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RESULTS 

Water Column 

Descriptive Physical Oceanography 

It should be understood from the outset that the water column data 

were not synoptic . Within each of the three sampling seasons approximately 

25-32 days of collection time were involved and these data can therefore 

only be examined for gross features of the transport system and not for 

the microstructure or the predictability of the effects on the transport 

from the forcing mechanisms of the Loop Current, wind stress, shelf circu- 

lation, tides and run-off . These data, therefore, represent only general 

support information as required for an interdisciplinary study and do not 

represent the definitive study of the shelf circulation and the water 

mass characteristics . Although the discussion will contain reference to the 

general weather conditions, the Loop Current, and river run-off, the 

existing tide conditions will not be discussed in detail and have been sum-

marized from Mooer (1975) in a later section (Discussion) of this report . 

A total of 23 STD lowerings and 14 XBT drops were made . Transects 

N and III (off Pascagoula, Mississippi and Panama City, Florida respectively) 

are influenced by the river run-off characteristic of areas NORTHWEST 

(Mississippi Sound-St . Andrews Bay) and WEST (Mississippi River System) 

(Table 21) and in Hydro-Biological Zones IV, V (Bays, Lagoons, Estuaries), 

XN, XV, XVI (nearshore) and XXIII~(intermediate shelf) (Figure 3) . 

An examination of the vertical salinity distribution data from these 
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Table 2l . MAFLA Subareas Based on River Discharge Characteristics . 

-- - --- Mean Discharge (c .f .s .) 

West 
Mississippi River 48,028 

Northwest 
Mississippi Sound 33,321 
Mobile Bay System 73,076 
Perdido Bay 1,868 
Pensacola Bay System 12,602 
Choctawhatchee Bay 8,352 
St . Andrew Bay 6,367 

TOTAL 135,586 

Northeast 
Apalachicola Bay 26,635 
Apalochee Bay 5,444 
Deadman Bay 745 
Suwannee Sound 11,428 
Waccasassa Bay 200 

TOTAL 44,452 

East 
Tampa Bay System 1,81+ 
Charlotta Harbor 2,255 
San Carlos Bay 1,226 
Florida Bay N .D . 

TOTAL 5,295 

663,361 

(From "Compilation and Summation of Historical and Existing Physical 
Oceanographic Data Prom the Eastern Gulf of Mexico," SUSIO, 195) 
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transects indicates that they can be characterized by the presence of 

two distinct low surface salinity pockets (Figures 9 and 10) in the 

upper seven to eight meters which may be associated with run-off effects 

on hydro-biological regions IV and V. 

Edge Loop Current water defined by Molinari (1975) as water with 

salinity in excess of 36 .55 °/oo appears on both of the above sections 

and was located at approximately 100 m of depth along the slope area of 

the Shelf . Based on historical configurations and the location of the 

waters, the indication is that they were associated with break-off eddies 

from the main Loop Current . Such break-offs are usually associated with 

a low surface salinity pocket located approximately along the middle of 

the slope on the Continental Shelf. 

The depth of the 22°C isotherm was used by Leipper (1970) to 

determine the location of the Loop Current . Molinari (1975) has used 

the topographic depth of the 20° isotherm to locate this same current . 

Figure 11 depicts the 20°C isotherm topographic depth in the 

Eastern Gulf of Mexico (Molinari, 1975) . Examination of this figure in-

dicates the presence of two detached eddies located along the northwest 

Florida Continental Shelf near the Mississippi Delta and Panama City areas . 

These data establish the existence of Loop Current water in the MAFIA 

area as shown above and confirm that they were break-off eddies . 

Figures 12 and 13 show the distribution of temperature along Tran-

sects N and III . In general, the temperature values were uniform 

across the shelf except within the upper ten meters in the area of the 

low salinity pockets . The thermocline does not extend below ten meters 
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and is shallower in areas o° high- and deeper in areas of low-surface 

salinity values . 

Strong sigma t and temperature gradients were present at approxi-

mately 15 m of depth . A similar gradient in salinity was also present 

at approximately five to ten meters . 

Table 22llists the ranges of temperature and salinity present along 

each of the four transacts for the surface, ten meter and bottom waters .* 

The temperature on Transacts IV and III at the surface ranged from 

29 .8(-28 .?_5°C and 30 .00-27 .74°C respectively ; at ten meters of depth the 

temperatures ranged from 28 .00-22 .19°C and 28 .62-24 .50°C respectively and 

at the -bottom the temperatures ranged from 22 .95-18 .63°C and 21 .3+-16 .60°C 

respectively . A comparison of the temperature along each of these transacts 

showed that the greatest range was present in the surface and bottom waters 

of Transact III while the ten meter water along Transact IV showed a greater 

range in temperature than that of Transact III . 

The salinity of the waters along these same transacts (Table 22) 

at the surface ranged from 32 .38-27 .83 °/o0 and 32 .56-31 .52 °/oo res-

pectively ; at ten meters of depth the salinity ranked between 36 .17- 

3 .00 °/oo and 35 .92-32 .20 °/oo respectively and at the bottom the salinity 

ranged between 36 .40-35 .82 °/oo and 36 .29-36 .12 °/oo . 

Transact II is in the NORTHEAST river discharge area (Table 21), 

Marine Summary Zone B and Hydro-biological Region VI (Bays, Lagoons, and 

Estuaries), XVII (nearshore) and XXIV (Intermediate Shelf) (Figure 3) . 

In this report the notation "bottom waters" represents the value taken 
either at the bottom or within five meters of it . 



Table~22 . Temperature (°C) and Salinity (°/oo) Ranges Along Each Transect at the Surface, 10 m, 
and the Bottom During the Summer and Fall, 19?5 and Winter, 1916 . 

Surface 10 m Bottom Surface 10 m Rotor.! 
Temperature Temperature Temperature Salinity Salinity Salinity 

Transect IV 

Summer 29 .87-28 .25 28 .00-22 .19 22 .95-18 .63 32 .38-27 .83 36 . 17-,j4 .00 36 . 40-35-82 Fall 29 .65-28 .61 29 .x+3-28.86 25 " fi9-l4 " 69 3+ .70-27 .00 35 .31-29 .00 X6 .50-3 .55 Winter 18 .62-13 .73 18 .90-13 .93 18 .30-14.0 35 .1+0-31 .n3 35 .69-31 .91 36 .38-32 .G8 

Transect III 

Summer .30-00-27-74 28 .62-24-50 21-34-16 .6o 32-56-31-52 35 .92-32 .20 36 .29-36 .12 gall 29 .49-28 .20 29 55-28 .00 -- -- 35 .76-31 .69 35 .83-3+ .80 -- -- 
Winter 19 .8-13.2+ 19 .84-13 .46 19 .09-12 .44 36-30-34 .88 36-30-34-95 36 .16-35 .1 

Transect II 

Summer 28 .62-28 .0 28 .62-28 .20 28 .?5-17 .88 3h,2?_?1,52 36,?R_J1_54 36,2g_??,50 
Fall 27 .39-26 .01 27 .73-26 .11 27 .22-21+ .11 35 .56-31 .Q5 35 .60-31 .98 36 .1+8-31 .98 
Winter 17 .68-11 .97 17 .66-11 .9 17 .53-11 .97 36 .24-34-30 36 .27-3+ .31 36 .25-34 .?0 

Transect I 

Summer 29 .30-27 .80 28 .62-27 .50 28 .58-17 .f38 36 .27-33 .5 36 .28-33 .50 36 .36-35 .13 
Fall 27 .0-26.15 27 .40-26 .35 25 .10-16 .35 35 .92-33 .71 35 .9?-3+ .00 36 .52-35 .19 
Winter 20 .2 -l4 .i2 19 .80-14 .14 20 .? -1+ .16 36 .21-35 .17 J6 .28-35 .16 36 .15-35 .15 

110 
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The average river run-off on this transect is one-third that of Transect 

III and one-tenth that of Transect IV . As a result of the bottom topog-

raphy to tree west associated with Cape San Blas the inner half is sheltered. 

from bottom transport input generated from the hydro-biological zones 

described by Transacts IV and III . 

Figures 14 and 15 depict the distribution of temperature and 

sali : ity on Transact II . Thermocline dcpt'ris ranged between 10-12 m with 

the deepest values located under or near the low salinity pocket in the 

Horseshoe Bend. The waters were isothermal at the inshore Master Station 

(1204) . Strong gradients in both the temperature and sigma t field were 

either at the bottom or along the 25 m depth level . The temperature of 

the water at both the surface and ten meters of depth ranged between 28 .62-

28 .20°C while the bottom waters ranged between 28 .25-17 .88°C . No signi-

ficant ranges in temperature with depth across the section were noted 

except for a shallow depression located at or near the Florida Middle 

Ground Master Stations 1206 and 1207 . 

The predominant feature of the salinity distribution was the presence 

of two low salinity pockets of surface water . At Master Station 1205 the 

salinity was 32 .06 °/oo while at the outer Master Station (1207) located 

to the west of the Florida Middle Ground the salinity was 31 .52 0/,, . No 

Loop Current (>36,55 °/oo) nor eastern Gulf of Mexico waters (36 .1 °/oo 

were observed on this transact . 

The salinity at the surface on this transact ranged between 36 .27-

31 .52 °/oo ; at ten meters of depth the salinity ranged between 36 .28-

31 .5+ °/oo and at the bottom the observed range was 36 .28-33 .60 °/oo . 
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Both the temperature and the salinity of the waters present along 

this transect differed from those of Transects IV and III . 

Transect I, located crest of Tampa, Florida, lies in the EAST river 

run-off discharge characteristic area (Table 21.), Marine Summary Zone 

B, and Hydro-biological Region VII (Bays, Lagoons, and Estuaries), Region 

XVIII (Nearshore ) , and Region XXIV (Intermediate Shelf) (Figure 3) . The 

river run-off in this area is on tie average approximately one percent; 

of that associated with lransect IV, three percent of Transect III, and 

nine percent of Transect II . 

Figures 16 and 17 depict the distribution cf temperature and salinity 

along Transect I . The temperature at the surface ranged between 29 .30-

27 .80°C ; at ten meters of depth the temperature ranged between 28 .62-

X7 .50°C while near the bottom a much lamer range (28 .58-17 .88°C) was 

present . The thermocline depths ragged from lU-2fi m with a, steady increase 

in depth with increasing distance from shore . Only at the inshore Master 

Station (1101) were the waters isothermal (or isohaline) to the bottom . 

Salinity along this transect was characterized by the presence of 

a single, low surface salinity pocket (33.50 °/oo) and the presence of 

Loop Current water not only at the outer Master Station (1103) but also on 

the shelf. to an approximate depth of 75 m . This water, along with a 

narrow band of eastern Gulf of Mexico water, intrudes onto the shelf as 

a mid-water phenomenon and was located at a depth of 55-125 m. 

A strong gradient in salinity was located at approximately 20 m 

of depth and extended to the edge of the slope of the Continental Shelf . 

Strong gradients in both the temperature and sigma t fields also appeared 

between Master Stations 1102 rind 1101 at approximately 20 m. 
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Weaker gradients extended seaward from these and. descended to approximately 

45 m in depth . 

Fall 

A total of 44 STD lowerings and lZt XFiT's were made during 

this sampling period. An examination of the vertical sections for temperature 

(Figures 18-19) and salinity (Figures 20-21) indicates the presence of 

one low surface salinity pocket on Transect IV and two on Transect III . 

The inshore low salinity pocket on 2'ransect IV had a surface salinity of 

27 .00 °/oo the thickness of which is indicated by the strong salinity 

gradient at approximately 12 m in depth . The two low salinity surface 

pockets on Transect III consisted of an inshore pocket with a surface 

salinity of 31 .69 °/oo and another on the Continental Slope with a surface 

salinity of 3+ .63 °/oo " As on Transect IV the thickness of these pockets 

was approximately 12 m with the inshore pocket appearing to be associated 

with run-off from the NORTHWEST riven characteristic run-off area (Tran-

sects IV and III) while the outer pocket on Transect III appeared to be 

associated with the Mississippi River System run-off area (WEST) . It 

should also be noted that this WEST pocket has increased from 29 .36 to 

3+ .69 °/oo from the summer sampling to the fall which is in accordance with 

continued low run-off (SUSIO, 1975) and Jones and Rinkel (1973) . 

Eastern Gulf of Mexico water (36 .4 °/oo) is present in Transect;s IV 

and III at the upper edge of the Continental Slope between a depth of about 

80-170 m. In the latter area, however, a broken-off ring of water with 

a maximum salinity of 36 .62 °/oo and a temperature range of 23 .23-18 .62°C 

was present . This ring of water is a spin-off eddy from the Loop Current . 
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On both transacts there was a tongue of warm water with temperatures 

in excess of 29°C entering onto the shelf at a depth of approximately 

35 to 25 m. At no location on the two transacts was the water either 

isothermal or isohaline to the bottom although there were well mired. 

waters on both sections as indicated by the thermocli.ne depths . 

On Transact IV the well-mixed layers appear as two pockets . One 

of these was associated with the 'I-JI;TInWEST waters extending from Master 

Stations 1412 to 1413 and the other was associated with the Mississippi 

River System run-off waters with the thermocline depths ranging between 

eight to ten rioters . On Transact III the thermocline extended across the 

entire section and increased in depth with increasing distance from the 

shore . 

Strong salinity gradients located at 15 and. 12 m on Transacts IV 

and III respectively extended to the edge of the Continental Shelf . 

Similar gradients in temperature and sigma t were also present across the 

section . These were located between 15 and 50 m and each tended to 

increase with depth towards the open Gulf . This separation in the 

strong gradient of temperature and sigma t versus salinity is similar 

to the conditions encountered during the swruner sampling . 

Figure 22 depicts the topographic depth of the 20°C isotherm during 

October-November, 1975 Using this as an indicator of the location of 

the Loop Current, it would appear that detached eddies were present in the 

northern areas of the eastern Gulf of Mexico . This water appeared as two 

eddies, one of which was located to the west of the Mississippi River 

System drain-off area (WEST) while the other was present in the vicinity 

of Transact III . This explains the presence of Loop Current water on 
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Transact III and its absence on Transact IV . This also explains the presence 

of the Mississippi River System water (WEST) at Master Stations 1+15 and 

1311 (the Loop Current forcing mechanisms were not transporting water onto 

the shelf) . 

The surface temperature on Transacts IV and III ranged between 29 .65- 

28 .61°C and 29,49-28 .20°C respectively . At ten meters the temperatures 

ranged between 29 .43-28 .860C and 29 .55-28,00°C on the same respective 

transacts . Bottom temperatures on Transact IV ranged between 25 .89-

1+ .69°C . Insufficient data. were available and prevented this determination 

on Tra.nsect III . 

The surface salinity values on these same transects ranged between 

34 .0-27.00 °/oo and 35 .7-31 .69 °/oo and the salinity at ten meters 

ranged between 35 .31-29 .00 °/moo and 35 .3-31 .80 °/oo on Transacts IV and 

III respectively . Bottom salinity on Transact IV ranged between 36 .50 

and 3+ .55 °/oo~ Insufficient data precluded this determination for 

Transact III . 

Figures 23 and 24 show the vertical distribution for temperature 

and salinity on Transact II during the fall . Three dominant features were 

evident. The first of these was the isothermal and isohaline structures 

on the inshore portion of the transact extending to a distance of approxi-

mately 30 miles offshore to Master Station 1205 . Second was the lack of 

any surface salinity pockets coupled with a gradual increase of salinity 

with increasing distance from shore . The third was the appearance of 

pockets of bottom water between roaster Stations 1.206 and 120 which had 

a maximum salinity of 3 .33 °/oo and a, minimum temperature of 2+ .62°C . 
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The thermocline was along the bottom at (and between) Master Stations 

1204 and 1205 and then slowly decreased in depth until it reached the 

surface at the station intermediate to Master Stations 1207 and 1203 . 

No strong, continuous temperature gradients were present across this 

transect in the fall . However, at the depth at which the i.sotherma.l-

isohaline ceased (20 m), there was a strong gradient of salinity and 

sigma t across the transect . The manly strong teirperature gradient present 

on Transect II was a lens of low temperature (and high salinity) water on 

the bottom between Master Stations 1206-1207 . 

The temperatures along this transect at the surface, ten meters and 

bottom ranged between 27 .39-26 .01°C, 27 .73-26 .11°C, and 27 .22-2+ .11°C 

respectively . Over these same depth intervals the salinity ranged between 

35 .56-31 .95 °/oo, 35 .60-31 .98 °/o,, and 36 .18-31 .98 °/oo respectively . 

Figures 25 and 26 show the vertical distribution of salinity and 

temperature along Transect I . Three dominant features were evident . The 

first was the low salinity surface: pocket located at Master Station 1101 

with a surface salinity of 33 .71 °/oo . Second way a low salinity surface 

pocket located between raster Stations 1102-1103 with a minimum value of 

34 .9+ 0/,0 . Third was the appearance of Eastern Gulf of Mexico water 

protruding onto the shelf to 84°W longitude . This water extends inwards 

across the shelf to a depth of approximately 60 m . Accompanying this was 

an intrusion of Loop Current water extending upward from 189 to 75 m on 

the outer edge of the shelf . 

The temperature was relatively uniform across the shelf except at 

the ten meter level at Master Station 7_102 where the temperature increased 
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by 0 .18°C and in the upper layers of the water column at Maser Station 

1103 . 

The salinity values at the surface, ten meters and the bottom 

ranged between 35 .92-33 .71 °/oo, 35 .9-34.00 °/oo and 36 .52-35 .19 °/oo 

respectively . In general these were similar to those present on Transect 

II but differed from those of Transects III and IV . 

The temperature on Transect I at the surface, ten meters and the 

bottom ranged between 27 .0-26.15°C, 27 .40-26 .35°C, and 26 .10-16 .85°C 

respectively . No isothermal stations were present, acid the tYiermoclines 

extended across the shelf at depths ranging between 10 and 40 m. 

Winter 

During the winter sampling period a total of 45 STD lowerings and 

12 xBT drops were made . The vertical distribution of temperature and 

salinity along Transects IV and III is shown in Figures 27, 28, 29, and 

30 respectively . 

The inshore station on Transect IV was dominated by a low salinity 

isohaline layer (rather than the pocket evidenced. in summer and fall), 

and Master Stations 1+13 and 1+15 contained the previously observed low 

salinity surface pocket . Eastern Gulf of Mexico water was present along 

the edge of the Continental Slope and was apparently moving up onto the 

break of the slope itself at an approximate depth of 100 m. Evidence for 

the presence of a very detailed microstructure eddy system was also present 

at Master Station 1415 . 

Only a single low salinity surface isohaline layer with a minimum 

salinity of 3+ .88 °/oo was present along the inner portion of Transect 

III . The salinity gradually increased until it reached 36 .2 °/oo (Outer 
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Shelf water) at the edge of the Continental Shelf. In contrast to this was 

the presence of two sub-surface salinity pockets in summer and fall . 

I, small tongue of Eastern Gulf water. was present at a depth of approximately 

100-125 m. 

The waters were isohaline to a depth of about 25 m on Transect IV 

and out to the edge of the Continental Slope on Transect III . Figure 31 

shows the topographer of the 20°C i_,oi,herm in February, 1976 as furnished 

by Molinari (1976) . The figure indicates that no Loop Current water was 

north of 26°N ; this is confirmed by the salinity distribution on both 

^lransects IV and III . In general the distributions of temperature across 

both transacts was similar and nearly isothermal . This was shown by the 

thermocline depth which reached 75 m on Transact IV and 100 m on Transact , 

III at the outer station of each transact . A shallow thermocline was 

present on Transact IV at the outer station and was probably associated 

with the cooling created by the passage on January 1?_-13, 1976 of a cold 

front . This shallow thermocline was located at approximately five 

meters depth and extended from Master Station 1413 to Master Station 1415 . 

The distribution of temperature shows the presence of a low tempera-

tore and nearly isothermal distribution pattern . An interesting feature 

on Transact IV was the presence of a high temperature pocket of water at 

Master Station 1413 . No major change in the salinity values occurred in 

that area . 

Unlike the summer and fall conditions on Transact III no strong 

horizontal gradients were present in the winter on Transact III . On 

Transact IV, however, a weak salinity-sip-,pa t gradient structure was present 

below the low salinity surface pocket near Master Station 1413 and was 
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located at a depth of approximately 12 m. Similar gradients were recorded 

during the summer and fall . 

The salinity at the surface, ten meters and at the bottom on 

Transect IV ranged between 35 .x+0-31 .83 °/oo, 35 .69-37_ .91 °/oo, and 36 .38-

32 .08 °/oo respectively . Temperatures over these same depth intervals 

ranged between 18 .62-13 .73°C, 13 .90-13 .93°C and 18 .30-11t .04°C respectively . 

Or. Transect III the salinity aL the surface, ten meters and at the 

bottom ranked between 36 .30-34 .88 °/oo, 36 .30-34 .95 °/o,, and 36 .16-

36 .14 °/oo respectively . Temperatures over these same depth intervals 

ranged between 19 .8+-13 .21°C, 19 .B4-13 .6°C, and 19 .09-12 .44°C respectively . 

The vertical distribution of salinity and temperature along Transect 

II is shown in Figures 32 and 33 . The salinity distribution was dominated 

by an inshore, isorialine, low salinity layer extending 24 miles offshore 

to a ridge of isohaline, high salinity water (35 .6 °/oo), To the west of 

this ridge lay a pocket of low salinity surface water between Master 

Stations 1205 and 1206 with a salinity of 35 .38 °/oo . Another pocket was 

located between Master Stations 1_206 and 1207 and near the Florida Middle 

Ground and showed a salinity of 35 .87 °/oo " Both of these pockets extended 

downward to approximately 12-15 m and their boundary gradients were weak . 

Neither Eastern Gulf of Mexico water nor Loop Current water was 

present in this traiisect, and in general the salinity increased with 

increasing; distance from shore . The outer portion of the transect was 

covered with 36 .2 °/oo isohaline water (outer shelf water) . 

Temperatures were isothermal across Transect II in the winter and 

generally increased with increasing distance from shore . The temperatures 
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ranged from 11 .97° to 17 .68°C . 

Associated with the low salinity surface pocket discussed above 

were 0 .2-0 .3°C temperature inversions, which were associated with the 

interface between the low salinity surface pockets and the underlying 

water . This results in two areas of shallow surface thermocl.ines which 

reach to a maximum depth of approximately ten meters . 

The salinity at the surface, ten meters acid the bottom on Trarlsect 

II in the printer ranked between 36 .24-311-30 0/,, , 36 .27-311-31 0/,,, and 

36 .25-3 .30 °/oo respectively . Temperatures over this same depth interval 

ranged between 17 .68-11 .97°C, 17 .6£3-11 .97°C, acid 17 .j3-11 .97°C respectively . 

The vertical distribution of salinity and -temperature on Transect I 

during February 6-8, 1876 is shown in Figures 34 and. 35 . Both of these 

distribution patterns were dominated by isol:a7_ine and isothermal layers 

nut to approximately 84°00'I`T (or to a depth of 50 m) . In both instances 

the temperature and sal_inity increased with increasing distance from shore . 

Neither Eastern Gulf of Mexico water nor Loop Current water were 

detected at any of the stations on this transect . This was in agreement 

with the data shown on Figure 31 where the location of the Loop Current 

water is indicated as entering onto the outer edge of the Continental Shelf 

at approximately 25°N latitude or about 160 miles south of Transect I . 

No large or strong gradients were present in the salinity field . Outer 

Shelf Water (36 .2 °/oo) appears on the outer hal_i.' of the shelf and on the 

slope . Vertically this layer extended to within five to ten meters of the 

bottom . 

A low temperature surface pocket was present at Plaster Station 1103 which 

extended vertically to a depth of four meters and a low temperature bottom 
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pocket located between 16 m and the bottom was present between Master 

Stations 1103 and 1102 . Temperatures throughout the water column nn this 

station ranked between ?_G .7-19 .8°C . It should also be noted that the 

temperature data from ;his station were collected by an XBT and. although 

the claimed reproducibility of the instrument indicates that the values 

were real, the inter comparison of XBT's and 1J`iD lowerings on the shelf 

makes one question whether these d~.ta are artif=acts of the different 

collection system . 

The salinity at the surface, ten meters and the bottom on this 

transect ranked between 30 .21-35 .17 °/oo, 36 .28-35 .16 °/oo, and 36 .16-

35 .15 °/oo respectively . The temperature at the surface, ten meters and 

at the bottom ranged between 20 .20-1+ .12°C, 19 .80-l4 .l~+°C, and 20 .90-14 .16°C 

respectively . The uniformity of these ranges between the different depth 

levels was an additional indication of the isothE~rmal-isoha.line charac-

teristics of this transect during the winter . 

Due to difficulties with the transmissometer this transect was 

reoccupied, after a two day break, from the inshore station out to the 

edge of the Continental Shelf (but did not include Master Station 1103) . 

Figures 36 and 37 depict the vertical distribution patterns for salinity 

and temperature on February 10, 1976 and setae to illustrate the horizontal 

changes that occur in the distribution over a short interval of time . 

Such changes reflect the combined effects of weather conditions, diurnal 

changes, internal waves and tidal oscillations on the shelf . 

At Master Station 1102 the salinity values had not changed and were 

within the reproducibility of the data collection system throughout- the 
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Water column . From that station to the edge of the shelf the salinity 

value :.. had increased by 0.10 °/oo and 0 .30 ON, at the surface and bottom 

respectively over a 92 hr period . In this same time interval the outer 

continental shelf crater was not only displaced downward but also showed 

a new movement of approximately ten mile. to the east . At inshore Master 

Station 1101 the salinity had changed by 0.70 °/oo . 

The temp-ra.i,ure a± Master Station 1101 showed <L 0 .5°C inc~easc i,iirouLii- 

out the isothermal layer . At : a. shelf depth of 25 m and outward to the edge 

of the Continental Shelf the temperatures changed by approximately 1°C . 

Dorm,; this sampling time period a cold front moved through the area on 

February 6 and 7 followed by a lame high system nn February 8, 9, and 10 

which caused strong northeasterly and easterly winds on the 9th and 10th. . 

We-ther this shift in temperature was the result; of the meteorological 

condition' or whether this was the result of an internal oscillation of the 

outer shelf water cannot be determined from these data . 

Transmi ssorietrv 

Late negotiations of the contract and late arrival of equipment (which 

led to inadequate field testing prior to use) anti failure of both the 

primary (hlontedoro-1%'Yiit;ney) and the backup Hydro-Products traiismi . : someter: 

resulted in only a small recovery of information during the June-July 

sampling season . In the fall, although operational. problems gore still 

encountered, the yield of information was Approximately BO`~"., while 1.(10`,' 

of the transmissivity data was obtained in the winter . The bulk of these 

data was obtained with the Ilvdro-Products unit . In this report these data 

are displayed as sections of transmission (% T) based on depth profiles 

along t.ransects extending froze inshore to offshore . 
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Seasonal Shelf '2ransect 

Summer data, although incomplete, click indicate the presence 

of a near bottom nepheloi d zone on `1'ra.nsect I (F'=i gure 38) at the in>hore 

Master Station 1107_ off Tampa Bay . This was evidenced by a :;harp drop in 

the transraissivity (85/'u to 5400' T) between 10-13 m of depth . The avail o.bl.e 

data, from Transect II (NI'astcr Stations 1204, 1204-1205, 1205, 1205-1200 

were complex and indicate the presence of snore than one water in file 

region . This was indicated by the greater transinissivity of' the waters 

at 1 .!aster Station 1205 as compared to the other stations on this transect . 

Figures 39a, b, c and. d show the transmissivity profiles obtained 

during September-October, 7_975 for Tra.nsects I-IV . The main features of 

these profiles were the strong; vertical stratification and the presence 

of bottom nepheloid layers . The latter were especially evident on Tran >ect 

II which was occupied shortly after the passage of Hurricane ELOISE, and 

as shown later, the strongly developed, turbid, bottom layers were related 

to the effects of the hurricane . As expected, the overall turLidity in-

creased markedly towards the northwest MAFL1 region (Transacts III and IV) . 

The transmission versus depth sections obtained during the fainter 

sampling are shown in Figures 40a, b, c and d . `the greater vertical 

homogeneity of the particle distribution was apparent. As indicated on 

the sections for Transacts II, III and TV, meterological conditions intro- 

duced a perturbation into these data such that the more inshore stations 

were occupied several days (3-12) before the remainder of the stations . 

As found in the other season :, the transini ssivity- was greater in the offshore 

water . Strong vertical. stratification was present at Master Station :: 1412 
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and 1412-1ft13 on Transect IV while the inshore waters on Transects I and 

II were well mixed . 

Twenty-four Hour Transmissometer Stat ion :; 

To provide an initial estimate of then short-term temporal 

variability of particle concentration in the water column, two 24-hour time 

series stations were occupied during the fall and vii-nter seasons . One 

station was located. on the Florida Middle Ground (Na ster Station 12o'() 

and the other near the Mississippi Delta (Plaster Station 1+12) . The temporal 

spacing of each cast was approximately six hours . 

Figures 4la,b depict the fall time series for the two stations . A near 

bottom nepheloid layer (Figure 41a) apparently resulting from Hurricane 

ELOISF was present at Master Station 120'T throughout the observational 

period . Slight, semi-diurnal_ tidal or internal wave (26-2'( hr duration) var- 

iations in the thickness of this layer were also noted . Waters above 20 m 

of depth were generally characterized by transrni .sivity values of 85% 

and these were associated with Intermediate Shelf' Water (>36 .0 °/o,) 

Figure l1lb depicts 24-hour transmissivity data. at the inshore station 

(1+12) on Transect IV . A relatively clear layer was present between the 

turbid water at the surface and bottom and generally persisted throughout 

the observational period . This layer was associated with Intermediate 

(>36 .0 °/oo) and Cuter Shelf Water (>36 .? °/oo), The transmis :ivity of 

the surface layers generally increased with time (which inay indicate a 

tidal oscillation), while the near bottom ttu-bidity remained essentially 

constant with only the layer thickness changing with time . 

Figure 42 shows the winter sequences for these scene stations . At 

Master Station 1207 a nepheloi.d layer was present; throughout most of the 
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time series study and showed evidence of vertical and/or horizontal oscil-

lation . The Mississippi Delta series (Master Station 1412) depicts a 

turbid water column with little variation in time: . 

Clay Mineralogy 

Figures 43a, b, and c through 46a, b and c illustrate the clay 

mineral content of the suspended matter collected at the ten meter level on 

the 'rest Florida Shelf in the summer, fall and winter . Smectite, with few 

exceptions, was not detected along Transects I-III . Trace quantities 

were present at Master Stations 110?_ and 1310 in the summer and at Master 

Station 1308 in the winter . Measurable quantities were present at Master 

Station 1+12 (11%) in the summer, Master Station 1415 (26q) in the fall, 

Master Station 1207 (9%) and all stations on Transect IV during the winter 

were the smectite concentration ranged between 63-83,59 . The lower values 

were present at the two inshore stations . 

Figures 43a., b and c show the seasonal distribution of chlorite at 

the ten meter level during the summer, fall and winter . Table 23 shows 

the average content M and range of concentration of chlorite on each 

transect during each season . 

No consistent distribution patterns were apparent in the summer when 

the transacts were compared with each other and in general, the concen-

trations were relatively uniform throughout the area. . Transact IV showed 

lowest average concentration of chlorite . 

In the fall, the lowest. concentrations were present on Transact 

I . Elevated concentrations of chlorite were found at Master station 1205 
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Figure 43b . The horizontal distribution of suspended chlorite (%) at the 10 meter level, September-October, 1975. 
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Table 23 . The average concentration of chlorite (%) and the observed range 
of concentration in 
along each transect 

the suspended matter at the ten 
during each sampling season . 

meter level 

Transect 
Season I II III IV 

Summer 12 12 17 7 
(Range) 7-18 T-19 6-32 T-18 

Fall 5 12 7 16 
(Range) N .D .-9 T-31 Td .I) .-26 N.D .-38 

Winter 22 19 10(1) 1 
(Range) 15-31 12-2h T-16 T-2 

T Trace . 
N.D . Not detectable . 
(1) Three stations only . Insufficient sample-at Master Station 1311 . 

after the passage of Hurricane ELOISE . The values had increased by 22% 

(9-31%) as a result of the storm . The highest concentrations of chlorite 

were found at Master Stations 1313 (26%), 1+12 (2:1t%) and 1415 (38%) 

(TransectsTII and IV had been sampled before the hurricane) . 

Winter chlorite distribution patterns differed from those of the fall . 

The outer two stations on Transect III and all stations on Transect IV 

contained amounts of chlorite ranging from non-detectable to two percent . 

Concentrations on Transect I and II ranged between eight and 31% and the 

highest values were present at Vaster Stations 1101 (37.x) and 1206 (24%) . 

On a seasonal basis, Transect IV was unique in that the highest 

average chlorite concentrations were present in the fall (16%) and the 

lowest in the winter (1%) . Seasonal patterns on Tran :ects I and. III were 

similar in that the lowest average chlorite values were present in the fall . 
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Z'tiey differed only in that the highest concentration on Transect I way 

present in the winter (22%) while on Transect III the highest average 

values were present in the summer (17%) . 

Figures 44a, b and c illustrate the distribution of kaolinite at 

the ten meter level in the summer, fall and winter. . Table 24 shows the 

average content (%) and the range of concentration on each transect during 

each season . 

Table 24 . The average concentration of kaolinit;e (%) and the observed range 
of concentration in the :suspended matter at the ten meter level 
along each transect during; each sampling season . 

Transect 
Season I II III IV 

Sup:qmer 34 36 31 35 
(Range) 27-40 20-62 2L-42 16-54 

Fall 32 46 48 h0 
(Range) 23-38 26-79 34-60 21+-57 

Winter 37 55 55(1) 17 
(Range) 15-51 31-71 30-70 10-26 

(1) Three stations . Insufficient sample at-Master Station 1311 . 

The distribution of kaoli.nite in the suruner on Transacts I, II and 

III was similar in that the concentration generality increased towards the 

edge of the shelf . On Transact IV the value: tented to decrease with 

increasing distance from shore . No differences were noted between the 

average concentration of kaolinite present on earls i,ransect . Transacts 

II and IV showed the greatest range of concentrations . 
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Figure 44b . The horizontal distribution of suspended kaolinite (%) at the 10 meter level, September-October, 1975 . 
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In the fall the concentrations throughout the area had generally 

increased and distribution trends on Transects I and III were similar to 

those present in the summer . Prior to the passage of }hurricane ELOISE 

the suspended material at Master Station 1205 contained 79% kaolinite 

while after the storm, this had decreased to 38% . On Transect IV the con- 

centrations tended to increase towards the edge of the Shelf . The highest; 

average concentrations were preser', on Transects II and III where the 

average values were l16 and 48% respectively . 

In the winter the highest average concentrations of kaolinite were 

again present; on Transects II and III and the lowest average values and 

ranges occurred on Transect IV . Kaolinite values generally tended to 

decrease (Transects I and IV) and increase (Transect II) towards the edge 

of the Shelf . 

Seasonal changes were not apparent in the average concentration of 

kaolinite on Transect I and increased from summer through winter on Transects 

II and III . Average kaolinite values for the summer and fall were 35 end 

4Oo respectively on Transect IV. In~the winter the average kaoli.nite 

content of the suspended matter decreased to 17% . A feature common to 

all seasons was the high concentration on the Outer Shelf on Transects 

II and III . 

Figures 4Sa, b, and c show the distribution of il7_ite in the 

summer, fall and winter . Table 25 shows the average illite content (%) 

and name of concentration in the suspended material at the ten meter 

level during the same interval of time . 



Figure 45a . The horizontal distribution of suspended Illite (%) at the 10 meter level, June-July, 1975. 
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Table 25 . The average concentration of i.7_l it;e (q) and the observed range 
of concentration in 
along each transect 

the suspended matter at the 
during each sampling sea-son . 

ten meter level 

Tran sect 
Season I II III IV 

Summer 21. 25 18 25 
(Range) 18-25 15-38 16-?3 12-46 

Fall 1_4 14 21 17 
(Range ) 11-16 T-31 'I'-40 Td . D . -fit 3 

Winter 12 11 16(1-) 9 
(Range) 9-17 5-23 11.-27 7-12 

T Trac e . 
N .D . Not detectable . 
(1) Thre e samples . Insufficient; sample at Master station 1371 . 

Illite distribution patterns varied from transect to transect and 

reflected the presence of differing water musses in the summer . The least 

variability was on Transect I and highest average concentration (2j5'0) 

was present on Transects II and IV while the lowest average concentration 

(18`~".~) was present on Transect III . 

In the fall the distributional pattern of illite was reversed on 

Transect IV ,hen compared to the summer . Concentrations of illite increased 

from 10% to 31% at the ten meter level at Master Station 1205 as a result 

of Hurricane ELOISE . The lowest values were generally present on T.ransect I . 

The highest concentrations were present at Master Station :; 1311 and 14114 

where the values were It0 and X43°, respective7y . 

In the winter, illite concentrations increased with increasing 

distance from shore on Trfu7sect I, and variable pattern: were present on 
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the remaining transects . Values of i:llite were generally low throughout 

the area, and with only two exceptions, were less than 10% . Suspended 

matter at Master Stations 1103 and 1309 contained 13 and 11% illite 

respectively . 

Illite on Transect I decreased in concentration from summer to winter 

(21-12%) ; Hurricane ELOISE introduced higher amounts of illite (on the 

avera,Ve) on Transect II into the water column than would have been present 

if the storm had not occurred . On Transacts I, :II and IV, the illi+e 

content of the suspended matter decreased from the swnmer through the winter 

sampling period . Average illite concentrations were highest in the fall 

and little difference was apparent between the sizruner and winter . 

Figures 46a, b and c illustrate the distribution of talc at the ten 

meter level in the summer, fall and winter . Table 26 shows the average 

concentration (%) and range of concentration along each transact during 

each season . 

Table 26 . The average concentration M of talc and the observed range 
of concentration in the suspended matter at the ten meter level 
along each transact during; each sanpl.inF season . 

Season I 
Transact 

II III IV 

Summer 33 28 Sao 30 
(Range) 23-36 T-50 16-57 N . i) .-61 

Fall 49 27 25 21 
(Range) 37-60 T-63 N .D .-48 N .D .-57 

(1) Winter 30 13 19 1 
(Range 16-49 0-28 10-27 0-5 

T Trace . 
N .P . Not detectable . 
(1) Three stations . Insufficient sample at Master Station 1311 . 
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The distribution of talc in the summer was complex and was influenced 

by the water masses present . Distribution trends were similar on Transect :> 

I, II and III . On the latter tyro tra.nsects the lowest concentrations were 

present at the offshore station-; . The highe t concentrations were present 

at Faster Stations 141+, lhlj and 1310 where the tale content ranged 

between 49 and 57/5 . As determined from the salinity di :,tribution this was 

probab=i_r as :ocia.ted with Riv(-,-C System run-off . 

The talc content of the waters at the ten rrieter level during tine 

fall at ..:aster Station 1_205 decreased from two percent to traces as a 

result of the passage of Hurric«ne ELOISE . The r.i~;he~;t concentrations were-11 

generally present on Transect I and at Master Stations 7_204 anti 1+13 . The 

averac' concentration of talc on Transect I increased over the summer values, 

showed no change on Transact IT and decreased nn Transacts III and IV . 

The distribution of talc on Transact I was similar to that observed 

in the sunuaer and in general tended to increase in concentration toward 

the edge of the Shelf while on iransects III and IV, the opposite was 

generally true . Alternating hands of high-low concentrations of talc were 

present on Transect II . 

Talc concentrations in the winter were generally lower throughout 

the area . Average talc concentrations tended to decrease toward ;lie north 

and west. . The lowest values were present on Transect IV acid talc was not 

detectable at blaster Stations 1)i12 and 1413 and eras pre:stns: in trace 

ariounts at Master Station 1414 . Suspended material at Master Station 1.111j 

contained five percent talc . 

Talc distribution along Transects I aria IV were similar in that they 
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increased with increasing distance from shore . Tran^ects III and IV 

were similar in that levels of talc increased from the inshore station 

out to the next and then decreased to the edge of the shelf, (similar 

to illite) . 

On a seasonal. basis, avera;Te talc concentrai;ionsdecreased steadily 

from summer through printer on Transects III and IV . Winter values on 

Trwnsect II were less than oiie-italf that of tiie previous two Sea',011S . 

On Transect I the highest values ;ere present in the fall with a steady 

movement from inshore to the Continental Slope from swnmer to winter of the 

maximum values . 

Trace Metals 

Particulate Trace I~~4etals 

In this study, only the particulate form of the trace metals 

cadmium., chromium, copper, iron, lead, nickel and vanadiun were determined . 

Particulate aluminum, calcium and silica were also measured to aid in 

data interpretation . So that additional information on the "biological 

availability" of the particulate trace metals cou:Ld be obtained, the filter 

pads were leached with dilute acetic acid prior to final dissolution . 

The resultant fractions are referred to as the "weak acid soluble fraction" 

and the "refractory fraction ." 

Figures 47a, b and c depict the distribution of the suspended 

materials (on which the above determinations were made) in the summer, 

fall and winter . Table 27 shows the average seasonal concentration in micro-

grams per liter and the observed range during; each samip:l.ing- :season . 
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0 



O 

O 

O 

Figure 47 c. The horizontal distribution of suspended matter (ug/I) at the 10 meter level, January-February, 1976 . 
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Table 27 . The average seasonal concentration 
load and the observed range along 
three sampling seasons . 

(ug/Q) of the 
each transect 

suspended 
during the 

Transect 
Season I II TIT IV 

Summer 79 101 78 1.70 
(,ang ~) 17-1L5 58-169 55-106 76-298 

Fall 104 152 101 98 
(Range) 53-197 101E-210 54-1.)E4 37-7_58 

1-Timer 351 352 14l 287 
(Range) 70-547 57-758 25-231 91-)+83 

In the summer the highest concentrations were present along `1'ransect 

IV where the average value was 170 ug/Q with a range of 76-298 ug/Q . A 

general trend of decreasing amounts of suspended material with increased 

distance from shore was apparent along Transects I and III . The remaining 

two transacts showed patterns of alternating concentration along each transact . 
N 

In the fall the conc etration of the suspended material was relatively X 

uniform throughout the Mt1FLA area . The highest average concentration was 

present on Tra.nsect II and this in part reflects the effect of the passage 

of Hurricane ELOISE . At Master Station 1205 the suspended load increased 

by 82 ug/k after the storm had passed . Except for Tra.nsect, III the overall 

trend was for a general decrease in concentration towards the offshore waters . 

As expected, the highest amounts of suspended material were present 

during the winter . The minimum average value (l~~l ug/Q and a range of 

25-231 u ¬;/Q) were found on Transect III . 
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Seasonal change :; in the suspended load were evident along all four 

transacts with lowest vfj.7 ues in the summer and highest values in the winter 

along Transacts I-III . Transact IV had highest .Levels in the winter and 

lowest level in the fa1 I. , 

Weak li(:i d Soluble Fraction 

Weak fv.id soluble aluminum and vanadium were nod; determined 

on t'Zis fraction . Sili~~ ;,, was below the detection limit at all times 

during the three sanpl. :i n ;; seasons and chromium was detected at eight 

stations during the winf,(,r only . Where present :in measurable quantities 

(Tra.nsects I, II and IV) the concentrations were less than 0 .01 ue;/k . 

Nickel concentrations were below detection limits in the summer and 

winter . Fall concentrations of 0 .05 ug/Q and. 0 .()2 ug/Q were present 

at 'faster Stations 1308 und 1310 respectively on Tra.n sect III, 0.14 jig/R, 

at the inshore station (l4l2) on Transact IV and 0 .02 ug/Q on Transact 

II . At Master Station 1.205 the nickel content; increased from below detec-

tion limits (< .02 ug/Q) to 0 .13 ug/k after the passage of Hurricane 

ELOISE . 

Weak Acid Soluble Iron 

Figures 1t8a, b and c show the distribution of weak 

acid soluble iron in the Eastern Gulf of Mexico during the stammer, fall 

and winter . Table 28 shows the average concentration of iron and the 

observed range for each transact during the three sampling seasons . 

In the summer the average iron level alone-, Transact IV was from five to 

eight times higher than those along the other three transacts . Trt3.nsect 

II had the lowest average iron content in the :uruner . In general, the 

higher concentrations (0 .1-0 .5 ug/Q) were present; at the inshore stations . 
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Figure 48a . The horizontal distribution of the weak acid soluble iron content (ug/I) of the suspended material at 

the 10 meter level, June-July, 1975 . 
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Figure 48 b . The horizontal distribution of the weak acid soluble iron content (ug/I) of the suspended material at 

the 10 meter level, September -October, 1975 . 
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Figure 48c . The horizontal distribution of the weak acid soluble iron content (uq/I) of the suspended material at 
the 10 meter level, January -February, 1976 . 
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Table 28 . The average seasonal concentration of weak acid soluble 
iron (Ug/Q) in the suspended fraction . 

Season I 
Transect 

II TIT IV 

Summer 0 .070 0 .054 0 .032 o .427 
(Range) 0 .018-0 .]_73 0 .028-0 .095 0 .031-O .1f38 0 .066-1 .091_ 

Fall 0 .013 0 .023 0 . 07.6 0 . (?1~ 
(Range) <0 .001-0 .029 0.002_-0 .057 0 .001-0 .060 0 .001-0 .02_' 

Winter 0 .153 0 .175 0 .243 2 .81 
(Range) 0 .00£3-0 .350 0 .038-0 .3?6 0 .019-0 .98 0 .295-6 .1?_ 

In the fall (Figure 1}Bb) the weak acid soluble iron concentrations 

were, with few exceptions, less than 0 .05 Ug/Q and no major differences 

were observed between the transacts . The passage of Hurricane ELOISE 

caused only a slight increase in the suspended iron at buster Station 

1205 on Transact II from 0 .01 to 0 .06 ug/Q . 

The winter was characterized by the presence of general higher 

concentrations of weak acid soluble iron (Figure 48c) throughout the study 

area . This increase from 0 .05 to 0 .10 ug/2 seems to match the area of the 

isothermal-isohaline water structure caused by weather conditions (out 

to 50-60 m depth) . The average concentration per transact;, as shown in 

Table 28, increased from south to north and ranked from 0.16 Ug/R on 

Transact I to 2 .81 1-ig/Q on Trsnsect IV . The highest concentration of 

6.12 ug/Q occurred at Master Station 1112 . 
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Seasonal differences existed on all transeets with maximal levels 

in the winter and minimal levels in the fall . 

Weak Acid Soluble Copier 

Figures 49a, b and c show the distribution of weak 

acid soluble copper at the ten meter level during the summer, fall and 

winter respectively . Table 29 shows the average distribution of copper 

grid :;iie observed range for each t,ransecz during; the three sampling seasons . 

Table 29 . The average seasonal concentration of weak acid 
soluble copper Q/Q x 10-3) in the suspended fraction . 

Transect 
Season I II TTT IV 

Summer 7.0 16-75 22 .8 26 .o 
(Range) 1+ .8-9 .1 7 .5-30 .7 15 .7-33 .7 17 .2-1+4 .1 

Fall 1 .70 3 .86 2 .63 3 .05 
(Range) 0 .8-3 .n <0 .5-12 .6 <0 .5-4 .8 0 .5-9 .2 

Winter 0 .70 0 .78 0.68 <0 .5 
(Range) <0 .5-1 .1 <0 .5-1 .6 <0 .5-1 .20 - 

In the summer the average concentration of copper present on each of 

the four transects decreased consistently between Transect IV and Transect 

I from 26 .0 ug/R. x 10-3 on Transect IV to 7.0 ug/Q x 10-3 on Transect I . 

The range of concentrations along each transact also increased from the 

south to the north and west and may be attributed to differing; water masses 

and run-off into the area . 

The lateral distribution of weak acid soluble copper is shown in 

Figure 49a . Elevated concentrations (>20 .0 x 10-3 ug/Q) were present in 

the nearshore waters south of Horn Island and Panama City, Florida and in a 



Figure 49a . The horizontal distribution of the weak acid soluble copper content (ug/Ix 10-3) of the suspended 

material at the 10 meter level, June-July, (9T5 . 



Figure 49b . The horizontal distribution of the weak acid soluble copper content (ug/I x 10-3) of the suspended 

material at the 10 meter level, September -October, 1975. 
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Figure 49c. The horizontal distribution of the weak acid soluble copper content (ug/1x10-3) of the suspended 

material at the 10 meter level, January - February, 1976. °-° 
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tongue of water extending; from Mater Stations 11415 through 1310 and 1205 . 

The concentration of weak acid soluble copper along Trarisect I and at 

Master Station 120+ ranged between 1 .0-7_U .0 x 10-3 WE 

In the fall (Figure h9b) the presence of regions of differing 

concentrations occurred with low concentrations at the inshore .stations on 

Transacts III and IV (Master Stations 1308 and 102 respectively) and high 

concentrations near she Florida Middle Ground Master Station 1207 . 

Weak acid soluble copper concentrations dlzr~in~; January-February, 

1976 (Figure la9c), with few exceptions, were leis than 0 .5 x 10-3 ug/2 . 

Master Stations 1101, 1206, and 1311 wept of Tampa and Tarpon Springs and 

south of Pensacola contained concentrations of copper ranging from J_ .l x 

10-3-1 .6 x 10-3 0¬;/Q . 

Seasonal differences in the copper concentration were apparent on 

all transacts and levels decreased ten to fifty-fold between summer . and 

winter . The higher values present in the summer reflect the higher run-off 

seen previously on Transacts III and IV and across the outer shelf area 

between Transacts II, III and IV in association z,it}i Mississippi River 

System water . The complexity of the distribution pattern was minimal in 

the winter when concentrations were also at their minimum . 

Weak Acid Soluble Cadmilun 

Figures j0a, v and c show the distribution of weak 

acid soluble cadmium at the ten meter level during; the sw?uner, .fall, and 

winter . Table 30 shows the average seasonal concentration of cadmium 

(qtr-,/Q x 10-3) and the observed range in the suspended fraction along 

each transact . 
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Figure 50a . The horizontal distribution of the weak acid soluble cadmium content (ug/1x10-3) of the suspended 
material at the 10 meter level, June -July, 1975 . 
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Figure 50b. The horizontal distribution of the weak acid soluble cadmium content (ug/1x10-3) of the suspended 

material at the 10 meter level, September- October, 1975 . ao 
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Figure 50c . The horizontal distribution of the weak acid soluble cadmium content (ug/I x 103) of the suspended 
material at the 10 meter level, January - February, 1976. 
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Table 30 . The average seasonal concentration~of weak acid soluble 
cadmium (1ig/k x 10-3 ) in the -suspended fraction . 

Transect 
Season I II III IV 

Summer 0 .87 1 .2 7 .9 10 .4 
(Range) 0 .3-1 .6 O .y-1 .8 ; .0-1.6 .9 1+ .8-20.8 

Fall 3 .7 2 .5 2 .2 & . 
(Range) 1 .5-6 .7 1 .8-3 .1 O .y-3 .5 7 .0-1G.9 

Winter 1 .3 1 .7 1 .9 2 .8 
(Range) 0 .8-2 .2 1 .0-3 .0 j .6-3 .1 1 .9-3-11 

In the su~;Jner the average concentration of cadmium decreased southward 

from an average of 10 .x+ x 1_0-3 PM on Transect IV t0 0.87 x 1.U-3 Ug/Q 

on 'I'ran ect I . The overall trend for cadmium concentrations to increase 

from south to north and west in the stunner is also shown in Figure j0a . 

This distribution pattern agrees with the ten meter salinity patterns 

and the lowest concentration occurs on the outer half of Transect I which 

is the only area where Outer Shelf water is present . 

The concentrations of cadmium in the fall were always less than 

10 .9 t 10-3 ug/Q and the distribution of the metal was more uniform 

(Figure 50U) than had been observed in the summer . The average concentration 

on Trsnsect IV was higher than those of the other three transects . 

Cadmium concentrations in the winter were generally lower than in 

the previous seasons . A ride of high concentration on the outer to middle 

part of the shelf was present on Transacts II, III and IV, while Transact 

I exhibited a decrease in concentration with increa siria distance from 
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shore . Again, the highest average concentrations were present on Transect 

IV . 

