 11 32 5 16 

A~jropsia quinqueapinoaa 



TABLE 20 .8 

PERCENT OR CRABS WITH GILL PATHOLOGIES OTHER THAN SYMBIONTS 
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TABLE 20,9 

PERCENT OF CRABS WITH SYMBIONTS IN INTERNAL ORGANS 
SYMBIONT 
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TABLE 20 .10 

PERCENT OF CRABS WITH PATHOLOGIES OTHER THAN SYMBIONTS IN INTERNAL ORGANS 
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TABLE 20 .11 

PERCENT OF MOLLUSCS WITH GILL SYMBIONTS 
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TABLE 20 .12 

PERCENT OF MOLLUSCS WITH GILL PATHOLOGIES OTHER THAN SYMBIONTS 
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TABLE 20 .13 

PERCENT OF MOLLUSCS WITH SYMBIONTS IN INTERNAL ORGANS 
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TABLE 20 .14 

PERCENT OF MOLLUSCS WITH PATHOLOGIES OTHER THAN SYMBIONTS IN INTERNAL ORGANS 

PATH OLOGY 
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TABLE 20e15 

PERCENT OF ALL PATHOLOGICAL CONDITIONS 

Gills Internal Organs 

No . of 
Specimens Symbionts 

Other 
Pathologies Total Symbionts 

Other 
Pathologies Total 

Total 
Pathologies 

Shrimp 214 124 145 269 111 75 186 455 

Stomatopods 26 42 42 84 19 4 23 107 

Crabs 129 50 336 386 22 32 54 440 

Bivalves 55 . 58 5 63 376 91 467 530 

Squid 29 10 17 27 121 7 128 155 

Total 453 284 545 829 649 209 858 
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pages preceding the tables . Clarification of certain terms used follows . 

"In gill chambers" refers only to the location of the dorvillid poly-

chaete frequently found living in the gill chamber of the spider crab, 

Anasirrrus Zatus . The adult polychaete is too large to go between gill 

filaments but may wander between the separate gills . "Between gill fila-

ments" generally indicated the location of a non-parasitic symbiont . 

Under symbionts, the "algae" found only on the gills of Anasirmcs Zatus, 

may be an unknown protozoan or alga . "Degenerate parasite" refers to a 

parasite that has been attacked by the host's leucocytes . Identification 

was made at an early stage of defense by the host when the parasite could 

still be identified as such in the lesion . "Ectocommensal" indicates an 

unknown apparently non-parasitic symbiont as compared to known non-para-

sitic symbionts such as the coelenterates found among some crab gills . 

"Amcsium HP bacteria" refers to a specific bacterial disease of the hep-

atopancreas (HP) of the paper shell scallop, Amusium papyraceus . "Small 

ciliate", "stalked ciliate" and "other ciliate" indicate the three types 

of ciliates observed in sections of shrimp gills and are discussed under 

shrimp, below . "Helminths" indicates parasitic worms that .could no.t be 

further classified as trematodes, cestodes, etc., when not enough of the 

parasite was present in the sections or it was a very young larval stage, 

difficult to identify . "Amusium halo cell" indicates an unknown disease 

in the paper shell scallop which may be caused by a protozoan and is 

discussed in detail below. "Unknown" refers to a symbiont, usually para-

sitic, which was not present in the sectioned tissue in sufficient amount 

to identify it . Under pathological conditions other than symbionts 

"other bacteria" refers to bacteria not tested with the Gram stain . 

"Cyst-unknown" indicates a lesion which was the result of the defensive 

reaction of the host against a parasite, bacteria, virus or perhaps mech- 
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apical damage . If the reaction by the host had progressed to the extent 

of destroying the invading organism, one could not distinguish between the 

possible etiologies . "Leucocytic infiltration", either general or specific 

indicates a reaction by the host to the invading organism . 

Whew a pathological condition was recorded in an internal organ the 

condition may have been in the outer or inner connective, tissue, around 

blood vessels, nerves or ducts in the organ as well as in the parenchyma 

of the organ itself . Locations of conditions in the gills were listed 

rather than combined, as the locations were considered more important . 

If a pathological condition was found in the gill filaments the affected 

area was localized compared to its presence in the branchial sinus which 

may have become blocked and therefore affected the entire distal portion 

of the gill . Locations in the gill were also differentiated between 

symbionts attached to or actually in the gill and those merely caught 

between tne.giil .tiiaments but livyng freely . Since gill symbionts 

and other pathological conditions are generally different from those in 

the internal organs, they were treated separately in this report . 

Stomatopods were included with shrimp in most of the tables in this 

report and in Appendix S . 

Shrimp 

Shrimp were the most common animals collected (47Y) . They were caught 

at every station and during every month collections were made (Table 20 .1) . 

Penaeus azteeus, the brown shrimp, was collected most frequently (89 

animals) . It was found at every station and caught at least once every 

month . Traehypenaeus stimiZis, the rough-back shrimp was the next most 

common (44 animals) and found at all stations and collection periods 

with the exception of two months . Sieyonia dorsaZis, the rock shrimp, 
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was only found at Station 2 and Penaeus setiferus, the white shrimp, 

only at Station le SoZenocera vioscai, the broken-back shrimp, was 

only collected during three periods and only at Stations 2 and 3 . Sicyo-

nia stimpsoni, a rock shrimp, was collected and used once, thinking at 

first it was S, dorsaZis which it closely resembles . 

Gills 

Shrimp had the highest percent of gill symbionts, most of which were 

ciliates (Table 20 .3) . Three kinds of ciliates were found . A small 

ciliate, which was believed to be an apostome ciliate of the genus Syno-

phyra, was the most common . 

This ciliate has a complicated life cycle (Chatton and Lwoff, 1935) 

and has been known to infect some of the decapods used in this study 

(Johnson and Bradbury, 1976) . Briefly, the life cycle of this apostome 

is as follows . Tie free-swimming stage enters a decapod's gill and 

grows. into a relatively large organism . During this growth, the gill 

tissue around the ciliate becomes swollen, fills . with excess cells and 

contains areas of necrosis and atrophy . Then the ciliate divides into 

many daughter cells . These are released into the surrounding water, 

through a break in the atrophied gill tissues as the free-swimming stage . 

The stages of infection by this ciliate that have been identified in the 

shrimp used in this study were when the ciliate had enlarged within the 

damaged gill and the early stages of division into daughter cells . 

When the ciliate is in the free-swimming stage the only way to positively 

identify it is to cause infection by a laboratory test . It is impos-

sible to identify when in early stages of infection or if only the edges 

of a lesion are seen in the sectioned tissue because other pathological 

conditions or even mechanical damage could possibly cause the same reac- 
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tions in the gill (Ernst and Neff, 1978) . 

This small ciliate was found among the gills of all shrimp studied 

and was the most common symbiont with a positively identified stage of 

Synoph.rya sps . the next most common . It was found in all shrimp except 

S, stimpsonti (only six animals collected) . Lesions which possibly could 

be caused by this organism were found in all shrimp and were the most 

common pathological condition (excess cellularity and atrophy) . 

Unknown cysts were the next most common lesion in shrimp gills, and 

some of these may also have been caused by Sr~nophyra sps . The small cil-

iate, which may be the freely swimming stage of Synophyra, was most common 

in the spring months while the late infection stage, where the organism 

could be identified as Synophyra sps ., was most common in the summer, The 

unidentified lesions of excess cellularity and atrophy, most of which were 

probably due to Synoph,yra sps., were also most common in the summer . 

iii e utiicr Lwu uiiiai:es ~uund awong scrimp gills were a stalked species 

of the order Peritricha, and an unknown ciliate which resembled that seen 

infecting a stomatopod in 1976 . The stalked ciliate was common in S. dor-

saZis (45I) and was seen in the gills of one P, settiferus . It attached 

to the thin cuticle of the gill filaments but did not appear to cause any 

damage other than a very slight thickening of the cuticle . The unknown 

ciliate was found only among the gills of one P. setiferus . 

Nematodes were found in the branchial sinuses of P. setiferus and 

S. dorSa.Zis and between and in the gill filaments of S, dorsaZis . Tre-

natode larvae were also found in the gills of shrimp (P. setiferus and 

P. aztecus) . 

Other parasitic symbionts were rare and included labryinthylids, a 

suctorian and NematopsZS sps . Those symbionts that apparently were non-

parasitic were also rare, and included a copepod, s coelenterate, larval 
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crabs and unknowns . The larval crabs and possibly all the others may 

have simply been swept into the gill chamber by the movement of the water 

by chance, and do not normally inhabit shrimp gills . 

S, dorsaZis had the highest percentage (216%) of total gill symbionts 

and P. aztecus the lowest (85I) . However, P. aztecus had the largest 

variety of gill symbionts (six) . The greatest percentage of all symbionts 

was found at Station 2 in the summer and the least at Station 3 in the 

winter . 

The two major pathological conditions other than symbionts (excess 

cellularity and atrophy, and cysts from unknown causes) have been dis-

cussed in relation to the parasitic ciliate, Synophyra sps . Other path-

ological conditions (Table 20 .4) included swollen filaments which occurred 

in every specimen of S. dorsaZis and S, stirmpsoni . One specimen each of 

P. aztacus and P. setiferus also had this abnormality . This may have been 

due to some pathological condition, particularly in the penaeid shrimp . 

Since it occurred in every specimen of the genus Sicyonia, although only 

a portion of the filaments in each gill were affected, it would appear 

more likely that this reflected a physiological condition rather than a 

pathological one, and was manifest by the action of the fixative on the 

gill tissues . 

Normally, the mucous glands in the shrimp gills stained with Alcian 

Blue, indicative of a sulphated acid mucopolysaccharide . In a few P. 

aztecus and T, simiZis, however, these glands stained only with PAS, 

suggesting loss of the sulfur and acid moieties . This may have been due 

to a metabolic disorder caused by chemical poisoning of the enzyme systems 

involved . 

The few cases of hyperplasia found in the gills had unknown etiolo-

gies . The remaining types of conditions, i .e . thickened cuticles and 
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swollen areas of branchial sinuses, also had unknown etiologies and 

could have been caused by mechanical damage as well as disease . 

S. dorsaZis also had the most pathological conditions other than 

symbionts (223) and S, vioscai the least (64I) . In addition, S. dor-

saZis had the largest variety (seven) . The greatest percent of patholo-

gical conditions was found at Station 2 in the fall and the least at 

Station 3 in the spring . 

Internal Organs 

Nematodes were the most common symbiont in the internal organs of 

shrimp (58%)(Table. 20 .5) . . Eighty.-four percent .(84%)- of the shrimp caught at 

Station 2 had nematodes and 96% of those caught in the summer had these 

parasites . Nematodes were found mostly in the stomach (39%) and the 

hepatopancreas (36I) . Cestodelarvae were found in 21% of the shrimp 

and gregari .̂es were in 15% . 

S . dorsaZis had the highest percent of symbionts (181%), most of 

which were nematodes . One specimen also contained gregarines in the 

intestine and eight had degenerate parasites, probably all nematodes . 

P. aztecus also averaged more than one symbiont per shrimp (147%), 

including nematodes (87I), gregarines (28I) and cestode larvae (21%) . 

Degenerate parasites, trematode larvae and an unknown symbiont were also 

found . S. stimpsoni also averaged more than one symbiont per specimen 

(1177) even though only six specimens were studied . The symbionts were 

flatworms and gregarines in the intestines and nematodes in the hepato-

pancreas, stomach and gonad . P. setiferus, T, simiZis and S. vioscai 

all averaged less than one symbiont per specimen . They had the same 

symbionts mentioned above plus a sporozoan found in the gonad of one 

S, v2oscai. 
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Pathological conditions other than parasites in shrimp internal organs 

were generally derived from infections by parasites (Table 20 .6) . Cysts of 

unknown origin were the most common type of condition observed (24%) . These 

could have been caused by parasites that were successfully attacked by the 

host or by bacteria, viruses or even injuries . Cysts that contained degen-

erating parasites and leucocytic infiltration of the tissues around live 

and degenerating parasites, cysts, and in non-specific areas of the organs, 

were generally all concerned with the host's defense against foreign pro-

tein, probably that of parasites. Most of these pathological conditions 

were found in the hepatopancreas (48%) and the stomach (28I), both of which 

had the largest percent of parasites . 