Seasonal changes were apparent during the three sampling periods on 

Tran ects I-TV . Transects I and II had highest levels in the fall and 

lowest in the summer . Tra.nsects III and IV had highest levels in the 

summer and lowest in the winter . 

Weak Acid Soluble Lead 

Figures 51a., b and c show the distribution of weak 

acid soluble lead at the ten meter level during the summer, fall and 

winter . Table 31 shows the average seasonal concentration of lead 

Q/y x 10-3) and the observed range in the suspended fraction along each 

transect . 

Table 31 . The average seasonal concentration of weak acid soluble 
lead (Ug/Q x 10-3) and the observed range in the suspended 
fraction along each transect . 

Transect 
Season I II III IV 

Summer 11 .1 11 .2 13 .4 51 .6 
(Range) 3 .4-20 .0 5 .8-15 .0 6.8-16.0 6 .5-96 .9 

Fall 4 .2 8 .1 ` 4 .5 10 .6 
(Range) 2 .8-5 .2 4 .4-18 .9 2 .0-7 .7 4 .1-21 .3 

Winter 18 .4 12 .1 3.6 1.1 .4 
(Range) 2 .7-39 .9 l .4-23 .5 <1 .3-6 .9 7 .1-15 .3 

In the summer the concentration of lead present on each transect 

increased from `I'ransect I to Transect IV and the average level on Transect 

IV was approximately four times greater than those of Transects I-III . 
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Figure 51 a . The horizontal distribution of the weak acid soluble lead content (ug/i x 103) of the suspended 

material of the 10 meter level, June-July, 1975. 
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Figure 51 b . The horizontal distribution of the weak acid soluble lead content (ug/I x 103) of the suspended 

material at the 10 meter level, September-October, 1975 . 55 
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Figure 51c . The horizontal distribution of the weak acid soluble lead content (ug/I x 10) of the suspended 

material at the 10 meter level, January- February, 1976 . 0 
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The lateral distribution of lead as depicted in Figure 51a was generally 

similar to that observed for the other metals . The highest concentration ; 

were present on Tra.nsect IV while the least were present on Tra.n ::,ect I . 

The concentration: of lead in the fall were less than in the summer 

and differed between transacts . Concentrations mere higher on the inshore, 

outer and slope areas and were lower on the intermediate sections . 

olcln ~olcl increase Lead concentrations at Pasl-.er Station 1205 sho-vrcc a thruc.-~ 

after the passage of Hurricane ELISE . 

Regional differences in the distribution of lead in the winter were 

apparent in Figure 51c . Higher concentrations were located in the inshore 

radon of Transect ; I and IV . Waters with a low concentration of lead 

enter at Master Station 1311 on Transact III and. move across to Transact II . 

High concentrations on Transact IV relate to the discharges .from drainage 

areas WEST and NORTIf~~tiTST which were not moving to the East. to tie extent 

they do during the summer and fall . 

Seasonal changes were apparent on all transects . Transects I and II 

had highest levels in the winter and lowest levels in the fall . `I'railsects 

III and IV had highest levels iii the summer, and fill and winter levels 

were relatively similar . General distribution patterns across Transect 

IV were similar during all seasons with higher concentrations being present 

at the inshore (1412) and the offshore (1115) stations old lower values at 

the. intermediate stations . The observed de .^rea:;e in concentration from 

:luruner to winter relates to variation in the drainage area (or river) 

run-off . The seasonal variation along the out or station relates to input 

from the WEST drainage, i .e ., high in :;uriLner, low in fall raid :incrca:;ing, in 

winter . 



Table 32 show:: the weak acid soluble trace metal. correlation coefficient-, 

for the summer, fall and winter . Stront; correlations were present between 

Cd/Cu and Fe/Pb in the summer, and Ca/Cu, Cd/Fe, Cd/Pb, in the fall and 

between Ca/Pb in the winter . Both weak acid soluble lead and iron correlat,ecl 

with salinity in the fall and winter respectively . 

Table 32 . Weak acid soluble ,race metal correlation 
coefficients . 

Summer 

Ca Cd Cr Cu Fe Pb 

Ca - 0.499 - o .485 . 0-362 0 .395 
ca - - 0 .821 0 .30 0 .20 ; 
Cr - - - - 
Cu - 0 .275 0.27 
Fe - 0 .753 
Pb 

Fall 

Ca Cd Cr Cu - Fe Pb 

Ca - 0 .127 - 0 .'j38 0 .507 -0 .170 
Cd - - 0 .019 0 .825 0 .822 
Cr - - - - 
Cu - -0 .130 -0 .10 
Fe - 0.09 
Pb - 

Winter 

Ca Cd Cr Cu Fe Pb 

Ca - -0 .125 - - -0 .39 0 .891 
Cd - - - 0 .39 0 .205 
Cr - - - 
Cu - - - 
Fe - -0 .247 
Pb - - 
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Refractory Trace Metals 

Refractory Iron 

Figures Spa, b and c show the distribution of 

refractory iron in the Eastern Gulf of Mexico during; the sununcr, fall and 

winter . Table 33 shows the average concentration of iron and the observed 

range for each transect during the three sampli.nq seasons . 

Table 33 . The average 
iron Q/Q) 

seasonal concentration of refractory 
in the suspended fraction . 

Transect 
Season I II III IV 

Summer 0 .39 0 .31 0 .31 1 .0 

(Range) 0 .19-0 .66 0 .23-0 .44 0 .1.5-0 .53 0 .33-3 .07 

Fall 0 .19 O.6O 0.21 0 .29 

(Range) 0 .04-0 .30 0.18-1 .53 0.07-0 .32 0 .11-0 .56 

Winter 2 .04 2 .35 1-44 9 .19 
(Range) 0 .15-3-34 0.34-4-57 0.09-2.44 2 .94-18 .4 

Figure j2a shows the lateral distribution of refractory iron in the 

summer . Concentrations throughout most of the area ranged between 0 .1-

0 .5 ug1Q ; elevated concentrations of iron were present at Master Stations 

1412 and 1101 (3 .07 ug/Q and 0 .66 Ug/Z respectively) . The average iron 

concentration on Transect IV was approximately three times greater than 

those of the other three transects . High concentrations c'3.l021<<''', Tra,nsect 

IV were associated with the onshore discharge area . 

Similar patterns of distribution were generally observed in the 

fall . The main exceptions to this occurred along Transect II where 
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Figure 52a. The horizontal distribution of the refractory iron cortent (ug/1) of the suspended material at the 
10 meter level, June -July, 1975 . 
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Figure 52b . The horizontal distribution of the refractory iron content (ug/I) of the suspended material at the 

10 meter level, September -October, 1975 . 
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Figure 52c . The horizontal distribution of the refractory iron content (uq/I) of the suspended material at the 
10 meter level, January- February, 1976 ' 
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"pockets" of higher concentrations were present at Master Stations 1205 

and 1207 . A sip-fold increase in the refractory iron content of the water 

at the ten meter level . occurred (0 .243 - 1 .58 }j7,/k ) at the former station 

which was sampled before and after Hurricane ELOISE . Concentrations on 

`i.'ransects I and III were similar and Transact; II had the highest average 

concentration . 

Concert-rations of iron were -,cnerally 1_111rhcr in the winter . 

indicated in Table 33 the average concent.rat :ic>?i ranged from 1 .44 1j,/Z on 

~e two trari:~ects also exhibited `'ransect III to 9.19 u~ /Q on Trar~sect IV . T hr, 

the n:inimtu and maximum concentration ranges . The higher average concentra-

tion on Transect IV was several times greater tan those of the other 

t.Y'8,r1S°CtS . 

Only those stations strongly affected b r Hurricane ELOISE showed 

strong seasonal differences between summer and fall . The January-February 

concentrations were considerably greater than those collected during the 

previous two seasons . 

Refractory Copper 

Figures 53a, b and c sho;a the distribution of 

refractory copper during the summer, fail and minter . Table 34 shows the 

avera-e concentration of copper and the obserl~od range for each transect 

during the three sampling seasons . 

Marked distributioiial patterns in copper were evident during June- 

July, 1975 (Figure j3a) . ConcenLrati.ons wire hiE;iiest in the `I'ran :;ect 

III -It' region (average concentrations were 3))4 .5 x 10-3 and 28 .7 x 1_0-3 ug/Q 

respectively) . The range of concentrations found along each of these 
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Figure 53a . The horizontal distribution of the refractory copper content (Ng/1x10-3) of the suspended material at 

the 10 meter level, June -July, 1975. 
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the 10 meter level, September-October, 1975 . 
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Figure 53c. The horizontal distribution of the refractory copper content (yg/I x 10-3) of the suspended material at 

the 10 meter level, January - February, 1976 . o 
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Table 34 . The average seasonal- concentration of refractory 
copper (u(;/S' x 

10-3) 
in the susperi~]ed fraction . 

Season 
Transect 

IT ITT IV 

Summer 1 .2 3 .6 311 .5 28 .7 
(Range ) 1 .2-1-3 1 .8-4 .8 18 .5-48 .o lh .4-55 . 7 

Fall 1.6 1 .8 1.2 x.0 .1+ 
(Ra.nge ) 1.2-1 .9 1 .2-3 .2 - 1.2-38 .1 

Minter 1.2 1 .2 18,0 1.2 
(Range - - 1 .2-68 .4 - 

tra.nsects was also much larger than those of Transect;s I and II . 

Refractory copper concentrations were less than 3 .2 x 10-3 Pt/)' 

throuUhout the area in the fall except at i~~,aster Station 1412 where the 

concentration was 38 .1 x 10-3 u¬;/k . 

Winter levels of copper, with one exception, were below detection 

limits (i_ .2 x 10-3 ug/Q) . At Master Station 1310, 68 .14 x 10-3 ug/Q of 

the element were present and the presence of high value. of cadmium and 

lead at this same station indicate the possible presence of a contaminant 

on the filter pad . 

Seasonal changes in refractory copper concentrations were not similar 

for all four transects . Seasonal changes were greatest along Transects 

III and IV with high summer levels at least twenty times tTreater than the 

minimal average levels of fall (Transect TIT) and winter- (Transect TV) . 

Transect II also had the highest average level. in the stur¢ner, and :;casonal 

changes along; Traiisect I were barely discernible . 
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Refractory Ca.cimi um 

Figures 5Jia, b and c depict the distribution of 

refractory cadmium in the summer, fall and winter . Table 35 shows the 

average concentration of refractory cadmium and she observed range for each 

transect during this carne time period . 

Table 35 . The average ca~onal concentration of rcfracLc ~~y 
cacbnitLTn ()~£;/~, X 10-3 ) in the suspended fraction . 

Transect 
Season I II I:TI IV 

Sururer o .6 0 .3 0 . B 3.7 
(Range) n .2-1. .4 0 .2-O .j 0 .6-1 .0 0 .3-12 .5 

Fall 1 .7 1 .1 1.6 3.7 
(Range) 1 .0-?_ .7 0 .6-1 .9 0.7-3 .8 0 .2-11 .9 

Winter er 0 .9 2 . 6 1_ . 9 <012 
(Range) 0.?_-2 .2 n .2-6 .3 0.2-6 .9 - 

Except for Transect IV Master Stations 1Z11_j in the summer and 1412 

in the fall, the concentrations of refractory cadmium were less than 

3.0 x 10-3 ug/Q throughout the area during these two seasons . The concen-

trations present throughout the area were always less than 0 .2_ x 10-3 POP, 

in the winter . 

Pronounced seasonal changes were observed between the sui~vner, fall 

and winter data on Ti-;ansect II . Similar differences were apparent between 

the su:~uuer acid fall data only on Transects I and III . The observed 

average seasonal changes along; Transect IV ranged from 3.7 x 10-3 liglQ 

in the suriuner and fall to less than n .? x 10-3 uj;/Q in the winter . 
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Figure 54a . The horizontal distribution of the refractory cadmium content (uq/Ix10"3) of the suspended materiel at 
the 10 meter level, June - July, .1976 . o 
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Figure 54b . The horizontal distribution of the refractory cadmium content (ug/1x10-3) of the suspended material at 
N 

the 10 meter level, September-October, 1975. o 
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Figure 54c . The horizontal distribution of the refractory cadmium content (ug/I x 10"3) of the suspended material at 
n 

the 10 meter level, January-February, 1976 . 
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Refractory Lead 

Figure; 55a, b and c show the distribution of 

refractory lead in June-July and. September-October, 1975 and January-

February, 1976 . Table 36 shows the average concentration of 1_ead and the -

observed range for each transect during; the three s<iinpling seasons . 

Table 36 . The average; ^c wsona7_ concentration of refractory 
lead (ltd;/Q x'10- 3) in the suspended fraction . 

iransecl; 
Season I II III IV 

Surr.cne r 
(Range) 

Fall 
(Range) 

Winter 
(Range) 

1 .9 
0 .4-3 .0 

11 .9 
6 .9-19 .3 

8 .6 
6 .2-12 .6 

5 " 4 9 .3 11 .2 
1 .2-9 .3 5 .5-14 .9 5 .0-25 .0 

9 .9 9 .2 33 .1 
8 .3-11 .3 7 .1-11 .2 12 .6-77 .1 

8 .8 18 .6 21 .6 
7 .2-9 .g 4 .4-50 .5 12 .9-26.6 

Refractory lead concentrations in the summer increased between transacts 

doing from Transact I to Transact IV . The average concentration on Tran- 

sect IV was approximately six times greater than that along Transact I . 

An increase in the lead contend: of the waters throughout the area 

was observed in the fall . Concentration differences between transects were 

conspicuous and Transact IV had the highest average concentration by a 

factor of approximately ten . 

Seasonal changes were apparent along; all transects when the =nmer, 

fall and winter data were compared . 
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Figure 55 a . The horizontal distribution of the refractory lead content (ug/I x 10"3) of the suspended material at the 10 

mater level, June-July, 1975. 
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Figure 55 b.' The horizontal distribution of the refractory lead content (ug/I x 10-3 ) of the suspended material at the 10 
meter level, September-October, 1975. 
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Refractory Chrcmium 

Summer, fall and winter distributions of refrac- 

tory chromium are presented in Figures 5ba, b and c . Table 37 shows the 

average concentration of chromium and the observed range for each transect 

during the three sampling seasons . 

Table 37 . The average seasonal concentration of. refr~~.ctory 
chromium (ug/Z x 10-3) in the suspended fraction . 

Season I 
Transect 

II III IV 

Summer 3 .3 5-0 4 .9 11 .3 
(Range) 1.7-4 .5 3.6-6 .8 3.a-6 .3~ 2 .6-22 .3 

Fall 5 .9 6 .8 18 .8 16 .0 
(Range) 3.3-8 .6 4 .6-10 .7 4_1-52 .4 8.2-25.5 

Winter 13 .3 14 .o 9.3 32 .7 
(Range) 3 .2-19 .2 k .7-22 .7 2 .6-12 .9 18 .5-43 .5 

Transect IV exhibited the greatest degree of variability (2 .6-22.3 x 

10-3 ug/k) and the highest concentration of chromium (22 .3 x 10-3 ug/k) 

during the summer, and the concentrations tended to decrease to the east 

and south . 

Although similar distributional trends were apparent in the fall, 

the average concentration of refractory chromium on each transect was 

higher in the fall . Average concentrations on Transects III and IV were 

more than double those on Transects I and II . 

The highest concentrations of chromium were present during the 

winter months . The average chromium level on Transect IV was several times 

higher than those of the other three transacts . 
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Figure 56 a. The horizontal distribution of the refractory chromium content (ug/I x 103 ) of the suspended material at the 
10 meter level, June-July, 1975 . 
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Figure 56 b. The horizontal distribution of the refractory chromium content ( ug/I x 10"3 ) of the suspended material at the 
10 meter level, September -October, 1975 . 
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Seasonal changes were apparent on Transects I-IV . Transects 1, II 

and IV had highest concentrations in the winter and Transect III had highest 

concentrations in the fall . 

Table 38 shows the refractory trace metal_ interelement correlation 

coefficients for the summer, fall and winter . Although strong relationship 

existed between Al/Fe and Fe/Si throughout the three sampling seasons the 

relationship between Al/Si was significant only during the summer and 

winter . Strong correlations were also noted between Al-Pb, Fe-Pb and Pb-Si 

in the su=er, between Cd-Pb, Cu-Pb and Cu-Si in the fall and between 

Cr-Fe and Cr-Si during the winter . Strong relationships between Cu-, Fe-, 

Pb-, Si and S °/oo were also present in the fall . 

Trace Metals in Zooplankton 

Table 39 shows the average iron content (ppm) and the observed 

range of concentrations on each transect during each season . 

Table 39- The average iron content (ppm) and the observed range 
of concentration present in zooplankton on each 
transect during each season . 

Season 

Summer 
(Range) 

Fail 
(Range) 

I 
Transect 

II III IV 

94 
61-116 

61 
55-69 

Winter 182 
(Range) 53-381 

N .D . Not detectable . 

99 
51-151. 

iol 
62-192 

108 
.6o-i73 

91 
54-161 

78 
52-1.u4 

615 
100-1,892 

254 
-553 

11.6 
k9-237 

679 
N .D .-1,5+2 
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Table 38 . Refractory trace metal correlation coefficients . 

Summer 

Ed Cd Cr Cu Fe Pb Si 

al - o . o4l 0 .2144 o .142 o .986 0 . 809 , o . 876 
cd - o .194 0 .581 0 .023 -0 .056 0 .233 
Cr - 0 .191 0 .246 0 .15 0 .625 
Cu - 0 .13 0 .385 0 .177 
Fe - 0.790 0 .886 
Pb - 0 .720 
Si - 

Fall 

A1 Cd Cr Cu Fe Pb Si 

- 0 .192 - 0.085 0 .814 0.270 0 .517 
ca - - 0.221 0 .1'+5 0 .893 0 .3+0 
Cr - - - - - 
cu - 0 .592 0~958 0 .711 
Fe - 0 .522 0 .789 
Pb - 0.546 
Si - 

Winter 

A1 Cd Cr Cu Fe Pb Si 

Al _ _ 0,928 - 0.974 0 .283 0 .9+5 
Cd - - - - - - 
Cr - - O .Q10 0 .336 0-934 
Cu - - - - 
Fe - 0 .358 ~~945 
pt, - o .439 
Si 



216 

Average iron concentrations in zooplankton in the summer ranged 

between 91 and 99 ppm on Transects I, II and III . On Transect IV the 

average value was 254 ppm. Zooplankton at the inshore station (1412) on 

this transect contained the highest concentrations (553 ppm) of iron . The 

range of concentration present in the zooplankton generally increased from 

Transect Z (61-116 ppm) to Transect IV (86-553) . No consistent distribu-

tion pattern between transects was found . 

In the fall, with few exceptions, little variation was found between 

stations . The only exceptions were Master Stations 1311, 115 and the post 

hurricane sample collected from Master Station 1205 . Values at these sta-

tions were 237, 144 and 192 ppm respectively . At Master Station 1205 which 

was sampled both before and after the passage of Hurricane ELOISE, the iron 

content of the zooplankton rose from 97 to 192 ppm . Distribution patterns 

on Transect I were similar to those present in the summer although the range 

of concentrations had decreased from 55 to 14 ppm . On Transect II the 

values of iron had generally decreased towards the edge of the Shelf whereas 

in the fall no marked changes (except for those apparently induced by 

Hurricane ELOISE) were found from the inshore to offshore station . Ex- 

cept for the variations present at the two inshore stations the trends 

present in the summer and fall at the two outer stations on Transect III 

were similar . On Transect IV the concentration had generally declined in 

the summer from inshore to offshore . In . the fall the opposite was true . 

The greatest range of concentrations in the fall was present on Transect 

IV (198 ppm) and the least on Transect I (14 ppm) . 

Zooplankton generally contained higher concentrations of iron during 

the winter . Marked increase in the iron content of zooplankton on Transacts 
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I, III and IV were apparent . The magnitude of the increases was 

approximately three-fold on Transect I, eight-fold on Transect III and six-

fold on Transect IV . ZooplanYton at the inshore stations contained higher 

amounts of iron than those in the offshore water: . 

Seasonal patterns were similar for Trarzsects I, III and IV in that 

the lowest average values were present in the fall . The seasonal changes 

occurring on Transect II were influenced by hurricane ELOISE . 

Table 40 shoes the average copper content (ppm) of zooplankton and 

the observed range of concentrations on each transect during each season . 

Table 1+0 . The average copper content (ppm) and the observed 
range of concentrations present-in zooplankton on 
each transect during each season . 

Transect 
Season I II III IV 

Summer 15 .92 14 .1 12 .5 18 .03 
(Range) 8.07-28 .98 9 .1+0-26 .3 8.09-15 .86 9 .55-31 .95 

Fall 15 .2 15 .1 17 .2 41 .9 
(Range) 9 .78-21 .66 12 .15-21 .88 12 .1+x+-23 .44 16 .71-88 .01 

Winter 13 .1 19 .0 15 .9 17 .7 
(Range) 10 .54-14 .5k 12 .x+8-33 .26 12 .47-18 .16 11 .89-24 .09 

Average concentrations of copper in zooplankton showed no marked 

variations during the summer in the Eastern Gulf of Mexico . The least 

variability in the copper content was found in those zooplankton collected 

on Transect III . No consistent distribution patterns were present when the 

transects were compared . 

In the fall the average concentration of copper in zooplankton on 

Transects I, II and III show no difference when compared to that present in 
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the summer . The average concentration on Transect IV was elevated from 

18 ppm in the summer to 41 .9 ppm in the fall . The range of concentrations 

present on Transect IV was also much greeter than that of the other tran-

sects . The passage of Hurricane ELOISE resulted in a slight rise (17 .05 

to 21 .88 ppm) in the amount of copper present in the zooplankton . 

lhe distribution of copper on Transacts I and II was similar to that 

present in the summer in that, the amount of copper increased tot :ards the 

edge of the Shelf on Transact I . Except for the increase at Master Station 

1205 the copper content of zooplankton on Transact II was essentially 

uniform . In both the summer and the fall the zaoplankton populations 

present on ^lransects III and IV showed great variation in .their copper 

content . 

The average copper content of the zooplankton on each transact was 

similar throughout the area in the winter . The average copper concentration 

in the zooplankton was 14 .8 ppm with a range of 1.0 .54 to 19 .13 ppm (ex-

eluding Master Stations 1201+ and 1413) . Copper concentrations at these 

stations were 33 .26 and 24 .09 ppm respectively . The distribution of the 

metal along each t-ransect was different from that present in the summer 

and fall and showed no consistent trends between transacts . 

No harked seasonal changes were evident in the copper content of 

the zooplankton on Transacts I, II and III while on Transact IV the highest 

average values were present in the fall and no difference existed between 

the summer and fall populations . 

Table 41 shows the average cadmium content (ppm) and the range of 

concentration on each transact during each season . 
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Table 41 . The average cadmium content (ppm) and the 
range of concentration in zoopl_ankton on 
transect during each season . 

observed 
each 

Transect 
Season I II III IV 

Summer 8 .3 7 .5 6 .9 5 .6 
(Range) x+ .36-13 .66 6 .95-8.33 x+ .96-11 .85 x .20-10 .96 

Fall 7 .7 4 .46 9 .6 13 .0 
(Range) 2.09-17 .95 2 .60-10 .70 2.83-12 .70 2.65-23 .99 

Winter 8 .1 1+ .8 6 .9 3 .9 
(Range) 6.78-9 .57 3.12-6 .16 4 .66-8.21 2 .69-6 .12 

Cadmium concentrations in zooplankton were, on the average, higher 

on Transect I (8 .3 ppm) and lowest on Transect IV (5 .6 ppm) . No differences 

in the average concentration of the metal on Trarisects II and III were 

noted . The highest values of cadmium were present at the offshore stations 

on Transects I and III (13.66 and 11 .85 ppm respectively. Concentrations 

showed no major change between stations on Transect II but decreased with 

increasing distance from shore along Transect IV . 

Hurricane ELOISE caused over a three-fold decrease (10.7 to 2 .8 ppm) 

in the cadmium content of the zooplankton at Master Station 1205 in the 

fall . The highest concentrations were present at the outer station on 

Transect I (17 .95 ppm), the three outer stations on Transect III (10 .65-

12 .7 ppra) and Master Stations 141+ and 1415 on Transect N (23.99 and 22 .19 

ppm) . Values on Transect II, with the exception of the high value of 10 .7 

ppm at Master Station 1205, were essentially uniform and ranged between 

2 .60 to 3 .19 ppm . 
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Winter concentrations of cadmium decreased with increasing distance 

from shore on Transect I while the opposite was true on Transect II . 

Although the average values were different, the patterns of distribution 

were similar on Transacts III and TV in that higher amounts of the metal 

were present at the inner and outer stations . 

No seasonal changes were detected in the average cadmium content of 

zooplanl.ton on Transacts I and II . Seasonal changes wire small on Transact 

III with the fall concentrations being slightly higher . The fall values 

were also higher than those of the summer and minter on Transact IV . 

Table 42 shows the average lead content (ppm) and the observed range 

of concentration on each transact during each season . 

Tale 112 . The average lead content (ppm) and the range of 
concentration in zooplankton on each transact during 
each season . 

Transact 
Season I II III IV 

Summer 1.6 
(Range) 0.72-2 .17 

Fall 0 .6 
(Range) 0 .25-0 .86 

Winter 2 .5 
(Range) o .67-3-44 

2 .0 1 .8 
1 .24-3 .63' 0 .40-3 .28 

2 .4 1 .3 
1 .17-4 .22 0 .69-2 .09 

0 .7 5-5 
0 .16-1 .78 0 .69-12.9 

2.1 
0 .98-3.03 

5 .0 
0 .66-13 .37 

0 .8 
0 .16-1 .17 

Average lead concentrations in zooplankton were uniform throughout 

the AIAFLA area in the summer . Concentrations tended to increase along 

Transacts I and III away from shore while the opposite was generally true 

on Transact II . The inshore and the offshore stations contained the highest 
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concentrations of lead on Transect IV . 

The lead content of the zooplankton at Master Station 1205 increased 

from 3 .54 to 4 .22 ppm after the passage of Hurricane ELOISE . The lowest 

average values (0 .6 ppm) of lead in the zooplankt;on were present on Transect 

I and the highest were on Transect IV (5 .0 ppm) . Zooplankton at Master 

Station 1415 contained 13 .37 ppm lead . The distribution of lead on Tran-

sects I, III and IV tended to increase towards the edge of the Shelf . 

Lead values on Trar_sect II were higher in the central region than at the 

inshore and offshore stations . 

Average concentrations of lead in zooplankton on Transects II and IV 

were similar (0 .7-0 .8 ppm) during the winter . The highest average value 

was present on Transect III . The lowest concentrations were generally 

found at the inshore stations on Transects I, II and IV . Alternating 

concentrations of lead were present along the length of Transect III . 

The seasonal changes in the lead content of zooplankton were similar 

on Transacts I and III in that the lowest average values were present in 

the fall and highest in the winter . The opposite situation was present on 

Transacts II and IV . 

Table 43 shows the average chromium content (ppm) and the range of 

concentration on each transact during each season . 

Average chromium concentrations in the summer were similar on 

Transacts I, II and III with the average value for the three transacts 

being 0 .5 ppm . The average concentration on Trar_sect IV was approximately 

twice that present on the other transacts . Chromium values generally 
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Table 43 . The average chromium content (ppm) and the range of concen-
tration in zooplankton on each transect during each season . 

Season I 
Transect 

II III 

Summer 0 .6 0 .5 0 .5 
(Range) 0 .21-0 .91 0 .25-O .B4 m6-1 .M 

Fall 0 .2 o .4 1 .3 
(Range) 0 .16-0 .37 0 .30-1 .05 0 .17-3 .81 

Winter 0 .9 
(Range) 0 .19-1.59 

N .D . Not detectable . 

0 .3 1 .2 
N .D .-o .54 0 .33-2 .79 

IV 

1 .2 
0 .28-3 .23 

1 .8 
0 .21-5 .46 

1 .0 
0 .32-1 .98 

tended to increase towards the edge of the Shelf on Transects I and III 

with the opposite being true on Transects II and IV . 

In the fall the distribution of the metal along Transects I, III 

and IV was similar in that the metal content of the zooplankton at the 

outer stations was higher than that of the inshore station (the opposite 

was true on Transect II) . In the h1AFLA area as a whole the trend was for 

the chromium content of the zooplankton to increase from the transect west 

of Tampa to Transect IV south of Horn Island . Although the difference in 

the average chromium values on Transect I and II eras small, the average 

concentration on Transect IV was nine times that of Transect I . Zooplank- 

ton samples collected after Hurricane ELOISE showed that the chromium 

content had increased 3.5 times (0 .'30 to 1 .05 ppm) . 

In the winter the lowest average concentration of chromium was 

present on Transect 11 (0 .3 ppm) . Chromium was not detectable in the 
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zooplanl:ton at Master Station 1207 . The average concentration of chromium 

in zooplankton on Transects I, III and IV was 0.9, 1 .2 and 1 .0 ppm res-

pectively . Distribution patterns were similar along all transects in that 

the concentrations decreased with increasing distance from shore . 

The lowest average concentration of chromium in zooplankton on Transect 

I was present in the fall ; on Transect II the average content of the 

zoop=.anyton decreased from summer to winter ; on Transect III the lowest 

average values for chromium were found in the summer and little difference 

was present between the fall and winter data . 7ooplankton on Transect 

IV contained the highest amounts of chromium during the fall and no major 

differences were present between the summer and fall data . 

Table 44 shows the average nickel content (ppm) and the range of 

concentration on each transect during each season . 

Table 44 . The average nickel content (ppm) and the range of concen-
tration in zooplankton on each trarisect during each season . 

Season I 
Transect 

II III IV 

Summer 2.2 
(Range) 1 .18-3.80 

Fall 4 .0 
(Range) 3 :15-5 .27 

Winter 2 .5 
(Range) 1 .68-3 .76 

1 .6 
l .40-1 .86 

1 .5 
0 .91-2 .14 

1 .2 
0.90-1 .32 

2 .2 
0 .88-3 .59 

5 .8 
0 .98-9 .7u 

3 .6 
2 .1o-5-u9 

2 .4 
1 .47-3 .79 

4.4 
1.23-9.75 

2.4 
1 .54-3 .54 

Average nickel concentrations in zooplankton during the summer 

showed little variation between Transects I, III and IV (2 .2-2 .4 ppm) . 
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Zooplankton nickel values were more uniform on Transect II (1 .h0-1.86 pprn) 

and the average value was 1 .6 ppm . Nickel concentrations generally tended 

to increase towards the edge of the Shelf on Transacts I and III . Transect 

II contained alternating levels of nickel in zooplankton while on Transect 

N the highest concentrations were present .at Master Stations 112 and 115 . 

In the fall the lowest; average value was again on Transect II (1 .5 

ppM) . The highest concentrations of the metal were present at Master 

Stations 1310 (9 .74 ppr7), 1311 (9 .22 ppm) and 1415 (9 .75 ppm) . Values of 

nickel at the other stations ranged between 0.91-5 .52 ppm . The distribution 

of the nickel content of zooplankton along each transact generally increased 

with increasing distance from shore . No effects on the nickel content of 

zooplankton as a result of the passage of Hurricane ELOISE were noted. 

i~o differences in the average nickel content of zooplanlcton were 

apparent between the populations on TransectsI and IV in the winter . 

Zooplankton on Transact II contained the lowest average value (1 .2 ppm) 

while the average value in Transact III zooplankton was 3.6 ppm of nickel . 

Distribution patterns on Transacts I and III were similar to that observed 

in the fall . Stations on Transact II showed little variation in nickel 

while alternating nickel values were present on Transact IV . 

Zooplankton on Transacts I, III and IV contained the highest con-

centrations of nickel in the fall . The nickel content of zooplankton on 

Transect II decreased from summer to winter . No differences were apparent 

between the summer and winter nickel values on Transact I and IV . On 

Transact I the summer concentrations were less than those in the winter . 

Table 45 shows the average vanadium content (ppm) and the observed 

range of concentrations on each transact during each sampling season . 
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Table 45 . The average vanadium content (ppm) and tie range of concen-
tration in zooplankton on each transect during each season . 

Season I 1V 

Summer 
(Range) 

Fall 
(Range) 

Winter 
(Range) 

9.2 
5.65-13 .02 

2.7 
0 .80-5 .66 

1 .7 
0 .99-2 .35 

Transect 
II 

7 .4 
3.95-12 .22 

1 .9 
N .D .-5 .40 

1 .9 
1 .21-2 .88 

III 

1 .4 
1 .01-2 .17 

1.8 
0.19-4 .75 

6.0 
1 .77-15 .22 

9 .8 
4.59-15 .32 

9 .3 
0 .92-3 .92 

9 .7 
3 .04-25 .1 

The average vanadium content of zooplankton on Transects I, II and 

IV were similar in the summer . The average value for all three transects 

was 8.8 ppm with an-average range of x.73-13 .52 ppm . Zooplankton on 

Transect III contained concentrations of vanadium ranging from 1.01 to 

2.17 ppm. Concentrations along Transects I, II and III generally decreased 

towards the edge of the Shelf while the opposite was true on Transect IV . 

The average values of vanadium on Transects I, II and III were similar 

in the fall . The average for these three transects was 2.1 ppm. Zooplankton 

on Transect IV contained (on the average) over four times as much vanadium 

as the average zooplankton on Transects I, II and III. Zooplankton at 

Master Station 1205 contained non-detectable quantities of vanadium while 

after Hurricane ELOISE had passed the concentration had risen to 0.37 ppm . 

Distribution patterns were generally similar on Transects I and III and the 

amount of vanadium was lowest at the offshore station . Alternating patterns 
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of high and low concentration were present on Transects II and IV . 

In the winter the average vanadium content of the zooplankton on 

Transects I and II was 1.7 and 1.0 Ppm respectively . The average value on 

Transects III and IV was 6.0 and 9 .7 pPm . The range of concentrations on 

both of these transects was larger than that on T.ransects I and II . 

Seasonal changes in the average vanadium content of -the zooplankton 

on Trar.sect IV were minimal . On T=ansect I the average concentration 

decreased from summer to winter while the opposite was true on Transect 

III . Ors iransect II the average vanadium content of the zooplankton was 

higher in the summer than in the fall or winter . No differences were 

present between the average fall and winter data on this transect . 

~t-rong relationships were present between Cr-Fe in the summer 

(r = 0.9) end printer (r = 0.7), and between Cu-Ni in the summer (r = 0 .8) 

and between Fe-Pb (r = 0 .9), Cd-Ni (r = 0 .7) and Cr-Ni (r = 0 .7) in the 

fall . 

Trace Metals in Pdeuston 

The trace metal content of the neuston ryas determined on those 

samples collected during the fall and winter . Table 46 shows the average 

iron content (ppm) and the observed range of concentration in the neuston 

during the day and right in the fall and winter . 

The observed differences between the day and night iron content of 

the neuston were significant on Transects II and IV in the fall and on 

Transect IV only in the winter . The general trend in the average concentration 

Tests for significant differences between means are t tests (a<0 .05) 
unless otherwise specified . 
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Table 46. The average iron content (ppm) and the range of concentration 

in the neuston during the day and night in the fall and winter . 

Season 

Fall 

Day 
(Range) 

i, i ght 
(Range) 

Winter 

day 
(Range) 

Night 
(Range) 

I 
Transect 

II III IV 

15i.7 
47 .6-288 .5 
77 .5 
58 .3-98 .6 

625 .9 
140 .9-1.,249 .2 
352.9 
X2 .6-906 .2 

205 .5 
12'( .0-388 .0 
570 .5 
236 . 0-1, x+60 . o 

14o .4 
102.7-195 .8 
211 .0 
65 .6-602 .3 

1,315 .5 
94-0-3,130-0 
73 .5 
186 .0-1,96 .0 

263 .4 
76 .1-465 .8 
181 .2 
50 .7-300 .2 

1,2&7 .5 
467 .0-2,920 .6 
231 .9 
29 .2-464 

215.5 
55 .9-377 .7 
297.6 
18 .6-482 .1 

of iron in the fall eras for the values to increase from south to north 

(although this was less apparent during the night) . The average day values on 

Transects III and IV were more than six times those of Transects I and II . 

The greatest ranges of concentration were present on Transects III and IV . 

Concentrations of iron on all transects were consistently higher at 

the inshore stations and least at the offshore stations during the night 

in the fall . Iron concentrations along Transect :> I and III generally 

decreased with increasing distance from shore during the day and on 

Transects II and IV alternating high and low concentrations were present . 

The iron content of the neuston at Master Station 1215 increased from 123 

to 228 ppm after the passage of Hurricane ELOISE . 

The highest average (day) iron values in the winter were present on 
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Transect I (although this high value was due to the high value of ].,249 .2 

ppM in the neuston at Master Station 1120), and the lowest average iron 

values were present on Transect II . The highest average night level also 

occurred on Transect I . 

The winter distribution of iron along each transect differed from 

that in the fall . On Transects I, II and III during the night the observed 

concentration of iron was higher at the offshore station than inshore and 

alternating low and high values were present along Transect IV . Iron values 

along Transacts I, III and IV during the day were similar in that the 

concentration was highest in the offshore region . On Transact II the 

highest values were present at Master Station 120+ (196 ppm) . 

The average copper content (ppm) and the observed range of concentra-

ion in the neuston during the day and night in the fall and winter is 

presented in Table 47 . 

Table 47 . The average copper content (ppm) and the range of concentra-
tion in the neuston during the day and night in the fall and 
winter . 

Transact 
Season I II III IV 

Fall 

Day 15 .5 11 .E 20 .E 21 .7 
(Range) 8 .60-21 .0+ 6.89-13 .92 17 .37-23 .86 11 .86-38 .30 

Night 30 .2 29 .0 30 .4 25 .8 
(Range) 16 .4o-49-74 17 .8o-51-13 17-11-57-90 14-90-33-50 

Winter 

Day 12 .2 7 .1 10 .0 10 .5 
(Range) 7.x+5-20 .77 6 .48-7 .78 8.60-12 .55 6.73-13 .93 

Night 11 .9 11 .6 13 .6 14 .7 
(Range) x .16-15 .82 10 .41-13 .41t 6 .51-16 .28 11 .25-23 .03 
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The observed differences between the day and night values for copier 

in neuston were significant except along Transect I in the winter . In the 

fall average day levels on Transects III and IV were higher than those 

on Transacts I and II . Average night levels were similar among transacts 

and the average copper content of the neuston during the night was 28 .9 

ppm . The concentration of copper increased with increasing distance 

from shore on Transacts I and IV during the day and III and IV 6uring the 

night . Minimum concentrations of copper were present at Master Stations 

1205 (6 .89 ppm) and 1309 (17 .37 ppm) during the day and the maximum values 

for copper during the night on Transacts I and II were present at Master 

Stations 1102 (49 .74 ppm) and 1206 (57_ .13 ppm) . 

The average copper content of the neustcn in the winter was less 

than that in the fall . Patterns of change between transacts for both day 

and night samples paralleled those of the fall . 

Table l+8shows the average cadmium content (ppm) and the observed 

range of concentration in the neusten during the day and night in the fall 

and winter . 

Table 48 . The average cadmium content (ppm) acid the range of concentra-
tion in the neuston during the day and night in the fall and 
winter . 

Season I 
Transact 

II III IV 

Fall 

Day 2 .5 2 .1 8 .9 2 .1 
(Range) 1 .81-3.39 0.48-3 .21 0.31-26 .85 1 .00-3.52 

Night 5 .9 3 .2 3 .4 2 .0 
(Range) 3 .58-10 .10 1 .31+-x+ .52 0 .40-6 .19 0 .35-5 .42 
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Table 48 . Continued . 

Season I 
Transect 

II III 

Winter 

Day 4.1 5 .2 5.0 
(Range) 2 .59-6 .61 2 .86-6 .88 3 .58-~~77 

;ig::+ 4 .0 4 .3 4 .7 
(Range) 7_ .66-6.04 2.56-7 .03 1.85-5 .71 

IV 

2 .2 
1 .74-2 .72 
2 .0 
o .8i-2 .9o 

`~'ne observed differences in the cadmium content of the neuston when 

the da;.- and night data were tested were significant on Transect I in the 

fall and Transects III and IV in the winter . 

~'he average day cadmium content of the neuston was similar on 

Transects I, II and IV . The neuston sample collected during the day at 

Master Station 1310 contained 26 .85 ppm cadmium and accounted for the high 

average concentration on Transect III . As discussed later, contamination 

caused by the presence of foreign objects occurred in some of these samples . 

Average night levels were greatest on Transect I and lowest on Transect 

IV ; Transects II and III were similar . 

In general, the cadmium content of the neuston increased towards the 

edge of the Shelf on Transects I, II and IV during the day and night . 

Neuston at Master Stations 1308 and 1309 contained 2 .25 and 6 .00 ppm 

cadmium respectively while the two outer stations (1310 and 1311) contained 

26 .35 and 0.31 ppm cadmium respectively . 

Tile average day-night cadmium content of the neuston on Transacts r 
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II and III were similar . The levels on Tra.nsect IV were at least two-fold 

less than the others . As indicated previously, day-night differences 

in winter were significant on Transects III and IV only . The distribution 

of cadmium along the transacts differed from that; present in the fall in 

that the concentration generally increased towards the edge of the Shelf 

on Transacts II and III in the day and on all transects during the night . 

Table 49 skews the average lead content (ppm) and the range of concen- 

tration in the neuston during the, day and night in the fall and winter . 

Table 49 . The av2rage lead content (ppm) and the range of concentra-
tion in the neuston during the day and night in the fall 
and winter . 

Season I 
Transact 

II III IV 

Fall 

Day 0 .43 3.71 2.86 0 .98 
(Range) 0 .16-0 .72 0.94-7.47 1.x+5-5 .34 0 .86-1 .11 

eight 7 .87 1.96 4 .79 1 .79 
(Range) 1 .20-12 .27 1 .14-2 .64 0 .45-12 .13 0 .99-2 .92 

Winter 

Day 2 .83 4 .91 4 .14 3 .13 
(Range) 0.5o-4-55 0 .10-14 . 46 0 .30-11 .61 0 .15-10 .09 

Night o.68 1 .28 9 .70 2 .92 
(Range) 0 .12-1 .7k 0 .04-4 .1+0 0 .38-36 .x+1 0 .44-10 .20 

Significant day-night differences occurred only on Transacts I and 

IV in the fall . The concentration of lead on Transact I in the fall was 

lower than that of the remaining transacts during the day but higher than 
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that of the other transacts during the night . The lead content of the 

neuston on Transacts II, III and IV during the day end I, II and III 

during the night generally decreased with increasing distance from shore . 

The reverse was true on Transacts I and IV during the day and night 

respectively . 

The observed differences between transacts in the winter were relatively 

srnali with the exception of tree high night-time level. on Tran^ec.t III . The 

lead content of the neuston generally decreased towards the edge of the Shelf 

on Transacts I, II and IV during the day and night . The distribution of lead 

on Trar:sect III was variable and ranged from 0 .30-11 .61 ppm during the day and 

0.38-3G .41 ppm during the night . The high value of 36 .11 ppm occurred at 

Master station 1310 

Table 50 shows the average chromium content (ppm) and the range of 

concentration in the neuston during the day and night in the fall and winter . 

Table 50 . The average chromium content (ppm) and the range of concentra-
tion in the neuston during the day and night in the fall and 
winter . 

Season I 
Transact 

II III IV 

Fall 

Day 0 .25 0 .76 0 .70 0 .61 
(Range) 0 .02-0 .40 0 .28-1 .g1 0 .36-1 .27 0 .30-0 .84 

Night 2 .03 0 .85 0 .91 0 .34 
(Range) 0 .09-x+ .61 0 .x+2-1 .63 0 .04-2 .13 0 .11-0 .56 

Winter 

Day 1.90 1.78 1.96 057 
(Range) 0 .24-3 .13 0 .18-6 .08 0 .31-3 .44 0 .05-1 .29 

Night 1 .01 0 .67 1 .00 0 .95 
(Range) 0 .18-2 .38 0 .26-1 .02 0 .15-2 .61 0 .29-2 .63 
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The observed seasonal differences in the chromium content of the 

neuston when the day and night data. were compared were not significant 

except on Transect I in the fall . . 

The concentration of chromium on Tran~ect 7: in the fall was at least 

50% less than that of the remaining transects during; the day and at least 

twice that of the other transects during the night . In the winter. the 

diff^rer.ces between the day and night sample, along the various transects 

were not significant . 

No consistent offshore pattern Vas apparent during the day (fall) 

in the distribution of chromium in the neuston . During the night the 

concentration generally decreased towards the edge of the Shelf . The 

chromium content of the neuston during the winter was always lowest in 

the offshore samples . 

Table 51 shows the average nickel content (ppm) and the range of 

concentration in the neuston during the day and night in the fall and 

winter . 

Table 51 . The average nickel content (ppm) and the range of concentra- 
tion present in the neuston during the day and night in the 
fall and winter . 

Transect 
Season I II III IV 

Fall 

Day 4 .2 2 .9 6.3 6.o 
(Range) 0 .77-9 .17 1.77-4 .j0 1 .3k-9 .25 2.07-11 .25 

Night 3 .8 4 .1 3 .6 2 .9 
(Range) 1 .80-5.73 2.42-559 2 .19-6.34 1.05-6.54 

Winter 

Day 4 .3 1 .74 2 .9 2 .8 
(Range) 1 .7h-8 .23 1 .03-2 .64 1 .60-3 .85 1 .29-5 .91 

Night 6 .5 1 .5 3 .2 1 .5 
(Range) 1 .96-1 .90 1 .02-2 .17 0 .92-6 .76 1 .03-1 .93 
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The observed day-night differences in the nickel content of the 

neusten on Transect II in the fall and on `1'ransects II and III in the 

winter were significant . 

Day nickel concentrations in the fall were highest and. similar on 

Transects III and IV . The lowest average concentration was on Transect II . 

This situation was reversed during the nigh when the level on Transect II 

was .--li htly higher than those on Transects I and III and the Transect IV 

level was minimal . Nickel concentrations were higher in the offshore 

neuston during the day on all transects and on Transects I and II during 

the nit . On Transects III and IV the highest concentrations were present 

at Master Stations 130 (6 .34 ppm) and 141+ (6 .51+ ppm) . 

The day and night average concentrations in the winter were highest 

on Tra:sect I . On Transects I and III the nickel values generally increased 

toward the edge of the Shelf while the concentrations on Transects II and 

IV were variable . 

Table 52 shows the average vanadium content (ppm) and the range of 

concentration in the neuston during the day and night in the fall and winter . 

Table 5~~ The average vanadium content (ppm) and the range of concentration 
in the neuston during the day and night in the fall and winter . 

Season I 
Transect 

II III IV 

Fall 

1'u v 3 . It 1.4 4.9 3 .4 

(Range) 1 .51-x.00 l.l4-2 .02 <0 .37-11 .x+0 0 .37-10 .20 
Night 0 .9 4 .2 1 .3 1 .6 

(Range) 0 .71-1 .13 2 .16-6 .13 0 .41-2 .57 <0 .37-2 .65 

Winter 

Day 2 .6 3 .7 1 .5 4 " 
(Fame) 0 .91-3 .92 0 .54-12 .30 0 .47-2 .66 0 .80-10 .81 

Night 0 .9 9 .1 1 .4 2 .1 
(Range) <0 .46-1 .40 <0 .46-3+ .56 <0 .46-2 .37 O .ii6-4 .82 
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The observed differences in the vanadium content of the rieuston when the 

day and night data were compared were significant only on Tra.nsect II in 

the fall . 

Vanadium concentrations during the day in the fall were similar except 

on Transect II where the average concentration was 1.4 ppm . Similar dif-

ferences were present on TransectsI and III during the night . The pattern 

of the distribution of vanadium was similar within each of the '.ransects 

I, II and III during both the day and night . On Transacts I anti III both 

sets of data indicated generally increasing concentrations towards the edge 

of the Shelf (although the latter was variable along the length of the 

transact) . On Transact IV the vanadium content of the neuston increased 

with increasing distance from shore during the day while the opposite was 

true daring the night . 

Winter values of vanadium in neuston during the day on Transacts I, 

II and IV ranged from an average 2 .6-4 .7 ppm with the highest average 

concentration being present on Transact IV . Neuston on Transact III contained 

an average of 1 .5 ppm vanadium . With the exception of the average vanadium 

content of the neuston on Transact II (9 .1 ppm) the average concentration of 

vanadium ranged between 0.9 ppm on 'Pransect I to 2 .1 ppm on Transact IV . 

The distribution of vanadium within the individual transacts was generally 

similar during both the day and night in the winter but the patterns varied 

between the transacts . 

Strong correlations existed between chromium and lead in the fall 

(r = 0.8-n .9) and winter (r = 0 .7) during both the day and night . Signifi-

cant correlations were also present between Ni-V (r = 0 .7) in the fall (day) 

and between Cu-Fe (r = 0.9) during the day and Cr-Fe (r = 0.7) during 

the night in the winter . 
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Hydrocarbons 

Dissolved Hydrocarbons 

The has chrornatoE,raphi.cally-derived concentrations of the 

aliphatic and unsaturated/aromatic fractions are listed in Table 53 for 

all three seasons . In stammer and fall the concentrations of -the unsat-

urated/aromatic fraction generally exceeded that of the aliphatic fraction ; 

this sI~rUGi.tion was reversed in the ::inter . The fall season . had the lowest 

avera?e hydrocarbon concentrations and the winter the highest . 

Qualitatively, the dissolved hydrocarbons displayed regional dif- 

ferences during; each sampling season . In the summer, two distinct regions 

were apparent . Transects I and II displayed a unique bimodal envelope, of 

unresolved components in the aliphatic fraction, with the maxima centered 

at C l7 and C27 (Figure 57) . Plaster Stations 1308-1+15 on Transects III 

and I.', had a broad envelope with no clear maximtun (Figure 58)~ Both 

groups of samples displayed a series of n-alkane :; from C21 to C32 with 

the weight ratio of total odd carbon number to total even carbon number 

n-alkanes averaging 1 .1±0 .1 . The unsaturated/aromatic fraction of both 

groups were similar (Figure 59) and were generally dominated by a peak at 

RI=30oQ . Chromatography on a non-polar column confirmed the identity 

of this molecule as squalene . The concentration of squalene averaged 

0.12{0.06 ug/Q . The concentrations of hydrocarbons in both fractions from 

the two groups were not significantly different (Table 53) " 

During the fall season, the concentration of dissolved hydrocarbons 

decreased to approximately 50% of the summer values (Table 53) . This was true 

of both the aliphatic and unsaturated/aromatic fractions . Aliphatic 
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Table 53 . Concentrations (Ug/Q) of aliphatic (H), unsaturated/aromatic (B) 
and total (T) dissolved hydrocarbons . 

"faster 
tat ion 

1101 
1102 
1103 

120 
120; 
1206 
1207 

1308 
1309 
1310 
1311 

1412 
1413 
1414 
1415 

vg 

Surrcner Fall 47int er 
T H B T H 

0 .11 
0 .14 
0 .13 

0 .39 
o .14 
o .08 
o .25 

o .05 
o .17 
o .25 
o .lo 

0 .17 
o .09 
0 .13 
o , 06 

o .15 
±O .09 

B T H B 

1 .01 1 .12 0 .01 0 .15 
022 0 .36 0 .05 0 .12 
0 .19 0 .32 0 .08 0 .06 

0 .30 o .69 0 , 04 0 . 4o 
0 .32 o .46 0 .02 0 .12 
0 .23 0 .31 0 .02 0 .08 
0 .22 0 .117 0 .10 o .14 

0 .06 0 .11 0 .02 0 .19 
0 .09 0 .26 0 .11 0 .12 
0 .38 0 .63 0 .06 0 .27 
0 .30 0 .40 0 .09 0 .18 

0 .36 0 .53 0 .12 0 .38 
0 .43 0 .52 0 .06 0 .16 
0 .23 0 .36 0 .02 0 .10 
0 .22 0 .28 0 .16 0 .09 

0 .30 0 .45 0 .06 0 .17 
±0 .22 ±0 .24 -!-0 .04 ±0 .10 

o .16 o .69 0 .49 1 .17 
0 .17 0 .45 0 .18 O .63 
o .14 0 . x+0 G . 06 o .69 

0 .45 0 .14 0 .10 0 .24 
0 .13 1 .08 0 .10 1 .18 
0 .10 0 .05 0 .23 0 .28 
0 .24 0 .08 0 .04 0 .12 

0 .21 0 .11 0 .03 0 .14 
0 .23 0 .07 0 .35 
0 .32 0 .21 0 .07 0 .28 
0.27 0 .07 0 .08 0 .14 

0 .50 0 .41 0 .09 0 .49 
0 .22 0 .46 0 .15 0 .62 
0 .12 1 .11+ 0 .17 1 .31 
0 .25 0 .33 0 .03 0 .36 

0 .23 0 .38 o .14 0 .54 
±0 .12 ±0 .35 ±0 13 ±0 .40 
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Figure j' . Station '_172 : All'J}:8 .-11-1C fraction of dissolved hydrocarbons, °U'."S!l?Y', 175 . 



Firtire 58 . Station 1412 : Aliphatic fraction of dissolved hydrocarbons, summer, 1975 " w 



Figure 59 . Station 1101 : Unsaturated/aromatic fraction of dissolved hydrocarbons, summer, 2975 . 
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Table 54 . Average concentrations of aliphatic (H) and unsaturated/ 
aromatic (B) dissolved hydrocarbons . 

Summer H B 

Plaster Stations 1101-1207 (bimodal envelope) .18 + ,11 
Master Stations 1308-1+15 (unimodal envelope) .13 ± .07 

Fall 

Plaster Stations 1101-1308 (no envelope) .04 + ,03 
Master Stations 1309-1413 (envelope) .10 ± . 01+ 

Winter 

Plaster Stations 1101-1415, 1412-1+15 
(envelope) .56 + .34 

Plaster Stations 1206-1311 (no envelope) .10 + .06 

.36 + .29 

.26 + .13 

,15 + .10 
.20 + .11 

,15 + .14 
.13 + .13 . 

fractions from Master Stations 1101 through 1308, and 141+ (Figure 60) 

were characterized by a series of n-a.lkanes predominantly from C21 to C32. 

The odd/even ratio for these fractions averaged 1 .09±0 .10 . There was no 

detectable unresolved envelope at these stations . The remaining stations, 

1309 through 1413 and 1+15, contained a definite envelope with a maximum 

near C27 (Figure 61) . The envelope was of lesser magnitude relative to 

the n-alka.nes at Master Stations 1309 and 1310 . The series of from 

C21 to C32 was still present and had an average odd/even ratio of 1 .0410.14, 

excluding one value of 0 .17 . Samples which contained the envelope also 

had greater concentrations of resolved hydrocarbons in the aliphatic 

fraction, averaging 0 .10±0 .04 ug/k versus 0 .04-!0 .03 liE;/k for those samples 

without an envelope (Table 54) . 



Figure 60 . Station 1102 : Aliphatic fraction of dissolved hydrocarbons, fall, 1975 " 
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Figure 61 . Station 11+15 Aliphatic fraction of dissolved hydrocarbons, fall, 1975 " 
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The unsaturated/aromatic fractions from the shoreward stations 

(Figure 62) of each transect were similar to the summer samples in that 

squalene was the dominant molecule in this fraction . The concentration of 

squalene at these stations averaged 0 .06±O .o3 ug/Q, excluding one value 

of 0 .26 Pg/k at Master Station 1412 . The offshore stations contained 

very little squalene averaging 0 .002±0 .002 ug/Q . 

During the winter season, the presence or absence of an envelope 

in the aliphatic fraction divided the stations into coherent geographical 

units . i .aster Stations 1101 through 1205 on Transects I and II and 1412-

l4l4 on Transect IV contained a large envelope with a maximum at C25 

(Figure 63) while Master Stations 1206-1311 did not contain an envelope 

(Figure 64) . The concentration of resolved aliphatic hydrocarbons averaged 

0.56 Pg/k at stations exhibiting the envelope and 0.10 Pg/k at stations 

without an envelope (Table 53) . The odd/even ratio from both groups 

averaged 1 .1 . At all stations, a poorly resolved cluster of peaks with RI 

between 1600 and 1900 was present in relatively large amounts . 

The concentration of resolved hydrocarbons in the unsaturated/ 

aromatic fraction did not depend on the presence or absence of an envelope 

in the aliphatic fraction, averaging 0 .15 Pg/k and 0.13 ug/Q at stations 

with and without the aliphatic envelope . Squalene was present in the 

unsaturated/aromatic fraction in all samples with an average concentration 

at 0.04±O.o3 ug/Q " Many of the samples also contained an unresolved en-

velope in this fraction, a feature not seen in previous seasons (Figure 65) " 

Particulate Hydrocarbons 

The average concentration of resolved particulate hydrocarbons 

was 0 .18 ug/!Z in the summer, with most of the material being in the aliphatic 



Figure 62 . Station 1101 : Unsaturated/aromatic fraction of dissolved hydrocarbons, 
fall, 1975 . 
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Figure 63 . Station 1101 : Aliphatic fraction of dissolved hydrocarbons, winter, 1976 . 



Figure 64 . Station 1310 : Aliphatic fraction , dissolved hydrocarbons, winter, 1976 



Fieure 6;. Station 1101 ; Unsaturated/aromatic fraction of dissolved hydrocarbons, winter, 1976 . 
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fraction (Table 55) . The dominant peak in the aliphatic fraction was nClS 

with an average concentration of 0.04±0 .029 jig/k . Pristane and nCl7 were 

present in all samples . An envelope in the aliphatic fractions was evident 

at some stations . Its distribution maximum occurred around nC23 (Figure 66) . 

A series of n-alkanes was superimposed on the envelope . 

In the unsaturated/aromatic fraction, squalene was the dominant 

molecule with an average concentration of 0.016 0 .014 Ug/Q . A peak at 

RI=235 was also prominent (Figure 67) . 

In the fall, the concentration of particulate hydrocarbons fell 

to about 40% of summer time values and averaged 0 .069 ug/Q (Table 55) . 

The dominant feature was the presence or absence of the biogenic hydro-

carbons nCls, pristane, nCl7 and squalene . In the aliphatic fractions, 

nClS was the dominant molecule and nCl7 and pristane were present at 

many stations . 

'i'he unsaturated/aromatic fractions in the fall contained squalene 

and in general little else . The concentration of squalene averaged 0.01±0 .01 

ug/t and 0.003±0 .00+ ug/Q at stations having and lacking, respectively, 

the aliphatic biogenic hydrocarbons . 

The concentration of particulate hydrocarbons was greater during the 

winter than the preceding seasons, averaging 0 .62 ug/9, . However, there was 

a large range of 0.07 to 3.6 dig/t (Table 55) . Aliphatic and unsaturated/ 

aromatic fractions at all stations contained envelopes . Biogenic hydro-

carbons were essentially absent at all stations . Squalene was very low or 

absent at all stations except one . 
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Table 55 . Concentration (Ug/Q) of aliphatic (H), unsaturated/aromatic (B) 
and total (T) particulate hydrocarbons . 

Master 
Station 

1101 
1102 
1103 

12Q4 
1205 
1206 
1207 

1308 
1309 
1310 
1311 

1412 
1413 
1414 
1415 

avg 

Summer 
H B (1' 

0 .03 0 .04 0 .07 
0 .66 0 .03 0 .69 
0 .03 0 .01 0 .0)} 

0 .21 1 .36 1 .57 
o .06 0 .ot o .07 
0 .04. 0 .03 0 .07 
0 .18 0 .03 0 .21 

0 .G9 
0 .07 
0 .29 
r .09 

o .19 
0 .13 
0 .09 
0 .13 

o .14 
±0 .15 

o .05 
C .O1 
0 .O1 
.02 

.21 
o .06 
o .05 
o .ol 

o . o4 
±0 .05 

0 .14 
o .08 
0 .10 
C .11 

0 A0 
0 .19 
'0 .14 

.1l4 

o .18 
±0 .7.7 

Fall Winter 
H B T H B T- 

16 .02* 1.36 17 .38 o .087 p .n2_7 n .7_11 
0 .015 0 .002 0 .017 0 .050 0 .036 0 .086 
0 .011 0 .000 0 .011 o-323 0 .Oho () .3E3 

0 .113 . X28 0 .141 p .187 0 .022 0 .209 
0 .045 0 .006 6 .051 0 151 0 .038 ^ .189 
0 .050 0 .016 0 .066 0 .070 0 .024 0 .091 
0 .007 0 .004 0 .oil 0 .058 0 .036 0 .09+ 

0 .144 0 .022 0 .167 0 .434 0 .193 0 .62 
0 .007 0 .003 0 .010 p .073 0 .019 0 .092 
0 .Ul4 0 .004 0 .018 0 .050 0 .020 0 .070 
0 .025 0 .010 0 .035 0 .080 0 .028 0 .108 

0 .095 0 .033 0 .128 3 .3+1 0 .272 3 .613 
0 .103 0 .052 0 .155 0 391 p .775 1 .166 

0 .050 0 .007 o .057 1 .31+0 c .046 1 .386 
0 . 088 0 .011 0 -099 0 697 0 .220 0 .917 

0 .055 0 .014 0 .069 0 -~9 0' .12 0 .62 
±o .046 ±0 .015 ±o .058 ±o .86 ±O .20 ±0 .93 

Omitted from average . 
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Figure 66 . Station 120+ : Aliphatic fraction of particulate hydrocarbons, summer, 1975 . 



Figure 67 . Station 1207 . Unsaturated/aromatic fraction of particulate hydrocarbons, summer, 1975 " 
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Zooplankton Hydrocarbons 

As shown in Table 56, although the zooplankton biomass averaged 

44 mg dry weight/m3 in summer, 21 mg dry weight/m3 in fall and 70 mg 

dry weight/m3 in winter, the total lipid content was nearly constant at 

38-50 mg/g dry weight . The total hydrocarbon content (sum of all inte-

gratable peaks in both hexane and benzene fractions) averaged 212 ug/g 

dry weight in summer, 135 ug/g dry weight in fall and 719 ug/mg try weight 

in winter . 

Table 56 . Gravimetric data - seasonal . 

Summer Fall Winter 

Zooplankton biomass, mg dry weight/m3 44 21 70 

Total lipid extract, mg/g dry weight 49 .9 37 .7 49 

Total hydrocarbon, ug/g dry weight 212 135 719 

Total hydrocarbon, ug/m3 19 .3 2 .4 9 .4 

Visual inspection of chromatograms from the summer indicated that 

the zooplankton hydrocarbons fell into three compositional patterns, which 

were differentiated primarily by the unstaurated/aromatic fraction . The 

same groupings recurred in fall and winter . The first group, A (Figures 68a,b,c) 

was characterized by high concentrations of pristane and variable amounts 

of n-alkanes in the C21-C32 region (Blumer, et al ., 1963) . The higher 

n-alkanes were generally not as abundant in this sample . Two peaks with 

retention indices of 1950 and 1976 appeared frequently . These may be the 
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Figure 68a . Zooplankton hydrocarbons, Group A, Station 1102 : Hexane fraction, 
summer, 1975 . 
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Figure 68b . Zooplankton hydrocarbons, Group A, Station 1102 : Benzene fraction, summer 1975 " 
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Figure 68c . Zooplankton hydrocarbons, Group A, Station 1415 : Benzene fraction, fall, 1975 . 
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phytadienes originally reported by Blumer and Thomas (1975) . The benzene 

fraction of group A samples contained a group of peaks with retention in-

dices from 2000 to 3200 . There was considerable variation in composition 

from station to station and season to season but the retention index range 

mentioned above was not exceeded . The concentration of total hydrocarbon 

averaged 250 ug/g dry weight . A peak in the benzene fraction at RI ti3055 

corresponds to squalene (Blumer, 1960 . This peak has at least one other 

component which was resolved from squalene on a non-polar column (SP2100) . 

The second group, B (Figures 69a,b) contained very low amounts of 

hydrocarbons, primarily pristane in the hexane fraction and a peak at RI= 

2350 in the benzene fraction . The total hydrocarbon content averaged 

29 ug/g dry weight . 

The last group, C (Figures 70a,b,c),was most interesting . The hexane 

fractions were much like those of group B, containing pristane and little 

else . The benzene fractions contained a group of peaks in the 2000-3200 

retention index range although they were generally fewer in number and 

lower in concentration than those in group A: The interesting feature was 

the group o£ peaks with retention index 300 and greater, to an estimated 

4000 . The same peaks seem to be recurring in this RI range ; a pair at 

3+15 and 3+50, a pair at `L3600 and a very large peak at '3800 . Total 

hydrocarbon content was 640 ug/g dry weight . The higher retention 

index peaks in the benzene fraction account for the bulk of the total 

hydrocarbon weight . The identity of these components is still a subject 

of investigation . Table 57 summarizes the characterizations of Groups A, 

B, and C . 



Figure 69a . Zooplankton hydrocarbons, Group B, Station 1205 Hexane fraction, summer, 1975 . 
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Figure 69b . Zooplankton hydrocarbons, Group B, Station 1205 Benzene fraction, summer, 1975 . 
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0 
Figure 70a . Zooplankton hydrocarbons, Group C . Station 1+15 : Benzene fraction, surimer, 1975 
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Figure 70b.Zooplanl;ton hydrocarbons, Group C . Station 1309 Benzene fraction, fall, 1975 
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Figure 70c . Zooplankton hydrocarbons, Group C . Station 1309 : Hexane fraction, winter, 1976 " 
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Table 57 . Characteristics of Zooplankton Hydrocarbon Groups . 

Hexane 
Group Fraction 

A High pristane, 
variable n-alkanes 

C 21-C 32 

B Pristane mostly 

C Pristane mostly 

Benzene 
Fraction 

Variable peaks 
between RI 2000-
3200 

Peak @ RI 2350 

Peaks @ RI 2000-
3200 and 3400-
1+000 

Average Total 
Hydrocarbons, ug /g dry 

250 

29 

640 

Neuston Hydrocarbons 

Tar balls were ubiquitous in neuston samples and on rare 

occasions were found in zooplankton samples . In June-July tar balls were 

found in 11 night, l4 day neuston and five zooplankton samples . Wherever 

possible, the tar balls were removed before analysis . Figures 71a and b 

show typical chromatograms of a contaminated sample . 

In the winter the heaviest quantities of tar were found in the 

neuston tows conducted along TransectsIII and IV . Most of these were in 

the smaller size distributions and the difficulty associated with the complete 

removal of these complicated the chromatographic data . Tar was sparsely 

distributed on Transects I and II and was generally present in the smaller 

size range . The exception to this was the night neuston tow at Master 

Station 1207 which contained the most tar of any single station (sufficient 

to fill a 35 m1 vial) . Tar at this station was composed of small, medium and 

several very lame lumps . 



Figure 71a . Tar hall contaminated neuston sample : Hexane fraction 
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Figure 71b.Tar ball contaminated neuston sample : Benzene fraction 
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Neuston samples collected along Transect IV in the winter contained 

the highest quantities of tar and these were presently in the small size . 

Day Neuston Chromatograms (Summer) 

Hexane Fractions 

Visual observations of the presence or absence of 

a dominant C12-C32 n-paraffin series which dwarfs almost everything else 

in the chromatogram, notably pristane, is a fairly reproducible indicator 

of tar ball contamination of the neuston layer . When this evidence is 

accompanied by a pristane/phytane ratio which approaches 1.0, as well as 

observations by the analytical staff performing the chemical analyses, 

indications become certainties . Chromatograms run in this study indicate 

a high level of tar in the neuston of Master Stations 1101, 1102, 1103, 

1309 and 1311 ; perhaps a moderate content at Master Stations 1205, 1206, 

1207, 1414 and 1+15 ; probably none at Master Stations 1204, 1308, 1310, 

1412 and 1413 . These indications reasonably conformed with the observed 

presence of small tar balls (<1 mm diam .) in the neuston sample, obviously 

the most difficult to completely remove by the tedious hand-sorting 

technique . Pristane/phytane ratios for the stations with and without tar 

contamination axe : 

Master Station Pr is/Phyt Master Station Pris/Phyt 

1101 0 .89 1204 00 
1102 =1 .0 1308 25.1 
1103 0 .92 1310 440 .1 
1309 1 .49 1412 00 
1311 2 .62 1413 00 

On Transect II Master Station 120 contained high C15, pristane, 

C17, and 2063 peaks and a very reduced n-paraffin series . Proceeding 
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offshore along the transect, pristane reduces to a minor peak and the paraffin 

series increases ; the pristane/phytane ratio progresses offshore from - at 

120 to 8.8, 2.9, and 7.6 . 

Transect III, Master Station 1308, chromatogram predominantly 

contains pristane and some C15, with a negligible n-paraffin series . The 

chromatogram for Master Station 1310 is similar, with additional large 

peaks at C25-C28 and at RI=2920 .and 2550 . Master Stations 1309 and 1311 

have similar chromatograms showing a high tar ball content and very 

reduced pristane and C15 . 

The chromatogram for Master Station 112 is mostly pristane with a 

negligible n-paraffin envelope ; moderately large peaks are present at 

C15, C17, RI=1750, 1950 and 2050 . Master Station 113 shows mostly pris-

tare ; 1414 is predominantly pristane plus a heavy n-paraffin (tar) series ; 

115 shows minor pristane relative to a heavy tar series . Overall, the 

biological characteristics of this transect give way to an increasing 

pattern of probable petroleum hydrocarbons as the stations proceed offshore . 

Benzene Fractions 

All stations on Transect I had similar chromato- 

grams : major peaks occur at RI=2000, 2100, 2200, 2233, 2309, 2371, 2386, 

265, 2639, 2691 and 2719 . Master Station 1101 contained a large peak 

at RI=2977 which disappears with increasing distance from shore . Presumably 

the consistent peaks in these runs were .basically tar constituents since 

the respective hexane fractions also showed such evidence . 

As with the hexane chromatograms, Master Stations 1309 and 1311 were 

similar and were urobably representative of weathered oil benzene fractions : 

they contained a large envelope from RI=1900-3400 with small peak distributions 
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atop ; the largest peak was at RI=3300 . Master Stations 1308 and 1310 

benzene fractions were not as similar as their respective hexane fractions, 

although they roughly resembled each other . Both contained a small squalene 

peak ; Master Station 1308 contained major peaks at RI=2214, 2309 and 220 . 

If-aster Station 1310 contained major peaks at 2350 and 2513 ; additionally, 

this chromatogram contained an interesting series of large, high molecular 

weight (RI=3500-4500) peaks . Some of these peaks have calculated retention 

indices of 3310, 312, 3610, 3629 . 

As with the Day Neuston hexane runs, Master Stations 1412 and 113 

resembled each other : both had a dominant peak at RI=2350 and a low intensity 

high molecular weight series . Master Station 1412 had other lame peaks 

at RI=2192, 2312, 2772, 2881 and 3200 . Master Station 1413 had large 

peaks at 228, 2844, 2938 and 3058 (squalene) and Master Station 1414 was 

pore similar to Master Stations 1412 and 113 than 115 and showed large 

peaks at RI=2190, 2211, 2309, 236, 2418, 2059 (squalene) and 3245, as 

well as a low intensity series of high molecular weight molecules often 

found in neuston benzene fractions . The benzene fraction of Master Station 

1415 was the same as that of Master Stations 1309 and 1311 . 

Night Neuston Chromatograms (Summer) 

Hexane Fractions 

These chromatograms showed an interesting combina- 

tion of biological and petrochemical influence as the residents of this 

layer at night were largely zooplankton migrating to the surface for feeding . 

The chromatogram for Master Station 1101 looked essentially the same as 

for zooplankton at the same station . Proceeding offshore towards Master 

Station 1103, however, pristane and C15 and the abbreviated zooplankton 



269 

paraffin series gives way to the extensive paraffin envelope characteristic 

of tar . The pristane/phytane ratio for Master Statiorr,1101 1102 = 

15 .35, and 1103 = 1 .3 . 

Transect II showed a trend of losing the dominant pristane, X15' 

C17 of 120 and increasing the n-paraffin series as the stations proceed 

offshore . A major peak at RI=2926 appeared at Master Stations 1206 and 

1207 . 

Master Stations along Transect III do not show a regular progression 

of this type . Rather, Plaster Stations 1308 and 1311 appear more biological, 

Master Station 1309 more tar-like and 1310 possibly a mixture . That is, 

the 1308 chromatogram, like that of 1101, had a large pristane, short 

paraffin series and a pristane/phytane ratio = -. At Master Station 1309, 

pristane was much reduced, the paraffin series expanded from C17-C36, and 

the pristane/phytane ratio = 2 .42 . Master Station 1310 exhibited both a 

large pristane and the long paraffin series as well ; pristane/phytane = 

17 .23. At Master Station 1311, only pristane was evident ; pristane/phyt ane 

00 

Master Stations 1412-1k15 were uniformly biological, resembling the 

zooplankton extracts at these stations . They were predominantly pristane ; 

only Master Station 1415 showed any increase in possible tar components, 

but it was not the dominant feature of the chromatogram. A large peak 

appears at RI=2928 at Master Station 1415 . 

Benzene Fractions 

While Master Station 1101.-hexane appeared to be 

predominantly biological in content, the benzene fraction appeared to be 

more a mixture of biological and petroleum influences . The basis for this 
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conclusion rests in the high degree of similarity between the benzene 

fraction of the next station in this transect (1102) and all of the Transect 

I benzene fractions in the day neuston . That is, the day neuston from this 

transect were almost entirely characterized by tar components . The benzene 

chromatograms of these stations matched the Master Station 1102 night 

neuston benzene and a subset of peaks in the benzene fraction of the night 

neuston at Master Station 1101 . . For this reason, the major peaks at these 

stations might be designated as follows, ("b" denotes probable biological 

origin and "p" denotes probable petroleum origin) : 

1101 1102 

2014(p) 2447(p) 3166(b) 2017(p) 
2117(p) 2741(b) 3196(b) 2119(p) 
2220(p) 2847(b) 3420(b) 2219(p) 
2317(p) 291+5(b) 2322(p) 
2357(b) 2987(b) 2425(p) 
21+27(p) 3066(squalene) 2447(p) 

Master Station 1103 was different from Master Stations 1101 and 1102 ; 

it contained the broad envelope with small peaks on top identical to the 

heavily tax-contaminated day neuston benzene fractions at Master Stations 

1309, 1311 and 1+15 . Two large peaks were present as well at RI=231+ 

and 3067 (squalene) . 

The (probable) biological influence was present at relatively low 

levels in all benzene fractions of Transect II . The evidence for this was 

derived from the low intensity of very high molecular weight series of 

peaks as well as the low intensity peaks at RI=2288, 2350, 24+0, 2520 and 

squalene . 

Master Station 1308 was characterized by some (probable) biological 

peaks at RI=2250, 2350, 2502 and 3062 (squalene) but was also quite full 



271 

of probable petroleum peaks . Grouping the night-neuston benzene fractions 

from toaster Stations 1101, 1102, 1103 and 1308, which highly resemble each 

other, produces the same grouping as for zooplankton group A . 

Master Station 1308 was the same as for the 1103 night neuston benzene ; 

large peaks also occurred at 2350 and 3313 . Master Station 1310 had major 

peaks at RI=236, 2627, 2832', 3033 and 3240 ; major peaks at lesser relative 

intensity occur at 3268, 3350 and 3538 . Master Station 1311 contained 

alr_r,ost no peaks, having only two small peaks of biological origin at 2350 

and 3060 (squalene) . 

Plaster Station 112 contained a giant peak at RI=2350 ; other major 

peaks occurred at 1923, 1953, 1981, 2870 and 3060 (squalene) . The chroma-

tograri at Master Station 1413 also showed a major peak at 2350 ; the chroma-

togram, however, was totally dominated by the presence of the higher 

molecular weight peak series (typical of zooplankton) having extremely 

high relative intensities . The RI and time values for this series were 

3425, 358, 3527, 3560, 3618, 3633, .101 min, 116 min, 122 min, 132 min. 

Master Station 114 contained only one major peak at RI=2350 . Master 

Station 115 had large peaks at 2738, 281, 3016, 3217, 327 ; medium 

peaks occurred at RI=2311, 239, 276, 2612 and 3060 (squalene) ; a low 

intensity high molecular weight series is present, having peaks at 323, 

353, 88 min and 116 min . Overall, this transect indicates a largely 

biological character with perhaps some added petroleum input at Master 

Station 1+15 . 

Day Neuston Chromatograms (Fall) 

Hexane Fractions 

Master Station 1101 chromatograms were largely 
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pristane, nC17 and peaks at RI=1926, 1950 and 2000 . Master Station 1102 

contained mostly pristane, nC17, a more noticeable and moderately intense 

n-paraffin series, as well as large peaks at RI=272 and ?_923 . Phy-tane 

was noticeable at this station . Master Station 1103 contained large amounts 

of pristane and phytane, but the chromatogram was dominated by an extensive 

and very intense n-paraffin envelope extending from nC15 to nC40 . This 

pattern is usually an indicator of tar contamination . 

Master Stations on Transect II were fairly uniform in appearance and 

concentration of material . The chromatograms were dominated by a pristane 

peak followed in intensity by nClS and nCl7 peaks . An n-paraffin series of 

moderate intensity was present . A peak at RI=1742 appeared at Master Station 

120+ and decreased as the stations progress offshore . 

Chromatograms of the Transects III and N were dominated by increasing 

tar content as the Stations proceed offshore . The chromatogram of Master 

Station 1308 contained a major peak at nC13, followed by pristane, nC15 

and nCl7 . An n-paraffin series of moderate intensity was present as well 

as peaks at RI=2919 and 3121 ; phytane was present . Proceeding offshore, 

this pattern was dwarfed by the increasing n-paraffin series which emended 

from nC15 to nC4S . A substantiation of this trend was noted as a decrease 

in the pristane/phytane ratio occurred in tandem with the increase in 

tar content . These changes are summarized (Table 58) and as pointed out above, 

Master Station 1103 was heavily contaminated with tax . Qualitatively and 

quantitatively it was equivalent i:o'Master Station 1311 . In addition to 

the massive n-paraffin series, Master Stations 1103, 1311, 141 and 1415 

contained very intense peaks at RI=2628, 2656, 2726, 2759, 2853 and 2926 . 
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Table 58 . Day neuston hexane fractions . 

.Station ,Concentration Pristane/ 
Plumber (ug/g) Phytane 

1101 166,22 00 
1102 25,814 18 .23 
1103 2,739,453 1 .41 

1204 26,953 34 .37 
1205A 37,268 22 .28 
1206 58,598 80 .12 
1207 48,645 44 .78 

1308 235,346 19 .35 
1309 31,829 7.08 
1310 2,159,557 0 .78 
1311 3,021,963 0.00 

1412 25,5+5 6.47 
1413 39,565 5 .38 
141 8,771,729 0.54 
1415 2,858,463 1 .58 

Benzene Fractions 

Chromatograms of Transect I were dominated by a 

peak at RI=231 which was very intense at the nearsY!ore station and 

decreased as the stations move offshore . Squalene was also intense at 

Master Station 1101, less so at Master Station 1102 and absent at Master 

Station 1103 . Other peaks were very intense at Master Station 1101 and 

disappeared offshore : RI-217, 2216 and 227 . Master Station 1103 contained 

a minor intensity, unresolved envelope extending from RI=2200-3200 . On 

Transect II the stations showed the presence of low intensity high molecular 

weight molecules at Master Station 120+ and the post hurricane sample 

from blaster Station 1205 . Squalene and a peak at RI=2334 were minor at 

the nearshore station and increased to Master Station .1207 . Other than 

the peaks listed, these two transects contained only a very few peaks of 
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negligible intensity . 

Master Station 1308 contained a large peak at RI=2336 . Several 

moderately intense peaks were present between RI=2500-3200 . A low intensity 

series of high molecular weight peaks extended out to about RI=k000 ; 

the largest of these occurred at RI=3395 . Master Station 1309 exhibited 

a significant enhancement of these medium and high molecular weight 

peaks . These high molecular weight peaks were consistent with those found 

in chromatograms of the benzene fractions of zooplankton of Group C . Only 

Master Station 1309, however, was represented in the stations which comprise 

Group C . 

I~:aster Stations 1310, 1311, 1414 and 1415-contained peak patterns 

which matched Master Stations 1103, i .e . an unresolved envelope with a 

few small peaks atop . These five stations were the ones with extensive 

tar contamination as discussed above; undoubtedly these benzene chroma-

tograms reflect only non-biogenic contributions of the tar. Master Stations 

112 and 1413 were virtually devoid of material and contained only a very 

few peaks of negligible intensity . 

Night Neuston Chromatograms (Fall) 

Hexane Fractions 

Chromatograms from Transect I were dominated by 

pristane . A large nC15 peak was present at Master Station 1101 and minor 

at the other stations and nCl7 increased to a very large peak as the stations 

proceed offshore . Master Station 1103 contained a noticeable n-paraffin 

series and a large peak at RI=2923 . 

Master Stations of Transect II predominantly contain pristane, nC15 
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and nC17 ; the pristane/C17 ratio varied markedly throughout the transect . 

A pear at RI=2073 was present at Master Station 1204 only . Proceeding 

offshore, the n-paraffin series became progressively more pronounced . 

Phytane was noticeable at Master Station 1207 . 

The chromatogram from Master Station 1308 was identical to that of 

Master Station 1101 . The remainder of this transect contained heavy tar 

contamination as evidenced by an intense, extended n-paraffin series atop 

an unresolved envelope . The heaviest content occurred at Master Station 

1310 . At Plaster Station 1309, substantial peaks at RI-2725, 2928 and 31+5 

occurred; at Master Station 1311 additional peaks included RI=2726, 2928 

and 312 . 

Transect IV data beginning at Master Station 1+12 had few components : 

a moderate intensity n-paraffin series, a minor pristane peak, and a pristane/ 

phytane ratio of 3.4 . A peak at RI=292+ was also present . Master Station 

1+13 was virtually all pristane, which again was of minor intensity . 

Master Station 1414 had a minor intensity n-paraffin series ; pristane and 

a peak at RI=2924 was the largest in the chromatogram, being 2-3 times the 

intensity of the others . Master Station 1415 had the very pronounced, 

high intensity n-paraffin series typical of tar contamination, a pristane 

peak of comparable intensity, and a pristane/phytane ratio of 1.64 . 

Other major peaks in this chromatogram occurred at RI=2724, 2760, and 2925 . 

Benzene Fractions 

Chromatograms from Transect I showed an increase 

in complexity as the stations progressed offshore . Master Station 1101 

contained three main peaks at RI=23+5, 2504, and 3053 (squalene) . Master 
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Station 1102 contained these peals as well as beaks at RI=2112, and 2771. 

The chromatogram of Master Station 1103 contained these same peaks and a 

series of massive, high molecular weight peaks . 

With the exception of Master Station 1205, all chromatograms from 

Transect II contained a few small peaks of negligible intensity . The 

Master Station 1205 chromatogram contained a series of minor intensity 

peaks ranging from about RI=2000-3000 . Only one major peak at RI=3048 

(squalene) was present . 

Master Station 1308 exhibited an intense 2329 peak which was of 

negligible intensi'Cy at the other stations in this transect . Other peaks 

of moderate intensity at Master Station 1308 occurred at RI=21-434, 2+97, 

2768, and 3042 (squalene) . An unresolved envelope with many small peaks 

atop occurred at Master Station 1309, 1310, and 1.311, probably reflecting 

the tar contamination evidenced in the hexane fractions at these stations . 

Chromatograms from Transect IV were quite meager at Master Stations 

1412 and 1413 and only a few negligible peaks were present . Master 

Stations 1414 and 1415 were more complex, containing a series of moderately 

intense peaks from about RI=2500-3000 . Notable among these were peaks 

at RI=2727 and 3053 (squalene) . The chromatogram of Master Station 11}15 

also had a moderately intense series of high molecular weight peaks . 

Tar balls were ubiquitous in the winter neuston samples . Figures 71a and b 

show the chromatogram of a contaminated sample . In those rare instances 

where the sample was free of contamination the chromatogram resembled 

that of the zooplankton . 
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Organic Carbon 

Particulate Organic Carbon 

Figures 72a, b and c show the distribution of particulate 

organic carbon during the three sampling seasons . Table 59 shows the 

average seasonal concentration of particulate organic carbon and the 

observed range along each transect . 

Table 59 . The average seasonal concentration (mg/Q)of particulate 
organic carbon and the observed range along each transect . 

Season I 
Transect 

II III IV 

Summer 0 .08 0 .11 0 .16 0 .24 
(Range) 0.03-0 .13 0 .09-0.12 0 .12-0.22 0.15-0 .x+7 

Fall 0 .12 0 .10 0 .05 0 .08 
(Range) 0 .06-0 .22 0 .07-0 .15 0 .03-0 .10 0 .04-0 .11 

Winter 0 .11+ 0 .13 0 .09 0 .15 
(Range) 0 .09-0 .21 0 .09-0 .16 0 .06-0 .13 0 .08-0 .24 

Particulate organic carbon levels were higher during the summer on 

Transects IV and III than in the other two seasons . Figure 72a shows 

that along Transects IV and III the concentration decreased with increasing 

distance from shore while the converse was generally true along Transect I. 

Transect II shows the influence of the Horseshoe Bend eddy . The observed 

differences between transects were significant . 

In the fall the particulate organic carbon concentrations were generally 
a 

less than those found in the summer except on Transect I . Significant dif-

ferences were present between Transects III and IV only . In all instances 



Figure 72 a. The horizontal distribution of particulate organic carbon (mg/1) at the 10 meter level, June - July, 1975. 
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Figure 72 b . The horizontal distribution of particulate organic carbon (mg/1) at the 10 meter level, September - October, 1975. 
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Figure 72C . The horizontal distribution of particulate organic carbon (mg/1) at the 10 meter, January- February, 1976 . 

0 



281 

the amount of particulate organic carbon was less in the offshore waters 

than in the inshore region . An increase in values was noted in the Horse- 

shoe Bend eddy . 

In general, a slight increase in particulate organic carbon (compared 

to the fall) was noted in the winter . 

The observed seasonal differences on Transect I were significant 

between the summer and winter only . Seasonal changes were significant 

during all seasons on Transect II . No differences were found between the 

summer and winter data on Transect III . Seasonal changes were evident 

on Transect IV . 

Dissolved Organic Carbon 

Figures 73a, b and c illustrate the distribution of dissolved 

organic carbon during the three sampling seasons . Table 60 shows the 

average seasonal concentration of dissolved organic carbon and the observed 

range along each transect . 

Table 60 . The average seasonal concentration (mg/Q) of dissolved 

organic carbon and the observed range along each transect . 

Transect 
Season I II III IV 

Summer 1 .54 0 .95 1.05 1.30 
(Range) 0 .71-2 .57 0 .56-1 .25 0 .62-1 .36 0 .92-1 .89 

Fall 0 .96 1 .16 0 .99 1 .30 
(Range) 0 .47-1 .61 0 .89-1 .x+2 0 .91-1 .19 0 .89-1 .75 

Winter 2 .18 1 .89 1 .83 2 .17 
(Range) 1 .68-2 .47 1 .67-2 .18 1 .71-1 .87 1 .68-2 .71 
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Figure 73 a. The horizontal distribution of dissolved organic carbon (mg/1) at the 10 meter level, June - July, 1975 . 
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Figure 73 b . The horizontal distribution of dissolved organic carbon (mg/1) at the 10 meter level, September - October, 1975 . 
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Figure 73 c. The horizontal distribution of dissolved organic carbon (mg/1) at the 10 meter level, January - February, 1976 . 
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As shown in Figure 73a and Table 60 the highest concentrations of 

dissolved organic carbon in the summer were present along Transect I 

where the observed range was 0.71-2.57 mg/Q . In spite of this the observed 

differences between transects were significant only between Transects II, 

III and IV . Values of dissolved organic carbon were lower in the offshore 

waters than in the inshore on Transects I and 1I while a general decrease 

was :.oted with increasing distance from shore . 

The highest fall concentrations (Figure 73b and Table 60) were 

present on Transects II and IV where the average values were 1.16 and 

1 .30 mg/Q respectively . The differences noted between transacts were 

significant, and, with the exception of Transact III, the amount of 

dissolved organic carbon was less in the offshore waters . Uniform concen-

trations were present along Transact III except for a slight increase at 

Master Station 1310 . 

As shown in Table 60 and Figure 73c the highest concentrations of 

dissolved organic carbon were present in the winter . The highest concen-

trations were found along Transacts I and IV where average values of 2.18 

and 2 .17 mg/k were present . As noted in the fall, generally uniform 

concentrations were present across Transact III . 

Significant differences among all three seasons were evident along 

all transacts except Transact I where the differences were significant 

only between the summer and winter and fall and winter data . 

Phytoplankton 

Figures 74a, b, c, 75a, b, c and 76a, b' and c depict the distribu-

tion of chlorophyll a in surface and bottom waters and primary productivity 
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Figure 74 a . The horizontal distribution of the surfoce chlorophyll Q (mg/m3 ), June- July, 1975 . 
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Figure 74b . The horizontal distribution of the surface chlorophyll g (mg/m3), September-October, 1975 . rv 
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Figure 74c. The horizontal distribution of the surface chlorophyll g (mg/m3 ),January-February, 1976, 
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Figure 75a . The horizontal distribution of the bottom chlorophyll a- ( mg/m3), June-July, 1975 . 03 
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Figure 75b. The horizontal distribution of the bottom chlorophyll Q (mg/m3 ) September-October, 1975 . 
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Figure 75c . The horizontal distribution of the bottom chlorophyll g (mg/m3) January- February,l976. 
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Figure 76a . The horizontal distribution of surface primary productivity ( g C/m3/hr) June-July, 1975. 
N 

N 



00 

9° 

8 0 

70 

6° 

Figure 76b . The horizontal distribution of surface primary productivity (gC/m3/hr) September-October, 1975 . 
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in surface waters during summer, fall and winter . Tables 61 end 62 show 

the average seasonal concentration of chlorophyll a end the observed 

range present along each transect during these same sampling seasons . 

Table 61. Average surface concentrations of chlorophyll a and the observed 
range of concentrations (mg/m3) along each transect . 

Season I 
Transect 

II III IV 

Summer 0 .21 0 .13 0 .36 0 .80 
(Range) 0 .13-0 .31 0 .10-0 .17 0 .?_6-0 .49 0 .39-1 .48 

Fall 0 .47 0 .31 0 .12 0 .33 
(Range) 0 .09-1 .18 0 .10-0 .57 0 .03-0 :35 0 .01+-1 .09 

Winter 0 .37 0 .27 0 .34 0 .9 
(Range) 0 .22-0.57 0 .09-0 .50 0 .27-0.36 0.54-1.73 

Table 62 . Average bottom concentrations of chlorophyll a and the observed 
range of concentrations (mg/m3) along each transect . 

Season I 
Transect 

II III IV 

Summer 0 .57 0 .28 o .49 1 .70 
(Range) 0 .11-0 .86 0 .26-0 .29 0 .01-0 .97 0 .51-4 .37 

Fall 1 .90 0 .63 0 .22 0 .27 
(Range) 0 .21-4 .85 0 .34-0 .95 0 .11-0 .51 0.05-0 .51+ 

Winter 0 .45 1 .12 0 .36 0 .55 
(Range) 0 .21-0 .73 0 .10-3 .38 0 .24-0 .45 0 .28-1 .04 

Surface concentrations of chlorophyll a generally ranged between 

0.1-0 .5 ~Im3 throughout most of the area in the summer . The main exceptions 
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to this were the concentrations present along Transect IV where chlorophyll 

a values ranked between 0.39-1 .48 mg/m3 . Significantly higher concentra-

tions were present in the bottom waters and with the exception of Transect 

I there was a trend for decreasing concentration with increasing distance 

from shore . The range of concentrations throughout the area was also 

much greater in the bottom waters than at the surface . 

In the fall (Figures 74b and 75b, Tables h=L and 62), the concentration 

of chlorophyll a in the surface and bottom waters increased (compared to 

the summer) along Transects I and II and decreased along Transects III 

and IV . In both instances the changes were more than two-fold . The former 

two transects were sampled after Hurricane ELOISE and the increased 

concentration of chlorophyll a may reflect the increased availability of 

nutrients in the water at this time . The lower values of the pigment 

found along Transects III and IV are more reflective of the seasonal 

change to be expected at this time of the year . 

Winter chlorophyll a values generally ranged between 0 .1-0 .5 mg/m3 

in both the surface and bottom waters throughout most of the area (Figures 

74c and 75c ; Tables 61 and 62) . The major exception to this occurred on 

Transect IV where the surface concentrations ranged between 0.54-1.73 

mg/m3. This was also true in the bottom waters along this same transect 

(0 .28-1.04 mg/m3) and along Transect II (0 .10-3 .38 mg/m3) . 

Primary Productivity 

Figures 76a, b and c show the net primary production (C 14 uptake) 

in the summer, fall and winter . Table 63 lists the average seasonal 

primary productivity data and the observed range along each transect . 
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Table 63 " The average seasonal primary productivity and the 
. observed range along each transect (g C/m3/hr) . 

Season I 
Transect 

II III IV 

Summer 9 .4 7 .9 8 .8 7 .6 
(Range) 8.1-11 .8 4.3-10 .9 7.7-9 .3 6 .3-9 .1 

Fall 12 .0 7 .3 8 .3 8 .7 
(Range) 6 .9-18 .8 6 .0-8 .8 4 .2-10 .9 7 .6-10 .4 

Winter 3 .4 1 .5 2 .0 8 .0 
(Range) 2 .1-4 .5 1 .1-2 .4 1 .8-2 .1 6 .7-13 .6 

Net primary productivity in the summer (Figure 76a).-showed an 

average range of 7.6-9 .4 g C/m3/hr throughout the area . Values observed 

along each transect were significantly different from those of the neigh-

boring tra,nsect . A general trend of decreasing activity with increasing 

distance from shore was observed. 

Productivity in the fall (Figure 76b) was higher than that observed 

in the summer. The greatest variability was present on Transect I where 

the average activity was 12 .0 g C/m3/hr with a range of 6 .9-18.8 and no 

consistent trends were noted between activity level and distance from 

shore . 

Dramatic decreases in the net primary productivity were found in 

the winter (Figure 76c) . Average values along Transects I, II and III 

ranged between 1 .5-3 .4 g C/m3/hr with an actual range for these transacts 

of 1.1-4 .5 . The highest activity was found along Transact IV where an 

average value of 8.0 g C/m3/hr was present with a range of 6 .7-13.6 g C/m3/hr . 
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Activities at this time of year increased with increasing distance from 

shore . 

Average surface assimilation rates together with ranges are presented 

in Table 64 . Differences between the largest and smallest mean values were 

reduced by about a factor of 4 for the assimilation rates on Transects 

I, II and III compared to the productivity values . 

Table 64 . Average surface assimilation values and observed ranges 
along each transect (mg C/mg chl a/E~n-2/hr) . 

Season I 
Transect 

II III IV 

Summer 2.8 2.1 2 .1 1 .1 
(Range) 0.1-8 .2 0.4-3 .6 0 .7-3 .9 0 .3-1 .4 

Fall 2 .0 4 .4 2 .8 2 .5 
(Range) 1 .2-2 .g 1 .3-18 .3 0 .9-4 .6 1 .8-3 .3 

Winter 2 .6 0 .9 1 .9 1 .4 
(Range) 0 .6-4 .6 0 .5-1 .6 0 .2-7 .9 0 .6-2 .1 

Average assimilation rates for Transect IV show more variance than 

the productivity values . Apparently the use of assimilation rates reduces 

variability caused by differences in chlorophyll a and light both of 

which influence productivity rates . 

Zooplankton 

The distribution of zooplankton and dry weight biomass during the 

swnmer, fall and winter are shown in Figures 77a, b, c and 78a, b, c 

respectively . 
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Summer, 1975 

In the summer the average organism density and biomass (Figures 

77a and 78a) were highest on Transect II although Master station 1308 of 

Transect III showed the greatest density and biomass of any single station . 

The high population estimates at Master Station 1.308 were due primarily 

to an abundance of the ostracod, Conchoecia sp ., other calanoids, Centropa.Fres 

furc~.tus (cal.anoid copepod), Eucal.aaius elongratuc. (calanoid copepod), 

Oncaea sp ., and cladocerans (probably Evadne sp .) which made up the bulk of 

the sample (Table 65) . High density values recorded for Master Stations 

1204 and 1205 were due to an abundance of cladocerans (>50% of the entire 

sample) . The biomass estimates for Plaster Station 1204, however, were 

the lowest for the entire Transect II . In general, a pattern of decreasing 

density was exhibited with increasing distance from shore . With the major 

exception of Master Stations 1308, 1204 and 1205, calanoid copepods were 

the dominant zooplankton group in most areas . 

Fall, 1975 

Lowest density and biomass estimates were recorded during the 

fall sampling period (Figures 77b and 78b) and in general both of these 

parameters decreased with increasing distance from shore . Master Stations 

1415 and 1311 showed the lowest density and biomass estimates (209 and 

220 individuals/m3 and 2 .3 and 2 .1E mg/m3, respectively) while Master 

Station 1101 showed the highest biomass estimate (72 .6 mg/m3) and Master 

Station 1205 the highest specimen abundance (7,021/m3) . The post 

hurricane station (12050 showed a drop in specimen abundance as compared 

to Duster Station 1205 but retained virtually the same biomass . 



Table 65 . Dominant Iooplankton Groups 

Station Summer, 1975 fall, 195 Winter, 195 

1101 other calanoids, Doliolida cladocerans, Oikopleura Paracalanus sp . 

1102 cladocerans, Doliolida cl.adocerans Conchoecia sp ., 
Corvcaeus sp . 

1103 other calanoids, Oithona sp . other calanoids, Pyrocvstis Paracalanus sp ., Oithona sp, 

1201+ cladocerans cladocerans, Paracalanus sp . Paracalanus sp ., 
C02'VC?El1S Sam . 

*1205 cladocerans cladocera,ns Paracalanus sp . 

**I205A -- 

1206 other calanoids, cladocerans 

1207 other calanoids, chaetognaths, 
gastropod veligers 

cladocerans, Temora turbin:i.ta 

Oncaea sp ., Oikorleura 

Conchoecia sp ., Paracalanus sp ., 
other calanoids 

1308 Conchoecia sp .,other calanoids, 
Centropages furcatus , Eucalanus 
elon~~;atus , Oncaea sp ., cladocerans 

1309 chaetognaths, other calanoids, 
Oithona sp ., Eucalanus elongatus 

1310 other calanoids 

Paracalanus sp ., cladocerans 

Paracalanus sp ., Oncaea sp . 

Faracalanus sp ., Cncaea sU . 

r aracalanus s-o . 

Paracalanus sp . 

Paracalanus sp ., Oikopleura 

Paracalanus sp ., 
Concho2cia SD . 

Paracalanus sty . 

Pre Hurricane Eloise 
** Post Hurricane Eloise 



Table 65 . Dominant 7ooplankton Groups (continued) . 

St at ion Suririer , 1975 Fall') 1975 Wintery 1976 

1311 other calanoids Paracalanus sp ., other Paracalanus sp ., Oikopleura 
cala.noids 

1412 cladocerans, other calanoids, Centropages furcatus , fish eggs, foraminiferar_s, 
Undinula vulgaris (males) Acartia sp . Paracalanus sp ., Eucala:.us 

1413 anomurans, other calanoids 

1414 ' other calanoids, Rhincalanus 
coronatus, Undinula vulgaris 
( I males) 

Oncaea sp ., Doliolida 

Paracala.nus sp ., Onca,ea sp . 

Paracalanus sp . 

Paracalanus sue ., 
Concnoecia sp . 

1415 other calanoids cyclopoid copepodites, 
Paracalanus sp . 

Paracalanus sp . 

w 
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Again, the dominant zooplankton group during this period was primarily 

the calanoid copepods, although cladocerans were abundant at the inshore 

stations of Transacts I and II . Acartia sp . was found at Master Station 

112, suggesting the presence of water more estuarine in ori'giri . The 

appearance of Temora turbinata as a dominant group at the post-hurricane 

station (1205A) was the result of a decrease in the cladoceran population 

rather than an increase in this calanoid . This would suggest that. 

the mixing of the water column by the hurricane adversely affected the 

cladoceran population . 

Winter, 1976 

Samples collected during the winter sampling period compared 

favorably, in terms of organism density and biomass (Figures 77c and 78c) 

with the summer samples . This period also showed the highest population 

density and biomass of all the seasons . This was due, primarily, to the 

great abundance of Paracalanus sp . in almost all of the samples (Table 65 

which suggests that this calanoid copepod is an active winter breeder . 

The highest density and biomass were recorded at Master Station 1206, 

with Paracalanus sp . being the dominant taxa . Although the same general 

inshore-offshore trend was present as in other seasons, it was much less 

pronounced . This is . especially true in Transact IV, where it remained 

relatively constant throughout all the stations ; in Transact II the 

trend was almost reversed, tie offshore stations showing greater density 

and biomass than the inshore stations . 

As mentioned previously, the dominant zooplankton group is Paracalanus 

sp . Exceptions to this include Master Station 1102 where the ostracod 
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Conchoecia sp . and the cyclopoid copepod Oncaea sp . were dominant and 

Master Station 112, where fish eggs and foraminifera were the dominant 

groups as well as Paracalanus . The abundance of fish eggs at this par-

titular station could be the result of the net passing through a recent 

spawn or a group of eggs which were clumped together . 

TJeuston 

Adult specimens of 50 invertebrate families and 28 fish families 

were identified to at least the family level from the neuston collections 

obtained . The families are listed in Table 66 . Some of the adult forms 

were identified to other taxonomic levels as follows : Orthoptera, Diptera 

(insects) ; Sagitta and Eukrohnia (chaetognatha) ; Oikopleura (Larvacea) ; 

Foraminifera ; Phascolosoma (Sipuneula) ; Physalia (Siphonophore) ; Valella 

(chondrophora) ; Branchiostoma (Cephalochordata) ; an unidentified cephalapod ; 

a prosobranch gastropod juvenile ; an isopod, a cumacean ; a caridean ; a 

siphonophore ; and salp fragments . In addition, 27 different larval types, 

including fish and invertebrate eggs, were identified from the collections 

(Table 67) . 

Analysis of Variance tests (ANOVA's) were carried out for statistical 

testing of possible station, day-night and seasonal differences in neuston 

composition . One hundred and eight ANOVA's were conducted, and 25 of 

these yielded differences significant at the 95% confidence level (a. < 0 .05) . 

The results of these tests (Table 68) are considered to be only provisionally 

accurate since in many instances measures of dispersion about the means 

(variance, standard deviation, standard error) were high and overlapped 

flop? . 
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Table 66 . Invertebrate and fish families represented in the 
neuston . 

Invertebrates 

HydrozOa 

Campanulariciae 
Plumularidae 

Cl.adocara 

Polyphcuridae 
Si di dae 

Siphonophora . 

Diphyi.dae 
idonof i dac 

Gastropods 

Cavolinidae 
Limac in i dae 

Polychaeta 

iJereidae - juveniles 
Spionidae - juveniles 
Touropteridae . 

Copepods 

Acaxtiidae 
Aut i de i d ae 
Calanidae 
Calocalanidae 
Candaeiidae 
Centrophagidae 
Clausidiidae 
Corycaeidae 

gas i li dae 
Fucalanidae 
Each set i dae 
Laoph ont i. dae 
Loficidae 
Oithonidae 
Oncasidae 
Paracalani dae 
Pontellidae 
Sapphirinidae 
Temoridae 
Truchiidae 

Arnphipoda 

Garnma.ri dae 
Hyperiidae 

Ostracoda 

Conchoecidae 

M,ysi daces 

D1ys i dae 

Isopoda 

Cinolanidae 
Gnathidae 

Decapoda 

Hyppolytidae 
Palaemonida.e 
Pasipha.ei dae 
Penaeidae 
Pontunidae 
Sergesti dae 
Ilpogeidae - juveniles 

Euphausiacea 

Euphausiidae 

'i'Yialliacea 

Doliolidae 
Salpidae 

Insects 

Grylli dae 
Bibionidae 
Gerri da.e 



311 

Table 66 - continued . 