P, setiferus had the largest percent of pathologies (1751), most of 

which were related to the reaction of the host to invaders . Most of the 

pathological conditions were found in the fall in P. set2ferus, yet most 

of the parasites were found in the winter in this species . For S, dorsaZis, 

the species with the next highest percent of pathological conditions (1451), 

the spring season showed the highest concentration of both parasites and 

pathological conditions related to parasites. In P, aztecus, the heaviest 

concentration of parasites and pathological conditions related to parasitic 

infection were both in the summer, and both were also consistent in being 

lowest at Station 2 . The remaining shrimp had few pathological conditions 

and few parasites . Pathological conditions not obviously related to para-

sitism included atretic eggs, which were found in all shrimp except those 

in the genus Sicyon2a, and hyperplasia found in the hepatopancreas of Po 

aztecus and P, setiferus, and the stomach of P, aztecus . 

Stomatopods 

The stomatopods used were the mantis shrimp Squ2ZZa chydaea and S. 

empusao They were not found during the warm months of the year and usually 



LV-JJ 

were collected at Station Z (Tale 20 .1) . 

Gills 

The gills of stomatpods had very few pathological conditions of any 

sort as compared to the shrimp (Tables 20 .3, 20 .4), Only one-fourth of the 

S. chydaea and half of the S, empusa had small ciliates in the water around 

their gills . No stages of infection where Synophyra sps . could be identified 

were found, so these small ciliates may have been among the stomatopod gills 

by chance and not capable of completing their life cycles there . Only one 

specimen of S. 2mpusa had the unknown ciliate among its gill filaments 

which was seen to infect specimens of S, chydaea in the previous year . A 

suctorian, infecting the gills of one So chydaea, was the only other sym-

biont observed in the stomatopod gills . Cysts from unknown causes and areas 

of excess cellularity and atrophy were the only other pathological conditions 

and may have been caused by mechanical damage as well as from disease, 

Internal Organs 

No symbionts (Table 20 .5) or other pathological conditions (Table 20 .6) 

were found in the internal organs of S, empusa. S, chydaea only had two 

trematode larvae and one unknown in the stomach and two cestode larvae in 

the large nerves by the brain ganglion . One specimen had a bacterial 

infection in the salivary gland . 

Crabs 

A total of 129 crabs was used in this study . They were collected 

every month and at every station (Table 20 .1)e CaZZinectes simiZis, the 

lesser blue crab, was collected most often (52 animals) . It was found 

at every station (Station 3 only in February) and every season except 

spring . Portunus spin2carpus, the spiny crab, was routinely collected at 

Station 3 and also at Station 2 in April. Portunus gibbesii was only 
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collected during three months and only at Station 1 while Anus2mus Zatus, 

the spider crab, was found only at Station 3 during all periods except 

winter . Only one specimen of Myropsis qu2nquespinosa was collected . It 

was taken in April at Station 3. Several other trawling attempts did not 

produce any usable species . 

Gills 

Crabs had relatively few symbionts (Table 20 .7) but did have, by far, 

the largest percentage of other types of pathological conditions (Table 

20 .8) in their gills . The most common symbiont was the parasitic Synophyra 

sps . (12%) and it was found most often at Station 2 in the fall . However, 

the small ciliate that was believed to be the free-swimming stage in the 

life cycle of this ciliate was found in only .one specimen of P. g2bbes2i, 

SyroJryra sps . was not found in P, spinicarpus or M. quinquesptircsa . 

The only other parasitic symbionts were a labyrinthylid in the gills 

of one specimen of A . Zatus, barnacles attached to the gill of C. simtiZis 

and P. spinicarpus and an unidentified organism, either an alga or protozoan, 

attached to the gills of one specimen of A . Zatus in the spring . The bar-

nacles, probably OctoZasmis sps . or Lepas sps . (Walker, 1974), caused only 

a local thickening of the gill cuticle and slight deformation of the gill 

filament at their attachment sites . Their main pathological effect would 

be a decrease in respiratory efficiency by impairing gill movements and 

reducing the amount of exposed gill . The unknown organism attached to the 

gills of A . Zatus caused cuticular thickening, swelling of gill filaments 

and necrotic areas in the gill epithelium associated with a leucocytosis . 

This form was also seen in these crabs in 1976, The labryinthlid caused 

hyperplasia and swelling of the host's gill . All other gill symbionts 
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appeared to be non-parasitic but could have caused loss of respiratory- .func-

Lion if they occurred in large numbers .. P4er-hanical damage -to the gill fila-

meats could have ensued from their presence if they were large enough, as 

appeared to be the case in some of the nemerteans . 

Some of the pathological conditions which had no obvious etiology 

may have been caused by Synophyra sps . When this organism was visibly 

present in the crab gill, the gill filament was swollen with excess cells, 

had necrotic areas, and was atrophied distally . Identical lesions were 

found where the section of the crab gill did not cut through the center 

of the lesion where the ciliate was growing . These lesions were most 

probably caused by Synophyra sps, as shown by the fact that crabs with 

Synophyra infections had about 12 times the percent of these lesions 

as contrasted to the percent of such lesions in P. spinzcarpus which was 

not found to be infected with S~ynophyra sps . Other unknown etiologies, 

however, could possibly have caused the same type of condition. Small 

and large aggregates of cells in the gill filaments may also have been 

early stages of infection by this parasite . Cysts, with no obvious 

etiology, may also have been caused by Synophyra or other parasites, 

bacteria, viruses or injuries . They were found in the filaments (77), 

in the branchial sinuses (39%) and some large cysts involved both regions 

(9I) . 

Crab gills showed several types of deformities which may have been 

caused from injury or disease or may have been from genetic origin . Some 

gill filaments joined into . one distally .: Occasionally, th~~branchiar sinus 

was branched and formed two complete distal portions of a gill . All of 

these deformities were easily observed as crab gills were very symmetri-

cal in form in contrast to other crustacean gills studied which were 

highly dendritic and more difficult to observe in sectioned material . 
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Swollen filaments and/or branchial sinuses were common, particularly 

in C. simtiZis (85%) . As in the shrimp, this may have been due to injury, 

disease of may be a reflection of a physiological condition manifested 

by the fixative . 

Internal Organs 

Crabs had relatively few internal symbionts (22%)(Table 20 .9) and 

other pathological conditions (32%)(Table 20 .10) . The symbionts were 

all parasitic, and again, nematodes were the most common (11%) . Most of 

the parasites occurred in the hepatopancreas (41%) . This correlated with 

the pathological conditions, most of which could have been the result 

of parasitic infection, as the largest number were also in the hepato-

pancreas (51I) . 

The only parasites in C. simiZis were found in the nerves inervating 

the muscle and in the epimysium or perimysium, none a-o-,-, the muscle 

fibers . No evidence of any reaction by the host to these parasites was 

observed . Cysts of unknown origin, leucocytic infiltration around these 

cysts and one atretic egg were the only other pathologies observed in 

this crab . In P. spiniearpus,,all parasites and pathological conditions, 

except for one atretic egg, were found in the hepatopancreas . Both P. 

gibbesii and A . Zatus had very few parasites and other pathologies in 

their internal organs . 

Molluscs 

The paper shell scallop, Amusium papyraeeus, was the only bivalve 

collected from Transect II with any consistency -(Tab1e~20 .~1) . It was not 

available in February or October, however, and only one was collected in 

November . The latter specimen and the three taken at Station 2 in April 
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were extra species (three other species were collected in sufficient 

numbers), but only one specimen was found at Station 3 in April when 

collections were made during daylight hours. One specimen of a scallop, 

Pecten gibbus, was collected as an extra species in March at Station 2 . 

This was a small specimen which measured only 2 .2 cm in width and had no 

pathological conditions of any kind . A rare oyster, Neopyenodonta cochZear, 

was collected in April at Station 3 and used because no other species 

could be collected. The squid used,LoZigo peaZei, was collected at 

Station 1 in the summer and at Station 3 in February and April. 

Gills 

Molluscs had few pathological conditions in their gills (Tables 

20 .11 and 20 .12) as compared to the crustaceans studied . Only one gill 

symbiont, which appeared to be unknown eggs attached to the gills, was 

found in 54~ nt u, nrn~~?~~rr+a~~c . On a 1_ahrvtrvlirf nrcLrrorj in one of `I'1_PCP_ 
--- 

scallops and two squid were also infected with this fungus . A sporozoan 

was found in one squid's gills and two specimens of Aa papyraceus had 

Nematops2s sps . spores in their gills . 

Pathological conditions other than symbionts in molluscan gills 

included two cysts with unknown etiologies and one instance of hyper-

plasia in A, papyraceus . In the squid, there were two cases of bac-

terial infection and three of hyperplasia . The hyperplasia occurred in 

the branchial gland of the squid and appeared to spread to the connec-

tive tissue and epithelium of the gill proper . Why hyperplasia would 

develop in a gland which presumably synthesizes hemocyanin is unknown . 

The branchial gland has been shown to be the site of hemocyanin synthesis 

in Sepia officiruzZis and Octopus vuZgaris (Dilly and Messenger, 1972) . 
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Internal Organs 

Molluscs had the largest percentage (288%) of symbionts in internal 

organs (Table 20 .13) . Most of these were in A. papyraceus, which averaged 

over four symbionts per specimen (4120 . This bivalve also had the great-

est variety of symbionts (15), most of which occurred in the gastro-intes-

tinal tract . The most common symbionts in scallops were copepods (637) . 

A protozoan, believed to be Ps2udokZoss2a sps . (Leger and Duboscq, 1915 ; 

1917), was present in 94% of the scallops collected at Station 2 . This 

parasite invaded the nephridial cells of the host where they appeared to 

undergo degeneration . Certain other parasites also occurred only at 

Station 3 in A, papyraceus . These included nematodes (39I), spores of 

Nematopsis sps, (18I), an unknown bacterial species that infected the 

epithelium of the hepatopancreas (22I), and an unknown organism, probably 

a protozoan, which invaded the heart muscle cells and the connective 

tissue throughout the animal (27%) . This organism appeared to have a 

halo around it due to the fixative and stains used . When in the connec-

tive tissue, but not the heart, the host occasionally appeared to react 

to these cells, causing their degeneration. The oyster, N. eochZear only 

had copepods in the stomach and intestines and no other pathologies . 

All of the symbionts in the squid internal organs were parasitic . 

Eighty-three (83) percent of the squid had cestode larvae, 28% had hel-

minths either too young or insufficient in sample quantity to identify, 

and 10% had trematodes . Most of these parasites occurred in the animals 

collected in the summer at Station 1 . They were found in the gastro-

intestinal tract, including the so-called pancreas . 

This organ has never been definitely shown to produce digestive 

enzymes, as contamination of fluid from the liver is almost impossible 

to avoid due to the pancreas being a glandular extension of the hepatic 
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duct (Bidder, 1950 ; 1966) . The morphology of the glandular cells also 

does not conform to that of a protein secreting cell but rather to a 

cell involved in ionic regulation with its highly infolded basal membrane 

and high concentration,of mitochondria (Boucaud-Camou, 1972) . The organ 

is covered with a layer of kidney cells, and since the only description 

that could be found of squid renal organs was of Sepia officinaZis, 

which has accessory renal organs as well as a chief renal organ, the 

"pancreas" of L. peaZei in this study originally was considered an acces-

sory renal organ due to its morphology and staining characteristics . The 

function of the squid "pancreas" is still unknown . 

Most of the pathological conditions other than symbionts in molluscs 

(Table 204) were cysts of unknown origin (32%) . These and other patho-

logies could have been the effect of the parasites on the host . 

The greatest percent (145%) of pathological conditions other than 

symbionts occurred in scallops collected at Station 3, where these animals 

had the largest percentage of parasites (5841) . The majority of these 

conditions were also found in the gastrointestinal tract as were the 

parasites . Sixteen (16) percent of the scallops showed cystic reactions to 

parasites which was rarely observed among other animals in this study . 

The only pathologies other than parasites in L, peaZei were two animals 

with a cystic reaction to a parasite . 

CONCLUSIONS 

Shrimp were the most common species of animals collected for this 

study and consisted of six species . Fewer shrimp were collected per 

month in the summer and slightly more in the fall as compared to the 

other seasons . They were found most often at Station 2 and least often 

at Station 3 . Stomatopods were only collected in three months and mostly 
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at Station 1, never at Station 2 . Crabs were the next most common species 

collected and consisted of five species . They averaged about the same 

number of specimens every season (16 per month) except during spring when 

lower numbers were observed, and were found most often at Station 3 . Three 

species of bivalves were collected, but only one, Armusium papyraceus, was 

collected in sufficient numbers (49) to be useful . This species was found 

most often in the summer, least often in the fall, most often at Station 3 

and never at Station 1 . The only squid studied was LoZigo peaZei, and 

it was collected most often in the summer at Station 1 . 