Balistj.dae 

Belonidae 

Bothidae 

Carangidae 

Centriscidae 

Clupeidae 

Coryph aen idae 

Diodontidae 

Exocoetidae 

Gadidae 

Hemiramphidae 

Holocentridae 

Istiophoridae 

Lobotidae 

F.i. sh 

Mol i dae 

Monacanthidae 

Mugilidae 

Myctophi.dae 

Oph i chthy i d ae 

Pleuronectidae 

Priacani;hidae 

Sccmbrida.e 

Serranidae 

Stromateidae 

Syn gn ath i da.e 

Synodontidae 

Tetradontidae 

Trigliadae 
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Table 67 . Larval taxa represented in the neusi,on collections . 

Brachiuran megalops 

Brachiuran zoeae 

Caridean zoeae 

Cirripede nauplii 

Copepod copepodids 
(Stages I-VI) 

Copepod nauplii 

Cumacean 

Invertebrate eggs 

Mys :id my:;is 

Pel;rcopod veligers 

Penaea_d (various : zoeae, mysis ) 

Po .l_vchacte juveniles 

Polychaete nectochaetes 

Frosobranch juveniles 

Sipunculid larvae 
Ectoproct cyphonautes 

Euphausiid furcilla 

Fish eggs 

Fish larvae (unidentified) 

Fish leptocephalus 

Fish pleuronectiform 

Foraminiferida 

Squ:i 11_i d antizoeae 

Souillid "postlarvae" 

Squillid pseudozoeae 

Tunicate "larvae" 

Uj-)ogei.d larvae-juveniles 

Gastropod veligers 



Table Fn . NOVA summary . 

TAXONOMIC CATEGORY TESTED 

All Invertebrate All Adult No . of Eggs No . of Fish No . of Copepods No . of Copepod 
Families Families and Larvae Families Families 

Model l, one-way AP10VA - Day only 

Season (D 4) NS 

Station NS NS NS 

Model 1, one-way FN0VA - Night only 

Season (D NS NS 

Station 1`1S 

Two-way AIJOVA, Day/Night vs 
st- a-11- ion, replication by season NS 

Nested P.IdOVA, Day/I1ipht within 
station, replication by season NS 

NS ~ N 

NS i1, , 
I 

Ns (P (D 

NS 

lY V { 

NS 

Kow ,/- Log Howv-Log Row ,r'- Log Row ~/-- Lob Row ,/- Log Row Lob 

NS NS NS NS 

A total of lOP AT?OVA tests were made . No significant interaction or residual effects were found . 

= F values significant at the p < .05 level 
L : '~°U-- F values with p > .05 (Not significant) 

w 
w 
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During daylight hours, significant differences occurred between 

seasons with respect to "all invertebrate families," and "number of cope-

pod families" categories . At night, significant seasonal differences 

occurred in the "all adult family" and "number of copepods" categories . 

Thus, day-night seasonal distributions were different, particularly with 

regard to the copepods . 

Daytime station variation was reflected only in the "number of copepod 

families" collected . Since 20 of the 51 families of adult invertebrates 

identified were copepods, and geographic coverage was broad, this result 

was expected . Night station differences were found in four of the six 

categories, indicating a geographic difference in subsurface "water 

masses ." 

Table 69 presents a correlation matrix based on 70 independent 

correlation analyses between neustonic composition characters and abiotic 

environmental factors . Generalization of these results shows that inver-

tebrate neuston abundance (taxa and specimen) is negatively correlated 

with light intensity, air temperature and tar in the surface waters . 

Affinity and diversity indices were not presented because of the 

high variances in the sample statistics and because these indices have 

little, if any, biological significance for family taxa levels and mixed 

taxonomic categories . 

Spatial and temporal distributions of the invertebrate neuston taxa 

are presented in Tables 70-72. 



Table 69 . Correlation Matrix 

Number Number Number No . Crust . No . Copepod 
Adult Animals Inv . Phyla. Inv . Families Families Families 

Length of time fished (min) - - - - - 

Time of day fished (CDT) 0 . 303 - - - - 

Bucket temperature (°C) - - - -0 . 263* -O . k21* 

Light (f .c .) - -0 .502' -0 .459* -0 . 548* -0 . 298* 

Air temperature (°C) - - -0 .240* -0- 388* -0 . 459* 

Wind speed (kt) - - - - - 

Sea state (Beaufort) - - - - - 

Forel color - -0 .510* -0 .482* -0 . 512 -0 . 326 

Barometer (mm Hg) - - - - - 

Secchi disk depth (m) - - -0 .208' - -0 . 266 

Cloud cover (eights) C . 214* - 1 - - - 

Sargassum volume (ml) - - - - - 

Tar weight (g) - -0 .213 -0 .244* -0 . 269' -0 . 231' 

Total volume of sample (ml) 0 . 205' - - - -0 . 221 

- indicates correlations non-significant at a < 0.05 . 
* indicates correlations significant at a < 0 .05 . 
All tests are two-tailed with n = 90 . 

w u 
~n 
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Table 70 . Distribution of Neusl:on, Summer, 1975 . 

Water Column Stations 

l . Invertebrates = 

PolypheMidae 
Conchoecidae 
Tomopteridae 
Oikopleura 
Penaeidae 
Sagitta 
Hyperidae 
Euphausiacea 
Sergestidae 
Portunidae 
Sididae 
Cumacea 
Gerridae 
Gammaridae 
I?yphyidae 
Cavolinidae 
Hyppolytidae 
Palaemonidae 
Campanularidae 
Plumularidae 
Eucalanidae 
Centrophagidae 
Temoridae 
Paracalanidae 
Pontellidae 
Corycaeidae 
Oncaeidae 
Oithonidae 
Cirolanidae 
Eukrohnita 
Tunicata 
Isopoda 
Doliolidae 
Calanidae 
Loficidae 
Acartiidae 
Clausiidae 
NLysidae 
Pasiphaeidae 
Harpactacoidae 
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Table 70 . Continued, 

Water Column Stations 

2 . Fishes = 

Synodontidae 
Istiophoridae 
Diodontidae 
Lobotidae 
Scombridae 
Coryphaenidae 
Carangidae 
Molidae 
Exocoetidae 
Serranidae 
Pleuronectidae 
Balistidae 
Hemiramphidae 
Syngnathidae 
Mugilidae 
Belonidae 
Ophichthyidae 
Clupeidae 
Stromateidae 
Bothidae 
Leptocephalus 

3 . Larvae = 

Harpactacoid Copepodid 
Bract~yuran zoeae 
Brachyuran megalopa 
Caridean zoeae 
Squillid antizoeae 
Squillid postlarvae 
Polychaete larvae 
Gastropod veligers 
Pelecypod veligers 
Copepod nauplii 
Fish eggs 
Invertebrate eggs 
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D = Day occurrence only 
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B = Both day and night occurrence 
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Table 71 . Distribution of Neuston, Fall, 1975 " 

l . Invertebrates = 

Polyphemidae 
Conchoecidae 
Tomopteridae 
Oikopleura 
Penaeidae 
Sagitta 
Hyperidae 
Euphausiacea 
Sergestidae 
Portunidae 
Sididae 
Cumacea 
Gerridae 
Gammaridae 
Cavolinidae 
Hyppolytidae 
Campanularidae 
Plumularidae 
Eucalanidae 
Centrophagidae 
Temoridae 
Paracalanidae 
Pontellidae 
Corycaeidae 
Oncaeidae 
Oithonidae . 
Cirola,nidae 
Doliolidae 
Acartiidae 
bloni fidae 
Limioinidae 
Salpidae 
Siphonophroa 
Candsciidae 
Calocalanidae 
Sapharinidae 
Harpactacoidae 
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Table 71 . Continued . 

Water ColiJunn Station, 

Calanoidae 
Orthoptera 
Phascolosoma 
Palaemonidae 
Upogeidae 
Caridian 

2 . Fishes = 

Synodontidae 
Lobotidae 
Scombridae 
Coryphaenidae 
Carangidae 
Exoceotidae 
Serranidae 
Balistidae 
Hemiramphidae 
Syngnathidae 
Ophichthyidae 
Stromateidae 
Leptocephalus 
Tetradontidae 
N~yctophidae 
Holocentridae 

3 . Larvae = 

Brachyuran zoeae 
Brachyuran megalopa 
Caridean zoeae 
Squillid antizoeae 
Polychaet larvae 
Gastropod veligers 
Felecypod velifers 
Copepod nauplii 
Squillid pseudozoeae 

N 
r-I 

r~ 

h'1 
r-1 

r-I 

~ 
,-1 

r-i 

tfN 
-1 

ri 

0 
c-1 
r-i 

Q~ 
0 
c-1 
r-I 

U 
1-1 
Cq 
r-i 

ri 
r--1 
M 
ri 

~ 
0 
N 
r-i 

Lr1 
0 
N 
r-1 

\D 
0 
N 
ri 

l 
0 
N 
r~ 

H 
0 
r-I 
r1 I 

N 
0 
r-i 
r-i 

M 
0 
r-I 
r-I 

N n v N B 
n 
B D D Pd D 

B Td N N 
N 

N 

N B N B N D D 
N D 

N N N 
N D N N N P1 

N N D N 
N B N B B D N 

N 
D N P N B N N D D B N 

D D B B N D 
N N D N 

N 
N N 

N 
D D B D D D 

N N 
N 

B B N N B B N N B N B B B B N 
N B N N B N D D D N I3 N D B N 

N N }3 N N N 
N D B N N D N N B 
B D 

B B B B B B R B B B B B B B B 
B B B f3 B B I3 R N B N B D B B 

D B N 
N B B N 
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Table 71 . Continued . 

Water Colwnn Stations 

Fish leptocephalus 
Mysid 
Copepodids 
Proobranch juveniles 

cIJ rn --t ur\ 00 a" o r-~ u, \~O ~ ,--i cv (n 
,-i r-i o 0 ~ r-i o 0 o c o o cD 

M M ('r) (n N CU CU CJ ri ri rl 
r-I r-! rl rl r-i rl r-1 r-i r-i rl r-1 r-i r-i r1 t-i 

D r1 rr 
Pd PI \J PJ N N Pd 

D T1 B D B 11 B D 
B 11 P1 N B Pd B T1 n1 B N 

D = Day occurrence only 
N = Night 
B = Both day and night occurrence 
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Table 72 . Distribution of Neuston, Winter, 1976 . 

Water Column Stations 

1 . Invertebrates 

Polyphemi dae 
Conchoecidae 
Oil:opleura 
Penaei.dae 
Sagi.tta 
Hyperidae 
Euphausiacea 
Sergestidae 
Portunidae 
Cumacea 
Gerridae 
Gammaridae 
Dyphydae 
Cavolinidae 
Hyppolytidae 
Campanularidae 
Plumularidae 
E,1ic alani dae 
Centrophagidae 
Temoridae 
Paracalanidae 
Pontellidae 
Corycaeidae 
Oncaeidae 
Oithonidae . 
Cirolanidae 
Doliolidae 
Calanidae 
Acartiidae 
Mysidae 
Pasiphaeidae 
Limicinidae 
Salpidat 
Siphonoptlora 
Candaciidae 

N 
ri 

r-1 

M 
H 

-1 

---I 
H 

H 

tf1 
r-I 

r-1 

GO 
O 
Cpl 
r-1 

(i~ 
O 
(+1 
H 

O 
r-A 
M 
r"'I 

r-I 
H 
cYl 
r'1 

-~ 
O 
N 
r-I 

~ 
O 
N 
r; 

~O 
O 
CV 
r-1 

l~- 
O 
N 
r-I 

~r-1 
O 
r-I 
H 

N 
v 
r-i 
r-I 

M 
O 
ri 
r~ 

B 
N N B N B B I3 B B B D N B B B 

B N D B B B B D D B D B N 
N 

B B l1 B H B B L B B ll B B B B 
Pd N N B D B N N B PT D N B B 

N N B N 
N B N N 11 B D B B B 

N D N 
D B B D 

D 
N P B N 

B B B B D B B B B N N B B 
B B D B B' 

D D 
B D 

D 
B N N B B B B B B N D B D B B 
B N D B B B B N D B B 
B N B B B B B B B N D B N B B 
B B B B B B B B B B D B B B R 
B B B B N B B B B B D B D B B 
B N B B B B B B B B D D B B B 
B N B N N B B B F3 N D N N B B 
B N D B B B B B N N B D 

N N N N N 
N D B B B B B N 

P N N P B 
B B B B B N D B D 
N N N N N P P 
N N B B N R B N B N D B B B B 

N D B N 
N 

D 
D 
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Table 72 . Continued . 

Water Column Stations 

Calocalanidae 
Sapharinidae 
Yhascolosoma . 
Diptera 
Euchaetidae 
Copepoda 
Branc}iiostoma 
Cepha7.opoda 
Physalia 
Velella 

2 . Fishes 

Synodontidae 
Exocoetidae 
Serranidae 
Hemiramphidae 
Syngnathidae 
Mugilidae 
OphichtY~yidae 
Stromateidae 
Njyctophidae 
Gadidae 
Centriscidae 

3 . Larvae 

Brachyuran zoeae 
BracY~yuran megalopa 
Caridean zoeae 
Squillid a,ntizoeae 
Gastropod veligers 
Pelecypod veligers 

N 
r-1 

r-i 

M 
r-I 

r-i 

.-t 
r-I 

r-I 

L!~ 
r1 

r-I 

CL: 
O 
(r) 
~i 

C~ 
O 
rl 
ri 

O 
r-i 
M 
r-I 

r-I 
r1 
(~'1 
r-i 

--1- 
O 
C\I 
rl 

lf\ 
O 
N 
ri 

\O 
O 
N 
r-i 

t~-- 
O 
(V 
ri 

r-i 
O 
11 
r-i 

N 
O 
ri 
r-I 

M 
0 
ri 
r-I 

D :a N rz 
B N D B 

B 
D N N v 

N D D D 
B D B D B N v B D B B D D 

D N N N 
N D 

N B 
D N 

B D D 
D 

B 
N N 

D N 
N B D N N V D D N D N 

N N 
D 

N N 
N B v N B D D B D D N 

D D 

B N B N N PJ N B D N B B 
D B N N B N N N N P D 

N D N N D N B N 
D N N N 

N N B N B B B N N D B B B I3 
B N B B B B }3 B B N B B F1 
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Table 72 . Continued . 

Water Column Stations 

Copepod nauplii 
Fish eggs 
Squillid pseudozoeae 
Fish leptocephalus 
i1fS1C~ 

Copepodids 
Prosobranch juveniles 
Ttinicate larvae 
Polychaete juveniles 
Ectoproct cyphonautes 

larvae 
Euphausiid furcilia 
Cirripede nauplii 
Pleauronectiform 

N M 
r-i r-i 

rt r-I 

~ 
r~ 

r-i 

tt, 
ri 

rl 

CO 
O 

r-I 

a\ 
O 

--i 

C 
ri 

r-I 

f-1 
r1 

.~ 
O 

~t ~ 
O 

r-I 

~p 
C 

r-I 

[ 
O 

r1 

rl 
I U 

ri 

N 
O 

H 

M 
O 

-4 

B I3 B B B I3 B B D N N D 
B B B B B B t3 B B D D B B B B 
T1 B B N 

B D N N 
PJ N N N 

B B B B B B B B D 11 N B 
B 

D 
P B 
N B D N D D N D B B 

id N 
N N N B 

N 

D = Day occurrence only 
= Night 

B = Both day and night occurrence 
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Sea Floor 

Geology 

Standard Sediment Parameters 

Characteristics of the P4AFIA sediment sheet are summarized in 

Figures 79 and 80 and cross sections 81a, *b, and c of the lithologic map 

which depict, among other parameters, the graphic mean grain size, the 

sand fine ratio (sand/silt + clad _ sand/fine ratio), and the percent CaCO3 

in the sediments . The sand/fine figure (79) shows the MAFIA continental 

shelf and upper slope divided into a number of textural zones and serves 

as a convenient base upon which to build a discussion of the MAFLA sediment 

sheet . It should be kept in mind that zone boundaries were arbitrary and 

that transitions between zones were gradational . 

Zone I reflects the influence of deposition of Mississippi River 

sediments . It was characterized by a sand/fine ratio of less than 1.0 

and a low (less than 25%) calcium carbonate content and silt predominates 

over clay sizes . Sand and silt sized particles were dominantly quartz 

while the clay minerals were dominated by smectite (Huang, et a1 ., 1975) 

The heavy mineral suite was relatively depaupered in the most resistant 

minerals such as zircon and was dominated by hematite, micas, amphiboles, 

and pyroxenes . 

Zone II has a sand/fine ratio ranging between 1_ .0 and 58 .5 . The 

ratio increases toward the east showing the diminishing, though still 

detectable, influence of Mississippi deposition and the exposure of the 

relict quartz sand sheet . Calcitun carbonate in the sediments remained 

low (less than 25 percent) . Kaolinite became a mayor constituent of the 
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clay mineral assemblage though smectite remained dominant . Heavy minerals 

reflect a southern Appalachian provenance and are characterized as a 

kyanite/staurolite suite (Van Andel and Poole, 1960, and Fairbank, 1962) 

with ilmenite, zircon, and tourmaline common, but hematite, pyroxenes, 

and amphiboles diminished . 

Zone III reflects the abrupt bathymetric change at the western 

margi.i of DeSoLO Canyon . Sediments were still sans, but had a lower 

sand/fine ratio than did those of the eastern portion of Zone IS . Calcium 

carbonate content increased to greater than 75% at the shelf edge . 

Sediments shoreward were still dominated by quartz . Heavy minerals were 

similar to those of Zone II . 

Zone 7V, which also encompasses the more gently sloping eastern 

margin of DeSoto Canyon, was characterized by lowered sand/fine ratios and 

high carbonate content typical of the western Florida lime-mud facies of 

Ludwick (1960 on the upper continental slope . 

Zone V represented a transition between the slope muds and the quartz 

sand sheet south and west of Cape San Blas . West of Cape San Blas the 

clay mineral suite becomes dominated by kaolinite showing the continued 

waning influence of the Mississippi River . Heavy minerals were similar 

to those of Zones II and III . The eastern portion of Zone V was transi-

tional to the west Florida carbonate sand sheet . 

Zone VI represents the upper continental slope of the west Florida 

margin . It was characterized by limey muds with a sand/fine ratio less 

than 1.0 and a high (>75/'O) carbonate content . It was similar to Zone IV . 

Lone VII is the carbonate sand sheet of the west Florida shelf . 
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While sand/fine ratios were generally greater than 1 .0, they vary from 

1 .0 to 90 .0 reflecting the effect of local bathymetry . This variation may 

be seen in Figure 81c which shows the graphic mean gain size of a series 

of stations at 1.6 km intervals across the west Florida shelf (see Figure 

82 for locations) . The variation is impressive . Master Stations 40-45 

of Figure 79 are in the upper continental slope Zone IV . Carbonate 

constituents of cross sections A through D show that the banding 

reported by Gould and Stewart (1955) is not present with one notable 

exception, the inner shelf quartz band . The carbonate sand sheet was 

thin with many outcrops of tertiary rocks exposed through it . 

Zone VIII is the inner portion of the west Florida shelf . It is 

a relatively pure quartz sand that also makes up the beaches of west 

Florida . The heavy mineral suite of NiAF'LA Zone VIII, east of Cape San 

Blas, was dominated by zircon, staurolite, tourmaline, and garnet (Fair-

bank, 1962) . As expected, heavy minerals decrease as carbonate increases 

and were essentially absent in Zone VII . Clay minerals were dominated in 

both Zones VII and VIII by kaolinite with chlorite next in abundance 

(Huang, et al ., 1975) . 

Clay Mineralogy 

Figures 83 a, b, c, d and e show the distribution of clay 

minerals in the sediments of the M.EIFLA area . Table 73 lists the average 

content of clay minerals at each station . 

Based on the above observed distribution of the clay minerals 

(Table 73) the shelf was divided into the West Florida Shelf and the 

Mississippi-Alabama Shelf . 
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Table 73 . The average content (%) of clay minerals in surface pediments 
from the MAFIA UCS baseline monitoring; sites (A & B set), June-
July, 1975 . 

Station 
Number Smectite Chlorite 

Chlorite-Vermiculite 
Mixed Layer Illite Kaolinit e 

2101 8 14 45 13 20 
2102 10 13 38 9 30 
'2103 2 14 42 6 37 
2101 T 18 42 5 35 
2105 T 11 31 17 41 
2106 25 8 19 12 36 
2207 - 36 17 8 39 
22C3 5 24 14 7 50 
2209 5 30 15 5 45 
2210 
2211 4 32 16 5 43 
2212 40 10 8 12 30 
2313 44 6 6 11 33 
2314 
2315 
2316 T 21 23 5 51 
2317 5 17 19 8 `51 
2 318 11 17 21 4 47 
2+19 7 16 21 5 51 
2420 4 9 31 4 52 
2121 3 6 22 6 63 
2+22 8 5 1.8 5 64 
2+23 8 4 15 4 69 
2424 10 4 17 10 59 
2425 5 8 30 10 47 
2+26 14 6 23 9 48 
2427 46 2 6 10 36 
2528 17 10 10 6 57 
2529 6 22 9 8 55 
2530 14 21 7 9 49 
2531 11 17 8 11 53 
2532 22 17 7 10 44 
2533 24 18 4 7 47 
253+ 26 16 2 8 47 
2535 39 17 - 8 36 
2536 56 5 - 6 33 
2637 70 3 - $ 19 
2638 80 5 - 5 to 
2639 72 2 - 11 15 
260 53 4 - 19 24 
2641 52 T - 17 31 
26+2 41 9 - 17 33 
2643 67 4 - 9 20 
2641+ 54 5 - 10 31 
2645 55 6 - 14 25 

T Tra ce amount . 
No sample taken . 
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West Florida Shelf 

Generally, kaolinite was the most abundant clay mineral, 

followed by chlorite and a chlorite-vermiculite mixed layer which was 

unique to this area of the shelf . Maximum concentrations of the chlorite-

vermiculite mixed layer were present near Fort tA,yers, Florida . Smectite 

in this area was present in small amounts along the outer shelf and 

decreased to the southeast . The distribution patterns of individual 

clay minerals were further documented as follows . 

Kaolinite, in general, decreased to the east and south and also 

toward the edge of the shelf . The chlorite-vermiculite mixed layer which 

was unique to this area increased from trace amounts near~Pensacola to a 

maximum of 45% crest of Fort Myers . Concentrations of this clay mineral 

also tended to decrease with increasing distance from shore . 

Mississippi - Alabama Shelf 

The distribution pattern of clay mineral assemblages 

differed from that of the West; Florida Shelf . Smectite was the most 

abundant clay mineral in the bottom sediments and the chlorite-vermicu-

lite layer was virtually absent . 

Smectite concentrations ranged up to 80% and decreased seaward . 

Illite was essentially uniform in abundance throughout the area and 

generally ranked between 5-20% in concentration . Slightly higher amounts 

were present along the outer stations . 

Bioturbation 

Each benthic station was characterized by a 100% level of 

bioturbation at least once during the three sampling periods with the 

level being above the 60% level . Primary physical sedimentary structures, 
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when present, consisted of the following types (in decreasing frequency) : 

shell concentration layers, thin silt/clay lamination:, thin sandy lamina-

tions and cross bedding, and faint heavy mineral concentration layers . 

Average bioturbation, by transect and station are presented in Figures 84a 

through 84f . 

Chemistry 

Trace Ietals 

Sediments 

The distribution of the trace metals cadmium, chromium, 

copper, iron, lead, nickel and vanadium in the surface sediments of the 

',1=:r LA region are shown in Figures 85a through 859 . Barium was present in 

measurable quantities at five out of the 63 stations sampled (45 in June-

July, 1975 and 18 repeat stations in January-February, 1976) . Three of 

the five, Master Stations 2637, 2638, 2642, were located on Transect VI 

and showed barium concentrations ranging between 136±45-321±76 ppm . The 

sediments at Master Stations 2101 and 225 on Transects I and IV respectively, 

contained 53±27 and 81±25 ppm barium respectively . 

As shown in Figures 85a to 85g a wide variability was observed for 

most metals not only over the R'IfIFLA area but also along each transect . 

In general, the concentration of the trace metals tended to increase 

with increasing distance from shore and this was especially apparent along 

Ti-ansects II, III, IV and V for copper, iron, nickel and vanadium. The 

highest concentrations of the trace metals were generally present on 

Transects IV and V. 

When the ratio of the difference between the average concentration on 
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each transect to the standard deviation of this difference was determined, 

it was found that the lead, nickel. and vanadium content of the surface 

sediments were significantly different from tran:;ect to transect . In 

general, the same pattern was found for chromium, copper and iron . The 

exceptions were between `I'ransects II and III for iron, 7., II and III for 

copper, and II, III, and IV for chromium . The cadmium concentrations 

present on Transect IV were sigiiit'icanLiy different from those of the 

other transacts and Tran:c:ct V differed from Tra.nsect VI . 

ifauna 

The metal content of selected benthic macrofauna are 

summarized in Table 74 . The organisms included .in this table represent 

the dominant and/or commercially important species that were collected 

from Master Stations IA-C through VIA-C by dredge and trawl . The remaining 

organisms were collected from either the Florida Middle Ground (Master 

Stations 047, 146, 147, 151, ?_47 and 251) or off Clearwater (Master 

Stations 062 and 064) . 

Cadmium concentrations in the sponges were highest in the summer 

and lowest in the winter . Lead concentrations were highest in the fall, 

and no consistent patterns were apparent in the seasonal distribution of 

chromium, copper, iron, nickel and vanadium. Metal concentrations in 

the corals, molluscs, crustaceans and echinoderms were variable, not only 

among the various groups but also among the species within a group . Most 

metal values varied at least ten-fold within a group and at least five-

fold within a species . 

The sponge Guitars sp . appears to concentrate cadmium and chromium 
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`!'able 74 . Seasonal va..ri.ations in the trace metal content (ppm) of 

;electe d macroepifaina from t he eastern Gulf of Mexico . 

Name of 
Species Season Cd Cr Cu Fe Pb Idi V Station 

Sponges 
Guitarra sp . Summer 8 .27 29 .8 7 .6 7G8 5 .13 5 .9 8 .8 VI-A 

Fall 8 .58 10 .4 7 .6 45G0 0 .58 6 .3 6 .2 
Winter 6 .73 2~7 8 .7 20 .0 2.87 2 .4 2.1 

Cinachyra sp . Summer 2 .02 U .43 6.3 65 .8 0.22 25 .1 0.3 247 

Fall 1-50 1 .39 14 .7 130- 0 O .16 16 . 8 <0 .1+ 

Winter 0.24 0.46 5.0 14 0.49 13 .9 <0 .4 

Pseudoceratina Summer 6 .06 0 .36 6 .5 79 " 6 0 .x+6 18 .£3 1 .7 251 
sp . Fall 1 .00 0.89 8 .1 67 .0 0.23 31_ .8 <O .4 

Winter 0 .37 0 .80 6 .5 157 0 .55 10 .5 3 .9 
Corals 

Solenastrea Summer 0 .105 2~45 5~3 60 .8 0.55 0.6 2.3 062 

hyader, Fall_ 0 .091 0 .03 7 .5 35 .1. 0.26 <0 .2 <0 .4 
Winter 0 .0+1 0 .03 8 .6 34 .7 0 .25 <0 .2 0 .8 

Cladocora Summer 0.85 1 .18 735 177 0.98 0.35 3.25 064 
arbuscula Fall 0.94 0 .03 6.8 56 .7 0 .21 <0 .2 2.9 

Winter 0 .025 0 .14 8 .4 63 .2 0 .20 <0 .2 0 .7 

Madracis Summer 0.113 0.40 7 .0 24 .8 0.31 0 .3 1.9 047 

decactis Fall 0.045 <0 .01 7 .1 357 0.35 X0 .2 1.9 
Winter 0.068 0.06 7 .6 41 .9 0.11 <0 .2 1.7 

Summer o .48 . 0 .21 5 .5 16 .9 0.16 0.22 1 .0 151 

Fall 0.1+7 <0 .01 6.9 35 .1 0.17 <0 .2 3~5 
Winter 0 .07 0 .05 7~7 41 .1 0 .17 <0 .2 "̀ 0 .4 

Summer 1 .33 0 .38 3 .7 18 .0 0 .11 0 .3 1 .0 251 
Fall 0 .0+1 <0 .01 7 .0 35 .9 0 .14 <0 .2 2 .1 
Winter 0.039 0.01 7.6 38~2 0.11 <0 .2 1.7 

Summer 0 .060 0 .28 5 .7 22 .1 0 .24 0 .5 1 .4 146 
Fall 0 .045 X0 .01 7 .1 357 0~35 <0 . .2 1 .9 
Winter 0 .040 0.07 7.6 306-3 0.11 <0 .2 1 .4 

Summer 0 .771 0 .17 5 .2 17 .3 0 .11 6 .5 1 .2 147 
Fall 0 .0+5 <0 .01 6 .5 31 .8 0 .13 <0 .2 2 .5 
Winter 0.038 0.08 7.8 4O .lt 0 .12 <0 .2 <0 .4 

Summer 0 .116 0 .38 4 .6 22 .3 0 .24 1 .5 2 .8 247 
Fall 0 .07 <0 .01 6 .8 36 .5 0 .16 <0 .2 G .o 
Winter 0 .02 0 .09 8 .5 44 .9 0 .22 <0 .2 1 .9 
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Table 74 . Continued . 

Name of 
Species Season Cd Cr Cu Fe Pb Ni V St ation 

Corals 
Porites Summer 0 .215 0 .26 6 .9 21 .7 0 .16 <0 .2 1 .9 Ofq 
divaricata Fall 0.3?_5 6.8 35 .6 0.27 <0 .2 3.8 

Winter 0.068 0.06 7 .6 141 .9 0.11 <0 .2 1.7 

Summer 1 .11 Q . ;9 6 .5 19 .1 2 .72 0 . ; ~ .9 1j1 - 
Fall 0.108 <0 .01 7 .0 35~9 0 .07 <0 .2 2.2 
Winter 0.112 0.20 6.8 32 .2 0 .31 <0 .2 1. .5 

Summer 0.438 0.43 5 .1 20 .8 0 .16 0 .3 0.4 251 
lull 0 .211 <0 .01 6.8 36 .1 0 .08 <0 .2 0.5 
Winter 0 .28 0.07 7.6 41. . )4 0 .15 <0 .2 1 .3 

Summer o .461 0 .27 6 .1 18 .3 0 .13 0 .1, 1 .2 147 
Fall 0 .193 <0 .01 6 .8 34 .2 0 .20 1 .8 3 .7 
Winter 0 .127 0 .15 7 .7 3E .0 0 .13 <0 .2 <0 .4 

Summer 0 .251 0.32 6 .9 20 .6 0.28 1 .0 1.5 247 
Fall 0 .229 <0 .01 6 .3 31_ .6 0 .18 <0 .?_ 1 .7 
Winter 0.07 <0 .01 8 .5 x+2 .3 0.17 <0 .2 <0 .4 

Molluscs 
Spondylus Summer 20 .8 2.59 9~2 8~~8 1.x+2 20 .5 6 .0 151 
americanus Fall 11 .5 0.44 2.3 69 .5 0.51 25 .8 3 .2 

Winter 

Summer 20 .4 1 .89 6 .9 71 .9 1 .04 5 .4 5 .6 251 
Fall 26 .6 7.72 6.1 70 .2 1 .49 30 .6 3 .4 
Winter 3.875 4 .33 3.3 66 .1 0.71 17 .1 3 .9 

Sicyiona Summer 0.149 0.44 12 .7 11 .2 0.80 <0 .2 <0 .4 IV-A 
Brevirostras Fall 0.228 <0 .01 93 .x+ 919 0.67 0.5 2 .1 

Winter 0 .827 0 .20 110 77- " 3 0 .35 0 .7 <0 . 

Stenorhynchus Summer 1 .61 0.35 233 38 .1 0.83 0.9 1 .8 0117 
seticornis Fall 0.71 0.72 28 .5 113 .5 0.31 1 .4 1 .5 

Winter 0 .661 0 .09 29 .5 66 .9 0-30 0 .7 3 .0 

Summer 1 .16 . 0 .31 19 .3 35 .2 0 .61 0 .8 2 .4 14E 
Fall 0 .8h9 0 .41 36 .7 47 .8 0 .46 1 .2 1 . .IJ 
Winter 0 .397 0 .16 25 " 6 56 " 4 0 .22 <0 .4 <0 .4 

Summer 1 .83 0 .25 21 .7 32 .1 0 .73 0 .9 2 .2 147 
F311 1 .26o 0 .28 57 .8 0 .7 o.48 1 .6 1 .9 
Winter 0 .1117 0 .28 35 .9 80 .4 0 .74 0 .6 <O .4 
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Table 74 . Continued. 

Name of 
Species Season Cd Cr Cu }'e Pb Ni V Station 

Molluscs 
Stenorhync hus Summer 1 .89 0 .37 24 " 6 39~Z 0 .17 1 .7 2 .5 ljl 

seticorni s Fall 0.635 o .44 59 .4 39 .4 0 .1+3 0 .5 1 .7 
Winter 0.430 0.01 32 .3 52 .4 0A7 <0 .2 <0 .4 

Summer 1.07 o.46 29 .2 61 .9 0.25 0 .9 2 .0 247 
Fall 1 .24 0.89 37 .2 71 .4 0.36 0 .3 1 .8 
Winter 0.x+30 0.23 391 86 .3 0.52 <0 .2 <0 . 

Summer 1 .72 0 .40 34~3 41 .9 0 .31 1 .0 1 .4 251 
Fall 1.000 0.x+7 h0 .0 69 .9 0.56 <0 .2 2.5 
Winter 0 .461 0 .21 27 .7 71 .4 0 .47 <0 .2 <0 .4 

Echinoderms 
Clypeaster Summer O .lE2 0.79 7 .6 '81 .4 0.35 0.6 1 .9 IV-B 
raveneli Fall 0 .207 0 .28 7 .2 140 o .43 0 .3 2 .4 

Winter 0.234 o.91 6.6 278 0 . h7 0.3 4 .6 

Clypeaster Summer 0 .210 0.78 7.2 229 0 .54 0.8 1.8 VI-A 

durandi Fall 0 .107 0 .74 7 .4 X04 1 .58 0 .5 X0 .4 
Winter 0.056 0.36 5~9 94~2 0.67 0.2 2.0 



358 

to a greater extend in the summer (and to a lesser degree iron and vanadium) . 

Both iron and lead values showed. a high degree of scatter both within 

the group and within a species . Copper concentrations were consistent, 

and the least variation was shown in the nickel and vanadium concentration . 

In the fall Guitarra sp . concentrated cadmium. more than the other 

metals and generally more so than any other sponge . The exception to this 

was Anithosigmella varians . The high cadmium, iron and nickel values found 

in this organists indicate contamination . Elevated concentrations of 

chromium and iron were present in Cliona cela.ta , Ircina cam ana , and 

Aleofibul_aria molitangere oxeata . . Copper and vanadium concentrations were 

consistent with those found during the summer . Large variations in the 

nicekl concentrations were present . 

Relatively high concentrations of cadmium and iron were present in 

Guitarra sp . during the winter . Copper and lead showed little variation 

and vanadium was not detected . 

Corals tended to be consistent in their metal concentrations and the 

values for trace elements in corals were remarkably uniform for all 

species during the three sampling periods . The only exceptions to this 

were biillepora alcicornis and Phyllangia a.rnericana . 

Only one species of mollusc of any dominance was analyzed . Cadmium 

appeared to be the only element in which the concentrations were above 

normal . 

Crustaceans were the most diverse group of benthic macrofauna that 

were collected . This is true not only because of the various feeding 

habits, but also because some species have a great deal more mobility 
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than others (i .e ., Sicyiona brevirostris ) . Five species were collected 

during the summer, all of which were dominant . Cadmium, chromitun,copper, 

lead, nickel and vanadium. values were similar in most sample: . Iron 

concentrations in Stenorhynchus seticornis were lowest during the summer . 

Crustaceans collected in the fall and winter showed little deviation from 

the trends present during the summer . 

Except for copper the metal concentrations present in the echinoderms 

in the summer showed a great deal of scatter . Similar patterns were 

present during the winter . 

Hydrocarbons 

Sediments 

A total of 63 sediment samples were analyzed for high 

molecular weight hydrocarbons . Of the total number of sediment samples 

collected. during the year, 42 were collected in the summer and 21 were 

collected in the winter . The latter were collected to gain additional 

insight into (1) the seasonality of the data and (2) the presence of 

terrestrial hydrocarbons on the outermost shelf . 

Table 75 summarizes the hydrocarbon content of the sediments . 

Where two numbers are presented for a station, these represent the summer 

and winter data . Table 76 summarizes the organic carbon data for the 

summer and winter . Figure 86 shows the total hydrocarbon content (ppm) 

along each transect during the summer of 1975 . 

Figure 87 demonstrates one of the peculiarities present in the 

sediments on Transect I ; namely the presence of many peaks between C16 

and C l9 and a very 
large peak atK .I .2500 which was probably not all C25 . 
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Table 75 . fIi t;li Molecular Weight Hydrocarbons iii Sediments . 

Station Tot;4l Total I'ristane/ Normal/ Odd/ P' ren Pristane/ 

Number l11]c=-es,ppm~ Arom . ~ nC Total Alk . Ratio Phytane l7 

211 1 .'t5 1 .93 1 .58 1 .05 0 .10 0 .05 .087 .085 3 .6 3.4 00 
2102 0 .91 1. . OE 0 .1+7 0 . 07 2 .2 1 .5 
2103 0 .97 1 .08 0 .64 0 .08 1 .7 00 
2104 0 .87 0 .83 1 .15 0 .99 - 0.22 .111 .110 2 .3 1.5 5.4 
2105 0 .29 0 .39 0 .56 0 .22 3 .2 1 .3 
2106 ~o .87 1 .14 0 .94 0 .89 0 .70 0 .57 .191 .225 3 .8 2 .7 1 .5 
220'( 1. .39 1 .04 1 .13 0 .93 0 .02 0 .92 .070 .074 2 .2 2 .4 2 .8 
2208 1 .48 2 .16 0 .36 .076 2 .5 0 
2209 1 .14 1 .89 0 .0 .077 2 .5 0 .0 
2210 0 .72 0 .80 0 .21+ .081 2.2 - 
2211 0 .79 1 .04 0 .35 0 .18 1 .6 0 .9 
2212 1 .23 1.14 1.07 1 .06 0 .75 0 .58 .26 .27 2.5 3 .1 2 .0 . 

2313 1.60 1.34 1.24 0 .67 0.45 0 .63 .29 .278 1.9 2 .6 1.4 
2314 1 .30 ' 1 .70 0 .50 .069 2 .5 - 
2315 0 .78 1 .02 0 .21 .118 2 .4 - 

2316 0 .61 1 .97 0 .15 0 .12 2 .4 0 .3 

2317 0 .57 1.35 0 .30 0 .12 1.4 0.4 

2318 0 .32 0 .28 0 .28 0 .30 0 .82 0 .55 .o)+ .068 2 .6 0 .7 
2419 0 .60 0 .55 0 .28 0 .12 7 .2 0 .4 
21+20 0 .46 0 .57 - 0.06 - - 

2421 1 .00 1 .10 0 .0 0 .05 2 .9 0 .0 
2+22 4 . 00 1 .70 0 .33 o .o83 2.6 0 .5 

2+23 0 .52 1 .92 0 .32 0.138 2 .1 0 .6 

2142+ o .42 0 . 46 0 .26 0 .42 0 .29 o .16 .112 .123 2 .8 2 .2 0 .5 
2425 0 .52 0 .32 0 .42 0 .25 0 .32 0 .13 .216 .155 1 .5 1 .11 0 .6 

2426 0 .53 0 .72 0 .51 0 .183 1 .6 1 .5 
2427 1 .54 1 .39 1 .90 0 .98 0 .59 0 .62 .356 .279 3 .9 3 .1 1 .4 
2528 0 .98 0 .64 0 .20 0 .164 1 .7 1 .6 
2529 0 .74 0 .38 0 .094 0 .178 2 .2 0 .3 
2530 0.56 0 .67 0 .173 0 .133 1.5 00 
2531 0 .69 0 .33 0 .76 0 .33 0 .21 0A1 .21 .14 2 .8 2 .2 - 
2532 0 .73 1 .44 0 .27 0 .156 2 .0 0 .6 
2533 0 .48 0 .55 0 .22 0 .32 1 .5 ti5 
253+ 0 .57 0 .58 0 .61 0 .31 1 .2 1 .6 

2555 3 .29 2 .`('f 0.44 0 .20 2 .7 1 .9 

2536 4 .o0 3.55 2 .20 2.52 0 .43 0 .58 .301 .250 3.3 2 .7 2 .1 
2637 6 .15 6.12 7.21 0 .98 0 .77 0 .57 .67 .45 3.3 2 .9 2 .9 
2638 7 .86 5 .21 5 .35 5 .21 0 .88 0 .76 .685 .510 2 .8 2 .5 2 .2 
2639 2 .82 2 .78 1-7-3 1 .64 0 .79 0 .93 .37 .25 3.9 2 .8 2 .0 
26)t0 0 .65 0 .64 0 .98 0 .34 2 .3 2 .3 
2011 1 1 .13 1.36 0 .96 0 .35 2 " 0 2A 
2612 0 .69 o .68 0 .42 0 .44 1 .5 0 .3 
2643 1 .119 1 .72 1 .16 o .91 0 .51 0 .71 .38 .20 2 .7 2 .7 .1 .1 
26144 1 . .60 o .86 1 .40 0 .52 0 .62 0 .74 .29 .33 3 .1. 3 .2 1 .1 
26 ),5 2,E3 2,p4 2 .40 1.14 0 .44 0 .63 .43 .35 2 .5 2 .7 1 .5 

(1ravirnptric date. - remainder is derived from chromatographic parameters . 
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Table 76 . Organic Carbon and Calcium Carbonate in 
D4AFLA Sediments . 

Organic Carbon, Calcium Carbonate, 
Station No . % (acidified basis) o w (dry) 

2101 ' 3 .0, 0 .37 94 " 1, 47 .6 
2102 0 .19 34 .1 
2103 0 .70 68 .3 
210, 3.2, 8.0 98 .4, 97 .5 
2105 7.5 98 .1 
2106 7 .2, 8.8 96 .5, 96 .5 
2207 0 . 40 , 0 . 21+ 47 .6, 51 .1 
2208 2.0 86 .2 
2209 1 .9 86 .0 
2210 0.21 92 .0 
2211 6 .8 97 .2 
2212 4 .8, 5~5 92 .9, 92 .3 
2313 1.2, 4.3 87 .6, 90 .2 
231+ 2.9 10 .3 
2315 4.6 96 .1 
2316 0.60 79 .6 
231 3.3 95 .4 
2318 0 .10,0.10 10 .9, ,9-8 
2419 0.15 21 .6 
2+20 0 .32 71 .1 
2+21 0 . 40 53 .6 
2+22 0 .36 51 .3 
2423 2 .1 80 .6 
2424~ 0 .10,0.13 8.81 , 
2425 0 .10, 11 .5, 14 .7 
2426 0.57 61 .2 
2427 3 .0, 1.5 80 .5, 
2528 0 .40 65 .0 
2529 0 .68 77 .9 
2530 0 .48 75 .7 
2531 2 .0, 2 .6 92 .1, 
2532 0 .87 80 .7 
2533 0 .34 44 .0 
2534 2 .1+ 93 .x+ 
2535 4.1 73 .7 
2536 4 .1, 3.7 74 .4, 74A 
2637 0-72,_ 14 .2, 
2638 o .84,1 .1 11 .5, 
2639 0 .29, 18 .7, 
261+0 0 .11 12 .5 
2641 0 .23 5 .7 
2642 0 .10 4 .1 
2643 2A, 2 .1 32 .9, 
2644 2 .7, 1 .9 93 .1, 
2645 3 .1, 2 .0 90 .0, 85 .0 
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The presence of lame amounts of compounds above C31 provides sufficient 

proof that these peaks were not artifacts or laboratory contaminants . 

The peak at K.I . 2500 also shows up at Master Station 2104 where it 

is even larger . C17 was the largest n-alkane in both the summer and 

winter with the 2075 complex the dominant compound . The winter sample 

contained a peak at K.I . 2850 that occurred on such a random basis that it 

was attributed, (for the present) to laboratory contamination . 

The striking dissimilarity of .Master Station 2106 and the remaining 

Transect I sediments was confirmed in the winter (the chromatograms were 

almost identical) . The high predominance of high molecular weight (HMW) 

n-alkanes with a strong odd/even preference suggests a terrestrial source 

of hydrocarbons on the outer edge of the shelf . The low molecular weight 

(LMW) n-alkanes have no dominant peak(s) and were similar to the distri-

bution of aliphatics from the "polluted" Mississippi samples of 1974 . 

The abundance of unidentified peaks found in the summer at Master 

Station 2207 were in evidence during the winter . Avery large peak at ca . 

K .I . 3+00 appeared to be a characteristic of this station . 

On the outer shelf of Transect II, Master Station 2212 again 

displays an aliphatic distribution appearing to be of terrestrial origin . 

The HMW's had a pronounced odd/even preference (Figure 88), and the 2075 peak 

was greatly reduced compared to the samples nearer shore . Master Station 

2313, the outermost station of Transect III, also contained a HNIW distribu-

tion characteristic of terrestrial organic matter in both seasons . Here 

the evidence of pollution was more pronounced than in Master Stations 2212 

and 2106 . Figure 89 demonstrates the even distribution of LMW n-alkanes- 
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Figure 88. Aliphatic gas chromatoqroms (FFAP) of station 2212, 

eliphatics from summer (above) and winter (below), 

1975 - 1976 . 
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Figure 89 . Aliphatic gas chromatograms (FFAP) of station 2313, 

oliphafica from summer (above) and winter (below), 

1975- 1976. 
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supporting a suggested pollution origin . Considering the problem of 

reproducible sampling in 153 m of water, the chromatograms were remarkably 

similar . 

The peak at 2075 and the group between 2500 and 2600 were strongly 

in evidence at Master Station 2318 during both samplings . The amount of 

n-alkanes present in either sample was small . 

Samples from Master Station 2424 were remarkable in that Vie chromato-

grams were almsot identical (Figure 90 ) . A peak which has been labelled as >( 

phytane proved to be the remarkable feature of Master Station 2425 being 

large in both chromatograms . 

As was apparent in the summer, Master Station 21+27 (Figure 91) can 

be distinguished from the remaining transect by the absence of material 

other than n-alkanes . 

The summer and winter data collected at Master Station 2531 differed 

from the previous year's sampling in that the large peak at ca . K.I . 2800 

was not present . Replicate checks in the laboratory have produced an 

erratic peak in this region and, for the moment, this was attributed to 

laboratory contamination and was probably a phthalate ester . All three 

chromatograms contain an abundance of the K.I . 2075 peak with small amounts 

of n-alkanes . The HMW region of n-alkanes shows a notable odd/even 

preference indicating the presence of some terrestrial material . With 

the possible exception of the extraneous peak at ca. K .I . 2800 in 197+-75, 

the chromatograms were identical . Master Station 2536 yielded chromatograms 

(Figure 92 ) that were similar . This station follows the trend of all 

deep water stations with only a slight odd/even dominance in the LMW n-alkanes 

and a shift to a decided odd/even dominance in the HMW region implying 
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Figure 90 . Aliphatic gas chromatograms (FFAP) of station 2424, aliphatics ' 
from summer (above) and winter (below), 1975-1976. 
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Figure 91 . Aliphatic pas chromatograms (FFAP) of station 2427, aliphatics 
from summer (above) and winter (below), 19T5 -1976. 
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Figure 92 . Aliphatic gas chromatograms (FFAP) of station 2536, aliphofics 
from summer (above) and winter (below), 1975-1976. 
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terrestrial sources of input . Noted here was the suite of n-alkenes of 

ca . one-fifth the concentration of the corresponding n-alkanes . 

The 2075 peak, still in evidence, was at approximately the same 

concentration level as C29 in both periods at Master Station 2536 but 

falls short of C29 at Master Station 2637, the shallowest station of 

Transect VI, eight kilometers off Pascagoula . The chromatograms from 

this station (Figure 93) shoe a distribution of aliphatic hydrocarbons 

very similar to all the deep water stations . The LNW n-alkanes seem to 

indicate some pollution ; the HIAW n-alkanes reflect a terrestrial source 

commonly seen in the Mississippi sediments with a dominance of C27, C29, 

and Cam . There was no noticeable difference in the samples collected 

during the two periods ; nor was there any at Master Station 2639 which re-

sembled Master Station 2637 . 

Master Stations 26+3-2645 on the outer shelf region of Transect VI 

produced chromatograms in the two sampling periods that were similar, and 

all three stations were similar to each other, to other Transect VI 

stations and to all deep water transects . At Master Station 26+5 (Figure 

the terrestrial signature in the HMW n-alkanes and the petroleum 

pollution in the IMW range was present . Here the C29 has decreased to 

somewhat less than the 2075 peak . 

ifauna 

A total of 183 macroepifauna were analyzed for high 

molecular weight hydrocarbons . The results of these are summarized in 

Table 77 . Data from biologically related organisms axe grouped together 

in each period . Certain aliphatic hydrocarbons in these samples could 
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Figure 93 . Aliphatic gas chromatograms (FFAP) of station 2637, aliphatics 

from summer (above) and winter (below), 1975-1976. 
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Figure 94. Aliphatic gas chromatograms (FFAP) of .station 2645, oiiphutics 
from summer (above) and winter (below), 1975-1976. 



_Table 77 . Summary Tabulation of Hydrocarbon Analyses - 
Benthic Lpifauna, 

Stunner 

Analysis 
Sample Number Number Organism A B C D E F G 

I-A-1 (A+B-4) 120 Placospongia sp . 3 .71 0 .08 10 .9 2 .31 0 .72 8 .2 1103 .5 
111-251-1 (A-9) 117 Tethya sp . 1 .20 2 .09 59 .5 2 .01 0 .41 33 .7 2101+ .1 
III-A-1 (C-5) 122 Tethya sp . 0 .14 0 .02 6 .16 1 .03 0 .68 24 .9 2034 .4 
VI-B-1 (A-3) 132 unidentified sponge 1 .74 0 .02 2 .07 1 .34 0 .83 14 .5 331 .4 
V-A-3 (A-8) 138 unidentified sponge 1 .56 0 .08 1 .x+2 1 .21 0 .65 5 .8 352 .x+ 
I-B-2 (C-3) 121 unidentified sponge 1 .64 0 .06 1+ .65 1 .28 0 .28 21 .3 756 .3 
III-A-2 (C-7) 123 unidentified sponge 1 .64 0 .33 1 .70 3 .02 1 .86 8 .9 481 .0 
III-047-3 (A-13) 103 Madracis decactis 1 .19 0 .28 2 .57 1 .19 0 .73 3+3 .9 20079 .5 
111-146-4 (B-10) 112 Madracis decactis 1 .18 0 .03 1 .44 1 .02 0 .63 209 .7 255 " 7 
111-247-4 (B-8) 116 Madracis decactis 1 .14 0 .01 0 .79 1 .28 0 .68 248 .6 209 .7 
111-151-3 (A-18) 146 Madracis decactis 19 .12 0 .11 2 .22 0 .00 0 .52 69 .9 2086 .7 
111-251-3 (B-5) 148 Madracis decactis 3 .82 0 .14 1 .94 0 .00 0 .62 13+ .7 1252 .7 
111-147-4 (A-13) 102 Porites divaricata 1 .06 0 .03 0 .57 1 .38 0 .57 191 .6 3053 .E 
III-01+7-2 (A-11) 109 Porites divaricata 1 .41+ 0 .05 0 .82 , 1 .57 0 .60 66 .5 1004 .8 
II-64-fit (C-7) 104 Solenastrea h yades 2.75 0 .00 33 .23 1.37 o.64 9089 .1 7274 .3 
II-62-1 (A-11) 108 

_ 
Solenastrea hyades 1 .21 0 .08 1 .1+6 1 .14 0 .76 1820 .5 101+j7 .8 

111-146-5 (B-24) 110 Millepora alcicornis 0 .78 0 .12 2 .25 1 .33 0 .78 103 .3 351 "7 
III-147-3 (A-12) 111 _ Millepora alcicornis 1 .20 0 .02 0 .57 1 .11 0 .70 596 .2 5173 .9 
III-151-2 (A-17) 11+5 Millepora alcicornis 1 .x+7 0 .06 1 .72 0 .89 0 .45 1643 .9 1793 .7 
111-247-2 (A-5) 147 Millepora alcicornis 0 .81 1 .22 2 .68 13 .98 4 ..28 757 .0 1568 .1 
III-251-k (B-6) 149 Millepora alcicornis 0 .36 0 .15 1 .83 0 .65 0 .63 211 .7 965 .8 
IV-B-1 (C-5) 125 Clypeaster sp . 1 .94 0 .17 6 .80 1 .70 0 .89 10 .7 78 .0 . 
II-064-3 (A-22) 100 Luidia alternata 1 .44 0 .03 1 .18 1 .52 0 .17 5 .6 560 .! 
II-052-2 (A-12) 101 Arbacia punctulata 1 .64 0 .04 2 .03 1 .43 0 .55 10 .7 387 .x+ 
IV-A-1 (A+B-4) 126 Eh cope sp . 1.75 0.04 1.77 0 .86 0 .51 1 .9 778.2 
VI-C-1 (C-4) 143 Moira sp . 1 .95 0 .01 1 .00 1 .78 0 .71 27 .1 26 .4 
VI-B-2 (A-4) 130 Stylodaris affinis 2 .01 0 .01 1 .99 225 x " 58 4 " 8 259 " 
V-A-2 (A=2) 144 Styloda.ris affinis 0 .52 0 .01 0 .82 1 .03 0 .45 4 .3 120 .5 
V-A-1 (A-1) 137 unidentified sea cucumber 1 .48 0 .19 2 .66 1 .97 1 .15 6 .5 586 .2 
111-146-6 (B-25) 99 Astrophyton muricatum 1 .90 0 .36 2 .31 9 .36 2 .89 10 .8 1171 .3 
III-047-7 (A-51) 107 Astrophyton muricatum 0 .38 0 .01 0 .72 1 .59 0 .65 17 .? 37°-3 
III-151-1+ (A-33) 113 Astrophyton muricatum 1 .87 O .O4 0 .57 1 .86 0 .76 50 .9 466 .4 
III-251-5 (C-8) 155 Astrophyton muricatum 2 .39 0 .03 0 .74 ?_ .22 0 .61 1 .5 296 .10' 
III-2k7-5 (B-9) 157 Astrophyton muricatum 2 .81 0 .01 0 .63 1 .99 0 .65 2 .2 1756~3 
I-B-1 (B-3) 119 Tropiometra sp . 1 .54 0 .11 2 .46 1 .20 0 .73 9 .4 220 .2 

w _: 



Table 77 . Summer - continued . 

Analysis 
Sample Number Number Organism A B C D E F G 

VI-C-3 (C-6) 133 Loligo pealeii 1 .94 1 .67 2 .16 247 .3 40 .68 7 .0 2425 .4 
V-B-3 (C-5) 140 Loligo pealeii 1 .00 0 .78 1 .72 2 .11 1 .35 3 .6 2#66 .5 
V-B-1 (B-2) 156 Mercenaria campechiensis 1 .82 0 .04 1 .58 1 .89 0 .55 12 .9 929 
VI-C-2 (C-5) 134 Acanthocarpus alexandri 1 .94 0 .44 1 .96 2 .30 1 .24 4 .8 1113 . 
IV-C-1 (C-fit) 135 Acanthocarpus alexandri 1 .59 0 .19 0 .81 1 .62 0 .86 1 .4 771 .3 
V-C-1 (C-3) 141 Acanthocarpus alexandri 1 .93 0 .18 1 .56 0 .73 1 .00 5 .2 838 .9 
IV-C-2 (C-5) 136 Callidactylus aspen 1 .31 0 .02 0 .24 2 .18 1 .08 6 .6 1926 .1 
V-C-2 (C-k) 142 Callidactylus aspen 1 .52 0 .01 1 .17 0 .90 0 .68 5 .9 2381 .1+ 
II-A-1 (C-5) 131 Portunus gibberi 2 .57 0 .x+2 2 .59 1 .56 1 .43 6 .7 x+30 .5 
II-B-1 (C-3) 124 Portunus spinicarpus 1 .20 0 .34 1 .79 3 .72 1 .64 7 .1+ 205+ .9 
IV-B-2 (C-6) 127 Portunus spinicarpus 1 .96 0 .x+7 2 .86 1 .64 2 .00 9 " 4 587 .5 
VI-A-1 (A-4) 128 Portunus spinicarpus 1 .47 0 .84 3 .65 0 .00 2 .07 51 .4 10940 .4 
V-B-2 (C-4) 139 Portunus spinicarpus 1 .81 0 .54 2 .x+5 x+ .55 2 .15 $ .6 592 .2 
VI-A-3 (C-3) 129 Sicyiona brevirostris 1 .73 0 .09 0 .87 0 .00 0 .86 1 .7 1031. .4 
III-047-5 (A-49) 98 Stenorhynchus seticornis 1.96 0 .03 1.08 1 .90 0 .x+7 1.9 1648 .9 
III-l46-3 (B-9) 105 Stenorhynchus seticornis 1 .88 0 .12 0 .92 2 .58 0 .75 10 .9 399 .3 
III-147-5 (C-5) 106 Stenorhynchus seticornis 1 .81 0 .03 1 .24 2 .02 0 .59 7 .3 1310 .7 
III-247-3 (A-6) 111+ Stenorhynchus seticornis 1.1+8 0 .03 0 .85 1 .53 0 .60 3 .8 758 .5 
III-151-5 (A-34) 115 Stenorhynchus seticornis 1 .02 0 .05 1 .09 1 .15 0 .65 17 .1 2191 .2 
III-251-2 (B-fit) 118 Stenorhynchus seticornis 1.27 0 .03 0 .78 1 .56 0 .56 31 .2 1597 .6 

A = odd/even ratio 
B = isoprenoid/n-alkane ratio 
C = branched/n-alkane ratio 
D = pristane/phytane ratio 
E = pristane/n-heptadecane ratio 
F = total aliphatics ; ugm/gm 
G = total aromatics ; ugm/gm 

w 
~n 



Table 77 . Summary Tabulation of Hydrocarbon Analyses - 
Benthic L;pifauna 

Fall 

Analysis 
Sample Number Number Organism A B C D E F G 

I-A-A-S 186 Haliclona viridis 1 .50 0 .03 6 .66 0 .0 0 .0 5 .7 286 .6 
III-O47-1 152 Tethya sp . 6 .37 0 .01 3 .17 0 .0 0 .08 22 .5 818 .8 
II-064-1 158 Tethya sp . 2 .51 0 .39 4.95 1 .96 0 .39 16 .9 4649 .8 
111-146-1 161 Tethy2 sp . 7 .65 0 .03 9 .15 0 .0 0 .15 18 .7 1192 .8 
111-147-1 163 Tethya sp . o .84 1 .41 23 .49 0 .0 0 .29 54 .3 1036 . 
III-151-1 167 Tethya sp . 1 .61 1 .99 22 .5 0 .0 0 .40 5 .4 1821 .8 
111-251-1 174 Tethya sp . 0 .4 184 .1 
111-247-1 181 Tethya sp . 1 .67 0 .06 4 .43 1 .1+0 0 .27 59 .7 772 . 
II-A-A-3 191 Tethy2 sp . 0 .97 0 .04 5 .98 2 .90 0 .45 13 .9 1173 .7 
111-151-3 206 Verongia sp . 4 .89 0 .58 211 .8 0 .0 0 .35 13 .7 272 .7 
111-147-3 207 Verongia sp . 2 .92 0 .09 9 .65 1 .54 0 .33 7 .4 523 .4 
I-B-A-6 188 unidentified sponge 2 .36 0 .06 8 .79 2 .29 0 .69 44 .6 184 .7 
II-B-C-6 192 unidentified sponge 1 .25 0 .23 1 .85 1 .90 0 .97 2 .1 290 .5 
III-B-C-9 193 unidentified sponge 1+0 .3 
V-A-A-7 194 unidentified sponge 2 .79 0 .0 3 .11 0 .0 0 .07 1 .1 1+8 .8 
VI-B-A-2~ 195 unidentified sponge 11 .21 0 .0 32 .59 0 .0 0 .0 15 .x+ 4180 .8 
111-247-2 184 Madracis decactis, 4 .74 0 .02 6 .63 0 .0 0 .15 259 .E 179 " 9 
111-146-2 183 Madracis decactis 3 .34 0 .0 5 .58 0 .0 0 .32 842 .0 12792 .4 
III-A-3 198 Madracis decactis 1 .1+8 0 .17 2 .57 O .4k 0 .0 16 .8 111 .8 
iii-o47-2 175 Porites divaricata 1 .22 0 .18 3 .69 1 .73 0 .55 77 .3 X89 .9 
111-151-2 180 Porites divaxicata 1 .84 0 .07 3 .74 0 .94 0 .42 538 .7 750 " 2 
111-251-2 182 Porites divari'cata 1 .00 0 .03 3 .25 1 .12 0 .65 557 .8 69E " 9 
11-62-5 177 Solenastrea hYades 3 .75 0 .0 2 .47 0 .0 0 .23 65 .9 636 .8 
11-54-3 178 Solenastrea ryades 2 .15 0 .07 4 .71 2 .23 0 .56 42 .4 2570 .6 
II-A-2 196 Solenastrea hyades 1 .07 0 .07 1 .34 0 .0 0 .0 x+1 .9 1371 .1 
111-147-4 179 Millepora alcicornis 2 .71 0 .11 4 .00 1 .33 0 .59 124 .1 981 .3 
VI-A-A-3 216 Astropectin sp . 0 .34 0 .88 68 .57 0 .0 0 .16 2 .1 632 .6 
II-064-4 159 Arbacia punctulata 10 .31 0 .03 5 .20 1 .31 0 .51 33 .4 198 .2 
II-062-1+ 153 Lytechinus variegatus 1 .96 0 .05 4 .22 1 .72 o .44 5 .4 213 .7 
V-A-A-S 210 . Stylodaris affinis 3 .34 0 .04 0 .98 2 .03 0 .39 1 .1 80 .2 
I-C-C-S 190 unidentified soft urchin 1 .36 0 .35 2 .57 9~49 3 .39 23 .2 1130 .8 
III-047-7 154 Astrophyton muricatum 2 .00 0 .28 3 .25 0 .0 0 .0 8,05 718 .0 
III-146-7 162 Astrophyton muricatum 1 .97 . 0 .02 1 .52 2 .55 0 .x+0 2 .7 3+7 .8 
III-151-6 168 Astrophyton muricatum 3 .07 0 .x+2 10 .51 0 .0 0 .0 49 .6 936 .0 
111-247-7 172 Astrophyton muricatum 2 .06 0 .02 2 .76 2 .39 0 .39 12 .2 477 .9 
III-251-7 170 Astrophyton muricatum 1 .31 0 .18 2 .28 5 .56 1 .35 1 .E 208 .3 

w 



Table 77 . Fall - continued. 

Analysis 
Sample Number Number Organism A B C D E F G 

III-B-A-2 200 Astroporpa annulata 
VI-B-A-1 217 Astroporpa annulata 
I-B-A-2 187 unidentified crinoids 
V-B-C-9 212 Loligo pealeii 
V-C-C-2 211 Loligo pealeii 
III-C-C-7 201 Loligo pealeii 
IV-C-C-S 208 Loligo pealeii 
V-B-A-2 211 Mercenaria campechiensis 
iii-o47-8 150 Spondylus americanus 
IV-C-C-6 209 Acanthocarpus alexandri 
V-C-C-1 213 Acanthocarpus alexandri 
I-C-C-1 189 Calappa sp . 
I-A-A-6 185 Portunus spinicarpus 
III-A-C-7 199 Portunus spinicarpus 
III-C-C-8 202 Portunus spinicarpus 
VI-A-A-2 '215 Portunus spinicarpus 
IV-B-A-1 201+ Portunus spinicarpus 
IV-A-A-2 203 Sicyiona brevirostris 
IV-B-C-7 205 Sicyiona brevirostris 
iii-o47-6 151 Stenorhynchus seticornis 
III-146-5 160 Stenorhynchus seticornis 
III-147-5 166 Stenorhynchus seticornis 
III-151-7 169 Stenorhynchus seticornis 
IZI-247-6 171 Stenorhynchus seticornis 
III-251-6 173 Stenorhynchus seticornis 
II-C-C-S 197 unidentified shrimp 
VI-C-C-2 218 unidentified shrimp 

A = odd/even ratio 
B = isoprenoid/n-alkane ratio 
C = branched/n-a.lkane ratio 
D = pristane/phytane ratio 
E = pristane./n-heptadecane ratio 
F = total aliphatics ; ugm/gm 
G = total aromatics ; ugn/gm 

0 .59 0 .01 1.77 1 .95 o .40 11 .3 483.6 
4 .26 0 .34 3 .11 0 .0 2 .76 2 .0 324 .6 
1 .79 0 .30 6 .36 2 .29 0 .79 1 .3 238 .0 
3 .73 0 .56 2.45 6 .58 2 .19 2 .2 6474 .o 

1 .42 0 .0 10 .02 8 .45 2 .13 14 .o 7746 .1 
1 .30 0 .30 0 .76 4 .25 1 .27 6 .5 3094 .4 
0 .82 o .16 1 .01 1 .80 0 .53 11 .1 695 .5 
2 .64 0 .03 6 .12 0 .0 0 .0 6 .1 266 .2 

10 .4 0 .23 1.85 3 .19 1 .39 1.6 3031 .E 
1.5 0 .33 2 .79 2.70 1.99 2 .8 776 .2 
1 .73 0 .1+1 2 .26 4 .50 1 .59 10 .1 4097 .9 
0 .90 1 .1+8 5 .05 8.19 2.43 2 .6 1386 .9 
3 .26 0 .46 3 .42 25 .4 0 .0 2 .2 902 .6 
3 .86 0 .67 3 .46 9 .64 1 .36 1 .1 565 .9 
0 .70 0 .18 3 .11 0 .0 1 .10 5 .1 75+ .1 
1 .82 0 .60 1+ .12 13 .88 1+,07 4 .0 1590 .8 
4 .02 0 .0 45 .50 8 .09 2 .33 2.9 755 .2 
1 .88 o .o4 17 .90 2 .60 0 .62 1 .9 463 .6 
1 .50 0 .14 1 .12 1 .68 0 .61 4 .8 69 .3 
0.97 0 .26 2 .53 3.57 1 .23 4.5 352 .7 
2 .01 0 .22 2 .31 1+ .15 0 .97 31 .9 209+ .6 
2.25 0 .34 1.69 7.12 1.84 2 .6 860 .9 
2.58 0 .16 1.48 46 .57 0.60 4 .1 1059 .6 
2.03 0 .16 0 .82 2.85 0.70 3 .1 493 .8 
1 .20 0 .22 1 .11+ 0 .0 0 .0 10 .3 5158 .0 

19 .18 0 .93 8.66 1.97 1.44 1.0 729 .6 

w 



Table 77 . Summary Tabulation of Hydrocarbon Analyses - Winter 
Analysis Ben i Ti auna 

Sample Number Number Organism A B C D E F G 

I-A-A-S 279 Haliclone rubens 0 .86 0 .87 2 .39 1 .42* O . F37* 6 .3 196 .9 
064-A-1 300 Tethy a sp . 5 .48 0 .01 2 .62 0 .88* 0 . 33* 16 .9 297 .3 
I-A-A-1+ 280 Verongia longissima 3 .83 0 .01 2 .09 1. .82* 0 . 24* 5 .3 712~7* 
247-A-20 306 Trachygellius cinachyra 16 .57 0 .01 5 .36 0 .0 * 0 . 15* 19 .7 305 .4 
147-A-15 307 Trachygellius cinachyra 12 .81 0 .01 3 .06 0 .0 * 0 . 10* 16 .7 488 .1 
151-A-22 314 Trachygellius cinachyra 1 .45 0 .03 1 .70 0 .0 * 0 . 39 12 .6 290 .8 
247-A-7 299 Verongia sp . 3 .02 0 .01 2 .68 1 .08' 0 . 66 10 .0 314 .6 
VI-B-C-S 278 unidentified sponge 0 .88 0 .04 12 .76 1 .37* 1 . 12 67 .0 1159 .4 
V-A-A-2 277 unidentified sponge 8 .67 0 .01 1 .12 0 .0 * 0 . 09 5 .0 293 .8 
II-A-A-9 292 unidentified sponge 3 .87 0 .06 1 .77 0 .57 0 . 53 51 .3* 1106 .1 
I-B-A-3 293 unidentified sponge 3 .29 0 .14 1 .73 1 .26 0 . 49* 11 .3 317 .2 
III-A-C-10 312 unidentified sponge 5 .79 0 .12 0 .55 0 .0 * 0 . 37 1 .4 42 .8 
II-B-A-4 313 unidentified sponge 1 .60 0 .38' S .08* 4 .31* 0 . 09* 2 .0* 42 .7 
III-B-A-3 315 unidentified sponge 30 .00 0 .03 4 .52 0 .0 * 1 . 07` 1 .3 1G9-3 

062-A-3 309 Occulina diffusa 1 .23 0 .x+2 3.72 ( .̀ .0 * 0 . '+2* 13 .5 227 .7 
147-A-18 334 Madracis decactis 1 .69 0 .14* 9~70* 0 .0 * 0 . 54* 1+8 .0 783 .9 
III-A-C-9 327 Madracis decactis 1 .30* 0 .15* 2 .47 0 .0 * 0 . 3'-' * 1 .5* X06 .2 
151-A-25 340 Madracis decactis 1+ .01 0 .10 2 .20 1 .20 0 . 61' 13u .3 2140 .1 
146-A-22 357 Madracis decactis 2 .58 0 .13 5 .22 1.36` 0 . !+0* 114.7 ili:6 .2 
251-A-6 358 Madracis decactis 0 .84* 0 .12' 21 .87 0.0 * 0 . 57' 200 .8 2074 .4 
047-A-9 359 Madracis decactis 0 .52' 0.07* 7 .21 0 .0 * 0 . 56' 60 .3' 2398 .2 
247-A-22 298 Madracis deca.ctis 2 .04 0 .08 0 .51 1.30* 0 . 31' ?9 .1* 5L5.2 
2k7-A-25 316 Porites divaricata 1.34* 0 .21 3.05' 0.0 * 0 . 65' 9.3* 209 .6 
147-A-16 332 Porites divaricata 0 .86 0 .06* 3.11 1.24 0 . 5f* 35 .9 86 .1 
151-A-24 339 Porites divaricata 0 .1+7 0 .51 1 .31 1 .10' 0 . 1+1;' 6 .7* 59 .3 
146-A-36 341 Porites divaricata 1.24* 0 .16* 3.58* 1.64* O . fi8* 10 .9 1052 .8 
251-A-5 360 Porites divaricata 1 .16 1 .32 11 .4o 1 .45* 0 . 74* 160 .9 1970 .6 
047-A-3 366 Porites divaricata 0 .18 1 .72 31 .83 2 .51 0 . 75* 5 .9 150 .8 
II-A-A-7 308 Solenastrea hyades 3 .16 0 .0 1 .34 0 .0 * 0 . 53* 15 .2 142 .2 
064-A-11 310 Solenastrea nyades 0 .93 0 .67 2 .86 1 .80' 0 . 53' 10 .1 123 .8 
062-B-8 311 Solenastrea hyades o .88* 1 .74 4 .88 1 .29 o . 43* 6 .4* 65 .4 
247-A-2k 317 Millepora alcicornis 30 .97 0 .13 0 .64 0 .0 * 0 . 61 10 .6* 3+6 .2 
lk7-A-17 333 Millepora alci:cornis 8 .45 0 .01 1 .59 1 .49* 0 . 69* 26 .5* 129 .0 
151-A-26 326 Millepora alcicornis 0 .37 0 .01 2 .63 0 .57* 0 . 57 55 .1 445 .1 
146-A-21 361 Millepora alcicornis 0 .72* 0 .16* 11 .17* 0 .0 * 0 . 52 38 .4' 890 .7 

w 



Table 77 . Winter - continued. 

Sample Plumber Anal ysis Number Organism A B C D E F G 

o47-A-6 369 Millepora alcicornis 2 .78 0 .11 5 .12 2 .28 0 . 82 5 .8* 98 .6 
N-A-A-1 350 Astropecten nitidus 4 .1+7 1 .68 10 .69 3 .93 0 . 75 0 .6* 109 .6 
Z-C-A-2 301 Astropecten sp . 0 .39 0 .55 35 .79 0 .0 * 0 . 67 13 .1 117 .E 
IV-B-A-2 318 Clypeaster raveneli 0 .87 0 .31 2 .21 0 .0 * 1 . 06* 2 .7* 31 .4 
II-B-A-2 349 Clypeaster raveneli 0 .34* 0 .07* 1 .30* 0 .0 * 0 . 62 0 .2* 177 .8 
VI-A-A-3 294 Clypeaster sp . 1 .94 0 .17 2 .10 1 .64* 1 . 00* 7 .3* 63 .2 
I'J-A-A-2 325 Encope michelini 6 .34 0 .01 2 .78 0 .78' 0 . 61+ 11 .$ 22 .9 
II-A-A-8 271 Lytechinus variegatus 51+ .6* 
062-A-7 272 Lytechinus variegatus 150 .4* 
062-A-7 273A Lytechinus variegatus 0 .0 1 .66 3 .08 0 .0 * 0 . 0 * 0 .2 8 .0* 
062-A-7 273B Lytechinus variegatus 1.54 0 .17 3.69 2 .6Z* 0 . 55' 0.6 8.7 
062-A-7 273C Lytechinus variegatus 1 .00 0 .78 1 .16 2 .66* 0 . 50 1 .7* 8 .6 
062-A-7 370 Lytechinus variegatus 
V-A-A=3 274 Stylocidaris affinis 5 .60 0 .01 3 .74 2 .94* O . 1a9* 5 .0 42 .5 
VI-B--U-4 290 St;,rlocidaris affinis 6 .01 0 .01 2 .78 1 .90 0 . 91 15 .9 108 .3 
I-C-A-1 324 unidentified urchin 13 .65 0 .50 4 .17 6 .05' 2 . 50' 18 .2 103 .8 
VI-C-C-S 288 unidentified urchin 3 .68 0 .01 2 .01 2 .34* 0 . 94* 12 .5 162 .5 
VI-C-C-6 289 unidentified urchin 2 .44 0 .01 3 .96 1 .87* 0 . 0 '° 8 .0 57 .3 
lk6-A-34 348 Astrophyton muricatum 1 .39 0 .1+x+ 1 .67 1.28 0 . 80 6.9* 636 .4 
V-B-A-2 275 Astroporpa ~annulata 3 .15 0 .88 3 .55 16 .07* 5 . 92 2 .0 56 .7 
III-B-A-8 291 Astroporpa annulata 1 .82 1 .12 5 .11 0 .0 * 0 . 0 * 4 .0 753 .3 
VI-B-C-3 346 Astroporpa annulata 0 .55 0 .39 2 .82 6 .41* 1- 33* 1 .7 270 .4 
I-B-A-3 319 Comactina echinoptera 14 .61 0.01 1 .25 0 .0 * 1 . 01* 193 122 .6 
IV-C-C-2 322 Loligo pealeii 17 .86 0 .01 0 .96 39 .4* 9 " 4 * 13 .4* 4011 .6 
II-C-A-3 323 Murex beauii 23 .98 0 .03 1 .30 1 .85 0 . 77 129 .8* 713 .2 
247-A-33 295 Spondylus americanus 3 .41 0 .01 13 .x+9 0 .0 * 0 . 41* 16 .8 814 .5* 
147-A-19 296 SPondylus americanus 1 .87 0 .01 5 .x+1 0 .0 * 0 . 36* 15 .9 253 .7 
151-A-28 297 Spondylizs americanus 7 .78 0 .01 2 .29 0 .0 * 0 . 57 11 .6 48> .2 
o47-A-33 351 Spondylus aMericanus 1 .72 0 .01 5 .29 0 .0 * 0 . 24* 12 .8* 1169 .7 
146-A-28 352 Spondylus americanus 9 .80 0 .01 2 .69 2 .00 0 . 12 7 .0 1302 .4* 
III-C-A-1 321 Acanthocarpus alexandri . 1 .43' 0 .18' 1 .46' 4 .12* 1 . 08' 0 .8* 225 .5 
II-C-A-4 347 Hymenopenaeus tropicalis 0 .85* 0.28' 1 .50* 4 .53* 1. 12 3.4* 763.3 
N-B-A-3 320 Portunis spinicarpus 2 .08 0.11 8 .78 0.0 ~' 4 . 03* 3 .15 x+27 .3 

F'FAP column data; A = odd/even ratio ; B = isoprenoid/n-alkane ratio ; C = branched/n-alkane ratio ; D = pristane/ 
phytane ratio ; E = pristane/n-heptadecane ratio ; F = total aliphatics, ug/g ; G = total aromat ics, ug/g 
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be identified by retention indices, but no unsaturated hydrocarbons were 

identified . 

For the June-July period, the carbon preference index (CPI), or 

odd-to-even ratio of n-alkanes, for all 55 samples ranged from 0.14 to 

19 .12 and averaged 1.93±2.46 . For the seven samples of Porifera, the 

mean was 1.66±1.06, and for the 14 Cnidaria it was 2.68±4.81 . The 14 

Echinodermata average 1.69±0 .64, end the three Mollusca 1.59±0 .5i . The 

mean CPI for the 17 Arthropoda was 2.12±1.81 . All the animals contained 

pristane, and over 90% contained phytane . The pristane/phytane ratio was 

usually between one and three, although it reached a high of 247 in a 

squid (Loligo pealeii ) whose aliphatic hydrocarbon content. was more than 

50% pristane . The ratio of total branched hydrocarbons to total n-alkanes 

was commonly between one and three, indicating that n-alkanes did not 

dominate hydrocarbon composition . Concentrations of aliphatic hydro-

carbons were usually between three and ten micrograms per gram dry weight 

of organism . Unsaturated hydrocarbon concentrations were ten to 100 

times larger . 

The CPI of the 64 samples collected in the September-October period 

averaged 2 .98±3.15 . The 16 Porifera had an average CPI of 3.x+7±3 .03, 

while the average of the ten Cnidariatras2.33±1.27 . For the 13 samples of . 

Echinodermata, 2 .64±2.54 was the mean, and it was 1.98±1.19 for the six 

Mollusca . The mean of the 18 Arthropoda was 3.x+3±4 .50 . Only 85% of the 

animals contained pristane, and slightly less than 70% contained phytane . 

Squid again had high pristane levels . As in the first period, n-alkanes 

did not dominate the aliphatic hydrocarbon fractions of these organisms . 

Branched-to-n-alkane ratios generally were between two end six . Total 



381 

aliphatic hydrocarbon concentrations were usually between two and 50 micro-

grams per gram dry weight, and the total unsaturates some ten to 100 times 

higher . 

The CPI value of the 64 samples collected in the February-March period 

ranged from 0.18 to 30 .97, with a mean of 4.84 . For the 14 samples of 

Porifera, the mean was 7.01±8 .06 . For the 22 Cnidaria, it was 3.09±6.48 . The 

18 samples of echinoderms averaged 3.88, with a standard deviation of 4 .20 . 

The seven molluscs averaged 9 .92±8 .16, and the three arthropods 1.1tj±0 .62 . 

All but two of these samples contained pristane ; this was usually at concentra-

tions lower than those of n-heptadecane . In 24 of the samples having pris-

tane, no phytane was present . Of these related isoprenoid hydrocarbons, 

pristane was usually dominant . The pristane/phytane ratio was normally 

between one and three, although it reached a high of 39 .E in a sample of 

the squid Loligo pealeii . The hydrocarbon compositions of most of these 

animals was not dominated by n-alkanes ; the ratio of saturated branched 

hydrocarbons to n-alkanes was usually between two to five . Total saturated 

hydrocarbon concentrations ranged from 0 .2 to 200 .8 ug/g of dry tissue, 

and concentrations of unsaturated hydrocarbons were usually one to two 

orders of magnitude greater . 

Algae 

Algae were collected during the summer, fall and winter 

and analyzed for hydrocarbons . Fifteen of the 36 samples examined indicated 

the presence, to a greater or lesser degree, of petroleum hydrocarbons . 

Table 76 gives the results and provides confirming evidence of this 

pollution. All samples not designated as "polluted" had a very simple 



Table 78. Benthic algae 19T5-1976 . Chromatographic parameters . 

Sample ppm Dry weight hydroc arbons 
Number Location Species Aliphatics Aromatics n-Alkanes 

'ERIOD 1 
Transect I IA-A+B-6 26°25 .5'N, $2°59 .5'W Halimeda sp . 3 .8 1 .0 2.5 

IA-A+B-7 26 25 .5'N, 82°59 .5'W Rhodymenia sp . 34 .6 11 .3 29 .5 
IA-A+B-8 26°25 .5'N, 82°59 .5'W C_ystodictyon pavonium 68 8 .7 35 

Transect II IIA-A+B-1 27°50'N, 83°31'W Laurencia corallopsis , Cracilaria cylindrica 
' + blodgettii 38 12 25 

IIA-A+H-2 27°50'N, 83°31'W Gracilaria mammilaris 171 8 129 
IIA-A+B-3 27°50'N, 83°31'W Eucheuma sp . 50 7 19 
062-A-17 27°49'N, 55°90'W Caulerpa sertularoides 153 11 .5 95 

Transect III IIIA-A+B-2 Codium sp . 20 .8 1.1 16 .1 
047-A-3 280341N, 84020112"W Codium repens 50 .5 1.1 38 .E 
047-A-5 28°34'N, 84°20'12"W Halimeda discoidea 96 .2 6 .7 83 .5 
146-B-1 28°kl'N, 84°24'W Kallymenia perforate + Dictyota dichotoma 143 14 .0 133 
147-B-5 28°40'N, 84°13'W Halimeda discoidea 71 .6 11 .6 61 .7 
247-A-2 28°36'16" N, 84°15'k0"W Codium repens 44 5 38 
251-B-25 28°33'N, 84°16'W Halimeda discoidea 31 .0 4 .3 26 .1 

'ERIOD 2 
Transect II IIA-A-12 27°50'N, 83°31'W Halymenia sp . 42 .8 5 .7 k0 .h 

062-A-5 27°k9'SS" N, 83°31'10"W Caulerpa sertularoides 30 .6 11 .5 19 .7 
06k-A-3 27°50'N, 83°25'W Gracilaria blodgetti + compressa 61 .1 13 .6 56 .11 
064-B-3 27°50'N, 83°25'W Gracilaria blodgetti 66 .5 0 .9 63 .8 

w 
a N 



Table 78 . Continued . 

Sample ppm Dry weight hydrocarbons 
Number Location Species Aliphatics Aromatics r.-Alkanes 

IItIOD 2 contd . 
Transect III IIIA-A-10 28°29'N,81+°21'W Caulerpa sp . 854 25 .5 42 

047-A-5 28°34'N, 84°20'12"W Halimeda discoidea 79 .8 10 .4 49 .1 
146-B-14 28°41'N, 84°23140"W Dictyota dichotoma 327 . 137 220 
147-A-2 28°38'18"N, 84°13'S4"W Halimeda discoidea 22 4 19 
151-A-3 28°32'07"N, 84°1812411W Laurencis intricata 20 50 15 
247-A-4 28°36'16"N, 84°1514011W Codium re pens 92 .2 10 .1 74 .9 
251-A-3 28°32'40"N, Sk°16'03"W Halimeda discoidea 39 .2 2 .5 25 .7 

Transect IV NA-A-6 29°04'N, 85°lk'W Odium sp . 33 .0 2 .6 16 .7 

Transect V VA-A-12 29°50'N, 86°05 .5'x+1 Pryssonnelia rubra 6 .5 3 .0 5 .3 

KRIOD 3 
Transect II IIA-A-1T 27°50'N, 83°31'W Codium sp . 4 .2 5 .3 3 .1 

062-A-1 27°49'SS"N, 83°31'10"W Codium isthmocladiuun 4 .4 3 .3 3 .4 
06k-A-9 27°50'N, 83°25'W Eucheuma isiforme 35 .9 2 .7 34 .0 

Transect III o47-A-25 28°34'N, 84°20'12"W Codium caroliniarum 30 .5 3 .5 18 .4 
146-A-1 28°41'N, 84°23'k0"W Codium caroliniarum 80 .E 10 .3 47 " k 
117-A-2 28°38'18"N, 84°13'S4"w Halimeda discoidea 38 .8 9 .3 23 .$ 
151-A-1 28°32'07"N, 84°1812411W Codium caroliniarum 66 .9 5 .3 57 .0 
247-A-27 28°36'16"N, 84°15'x+0"W Codium caroliniarum 40 .9 3 .1 23 .5 
251-A-10 28°32'40"N, 84°16'03"W Codium caroliniarum 28 .5 1 .3 24 .3 

w 
w 
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aliphatic hydrocarbon distribution dominated by the suite of n-alkanes from 

C15 to C23 . In this range C17 typically constituted the majority of the 

n-alkanes . Also present in many of the specimens was a series of n-alkenes 

of odd-carbon number . In some cases a series of n-alkanes from C20-C33 with 

no odd/even preference occurred with little additional evidence of pollution . 

The 15 samples designated as polluted contained this series superimposed on 

a large unresolved envelope . This was considered a sufficient evidence of 

petroleum pollution . 

There were no discernible trends of pollution, i .e ., pollution as a 

function of species, depth, proximity to polluted sediments or season of 

collection . The pollution seemed to be of random occurrence . The winter 

collection of algae did not clarify the condition noted in earlier collec-

tions . About all that can be said for algal hydrocarbons .is that they 

reflect in a sensitive manner petroleum pollution but at a very localized 

level . 

Looking at pollution along the various sampling transects it can be 

seen that two of the three algae from Transect I off Fort Myers showed a 

very slight degree of pollution though in neither of these was pristane 

and phyt ane detectable . 

All of the Transect II a1ga1 samples displayed signs of pollution in 

the summer ; three out of four, in the fall ; and none in the winter . Only 

Caulerpa sertularoides was collected in more than one period and then not 

at the same location so conclusions based upon this seeming decline are, for 

the moment, at best speculative . 
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The percentage of samples from Transect III that demonstrates at least 

some degree of pollution remained about the same in all three sampling 

periods . Again only two species were sampled twice. 'In one instance, 

Codium repens from the first period showed no pollution but in the second 

period was clearly polluted . The Halimeda discoidea from all three periods 

showed no signs of pollution . 

Transects IV and V were sampled only during the fall to yield one 

specimen each, neither of which contained abundant evidence of pollution . 

Blumer and Thomas (1965) have suggested that phytadienes present in 

some zooplankton are genuine but that they may occur as artifacts from any 

number of laboratory procedures commonly associated with hydrocarbon analysis . 

Since their precursor is assumed to be phytol, their creation by saponifi-

cation and/or adsorption chromatography would seem feasible in algal 

extracts . Blumer and Thomas (1965) report that the four phytadienes elute 

from the gas chromatograph (Carbowax column) between K.I . 1900 and 2000 and 

can be hydrogenated to phytane . This provided the clue to the identifica-

tion of phytadienes in the benthic algae . These results are similar to those 

given by the Carbowax column . 

A series of four peaks between ca . K.I . 1900 and 2000 occurred in 

many algal samples as can be seen in Table 79 . Two of these samples were 

chosen to verify the natural occurrence of phytadienes in benthic algae . 

The samples were a Caulerpa sp . and a E~zcheuma sp . The alipahtics and 

untreated lipid extracts were analyzed before and after hydrogenation with 

Adam's catalyst and yielded chromatograms shown in Figures 95a and b . 

Additional identification of the phytadienes was provided by subjecting 



Table 79 . Benthic algae 195-1976 . Chromatographic parameters . 

Unidentified series, Phytadienes 
Series of HMW n-alkanes, K.I . 1712, 2117, 1928, 1957, 

sample Number CPI 1 2320, 2524 1984, 2011 Sample Polluted? 

A-A+B-6 No. No . No . No . 
A-A+B-7 Yes, 1/12 of !I-Cl 7 No . Yes, 2 ppm Slightly? 
A-A+B-B Yes, 1/9 of n-C17 No . Yes, 1 .3 ppm. Slightly? 

IA-A+B-1 Yes, 1/5 of n-C17 No . Yes, 8 .5 ppm. Definitely . . 
IA-A+B-2 Yes, 1/10 of ~`C17 No . Yes, 22.9 ppm. Yes . 
IA-A+B-3 Yes, 1/15 of n-C17 No . Yes, 29 ppm. Slightly? 
i62-A-1T Yes, 1/9 of n-C17 Yes . No . Yes . 

IIA-A+B-2 Yes, 1/7 of n-C17 Yes . No . Perhaps, slightly . 
ik7-A-3 No. No . No . No . 
i47-A-5 No . Yes . No . No . 
.46-B-1 Yes, 1/25 of n-C17 

- 
No . No . Slightly? 

.47-B-5 Yes, 1 1/T of ~ n-C17 No . No . Yes, definitely . 
~47-A-2 Yes, 1/50 of -E-CV No . Yes, 3 .Oppm. No . 
'S1-B-25 No . Yes . Yes, 1 .5 ppm. No . 

:IA-A-12 Yes, 1/8 of n-C17 No . No . Yes . 
i62-A-5 No . Yes . No . No . 
i6k-A-3 Yes, 1/7 of n-C17 No . No . Slightly? 
i64-H-3 Yes, 1/50 of n-C17 No . Yes, 2 ppm. Slightly? 

:IIA-A-10 Yes, 3/4 of n-C17 Yes . Yes, TkO. ppm . Possibly . 
Ik7-A-5 No . Yes . Yes, 22 .9 ppm . No . 
.46-B-14 No . No . No . No comment - peak at 2064 ; (FFAP) _ 72 ppm . 
.kq-A-2 No . Yes . No . No . 
.51-A-3 No . No . No . No . 

w '47-A-4 Yes, 1/16 of n-C17 No . Yes, 2 .6 ppm. Very definitely . (Lots of BMW unresolved material .) co 
'.51-A-3 No . Yes . No . No . 



Table 79 . Continued . 

Sample Number 
Series of HMW n-slkanes, 

CPI 1 

Unidentified series, 
K.I . 1712, 2117, 
2320, 2524 

Phytadienes 
1928, 1957, 
1984, 2011 Sample Polluted? 

NA-A-6 Yes, 1/16 of n-C17 No . Yes, 14,5 ppm . Slightly? 

V-A-A-12 No . No . No . No . 

IZA-A-17 Yes, 1/10 of n-C17 No. No . No . 
062-A-1 No . No . Yes, 0 .5 ppm . No . 
064-A-9 No . No . Yes, 0 .3 ppm . No . 

047-A-25 No . No . Yes, 10 ppm . No . 
146-A-1 Yes (hard to measure) No. Yes, 5 ppm. Yes definitely . (Lots of HMW unresolved material .) 
lk7-A-2 No . Yes . No . No . 
151-A-1 No . No . Yes, 3 ppm. No . 
247-A-27 Yes, 1/12 of n-C17 No. Yes, 2 .5 ppm . Yes definitely . (Lots of HMW unresolved material .) 
251-A-10 No . No . Yes, 1 .8 ppm . No . 

V c 



Table 79 . Continued . 

Sample Pris+pt~y/ Pris/ Phy/ Pris/ n-Alk/ % n-Alk/ Odd/ C10-C20 C21-C31 C12-C20/ 
Number n-slkane n-Cl7 n-C18 Phy n-C16 aliph Even Odd/Even Odd/wren C21-C31 

IA-A+B-6 0 .008 0 .011 0 .0 247. 64 .3 11 .3 26 .2 3 .0 10 .9 

IA-A+B-7 0 .002 0 .0 0 .0 - 630. 85 .3 120 . 
~ 

150 . 1 .0 50.8 

IA-A+~B 0 .0 0 .0 0 .0 - 173. 52 .0 - - 0 .9 15.0 

IIA-A+B-1 0 .01 0.005 2 .5 0 .3 167 . 66 .0 10 .0 44 .0 1 .0 7 .9 
ZIA-A+g-2 0 .012 0 .005 1 .4 0 .6 142, 76 .0 - - 0 .9 11 .5 

IIA-A+B-3 0 .005 0 .003 0 .5 1.1 351 . 38 .2 23 .7 106 .0 0 .9 19 .2 

062-A-17 0 .001 0 .003 0 .0 - 61 .7 15 .5 19 .5 2 .0 37 .2 

IIIp,_p+B-2 0.009 0 .010 0 .0 434 . 77 .5 6 .6 9 .8 1 .4 19 .8 
047-A-3 0 .002 0 .002 0.0 690 . 76 .8 35 .8 39 .1 3 .0 105 .0 

O47-A-5 O .oO4 0 .003 0.6 0 .8 110 . 86 .9 29 .9 85 .9 5 .5 9 .6 
146-B-1~ 0 .0 0 .002 0 .0 - 92 .7 1 .5 107 .0 

147-B-5 0 .003 0 .004 0 .7 0 .9 1150 . 86 .2 5 .0 78 .0 1 .4 3 .0 
247-A-2 0 .006 0 .001 0 .5 0 .2 412 . 85 .9 44 .5 73 .0 0 .8 103.0 

251-8-25 0 .00 0 .002 0 .0 - 880 . 84 .2 62 .0 73 .0 5 .8 16 .3 

IIA-A-12 0 .005 0 .003 0 .8 1 .4 860 . 94 .2 52 .0 60 .0 1 .0 16 .5 
062-A-5 0 .0 0.0 0 .0 - 64 .4 55 .0 63 .5 2 .8 14 " 4 
064-A-3 0 .006 0.003 0 .0 1 .0 400 . 92 .3 41 .0 46 .3 1 .6 13 .7 
064-B-3 0 .002 0.002 0 .0 805 . 98 .1 . 62 .2 156 .0 0 .5 84 .3 

IIIA-A-10 0.031 0 .040 0 .2 1 .8 53 .5 5 .1 3 .2 7 .4 1 .1 4 .2 

047-A-5 0 .001 0 .001 0 .0 - 61 .6 9 .8 11 .9 7 .1 12 .2 

146-B-14 0 .002 0 .101 0.0 - 67 .1 245 .0 262 .0 0 .8 103 .0 

147-A-2 0 .004 0 .004 - - 4300 . 86 .1 35 .7 78 .1 7 .4 10 .5 

U 
C 
C 



Table 79 . Continued . 

Sample Pris+Phy/ Pris/ Phy/ Pris/ n-A1k/ % n-A].k/ Odd/ C10-C20 C21-C31 C12-C20/ 
Number n-alke.ne En-C17 n-C18 Phy n-C1( aliph wren Odd/Even Odd/men Cpl-C31 

151-A-3 0 .0 0 .0 0 .0 - 460 . 68 .1 72 .0 72 .0 - 32 .4 

247-a-4 0 .004 0.002 0 .0 0 .45 560 . 83 .0 61 .o 67 .2 1 .3 21 .5 
251-A-3 0 .002 0 .003 - - 1090 65 .0 10 .9 81.2 - 7 .5 

NA-A-6 0 .003 0 .004 0 .0 2880 . 51 .8 21 .0 40 .2 1.5 50 .0 

VA-A-12 ' 0 .014 0 .017 0 .0 171 . 81 .8 14 .9 28 .0 1.3 1.8 .4 

IZA-A-17 0 .014 0 .017 - - 201 . 73.7 11 .9 21 .5 2 .4 13.9 
6 2 o62-a-1 0 .020 o .o14 o .4 1 .4 278 . 77.0 17.4 36 .3 1 .3 . 1 

064-A-9 - - - - 1000 . 94 " o - - - v . large 

O47-A-25 0 .002 0 .002 0 .0 630 . 60 .2 44.9 41 .8 1 .7 74.0 

146-A-1 0 .002 0 .002 0 .0 - 590 . 59 .0 - 45 .9 - 28 " 
147-A-2 0 .003 0 .004 0 .0 571. 61.,2 23 .9 61.1 4 .7 7 " 8 

151-A-1 0 .001 0 .001 0 .0 750 . 85 .0 45 .E 60.E 0 .5 52 .7 
247-A-27 0 .007 0 .005 0 .3 1 .4 338 . 57 " 6 23 .7 51 .3 0 .9 12 .6 
251-A-10 0 .001 0 .002 0 .0 - 760 . 85 .0 50 .0 75 .0 2 .4 44 .o 

U 
d 
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Figure 95a . Phytdienea in Algae . The FFAP gas chromatograms ore of lipids before hydrogenation (upper left), 
after hydrogenation (lower left), aliphotics before hydrogenation (upper right), and after hydrogenation 
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Figure 95b . Phytodienes in Algae . The FFAP gas chromatograms are of lipids before hydrogenation 
(upper left), after hydrogenation (lower left), aliphatics before hydrogenation (upper right), 

and offer hydrogenation (lower right) taken from Euchema sp . 
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pure phytol to Activity I alumina and silica gel chromatography . Four peaks 

between K.I . 1900 and 2000 resulted in the hexane and benzene fractions. 

The total weight ratios were ca . 30 (total phytadienes/phytol), a negligible 

amount when considering the amount of chlorophyll in algae . The K .I .'s 

however correspond exactly to those found in the algae . The quantitative 

results of this experiment are shown in Table 80 and clearly demonstrate 

that phytadienes do occur in algae and that phytol degradation during the 

laboratory analysis produced only very small, if any, amounts of phytadienes . 

Their presence in both polluted and non-polluted algae suggests that they 

are biosynthesized by certain algae and not by others . 

Phyt adienes were present in all Codium spp . collected . No great 

differences were noted in the overall characteristics of these specimens . 

C17 was the major n-alkane with, lesser amounts of Cls and pristane . 

Analytical results for three of the Codium. spp . suggest weathered oil 

pollution . 

Phytadienes occurred only in the unidentified species of Caulerpa . 

A11 three, however, contained a homologous series of aliphatics dust fol-

lowing C19, C21, C23 and C25 which were abundant in themselves . C17 was 

still the mayor peak . 

The C17 peak was also the most abundant component of the Gracilaria 

spp . All four samples had phytadienes and contained a series of HMW 

n-alkanes with no odd/even preference . . 

Halimeda sp ., as in the Caulerpa samples, also contained the homologous 

series of compounds following the odd-C-n-alkanes . Large components between 

K.I . 1900 and 2000 showed up in all samples and in certain instances were 

identified as phytadienes . The order of abundance was C17>C19>C23>c25=C15=C21 . 
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Table 80 . Phytadienes in algal extracts . 

Total ug of Total ug of phytane 
Sample phytadienesl after hydrogenation 

Caulerpa sp . 

IIIA-A-10 lipid 2 74 2o8 

IIIA-A-10 aliphatics2 288 301 

Eucheuma sp . 

IIA-A+B-3 lipid2 193 247 

IIA-A+B-3 aliphatics2 136 96 

Phytol treated with 

alumina-silica ge13 22 12 .6 

l . Phytadienes are the four compounds with K.I . ca . 1921, 1949, 1977 
and 2001 . 

2 . Weights were calculated to represent the same initial weight of alga. 

3 . Pl~ytol treated was 50X greater than would normally be found in the 
weight of algae analyzed for this experiment . 
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Hydrocarbons in the Eucheuma sp . were relatively simple compared to 

Caulerpa and Halimeda . Both samples of the organism contained phytadienes 

and had C17 as the major constituent . 

Neither of the Dictyota sp . sampled contained the phytadienes and 

C15 was the dominant aliphatic hydrocarbon . 

Biology 

Inf auna 

Adenosine Triphosphate (ATP) 

A total of 128 mean ATP concentrations, taken during the 

three sampling periods, were recorded for the 45 box coring stations lying 

along the six benthic transects located in the MAFLA study area . Table 81 

presents the ATP data on a transect, station and seasonal basis . Mean ATP 

levels varied greatly within transects, among transects and among sampling 

periods and ranged from a low of 25 ng/g of wet sediment to a high of 2019 
c 

ng/g of wet sediment . Over 70% of the values were present in the range of 

100 to 700 ng/g of wet sediment . 

ATP concentrations for any given transect at any given sampling 

period were usually lowest at the outermost stations and highest at the 

innermost stations . With few exceptions Transects I-V showed patterns of 

decreasing ATP levels with increasing distance from shore . Transect VI 

did not follow this trend and yielded high ATP levels at several of the 

offshore stations . Five of the nine highest ATP levels measured in this 

study occurred at the four outermost stations of Transect VI . Reference 

to Table 82 shows that averaged ATP levels of Transects IV-VI were considerably 

higher than those of Transects I-III for all sampling periods . Transect II 



395 

Table 81 . Mean Adenosine Triphosphate Concentrations (ng/g of Wet 
Sediment) for the 45 Boxcore Stations 

Y. ATP Concentrations (ng/g) 

Station Numbers Summer Fall Winter/Spring 

2101 548 363 219 
2102 1,146 269 204 
2103 316 318 63 
2104 4o4 563 260 
2105 85 137 181 
2106 79 63 -* 

2207 208 536 114 
2208 31 54 54 
2209 80 166 120 
2210 -~~ 512 - 
2211 216 718 68 
2212 127 208 -* 

2313 120 173 89 
2311 -~* -* 42 
2315 2k1- 25 
2316 309 552, . : 241 
2317 196 319- 187 
2318 413 696 38? 

2419 1,020 999 581 
2420 740 494 665 
2+21 210 474 ill 
2422 270 535 579 
2423 645 508 308 
242 1,791 680 415 
2+25 627 519 921 
2426 102 311 548 
2427 97 82 94 

2528 390 312 529 
2529 350 343 394 
2530 1,237 458 552 
2531 478 547 325 
2532 319 145 337 
2533 647 403 309 
253+ 546 614 136 
2535 201 131 246 
2536 137 170 17 
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Table 81 . Continued . 

X ATP Concentrations (ng/g) 

Station Numbers Summer Fall Winter/Spring 

2637 326 735 659 
2638 617 928 574 
2639 466 595 509 
2640 1,114 555 991 
2641 576 440 598 
2642 1,006 , 611 2,o19 
263 i,lo6 389 1,ooo 
2644 590 392 337 
2645 902 210 35 

* The first 2 digits are the Transect Number . 
** No ATP data ; boxcore samples not taken . 
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had the lowest averaged ATP levels while Transect VI had the highest . 

Table 82 . Averaged ATP concentrations (ng/g of wet sediment) for each 
of the six transects for each of the three sampling periods . 

Transect Number 
X ATP 

Summer 
concentrations 

Fall 
(ng/gt) 

Winter/ 

I 430 285 185 
zI 132 366 89 

III 259 396 161 
IV 611 511 469 
V x+78 347 334 
VI 745 539 747 

Evidence for patterns of seasonality were apparent only on Transects 

I and III . The majority of stations along both of these transects had the 

lowest ATP levels during the winter sampling period . Less than half of the 

stations along the other transects had minimal ATP levels in winter . 

Maximal ATP levels along Transects II and III occurred during the fall 

sampling period, while Transects I, N and V had maximal ATP levels during 

the summer sampling period . Transect VI had maximal ATP levels during the 

summer and winter sampling periods ; five of nine highest ATP levels recorded 

in the study occurred along Transect VI during summer (3) or winter (2) . 

Reference to Table 82 shows that the averaged ATP levels were lowest in winter 

for Transects I-V and highest in summer and winter for Transect VI . 

ATP levels showed significant relationships with sediment grain size 

for all transects for at least one sampling period . Data pairs for Transects 

I-IV lay in the same plane and these were considered together . Data pairs 
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for Transects V and VI lay in different planes and were considered separately . 

The results of these correlation/regression analyses are presented in 

Figures 96a-e . Not all data pairs (stations), after hand plotting, 

adhered to the hypothesized ATP-sediment grain size relationship, and those 

deviating greatly from a straight line plot were not used in the computa-

tions of the correlation coefficients and regression lines . Thus, the 

results are biased and should be considered accordingly . Also, even though 

the results are graphically presented as regression lines (ATP regressed 

on sediment grain size), a direct cause and effect can not be assumed . 

ATP levels of Transects I-IV combined were significantly and positively 

correlated with sediment grain size for the summer and fall sampling periods . 

This relationship also held for Transects II-IV in the winter sampling period 

but not for Transect I . Transects V and VI showed significant ATP-sediment 

grain size relationships for the fall sampling period only . The Transect 

V correlation was positive and the Transect VI correlation was negative . 