The total number of all pathological conditions in the gills almost 

equaled that in all of the internal organs . Shrimp had the largest vari-

ety and the highest percent of gill symbionts, most of which were para-

sitic ciliates . These were the only animals to have metazoan parasites 

inside their gill tissues (trematode larvae and nematodes) . Crabs also 

had many different kinds of gill symbionts, but most were ectocommensal 

or did little harm to the gills, such as barnacles, and the total number 

of crabs with symbionts was low . Crabs had the greatest percentage ,of 

pathological conditions other than :symbionts, however . Most of these 

had unknown etiologies and could have been caused by parasites, bacteria, 

viruses or injuries . The remaining animals had very few symbionts and 

other pathological conditions in their gills, both in kind and number . 

Even though stomatopod gills are the least protected of any of the 

animals studied, they displayed surprisingly few symbionts or other 

pathological conditions . Bivalve gills have cilia and a great many 

mucous glands which help protect them . In squid, the force of the water 

passing through the mantle may help in preventing symbionts from settling 

in the gills . 

The large majority of pathological conditions in the internal organs 
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of the invertebrates studied were caused by parasites . They most commonly 

invaded the gastrointestinal tract . The host frequently reacted against 

these parasites by mobilizing their defensive cells, the leucocytes, and 

walling off the parasite by forming layers of connective tissue around 

the invader . The leucocytes then attempted to destroy the parasite with 

proteolytic enzymes and quite often were successful . Bivalves had the 

highest number and largest variety of internal parasites, particularly 

the paper shell scallop which averaged almost six parasites per specimen 

in those collected at Station 3 . Squid had the next highest percentage 

of internal parasites but very few reactions against them, while shrimp, 

which had almost the same percentage of parasites, had over 10 times as 

many reactions to the invaders . 

Generalities can be made about the various groups of animals, such 

as shrimp or crabs, but there were many large differences between species 

within each group . For example, all of the shrimp had a higlaci: percentage 

of symbionts than other pathological conditions in their internal organs 

except Penaeus s2tiferus, which had over two times as many pathological 

conditions as symbionts . This species had 35 times as many of these 

pathological conditions in its internal organs as Traehypenaeus aimiZis . 

The species with the lowest percentage of all types of pathologies in 

the internal organs, T. simZZ2s, had a relatively high percentage of 

all conditions in the gills . 

Differences among species also occurred among the crabs . Anasunus 

Zatus was the only crab with a larger percentage of symbionts in its 

internal organs than other types of pathological conditions which was 

similar to conditions found in the majority of the shrimp . This crab 

was also like the shrimp in that the percentage of symbionts in the 

gills was approximately the same as the average percentage in shrimp but 
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was over three times the amount found in other crabs, 

In general, bivalves were found to have the largest percent of all 

pathological conditions due to the very high number of internal parasites 

in A, papyraceus . Shrimp had relatively high percentages of pathologies 

in all categories . Crabs had a high total percentage of pathologies due 

to the large number of pathological conditions other than symbionts in 

their gills . Stomatopods were the healthiest of all the animals . 
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ABSTRACT 

During the 1977 effort in the histological-histopathological survey of 
gonadal tissue of macroepifauna and demersal fishes of the South Texas Outer 
Continental Shelf (STOCS), tissues were collected during nine sampling 
efforts . Twenty-four (24) species and 878 specimens were collected . This 
included additional species and specimens that were necessary to maintain 
continuity for the reproductive cycle study and to assure proper controls . 

The purpose of this portion of the histopathological effort was three-
fold : first, to establish the normal seasonal (physiological) changes in 
the histology of the male and female gonads ; second, to examine the gonads 
for pathological conditions ; and third, to develop methodology for karyo-
logical analysis and establish karyotypes for marine organisms. Seasonal 
changes (reproductive cycle) in the histology of the gonads were only 
partially established, since the survey was conducted during five samplings 
in 1976 and nine samplings in 1977 . During this period several months were 
not sampled at all due to collecting protocol, thus leaving gaps in the data . 
Also, during some samplings only one sex of some species was collected . 
Gonadal tissues were examined for pathological conditions and/or parasites . 
A number of pathological conditions were found in these tissues, but the 
incidence of pathology in the gonads was only 16 .9 . Chromosomal counts 
and karyotypes were established for some invertebrates and fishes . 
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INTRODUCTION 

The histological-histopathological characterization study of the macro-

epifauna and demersal fishes of the STOCS was initiated in the summer of 

1976 and cont'nued through 1977 . Physiological conditions and pathological 

changes and/or occurrences were monitored and catalogued . This study con-

sisted of the survey of : 1) vertebrate and invertebrate gonads ; 2) karyo-

type analyses of vertebrate and invertebrate species . 

This report deals with the survey of histopathological conditions of 

bonadal tissue, partial reproductive cycles based on 1976 and 1977 data, 

and karyotype analysis of selected vertebrate and invertebrate species . 

The analyses of the gonad and gonadal tissues of vertebrates and inverte-

brates aided in the understanding of the normal seasonal physiological 

changes associated with the reproductive cycle . The survey also recorded any 

pathological conditions alreading occurring: in the tissues . 

If the histopathological conditions of gonads and gonadal tissues are 

to be monitored, it is important to first establish the normal reproductive 

cycle changes occurring in gonadal tissues. Iii contrast to other tissues, 

which are not seasonally dependent, the gonads are constantly changing 

according to the breeding season and environmental factors such as photo-

period, temperature and/or food supply (Burns, 1976, Fuller, et aZ ., 1976, 

Hoar, 1969 ; Larson, 1972 ; Schwassmann, 1971) . Since gonadal tissues undergo 

a complete temporal change due to external and internal factors (Andrew and 

Hiclaaan, 1974, Bloom and Fawcett, 1975 ; Hoar, 1969 ; Sadlier, 1973), it is 

important to know what changes normally occur before attempting to assign a 

pathological condition to such changes . Each species has its own inherent 

reproductive cycle that puts it at a different phase at any given period 

(Barr, 1963a, b, c ; Burns, 1976 ; Larson, 1972 ; Liley, 1969 ; Fuller et aZ ., 
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1976 ; Macer, 1974 ; Schwassmann, 1971) making it difficult to generalize 

about tissue condition. An additional problem arises in the fact that 

individuals of the same species may be at different phases in the reproduc- 

tive cycle . Because the gonadal tissues are of two types, testicular and 

ovarian, the problem of establishing normal conditions is further compounded . 

This requires the collection of additional. indiv-ideals per species to ensure 

equal (or close to equal) distribution of male and female specimens . Par-

tial reproductive cycles are reported herein for those species that were 

collected during the majority of the cruises . The other species provided 

back-up data since it is difficult to predict which species will be avail-

able during any given collecting effort . 

The pathologies of the ovary and testes as recorded were primarily 

limited to certain major conditions . Parasites were normally easy to iden-

tify and their effects on the tissue and/or organ readily seen . Without 

an established histological reproductive pattern, it was difficult to know 

if conditions such as interstitial cells, amorphous masses, leucocytic infil-

tration, and fibroblast infiltrations were part of the normal cycle or path-

ological . 

Development of methodologies for karyological analysis and the deter- 

urination of karyotypes of related species were also done as part of the 

study . The methodologies for karyological analysis have been reported in 

the 1976 Final Report to the Bureau of Land Management (Ramirez, 1978) . 

The karyotypes and chromosome numbers of several species are reported here 

to provide a basis for future monitoring for chromosomal aberrations . 

MATERIALS AND METHODS 

Sampling 

Samples for histopathological analysis were taken during three seasonal 
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and six monthly cruises . Collections were made at Stations 1, 2 and 3, 

Transect II, with a 35-foot (10 .7 m) standard otter trawl set to sample 

epifauna and near surface infauna . Additionally, at :Southern Bank, demer-

sal fish were collected with a hook and line . Whenever possible, ten 

individuals of each species were collected to insure equal distribution of 

male and female specimens . 

A total of 878 specimens was : collected during the study period. 

This was in excess of the 675 specimens required by the contract . Since 

all species were not evenly distributed spatially or temporally, additional 

species were collected to insure sampling continuity from one cruise to 

another. This provided an overlap in the species that were available dur-

ing different cruises . Since a goal of this study was to provide a cata-

logue of seasonal changes as well as pathological conditions, continuity 

was essential . Tables 21 .1 and 21 .2 show the same species were not present 

in every trawl . By increasing the number of species sampled, some contin-

uity was maintained . 

In this study, not only was gonadal histology investigated, but sea- 

sonal changes in male and female tissues were also evaluated . The need 

for ten specimens per species was important in attempting to obtain equal 

numbers of males and females since secondary sexual characteristics are 

not always evident. It was also important to collect, whenever possible, 

the same species every cruise . 

Shipboard Processing 

Specimens selected for sampling were processed on board ship to avoid 

any post-mortem histological changes (Galigher and Rozloff, 1971 ; Gurr, 

1962 ; Guyer, 1953 ; Lillie, 1977 ; Pearse, 1975) . This became critical for 

samples from Station 3, Transect II, because these specimens were from 



TABLE 21 .1 

VERTEBRATES COLLECTED DURING 1976 AND 1977 ALONG TRANSECT II AND SOUTHERN BANK 

1976 1977 
Jun Aug Sept Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Wenchman 
Pristipomoides aquiZonaris 10 15 10 10 5 6 8 

Longspined porgy 
Stenotomus caprinus 5 7 7 12 7 14 10 S 

Sand seatrout 
Cynoscion arenarius 6 3 10 1 5 7 5 10 

Atlantic croaker 
Micropogon unduZatus 5 10 2 4 2 

Gulf butterfish 
PepriZus burti 5 10 1 

Rock sea bass 
Centropristis phiZadeZphiea 7 5 6 5 7 

Red snapper 
Lutjanus ccnnpechanus 6 2 4 

Rough scad 
Traehurus Zathumi 10 

Dwarf goat fish 
Upeneus parvus S 

Black ear bass 
Serranus atrobranehus 3 

Pinfish 
Lagodon rhomboides S 

Vermilion snapper 
Rhomboplites aurorubens 7 6 10 5 6 5 

Spot croaker 
Leiostomus xanthurus 5 

Scaled sardine 
HarenguZa pensacoZae 

Atlantic bumper 
ChZoroscornbrus chrysurus 

12 10 10 

6 5 5 

S 4 

9 9 7 

10 10 8 

8 5 

12 15 11 

6 

1 5 5 3 3 S 5 

5 6 6 10 10 1 10 

6 5 

5 

5 

N 

o~ 



TABLE 21 .2 

INVERTEBRATES COLLECTED DURING 1976 AND 1977 ALONG TRANSECT II 

1976 1977 
Jun Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oar Nov Dec 

Paper scallop 
Amusium papyraceus 4 6 10 S 7 7 16 14 12 

Blue crab 
CaZZineetes simiZis 4 10 3 5 5 2 5 19 13 9 17 

Portunid crab 
Portunus gibbesii 6 

Portunid crab 
Portunus spinicarpus 6 7 10 12 16 5 9 9 10 

White shrimp 
Penaeus setiferus 8 6 7 7 8 10 10 

Rock shrimp 
Sieyonia dorsaZis 6 10 16 5 8 

Broken back shrimp 
SoZenocera vioscai 5 10 9 10 10 5 9 

Brown shrimp 
Penaeus aztecus 6 8 18 18 5 4 7 5 10 20 19 11 8 16 

Rough back shrimp 
Trachypenaeus simiZis 10 10 11 5 9 9 7 

Squid 
LoZigo peaZei 5 8 14 15 8 20 12 8 7 4 4 

Squid 
LoZiguncuZa brevis 8 5 10 11 1 

Spider crab 
Anusimus Zatus 

N 
N i 
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deeper waters than at Stations 1 and 2 and tended to undergo rapid histolo-

gical changes due to pressure differences . Whenever possible, the animals 

were kept alive in a holding tank until processed 

Gonads were removed from the animals as soon as possible and fixed 

in to to . Fish gonad size ranged from 2 to 10 mm in diameter and from 10 

to 50 mm in length . Fish gonads were fixed in toto due to their texture . 

They tended to roll back upon themselves when sectioned due to the highly 

elastic tunica (Hoar, 1969 ; Nelsen, 1953) resulting in severely distorted 

tissues. Since most fish gonads were less than 10 mm in diameter the fixa-

tives could penetrate into the tissues rapidly . More importantly, in to to 

fixation prevented tissue distortion. It enabled the study of germinal 

development for possible sequential maturation of germinal cells . By 

preserving the entire gonad and maintaining orientation, material was 

obtained from the distal, medial and proximal areas and any variation in 

germ cell maturation analyzed . 