Thus, ATP levels along Transects I-V show a tendency to increase as sediment 

grain size increases while the ATP levels of Transect VI showed the reverse 

tendency . 

Correlation/regression analyses were also computed to determine the 

relationship between the ATP and organic carbon for the summer sampling 

period (only sampling period in which complete organic carbon .data were 

available) . The statistical methodology is the same as the ATP-sediment 

grain size analyses and should be viewed accordingly . The results (Figures 

97a and 97b) show that ATP levels for Transects I-IV combined and Transect 

VI increase as organic carbon decreases . The Transect VI regression is 

vertically displaced upwards from the Transects I-IV regression line . 
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ATP levels along Transect V showed no significant correlation with organic 

carbon . 

Plots of ATP levels against hydrocarbon and trace metal levels in the 

sediment yielded "shotgun" patterns and it was statistically determined 

that there were no significant correlations between ATP levels and aliphatic 

and aromatic hydrocarbons or trace metals in the sediment . 

Meio£auna 

Nematodes and harpacticoid copepods were the most abundant 

metazoan groups in the meiofauna followed by turbellarians and gastrotrichs . 

In only a few samples were the copepods more numerous than nematodes . Tur-

bellarians were identified to species where possible, and'gastrotrichs were 

identified to genus with the exception of one difficult group of genera 

clumped as Mesodasys . Other metazoan taxa which were often conspicuous 

components of the meiofauna are priapulids (mostly larvae), crustacean 

larvae, polychaete larvae, kinorynchs, taxdigrads, coelentorates and hala-

carid mites . Ostracods were uncommon and eliminated from consideration 

when extraction techniques for recovering them proved to be inadequate . 

This section will, by necessity then, be limited to a consideration of the 

nematode and copepod meiofauna. 

Yearly mean nematode densities ranged from 37,000 individuals/m2 at 

Master Station 25+3 to 1,189,000 individuals/m2 at Master Station 2207 and 

averaged 330,75 individuals/m2 for the entire MAFIA study tract . Tables 

$3a, b and c present mean nematode densities on a depth (station) basis 

for each of the three sampling periods . Reference to these tables will 

show that nematode densities generally decrease with increasing depth and 
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Table 83a . Sampling Period I - June 197 
~ Average number of nematodes per m (x 103) 

Approximate Transect 
Station Depth VI V IV III II I 

10 m 1205 862 

650 

1253 338 1205 858 

20 m 345 353 

397 140 548 

3o m 611 354 460 

432 1610 

616 132 525 

148 1oo 21_o x - 476 

40 m 57 X 196 

67 

o m 348 

60 m 187 47 

70 m 67 40 

80 m 219 

90 m 78 

100+m 101 227 

113 114 152 179 173 
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Table 83b . Sampling Period II - Sptember 1975 
Average number of nematodes per m (x 103) 

Approximate Transect 

Stat'on Death VI V IV III II I 

10 m 498 1164 

42 

535 449 152 1562 

20 m 526 173 

321 95 505 

30 m 442 188 360 

264 1135 

140 207 310 

376 82 188 721 410 553 

40 m 116 X 103 

69 

50 m 81 305 

6o m 155 47 

70 m 51 39 

80 m 151 

m 

100+m 39 68 

57 182 

85 

133 127 169 
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Table 83c . Sampling; Period III - January 7.976 
Average number of nematodes per m? (x 103) 

Approximate Transect 
Station Depth VI V IV III II I 

10 m 1424 406 

263 

353 696 821 355 
20 m 474 131 

204 64 560 

30 m 322 206 374 

157 676 

572 62 130 

307 53 181 116 658 105 

40 m 52 . 579 48 

5 4 

50 m 131 69 

6o m 139 lo4 

70 m 18 32 

9 ;, m 112 

90 m 55 

100+m 16 121 

126 26 50 76 72 
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were seasonally minimal during the winter sampling period . Sixty-one 

percent of the stations had their highest mean densities during the summer 

sampling period, 27% during the fall and 12% during the winter . Nematode 

densities exceeding 1 x 106 individuals/m2 occurred only at the shallow 

(<40 m) stations of Transects I, II and IV, while, for each sampling period, 

densities along Transect V were lower than corresponding densities along 

Transects I-IV and VI . 

Seasonal mean densities for copepods were 57,600 individuals/m2 for 

the summer sampling period, 6,500 individuals/m2 for the fall and 52,900/m2 

for the winter/spring . Mean copepod densities on a depth (station) basis 

for each of the three sampling periods are presented in Tables 84a, b and c . 

As for nematodes, it was apparent that copepod densities generally decrease 

with increasing depth and were seasonally minimal during the winter sampling 

period. Copepod densities were lower along Transect VI compared to~Transects 

I-V . Forty-four percent of the stations had their highest mean densities 

during the summer sampling period, 4 6% during the fall and 10% during 

the winter . 

Tables 85 and 86 present for nematodes and copepods, respectively, 

the range between maximum and minimum mean seasonal densities as a proportion 

of the yearly mean density for each station . In most instances the range 

between seasons approaches or exceeds the yearly mean . Reference to this 

table also shows the seasonal pattern of minimum densities occurred during 

the winter sampling period . 

Correlation analyses between densities of the various meiofaLUia taxa 

and sediment grain size were conducted and the .results are presented in 
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Table 8ka~ Sampling Period I - June 1975 
Average number of copepods per m2 (x 103) 

Approximate Transect 
Station Depth VI V IV III II I 

10 m 137 5 

101 

78 348 80 131 

20 m 9 19 

11 23 106 

30 m 14 53 23 

45 57 

52 34 75 

56 97 84 146 

k0 m 99 49 

68 

So m 28 61 

60 m 36 31 

70 m 36 39 

80 m 

90 m 18 

100+m 24 32 - 

8 8 15 9 15 
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Table 84b " Sampling Period II - September 1975 
Average number of copepods per m2 (x 103) 

Approximate Transect 
St at ; or. n°pth VI V Iv III II I 

10 m 163 45 

72 

212 234 228 111 

20 m 2 1.14 

1 57 84 

30 m 3 75 74 

16 192 

33 58 66 

10 85 98 32 52 50 

1+0 m 85 54 

84 

50 m 30 28 

60 m 37 28 

70 m 42 38 

80 m 52 

90 m 35 

100+m 12 4 

2 15 10 8 19 
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Table 84c . Sampling Period III - January 1976 
Average number of copepods Tier m2 (x 103) 

Approximate Transect 
Station Depth VI V IV III II I 

10 m 52 22 

96 

147 684 108 20 

20 m 16 58 

3 8 78 

30 m 12 19 46 

48 174 

42 15 100 

45 26 )12 53 48 8 

40 m 39 46 23 

29 

50 m 24 26 

E>0 m 22 24 

70 m 20 20 

80 m 17 

90 m ly 

100+m 12 2 

6 6 10 7 12 
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Table 85 . Neatodes 
Range of average number p er in' (x 103) over seasons 
annual average number m2 (x 103) 

Sampling season of highest density in roman numerals (I, II, or III) 

Approximate Transect 
Station Depth VI V IV III II I- 

10 m .9 111 .9 11 

1 .9 z 

1 .3 1 .7 111 .6 11 1 .3 11 

20 m .4 II 1 .0 I 

.6 I .8 I .1 III 

30 m .6 1 .7 1 .2 1 

.1 .0 I .8 I 

1 .1 1 1 .1 11 1 .2 1 

.2 11 .6 1 .1 1 1 .2 .11 

40 m .8 II 1.3 

.2 II 

50 m 1 .2 I 

60 m .3 I -9 III 

70 m 1 .1 I .2 I 

8o m .6I 

90 m .4 II 

100+m 1 .6 1 1 .1 1 

.7 111 1 .5 11 .9 1 .8 1 .7 1 

Frequency of highest means 

z 61% 
II 27% 
111 12% 



415 

Table 86 . Copepods 
Range of average number per m (x 103) over season 
annual average number per m2 (x 103) 

Sampling period with highest mean in roman numerals (I, II or III) 

Appro;~irnate Transect 
Station Depth VI V IV III II I 

10 m . 9 11 1.7 11 

.3 I 

.9 11 1 .1 111 1 .1 11 1 .3 1 

20 m 1.6 111 1-5-11 

2.0 1 1.7 11 .3 1 

30 m 1 .1 I 1 .1 II 1 .1 II 

.9 III 1.0 II 

.4 1 1 .2 11 .4 111 

1 .2 1 1 .0 1 .7 11 4 .1 1 

4o m .8 1 .7 zz 

.9 II 

50m .9 I 

60m .S II .2 I 

70 m .7 Iz .6 z 

80 m 1.1 II 

90 m .7 II 

100+m .8 1 2 .3 1 

1.2 1 . 9 1I . 4 1 . 2 - . 5 1I 

Frequency of highest means 

I 44% 
II 46% 
111 lOq 
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Table 87 . All correlations were statistically significant but less than 

half of them suggest a strong, biologically significant relationship . 

Definitive species affinities and distributions are not apparent for 

most groups, either because distributions are highly variable as are those 

of nematodes and copepods or because specimen abundance and occurrence was 

low and sporadic . 

The distributions and relationship of the turbellarian taxa 

Carcharodorhyncus and eukalyptorhynchs seems to be consistent . 

Carcharodorhynchus is the dominant halyptorhynch at the two shallowest 

stations (2101 and 2102), then declines in abundance to be completely 

replaced by eukalyptorhynchs in the deeper stations (Table 88) . 

Foraminifera 

Species of foraminifera collected from the P4AFLA study 

region totalled 314 . Eighty-seven species were represented by dead specimens 

only and 38 species were represented by live specimens only . Species lists 

are presented in Tables 89 and 90 . Dominant species composition for the 

individual transects remained uniform regardless of sampling season but 

differed among transects and deep (>90 m) and shallow (<90 m) stations . 

Table 91 lists the dominant species associations for the individual transects . 

Table 92 lists, by station and sampling season, the total specimen 

density, percentage of living specimens and species abundance . Seasonal 

changes in density varied considerably between stations and transects . 

Twenty-two stations showed density increases between summer and fall and 21 

showed decreases . Ten of the 12 stations located on Transects I and II 

and seven of the nine stations on Transect V increased in density between 

summer and fall with only the deepest, outermost station on each transect 
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Table 87 " Correlations between meiofaunal taxonomic grouping 
and sediment mean grain size . a < 0.0001 for all correlations 

Taxonomic group Correlation 

Nematoda ~~23 
Copepoda 0 .2)j 
crustacean larvae 0 .22 
polychaete larvae 0 .20 
Kinorhynchia 0.20 
Priapulida 0.23 
Tardigrada , 0 .26 
all above groups combined 0.99 
all Gastrotricha 0.98 

Acanthodasys 0.26 
Diplodasys 0.23 
Mesoda.sys group 0.20 
Tetranchyroderma 0.26 
Urodasys 0 .20 
other gastrotrichs 0 .26 

all Turbellaria 0 .99 
Acoela 0 .24 
Macrostomida 0 .26 
Retronecitdae 0.25 
Proseriata O .g6 
Prolecithophora 0.95 
Typhloplanoida 0.99 
Dalyellioida 099 
Eukalyptorhynchia 0.99 
KarkinorY~ynchidae 0.99 
Carcharodorhynchus 0 .93 
other SchizorY~ynchidae 0 .99 
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Table 88 . Ratio Carcharodorhynchus : EukalyptorlVnchia (Turbellaria) 
Average values over :seasons II and III 

(`L indicates pattern not consistent between seasons ) 

Approximate Transect 
Station Depth VI V IV III II I 

10 m 2 >10 

-~ .2 

4 .05 13 2 

20 m 0 

1 .3 

30 m . 2 . 2 

ti ti 

.5 .3 .1 

.3 0 .7 0 5 ti 

40 m 0 0 

0 

50 m .1 0 

60 m 0 .1 

70 m 0 0 

80 m 0 

90 m 0 

100+m * 0 

0 0 0 0 

Both groups absent from all samples 
Arrow indicates station 2420, which does . not conform 
to expected patterns 

0 
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Table 89 . Total species of foraminiferans collected . 

Amrnobaculites sp . 
Ammonia beccarii partinsoniana 
Ammonia beccarii tepida 
Amr:onitum sa s . 
Amphicorg ne :ublineata 
Araphicorgne sp . 
Arnphistegina gibbosa 
Archaias angulatus 
Articulina lineata 
Articulina mayori 
Articulina mexicana 
Articulina mucronata 
Articulina poucicostata 
Articulina sagra 
Articulina sulcata 
Articulina sp . 
Astocolus crepidulus 
Asterigerina carinata 
Bigenerina carinata 
Bigerierina irregularis 
Bigenerina textulareida 
Brizalina albatrossi 
Brizalina barbata 
Brizalina pragilis 
Brizal_ina goessii 
Brizalina laneolata 
Brizalina lowma.ni 
Brizalina minima 
Brizalina paula 
Brizalina striatula 
Brizalina subaenariensis mexicana 
Brizalina subspinescens 
Brizalina sp . 
Buccella hannai 
Bulimina affinis 
Bulimina marginata 
Bulimina spicata 
Bulimina straita mexicana 
Bulimins sp . 
Buliminella cf . B . bassendorfensis 
Buliminella elegantissima 

Cancri.s obl.onga 
Cancris saga 
Carpenteria proteiformis 
Carterina spiculotes~;a 
Ca,,sidulina ca.rinata 
Cassidulina crasser 
Cassidu7.ina carvat;a 
Cassi.dulina subglobosa 
Cheilostomella oolisa 
Cibicides concentricus 
Cibicides ciroykebtys 
Cibicides deprimus 
Cibicides floridanus 
Clavulina mexicana. 
Clavulina norangulae 
Gribroelptiidium popyanum 
Cyclogyra involvens 
Cyclogyra planorbis 
Cyclorbicu7_ina corapressa 
Cymbaloparetta squammosa 
Dentalina advena 
Dentalina filiformis 
Deritalina sp . 
Discorbis mina 
Elphidium advenum 
Elphidiiam delicatulum 
Elphidium discoidale 
Elphidium galvestonense 
Elphidium gunteri 
Elphidium incertum mexicanum 
Elphidium sagrum 
Elphidium translucens 
Elphidium spp . 
Eponides antillarum 
Eponides regularis 
Eponides turgidus 
Eponides umbonatus 

onides sp . 
Fissurina formosa 
Fissuring. marginata-perforata 
Fissuring app . 
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Table 89 . Continued 

Florilus grateloupi Marginulinopsis bradyi 

Frondicularia sagitull.a Miliolinell.a circularis 
Fursenkoina comnlanta Miliolinella, fichi;eliana 
Furscnkoiria mexicana biilioli.nella labi osa. 
Fursenkoina pontoni Miliolinella subrotunda 

` Fursenkoina sp . Mi7_ioli.nella sp . 
Fursenstoina compressa Miliolids (abnormal) 
Gaudrvina aequa M naly^idium polii;yon 
Gaudryina Pseudogandryina) atlantica Neocoriorbina orbicularis 

Globulina caribaea Noc3obaculariella. ca.ssis 
Glomospira ? sp . Nodosaria albatrossi 

Guttulina australis Nodosaria yrul_a 
Guttuli.na laevis Nodosaria sp . 
Gypsina vesicularis Nonion affinis ? 
Gyroidina orbicularis Nonion depressulum matagordarum 

Gyroidina soldanii altiformi Norliori pormousum 
Hamerinella inconstans Ploriion sp . 
Hanzawaia strattoni Nonionel_la atlantica 
Haplophragmoides sp . Nonionella opima 
Haplophragmoides ? sp. Nouria polymorphinoides 
Hoeglundinu elegans Nubercularia cf . N . lucifuga 
Karreriella bradyi Oolina melo 
Lagena hispida Palmeri.aella gardenislandensis 
Lagena laevis Pavonia atlantica 
Lagena perlucida Peneroplis bradyi 
Lagena striata Peneroplis carinatus 
Lagena sulcata Peneroplis discoideus 
Lagena sp . Peneroplis proteus 
Labrospire ? sp. Planispirella. rf . P . exigua 
Lenticulina calcar Pl.anorbiilina acervalis 
Lenticulina EibI~ Planorbulina mediterra,nensis 
L°nticulina orbicul_aris Planulina ariminensis 
Lenticulina peregrion Planul_i na exor-na 
Ienticulina thalmanni Planulina poveolata 
Liebusella sol.danii Planulina sp . 
Loxostomum abruptum Poroeponides latenal.is 
Loxostomtun sp . Proteonina difflugiformis 
Dtartinetiella occidentalis Pseudonodosaria comat,ul_a 
Marginulina glabra Pseudonodcsaria rotundata 
Marginulina marginulinoides Pu:lleni a bulloides 
Marginulina plansta Pullenia quinqueloba 
Marginulina sp . Py. r~o clepressa 
Marginulina villa r ,o comata 
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Table 89 . Continued 

Pyrgo elongata 
r o pornasinii 
r o murrhi na 

Pyrgc na ;utuss 
Pyrgo subsphaerica 
Pyrgo sp . 
Pyrgoell.a sphaera 
Pyrgoella sp . 
Quinqueloculina agglutinans 
Quinqueloculina bicostata 
Quinqueloculina bidentata 
Quinqueloculina bosciana 
Quinqueloculina compta 
Quinqueloculina cultrata 
Quinaueloculi.na distorgneata 
Quinqueloculina funafutiensis 
Quinqueloculina horrida 
Quinqueloculina laerigata 
Quinqueloculina lamarckiana 
Quinqueloculina parkeri occidentalis 
Quinqueloculina poeyana 
Quinqueloculina polygona 
Quinqueloculina sabulosa 
Quinqueloculina seminulum 
Quinqueloculina subpoeyana 
Quinqueloculina tenagos 
Quinqueloculina venusta 
Quinqueloculina spp . 
Ramulina globulifera 
Rectobolivina advena 
Remaneica sp . 
Reophax irregularis 
Reophax nana 
Reophax scorpiurus 
Reussella atlantica 
Robertinoi.des brad i 
Rosalina bulbosa 
Rosalins cf. K . columbiensis 
Rosalina concinna 
Rosalina floridana 
Rosalina floridensis 

Rotamorphina laerigata 
SaF;rina. pulchella primitives 
Sara.cenaria ital.ica 
Saracenaria. 7 atiprons 
ScYilumberFrerina dreoliniformis 

occidenta.7_ 
Seabroa.tia earla.ndi 
Sil ~noilina di.stori;a 
Sigiroilina sigmoidea 
Sigrnoilina tenuis 
Sigrnoil.opsis schlumberger i 
Siphonia bradyana 
Siphonia pul.chra 
Siphotextula.ria rolshauseni 
Siphotextularia sp . 
Sorites bofkeri orbitol.itoides 
Spirill.ina decorates 
Spirillina denticulata 
Spiri.llina obconica 
Spirill.ina vivipara 
Spiroluculina antillerum 
Sp:iroloculina arena-ta 
Spiroloculina. cf . S . communis . 
Sp:iroloculina grates 
Spiroloculina planulata 
Spiroloculina rotunda 
Spiroloculina soldanii 
Sp :iroloculina spp . 
Spiroloculina sp . (abnormal) 
Spiropl.ecta.nunina floridana 
Spitali.na asicularis 
Stomatorbina concentrica 
Syphotextulana secusensis 
Textularia agglutinens 
Textularia candeiana 
Textularia conica 
Textularia earlandi 
Texttil.aria foliacea o^cidentalis 
Text.lilaria mayori 
Textularia secanensis 
Textularia sp . 
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Table 89 . Continued 

Textulariei_la n. sp . ? 
Textulariella barrettii 
Tretoii-phalus atlanticus 
Tretompha.lus planus 
Trifarina bel a 
Trifarina bradyana 
Trifarina ja.maicensis 
Triloculina brevidentata 
Tri.loculina comis 
Triloculina rotunda 
Triloculina sidebottemi 
Triloculina, tricarineta 
Triloculina trigonula 
Triloculina trigonula multistriata 
Triloculina spp . 
Trocharunina advena 
Trochammi.na quadriloba 
Trochammina sp . 
Tubinella (?) sp. 
Uvigerina plintii 
Uvigerina laevis 
Uvigerina parvula 
Uvigerina peregrina 
Uvigerina sp . 
Valvulineria minuta ? 
Wiesherella auriculata 
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Table 90 . Species of live foraminiferans collected . 

Ammobaculites sp . 

Ammonia beccarii parkinsoniana 
Ammonia. beccarii tepida 
Ammontium salsum 
Atnphicorgne interce7_lularis 
AmpYiicorgne cublineata 
AnohiCUrk;tle sp . 
Ariphistegina gibbon a 
Archaias angulatus 
Articul.ina sagra 
Articulina sulcata 
Astacolum crepid.ulus 
Asterigerina carinata 
Bigeneri.na irregularis 
Brizalina albatrossi 
Brizal_ina barbata 
Brizalina pragilis 
Brizalina goessii 
Brizalina lanceolata 
Brizalina lowmani 
Brizalina minima 
Brizalina Paula 
Brizalina subaenariensis mexicana 
Brizalina subspinescens 
Brizalina sp . 
Buccella hannai 
Bulimina affinis 
Bulimina marginata 
Bulimina spicata 
Buliminella cf . B . bassendorfensis 
Buliminell.a elegantissima 
Cancris oblonga 
Cancris saga 
Carpenteria. proteiformis 
Carterina spiculotesta 
Cassidulina carinata 
Cassidulina crassa 
Cassidulina curvata, 
Cassidulina subglobosa 
Chrysali.dinella miocenica 
Cibicides concentricus 
Cibicides corpulentus 
Cibicides deprimus 

Cibicide aff . C . floridanus 
Cibicides gyp . 
CribroelPhidium porpE,anum 
C,yclogyr<L involvens 

lc_oZvra ~l~norbi 
Dentalina advena 
Dentvlina f'iliformi.s 
P G I l t : al 1 Tl a sE) . 
Eggerel.la -brad i 
ElirenberIrina. spinea 
Elphidium advenum 
ElLhidium deli.ca.tulum 
Elphidium disoidale 
Elphidi.um [ralvestonense 
MEMO= ~;unteri 
E1phidi.um translucens 
Elphidium spp . 
Eponides antillarum 
Eponides regu7.aris 
Eponides turgidus 
Eponides urlbonatus 
Fissuring formosa 
Fissuring longispina 
Fissuring spp . 
Florilus grateloupi 
Frondirularia sagitulla 
Flzrsenkoi.na complanata 
Fursenkoina compres:a 
Fursenkoina mexicana 
Fursenkoina p_ontoni 
Gaudryina aequa 
Globulina caribaea 
Glomospira ? sp . 
Guttulina austra.lis 
Guttulina l.aeris 
G,ypsina vesiculari.s 
Gyroidina orbicularis 
Hanzawaia ::trattoni 
Eaplophragmoides sp . 
Haplophragmoides ? sp . 
Hoeglundina ele~-ans 
Karreriella brZdyi 
LabrosUira ? sp . 
Lagena laevis 



424 

Table 90 . Continued 

La ena striates 
Lenti.culina calcar 
Lenticulina ia 
benticulina orbicularis 
Lenticulina peregrina 
Loxostomurn a.bruptum 
Loxostomum sp . 
Iyt<Lrjlinuliria jjlabra 
P4arginulina marginul.inoides 
Marginulina planata 
24arginulina gyp . 
Marginulinopsis bradyi 
Miliolinella circularis 
1+Ii.liolinella fichteliana 
Miliolinella, obliquinoda 
Pdiliolinella subrotunda 
Miliolids (abnormal) 
TJeuconerbina orbicularis 
Nodobaculariella cassis 
Pdodosaria al_batrossi 
Nonion affinis? 
Nonion formosum 
Nonion sp . 
Nonionella atlantica 
Nonionella opines 
Nourja polymorphinoides 
Oolina melo 
Pavonia atla.ntica 
Peneroplis bradYi 
Peneroplis carinatus 
Peneroplis discoideus 
PPneroplis proteus 
Planorbulina acervalis 
Platlorbulina mediterranensis 
F'l.anulina ariminensis 
Planulina eaorma 
Poroep onides lateralis 
Pseudonobodosaria ? sp . 
Pullenia bulloides 
Pullenia quinquelobs 
PS"rgo depress, 

r o elong~ata 
rqo nasutus 

Yyrgo subsphaerica 
r o sp . 

YYrEoella sphaera 
Q.uingueloculina bicostata 
Quinguelocu7.ina bidentata 
Qui.nque7oculina boUciana 
G1uinguelocul.i na compta 
Quinqueloculina di st;orguea.i ;a . 
Q.uinqueloculina funafutiensis 
Quingueloculina. horrida 
Q.uingueloculina laeviFTata 
Quingueloculina lamarckiana 
ui. ncaueloculina noe~tana 
Quinqueloculina .poly~ora 
urn ueloculina seminulum 

Q.u ;_nqueloculi.na .tenagos 
9uinguelocul :ina venusta 
Auingueloculina, vulFaris 
Q.uinaueloculi.na spp . 
Rectobclivina advena, 
Remaneica sp . 
Reopha.x hispidulus 
Reophax irregularis 
Reophax nana 
Reophax scorpiurus 
Reophax sp . 
Reussella atlantica 
Robez-tinoides bradyi 
Rosalira bulbosa 
Rosalir_a cf . R . columbiensis 
Rosalina concinna 
Rosalir_aflorida,na. 
Rosalina floridensis 
Rotamor-phina laevigata 
Sagrina. pulchella_primitive 
Saracenaria italica 
Saracenaria latifrons 
Seahz-ookia earlandi 
Sigmav irrulina tortuosa 
SiRmoil.ina distorta 
Sirmoilina tent?i.s 
Signtoil.opsis sch umherv,eri 
Sip}ioni na bra Ana 
Siphoning 1pulchra 
Sip}lotextularia rolshauseni 
Sorites hofkeri orbitolitoides 
Spir:illina sent :iculat:a 
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Table 90 . Continued 

Spirillina vivipara 
Spiroloculina- g 
giro ocu ina p anu ata 
SFiroloculina rotunda 
Spiroloculina soldarii. 
Spiroloculina sp . 
Spiroplectammina floridana 
Syphc~textularia secuUensis 
Textula.ria agglutinans 
Textulari.a condeiana 
Textularia conica 
Textularia earlandi 
Textularia £olicea occidentalis 
Textularia mayori 
Textularia parvula 
Textularia n . sp . ? 
Textulariella barrettii 
Tiphotrocha comprimata 
Tretomphalus atlanticus 
Tretomphalus bulloides 
Tretornphalus planus 
Trifarina bella 
Trifarina bradyana 
Trifarina jamaicensis 
Triloculi.na brevidentata 
Triloculina fitterei meningoi 
Triloculina linneiana comis 
Triloculina tricarinata 
Triloculina trigonula 
Triloculina trigonula multistriata 
Triloculina spp . 
Trocha.nunina advena 
Trocha.mmina sp . 
Uvigerina bellula 
Uvigerina flintii 
Uvigerina laeuss 
Uvigerina parvula 
Uvigerina peregrina 
Uvigerina sp . 
Valvulineria minuta 
Wiesnerella auriculata 
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Table 91 . Dominant species associations . Species below 
the dashed lines are deep water (>30 m) dominants . 

Transect 1 

Ammonia beccarii 
Asterigerina carinata 
Cibicides aff . C . floridanus 
Cibici.des deprimus 
Hanzawaia strattoni 
Neoconorbina orbicularis 
Quinqueloculina lamarckiana 
Remaneica sp . 
Rosalina, concinna 
Rosalina, columbiensis 
Rosalina foridana 

Amphistegina gibbosa 
Cassidulina curvata 
Cassidulina subglobosa 
Planulina ariminensis 

Transect 3 

Asterigerina carinata 
Cibici.des aff . C . floridanus 
Cibicides deprimus 
Hanzawaia strattoni 
Planulina exorna 
Quinqueloculina lamarckiana 
Rosalina, columbiensis 
Rosalina concinna 
- - - - - - - - - - - - - - - - 

Brizalina lowmani 
Cassidulina curvata 
Cassidulina subglobosa 
Planulina ariminensis 
Siptionina pulchra 
Uvigerina flintii 

Transect 2 

AsteriFerina carinata 
Cibicides aff . C . fl_oridanus 
Hanzawa.ia strattoni 
Neoconorbina orbicul_aris 
Quinqueloculina lamarckiana 
Reussel7.a atlantica 
Rosalina columbiensis 
Rosalin a, concinna 
Textul_aria mayori 
- - - - - - - - - - - - - - - - 

Cassidul,ina curvata 
Cassidulina subglobosa 
Cibicicles concentricus 
Planulina ariminensis 
Siphonina pulchra 
Trochammina advena 

Trarisect k 

Ammonia beccarii 
Cibicides aff . C . floridanus 
Elphidium discoidale 
Hanzawaia strattoni 
Planulina exorna 
Quinqueloculina lamarckiana 
Remaneica sp . 
Rosalina, columbiensis 
Rosalina concinna 
- - - - - - - - - - - - - - - - 

Amphistegina gibbosa 
Cassidtilina curvata 
Cassidulina subglobosa. 
Cibicicies concentricus 
Lenticulina orbicularis 
Siphoni na pulchra 
Uvigerina flintii 
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Table 91 . Continued 

Transect 5 

Ainphistegina gibbosa 
Brizalina lowmani 
Cassidulina curvata 
Cassidulina subglobosa 
Cibicides aff. C . floridanus 
HanzLwaia strattoni 
Lenticulina orbicularis 
Nonionella atlantica 
Planulina exorna 
Quinqueloculina lamarckiana 
Reussella atlantica 
Rosalina columbiensis 
Trochammina advena 
- - - - - - - - - - - - - - - - 

Brizalina subaenariensis 
mexicana 

Cibicides concentricus 
Hoeglundina e7_egans 
Lenticulina calcar 
Uvigerina flintii 

Transect 6 

Ammonia becca.ri i 
Amphistepina gibbosa 
Bulimnella cf . B . bassendorfensis 
Buliminella elegantissima 
Cassidulina curva.ta 
Cassidulina subglobosa 
Cibicides aff . C . fl.oridanus 
Elphidium ~,alvestonense 
Fursenk.oina pontoni 
Hanzawa.ia strattoni 
Nonionel.la atlantica 
Planulina exorna 
Quinqueloculina lamarckiana 
Rosalir_a columbiensis 
Rosalina concinna 
- - - - - - - - - - - - - - - - - - 

Brizalina lowmani 
Lenticulina orbicularis 
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Table 92 . Foraminiferal total density (No/m2 x 105), percentage of live specimens 
and total number of species for the "A" samples for each of the three 
sampling periods . 

Summer, 1975 Pall 1975 Winter, 1976 

Station 
Number Density % Live Species Density o Live Species Density % Live Specie : : 

2101 57 .5 2 .9 47 204 .9 15 .1 42 27 .8 15 .4 44 
2102 6 .5 11 .5 36 131 .8 13 .4 43 62 .5 17 .8 35 
2103 15 .8 6 .0 54 120 .7 10 .8 57 170 .x+ 6 .7 54 
2104 28 .3 12 .3 66 33 .x+ 6 .5 65 84 .1 18 .8 55 
2105 38 .8 4 .4 69 102 .1 11 .6 65 32 .x+ 6 .9 59 
21o6 164 .8 17 .2 70 114 .7 22 .E 69 71 .5 9.7 62 
2207 103.5 12 .8 43 124 .8 12 .1 31 73 .3 9.5 35 
2208 302 .4 12 .6 60 328 .8 13 .3 . 51 161 .1 9 .7 49 
2209 302.6 7 .5 58 35 .2 19 .7 57 162 .3 9.1 48 
2210 26 .5 14 .1 60 176 .5 17 .1 47 56 .5 16 .0 50 
2211 14 .3 1.3 .9 76 100 .2 11 .7 62 17 .6 13 .4 67 
2212 162.1 27 .8 72 x+9 .7 20 .6 52 25 .8 24 .3 - 49 
2313 79 .5 37 .6 53 161.9 39 :3 46 152 .1+ 27 .3 49 
231+ NS - ' - 38 .5 14 .1 52 18 .5 30 .8 71 
2315 NS - - 250 .5 21 .7 56 21 .5 19 .6 67 
2316 399.8 2 .6 58 15 .3 10 .5 55 4.4 16 .3 51 
2317 314.2 10 .6 63 x+1 .2 11 .3 50 201.2 8 .2 64 
2318 25 .9 21 .9 41 12 .9 49 .6 37 3.6 4o .1 1+0 
2419 33 .1 32 .7 43 26 .3 16 .3 49 13 .1 27 .5 49 
2420 7 .3 29 .4 49 8 .6 17 .9 44 4 .9 16 .8 39 
2+21 310.1 2 .0 48 64 .6 20 .2 51 x+3 .2 22 .6 62 
2+22 17 .4 33 .5 59 5 .3 36 .1. 48 2.4 28 .4 1+8 
2+23 55 .1 21+ .6 57 x+9 .9 x+6 .5 54 11 .1 44 .7 58 
21+2+ 20 .1 22 .4 57 6 .3 41 .0 49 1 .9 x+2 .5 46 
2425 6 .1E 30 .5 65 5 .7 35 .9 55 2 .2 24 .7 59 
2+26 42 .1 9 .9 59 35 .3 13 .0 63 17 .3 28 .1 70 
2+27 1+5 .6 19 .5 57 13 .3 21 .3 1+2 79 .0 31 .3 59 
2528 8 .9 22 .8 63 14 .7 27 .7 63 8 .2 16 .9 50 
2529 10 .4 13 .9 64 13 .9 12 .7 62 7 .4 23 .2 75 
2530 9 .1 11 .4 61 14 .5 20 .3 49 12 .9 17 .8 33 
2531 23 .1+ 11 .3 61 53 .x+ 22 .7 61 66 .8 299 65 
2532 66 .6 16 .3 64 18 .7 12 .5 63 16 .1 23 .3 70 
2533 30 .1 9 .2 65 54 .8 23 .9 60 26 .3 10 .7 70 
253+ 16 .1 12 .6 57 19 .4 11 .0 57 28 . It 28 .8 50 
2535 217 .1 20 .0 72 33 .2 34 .4 60 76 .8 59 .6 80 
2536 68 .0 31 .8 71 71 .9 51 .9 55 148 .2 33 .x+ 54 
2637 181 .8 34 .2 35 81 .9 32 .4 27 147 .9 54 .9 30 
2638 256 .7 48 .7 32 182 .8 31 .E 32 197 .4 55 .1 28 
2639 429 .3 52 .8 52 146 .7 37 .8 50 54 .6 59 .0 58 
2640 6 .5 26 .2 56 - 20 .5 39 .5 4o 10 .7 46 .3 38 
26+1 59 .9 33 .0 69 2 .2 35 .E 43 18 .2 x+6 .1 63 
2612 3 .2 1+5 .5 60 3 .9 x+6 .6 45 2 .3 26 .3 42 
26+3 51 .9 17 .0 74 35 .0 18 .5 61 22 .9 24 .2 58 
2644 32 .9 21 .x+ 48 15 .5 26 .1 58 10 .8 22 .8 56 
2615 21 .7 14 .9 65 34 .7 27 .1 55 25 .9 19 .2 79 

NS 1`1o sample . 
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decreasing . The remaining five stations showing summer to fall increases 

were scattered among Transects II, IV and VI . Nine stations showed increases 

in density between the fall and the winter and 35 showed decreases ; :even 

of these nine stations were located on Transects V and VI . Nineteen stations 

had highest densities in the fall, 21 in the summer and five in the winter . 

Within each season the highest density values occurred at stations with 

fine sediment substrates and the lowest densities occurred at stations with 

coarse sediment substrates . 

Species abundance varied from a minimum of 27 species at Master Station 

2637 in the fall to a maximum of BO at Master Station 2535 in the winter . 

On a comparative basis Master Stations 2637 and 2638 on Transect VI had the 

lowest species abunda.nces for all three sampling seasons . No seasonal 

geographical or bathymetric abundance patterns were apparent for the study 

region other than that mentioned above . 

The percentage of living specimens increased with distance northward 

and westward during all three sampling periods . Another notable pattern 

was the elevated percentage of living specimens in areas of low sedimentation . 

rates . The frequency distribution of percentage of living specimens for 

all stations and seasons was as follows : <10%, 16 ; 10-20%, 47 ; 20-30%, 

32 ; 3o-4o%, 19 ; 40-50q, 11 ; and >50/00, 8 . 

Species diversity and evenness are listed in Table 93 by station for 

all three sampling periods . Diversity plotted by individual transect 

(Figures 98a and 98b) showed a seaward increase along Transects I-III . 

Transect IV follows the same pattern with the exception of a suppressed 

diversity at Master Station 2424 in the fall and winter . Transects V and 

VI showed no appreciable seaward increase in diversity . Patterns of species 
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Table 93 . Foraminiferal species diversity (H') and evenness (J') for all 
stations for each of the three sampling seasons . 

Summer 1975 Fall 195 Winter 1975 

Station 
Number H' J' H' J' H' J' 

aloe 2.612+ 0.7348 2 .408 o .6774 2.1983 0 .6597 
2102 2 .7515 0 .7678 2 .0311 ' 0 .6032 2 .1261 0 .61+51 
2103 3 .1515 0 .7938 3 .6032 0 .8111 3 .1896 0 .7822 
2104 3 .2224 o .8155 3.1016 0 .7376 2 .5837 0 .678 
2105 3 .1823 0 .7542 3.1241 0.7540 2 .827E 0 .6825 
2106 3 .256 0.8176 3.4986 0.8007 3 .1621 0 .795 
2207 2.0032 0 .59+9 1.9830 0 .6086 2 .1282 0 .657 
2208 3 .1015 0 .928 3 .0470 0 .7871 2 .623 0 .7020 
2209 3.1630 0 .7929 3.1560 0.78'76 3 .0503 0 .7335 
2210 3 .4707 0 .8283 3.4238 0.790 3 .0147 0 .558 
2211 3 .393+ 0 .8255 3.2940 0.7834 3 .1022 0 .577 
2212 3 .4987 0 .8235 3 .2631 0 .8003 3 .1243 0 .8256 
2313 3 .2276 0 .7949 3.2082 0.7603 2 .9507 0 .7+68 
2311+ 3 .5515 0.8037 3.002 0 .8271 
2315 3 .1869 0 .752 3 .0862 0 .7701 
2316 3 .2+77 0 .8104 3 .0106 0 .583 2 .7830 0 .75+1+ 
2317 3.1927 0 .7897 2.9532 0.7304 2 .86+3 0 .7258 
2318 2 .1349 0 .6217 1 .7397 0 .5628 1 .6385 0 .5226 
2+19 1 .8653 0 .5382 1 .9673 0 .5784 2 .22+0 0 .6206 
2+20 1 .6640 0 .5170 2.1153 0.5950 0 .997+ 0 .5126 
2421 2 .626o o .6783 2 .4841 o .6350 2 .6451 o .6727 
2+22 3 .3331 0 .80+5 2 .6023 0 .6962 2 .166 0 .6532 
223 3.0563 0 .7559 2.77+6 0.7207 2.7726 0 .7+66 
21+2+ 3-044 0 .7697 o .4631 0 .1303 0 .72o6 0 .1+022 
2+25 3 .o684 0 .7804 2 .6259 0 .6981 2 .7820 0 .7825 
2+26 3 .0381 0 .7689 3.2087 0 .7775 2 .9844 0 .7751 
227 3.5234 0.8571 3.0060 0 .8095 3.2053 0.789 
2528 3 .1285 0 .880 3 .0600 0 .7744 2 .8247 0 .8010 
2529 3.1378 0.8063 2.9685 0 .7798 3.578 0.8346 
2530 3.3671 0.8127 2 .9768 0 .7395 2 .5593 0.7951 
2531 3.2074 0.7968 3.3221 0 .8114 3.2116 0.8089 
2532 3.2291 0.8172 3.2875 0 .8131 3.2262 0.7880 
2533 3.1368 0.7828 3.2408 0 .707 3.0876 0.7267 
2534 2 .7559 0 .7119 2 .6460 o .6911 2 .8150 0 .7272 
2535 3.1602 0.687 3.2+47 0 .7862 3.1992 0.7582 
2536 3 .3382 0.8187 3.1528 0 .7798 2.9927 0.7957 
2637 2 .5060 0.7231 2.4301 0 .7217 2.539+ 0.75+1 
2638 2.7007 0.659 2.6474 0 .7446 2.372 0.7773 
2639 2 .4155 0 .6548 2 .6538 o .6855 2 .5916 0 .704 
26+0 2 .691 0 .7088 2 .2706 0 .611 1 .9+95 0 .5625 
2641 2 .5104 o .6634 2 .3835 0 .6941 2 .6534 0 .6818 
2642 2 .3028 0 .6839 2 .335+ 0 .6289 0 .8001 0 .465 
2643 3 .0215 0 .7+11 3 .0363 0 .7446 2 .6320 0 .7135 
261+1+ 2 .562 0 .7082 2.9084 0.6993 2.9797 0.7308 
2645 3.3182 0.773+ 2.9+95 0 .7502 2.9942 0.7343 
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Figure 98a. Foraminifera : Shannon-Weaver diversity indices plotted 
by transact . 
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diversity evenness generally followed those of species diversity . Species 

diversity and evenness, where averagedby transect, show a high degree of 

uniformity throughout the MAFLA study region (Figure 99) . The low point on 

the graph (Transect IV) was primarily due to the low values recorded from 

Master Station 242+ . In general, species diversity was highest at stations 

with fine sediment and lowest at stations with coarse sediments . 

Free-living/attached specimen ratios are presented in Table 94 . 

Stations with the lowest ratios were generally located in depths of 10-32 m. 

Only at stations in depths greater than 100 m did the free-living/attached 

specimen ratios exceed unity . Attached specimens of Asterigerina carincata 

and Rosalina concinna occurred at the shallow stations of Transects I-N; 

these two species had always been considered as free living . 

Two varieties of Ammonia beccarii , an indicator species of environ-

mental stress, occurred in abundance only at the shallower stations of 
t 

Transect VI and Master Station 2101 of Transect I . 

Sander's affinities indicate the midpoints of each transect were 

similar to all other stations in the transects, with the exception of 

Transect VI where the trend is skewed shorewaxd by one station . In a 

north-south trend at the deepest stations (183 m), Master Station 2313, 

again .the midpoint, has the greatest affinity to all other stations in the 

trend . The neaxshore stations of Transects I-IV also show the highest 

affinities to all other stations along the north-south trend at the midpoint, 

Master Station 2318 . 

Montford cluster analysis shows the greatest affinities between seasonal 

samplings at the same stations . This reflects a high degree of uniformity 

of the species composition of the faunas seasonally . The second highest 
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Table 94 . Free living/attached foraminifera ratios for all 

stations for all three sampling seasons (A samples) . 

Station Plumber Summer, 1975 Fall, 1975 Winter, 197 

2101 0 .00 0 .00 0 .00 
2102 0 .00 0 .00 0 .00 
2103 0 .01 0 .03 0 .03 
210+ 0 .12 0 .08 0 .08 
2105 0 .52 0.86 o .89 
2106 2.63 3 .33 3 .45 
2207 0 .00 0 .00 0 .00 
2208 0 .00 0 .01 0 .01 
2209 0 .01 0 .02 0 .02 
2210 0.02 0.01 0.01 
2211 0 .10 0 .13 0 .12 
2212 3 .13 3 .85 4 .00 
2313 2.94 4 .55 4 .55 
231+ . NS 0 .13 0.13 
2315 NS 0 .05 0 .08 
2316 0 .02 0 .04 o .o4 
2317 0 .01 0 .01 _ 0 .01 
2318 0 .00 0 .00 0 .00 
2419 0 .00 0 .00 0 .00 
2+20 0.00 0 .00 0 .00 
2+21 0.00 0 .00 0 .01 
2+22 0 .02 0 .00 0 .00 
2423 0 .00 0 .00 0 .03 
2+24 0 .02 0 .03 0 .07 
2425 0 .03 0 .07 0 .03 
2+26 0 .17 0 .19 0 .20 
2+27 3.03 3.33 3.70 
2528 0.19 0 .07 0.19 
2529 0 .07 0 .07 0 .16 
2530 0 .06 0 .06 0 .12 
2531 0.11 0.11 0 .11 
2532 0 .16 0 .15 0 .15 
2533 0 .17 0 .26 0 .14 
253+ 0 .20 0 .19 0 .18 
2535 1 .25 1 .27 0 .20 
2536 3.33 2.33 1.96 
2637 0 .02 0 .01 0 .02 
2638 0 .02 0 .03 0 .02 
2639 0 .04 0 .09 0 .07 
2640 0 .05 0.05 0.05 
26+1 0 .06 0 .04 0 .07 
2612 0 .08 0 .03 0 .03 
26+3 0 .28 0 .16 0 .25 
264+ 0 .30 0 .37 0 .36 
2645 0 .59 0 .78 0.47 

NS No sample . 
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affinities are between adjacent stations, both along transects and north-

south trends . The least affinities, as one would expect, are between the 

shallowest and deepest stations and between distal ends of the overall 

area. In general, cluster analysis indicates a high degree of affinity 

over the entire NtAFLA area over all seasons, only four group memberships 

falling lower than 26 .1774 . 

Micromolluscs 

A total of 46 species and 317 specimens of live micro- 

molluscs and 106 species and 21+,1+43 specimens of dead micromolluscs were 

collected from the 45 box core stations . Numbers of specimens and species 

per station per sampling period are presented in Table 95 .for live micro-

molluscs and in Table 96 for dead molluscs . The live and dead micromolluscs 

considered together yield a total of 124 identified species (eight identified 

to genus only) . These species are listed in Table 97 . The highest concen-

trations o£ both live and dead micromolluscs occurred at Master Stations 2103 

and 2104 ; 2209, 220 and 2211 ; 2315, 2316 and 231 ; 2529, 2531 and 2532 ; 

2639, 26+0, 26+1 and 26+3, all of which were near the center of their 

respective transects . Only on Transect IV was there a variation in the 

pattern and the live micromolluscs were higher in the Horseshoe Bend area 

in the fall and winter . 

Live micromollusc fauna were extremely "impoverished" and the maximum 

number of specimens (39) for a single collection was taken from Master 

Station 2421 during the winter sampling period . The next two most abundant 

collections were also obtained during the winter sampling period from Master 

Stations 231 and 2210, respectively . Fifty-five of the collections contained 

no live micromolluescs and thirty-five of these were from Transects V and VI . 



437 

Table 95 " Live Molluscs collected during each of the box core 
sampling periods . Values are combined totals of two 
replicate samples . 

Stations 

2101 
21u2 
2103 
2104 
2105 
2106 

2207 
2208 
2209 
2210 
2211 
2212 

2313 
231+ 
2315 
2316 
2317 
2318 

2419 
2420 
2421 
2+22 
2423 
224 
2425 
2426 
227 

2528 
2529 
2530 
2531 
2532 
2533 
2534 
2535 
2536 

Summer 
Specimens SDecies* 

5 5 
1 1 
5 1 
0 0 
0 0 
1 

1 1 
7 . 1 
8 3 
0 0 
2 2 
0 0 

0 0 
0 0 
0 0 
6 4 
9 3 
0 0 

2 2 
1 1 
k 2 
3 3 
2 2 
6 5 
0 0 
3 2 
0 0 

2 1 
4 1 
0 0 
1 1 
0 0 
1 1 
1 1 
0 0 
0 0 

Fall 
S-Decimen.s Snecies* 

3 
2 1 

3 
1 1 
2 2 
3 3 

2 .2 
5 3 
1 1 
7 6 
0 0 
0 0 

0 0 
0 0 

2 
7 6 
5 3' 
6 5 

0 0 
0 0 
5 5 
1 1 
0 0 
1 1 
1 1 
3 3 
0 0 

0 0 
0 0 
0 0 
3 3 
0 0 
0 0 
0 0 
0 0 
0 0 

Winter/Spring 
Specimens Snc~cies* 

3 3 
1 1 
6 3 
2 2 
1 1 
0 0 

2 2 
2 2 
3 3 

31 6 
1 1 
0 0 

2 1 
7 
1 1 
1 1 

37 
2 2 

2 2 
1 1 
39 
3 3 
0 0 
4 
2 2 
2 1 
0 0 

0 0 
1 1 
3 3 
3 3 
2 2 
0 0 
0 0 
0 0 
0 0 
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Table 95~ Continued 

Summer 
Stations Specimens Species* 

Fall 
Specimens Species* 

Winter/Spring 
Specimens Species 

2637 0 0 
2638 0 0 
2639 1 1 
26+0 1 
26+1 0 0 
2642 0 0 
26+3 2 2 
26+4 0 0 
26+5 0 0 

0 0 
0 0 
0 0 
2 2 
0 0 
0 0 
1 1 
0 .0 
0 0 

0 0 
3 
0 0 
1 1 
5 
1 1 
0 0 
0 0 
0 0 

Including some identified to genus only and some unidentified forms . 
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Table 96- Dead Micromolluscs collected during the summer 
box core sampling period . 

Total Identified Identified 
Station** Specimens Specimens Species' 

2101 225 135 2' 
2102 147 111 26 
2103 1303 1122 37 
210+ 1397 1115 33 
2105 260 139 27 
2106 153 . 119 24 

2207 746 553 36 
2208 1102 919 30 
2209 11+7 1025 27 
2210 115+ 972 27 
2211 1243 945 34 
2212 392 359 19 

2313 411 378 19 
2311+ 23 16 12 
2315 1594 13+9 32 
2316 702 612 28 
2317 306 306 27 
2318 422 304 28 

2+19 170 124 17 
220 75 54 17 
2421 314 255 25 
2+22 1687 954 38 
2423 2199 1.565 48 
242 164 126 20 
2425 136 86 26 
2426 225 144 21 
2+27 306 290 11+ 

2528 336 153 23 
2529 545 286 30 
2530 336 166 22 
2531 525 235 23 
2532 927 555 37 
2533 291 166 26 
253+ 208 145 27 
2535 442 276 21 
2536 361 346 11 
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Table 96 " Continued 

Total 
Station" Specimens 

2637 54 
2638 62 
2639 581 
2640 156 
26+1 120 
2642 82 
2643 322 
26+4 153 
2645 340 

Identified 
Specimens 

41 
53 

x+17 
70 
62 
41 

200 
153 
244 

Identified 
Species 

9 
6 

24 
23 
19 
15 
35 
24 
32 

Including some identifies to genus only 
First two digits are transect designation 
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Table 97 . Micromollusc Species List 
YIAFLA - 1975-76 

l . Nucula psox_ima (Say, 1822) 

2 . Nucula crenul_ata (A . Adams, 1856) 

3 . Nuculana acuta (Conrad, 1831) 

k . Nuculana concentrica (say, 1824) 

5 . Nuculana aspecta (ball, 1927) 

6 . Nuculana carpenteri (Dall, 1881) 

7 . Solemya occidentalis (Deshayes, 1857) " 

8 . Limopsis sulcata (Verrill and Bush, 1898) 

9 . Glycymeris pectinata (Gmelin, 1791) 

10 . Crabs antillensis (Dall, 1881.) 

11 . Arcopsis adamsi (Dall, 1886) 

12 . Bathyarca sp . 

13 " Crenella divaricata (d'Orbi.gny, 1845) 

14 . Dacrydium vitreuri (Holboll, 1842) 

15 " Musculus lateralis (Say, 1822) 

16 . Cyclopecten nanus (Verrill and Bush, 1897) 

17 . Cyclopecten simplex (Verrill, 1897) 

18 . Dirqya tigrina (Bayer, 1971 

19 . Limea bronniana fall, 1886 ) 

20 . Crassinella lunulata (Conrad, 1834) 

21 . Crassinella dupliniana (ball, 193) 
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Table 97. Continued 

22. Gas domirauensis (d'Orbigny, 1845) 

23. Pleuromeris armilla (Dall, 1902) 

24 . Carditopsis smithi (ball, 1896) 

25 . Astarte nana (Dall, 1886) 

26. Pteromeris perplana (Conrad, 1841) 

27 . Cuna dalli (Vanatta, 190+ ) 

28 . Pythinella cuneata (Verrill and Bush, 1898) 

29 . Vesicomya pilula (Dall, 1881) 

30. Montacuta triquetra (Verrill and Bush, 1898) -

31 . Lucina nassula (Conrad, 186) 

32 " Lin a amiantus (Dall, 1901) 

33 . Parvilucina multilineata (Tuomey and Holmes, 1857) 

34 . Parvilucina blanda (Dall and Simpson, 1901) 

35- Divaricella quadrisulcata (d'Orbigny, 1842) 

36 . Thyasira trisinuata (d'Orbigny, 18+2) 

37 " Diplodonta sp . 