Invertebrate gonadal tissues did not present the same problems as 

fish gonadal tissue . Invertebrates were dissected on board, whenever 

possible, gonads removed, sectioned and fixed . In several cases (shrimp 

and crabs), it was necessary to fix the thorax of the animal tin to to . In 

these cases, the animal was decapitated, the abdomen removed, the exoskele-

ton peeled off and the thorax placed in the fixative . 

Fixatives used were Bouin's (picric-acetic-formalin), Dietrich's 

(acetic-alcohol-formalin) and buffered formalin (Conn et aZ ., 1965 ; Galig-

her and Kozloff, 1971 ; Gurr, 1962 ; Guyer, 1953 ; Liliie, 1977 ; Pearse, 1975) . 

These three fixatives were chosen and used because of the versatility allowed 

in staining reactions and their fixing capabilities . 
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Laboratory Processing 

Tissues were processed according to standard procedures for a given 

fixative . Tissues were trimmed, or further trimmed, prior to laboratory 

processing . Fixatives were washed from the tissues, and the tissues were 

dehydrated and embedded . Tissues were sectioned at 5 um, Some tissues 

were sectioned at 10 um due to their texture or nature . Slides of each 

specimen were stained in Heidenhain's iron-hematoxylin/eosin (Galigher 

and Kozloff, 1971) and either the Feulgen nuclear reaction (Guyer, 1953) 

or Harris Hematoxylin-eosin (Galigher and Kozloff, 1971 ; Gurr, 1962) . 

For study of the normal reproductive cycle in each species, a total of six 

slides were prepared . Sections were prepared from three areas of each 

ovary and testes to ascertain if differential and/or sequential develop-

went was occurring in any of the specimens . 

Karyotype Analysis 

Methodologies for karyotype analysis were modified from existing proto-

col to fit the nature of marine organisms (Ramirez et aZ ., 1970 . Chromo-

some counts for seven species of fish and four species of invertebrates 

were made by either preparing karyotypes or photographs of chromosomal 

squashes . 

RESULTS AND DISCUSSION 

The reproductive cycles of fish and invertebrates can be established 

fairly well by histologically and behaviorally tracing the pattern of 

gamete formation . Field studies of reproductive cycles of fish are based 

on the gonadosomatic ratio (gonad weight/body weight)(Barr, 1963a, b, c ; 

Baerends, 1971 ; Burns, 1965 ; Fuller et aZ ., 1976 ; Larson, 1972 ; Liley, 1969) . 
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Studies have shown the gonads at different stages of development, but have 

made little or no attempt to trace the process histologically (Barr, 1963a, 

b, c ; Leake, 1975 ; Sadlier, 1973) . 

Ideally, this would be easy if all animals sampled were in synchrony . 

The invertebrates appear to be more synchronous than the fish, which show 

a greater variability from station to station, and occasionally within 

specimens at a given station . Due to this variability by station, month 

and species, it is necessary to collect a greater number of specimens per 

species per station to provide a representative statistical base . One 

to two additional years of sampling would be necessary to provide the data 

necessary to establish conclusively the reproductive cycle for each species . 

From the 1976 and 1977 sampling, a tentative reproductive cycle has 

been d.e v e 1 o p e d for Pris tipomoides aqui Zonaris (wenchman), Steno tomes 

caprYinus (longspined porgy), Cynoscion arenartius (sand seatrout), Rhombo-

pZites aurorubens (vermilion snapper), Penaeus aztecus (brown shrimp), 

CaZZinectes simiZis (blue crab), and LoZigo peaZei (squid) . Too much 

variation was noted even for organisms collected during every sampling 

effort to predict any of these cycles with total confidence . 

The observed variation showed that animals collected were in early, 

intermediate, and mature stages of development . Furthermore, it was not 

known how fast animals observed in a given stage of development were 

developing . Correlations of the stage of development with temperature and 

light period have not been attempted . The developmental data available 

in the literature were insufficient to make any assumptions about the 

reproductive cycle behavior (Baerends, 1971 ; Bieniarz and Epler, 1976 ; 

Burns, 1976 ; Fuller et al ., 1976 ; Larson, 1972 ; Liley, 1969 ; Schwassmann, 

1971), 
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Ovarian Histology 

Fish 

The teleost ovary is unique among vertebrates . The ovaries are 

hollow and lined with germinal epithelium that gives rise to the ovigerous 

folds . The oocytes develop from the edge of these folds . In contrast 

with other fish and vertebrates, the developing oocytes are not surrounded 

by large amounts of connective tissue stroma, follicular material, or vas-

cular stroma but develop within a single cell layer follicle (Figure 21 .1A) . 

The gross anatomies of the ovaries of the fish species reported here 

were much the same . The paired ovaries were completely enclosed in peri-

toneal folds to form a cystovarian type of ovary. The walls of the ovary 

consisted of layers of connective tissue and smooth muscle to form a cap-

sule . 

During development, the oocyte increases in size through the time 

yolk is deposited . The follicular cells change from squamous-like epi-

thelial cells to cuboidal-like cells (granulosa) that contribute to the 

deposition of yolk, secrete hormones (Barr, 1963a, b ; Hoar, 1969 ; Leake, 

1975) and form the zona radiata (chorion)(Figure 21 .1B)o Ripe ova are 

released into the cavity of the ovary that is continuous with a simple 

ciliated oviducts The release of ova leaves the ovigerous folds empty 

and distended with young oocytes and an occasional unshed ovum . 

The pattern of ovulation varied among the species of fish examined . 

Some species produced large amounts of cellular debris, others disrupted 

the ovigerous folds, while some left large numbers of unshed ova that were 

eventually resorbeda 

The atretic-resorbing oocytes and cellular debris (amorphous mass) 

was earlier classified (Ramirez et aZ ., 1977) as a pathological condition. 

With the additional 1977 data it appeared that these conditions were part 
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Figure 21.1 
A. Longspiaed porgy (Stenotamus caprinus) . General teleoat ovarian organization showing 

ovary wall (ow) and ovigerous folds (of) extending into hollow ovary. 135X Peulgen. 

B. Wenchman (Pristipanoides aquilonartia) . Large mature oocyte with large germinal 
vesicle (gv), well developed chorion (ch) and single layer of follicle cells (fc) . 
540% Mallory's. 

C . Scallop (Amusium papyr¢ceus) . Ovarian lobes filled with maturing oocytes . 1358 H b E 

D . Squid (LoZigo pealei) . Ovary showing four different stages of oocyte development 
(I-IV) . Large oocyte (stage N) with infolded follicle cell layer (fc) . 135X H b E 
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of the normal cycle . The atretic-resorbing oocyte has been shown to occur 

in the fish that have been hypophysectomized or hormone treated (Barr, 

1963a, b) and can be considered abnormal, yet residual gametes have been 

shown to undergo hyalinization and resorption (Mercer, 1974) . In examining 

the species used in this survey, certain species regularly demonstrated 

hyalinization, resorption, amorphous masses, and/or cellular debris that 

appeared to be part of the regular reproductive cycle . These conditions 

were not included nor counted as pathologies . 

The stages of development of fish oocytes were based on oocyte size 

and whether vitellogenesis was occurring . References have been made for 

staging of oogenesis in the literature (Barr, 1963a, b ; Mercer, 1974) but 

only for selected species. For this study the oocyte stages were limited 

to general stages that could be applied to the majority of species studied 

(Table 21 .3)0 

Invertebrates 

The histology of invertebrate ovaries is not as uniform or as easy 

to describe as that of the vertebrate ovary . Most invertebrate ovaries, 

such as in the shrimps and crabs, are multilobulated masses of germinal 

tissues that may be separated from other organs and tissues or may extend 

and branch among other organs or be closely associated with other organs . 

In contrast, the squid ovary is unpaired and supported medianly by mesen-

tery to the dorsal wall . 

In the species sampled (Table 2102), the majority had the general 

multilobed paired type of ovaries that increase in size with an increase 

in the number of oocytes . The ovary of the squid was enclosed in peri-

toneal-like membrane while the scallop's ovary was in the highly reduced 

"foot"o 
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TABLE 21 .3 

MATURATION'STAGES OF FISH OOGENESIS 
ON THE SOUTH TEXAS OUTER CONTINENTAL SHELF 

STAGE HISTOLOGICAL APPEARANCE 

Immature Small uniform oocytes no larger than 
10 um in diameter ; Cytoplasm without 
vacuoles & stains densely 

Previtellogenesis : 
Quiescent Similar to Immature Stage but obviously 

post spent and recovering ; Germinal 
vesicle with one or two large nucleoli 

Small Oocytes Oocytes developing ; Size of 
oocytes 15-100 um ; Follicle cell squa-
mous like ; Cytoplasm stains light ; Ger-
minal vesicle large with increased number 
of nucleoli 

Large Oocytes Increase in oocyte size ; Range 100-200 um; 
Follicle cells changing to cuboidal= 
like 

Vitellogenesis : 
Primary Yolk Oocytes larger than 150 um ; cytoplasmic 

vacuoles (primary yolk) begin to appear ; 
Follicle cells cuboidal; Zona radiata 
begins to form 

Secondary Yolk Oocytes larger than 150 um ; Primary yolk 
droplets present plus densely staining 
yolk granules ; Well formed zona radiata ; 
Well formed follicle cell layer. 

Mature All stages of oocytes present ; Majority 
of oocytes in 300 um plus size with pri-
mary and secondary yolk present; Tightly 
packed oocytes . 

Ripe Similar to mature ; Some indication of 
oocyte release from follicle and 
ovigerous folds . 

Spent Qvigerous folds empty and distented ; 
residual mature oocyte present . 
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The oocytes of the invertebrates, with the exception of the squid, 

are not as complex as that of the fish . Invertebrate oocytes differ in 

maximum possible sizes Most invertebrate oocytes, rather than being sur-

rounded by follicle cells, develop within a lobe or large follicle . Devel-

opment is either synchronous (Figure 21 .1C) or sequential . 

The developing oocytes of the squid are clustered and each oocyte is 

surrounded by a follicular cell syncytium (Figure 21 .1D), The stages of 

oogenesis can be recognized by the structure of the follicle (Ramirez and 

Guajardo, 1977 ; Selman and Arnold, 1977) . 

Table 21 .4 describes the histological appearance and description of 

the developing oocyte in the squid . The follicle cell layer surrounding 

the squid oocyte showed definite cyto-differentiation stages . These 

changes have been shown to be involved in vitellogenesis and secretory 

functions (Ramirez and Guajardo, 1977 ; Selman and Arnold, 1977) . 

Testicular Histology 

Fish 

The testicular gross morphologies of the fish species sampled were 

similar . The paired testes, with a very short sperm duct, were located 

posteriorly dorso-ventrally in the peritoneal cavity . The size varied 

with stage of development . Histologically, the testes consisted of a 

series of ill-defined lobes of thin connective tissue and elastic fibers 

lined with resting sperma.togonia in the quiescent stage (Table 21 .5 ; Figure 

21 .2A) . Fish spermatogenesis ryas cystic rather than with true seminifer-

ous tubules, as found in other vertebrates . During spermatogenesis 

the resting spermatogonia began to divide and form clusters of cells in 

separate cysts . Further cell division resulted in an increase in the 

size of the cysts . All of the cells within a given cyst were at the same 
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TABLE 21 .4 

MATURATION STAGES OF SQUID OOGENESIS 
ON THE SOUTH TEXAS OUTER CONTINENTAL SHELF 

STAGE* HISTOLOGICAL APPEARANCE 

Immature Majority of oocytes less than SO um in 
diameter surrounded by few squamous 
follicle cells 

I Growing oocyte ; Large germinal vesicle 
with several nucleoli ; Oocyte surrounded 
by several squamous follicle cells ; Oocyte 
and follicle 50-100 um 

II Oocyte range 100-200 um in diameter ; Ac-
tive proliferation of follicle cells and 
change from squamous to cuboidal shape 

III Follicle cells continue to proliferate 
and folds of follicle cells penetrate the 
growing oocyte. Majority (approx . 80%) 
of follicular volume is follicle cells . 
No yolk deposits are yet evident ; Oocyte 
range 200-400 um . 

IV Vitellogenesis is evident ; Oocyte in-
creases in size pushing the follicular 
layer to the periphery . The follicular 
cells have formed a snycytium; Oocyte 
size 400-800 um . 