3$- Nemocardium peramabile (Dall, 1881) 

39 " Laevicardium mortoni (Conrad, 1830) 

40. Ervilia concentrica (Holmes, 1860) 

41 . Tellina versicolor (DeKay, 1843) 

42. Telling sp . 
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Table 97 . Continued 

43~ Abra aequalis (Say, 1822) 

44 . Abra lioica (Dall, 1881) 

45 . Semele bellastriata (Conrad, 1837) 

46. Semele nuculoides (Conrad, 1841) 

47 . Semele purpurascens (Gmelin, 1791) 

48 . Gouldia cerina (C .B . Adams, 1815) 

9 " Chione grus (Holmes, 1858) 

50 . Pitar morrhuanus (Linsley, 1848) 

51 . Pitar simpsoni (Dall, 1895) 

52 . Dosinia discus ( Reeve, 1850) 

53 . Cyclinella tenuis (Recluz, 1852) 

54 . Parastarte triquetra (Conrad, 1846) 

55 " Hiatella arctica (Linne, 1767) 

56 . Corbula swiftiana (C .B . Adams, 1852) 

57 . Varicorbula operculata (Philippi, 1.88) 

58 . Bushia elegans (Dall, 1886) 

59 " Verticordia ornata (d'Orbigny, 181+2) 

60 . Verticordia fischeriana (Dall, 1881.) 

61 . Cardioirya ornatissima (d'Orbigny, 1812) 

62 . Cardionya perrostrata (Dall, 1881) 

63 " hiyonera lamellifera (Dall, 1881) 
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Table 97 . Continued 

64 . , . i sc ur le_l_a T)ro:cima (Dall, 1927) 

65 . Diodora sp . 

66. Arene tricarinata (Stearns, 1872) 

67 . Skenea sp . 

68 . Didianema pauli (Pilsbry and McGinty, 19+5) 

69 . Tricolia thalassicola (Robertson, 1958) 

70 . Alvania auberiana (d'Orbigny, 1812) 

71 . Alvania cf . auberiana 

72 . Alvania precipitata (ball, 1889) 

73- Zebina bro-~miana (d'Orbigny, 18+2) 

74 . Parviturboides interruptus (C .B . Adams, 1850) 

75 . Solariorbis shimeri (Clapp, 191+) 

76 . Anticlimax pilsbryi (McGinty, 19+5) 

77 . Cyclostremiscus cubanus (Pilsbry and Aguayo, 1933) 

78 . Cyclostremiscus jeannae (Pilsbry and bicGinty, 19+5) 

79 . Teinostoma . incertum (Pilsbry and McGinty, 19+5) 

80 . Teinostoma parvicallum (Pilsbry and McGinty, 195) 

81 . Macromphalina palr.:alitoris (Pilsbry and McGinty, 1950) 

82 . Aorotrema pontocenes (Schwengel and McGinty, 1942) 

83 . Caecum pulchellum (Stimpson, 1851) 

84 . Caecum bipartitum (Folin, 1870) 
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Table 97 . Continued 

85- Caecum imbricatum (Carpenter, 1858) 

86 . Caecum floridanum (Stimpson, 1851) 

87 . Caecum plicatum (Carpenter, 1858) 

88 . Caecum clava (Folin, 1867) 

89 . Caecum ryssotitl:m (Folin, 1867) 

90. Caecum heladum (Olsson and Harbi-nson, 1953) 

91 . Brochina sp . 

92 . Meioceras cubitatum (Folin, 1868) 

93 " Meioceras nitidum (Stimpson, 1851) 

94 . Meioceras cornucopiae (Carpenter, 1858) 

95~ Finella dubia (d'Orbigny, 182) 

96 . Diastoma varium (Pfeiffer, 180) 

97 " Cerithiopsis crystallinum (Dall, 1881) 

98 . Seila adamsi (H .C . Lea, 185) 

99 " Aclis sp . 

100 . Calyptraea centralis (Conrad, 181) 

101 . Eulima sp . 

102 . Strombiformis bilineatus (Alder, 188) 

103" Natica pusilla (Say, 1822) 

104 . Olivella pusilla (Marrat, 1871) 

105 . Marginella sp . 
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Table 97 . Continued 

106 . Marginella lavalleeana (d'Orbigny, 1842) 

107 . Granulina ovuliformis (d'Orbigny, 1811) 

108. Terebra protexta (Conrad, 1845) 

109 . Odostomia didyma (Verrill and Bush, 1900) 

110 . Turbonilla sp . 

111 . Odostomia dianthophila (Wells and Wells, 1961) 

112 . Odostomia sp . 

113. Cyclostremella humilis (Bush, 1897) . 

114 . Acteon punctostiratus (C .B . Adams, 1840) 

115 . Ringicula semistriata (d'Orbigny, 1.842) 

116. Acteocina candei (d'Orbigny, 181+2) 

117 . Acteocina canaliculata (Say, 1822) 

118 . C,ylichna verrilli (Dall, 1889) 

119. Pyrunculus caelatus (Bush, 1885) 

120. Retusa sulcata (d'Orbigny, 1812) 

121 . Volvulella persimilis (Morch, 1875) 

122 . Cadulus iota (Henderson, 1920) 

123- Cadulus mayori (Henderson, 1920) 

124 . Chaetopleura apiculata (Say, 1830) 
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Seven stations yielded no live micromolluscs for any of the sampling periods 

and five of these stations were on Transects V end VI . Six of the stations 

with no live micromolluscs were located at the offshore stations of Transects 

II, III, IV, V and VI . The other was"at the inshore station on Transect 

VI in the NORTfMST drainage area . The only transect with live micromolluscs 

present at each station was Transect I which was under the influence of 

Loop Current forcing on the shelf circulation pattern for each season . 

The maximum number of live micromollusc species for any single collection 

was six and this occurred in only four collections . 

Seasonal totals of live micromolluscs show that winter abundance was 

about 2.5 times greater than those of summer and fall which were similar 

(176 vs 70 and 71, respectively) . 

The dead micromollusc fauna (collected and analyzed only for the summer) 

was "rich" compared to the living micromollusc fauna . The minimum number 

of dead micromolluscs in any one collection was 23 at Master Station 2314 

and the maximum was 2199 at Master Station 2423 . The minimum number of 

identified species for any given collection was six at Master Station 2638 

and the maximum was 48 at blaster Station 2+23 . In general, the dead micro- 

molluscs were least numerous along Transects V and VI . 

Of the 24,443 dead specimens collected, 74% were identified to the 

species level (including six taxa identified to the genus level) . Reference 

to Table 95 shows that unidentified specimens made up a goodly portion of 

each collection . 

Table 98 lists the dominant species and frequency of dominance for 

each . Table 99 gives the total dominance data for the individual stations . 



448 

Table 98~ Dominance frequency of species which appeared as 
dominants two or more times in the dead micromolluscs 
collections ; Total number of collections = 45 . 

Species 
Dominant* 

Abs . Rel . 

Major" 
Dominant 

Abs . Re7 . . 

Finella dubia 
Caecu:m pulchellum 
Goldia cerina 
Crassinella lunul.ata 
Meioceras cubit at um 
Parvilucina multilineata 
Vesicornya pilula 
Vesicorbula opercu7_ata 
Caecum imbricatum 
Tellina versicolor 
Ervillia concentrica 
Natica pusilla 
Alvania auberiana 
Caecum bipartitum 
Bathyarca sp . 
Nuculana concentrica 
Arcopsis adamsi 
Chione grus 
Linga amiantus 
Limopsis sulcata 
Nucula groxima 

TOTAL 

29 64 .4 7 15 .6 
24 53 .3 9 20 .0 
24 53 .3 1 2.2 
18 40 .0 3 6 .7 
15 33 .3 2 4 .4 
13 28 .9 S 11 .1 
10 22 .2 6 13 .1 
8 17 .8 1 2 .2 
7 15 .6 0 
6 13 .3 2 4 .4 
6 13 .3 1 2 .2 
6 13 .3 0 
5 11 .1 0 
6 13 .3 0 
5 11 .1 1 2.2 
4 8 .9 3 6 .7 
4 8 .9 0 
3 6 .7 0 
2 4 .4 0 
2 4 .4 0 
2 4 .4 0 

41 90 .8 

Accounts for 50 or more of the sample specimens . 
Accounts for the highest percentage of the sample specimens . 
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Table 99 . Dominant species of micromolluscs, dead fauna . 

Sample No . Species % of Sample 

2101 Caecum biparti . 1m 5.9 
Finella dubia 5~9 
Natica usillri. 5 .9 
Ervillia concentrica 6.6 
Tel7_ina vers~icolor 6 . 
Parvilucina multilineata 44 .4 
other identified 24 .7 

2102 Ervilia concentrica 5 .1+ 
Natica pusilla 10 .8 
Parvilucina mul.tilineata 13 .5 
Finella dubia 21 .6 
other identified 118 .7 

2103 Parvilucina multilineata 4 .9 
Crassinella lunulata 7 .2 
Caecuri pulchellum 7 .4 
Meioceras cubitatum 9.2 
Gouldia cerina 10 .3 
Finella dubia 15 .6 
other identified 45 .x+ 

2104 Gouldia cerina 7 .2 
Alvania auberiana 7 .4 
Crassinella lunulata 10 .x+ 
Finella dubia 14 .8 
Meioceras cubitatum 18 .1 
Caecum pulchellum 21 .6 
other identified 20 .5 

2105 Arcopsis adamsi 6 .9 
Alvania precipitata 10 .4 
Nuculana aspecta 11 .1 
Caecum pulchellum 13 .1 
Crassinella lunulata 18 .7 
other identified 39 .8 
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Table 99 . Continued . 

Sample No . Species % of Sample 

2106 Cyslo_pecten simplex 5 .0 
yes ; comva ,pilula 5.0 
Abra lioica 5~8 
Astarte nana. 7 .5 
Crassinella, lunulata 7 .5 
Dacrydium vitreum 7 .5 
Montacuta triquetra 8 .3 
Bathyarca sp . 24 .1 
other identified 29 .3 

2207 Varicorbula operculata 6.1 
Caecum imbricatum 6.8 
Caecum pulchellum 9.5 
Finella dubia 20 .9 
Parvilucina multilineata 28 .2 
other identified 28 .5 

2208 Meioceras cubitatum 5.0 
Gouldia cerina 7.7 
Finella dubia 12 .0 
Varicorbula operculata 14 .x+ 
Caecum bi_partitum 18 .3 
Parvilucina multineata 25 .5 
other identified 17 .1 

2209 Varicorbula operculata 8.6 
Caecum bipari;itum 10 .5 
bleioceras cubitatum 10 .5 
Finella dubia 13 .0 
Yarvilucina multilineata 39 .3 
other identified 18 .1 

2210 Varicorbula operculata 6.1 
Gouldia cerina 6.7 
Caecum bipartitum 9 .2 
Meioceras cubitatum 15 .9 
Parvilucina multilineata 21 .3 
Finella dubia 21 .6 
other identified 19 .2 
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Table 99 . Continued . 

Sample No . Species q of Sample 

2211 Cyclostremiscus cubanus 5.1 
Fine7_la. dubia 5 .3 
Alvania auberiana 6 .4 
Crassi_nella lunulata 6.7 
Gouldia cerina 10 .7 
Caecuri pulchellum 1+x .9 
other identified 20 .9 

2212 LimoDsis sulcata 14 .6 
Bathyarca sp . 20 .2 
VesicomJa pilula x+0 .8 
other identified 24 .4 

2313 Cerithiopsis crystallinum 5~4 
Bathyarca sp . 14 .4 
Vesicomya pilula 54 .6 
other identified 25 .6 

231+ Crenella divaricata 6.3 
Crassinella lunulata 6.3 
Parvilucina multilineata 6.3 
Verticordia ornata 6.3 
Caecum pulchellum 6.3 
Finella dubia _ 6 .3 
Zebina browniana 6 .3 
Semele nuculoides 6.3 
Abra aequalis 6.3 
Tellina versicolor 12 .5 
Caecum imbricatlun 12 .5 
Bittium varium 18 .8 
other identified 0.0 

2315 Caecum bipartitum 5.4 
Meioceras cubitatum 19 .9 
Parvilucina multilineata 25 .3 
Finella dubia 27 .9 
other identified 21 .5 
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Table 99 . Continued . 

Sample No . Species % of Sample 

2316 Crassinell .a lunulata 5 .2 
Gouldia cerina 7 .1 
Pheioceras cubitatum 11 .0 
Caecum pulche7_lum 21 .8 
Finella dubia 23-1 
other identified 31 .8 

2317 Parvilucina multilineata 6.9 
Gouldia cerina 8 .2 
Reiocera.s cubitatum 18 .6 
Caecum pulchel_lum - 19 .6 
Finella dubi.a 199 
other identified 26 .8 

2318 Caecum imbricatum 8 .2 
Finella dubia 10 .9 
Ervilia concentrica 13 .5 
Crassinella dupllniana 34 .2 
other identified 332 

2+19 . Finella dubia 12 .1 
Parvilucina multilineata 12 .9 
Ervilia concentrica 38 .7 
other identified 36 .3 

2+20 Tellina versicolor 6.3 
Caecum bipartitum 6.3 
Finella dubia 6.3 
Ervillia concentrica 14 .1 
Parvilucina multilineata 20 .3 
other identified 46 .7 

2421 Parvilucina multilineata 7 .8 
Finella dubia 16 .8 
Caecum bipartitum 23 .4 
Varicorbula operculata 25 .8 
other identified 2E .2 
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Table 99 " Continued . 

Sample No . Species q of Sample 

222 Alvania auberiana 6 . 
Varlcorbula operculata 9.0 
you is cerina 9 .1 
inella duoia 12 .6 
lone grus 13 .6 

aecum pulchellum 22 .5 
offer identified 26 .8 

223 Gouldia cerina 5 .1 
Alvania auberiana 9.4 
Chione grus 11 .8 
Caecum pulchellum 16 .7 
Finella dubia 19 .6 
other identified 37 " x+ 

242+ Gouldia cerina 5.6 
Finella dubia 15 .9 
Varicorbula operculata 21 .4 
Meioceras cubitatum 27 .8 
other identified 29 .3 

2+25 Pteromeris perplana 5.8 
Crassinella lunulata 7.0 
Gouldia cerina 7.0 
Finella dubia 7.0 
Caecum imbr-icatum 10 .5 
Caecum pulchellum 11 .6 
Meioceras cubitatum 11 .6 
other identified 39 .5 

2426 .Nuculana acuta 7 .6 
Montacuta tri uetra 5 .6 
Nleioceras cubitatum 8 :3 
Cadulus iota 9.0 
Limopsis sulcata 9 .7 
Vesicoyma iliila 9 .7 
Caecum pulchellum 9 .7 
Crassinella lunulata 10 .k 
Nuculana aspecta 13 .9 
other identified 16 .1 
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Table 99 . Continued. 

Sample No . Species 

2427 Bathyarca sp . 
Vesicomya pilula 
other identified 

2528 Gouldia cerina. 
Chione rus 
Glans dominFuensis 
Crassinella lunulata 
Finella dubia 
Caecum pulche7.lum 
other identified 

2529 Caecum floridanum 
Finella dubia 
Gouldia cerina 
Crassinella lunulata 
Caecum pulchellum 
other identified 

2530 Caecum imbricatum 
Gouldia cerina 
Alvania auberiana 
Finella dubia 
Ca.ecum pulchellum 
other identified 

2531 Finella dubia 
Gouldia cerina 
Crassinella lunulata 
Caecum pulchellum 
other identified 

2532 Alvania auberiana 
Meioceras cubitatum 
Goul.dia cerina. 
Limey bronniana 
Caecum pulchellum 
other identified 

q of Sample 

6 .8 
79 .0 
14 .2 

5 .2 
5.8 
8~5 

11 .7 
14 .3 
33 .9 
20 .6 

5 .2 
5 .2 
6.2 

18 .5 
31 .1 
33 .8 

5 .4 
6 .0 
6.6 
6.6 

48 .1 
27 .3 

5 .2 
8 .9 

10 .0 
56 .8 
191 

6 .6 
8 .0 

12 .0 
15 .9 
26 .1 
31 .4 



455 

Table 99 . Continued . 

Sample No . Species 

2533 Meioceras cubitatum 
Arcopsis adamsi 
Cyclostremi >cus cubanus 
Cras>inella lunulata 
Caecum pul.chel.l_um 
other identified 

253+ Arcopsis adamsi. 
Gouldi.a cerina 
Cratis antil_lensis 
Caecum pulchel7_um 
Crassinella lunulata 
other identified 

2535 Nuculana acuta 
Vesicomya pilula 
other identified 

2536 , Vesicomya ip lula 
other identified 

2637 Natica pusilla 
Linga amiantus 
Nuculana concentrica 
other identified 

2638 Lima amiantus 
Nucula proxima 
Nuculana concentrica 
other identified 

2639 Crassinella lunulata 
Nucula proxima 
Corbula, swiftiana 
Pythinella cuneata 
Gouldia cerina 
Nuculana concen~trica 
other identified 

of Sample 

6.7 
6.7 
7.3 
9~8 

44 .7 
24 .8 

8.2 
8~9 

10 .3 
14 .4 
17 .9 
4o .3 

23 .4 
58 .0 
18 .6 

87 .5 
12 .5 

14 .6 
17 .0 
48 .7 
9 . 

5 .8 
15 .0 
73 .5 
5 .7 

6.0 
8.4 
9.6 

10 .8 
12 .7 
26 .9 
25 .6 
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Table 99 " Continued . 

Sample No . Species % of Sample 

26+0 Meioceras cubitatum 6.1 
Caecum pulchellum 7 .6 
Caecum irnbricatum 7 .6 
Tellina versicolor 9.2 
Finella dubia 10 .7 
Natica Uusi7.la 10 .7 
Gouldia ceri.na 20 .0 
other identified 18 .1 

2641 Gouldia cerina 6.4 
Natica pusilla 6 . 
Nuculana concentrica 9.6 
Varicorbula operculata. - 9 .( 
Caecum imbricatum 9 .6 
Finella dubia 12 .9 
Tellina versicolor 16 .1 
other identified 29 .x+ 

26+2 Gouldia cerina 7.3 
Meioceras cubitatum 9.7 
Natica pusilla 12 .1 
Ervilia conceritrica 12 .1 
Tellina versicolor 29 .2 
other identified 29 .6 

26+3 Finella dubia 5.4 
Caecum pulchellum 6 . 
Crassinella lunulata 11 .3 

- Gouldia cerina 12 .8 
Vesicogya ip lula 24 .2 
other identified 39 .9 

2644 Vesicorrya pilula 6.1 
Arcopsis ada.msi 6 .8 
Gouldia cerina 6.8 
Finella dubia 6.8 
Crassinella lunulata 14 .2 
Caecum pulchellum 27 .8 
other identified 31 .5 
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Table 99 " Continued . 

Sample No . Species % of Sample 

2645 Cratis antill_ensis 5.1 
Vesicomya pil.ula 6.o 
Arcopsis adamsi 6.4 
Caecum Ul.icatum 6 . 
Caecum pul.cnel_lum 6 .8 
Alvania precipitata 7 .2 
Gouldia cerina 10 .7 
Crassinella lunulata 17 .5 
other identified 339 
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The majority of stations contained from four to six dominant species ; the 

minimum number of dominants was one and the maximum was 12 . The dominant 

species comprised the greatest specimen abundance for each station and usually 

accounted for over 75% of the total sample . 

Live/dead ratios for each replicate series major species are presented 

in Tables 100a and b. Live/dead ratios were small due to the dearth of 

living specimens for all stations and species . 

Table lOlsumriarizes the dead fauna sample variables and substrate 

characteristics for all stations . In general, sample size (ml), specimen 

abundance and species abundance were low where the substrate was composed 

of fine sand or silt and high where the substrate was medium to coarse 

sand or silt and high when the substrate was a medium to coarse sand . 

Most of the species identified were either bivalves or gastropods 

and some scaphopods with the occurrence of several chitons in a few of the 

samples . In the live fauna, bivalves were more abundant than gastropods 

while in the dead fauna they occurred about equally . 

Macromolluscs 

Sample replication of nine box cores per station proved 

adequate for describing macromollusc benthic assemblages at the Transects 

V and VI shallow stations . Species saturation was not reached at some of 

the shallow stations of Transects I-IV with nine replicates . This lack of 

species saturation is attributed to the continued addition of rare or un-

common species occurring at these stations ; the same applies to the deep 

water stations . Figure 100 shows representative plots of cumulative numbers 

of species vs number of replicates for shallow water stations as determined 



4)9 

Table 100x . Live/dead ratio, "A Samples" . 

Station 

2101 

2102 

2103 

210+ 

2105 

2106 

2207 

2208 

2209 

2210 

Sampling Period 
Species I II III 

Tellina versicolor 1/9 - - 
Semele bella,striata 1./0 - - 
Sol.emfa occic3eni;alis - 1/0 - 
Acteocina candei - - 1/2 
Chitons - 2/0 - 

Tellina versicolor - 1/4 - 

Parvilucina multilineata - 1/76 1/38 
Telling versicolor - 1/28 - 
Acteocina canciei - 1/4 - 
Abra aequalis 1/5 - - 

Semele bellastriata - 1/0 - 

Parvilucina blanda - 1/0 - 
Wonera lamellifera 1/0 - - 
Scissurella proxima - 1/0 - 

Solemya occidentalis 1/0 - - 
Tellina versicolor . - - 1/6 

Lucina nassula 1/8 - - 
Parvilucina multilineata - - 1/235 
Caecum bipartitum - - 2/169 
Glottides pyramidata ( brachiopod ) 1/0 - 

Nucula proxima - _ 1/0 
Parvilucina multilineata - 1/403 - 
Acteocina candei - - 1/6 

Crassinella lunulata - 1/43 - 
Psrvilucina multi.lineata - 1/104 1/208 
Varicorbula operculata - - 1/15 
Caecum bipartittun - - 1/90 
Meioceras cubitatum - - 1/155 
Finell.a dubia - 1/210 - 
Retusa sulca,ta - 1/6 - 
immature Turridae - 1/0 0 
Aci.is sp . - - 1/0 

I = Summer 
II = Fall 

III = Winter/Spring 
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Table 100a . Continued . 

Sampling Period 
Station Species I II III 

2211 immature Pectinid 1/0 - - 
Yleuromeris armilla - - 1/0 

2212 - - - - - 

2313 Nucula crenulata - - 2/1 

231 Parvilucina multilineata - - 2/1 
Natica pusilla - - 1/0 

2315 Tellina versicolor - 1/9 - 
Marginella sp . _- - 1/2 

2316 Lucina nassula 1/0 - - 
Parvilucina multilineata 3/26 - - 
Tellina versicolor 1/4 - - 
Varicorbula operculata 1/8 - 1/8 

2317 Parvilucina multilineata 1/21 1/7 - 
Strombiformis bilineatus - 1/0 

2318 Meioceras cubitatum - 1/1 - 
Turbonilla sp . - 1/0 - 
enerid clam - 1/0 - 

219 very small clam 1/- - - 

2420 Abra sp . - - 1/- 

221 Parvilucina multilineata 2/19 - - 
Varicorbula operculata - - 32/63 
Caecum bipartitum 2/57 - - 
UT-am - - 1 /- 
Marginella lavalleeana - 1/0 - 

2422 Nucula proxima 1/14 - - 
Clam - - 1/- 
Macromphalina palmalitoris - 1/0 - 

2423 Nucula proxima 1/18 - - 

I = Summer 
II = Fall 
III = Winter/Spring 
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Station 

21+24 

2425 

2426 

2+27 

2528 

2529 

2530 

2531 

2532 

2533 

253+ 

2535 

2536 

2637 

2638 

2639 

2640 

261 

I = Summer 
II = Fall 

III = Winter/Spring 

Table 100x . Continued, 

Species 

Bushier elegans 
Sole:~ja occident;alis 
Semele bellast;r; ata 

Cadulus iota 
Nuculana asnecta 
Cylichna verrilli 

Crassinella lunul_ata 

Varicorbula opercul.ata 

Varicorbula operculata 

Varicorbula operculata 
Brochina antil_larum 
Semele purpurascens 

Pitar morrhuanus 

Nuculans concentrica 

Brochina antillarum 

Telling versicolor 

Sampling Period 
I IZ III 

- - 7./0 
- 1/0 - 
- - 1/0 

- - 2/13 
1/10 1/20 - 
1/10, - - 

1/9 - - 

- - 1/9 

- - 1/0 

- - 1/1 
- - 1/1 
- - 1/0 

1/0 - - 

1/112 - - 

- - 1/0 

- - 1/io 
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Table 100a . Continued . 

Sampling Period 
Station Species I II III 

2642 - - -

263 Tellina versicolor - 1/2 -

2644 - - - -

2645 - - - - 

I = Summer 
II = Fall 

III = Winter/Spring 
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Table 100b . Live/dead ratio, "K Samples" . 

Sampling Period 
Station Species I II III 

2101 Calyptrea centralis 1/1 - - 

2102 Tellina versicolor . - 1/4 - 

2103 Crassinella lunulata 1/111 - - 
Yarvilucina multilineata - 1/76 1/76 
Varicorbula operculata - - 1/9 
Finella dubia - - 1/238 

2104 - 

21.05 - - - - 

2106 - - - - 

2207 Varicorbula operculata - - 1/34 
Caecum iMbrica.tum - 1/38 - 

2208 Parvilucina multilineata - 2/235 - 
Caecum bipartitum - 2/169 - 

2209 Parvilucina multilineata 1/1103 - 2/x+03 
Caecum bipartitum 1/18 - - 
Finella dubia 1/13+ - - 

2210 Parvilucina multilineata - - 1/104 
Varicorbula operculata - - 17/60 
Caecum bitartitum - - 1/90 
Meioceras cubitatum - - 2/155 

2211 - - - - 

2212 - - - 

2313 - - - - 

2314 Parvilucina multilineata - - 1/1 
Tellina versicolor - - 1/1 

2315 Parvilucina multilineata - 3/682 - 

I = Summer 
II = Fall 

III = Winter/Spring 
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Table 1001 . Continued . 

Station Species 

2316 Parvilucir.a multilineata 
PQeioceras cubiLat,tuu 

2317 

2318 

2419 

2420 

2+21 

2422 

2423 

2424 

2425 

2426 

Sampling Period 
I II III 

Finella dubia 
Volvulella persimilis 

Crassinella lunulata - 
Parvilucina multilineata 5/84 
Telling. versicolor - . 
Varicorbula operculata 1/4 
Acteocina candei - 

Parvilucina multilineata - 
Caecum imbrica.tum - 
Meioceras cubitatum - 
Brochina antillarum - 

Tellina versicolor - 
Diplodonta sp . - 

Crenella divaricata - 
Crassinella lunulata - 
Tellina versicolor - 
Varicorbula operculata - 
Caecum bipart :itum - 
Caecum imbricatum - 

Crassinella lunulata 1/13 
Varicorbtzla operculata 1/87 

Cyclostremiscus cubanus 1/7 

Tellina versicolor - 
Caecum bipartitum 1/6 

Crassinella lunulata - 

Nuculana actita - 
Pyrunculus caelatus - 

1/26 
1/34 
1./142 
1/8 

1/20 

2/25 

1/3 

1/4 

1/8 

1/12 

1/22 
1/2 

1/12 
1/12 
1/54 
1/4 

1/7 

1/1 

1/6 
1/2 

1/2 

1/4 
1/63 
2/57 
1/8 

1/6 

I = Summer 
II = Fall 

III = Winter/Springy 
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Table 100b . Continued . 

Sampling Period 
Station Species I II III 

2427 - - - - 

2528 - - - - 

2529 Brochina sp . 4/3 - - 

2530 Brochina sp . - - 1/1 

2531 - - - - 

2532 - - - - 

2533 - - - - 

2534 - - - - 

2535 

2536 - - - - 

2637 - - - - 

2638 Nucula proxima - - 1/8 
Nuculana concentrica - - 2/39 

2639 - - - - 

260 Tellina versicolor - 1/12 

2641 - - - - 

2642 - - - - 

2643 Nuculana corcentrica 1/9 - - 

2644 - - - - 

2645 - - - - 

I = Summer 
II = Fall 

III = Winter/Spring 



Table 101 . Dead fauna, MAFLA micromolluscs . 

(m) (ml) (ident'd) (specimens/ml) (# of spp) (% of remaining Substrate* 
Sample total # in pareth .) Grain Compos . 

Station # depth Size specimens density diversity # dominant spp Size 

2101 11 
4 

55 135 2 " 45 
44 

23 6(2 .7) 
4 4 

f qtz,CaCO 
~ 2102 17 . 77 111 1 . 26 ( 8 .7) f CaCO ,qt 

2103 36 .6 126 1522 12 .07 38 6(45 .4) qtz, ~aC03 
21o4 53 .3 97 1115 11 .9 33 6(20 .5) m CaC03 
2105 89 .6 103 144 1 .39 27 539.8) c CaC03 
2106 .161 .5 65 120 1 .84 24 8(29 .3.) f CaC03 

2207 18 .3 33 555 16 .81 36 5(28 .5) f qtz,CaC03 
2208 34 .1 19 919 48 .36 30 6(17 .1) sit CaC03 
2209 29 .3 36 1025 28 .47 28 5(18 .1) sit CaC03 
2210 36 .6 54 972 18 .00 27 6(19 .2) no data 
2211 42 .1 130 905 6 .96 34 6(20 .9) csd CaC03 
2212 186 .5 39 375 9 .61 20 3(24 .4) sit CaC03 

2313 15 .6 42 388 9.23 19' 3(25 .6) sit CaC03 
231 42 .7 04 16 4.00 12 12(0) no data 
2315 36 .6 43 2698 62 .4 32 4(21 .5) no data 

139x2 
2316 37 .2 84 616 7 .33 28 531 .8) fsd Qtz,CaC03 
2317 29 .3 27 .E 75 122 16 .32 27 5(26 .8) vfsd CaC03 

306x4 
2318 18 .9 159 304 1 .91 28 4(33 .2) msd CaC03,qtz 

c~ 



Table 101 . Continued. 

(m) (ml) (ident'd) (specimens/ml) (# of spp) (% of remaining Substrate 
Sample total # in pareth .) Grain Compos . 

Station f{ depth Size specimens density diversity # dominant spp Size 

2419 9 .8 93 121+ 1.33 17 3(36 .3) fsd CaCO ,qta 
~ '2120 14 .6 83 64 0 .77 17 5(46 .7) f to msd aCO Qtz, 

2421 19 .2 36 21~1~ 6 .77 21+ x+(26 .2) of to fsd Qtz,c~.cc3 
2422 24 .1 99 922 931 31+ 6(26 .8) msd Qtz,CaC03 
2423 ' 29 .6 122 1565 12 ..82 48 5(37 .4) c-vcsd Qtz,CaC03 
2424 28 .3 119 252 2 .11 20 4(29 .3) msd CaC03,qtz 

126x2 ' 
2125 36 .6 98 172 1 .75 26 739 .5) m-csd CaC03,qtz 

86x2 
226 86 .3 101 288 2 .85 21 916 .1) msd Qtz,CaC03 

l44x2 
2127 1.72 .2 21 291 13 .85 15 2(1+ .2) slt CaC03 

2528 37 .2 23 612 4 .97 23 6(20 .6) c-vcsd Qtz,CaC03 
153x4 

2529 37 .5 88 286 3.25 30 533.8) vcsd CaC03 
2530 40 .2 91 166 1 .82 22 527 .3) csd qtz,CaC03 
2531 44 .5 98 269 2 .74 23 4(19 .1) c-vcsd CaCO 

8 2532 50 .3 117 1116 953 37 5(31 .4) msd qtz, aC03 
558x2 

2533 66 .E 110 326 2 .96 26 5(24 .8) csa cac03 
163x2 

2534 72 .5 81 145 1 .79 27 5(40 .3) vcsd CaC03 
2535 115 " 8 13 260 20 .0 21 2(18 .6) slt CaC03 
2536 180 .E 11 346 31 .45 11 1(12 .5) slt CaC03 

o~ 



Table 101 . Continued . 

(m) (ml) (ident'd) (specimens/m1) (# of spp) (% of remaining Substrate 
Sample total # in pareth .) Grain Compos . 

Station # depth Size specimens density diversity # dominant spp Size 

2637 21 .3 2 41 20 .5 9 3(19 .7) slt CaC03,qtz 
2638 25 .6 5 53 10 .6 6 2( 5 .7) slt Qtz,CaC03 
2639 32 .0 47 834 17 .74 25 6(25 .6) of fsd CaC03,qtz 

41x2 
260 35 .7 119 130 1 .09 22 7(18 .1) msd CaC03,qtz 
2641 35 .1 . 95 62 0.65 19 7(29 .4) fsd CaC03,qtz 
2642 36 .0 133 41 0 .30 15 529 .6) fsd CaC03,qtz 
263 68 .0 92 202 2 .19 36 539 .9) m-csd Qtz,CaC03 
264 70 .7 99 147 1 .48 23 6(31 .5) csd CaCo 
265 10 .3 104 233 2 .24 31 8(33 .9) vcsd CaC03 

s1t - 4 - 64 
vfsd - 64 - 125 
vsd - 125 - 250 
msd - 250 - 500 
csd - 500 - 1000 
vcsd - /mm - 2zrun 

Substrate (desc . based on mayor constituents as reported by Wanless) 
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Figure 100 . The cumulative number of species of macromolluscs collected with 
nine box cores in four habitat types . 
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in the summer 1975 sampling period . 

A total of 282 species of macromolluscs, including 14 identified 

to genus only, were collected from the MAFLA study region (Table 102) . 

Breakdown by class reveals 141 gastropod species, 120 bivalve species, 13 

scaphopod species, seven polyplacophoran species and one aplacophoran species . 

Theist contains some species which are basically temperate in geographical 

distribution as well as others which are basically subtropical to tropical 

in geographical distribution . Although little is known about the ecology 

of the vast majority of species identified, both filter feeders and deposit 

feeders were represented in the list . Since all individuals collected by 

the box core and anchor dredge were identified to the lowest practical 

taxonomic level, the species list contains a limited number of epifaunal 

molluscs as well as infaunal molluscs . 

The specimen abundances of the individual species ranged from very 

rare (two individuals/m2) to common (1120 individuals/m2) . The most abundant 

species collected in the study were Tellina versicolor , Parvilucina multilineata , 

Abra lioica , and Varicorbula operculata respectively . Tellina versicolor 

occurred over broad areas of the MAFLA shelf (28 out of 45 stations) especially 

at sand stations in less than 90 m of water . The deeper water mud stations 

had generally lower abundances of all species . Table 103 shows all the 

dominant species which were collected at the 45 stations during the three 

seasons . There were relatively more dominant species at the shallow (<90 m) 

stations on Transects I-IV than there were at the deep (>90 m) stations 

and the shallow stations on Transects V and VI . 
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Table 102 . Infaunal molluscs collected from NSAFLA Transects I-VI during 
1975-76 . 

GASTROPODA 

Scissurellidae 
Scissurella crispata 

Fissurellidae 
Emarginula phrixodes 

arginula pumila 
Rimula frenulata 
Hemitoma sp . 
Diodora dz soni 
Diodora j aurlei 
Lucapinella limatula 

GASTROPODA - continued 

Caedidae 
Caecum pul_chellum 
Caecum bipartitum 
Caecum floridanum 
Caecum imbricatum 
Caecum cu'bit,atum 
Caecum stigosum 
Caecum cornuconiae 

Turritellidae 
Turritella acropora 

Trochidae 
Solariella lucunella 
Calliostoma roseolu.~ 
Calliostoma fascinans 

Cyclostrematidae 
Arene tricarinata 

Turbinidae 
Turbo castanea 

Phasiaellidae 
Tricolia thalassicola 

Architectonicidae 
Pseudomala.xis centrifuga 

Modulidae 
Modulus modulus 

Cerithiidae 
Cerithium atratum 
Cerithium litteratum 
Finella dubia 
Cerithiopsis crystallinum 
Cerithiopsis taeniolata 
Seila adamsi 

Rissoidae 
Alvania auberiana 

Rissoinidae 
Rissoina b erea 
Rissoina multi~costata 
Zebina browniana 

Vitrinellidae 
Cyclostremiscus sp . 
Episcynia inornata 
Teinostoma biscaynens 

Tornidae 
Macromphalina palmalitoris 
Macromphalina floridsna 
Cochliolepis striata 

Triphoridae 
Triphora sp . 

Epitoniidae 
alia sp . 

Epitonium krebsii 
Epitonium novangliae 

Mellanellidae 
Mellanella arcuata 
Vitreolina bermudezi 
Eulima bifasciatus 
Eulimostrica hemphilli 
Niso aeglees 
Ocenida scarlaris 

Aclididae 
Henrys sp . 
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Table 102 . Continued . 

GASTROPODA - continued 

Atlantidae 
Atlanta peronii 

Crepidulidae 
Caluptraea centralis 
Crucibulum auricula 
Crepidul.a fornicata 

Strombidae 
Strombus alatus 

Eratoidae 
Triva maltbiana 

Naticidae 
Polinices lacteus 
Polinices duplicatus 
Sigatica caxolinensis 
Sigatica semisulcata 
Sinum perspectivum 
Natica livida 
Natica marochiensis 
Natica canrena 
Natica pusilla 

Cassidae 
Phalium granulatum 

Cymatiidae 
Distorsio constricta macgintyi 

Muricidae 
Murex cabi-itii 
Murex sac intyi 
Murex levicu.lus 
Murex o

~ 
mum 

Ocenebra minirosea 
Poirieria stimpsonii 
Calotrophon ostrearum 

Columbellidae 
Anachis hotessieriana 
Anachis obesa 
Anachis iontha 
biitrella lunata 
Psarostola glypta 
Psarostola minor 
Psarostola sp . 

GASTROPODA - continued 

Buccinidae 
Cantharus cancellarius 

Nassariidae 
Nassarius albus 

Fasciolariidae 
Fasciolaria lilium hunteria 

Olividae 
Oliva sayana 
Olivella sp . 

Vexillinae 
Costellaria laterculatum 

Cancellariidae 
Canal l ari a r,-ti riil at.a 

Trigonostoma tenerum 

Marginellidae 
Marginella hartleyanum 
Marginella eburneola 
Hyalina avena 
Hyalina veliei 

Conidae 
Conus jaspideus 

Terebridae 
Terebra dislocata 
Terebra glossema 
Terebra nassula 
Terebra concava 

Turridae 
Cochlespria radiata 
Microdrillia comatoropis 
Mitrolumna biplicata 
Cerodrillia simpsoni 
Glyphoturris sp . 
Brachycythara biconica 
Brachycythara, barbaxae 
Cryoturris fargoi 
Cryoturris filifera 
Cr7oturris citronella 
Cryoturris quadrilineata 
Kurtziella atrostyla 
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Table 102 . Continued . 

GASTROPODA - continued 

Turridae - continued 
Rubellatoma rubella 
Ithycytha.ra lanceolata 
Nannodiella. melanitica 
Glyphostoma hendersoni 
Pyrocythara sp . 
Daphnella 
Platycythara elata 
Rimosodaphnelle morra 
Thelecythara floridana 

Pyramidellidae 
Odostomia seminuda 
Turbonilla sp . 

Acteonidae 
Acteon punctostriatus 
Acteon candens 

Acteocinidae 
Acteocina candei 

Cylichnidae 
Cyclichna sp . 
Scaphander sp . 

Philinidae 
Philine sagra 

Bullidae 
Bulla striates 

Haminoeidae-
Atys riiseana . 
Haminoea succinea 

Retusidae 
Retusa sulcata 
Pyrunculus caelatus 
Volvulella persimilis 
Volvulella recta 
Volvulella ~ texasiana 
Volvulella paupercula 

GASTROPODA - continued 

Volvatellidae 
Cylindrobulla beauii 

Cuvieridae 
Diacria trispinosa 
Cavolinia uncinata 

Siphonariidae 
Williamia rrebsii 

SCAPfiOPODA 

Dentaliidae 
Dentalium laqueatum 
Dentalium texasianum 
Dentalium ceratum 
Dentalium bartletti 
Dentalium semistriolatum 
Dentalium ensiculus 
Dentalium sowerbyi 
Dentalium callipeplum 
Dentalium eboreum 

Siphonodentaliidae 
Cadulus carolinensis 
Cadulus quadridentatus 
Cadulus tetrodon 
Cadulus parvus 

POLYPLACOPHORA 

Ischnochitonidae 
Ischnochiton boogii 
Ischnochitori floridanus 
Ischnochiton papillosus 
Ischnochiton hartmeyeri 

Chaetopleuridae 
Chaetopleura apiculata 

Chitonidae 
Chiton squamosus 

Acanthochitonidae 
Acanthochitona aea 
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Table 102. Continued . 

APLACOPHORA 

Chaetodermatidae 
Chaetodnrma sp . 

I ALVIA 

Nuculidae 
Nucula prorima 
Pducula aegeensis 

Tduculanidae 
Pduculana carpentri 
PJuculana acute 
Nuculana concentrica 
Yoldia solenoides 

Solemyacidae 
Solemya velum 

Arcidae 
Arca zebra 
Barbatia domingensis 
Anadara baughrnani 
Bathya.rca sp . 
Arcopsis adamsi 

Limopsidae 
Limopsis cristata 
Limopsis minute 
Limopsis sulcata 

Glycymerididae 
Glycymenis pectinata 

Manza.nellidae 
Nucinella adamsi 

M,ytilidae 
Crenella divaricata 
Gregariella coralliophaga 
Musculus lateralis 
Lithophags aristata 
Modiolus americanus 
Arqygdalum papyrium 
Arcygdaltun sagittatum 
Botula flzsca 
Dacrydiurn vitreum 

BIVALVIA - continued 

Pinnidae 
Atrina sp . 

Pteriidae 
Pteria colymbus 

Malleidae 
Malleus candeanus 

Pectinidae 
Pecten raveneli 
Chlamys benedicti 
Aequipentin muscosus 
Cyclopecten nanus 
Argopecten ig bUus 

Plicatulidae 
Plicatula gibbosa 

Anomiidae 
Anomie simplex 

Limidae 
Lima pellucida 
Limatula, setifera 
Limea bronniana 

Ostreidea 
Ostrea equestris 

Lucinidae 
Linga pensylvanica 
Linga sombrerensis 
Linga excavate 
Linga amiantus 
Linga leacocyma 
Parvilucina multilineata 
Parvilucina.blanda 
Lucina nassula 
Lucina muricata 
Lucina radian 
Anodontia philippiana 
Anodont i. a albu 
Divaricella dentate 
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Table 102 . Continued . 

BIVALVIA - continued 

Thyasiridae 
Thyasira trisinuata 
Thyasira flexuosa 

Ungulinidae 
Diplodonta punctata 

rha-midae 
Chama macerophylla 
Chama congregata 
Arcinella cornuta 

Lasaeidae 
Erycina emmonsi 

Leptonidae 
Montacuta limpida 
. sella sp . 
Pythinella cuneata 

Carditidae 
Glares dominguensis 
Pleuromersis tridentata 
Pteromeris perplana 

Astartidae 
Astatre nana 

Crassatellidae 
Eucrassatella speciosa 
Crassinella lunulata 

Cardidiidae-
Trachycardium egnontianum 
Americardia media 
Nemocardium peramabile 
Nemocardium tinctum 
Laevicardium laevigatum 
Laevicardium pictum 

riactridae 
Ervilia concentrica 

BIVALVIA - continued 

Tellinidae 
Telling magna 
Telling listeri 
Telling squamifera 
Telling aequistriata 
Telling guoldii 
Telling alternata 
Telling versicolor 
Tellidora cristata 
Macoma tageliformis 
Cymatoica orientalis 

Semelidae 
.Semele purpurascens 
Semele bellastriata 
Semele nuculoides 
Abra aequalis 
Abra lioica 

Solecuxtidae 
Solecurtus cumingianus 
Solecurtus sanctaemarthae 

Vesicomyidae 
Vesicoma so . 

Veneridae 
Periglypta listeri 
Ventricolaria rugatina 
Circomphalus strigillinus 
Chione cancellata 
Chione latilirata 
Chione rus 
Gouldia cerina 
Pitar simpsoni 
Pitar cordatus 
Callista eucymata 
Madrocallista maculata 
Dosinia discus 

Cooperellidae 
Cooperella atlantica 
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Table 10?_ . Continued . 

BIVALVIA - continued 

Corbulidae 
Varicorbula operculata 
Corbula contracta 
Corbula cyrnella 

Gastrochaenidae 
Gastrochaena hians 

Hiatellidae 
Hiatella arctica 

Lyonsiidae 
Lyonsia hyalina floridana 

Pandoridae 
Pandora inflata 

Periplomatidae 
PeriPloma cf . compressa 

Poromyidae 
Poromya granulata 

Verticordiidae 
Verticordia ornata 

Czspidariidae 
Cuspidaria jeffreysi 
Cardiorqya costellata 
Cardiomya perrostrata 



TABLE 103 . Species Dominance At The 45 Box Core Stations During 1975 - 196 

Species Summer Fall Winter 
q by number number % by number number % by number number 

Station 2101 

Parvilucina multilineata 15 .82 25 9 .69 22 ----- - 
Tellina versicolor ~ 12 .03 19 ----- -- _____ __ 
Solemya velum 9 .x+9 15 16 .30 37 11 .97 28 
Crepidula fornicate 7.59 ~12 __ _____ __ 
Calyptraea centralis 6.96 11 ----- -_ 
Diplodonta punctata 5.06 8 5 .29 12 ----- -- 
Ischnochiton papillosus ----- -- 32 .16 73 26 .07 61 
Cerithium atratum ----- -- 5 .73 13 ----- -- 
Plicatula gibbosoa ----- -- ----- -- 5 .56 13 

Station 2102 

Tellina versicolor 25 .97 20 54 .12 . 92 33 .16 64 
Atys riiseana 11 .69 9 ----- __ _____ __ 
Caecum bipartitum 7-0 .39 8 ----- -- 7~77 15 
Euli:zostrica hemphilli 10 .39 8 ----- -- 13~47 26 
Laevicardium ictum 7 .79 6 
Varicorbula operculata ----- -- - 933 18 

Station 2103 

Crenella divaricata 8 .00 8 ----- 
Varicorbula operculata 7 .00 7 ----- __ _____ __ 
Tellina versicolor 6.00 6 1+ .62 19 6.96 16 
Laevicardium ictum 6.00 6 ----- -- ----- -_ 
Atys riisean a 5,00 5 _____ __ _____ 
Parvilucina multilineata 5 .00 5 14 .62 19 6 .52 15 
Abra lioica 5 .00 5 ----- -- ----- -- 
Dinlodonta punctata 
Caecum pulchellum 8.x+6 11 - 



TABLE 103 " (continued) 

Species 

Station 2103 (continued) 

Lyonsia hyalina floridana 
Finella dubia 

Station 2101+ 

Tellina versicolor 
Olivella sp . 
Amygdalum papyrium 
Abra lioica 
EuliMa bifascia,tus 
Brachyc,ythara barbarae 
Ischnochiton papillosus 
Crassinella lunata 
Cadulus arvus 
Semele nuculoides 
Varicorbula operculata 

Station 2105 

Abra lioica 
Pducinella sdarisi 
Eucrassatella speciosa 
Nuculana acuta 
Cadulus arvus 
Ischnochiton papillosus 
Parvilucina multilinea.ta. 
Semele nuculoides 
Limopsis sulca.ta 
Barbatia dominguensis 

Summer Fall Winter 
by number number % by number number % by number number 

----- -- ----- -- 6 .96 16 
----- -- ----- -- 5 .65 13 

11 .67 7 ----- -- 9 .09 8 
6 .67 4 ----- -- ----- -- 
6 .67 4 ----- -- ----- -- 
5.00 3 6 .86 7 ----- -- 
5.00 3 ----- -- ----- -- 
5 .00 3 ----- -- ----- -- 

----- -- 13 .73 14 ----- 
6 .86 7 6 .82 6- 

----- -- 5 .88 6 ----- -- 
----- -- ----- -- 9.09 8 

-- ----- -- 5 .68 5 

31 .58 12 51. .72 15 8 .77 5 
10 .53 4 ----- -- ----- -- 
7 .89 3 ----- - ----- -- 
5 .26 2 ----- -- ----- -- 

----- -- 6 .90 2 ----- -- 
----- -- 6 .90 2 15 .79 9 
----- -- ----- -- 8 .77 5 
----- -- ----- -- 7 .02 4 
----- -- ----- -- 5 .26 3 

- ----- -- 5 .26 3 



TABLE 103. (continued) 

Species Summer Fall Winter 
by number number % by number number % by number number 

Station 2106 

Abra lioica 1+ .63 6 14 .29 6 10 .71 1 
Lin:;a sombrerensis 14 .63 6 ----- -- ----- -- 
Cardior,ya sp . 7 .32 3 ----- -- ----- -' 
ThtiTasira trisinuata ----- ~ -- 19 " 5 8 ----- 
Cyclopecten nanus ----- -- 1+ .29 6 ----- -- 

Limopsis cristata ----- -- 7 .14 3 17 .86 5 
Parvilucina multilineata ----- -- ----- -- 25 .00 

Cnaetoderma sp . ----- -- ----- -- 1 "29 
Dentalium texasianum ----- -- ----- -- 7 .14 

Station 2207 

Telling versicolor 29 .76 50 23 .16 41 ------ -- 

Soletr~ya velum 952 16 38 .98 69 ----- -- 
Va,ricorbula. operculata ----- -- 7 .91 14 24 .44 33 

Station 2208 

Parvilucina multilineata 3b .09 61 29 .x+1 65 8 .33 14 
Caecum bipartiturn 18 .3+ 31 ----- -- 1+ .88 25 

Caecum cubitatum 11 .83 20 13 .12 29 5 .95 10 
Acteocina candei 8 .28 14 ----- -- ----- -' 
Tellins versicolor 7 .69 13 ----- -- 5 .36 9 
Caecum pulchellum ----- -- 37 .10 82 ----- -- 
Abra lioica ----- -- ----- -- 16 .07 27 

Station 2209 

Parvilucina multilineata 26 .60 50 29 .71 71 31 .x+0 38 

Ca.ecum bipartitum 24 .47 46 ----- -- 9 .92 12 

Finella dubia 11 .17 21 ----- -- ----- -- 

r 
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Species 

Station 2209 (continued) 

Acteocina candei 
Caectun pulchellum 
Abra lioica 

Station 2210 

Parvilucina multilineata 
Caecum biuartitum 
Caecwm cubitaturi 
Caeci:m x~ulchelluri 
Varicorbula operculata 

Station 2211 

Crassinell.a lunulata 
Gouldia ce:rina 
Pit.a.r si^:pson 
Pa,rvilucina multilineata 
Corbula cymella 
Frycina ermnonsi 
Gastrochaena hians 
Varicorbula operculata 

Station 2212 

Abra lioica 
Cerithiopsis crystallinum 
Verticordia orna.ta 
Cyclopecten na,nus 
Bathyarca glomerula 
Dental iwn sp . 
Nucula.ria acuta 
Thyasira t.risinuata 
Chaetoderr,ia sp . 
Parvilucina multilineata 

TABLE 103 . (continued) 

Summer Fall Winter 
by number number % by number number % by number number 

10 .11 19 15 .90 38 ----- 
----- -- 22 .59 54 ----- -- 
----- -- ----- 17 .36 21 

50-74 241 33 .21 87 5 .45 43 
9 .68 46 ----- -- ----- -- 
7 .79 37 26 .2 70 ----- 
----- -- 10 .69 28 ----- -- 
----- -- ----- -- 31 .22 270 

1.8 .75 15 12 .31 8 5 .48 4 
6.25 5 ----- -- ----- -- 
6.25 5 ----- -- ----- -- 
5 .00 4 ----- -- 6 .85 5 

----- -- 6 .15 4 ----- -- 
----- -- 6 .15 4 

~ 
----- -- 

----- -- ~ ----- -- 5 .1+8 4 
----- -- ----- -- 5.48 1+ 

20 .51 8 24 .14 7 23 .26 10 
10 .26 4' 17 .24 5 930 4 
7.69 3 6.90 2 ----- -- 
7 .69 3 ----- -- ----- -- 
5 .13 2 6 .90 2 ----- 
5 .13 2 ----- -- ----- -- 
5 .13 2 ----- -- ----- -- 
5 .13 2 ----- -- ----- -- 
----- -- ----- -- 25 .58 11 
----- -- ----- -- 11 .63 5 00 

0 



Species 

Station 2313 

Abra lioica 
Nucl:l.ana carpenteri 
Pdemocardiur. : pera-na.bile 
Ar:~ye';daluri papyrium 
Cardiorg,ya perrostrata 
L,yonsia hyalina floridana 
Cerithiopsis crystallinum 
Dentalium sp . 