V Vitellogenesis continues ; Chorion is 
formed ; Follicular syncytium is pushed 
out ; Cellular syncytium is sloughed off . 

Mature Oocyte size 800 um-1 .5 mm ; Chorion for-
mation complete-Oocyte ready to be shed . 

*Adapted from Sellman & Arnold, 1977 



TABLE 21 .5 

STAGES OF SPERMATOGENESIS OF TEI,EOST FISH FROM 
THE SOUTH TEAS OUTER CONTINENTAL SHELF 

STAGE HISTOLOGICAL APPEARANCE 

Immature Lobules closed, lined with large, 
non-dividing resting spermatogonia ; 
No spermatogenesis seen 

Quiescent Recovering from spent condition, 
some residual spermatozoa in sinus 
of lobules ; Lobules lined by rest-
ing sperma.togonia ; Some dividing 
spermatogonia cysts present 

Early Development Increase in dividing spermatogonia 
cysts 

Mid Development Primary spermatocyte cysts predomi- 
nant ; Dividing spermatogonia and 
secondary spermatocyte cysts 
present 

Late Development Cysts at all stages of spermatogen- 
esis present ; Spermatid cysts 
predominant 

Mature Large number of cysts with mature 
spermatids, many cysts have rup- 
tured releasing the spermatids into 
the sinuses that are formed by the 
ruptured cysts ; Some cysts in vari- 
ous stages of spermatogenesis 

Ripe Similar to Mature with greater num- 
ber of cysts ruptured ; Increase in 
number of spermatids in sinuses 

Spawned Lobules with open sinuses ; Residual 
spermatozoa seen in sinuses ; Resting 
spermatogoni.a predominant stage 
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Figure 21.2 
A. Longapined porgy (Stenotomua caprixus) . Testis at quiescent stage ; (rip) resting 

aparmatogonia ; empty sinuses (arrows) . 5408 Mallory's . 

B. Longspiaed porgy (Stafwtomua aaprinua) . Maturing testis with several cysts (cy) 
at different stakes of spermatogenesis . 540% Mallory's. 

C . Scallop (qnncetirat papyrctcaus) . Large sperm cluster (cyst) with different stages of 
spermatogenesis. 2208 Feulgen. 

D. Brown shrimp (Penaeus aatecus) . Testis showing dividing spermatogonia (dsp) and 
primary spermatocytes (pap) . 540% HSE 
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stage of spermatogenesis and in synchrony (Figure 21 .2B), 

The stages of spermatogenesis and sexual maturity were established on 

the basis of the type and number of the different cysts of spermatogenesis 

seen (Table 21 .5)o The stages were determined to fit the majority of the 

fish species studied . 

Invertebrates 

The process of spermatogenesis in the invertebrates varied from that 

of the fish . The process ranged from a synchronous (scallops) to sequential 

(shrimps and crabs) to a modified seminiferous tubule type (squid) or 

spermatogenesis (Figures 21 .2C, 21 .2D, 21 .3A) . 

In the scallop, spermatogenesis proceeded in clusters (modified cysts) 

in which several stages developed centripetally with every cluster in syn-

chrony . In the arthropods, development was sequential . Depending on the 

area of the testes studied, different stages of spermatogenesis were seen . 

At different periods of maturity, predominance of certain stages of sperma-

togenesis was noted . 

The squid's testes resemble, in structure and spermatogenesis, the mam- 

malian seminif erous tubule type of development . Within the tubule every 

stage of spermatogenesis is seen sequentially, with the resting spermato-

gonia on the periphery and different stages toward the center where the 

mature spermatoza are collected (Figure 21o3A) . 

The spermatogenesis stage designation used for the fish (Table 21 .5) 

was also used for the invertebrates, although the histological description 

differed . Predominant spermatogenic stages were used to establish the 

stage in spermatogonial development in the different invertebrates . 

Reproductive Cycle 

A total of fifteen species of fish and twelve species of invertebrates 
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Figure 21.3 
A. Squid (LoZigo pwlai) . Longitudinal section of samiaiferoua tubule with different 

stages of apermatogeauis ; (pap) primary spersatocytas ; (sip) secondary spitsatocytes ; 
(spd) aparmatida . S40E Faulgen . 

B . Fkachman (Priatipanoidaa aquiloncurtis) . Ovigerow folds with call pravitallo:snic 
oocytea . 220X Mallory Ia . 

C . Weachman (Priatipano£daa aquilonaria) . Large vitellogsnic oocytas with primary (py) 
and secondary (sy) yolk. 135% H6S . 

D . Wencbman (Priatipartoides aquiloncaris) . Ovigerous folds in a distended stage, 
220% Mallory's. 
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were collected along Transect II for the reproductive cycle study (Tables 

21 .1 and 21 .2) . The wenchman (P. aquiZonaris) was the most abundant and 

largest group with 54 males and 51 females . Some of the other species of 

fish such as the longspined porgy (S. caprinus) and vermilion snapper 

(R. auroruberts) also had good distribution of male and female individuals 

and were collected during most sampling periods . Among the invertebrates, 

the brown shrimp (P. aztecus) was the most consistently collected species, 

followed by the squid (L . peaZei), paper scallop (Amusiwn papyraceus) and 

blue crab (C. simiZis) . 

The reproductive cycle for these species have been partly established 

histologically . Several major gaps occur in the data as a result of little 

or no overlap in the samples collected . This lack of an overlap was due to 

collecting protocol and temporal and spatial distribution of the animals 

(the animals were either all of one sex, or not available in the collection, 

or no sampling was done during an icupurtanc. period of the iCprvuuCtiVe 

cycle) . The cycles established reflect this in giving an incomplete or 

contradicting picture . This may be due to overlapping cycles occurring, 

but in the partial data available, all stages of reproduction appear . 

When these data are integrated with other components of this study (i .e . 

zooplankton, identification and numbers of eggs, and larval forms), per-

haps a complete picture can be developed . 

Fish 

The fish for which sufficient data have been collected to show some 

pattern are the wenchman, longspined porgy and vermilion snapper (Table 

21 .1) . The wenchman was collected from Station 3, Transect II during all 

five sampling periods of 1916 and eight of the nine sampling periods of 

1977 . Histologically, the female started oogenesis in the period between 



21-22 

December and March . The wenchman was not collected during this time, but 

in March and April when it was collected, oogenesis had started and the 

oocytes were in the previtellogenic stages (Figure 21 .38) . The oocytes 

were seen in various stages of growth with a size range of 15-200 um in 

diameter (Table 21 .6) . In July and August, when c-illected again, the 

ovaries were observed to have large oocytes, ranging between 150 and 300 

um in diameter, and with primary and secondary yolk granules (Figure 21 .3C) . 

No samples were collected during September . In October the majority 

of the wenchman sampled were in the immature or quiescent stage (Figure 

21 .3D) . They had either spawned, although no evidence for this was avail-

able, or they were immature developing animals . A few were in developing 

stages suggesteing they were either late developers or residuals . 

The wenchman was collected primarily from Station 3 . In June, July 

and August, the wenchman was also collected from Station 2 . The ovaries 

of these animals were in the previtellogenic stage while the Station 3 

specimens had mature oocytes (Figure 21 .3C) . These animals were either 

moving inshore, or out to sea as they matured . Comparison of larvae, 

juvenile and adult swim patterns were not done . Therefore, it was diffi-

cult to support these observations . 

The male wenchman differed from the other species of fish in the 

process of spermatogenesis . While in most fish the cysts progress to 

maturity with the majority of the cysts being at a given stage, the wench-

man appeared to fluctuate with the testes having cysts at all stages of 

spermatogenesis (Table 21 .7) . A trend could be seen where some stages 

might have been predominant, yet all stages were still seen (Figure 21 .4A) . 

One hundred and one (101) specimens of the longspined porgy were 

collected during 1976 and 1977 . This species was collected during every 

collecting period (Table 21 .1), but due to the sampling protocol no samples 



TABLE 21 .6 

REPRODUCTIVE CYCLE OF FEMALE WENCHMEN (Pristipomoides aquiZonaris), 
COLLECTED DURING 1976 AND 1977 FROM STATION 3, TRANSECT II . 

EACH POINT INDICATES THE PREDOMINANT STAGE IN GAMETOGENESIS OBSERVED AND 
DOES NOT INDICATE NUMBERS OK PROPORTIONS 

SPENT -

w 
RIPE -

0 
MATURE -

VITELLOGENESTS 
SECONDARY YOLK -

G4 
O 

PRIMARY YOLK -
PREVITELLOGENESIS 
LARGE OOCYTE - 

SMALL OOCYTE -

IMMATURE - 

0 0 

0 0 

0 0 0 

0 0 0 0 
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i 
N 
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TABLE 21 .7 

REPRODUCTIVE CYCLE OF MALE WENCIMEN (Pristipomoides aquilonaris), 
COLLECTED DURING 1976 AND 1977 FROM STATION 3, TRANSECT II . 

EACH POINT INDICATES THE PREDOMINANT STAGE IN GAMETOGENESIS OBSERVED AND 
DOES NOT INDICATE NUMBERS OR PROPORTIONS 

SPENT - o 

RIPE -

MATURE -

0 
LATE DEVELOPING -

MID DEVELOPING -
Fv 
O 

EARLY DEVELOPING -

QUIESCENT - 

IMMATURE - 

0 

O O O O O O O 

0 0 0 0 0 

N 
N 
1 
N 
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Figure 21.4 
A. Wenchman (Priatipomoides aquilottartia) . Testis with cysts a! various stages of 

spermatogenesis. 540% H&E. 

B. Longapiaed porgy (Stenotannia ¢aprtirwa) . Ovary with oocytss at different previtel-
logenic stages; oocyte with primary yolk (arrow) present . 220% H6E. 

C. Longspined porgy (Stenotomua caprtixua) . Ovigeroua folds with large number of 
previtellogenic oocqtes . 1008 H6E. 

D, Loagapiaed porgy (Stenotomus caprirtus) . Mature oocytes with chorion (ch), well 
developed follicle cell layer (fc), and primary (py) and secondary (sy) yolk . 
135X H6E. 
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were collected during January, May and September . 

The immature-quiescent stage in oogenesis for the longspined porgy 

was observed first in June (Table 21 .8 ; Figure 21 .4B) . Growth of the 

previtellogenic oocytes was seen during October and November (Figure 21 .4C) . 

In December, oocytes were seen in the vitellogenic stages with some near 

the mature stage (Figure 21 .4D) . No samples were collected in January . 

In February one fish was seen in the mature-ripe stage and seven others 

contained maturing oocytes (vitellogenesis ; primary and secondary yolk 

granules) . During March, only one female was analyzed, and in April only 

two . The latter were in the vitellogenic stage with primary and secondary 

yolk. No collections were made in May, but in June the ovaries were at 

the quiescent stage with the oocytes at a small previtellogenic stage sim-

ilar to the stage seen during the previous June (Figure 21 .4B), 

The pattern of oogenic development showed that oogenesis progressed 

to maturity in the cooler period of the year and the wenchman most likely 

spawned in either January or May when collections were not made . The 

March and April collecting efforts did not yield enough females to give 

an accurate picture . 

The male reproductive cycle paralleled the female cycle very closely 

(Table 21 .9) . June, July and August samples showed the fish to be at the 

quiescent stage (Figure 21 .2A) of spermatogenesis . The majority of cells 

seen were resting spermatogonia with some testes definitely being post-

spent, since residual spermatozoa were seen in the sinuses of the lobules . 

The testes were seen in various stages of development during October, Nov-

ember and December (Figures 21 .5A, 21 .SB) . In February, the majority of 

the developing cysts were filled with mature spermatids . Some cysts had 

ruptured and had released the mature spermatids into the sinuses that 

were formed by the ruptured cysts (Figure 21 .SC)a As with the female, few 



TABLE, 21 .8 

REPRODUCTIVE CYCLE OF FEMALE LONGS1?INED PORGY (Stenotomus caprinus), 
COLLECTED DURING 1976 AND 1977 FROM STATION 3, TRANSECT II . 

EACH POIN1 INDICATES THE PREDOMINANT STAGE IN GAMETOGENESIS OBSERVED 
AND DOES NOT INDICATE NUMBERS OR PROPORTIONS 

SPENT 

RIPE 
H 

MATURE 
VITELLOGENESIS 

o SECONDARY YOLK 
H 

PRIMARY YOLK 
PREVITELLOGENESIS 

o LARGE OOCYTE 
w 

SMALL OOCYTE 
H 

0 

0 0 

O 

0 

0 0 0 

0 

O O 

0 0 0 

0 0 

IMMATURE - 

N 
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I 
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TABLE 21 .9 

REPRODUCTIVE CYCLE OF MALE LONGSPINED PORGY (Stenotomus eaprinus), 
COLLECTED DURING 1976 AND 1977 FROM STATION 3, TRANSECT II . 

EACH POINT INDICATES THE PREDOMINANT STAGE IN GAMETOGENESIS OBSERVED 
AND DOES NOT INDICATE NUMBERS OF PROPORTIONS 

SPENT 

RIPE 
H 

MATURE 

LATE DEVELOPING 

MID DEVELOPING 

rs.~ 
o EARLY DEVELOPING 
w 
ch 

QUIESCENT 

0 0 

O O O 

O O 
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0 0 0 
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Figure 21.5 
A. Longspiaed porgy (Stewtamus caprtinus) . Testis in early development stage with 

dividing spermatogonia (dsp) and primary apermatocyte (pop) cysts. 4107[ Paulgen. 

B. Longspined porgy (Stenotartue caprixus) . Teeth is mid development stage with 
cysts in various stages of spermatogmasis . 410% H6E. 

C . Longspiaed porgy (Stenotanus caprtinus) . Testis in late development to maters 
stage with many cysts having ruptured and forming spermatozoa (tp) filled sinuses . 
410% HbE, 

D. Brown shrimp (Penaeus astecus) . Immature-quiescent ovary with majority of oocytes 
very small and no yolk . 220% BSE. 
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males were collected during March and April making it difficult to analyze 

the process of spermatogenesis completely . Spawning could have occurred 

any time between January and May as the testes were in a post spawned, 

quiescent stage in June . During March and April, some of the males were 

at the ripe stage, while others were at various stages of maturity . These 

animals were either late developers or animals with residual development . 

If this is the case, the longspined porgy would have spawned during January 

and/or February, coinciding with the data available for the female . 

Sufficient data were available for the vermilion snapper to make a par- 

tial analysis of the reproductive cycle (Tables 21 .10 and 21 .11) . These 

fish were collected by hook and line at the Southern Bank Station, there-

fore, sampling was partially biased by type of fish taking the bait . Both 

males and females showed a similar pattern . Tables 21 .10 and 21 .11 showed 

a dual cycle emerging . Gametogenesis was initiated in April for both males 

and females and reached maturity in August for the females and from August 

to October for the males . What appeared to be a new cycle of gametogenesis 

was being initiated during October . No data was available for January 

through April making it impossible to develop any definite pattern or 

interpretation of this data . 

The sand seatrout (C. arertarius) was collected during 12 of the 14 

sampling periods of the 1976 and 1977 studies . A total of 28 females and 

28 males was collected . Sampling ranged from one to ten specimens per 

effort and for three of these efforts only females were collected . Tables 

21 .12 and 21 .13 show the erratic pattern developed from the observations 

of the male and female sand seatrout gonads . 

The other fishes sampled were collected either a limited number of 

times or in insufficient numbers . A greater problem was tie unequal dis-

tribution of males and females collected . Many times either all males or 



TABLE 21 .10 

REPRODUCTIVE CYCLE OF FEMALE VERMILION SNAPPER (RhombopZites aurorubens), 
COLLECTED DURING 1976 AND 1977 FROM SOUTHERN BANK . 

EACH POINT INDICATES THE PREDOMINANT STAGE IN GAMETOGENESIS OBSERVED 
AND DOES NOT INDICATE NUMBERS OR PORPORTIONS 

SPENT - o 

RIPE -
H 

MATURE - o 0 
VITELLOGENESIS 

H SECONDARY YOLK - p 

I PRIMARY YOLK - p fw-' 
w PREVITELLOGENESIS 

LARGE OOCYTE -
w 
c7 

SMALL OOCYTE - E-~ p o 0 0 

IMMATURE - - o 0 
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TABLE 21 .11 

REPRODUCTIVE CYCLE OF MALE VERMILION SNAPPER (RhombopZites aurorubens), 
COLLECTED DURING 1976 AND 1977 FROM SOUTHERN BANK, 

EACH POINT INDICATES THE PREDOMINANT STAGE IN GAMETOGENESIS OBSERVED 
AND DOES NOT INDICATE NUMBERS OR PROPORTIONS 

SPENT - 0 0 0 

RIPE - o 0 
H 

MATURE - o 0 0 
W 
C7 

LATE DEVELOPING - o o 

t MID DEVELOPING _ o o 

w 
EARLY DEVELOPING - o 0 

w 
H QUIESCENT - o 0 0 

IMMATURE 
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TABLE 21 .12 

REPRODUCTIVE CYCLE OF FEMALE SAND SEITROUT (Cynoscion arenarius), 
COLLECTED DURING 1976 AND 1977 FROM STATIONS 1, 2 AND 3, TRANSECT II 

EACH POINT INDICATES THE PREDOMINANT STAGE IN GAMETOGENESIS OBSERVED 
AND DOES NOT INDICATE NUMBERS OR PROPORTIONS 

SPENT - 

RIPE -

MATURE -
o VITELLOGENESIS 

SECONDARY YOLK - o 0 0 0 

PRIMARY YOLK - o 
o PREVITELLOGENESIS - 

LARGE OOCYTE - o 

SMALL OOCYTE - o 0 0 0 0 0 0 

IMMATURE - 

N 

1 
w 
w 
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TABLE 21 .13 

REPRODUCTIVE CYCLE OF MALE SAND SEATROUT (Cynoscion arenarius), 
COLLECTED DURING 1976 AND 1977 FROM STATIONS 1, 2 AND 3, TRANSECT II 

EACH POINT INDICATES THE PREDOMINANT STAGS IN GAMETOGENESIS OBSERVED 
AND DOES NOT INDICATE NUMBERS OR PROPORTIONS 

SPENT - 

RIPE 
H 

(z MATURE 
w 
C )LATE DEVELOPING 

N MID 
DEVELOPING 

o EARLY DEVELOPING 
w 
H QUIESCENT 
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all females .were collected, . analysis of these species would have been 

fruitless and inconclusive . 

Invertebrates 

Table 21 .2 shows the temporal distribution of the invertebrates in the 

collecting effort . The brown shrimp (Po aztecus) was collected every sam-

pling effort and showed the greatest number of individuals collected . Out 

of 14 sampling periods the squid (L. pealei) and blue crab (C . stimtiZis) 

were collected 11 times and the scallop (Ae papyraceus) and portunid crab 

(Portunus spinicarpus),nine times each . 

In a histological examination of the brown shrimp it was observed that 

the processes of oogenesis and spermatogenesis were synchronous (Tables 

21 .14 and 21 .15) . The immature-quiescent stage in gametogenesis was seen 

during June and July (Figures 21 .5D and 21o6A) . In August, development was 

seen progressing to mature and ripe stages in the October-December period 

(Figures 21 .6D, 21 .6C) . The February-March collections were small in the 

number of specimens collected . Since a great fluctuation in gametogenesis 

was seen, the data for this period were inconclusive . 

Histologically, the squid presented a very dispersed picture. In 

both the male and female, gonads had all stages of development of gametes 

(Tables 21e16 and 21 .17) . The female gonads showed all stages of oogenesis 

in most of the sampled periods with an increase in mature oocytes in June . 

The male, as described in the Testicular Histology Section of this report, 

had a seminifemus tube-like type of spermatogenesis (Figures 21 . 3A and 21 . 6D) . 

Therefore, all stages of gamete formation were present in the tubule, and 

did not give a definite clue to the stages of reproduction 

Since the paper scallop is a hermaphroditic organism, equal number of 

male and female gonads were sampled every sampling period . The reproduc-

tive cycle for the paper scallop appeared to end sometime during April and 



TABLE 21 .14 

REPRODUCTIVE CYCLE OF FEMALE BROWN SHRIMP (Penaeus aztecus), 
COLLECTED DURING 1976 AND 1977 FROM STATION 2, TRANSECT II, 

EACH POINT INDICATES THE PREDOMINANT STAGE IN GAMETOGENESIS OBSERVED 
AND DOES NOT INDICATE: NUMBERS OR PROPORTIONS 

SPENT 

RIPE -
H 

~Z MATURE - o 0 0 0 0 
LD VITELLOGENESIS 

SECONDARY YOLK - o 0 0 0 0 

PRIMARY YOLK - o 0 0 0 
P,, PREVITELLOGENESIS 

LARGE OOCYTE -
w 

SMALL OOCYTE ~ o o O o 

IMMATURE - o 0 0 
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TABLE 21 .15 

REPRODUCTIVE CYCLE OF MALE BROWN SHRIMP (Penaeus aztecus), 
COLLECTED DURING 1976 AND 1977 FROM STATION 2, TRANSECT II . 

EACH POINT INDICATES THE PREDOMINANT STAGE IN GAMETOGENESIS OBSERVED 
AND DOES NOT INDICATE NUMBERS OR PROPORTIONS 

SPENT 

En RIPE 
H 

MATURE 
w 

LATE DEVELOPING 

MID DEVELOPING 

EARLY DEVELOPING 
w 
c7 
H QUIESCENT 

IMMATURE - 
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0 0 
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Figure 21 .6 
A. Brown shrimp (Perraeua aatecus) . Testis at quiescent stage. 540% H3E. 

B. Brown shrimp (Penaeus astecua) . Ovary with large maturing oocytes with yolk 
granules . Cluster of previtellogenis oocytes (arrow) present . 135R H6E. 

C. Brown shrimp (Penaeus aatecus) . Testis lobes filled with primary spermatocytes 
(psp) and secondary apermatocytes (ssp) . 22070 H6E. 

D. Squid (LoZigo peaZei) . Cross section of testis showing the semiaiferous tubule 
arrangement with different stages of spermatogenesis . 540% Feulgen. 



TABLE 21 .16 

REPRODUCTIVE CYCLE OF FEMALE SQUID (LoZigo peaZei), 
COLLECTED DURING 1976 AND 1977 FROM STATIONS 1, 2 AND 3, TRANSECT II . 
EACH POINT INDICATES THE PREDOMINANT STAGE IN GAMETOGENESIS OBSERVED 

AND DOES NOT INDICATE NUMBERS OR PROPORTIONS 

SPENT 

RIPE -
H 

MATURE -
VITELLOGENESIS 

SECONDARY YOLK -

PRIMARY YOLK - 
PREVITELLOGENESIS 

LARGE OOCYTE -
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TABLE 21 .17 

REPRODUCTIVE CYCLE OF MALE SQUID (LoZigo peaZei) 
COLLECTED DURING 1976 AND 1977 FROM STATIONS 1, 2 AND 3, TRANSECT II . 
EACH POINT INDICATES THE PREDOMINANT STAGE IN GAMETOGENESIS OBSERVED 

AND DOES NOT INDICATE NUMBERS OR PROPORTIONS 

SPENT - 

RIPE 
H 

MATURE -
W 
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LATE DEVELOPING - 

MID DEVELOPING 

EARLY DEVELOPING 
w 
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IMMATURE r 

p O O O O O O O 

0 N 

i 
41 
0 

JAN FEB MAR APR MAY JUN JUL AUG SET OCT NOV DEC 



21-41 

May (none collected) since they were spent in June . Spent animals were 

collected through October . At the same time, animals in earlier stages of 

gametogenesis were also collected . Mature oocytes (Figure 21 .1C) and large 

amounts of spermatid clusters were seen from December through April 

(Figure 21 .2C) . 

The blue crab presented a better pattern in gamete formation even 

though it was collected only during the June through December period 

(Tables 21 .18 and 21 .19) . In June, when first sampled, the ovaries had 

very small previtellogenic oocytes . In December, all stages of oogenesis 

were found among the sampled animals . The male gonads also showed early 

stages of spermatogenesis in June and the developing to mature stages 

increased through December . In a related species to the blue crab (CaZZi-

netted sapidus) reports indicated that peak spawning was seen during the 

March-April period and females with sponge (egg mass) were seen in greater 

numbers during July (More, 1969) . 

Other invertebrate species examined during this study showed some 

emerging patterns, but not enough samples were collected to develop a 

complete reproductive cycle . The general pattern of histological obser-

vations reported with some degree of confidence, coincided partly with 

published reports, although not enough data was generated to establish 

a direct correlation . 

Pathology 

A variety of pathological conditions was observed (Tables 21 .20 and 

21 .21) in the 878 samples analyzed . From these analyses, 149 specimens 

(16.97) displayed some pathological conditions . Invertebrates accounted 

for 88 infected specimens (l0I) while vertebrates accounted for 61 infec-

ted specimens (6 .9%) . 

Only generalized statements can be made from the existing data, since 



TABLE 21 .18 

REPRODUCTIVE CYCLE OF FEMALE BLUE CRAB (CaZZinectes simiZis), 
COLLECTED DURING 1976 AND 1977 FROM STATIONS l, 2 AND 3, TRANSECT II 
EACH POINT INDICATES THE PREDOMINANT STAGE IN GAMETOGENESIS OBSERVED 

AND DOES NOT INDICATE NUMBERS OR PROPORTIONS 

SPENT 

RIPE 1-4 
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MATURE 
o VITELLOCENESIS 

SECONDARY YOLK 

PRIMARY YOLK 
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TABLE 21 .19 

REPRODUCTIVE CYCLE OF MALE BLUE CRAB (CaZZinectes simiZis), 
COLLECTED DURING 1976 AND 1977 FROM STATIONS l, 2 AND 3, TRANSECT II . 
EACH POINT INDICATES THE PREDOMINANT STAGE IN GAMETOGENESIS OBSERVED 

AND DOES NOT INDICATE NUMBERS OR PROPORTIONS 

SPENT - 
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H 
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TABLE; 21 .20 

SURVEY OF GONADAL PATHOLOGICAL INCIDENCE FOR VERTEBRATES COLLECTED DURING 1977 
ALONG TRANSECT II AND SOUTHERN BANK 

Neoplasm & Degenerated 
Specimen Parasites Hyperplasia Cysts Gonad Other 
Wenchman 

Pristipwnoides aquiZonaris 2 8 12 
Longspined porgy 

Stenotonrus caprinus 4 1 
Sand seatrout 

Cynosciorc arenarius 2 1 1 S 
Atlantic croaker 

Micropogon unduZatus 2 
Gulf butterfish 
PepriZus burti 

Rock sea bass 
Centropristis phiZadeZphiea 1 1 

Red snapper 
Lutjanus campechanus 4 

Threaf in 
PoZydaetyZus octonemus 

Black ear bass_ 
Serranus atrobranchus 

Pinfish 
Lagodon rhomboides 

Vermilion snapper 
RhombopZites aurorubens 8 5 3 

Spot croaker 
Leiostomus xanthurus 1 

Scaled sardine 
HarenguZa pensaeoZae 1 

Atlantic bumper 
ChZoroscombms chrysurus 1 

1Fibroblast infiltration, leucocyte infiltration, vascularization, unknown diseases or causes, 

or other abnormalities. 



TABLE 21 .21 

SURVEY OF GONADAL PATHOLOGICAL INCIDENCE FOR INVERTEBRATES COLLECTED DURING 1977 
ALONG TRANSECT II 

Neoplasm & Degenerated 
Specimen Parasites Hyperplasia Cysts Gonad Other 
Paper scallop 
Amusiwn papyraceus 4 6 6 1 8 

Blue crab 
CaZZinectes simiZis 4 7 8 

Portunid crab 
Portunus gibbesii 

Portunid crab 
Portunus spinicarpus 1 3 6 

White shrimp 
Penaeus setiferus 3 4 3 

Rock shrimp 
Sicyonia dorsaZis 6 

Broken back shrimp 
SoZenoeera vioscai 2 1 2 

Brown shrimp 
Penaeus aztecus 19 1 1 

Rough back shrimp 
Trachypenaeus simiZis 1 

Squid 
LoZigo peatei 7 

Squid 
LoZiguncuZa brevis 5 

Spider crab 
Anasimus Zatus 1 

1Fibroblast infiltration, leucocyte infiltration, vascularization, unknown diseases or causes, 
or other abnormalities . 
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too few specimens were collected to state a definite effect or trend . 

In another study, involving 290,000 fishes (151 species), it was reported that 

the data were not sufficient to clarify the relationship between initiation 

of the disease and the disease prevalence distributional pattern (Mearns 

and Sherwood, 1977) . 

A common pathology observed was the presence of helminths (Figures 

21 .7A, 21 .7B) . In some cases, the helminths had penetrated the gonad 

(Figure 21 .78), while in other cases, they were associated with the gonad 

on the periphery (Figure 21 .25) or in the connective tissue or mesentery 

supporting the gonad . In another study, the helminths were considered to 

be an environmental indicator (Overstreet and Howse, 1977) . Mearns and 

Sherwood (1977) stated that as collecting moved away from the center of 

the pollution point, the presence of parasites increased. 

Sporozoan and protozoan (Figures 21~7C, 21 .7D) infections were found 

through entire collecting samples in both vertebrates and invertebrates . 

Heavy infections by these organisms re5ulLeu in cuiupieLe uasL-ruCtioa of 

gonadal area (Figure 21 .7D) . 

Table 21 .22 shows that the highest incidence of parasites in the 

vertebrates was during the coldest part of the year (Quarter I) . Inver-

tebrates had an increase of parasitism during the warmer months (Quarter 

I and II) . Correlation with temperature data was not done; therefore;,. 

only generalizations can be made as to the relative importance of tempera-

ture with respect to the incidence of parasitism. 

Neoplastic growths were seen associated either with the gonadal wall 

or supportive connective tissue (Figures 21 .8A, 21 .88, 21 .8D) . Some 

mature oocytes appeared to have neoplastic~ growths in the ooplasma (Fig-

ure 21 .88) . 

Neoplasia studies of aquatic specimens have just started to develop 

enough of a data bank to ascertain any relationship regarding the specimens 
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Figure 21 .7 
A. Longspined porgy (Sterwtomua caprirtua) : Helmiath parasite adjacent o£ ovary (o) . 

135 K H&E. 

B . Rock shrimp (Sioyontia dorealia) . Helminth parasite embedded in ovary . 540% H6E . 

C. Vermilion snapper (RhombopZites aurorubena) . Sporozoan parasite (arrow) in 
degenerated testis . 13208 fl&E. 

D. Vermilion snapper (Rhomboplites ctunorubena) . Protozoan parasite (arrow) in 
degenerated testis . 13208 H6E. 
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TABLE 21 .22 

1977 QUARTERLY' ANALYSIS OF PARASITES OBSERVED IN THE GONADS 
OF VERTEBRATES AND INVERTEBRATES 

COLLECTED ALONG TRANSECT II AND AT SOUTHERN BANK 

VERTEBRATES 

Quarter Incidence % of T. I .2 

I 7 41 .0 
II 2 12 .0 

III 4 24 .0 
IV 4 24 .0% 

TOTAL 17/353 (4.8I) 

INVERTEBRATES 

Quarter Incidence % of T . I .2 

I 6 15 .0 
II 10 26 .0% 

III 15 39 .0 
IV 7 18 .0 

TOTAL 38/525 (7 .2I) 

'Quarters = January-March, I ; April-June, II ; July-September, III ; October-
December, IV 

Incidence per Quarter 
I of Total Incidence = Incidence of Pathology for year 
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Figure 21 .8 
A. Blue crab (CaZZtineetea stimtiZis) . Neoplastic growth is testis . 1320% BSE. 

B . Weachmaa (Pristipomoidea aquiZonaris) . Maturing oocyte with neoplastic inclusions 
(arrow) . 540X Mallory's . 

C. Red snapper (Lutjanus omrrp¢chanua) . Cystic reaction to degenerating parasite and 
fibroblast infiltration (arrow) . 100% R6E. 

D. Wenchman (Prtistipomotides aquiZonaris) . Neoplastic cyst seen in testis . 410% HSE. 
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and their environments (Harshburger, 1977) . Before the etiology of a par-

ticular neoplasma can be established, the following have to be considered : 

1 . Identification and classification of neoplasma common to a parti-

cular organ, a particular species and/or a particular habitat; 

2 . Analysis of water, food, sediments and the environment and iden-

tification of one or more carcinogens or possible carcinogens ; 

3 . Simulation of the exposure under controlled laboratory experiments 

and inducement of the same neoplasma in the same organ, the same species 

and by the same route of exposure . 

Not enough data have been collected to definitely establish that a neoplasia 

has occurred and not a hyperplasia, since an early state of neoplasia 

resembles hyperplasia (Stewart, 1977) . 

Hyperplasia has been defined as the increase in the number of indivi- 

dual tissue elements, excluding tumor formation, whereby the bulk of the 

organ is increased (Stewart, 1977) . Very few incidences of hyperplasia 

and neoplasia were seen during this sampling period . Hyperplasia was 

seen in 10 out of 525 (1 .9y) invertebrates while only three out of 353 

(0 .081) vertebrates (Table 21 .23) . The incidence of hyperplasia was more 

prevalent during the cooler months . 

Various types of cysts were observed in the specimens collected. Some 

of the cysts were clearly reactions to invasion by parasites (Figure 21,8C), 

but most were of unknown origin (Figure 21 .8D) . Vertebrates seem to have 

had a higher incidence of cysts during warmer months (Quarters II, III) 

while the incidence of cysts in invertebrates was observed to be the high-

est during the cooler months (Quarter IV) of the year (Table 21 .24) . Vert-

ebrates had the highest incidence of cysts (4a5I) . The invertebrates had 

a much lower incidence (1 .1%) . 
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TABLE 21,23 

1977 QUARTERLY' ANALYSIS OF NEOPLASTIC AND HYPERPLASIA OBSERVED 
IN THE GONADS OF VERTEBRATES AND INVERTEBRATES COLLECTED 

ALONG TRANSECT II AND AT SOUTHERN BANK 

VERTEBRATES 

Quarter Incidence % of T . I .2 

I 1 33 .0 
II 

III 
IV 2 67 .0% 

TOTAL 3/353 ( .8I) 

INVERTEBRATES 

Quarter Incidence I of T . I .2 

I 2 20 .0% 
II 

III 1 10 .01 
IV 7 70 .07 

TOTAL 10/525 (1 .9I) 

1Quarter = January-March, I ; April-June, II ; July-September, III ; October-
December, IV 

Incidence per Quarter 
2% of Total Incidence = Incidence of Pathology for Year 
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TABLE 21 .24 

1977 QUARTERLY' ANALYSTS OF CYSTS OBSERVED IN THE GONADS 
OF VERTEBRATES AND INVERTEBRATES COLLECTED 

ALONG TRANSECT II AND AT SDITTHERN BANK 

VERTEBRATES 

Quarter Incidence % of T . I .2 

I 1 6 .0% 
II 7 44 .0 

III 7 44 .0% 
IV 1 6.0% 

TOTAL 16/353 (4 .SI) 

INVERTEBRATES 

Quarter Incidence % of T . I .2 

I 1 17 .0 
II 1 17 .0 

III 1 17 .0% 
IV 3 50 .07 

TOTAL 6/525 (1 .17) 

'Quarter= January-March, I ; April-June, II ; July-September, III ; October-
December IV 

Incidence per Quarter 
Z~ o£ Total Incidence = Incidence of Pathology for Year 
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Failure of gonads to develop, whether male or female, often appeared 

to be associated with nematode parasitism. A few gonads were found com-

pletely destroyed by bacterial invasion while the causative agent(s) of 

other degenerated gonads could not be identified (Figure 21 .9A) . Inverte-

brate and vertebrate incidence of degenerated gonads was 3.0% and 2 .3% 

respectively (Table 21 .25) . 

Fbrobl;asf inf filtration, vesiculation, leucocytic inf filtration and 

other conditions were combined under one heading (Table 21 .26) . Due to 

this combination, the largest occurrence of pathologies was seen in this 

category . These conditions were usually associated with other conditions 

such as parasitism, neoplastic growth or hyperplasia . Fibroblast infil-

tration and vesiculation were also seen in post spent animals which could 

have been part of the "normal" reproductive cycle (Figure 21 .98) . Until 

an adequate data base is available, such conditions cannot be definitely 

categorized . 

Tables 21 .27 - 21 .29 summarize the incidence of histopathologies 

and parasites of the invertebrate and vertebrate gonads . The wenchman 

(70 specimens, 16 infected) had the highest incidence of pathological 

conditions among the vertebrates (22,91) and the longspined porgy (71 

specimens, 8 infected) had the lowest incidence (11.30 . Of the inverte-

brates, the scallop (53 specimens, 18 infected) had the highest incidence 

of pathologies (40I) while the rough back shrimp (51 specimens, 1 infected) 

had the lowest incidence (1 .9I) . 

A generalized prediction can be made as to which period of the year 

the highest incidence of pathologies occur (Table 21 .27) . The vertebrates 

are more subject to infection during the cooler months (Quarters I and IV) . 

Invertebrates also showed a high percent of infection during Quarter IV . 
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Figure 21.9 
A. White shrimp (Penaeus aetiferus) . Degenerating ovary due to unknown cause. 

4108 H6E. 

B. Vermilion snapper (Rhomboplitea cturorubens) . Fibroblast infiltration (arrow) into 
ovigerous folds of spent ovary. 220% H3E. 
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TABLE 21 .25 

1977 QUARTERLY' ANALYSIS OF DEGENERATED GONAD IN THE GONADS 

OF VERTEBRATES AND INVERTEBRATES COLLECTED 
ALONG TRANSECT II AND AT SOUTHERN BANK 

VERTEBRATES 

Quarter Incidence % of T . I . Z 

I 5 63 .0% 
II 

III 2 25 .0% 
IV 1 13 .0% 

TOTAL 8/353 (2 .3%) 

I'VE RTEB n.:.TES 

Quarter Incidence % of T . I . Z 

I 
II 

III 4 25 .0% 
IV 12 75 .0% 

TOTAL 16/525 (3 .0%) 

1Quarter= January-March, I ; April-June, II ; July-September, IV ; October-

December, IV 

of Total Incidence - 
Incidence per Quarter 
Incidence of Pathology for year 
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TABLE 21 .26 

1977 QUARTERLY' ANALYSIS OF OTHER PATHOLOGIES IN THE GONADS 
OF VERTEBRATES AND INVERTEBRATES COLLECTED 
ALONG TRANSECT II AND AT SOUTHERN BANK 

VERTEBRATES 

Quarter Incidence % of T . I .2 

I 8 25 .0% 
II 6 19 .0% 

III S 17 .0 
IV 13 41 .0% 

TOTAL 32/353 (9 .1I) 

TNVRRTF?~RATRS 

Quarter Incidence % of T . I .2 

I 12 30 .0% 
II 6 15 .0 

III 3 8.0% 
IV 19 48 .0% 

TOTAL 40/525 (7 .67) 

1Quarter= January-March, I ; April-June, II ; July-September, III ; October-
December, IV 

Z% of Total Incidence -_ Incidence per Quarter 
Incidence of Pathology for year 
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TABLE 21 .27 

1977 QUARTERLY' ANALYSIS OF TOTAL PATHOLOGICAL INCIDENCE OBSERVED 
IN THE GONADS OF VERTEBRATES AND INVERTEBRATES COLLECTED 

ALONG TRANSECT II AND Al SOUTHERN BANK 

VERTEBRATES 

Quarter Incidence % of T . I .2 

I 21 28 .0 
II 16 21 .0% 

III 18 24 .0 
IV 21 28 .0% 

TOTAL 76/353 (21 .50 

INVERTEBRATES 

2 Quarter Incidence % of T . I . 

I 21 19 .0 
II 17 15 .0 

III 24 22 .0% 
IV 48 44 .0 

TOTAL 110/525 (20 .91) 

'Quarter= January-April, I ; March-June, II ; July-September, III ; October-

December IV 

of Total Incidence -_ Incidence per Quarter 
Incidence of Pathology for year 
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TABLE 21 .28 

HISTOPATAOLOGY OF FISH GONADAL TISSUE COLLECTED DURING 1977 
ALONG TRANSECT II AND AT SOUTHERN BANK 

Incidence 
of 

Specimen Analyzed Infected Infection 

Wenchman 
Pristipomoides aquiZonaris 70 16 22 .9 

Longspined porgy 
Stenotomus caprinus 71 8 11 .3 

Sand seatrout 
Cynoscion arenarzus 43 8 18 .6 

Atlantic croaker 
Micropogon unduZatus 37 4 10 .8 

Gulf butterfish 
PepriZus barb 1 0 0% 

Rock sea bass 
Centropristis phiZadeZphica 12 2 16 .7 

Red snapper 
Lutjanus campechanus 28 6 21 .41 

^'hreadf in 
PoZydactyZus octonemus S 0 0% 

Black ear >bass= . 
Serrarcus a trobrancrzus 3 0 0% 

Pinf ish 
Lagadon rhomboides 5 1 20 .0 

Vermilion snapper 
RhombopZites aurorubens 52 11 21 .2 

Spot croaker 
Leiostomus xanthurus 16 1 6 .3% 

Scaled sardine 
HarenguZa pensacoZae 5 1 20 .0% 

Atlantic bumper 
ChZoroscombrus chrysurus 5 3 60 .0 

TOTAL 353 61 17 .3 
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TABLE 21<29 

HISTOPATHOLOGY OF INVERTEBRATE GONADAL TISSUE COLLECTED DURING 1977 
ALONG TRANSECT II 

Incidence 
of 

Specimen Analyzed Infected Infection 

Paper scallop 
Amusiwn papyraceus 53 18 33 .9 

Blue crab 
CaZZinectes simiZis 50 11 22 .0 

Portunid crab 
Portunus gibbesii 8 0 OI 

Portunid crab 
Portunus spinicarpus 58 10 17 .2 

White shrimp 
Penaeus setiferus 46 10 21 .7 

Rock shrimp 
Sicyonia dorsaZis 13 6 46 .21 

Broken back shrimp 
SoZenocera vioscaz 56 5 8.9% 

Brown shrimp 
Penaeus aztecus 100 21 21 .0 

Rough back shrimp 
Trachypenaeus simiZis 51 1 1 .9% 

Squid 
LoZigo peaZeti 53 4 7 .5% 

Squid 
LoZiguncuZa brevis 32 3 9 .4% 

Spider crab 
Anasimus Zatus S 1 20 .0% 

TOTAL 525 88 16 .8 
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Further analyses are needed before a complete correlation can be established . 

Karyotype 

Tae majority of chromosomal analyses have been done on freshwater fish 

(Denton, 1973 ; Wharton et at ., 1977) and only a limited number of marine 

species have had their chromosome number established (Lee and Loh, 1975 ; 

Nicholson and Byrne, 1973 ; Regan et at ., 1968 ; Wharton et at ., 1977) . Sim-

ilarly with marine invertebrates, a limited number of species have been 

karyologically analyzed (Ahmed and Sparks, 1967, 1970 ; Menzel, 1968 ; Menzel 

and Menzel, 1965) . 

Seven marine fish and four marine invertebrates (Table 21 .30) were 

used in the initial chromosomal analysis effort . Several problems had to 

be solved before chromosomes could be counted . Some of the animals sampled 

did not produce analyzable material . This was due to several factors 

such 3S (1 .) wrong CO1CI11C:1TlZ dosage , 121) wrong trCu}.mC'. .̂t tt!° , (3), improper \ 

hypotonic treatment, (4) improper spreading techniques, and (5) use of tis-

sue with high mitotic activity. These factors will vary from species to 

species, from tissue to tissue and with size and/or age of animal . The 

factors for species listed in Table 21 .30 were established fairly well . 

Chromosome counts were made and analyzable karyotypes are presently being 

developed for these species . 

The basic protocol for chromosomal analysis used was a modification 

of the bone marrow and tissue techniques developed by Ford et at ., (1956) . 

Modifications-of this technique have been applied to other tissues . Gill 

epithelium, liver, kidney, spleen and scale epithelium have been used suc-

cessfully for freshwater fish (Denton and Howell, 1969 ; McPhail et at ., 

1966) . Gill epithelium has provided the best results in the marine fish . 

Of the seven species of fish analyzed, the silver perch, BatirdieZZa 
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TABLE 21 .30 

LIST OF SPECIES UTILIZED IN THE CHROMOSOMAL ANALYSIS EFFORT 
WITH CHROMOSOME NUMBERS 

Species Chromosome Number 

Fish : 

Sand seatrout - Cynoscion arenarius 48 
Vermilion snapper- RhombopZites aurorubens --
Barred grunt- Conodon nobiZis --
Silver perch- &zirdieZZa chrysura 4$ 
Bigeye snapper- Priacanthus arenatus 38-44 
Atlantic bumper- Ch?oroscombrus chrysurus 44 
Dwarf sea perch- DipZectrzan bivzttatum 45 

Invertebrates : 

Blue crab- CaZZinectes sapidus 24 
Squid- LoZtiguncuZa brevis 22-24 
Brown shrimp- P2naeus azteeus 22 
Paper scallop- Amustizan pQXJ?!raragug 10-12 
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chrysura, sand seatrout, C. arenarius, and Atlantic bumper, C12Zoroscombrus 

ehrysurus were completely evaluates: including-counting acid karyotyping . 

These speciestiave 48, 48 and 44 chromosomes, respectively, with the majority 

of chromosomes being telocentric (Figures 21 .10A, 21 .1OB, 21 .1OC) . Tenta-

tive chromosome counts were made on the other species, but not enough repli-

cation was done to establish the exact number . These species fell within a 

range of 44 to 54 chromosomes . 

Invertebrate chromosome counts reported in the literature have been 

made on either oocytes or blastula cells . For this study, adult tissue 

was used . Different tissues were tried . Glandular tissue and gill epi-

thelium proved effective in obtaining countable chromosomal spreads . The 

squid, Le brevis, had 22. to 24 chromosomes, the paper. scallop l0. to 

12 chromosomes and the blue crab 24 chromosomes (Figure 21 .10D) . The 

major problem with these organisms was the size of the chromosomes . The . 

squid and scallop chromosomes range from 0.25 um to 4 um in size, making 

the identification of the chromosomes difficult . Replicates of these 

species are being done to confirm initial counts and to obtain analyzable 

chromosomes . 

CONCLUSIONS 

From the partially established reproductive cycles of selected inver- 

tebrates and fishes the following conclusions can be made . The fishes 

showed a great variability from station to station and occasionally within 

specimens at a given station . Invertebrates showed a greater degree of 

synchrony, . with sequential development in some . Due to this variability, 

any future studies should analyze a larger number of specimens per species 

per station to provide a more representative statistical base . To establish 

complete reproductive cycles for the species used in this study at least two 

more years of sampling would be necessary . 
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Figure 21 .10 
A, Silver perch (BairdieZZa ehrysura) . Chromosome spread from gill epithelium 

showing 48 chromosomes . 13208 Giemsa Stain . 

B . Sand aeatrout (Cynoscion arenarirte) . Chromosome spread from gill epithelium 
showing 48 chromosomes . 1320% Giemsa Stain . 

C. Atlantic bumper (ChZoroscombrus chryaurus) . Chromosome spread from gill epi-
thelium showing 44 chromosomes. 1320% Giemsa Stain. 

D. Blue crab (CaZZinectea aapidus) . Chromosome squash from the digestive gland 
showing 24 poorly defined chromosomes . 13208 Giemsa Stain . 
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Pathological conditions observed in the fish and invertebrate gonads 

included parasitism, hyperplastic growth, cysts, vascularization, degenerated 

condition, fibroblast infiltration and other abnormal conditions . One 

hundred and forty-nine (149) of the 878 animals analyzed had a type of 

pathological and/or parasitic condition . 
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The Department of the Interior Mission 
 
As the Nation's principal conservation agency, the Department of the Interior has responsibility 
for most of our nationally owned public lands and natural resources.  This includes fostering 
sound use of our land and water resources; protecting our fish, wildlife, and biological diversity; 
preserving the environmental and cultural values of our national parks and historical places; 
and providing for the enjoyment of life through outdoor recreation. The Department assesses 
our energy and mineral resources and works to ensure that their development is in the best 
interests of all our people by encouraging stewardship and citizen participation in their care. 
The Department also has a major responsibility for American Indian reservation communities 
and for people who live in island territories under U.S. administration. 
 
 
 
The Minerals Management Service Mission 
 
As a bureau of the Department of the Interior, the Minerals Management Service's (MMS) 
primary responsibilities are to manage the mineral resources located on the Nation's Outer 
Continental Shelf (OCS), collect revenue from the Federal OCS and onshore Federal and Indian 
lands, and distribute those revenues. 
 
Moreover, in working to meet its responsibilities, the Offshore Minerals Management Program 
administers the OCS competitive leasing program and oversees the safe and environmentally 
sound exploration and production of our Nation's offshore natural gas, oil and other mineral 
resources.  The MMS Minerals Revenue Management meets its responsibilities by ensuring the 
efficient, timely and accurate collection and disbursement of revenue from mineral leasing and 
production due to Indian tribes and allottees, States and the U.S. Treasury. 
 
The MMS strives to fulfill its responsibilities through the general guiding principles of:  (1) being 
responsive to the public's concerns and interests by maintaining a dialogue with all potentially 
affected parties and (2) carrying out its programs with an emphasis on working to enhance the 
quality of life for all Americans by lending MMS assistance and expertise to economic  
development and environmental protection. 
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