Station 2314 

Parvilucina multilineata 
Telling, versicolor 
Gastrochaena buns 
Barbatia dolninguensis 
Rotor, fssca, 
At;yS riiseana 
Ptiiline sa;-,ra 
Va.ricorbl:la operculata 
Tellina aeauistriata 
P1taY' S17:1US0211 
Cardiomya perrostrata 

Station 2315 

Parvilucina mul_tilineata 
Te1.lina versicolor 
Philine sa ra 
Varicorbula operculata 

TABLE 103 . (continued) 

Summer Fall Winter 
by number number q by number number q by number number 

47 .62 10 92 .86 13 4o .o0 6 
952 2 ----- -- ----- -- 

----- -- 7 .11+ 1 ----- --
----- -- ----- -- 6 .67 1 
----- -- ----- -- 6 .67 1 
----- -- ----- - 20 .00 3 
----- -- ----- -- 6 .67 1 
----- -- ----- -- 6 .67 1 

37 .23 51 ----- -- ----- --
13 .14 18 ----- -- 15 .79 6 
----- -- 51 .08 118 ----- --
----- -- 5 .19 12 ----- --
----- -- 7 .79 18 
----- -- ----- -- 5 .26 2 
----- -- ~ ----- -- 7 .89 3 
----- -- ----- -- 5 .26 2 
----- -- ----- -T 5 .26 2 
----- -- ----- -- 5 .26 2 
----- -- ----- -- 21 .05 8 

39 .59 116 17 .02 16 ----- --
7 .51 22 43 .62 41 ----- 

----- -- 6.38 6 -----
----- - --

-- 5 .32 5 ----- -- 

f-~ 



TABLE 103 . (continued) 

Species Summer Fall Winter 
q by number number % by number number % by number number 

Station 2315 (continued) 

Gastrochaena hians ----- -- ----- -- 32 .67 33 
Corbvl.a cymella ----- -- ----- -- 8.91 9 

Station 2316 . 

Telling versicolor 43 .84 32 ----- -- 7 .38 9 
Acanthochitona pygmaea ----- -- 15 .85 13 ----- -- 
Abra lioica ----- -- 8.54 7 ----- -- 
Crassinella lunulata ----- -- 8 .54 7 ----- -- 

- 
Varicorbula 

r 
op,erculata ----- -- ----- -- 1+ .75 18 

Ischnochiton papillosus ----- -- ----- -- 7 .38 9 
Corbula c- ycnella ----- -- ----- -- 5 .74 7 
Dentalium bartletti ----- -- ----- -- 5 .74 ~7 

Station 2317 

Cy:1iatoica oricrt~lis 15 .63 to ----- -- ----- -- 
Tellina versicolor 10 .9+ 7 55 .56 45 ----- -- 
Parvilucina multilineata 6 .25 4 ----- -- ----- -- 
Lucina radians 6 .25 4 ----- -- ----- -- 
Varicorbula operculata 6 .25 4 ----- =- 73 .78 605 

Station 2318 

Diplodonta punctata 16 .67 4 5 .26 6 ----- -- 
Abra lioica 8 .33 2 19 .30 2 ----- -- 
Tellina vers~color 8.33 2 10 .53 12 18 .52 5 
Semele nucul_oides ----- -- 5.26 6 ----- -- 
Tnyasira trisinuata ----- -- 6.14 7 ----- -- 

N 



TABLE 103 " (continued) 

Species Summer Fall Winter 
by number number % by number number % by number number 

Station 2318 (continued) 

Cadulus guadridentatus ----- -- ----- -- 51 .85 14 
Acteocir.a candei ----- -- ----- -- 7 " 

Station 2+19 

Tellina versicolor 48 .53 33 27 .27 . 18 64 .00 16 

Abra lioica 7 .35 5 ----- -- ----- -' 
Ervilia concentrica ----- -- 10 .61 7 ----- -- 
Solemya velum ----- -- 27 .27 18 ----- -- 
Diplodonta Dunctata ----- -- 12 .12 8 8 .00 2 

Station 21+20 

Cadulus sp . 1 .07 14 ----- -- ----- -- 
Diplodonta punctai;a 12 .20 10 ----- -- ----- -- 
Abra lioi ca 8 .54 7 ----- -- ----- -- _______ - 
Tellina versiCOlor 6.10 5 ----- -- ----- -- 
Acar.thochitona pygmaea ----- -- 30 .x+9 25 ----- -- 
Rissoi::ea r.:ulti.costata ----- -- 7 .32 6 ----- 

~ 
-- 

Eulima bifasciatus ----- -- ----- -~ 1+ .29 1 

Lyonsia hyalina floridana ----- -- ----- -- 1+ .29 1 
Turbonilla sp . ----- -- ----- -- 28 .57 
Crassinella lunulata ----- -- ----- -- 28 .57 
Gastrocnaena buns ----- -- ----- -- 1+ "29 

Station 21+21 

Va.ricorbula operculata. 17 .50 7 ----- -- 88 .29 407 
Caecuri pulchellum 15 .00 6 ----- -- ----- -- 
CaecuM bipartitum 15 .00 6 ----- -- ----- -- 

w 



Species 

Station 2+21 (continued) 

Telling versicolor 
Volvulella persimilis 
Solen~ya velum 
Parvilucina multilineata 

Station 2422 

Semele bellastriata 
Cyriatoica orientalis 
Corbula cy~nella 
Acanthocllitona pygmaea. 
Varicorbuls operculata 
Lsevicardium laevigatum 
Diacrocallista maculata 
Semele nuculoides 
Parvilucin ..i. mult :i.lineata 
Tellir.a versicol.o .r 
CVlindrobulla beauii 
Diplodonta punctata 
Pitar cordatus 
Dosinia discus 

Station 21+23 

Laevicardium laevigatum 
Macrocallista maculata 
Telling. ver :;i.color 
Pitar simpsoni 
Lyonsia hYalina floridana 
Corbula cyriella 

TABLE 103 " (continued) 

Summer Fall Winter 
by number number % by number number % by number number 

7 .50 3 7 .59 6 ----- --
5.00 2 ----- -- ----- --

-=--- -- 53 .16 1+2 
----- -- 6 .33 5 ----- -- 

10 .87 5 ----- -- ----- 
8 . 70 4 ----- -- ----- -- 
8 .70 4 6 .67 3 ----- ~ -- 
6 .52 3 ----- -- ----- -- 
6 .52 3 ----- -- ----- -- 
6.52 3 ----- -- ----- -- 
6 .52 3 ----- -- 11-54 6 

----- -- 6 .67 3 
----- -- 20 .00 9 
----- -- 11 .11 5 
----- -- ~ 6 .67 3 ----- -- 
----- -- ----- -- 9 .62 5 
----- -- ----- -1 23 .08 12 
----- -- ----- -- 7 .69 k 

X1 .76 4 ----- -- ----- -- 
8 .82 3 ----- -- ----- -- 
5 .88 2 ----- -- ----- -- 
5.88 2 ----- -- ----- -- 
5 .88 2 ----- -- ----- -- 
5 .88 2 ---- -- 33 .33 3 



Species 

Station 2+23 (continued) 

Caecum sti~,osum 
b`3Ci'OmDhalina floridana 
Gouldia cerina 
Parvilucina r.,,ultilineata 
Amygdalum papyrium 
Diplodonta punctata 
kmygdalum sagitta.tum 
Chione cancellata 
Va.ricorbula o-oerculata 

Station 21+24 

Tellina versicolor 
Chione cancellata 
Crenella divaricata, 
Diplodonta ntulctata 
Cadulus quadridentatus 
Caecum cuIbitatum 
Crassir:ella lurulata 
Corbula c}n.elia 
Varicorbula operculata 
Semele nuculoides 
Corbula contracta 

Station 2!+25 

Tellina versiQolor 
Crucibulum auricula 
Solenys velum 
Pecten raveneli 

TABLE 103 . (continued) 

Summer Fall Winter 
by number number % by number number % by number number 

----- -- 23 .53 12 
----- -- 11 .76 6 ----- -- 

--- -- 9 .80 5 
----- -- 5 .88 3 
----- -- ----- -- 11 .11 1 
----- -- ----- -- 11 .11 1 
----- -- ----- -- 11 .11 l 
----- -- ----- -- 11 .11 1 
----- -- ----- -- 11 .11 1 

6 .25 2 19-51 6 16 23-08 
6 .25 2 ----- -- ----- 
6 .25 2 ----- -- ----- -- 
6 .25 2 ----- -- ----- -- 
6 .25 2 ----- -- ----- -- 

----- -- 6 .10 5 ----- -- 
----- -- 7 .32 6 ----- -- 
----- -- 6 .10 5 ----- -- 
----- -- 6 .10 5 ----- -- 
----- -- ----- -- 15 .38 k 
----- -- ----- -- 11 .5+ 3 

13 .33 2 5 .88 2 55 .38 72 
13 .33 2 ----- -- ----- --
13 .33 2 ----- -- ----- -- 

----- --13 .33 2 ----- -- r 
CO 



Species 

Station 2425 (continued) 

Semele bellastriata 
Pteromeris DerDlana 
Margirlella hartleyanum 
Crassinella lunulata 
Gastrochaena hians 
Lima nellucida 
Chlamys benedicti 
Ischnochiton sp . 

Station 2426 

Tellina versicolor 
Abra lioica. 
Poron~; a granula,ta 
Nucinella adamsi 
Dentalium sp . 
Parvilucina multilineata 
Cadulus sp . 
Naculana acuta 
Pandora inrlata, 
Limopsis cristata 
Olivella sp . 
Solariella lacunella 
CardioMya perrostrata 
Philine sa;;ra 

Station 2427 

Abra lioica 
Cuspidaria sp . 
Dentalium sp . 

TABLE 103 . (continued) 

Summer Fall Winter 
by number number % by number number % by number number 

13 .33 2 ----- ----- -- -- 
13 .33 2 ----- -- ----- -- 
6 .67 1 8.82 3 ----- -- 

----- -- 14 .71 5 
----- 

- 
-- 8 .82 3 ----- -- 

-,--- -- 5 .88 2 ----- -- 
----- -- 5 .88 2 ----- -- 
----- -- ----- -- 8 .46 11 

21 .05 4 20 .00 2 15 .79 3 
5 .26 1 ----- -- 10 .53 2 
5 .26 1 ----- -- ----- -- 
5 .26 1 ----- -- ----- -- 

----- -- 10 .00 1 ----- -- 
----- -- 10 .00 1 ----- -- 
----- -- 20 .00 2 ----- -- 
----- -- io .o0 1 15-79 3 
----- -- ----- -- 5 .26 1 
----- -- ----- -= 5 .26 1 
----- -- ----- -- 5 .26 1 
----- -- ----- -- 5 .26 1 
----- -- ----- -- 5 .26 1. 
----- -- ----- -- 10 .53 2 

50 .00 4 55 .56 5 68 .75 11 
12 .50 1 ----- -- ----- --
----- -- ----- -- 6 .25 1 



Species 

Station 2127 (continued) 

Cardios:ya perrostrata 
Dentalium ensiculus 
Nemocarditum peramabile 

Station 2528 

Ischnochiton boogii 
Chlaa,~Vs benedicti 
Gas trochaena Mans 
Gouldia cerina 
Tellina versicolor 
Varicoi-bula operculata 
Diplodonta punctata 
pi.c'I'OI':eI's7 . ; pe2^p18.2"ld. 
Vol-v1112113 persimilis 
Tellina listeri 
Natica marochiensis 

Polinice :-; dtipl.icatus 
Chione ca.ncell.ata 
Cyclopecten nanus 
Semele purpurascens 
Cra.ssinella lunulata 
Corbula contracta 
Abra lioica 

Station 2529 

Dipladonta, punctata 
Semele nurDurascens 
Dentaliu^: cera,tum 

TABLE 103 . (continued) 

Summer Fall Winter 
by number number % by number number % by number number 

----- -- ----- -- 6 .25 1 
----- -- ----- -- 6 .25 1 
----- -- ----- -- 6.25 1 

26 .09 6 7 .69 1 ------ -- 
13 .04 3 ----- -- ------ -- 
8 .70 2 7 .69 1 ------ -- 

----- -- 7 .69 1 5 .26 1 
----- -- 7 .69 1 1.0 .53 2 
----- -- 7 .69 1 5.26 ' 1 
----- -- 15 - 38 2 ----- -- 
----- -- 7 .69 1 ----- -- 
----- -- 7 .69 1 ----- -- 
----- -- 7 .69 1 ----- -- 
----- -- 7 .69 1 ----- -- 
----- -- ----- -- 5 .26 1 
----- -- ----- -- 5 .26 1 
----- -- ~ ----- -- 5 .26 1 
----- -- ----- -- 26 .32 5 
----- -- ----- -= 5 .26 1 
----- -- ----- -- 5 .26 1 
----- -- ----- -- 5 .26 1 
----- -- ~ ------ -- 5 .26 1 

5 .88 1 7 .11+ 1 ----- --
5 .88 1 ----- -- ----- -- 

1 ----- -- ----- --5 .88 
r 
CO 



TABLE 103 . (continued) 

Species Summer Fall Winter 
by number number % by number number % by number number 

Station 2529 (continued) 

Crenella divaricata ----- -- 1+ .29 2 ----- -- 
Lim1 pellucida ----- -- 7.14 1 ----- -- 
Pleuror!meris tridentata ----- -- 1+ .29 2 ----- -- 
Cr ssineilr: lunulata ----- -- 7 .14 1 ----- 
ct o ,LL. a iu ----- 

- 
-- 7 .14 1 ----- -- 

Gasti°ochaena Mans ----- -- 7 .14 1 ----- - 
Solecurtus sa.nctaemarthae ----- -- ----- -- 8 .33 1 
Tellira versicolor ----- -- ----- -- 8 .33 1 

.. Cyclopecten nar_us ----- -- ----- -- 16 .67 2 
Ph 11iT:e S? Ti"a 8 . 33 1 ;; . 
Isc?_nc ; hitcn pa.-pillosus ----- -- ----- -- 8 .33 1 

' V.ariccrbula operculata ----- -- ----- -- 16 .67 2 
Anygdalum uapy-rium ----- -- ----- -- 8 .33 1 

Station 2530 

'Cre::clla divsricata 18 .18 2 1+ .29 3 ----- -- 
A s i ; ar t e n any. 18 .18 2 ----- -- ----- -- 
Pleuromeris tridentata 9.09 1 ----- -- ----- -- 
Chione cancella.ta 9.09 1 ----- -- ----- -- 
P1 .,.ssarit.s 9.09 1 ----- -- ----- 
CusT)idaria ,jeffreysi 9.09 1 ----- -- ----- -- 
Crassinclla lunulata ----- -- 1+ .29 3 ----- -- 
Isctiinochiton boo ,ii ----- -- 14 .29 3 ----- -- 
Tellira versicolor ----- -- ----- -- 30 .00 3 
Diplodonts punctata ----- -- ----- -- 20 .00 2 
SeMele bellastriata ----- -- ----- -- 20 .00 2 
Pecten raver:eli ----- -- ----- -- 10 .00 1 
Chione lati.lirata ----- -- ----- -- 10 .00 1 

co 



Species 

Station 2531 

Gastrochaena Mans 
Amygdalum papyrium 
Diplodonta punctata 
Seriele bellastria.ta 
Crer.ella diva.ricata 
Dent aliu-r. sp . 
Serzle -pur::urascens 
Crassinella lunulata 
Isc??nochiton , pspillosus 
Pitar si.mpsoni 
Laevicardiuri larvig;atum 
Polinices duplicatus 
Marginella hartleyanum 
Ischnochiton booLii 
Varicorbula. operculata 
A4acoms sp . 
Toll-in a vers4 color 

Station 2532 

Telling versicolor 
Ar.~ygdalum. nap;Jriurn 
Dental_iizi so-verbyi 
Acanthocliitona pyg:naea 
r.acoma sp . 
Corbula sp . 
Pitar simp: ona. 
Astarte nara 
SO1.E'Ifi}'~3 V('117P1 

Diplodonta puncta.ta 

TABLE 103 " (continued) 

Summer Fall 
by number number % by number 

Winter 
number % by number number 

12 .50 2 ----- -- ----- -- 
6 .25 1 ----- -- ----- -- 
6 .25 1 ----- -- ----- -- 
6.25 . 1 ----- -- 8.33 1 
6 .25 1 5 .00 1 ----- -- 
6 .25 1 ----- -- ----- -- 
6 .25 1 10 .00 2 ----- -- 

----- -- 20 .00 4 8 .33 
----- -- 20 .00 4 ----- -- 
----- -- 5.00 1 8 .33 1 
----- -- 5 .00 1 ----- -- 
----- -- 5 .00 1 ----- -- 
----- -- 5 .00 1 ----- -- 
----- -- 10 .00 2 ----- -- 
----- -- ----- -- 8 .33 1 
----- -- ----- -- 16 .67 2 
----- -- ----- -- 33 .33 4 

17 .65 3 ----- -- 30 .77 
5 .88 1 ----- -- ----- -- 
5 .88 1 ----- -- ----- -- 
5.88 1 ----- -- ----- -- 
5 .88 1 ----- -- ----- -- 
5 .88 1 ----- -- ----- -- 
----- -- 28 .57 2 ----- -- 
----- -- 14 .29 1 ----- -- 
----- -- 14 .29 1 ----- -- 
----- -- ----- -- 15 .38 2 

~.o 



TABLE 103 . (continued) 

Species 

Station 2533 

Limonsis sulcata 
Pitar simbsoni 
L,_r.!opsis cristata 
Limo-Dsis minuta 
Sola.riella lacur:ella 
Abrs lioica 
Astarte nana 
Cuspidaria jeffreysi 

Station 253+, 

Pitar simrsoni 
Limopsi5 sulcata 
Abra lioica 
Gouldia cerina 
Varicorbula operculata 
Cyclonecten nanus 
N asss,rius vibex 

Station 2535 

Abra lioica 
Tellina versicolor 
Nuculana acuta 
Nass4rius vibe 
Ansdara baughmani 

Summer Fall Winter 
by number number q by number number q by number number 

30 .77 4 50 .00 2 16 .67 1 
15 .38 2 ----- -- ----- -- 
7 . 69 1 ----- -- ----- --
7 .69 1 ----- -- ----- --
7 .69 1 ----- -- ----- -- 

----- -- 25 .00 1 ----- --
----- -- 25 .00 1 ----- --
----- -- ----- -- 16 .67 1 

44 .44 4 100 . 00 3 12-50 1 
22 .22 2 ----- -- ----- --
22 .22 2 ----- -- 12 .50 1 
----- -- ----- -- 25 .00 2 
----- -- ----- -- 12 .50 1 
----- -- ----- -- 25 .00 2 
----- -- ~ ----- -- 12 .50 1 

x+0 .00 2 No living molluscs k0 .00 2 
20 .00 1' ----- --
20 .00 1 ----- 
----- __ 20 .00 1 

20 .00 

0 



TABLE 103 . (continued) 

Species 

Station 2536 

Yoldia solenoides 
Nuculana acuta 
CeritYiiopsis crystallinun 
Abra lioica 
Amy"gllulurt cuag1 tli8 .l.um 

ChaetoderMa, sp . 

Station 2637 

Abra lioica 
VaricorUula operculata 
Nuculana concentrica 
Telling versicolor 
UrosalpinY sp . 
CardionWa perrostrata 
Nuculana sp . 

Station 2638 

Nucula.na concentrica 
Telling versicolor 
Anachis obesa 
Nucula proxima 
Chione latilirata 

Station 2639 

Nuculana concentrica 
Py-thinella cuneata 
Telling. versicolor 

Summer Fall Winter 
q by number number % by number number q by number number 

20 .00 1 ----- -- 14 .29 1 
20 .00 1 100 .00 1 ----- -- 
2b .00 1 ----- -- ----- -- 
----- -- ----- -- 14 .29 1 
----- -- ----- -- 1.4 .29 
----- -- ----- -- 28 .57 2 

33 .33 1 ----- -- ----- 
1 ----- -- 

33-33 1 100 .00 1 ----- -- 
----- -- ----- -- x+2 .86 3 
----- -- ----- -- 11+ .29 1 
----- -- ----- -- 14 .29 1 
----- -- ----- -- 1+ .29 1 

66 .67 24 ----- -- 57 .14 8 
13 .89 5 33 .33 1 1+ .29 2 
5 .56 2 ----- -- ----- -- 

----- -- 66 .67 2 7 .14 
----- -- ----- -- 7 .14 1 

32 .93 27 14 .29 1 ----- -- 
12 .20 10 ----- -- ----- -- 
10 .98 9 ----- -- ----- -- 

r 



TABLE 103 . (continued) 

Species 

Station 2639 continued) 

Solecurtus cumin-aianus 
Iyuculana proxi?na 
Tellir.a sauan:ir era 
Teliina alternata 
Gouldia cerina 
Amy-gdalum papy'rium 
Psarostola l~ta 
Chione la.tilirata 
riplcdonta n;.ulctata 
Sin= persDectivun 
Lyonsia hyalina iloridana - "-

Station 260 

Tellira versicolor 
T'acoma sp . 
Lyonsia hyalina floridana 
Varicorulb operculata 
Crassineila lunulata, 
Cllione latilirata 
i,uculana concentrics 
Amygdalu_m papyrium 
Arcopsis sdamsi 
Gouldia cerina 
Philine saga 

Station 26+1 

Tellina versicolor 
Caaulus gua.di" identa.tus 
Cardiomys costellata 

Summer 
by number number 

Fall Winter 
q by number by number number 

----- -- 14 .29 1 ----- -- 
----- -- 1+ .29 1 8 .33 3 
----- -- 14 .29 1 11 .11 4 
-----' -- 28 .57 2 ----- -- 

14 .29 1 
----- -- ----- -- 5 . 56 2 
----- -- ----- -- 5 . 56 2 
----- -- ----- -- 5 .56 2 
----- -- ----- -- 8.33 3 
----- -- ----- -- 8.33 3 
----- -- ----- -- 5 .56 2 

40 .79 31 46 .43 13 25 .00 5 
5 .26 4 ----- -- ----- -- 

----- -- 7 .14 2 ----- -- 
----- -- 10 .71 3 ----- -- 
----- -- ----- -- 5 .00 1 
_____ -- ----- ~- 10 .00 2 
----- -- ----- -- 5 .00 1 
----- -- ----- -- 10 .00 2 
----- -- ----- -- 5 .00 1 
----- -- ----- -- 5 .00 1 
----- -- 7 .14 -- ----- -- 

26 .19 11 67 .57 25 29 .85 20 
14 .29 6 ----- -- ----- -- 
7 .14 3 ----- -- ----- -- 

number 

r 
N 



Species 

Station 26+1 (continued) 

Telling aequistriata 
Abra lioica 
Carciomya ornatissima 
Soleriya velum 
Diplodonta punctata 

Station 26+2 

Telling versicolor 
I acoma sp . 
Lyonsia hyalina floridana 
C adulus quadridentatus 
Telling aequistriata 

Station 2e43 

Tellina versicolor 
Aura iioics 
Tlacoma sp . 
Nuculana acuta 
Scaphander sp . 
Anz}"gdalura t;apy:rium 
Tellin a squamifera 
b'assa,rius albus 
Telling alternata 
Gouldia cerina 
Cyclopecten nanus 
Verticcrdia ornata 
CardioiT-~ya perrostrata 
Octopus sp . 

TABLE 103 . (continued) 

Summer Fall Winter 
by number number % by number number q by number number 

7 .14 3 ----- -- ----- --
-,--- -- 5 .41 2 -----

5 .41 
-- 

----- -- 2 ----- --
----- -- ----- -- 8 .96 6 
----- -- ----- - 7 .x+6 5 

43 .18 19 56 .00 14 56 .25 . 18 
6.82 3 ----- -- ----- -- 

----- -- 8 .00 2 ----- --
----- -- 8.00 2 ----- --
----- -- ----- -- 6 .25 2 

41 .18 7 30 .77 4 29 .41 5 
23 .53 4 ----- -- ----- -- 
5 .88 1 7.69 1, 5 .88 1 
5 .88 1 ----- -- 23 .53 
5 .88 1 ----- -- ----- -- 

----- -- 
~ 

7 .69 1 ----- -- 
----- -- 15 .38 2 ----- -- 
----- -- 7.69 1 ----- -- 
----- -- 7 .69 1 ----- -- 
----- -- ----- -- 5 .88 1 
----- -- ----- -- 5 .88 1 
----- -- ----- -- 5 .88 1 
----- -- ----- -- 5 .88 1 
----- -- ----- -- 5 .88 1 

w 



Species 

Station 2044 

Aura lioica 
Lin ;a sonbrerensis 
MaC0?'13 SD . 
Pitar sin:psoni 
Pleuromeris tridentata 

Station 26!+5 

,'bra lioica. 
LimoDsis minutes 
Astarte nana 
LiMOpsis cristata 
Olivella-sp . 

TABLE 103 . (continued) 

Summer Fall Winter 
by number number q by number number % by number number 

50 .00 3 ----- -- ----- --
16 .67 1 ----- -- ----- --
16 .67 1 ----- -- ----- --
----- - -- 50 .00 1 50 .00 2 
----- -- ----- -- 25 .00 1 

20 .00 3 No living molluscs No living molluscs 
6 .67 1 
6 .67 1 
6 .67 1 
6 .67 1 
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Abra lioica was the major dominant species at most of the deep water 

(>90 m) stations, although it occurred in abundances of only 2-29 indivi-

duals/m2 . Seasonality of species a.t~undances is a=lso sugge sted in Table 103 . 

Some of the species which were completely absent from any of the nine 

replicates of one sampling were present in four to six of the nine replicates 

of another sampling and at times became the major dominant species . The most 

abundant species showed a definite trend toward maximum abundances during 

the winter sample suggesting a fall or winter recruitment . For example, 

Varicorbula operculata increased from 13 individuals/m2 in the summer to 

1120 in the winter, the latter number being mostly juveniles . 

Indices of community structure as well as total specimen densities are 

shown in Table 104 . The Shannon-Wiener index of species diversity (H') and 

evenness (J') are graphically presented in Figure 101 . In general, H', 

which ranged from 0 .26 to 3.36, declined from nearshore to offshore and also 

from south (Transect I) to north (Transect VI) . This index was therefore 

higher for the assemblages inhabiting the coarser sand sediment than for 

those inhabitating the finer mud sediments . Evenness (J') showed no con-

sistent trend with either latitude or depth and ranged from 0 .20 to 1.00 . 

Diversity also varied between seasons . At the nea.rshore stations at the 

southern transects (T, II, III, IV), H' was usually lowest during the fall 

sampling as a result of both the decline in the number of species and 

changes in dominance . 

Similarity relationships at all stations between seasons are depicted 

after Mountford clustering in a dendrogram (Figure 102 ) . Visual examination 

of the dendrogram reveals the following general tendencies about the 
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Table lOIF . Species diversity (H'), evenness (J'), species richness (SR) and 
density (specimens/m2) at the 45 box core stations during the 
1975-1976 seasonal sampling . 

Summer 1975 Fall 1975 Winter 1975 

Station Den- Den- Den-
Number H' J' SR city H' J' SR pity H' J' SR sit;,y 

2101 3.08 0 .83 7.9 293 2.14 0 .67 4.2 420 2.85 0 .76 7 .5 433 
2102 2.35 O.81 3.9 113 1.89 0 .58 4.9 315 2 .47 0 .71 6 .1 357 
2103 3.37 0 .92 8.2 185 2.92 0 .84 6.6 211 3.36 0 .87 8 .5 425 
210+ 3 .23 0 .94 7 .3 111 3 .13 0 .88 7 .4 189 3 .12 0 .91 6 .7 163 
2105 1 .99 0 .80 3 .0 70 1 .25 0 .64 1 .8 54 1 .8 0 .91 4 .2 105 
210E 2.09 0 .87 2.7 76 2A3 0 .85 1+ .3 78 2 .03 0 .33 2 .7 52 
2207 3 .05 0 .78 9 .4 31.1 2 .0.8 0 .62 5 .4 327 2 .45 0 .77 4 .7 250 
2208 2.07 0 .67 4.1 313 1.70 0 .57 3.5 409 2 .52 O .83 3 .9 310 
2209 2 .27 0 .69 5 .0 348 2 .15 0 .66 4 .6 442 2 .27 0 .76 4 .0 224 
2210 *2 .26 0 .55 9 .7 880 2 .o4 0 .60 5 .2 485 1 .45 o .44 3 .9 1+60 
2211 2.74 0 .85 5 .4 148 2.86 0 .93 5 .0 120 3.08 o .94 5 .8 135 
2212 2.02 0 .92 2.2 72 1 .88 0 .86 3.4 54 1 .76 0 .80 2.1 79 
2313 0 .90 0 .65 1 .0 39 0 .26 0 .37 ~ 2 .6 26 1 .48 0 .83 1 .8 28 
2314 X2 .55 0 .74 6 .3 254 *1 .81+ 0 .60 3 .9 427 2 .40 0.89 3.8 70 
2315 X2 .67 0 .68 8.8 543 1.85 0 .65 3 .5 174 2 .33 0 .77 4.3 187 
2316 2 .11 0 .68 5 .0 115 2 .57 0 .84 4 .5 152 3 .24 0 .91 7 .5 166 
2317 3.01 0.89 6.7 118 1 .92 0 .62 4 .8 150 0 .99 0.35 2.5 1184 
2318 1.93 0.93 2 .2 44 2 .81 0 .84 5 .7 211 1 .36 0 .70 1.8 50 
2419 1 .46 0 .59 2 .6 126 2 .07 0 .74 3 .6 122 1 .01 0 .56 1 .6 46 
2420 2.47 0.85 3.9 152 2 .34 0.78 4 .3 152 2 .95 0.93 6.0 85 
2+21 2 .15 0 .87 3 .0 74 1 .76 0 .61 3 .9 146 X0 .59 0 .20 3 .3 853 
2422 2.87 0.94 5 .2 85 2.59 0.90 4 .5 83 X2 .62 0.87 4.8 96 
223 2.70 0.95 4 .5 63 2 .47 0 .84 4 .6 94 1 .67 0 .93 2.3 17 
2424 2.78 0.98 4 .6 59 2 .76 0 .87 5 .2 152 2 .02 o .88 2.8 48 
2+25 1.93 0.99 2.2 28 2 .47 0.93 3.7 63 1 .72 0 .56 4.3 240 
226 1.15 0.83 1.0 35 1 .55 0 .96 1 .7 18 2 .08 0 .95 2.7 35 
2427 0 .50 0 .72 2 .1 15 - - - 17 0 .95 0 .59 1 .4 30 
2528 1.54 0.86 1 .6 43 2 .27 0 .99 3 .5 24 2 .18 0 .91 2.6 35 
2529 1 .10 1 .00 0 .7 31 2 .04 0 .98 2 .6 26 1 .89 0 .97 2 .4 22 
2530 1 .73 0 .97 2 .1 20 1 .93 0 .93 2 .3 39 1 .52 0 .95 1 .7 18 
2531 1 .91 ' 0 .98 2 .2 30 2 .02 0 .92 2 .7 37 1 .61 0 .90 2 .0 22 
2532 1.67 0.93 1.8 31 1 .04 0.95 1 .0 13 0 .64 0.92 0.4 24 
2533 1 .1+3 0 .89 2.6 24 1.04 0 .95 1 .4 7 0 .69 1.00 0 .6 11 
2534 1.01+ 0 .95 0 .9 17 - - - 5 1 .73 0.97 2 .4 15 
2535 1.04 0.95 1 .2 9 - - - - 1 .04~ 0 .95 1.2 9 
2536 1 .10 1 .00 1 .2 9 - - - 2 1 .33 0 .96 1 .5 13 
2637 1 .10 1 .00 1 .8 6 - - - 2 1 .25 0 .90 1 .5 13 
2638 1.11 0.57 1 .7 67 0 .64 0.92 0 .9 5 1 .36 0 .84 1 .5 26 
2639 2.O4 0.74 3.4 152 1 .75 0.98 2 .6 13 2.76 0 .95 4 .7 67 
2640 1 .45 0 .63 2 .1 141 1 .84 0 .77 3 .0 52 1 .73 0 .89 2 .0 37 
2641 1 .90 0 .82 2 .4 78 1 .08 0 .52 1 .9 68 2 .2 0 .78 3 .6 124 
2642 1 .43 o .62 2 .4 81 1 .41 o .68 2 .2 46 1 .53 o .64 2 .9 59 
2643 1 .27 0 .79 1 .4 31 1 .61 0 .90 2 .0 24 1 .80 0 .87 2 .5 31 
2644 0 .95 0 .86 1 .1 11 - - - 4 o .64 0 .92 0 .7 7 
2645 1 .48 0 .92 1.5 28 - - - - - - - - 

* Based on two anchor dredges rather than nine box cores . 
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Figure 102 . Dendrogram resulting from the Mbuntford clustering of the 45 box core stations over three seasons . Station number is indicated by the 
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molluscan assemblages : 

1 . Species composition at moss; stations was highly seasonally 

dependent throughout the T4AFLA area . Affinities between any two 

seasons for any station vary as little as 20% (deep water or 

northern stations) to as much as 60% (nearshore, southern stations) . 

There was, therefore, little within station seasonal continuity 

especially at the nears'riore southern stations . 

2 . Stations exhibiting low diversities (Table 104)show greater 

affinity . The tendency was for the northern and deep water 

stations . For example, Master Stations .253+ and 26+1+ during the 

fall sampling were 100 similar and Master Stations 2313 and 21127 

were 92 .9% similar for the fall sampling . 

3 . Approximately one-third of the stations showed similarities 

exceeding 50% indicating that approximately two-thirds of the 

assemblages exhibit taxonomic heterogeneity of 50% or greater . 

The mean affinity for the stations considered as a whole is 

approximately 30% . 

Five major clusters are created at very low similarity levels (4 .2% 

to 15 .60 . These faunal breaks appear to be only partially related to 

sediment classification . Other factors which appear to be of importance, 

are season, latitude, depth, and even sampling problems . 

Because of the variability in species composition indicated by low 

between season affinities, anomalies to the classification based upon the 

truncation are apparent within the dendrogram . For example, Master Station 

224 which has a. sediment classification of carbonate sand, appears within 
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one cluster for the summer and fall samplings and a different cluster for the 

winter sampling . 

Polychaetes 

Polychaetes were extremely abundant in the MAF'LA study 

tract and representatives of 51 families were collected . The total number 

of identified, recognized species was 508 plus 31. tentative new species and 

77 ocher categories identified to only genus or higher . Thus, a total of 

616 possible species was collected . A polychaetE~ species list for the 

MAFLA study tract is presented in Table 105 " 

Polychaete density, biomass and species abundance at each station for 

each sampling period are presented in Table 106. These three parameters 

displayed wide fluctuations between and within transects and sampling periods . 

Between-transects and between-sampling periods variations were random for 

Transects I-IV but were non-random for Transects V and VI . Polychaete 

density was significantly (a < 0.05) and negatively correlated with depth 

for all three sampling periods (r = -0 .1+7, summer ; r = -0 .60, fall ; 

r = -0 .61, winter) . Polychaete density and biomass did not co-vary to the 

extent that might have been expected, and biomass was not significantly 

correlated with either density or depth . 

Indices of species diversity (H', H max, J') at each station for 

each sampling period are given in Table 107. Species diversity (H') ranged 

from 1 .9 to 5 " $ but, with few exceptions, evenness of distribution (J') 

was high for all stations . Only five J' values (4%) were less than 0 .60, 

while 89 J' values (66%) were 0.80 or greater . Between-transects and between- 

sampling periods variations in species diversity were similar to those for 
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Table 105 . Polychaete species list by family . 

Family : Aphroditidae Family : CYirysopetalidae 
Aphrodite Sp . A BYiawan5.a goodei 

Hermione hvstri ;c Palea.notus chrysolepis 
Ponto~enia aevi seta Paleanotus heteroseta 

Chrysopet al.um occident ale 
Dysponet;us sp . nov . 

Family : Polynoidae 
Antinoella angusta 
Antinoella sa.rsi Family : E~znhrosinidae 
Euroe sDirulosa Eunhrosine Sp . A 
Gattyana cirrosa Euphrosine armadillo 
Har:othoe dictyaohora Euph rosine sp . ncT . :? 
Harrnothoe aculeata EZphrosine sp . 
Harinothoe imnar _Euphrosine foliosa 
Harr.:othoe imbricata 
Harmothoe lunu7_ata 
Herrienia verruculosa Family : Ariphinomidae 
Iphione muricata .Amphinomid Sp . A 
Iphione sp . Chloeia viridis 
Le-ipidametria commensalis Chloei a englochi s 
Lepidasthenia mossa.rnbica Paramphinome pulchella 
LepidastheMia sp . PseudoeurZrthoe n . ambigua 

~ Zeroidasthemia sp . nov . hoe comnlanata Luryt 
Paraeurythoe americana 
Pseudoeurthoe hirusta 

Family : Polyodotidae Notopygos sp . 
Eupanthalis kinbergi 
Polvodontes frons 
Polvodontes lupina Family : Pisonidae 
Polyodontes oculea Pisione remota 

Family : E~zl.epethidae Family : Phyllodocidae 
Grubeulenis fimberiata Anaitides groenlandica 
GrubeuleDis mexicana Anaitides panamensis 
GrubeuleDis sulcatisetis Eteone heteropoda 
Grubeuiepis sp . nov . S . -He-one lactea 
Mexieule-cis ~ weberi Eteone Sp . A 
Parecul epis sp . Ezlalia bilineata 

Eulalia sanguinea 
Hesionura elongata 

Family : Sigalionidae Lucia rarica 
Fu1 ea_n_;ra ehlersi Mystides Sp . A 
Ezthalanessa Sp . A Paranaitis speciosa 
Leanira.n . hystricis Phyllodoce castanea 
Pholoe minuta Phyllodoce tubicola 
Psammolyce ctenidophora Protomvstides bidentata 
Siga.lion arenicola Anaitides arenae 
Sthenelais boa Anaitides mucosa 
Stenelais limicola Anaitides madeirensis 
Pholoe dursipapillata Anaitides lineat:a 
Pholoe sp . nov . Annitides norvegica 
Phol_oe sp, nov . A Eteone longa 
Ps9mmolyce arenosa delis virdis 
S .h ne) ais ,japonica Nereiphylla fragilis 
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Table lUj . Continued . 

Family : Phyllodocidae (continued) 
Paranai+is kosteriensis 
Paranaitis pusilla 
Phvl~lodnc e Sp . X 
Pterocirrus macroceros 
Hesnerovhvll.urn tect= 
Mys+ides borealis 

Family : Pilargidae 
Ancistrosyllis jonesi 
OtOUS1 s Sp . A 
Pilargis pacifica 
Sigambra tenta.culata, 
SJnelmis albini 
Ancistros;,rllis hamata 
Cabira incerta 
Cabira, ne'L-Itiboneae 
Cabir a nilaxgifarmis 
Sigambra Sp . Z 
Sigambra Sp . X 
Sigambrabassi 
Sigarnbra wassi 
Sigarebra orellata 
Pilargis tardigrada 

Family : Hesionidae 
Gyptis vittata 
Hesionella Sp . A 
Hesionid Sp . A 
Kefersteinia cirrata 
Nereimyra Sp . A 
Parahesione luteola 
Podarke a, 
Podarke berrisfordi 
Podarke obscura 
Hesionid n gen . n sp . 
Hesionid sp . nov . F 
Hesione s-olendida 
Nereimvra punctata 

Family : Syllidae 
Autolytus prolifer 
Autolytus Sp . A 
Brania clavata 
Brania pusilla 
Eurvsvl_lis tuberculata 
Eusvllis lamelligera 
Eusvllis Sp . A 
Exogene dispar 
Exogene gemmifera 
Exogene Sp . A 
Odontosyll_is Sp . A 
Odontosyllis flzlgarans 
P,jonQ,,syllis urara 

Family : Syll.idae (continued) 
Sphaerosyl.7 .i s pirifera 
Syllis a 1 ~t~ 
Syllis n . armillaris 
S llis cornuta 
Syllis fern°uj-~ina 
syl1_is racil-jjs_ 
S ly lis hyalina 
Syllis ,pralifera, 
X11 i s regu Sat a 
Syllis spo:igicola 
Tryr~anosyl lis an1~yloseta 
Trynanosyllis -prampraanensis 
Trypanosyl7_is sebra 
Spermosyllis sp . 
Eusyllinid n 
OdontosVllis polvcera 
Odontosyllis procera 
Eurysyllis sp . nov 
k~urysyllis Sp . Y 
Esyllid F 
Sphaerosyllis erinaceus 
Sphaerosyllis fortuita 
Sphaerosyllis roirifera 
Sphaerosvll i.s bulbosa 
Eusyllisy assir;lilis 
Brania prolifera 
Brania limbata 
Exogene verugera 
Paranionosyllis longocirrata 
Pionosyllis ehlersiaforMis 
Pionosyllis lumelligena 
Pionosyllis malmgreni 
S,yllis krohnii 
S llis variegata 
Syllis pusilla 
Syllis arnica 
Spha.erosyllis hvstrix 
Sphaerosyllis gp, y 
Streptosvllis arenae 
Proceraea fasciata 
Procecaea cornuta 
gV11is acculata 
Syllis sp, nov . 
ParaDionosvllis minuta 
S}"llid~ lp ngocirrata 
Pionosyllis Sp . S 
Exogonides sp . nov . A 

Family : Sphaerodoridae 
Ephe'siella claparedii 
Sphaerodoridium benFUellrzrium 
Fphesiella sp . nov. 
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Table 105 . Continued . 

Family : Chaetopteridae Family : Paraonidae 
P4esochaetopterus n. ca.pensis Aec3icira bel.gicae 
Phyllochaetopterus Sp . A Aricidea fauveli 
Spiocha.etopterus oculatus Aricidea fragi7.is 
Chaetopte7 " us variopedatus Aricidea ,jeffreysii 
P4esocha.etonterus taylori Ari.cidea suecica 
Ph~rllochantonterus sp . nov . Aricidea ta.yl_ori 
Spiochaetopterus typicus Aricidea wassi 

Cirrophorus bra.nchiatus 
Cirrophorus lyriformis 

Family : Cirratulidae Paraonis gracilis 
Caulleriella killariensis Paraonic?_es 1.Yra 
Craetozone gayheadia Aricides r amosa 
Chaetozone setosa Aricidea uschakovii 
Cirratulus hedgDethic Cirrophorus aciculata 
Dodecacaeria concharuri Cirrophorus furcata 
Tharvx anrulosus 
Tharyx marioni 
Tharyx setigera Family : Questidae 
Cauleriella alata . Quest caudicirra 
Cauleriella bioculatLUne 
Cauleriella acicula 
Cauleriella caputesocis Family : Opheliidae 
Cauleriella zracilis Ammotrypane Sp . A 
Cirratl .lus c,3,rratus Armandia agilis 
Cirratulus filifb.rmis Arriandia maculata 
Cirriformi a tentaculata Ox>helina cylindricaudata 
Chaetozone corona Ophelina Sp . A 
Dodecaceria diceria Polyoohthalmus translucens 

Tra.visia forbesii 
Travisia Sp . A 

Family : Cossuridae Polyopathalmus pictus 
Cossura delta Trachytrypane ,jeffreYsii 
Cossura Sp . A 

Family : Scalibregmidae 
Family : Orbiniidae 

Haploscoloplos foliosus Asclerocheilus Sp . 9 
Haploscoloplos fY agilis Hyboscolex lon' Riseta 
Hatploscoloplos robostus Paraschlerocheilus Sp . A 
Orbinia americana Scalibregma inflatum 
Phylo felix ScalibreMa Sp . A 
Scoloplos capensis Sclerocheilus ocul.atus 
Scoloplos rubra Sclerocheilus Sp . A 
Schroederellaparliani Paraschlerockei.lus capensis 
Nainereis l,aevi,gata Sclerockeilus minutus 
Nainered setosa 
S 0 C.01 C-)Pl 

Dirlocirru ct-pen is 

,; r ol c) I)l c) I~j Iq.rgj d1in(-Ij c 
Scoloplos sp . nov. Family : Capitellidae 
Scoloplos sp . nov. C Capitella capitata 
Orbinia riseri Capitellid Sp . A 

Leioccip:ite) la glabra 
Leiochrides pall.idior 
",ediomast:us calif'orniensis 
Notomastus americanus 
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Family : Nerida.e Family : Goniadidae 
Cera+ocephala Sp . B Glycinde nordmanni 
Cera.tonereis irritablis Goniada littorea 
Ceratonereis mirabilis Gonia.da norvegica 
Ceratonereis versi ep data Goniada tere s 
Nea.nthes Sp . A Goniadel:la t;'racil.is 
Pde<:-T:thes Sp . B Progoriiada reUularis 
Nereis falsa Goniada rnaculata 
Nereis grayi Goniad.a. brunnea 
Nereis riisei Glycind.e di~;odon 
Nereis Sp . A 
Websterinereis tridentata 
Kinti,erginerel s inermis Family : .Eunicid.te 
Ie,P onereis cul_veri Eu.nice antennat a 
i'dereis zonata Eunice indica. 
Nereis irrorata Eunice kinbergi 
Nereis pnlagi ca Eunice siciliensis 
Ileanthes acuriinata Eunice vittata 
P1ea ::thes succinea Eunice websteri 
Platvnereis dusaerili Eunice gyp . A 
Rullierinereis sp . Lysidice ninetta collaris 
Ster_onereis sp . nov . L}" sidice ninetta ninetta 
Ceratonereis sp . nov . Mar-oh sa sanguine 
CeNa;onereis costae Nematonereis unicornis 

PRarphJSa martenseni 
LuMbrineris parvapedata 

Family : Nephtyidae E~unice aphroditois 
Aglaoj~hamus circinata Parama.rphysa lonRula 
Arl-, .orhamus verrilli 
"-iicronenhtus Sp . A 
Ne-chtvs bucera . Family : Onuphidae 
TJe-ontys Dicta Diopatra cuprea cuprea 
i1 Dt r sauamosa Diopa.tra cunrea spirobranchus 
Aglao-oharilus malmgreni Diopatra n . dubia 
D4icromaldane sp . Epidiopatra papil_losa 
NeDhtvs incises Leptoecia Sp . A 

Onuphis conchylega 
Onuphis eremites 

Family : Paralacydoniidae Onubhis holobranchiata 
.Paralacydonia paradoxes Onuphis mama 

Onunhis microcephala 
Onuphis nebulosa 

Family : Glvceridae Onuphis pallidula 
C=lvcera ariericana OnuUhis Sp . A 
Glycera capitat~ , Paraonuphis antarctica 
Glycera longipinnis Rhaanphobranch ium atlanticumi 
G1ycera otycephala E3idiopatra sp . nov . 
Glycera papillosa Nothria sp . nov . U 
Glvcera tesselata Nothri.a dula 
Hemipodus roseus Onuphius eremite occulata 
Glvcera convolute Rhamphobrachium Sp . B 
Glycera dibranchiata 
Glycera tenuis 
Glvcera, assymetrica Family : Lysaretidae 

Lvssrete brasiliensis 
Oenone fulCida 



Table 10`x . Continued . 

Family : Lumbrineridae 
raimlrinpsis aberrans 
Iumbrineris albidentata 
Lurnbririeris bassi 
Ltu^brir.eris coccinea 
Lumbrineris cruzensis 
Lubrir.eris erector 
Lumbrineris impatien 
Lumbrineris ini'lata 
Liuiib2'i.11er'is la.treilli 
Luribrineris narado;ca 
Lumbrineris -oarvipedata 
Lumbrneris tenuis 
Lumbrir,eris tetraura 
Lumbrineris Sp . A 
TJinoe nigripes 
Lumbrlr:Prls acuta 
Lurabrineris branchia.ta 
Lu.^nbri-ierio mucronata 
Lurabrineris sp . nov . B 

Family : Arabellidae 
Arab,-Ila Tricolor 
Arabe'la mutans 
Arabellid Sp . A 
Arabella seMimaculata 
Drilo:iereis filum 
Dr ;lonereis longa 
Drilonereis mama 
Notpcjrrus Sp . A 

Family : Dorvilleidae 

Family : Spicnidae (continued) 
Po7_ydora websteri 
Polydora gyp . A . 
Prionospio cirrobranchiata 
Prionospia cristata 
Prionospio heterobra.richiata 
Prionospia steenstru.pi 
Pygospio cleans 
Rhynchospio inflatus 
ScolecoleDides viridis 
Scolelepis squamata 
Scolelepis terana 
Spio pettiboneae 
Spiophanes bombyz 
Spiophanes berkeleyorum 
Spiophanes wigleyi 
Aonides oxycephala 
Iierinides f'oliosa 
Malacoceros indicus 
Polydora convexa 
Polydora tetabranchia 
Polydora socialis 
Polydora col_onia 
Plutynerei. s domerili 
Prionospia ehlersi 
Splo filicornus 
Spionid H 
Apoprionospi o sp . nov . 
Dispio sp . ncv . T 
Boccardia proboscides 
Prionosnio plumosa 
Rhynchospio glutaeus 

Dorvillea caeca 
Dorvillea neglecta Family : Magelonidae 
Dorvillea rubrovittata Magelona n . pacifica 
Dorvillea rudolphi Magelona pettiboneae 
Dorvillea sociabilis N.agelona pol.ydentata 
Ophrvotrocha peurilis Magelona Sp . B 
Protodorvillea, kefersteini Magelona Sp . C 

Magelona al_leni 
Family : Spionidae Magelona californica 

Aonides maYaguezensis Magelona cincta 
AT)oprionospio daYi Niagelona japonica 
Aporrionosvio pygnaea Magelona lon;icornis 
Dispio uncinata Pia.gelona obockensis 
Laonice cirrata 
r7alacoceros vanderhorsti Family : Poecilochaetidae 
r4icrosnio pi=entata Poecilochaetus johnsoni 
M;nLSr;n cirrifera Poecilochaetus serpens 
M;nuspio jUonica 
Minuspio lon ;ibranchiata 
Nerine agilis 
Nerinides tridentata 
Paraprionospio pinnata 
Polvdora ciliata 
Pol.ydora liRni 
Polydorella Sp . A 



jG 

Table 105 . Continued. 

Family : Capitellidae (continued) 
ITotoma,stu;, hemipodus 
Notomastus latericeus 
Ba rantolla arnericana 
Anotonastus nudes 
C?nit it a. ar:biseta 
Capitellide~ jonesi 
Ca-jitor^a.stus minir.us 
Dasvbranchus luMbricoides 
Das,/branchus lunul_atus 
Decamustu-s gracilis 
Hetercr°:astus filiformis 
idepheter-r,astus lineus 
Pseudocavitella incerta 
Pu11ie1_la sp . 
Sc-.rohon=^octus plantyproctus 
Sc;fnhoproctus oculatus 
Scvoho-oroctus sp . nov . 
Sc-.mho-o-rcctus Sp . X 
Scv^ohonroccus Sp . .Y 

Family : i!aldanidae 
As ;."chis carolinae 
Asychis elongata 
As1"chis Sam . A 
Axiothella mucosa 
Clvrnenella. torquata 
Euclv^s°ne delineata 
Ezclvr.!ene lumbricoides 
Eucl1mene lumbricoides 
Ezclvmene oerstedii 
Euclymene Sp . B 
Macroclymene zonalis 
Praxillella elongata 
Praxillura ornata 
Praxillura Sp . A 
Cl~r!nenura cirrata 
Heteroclymene globra 
Luribriclycnenella robusta 
Maldane sarsi 
Nicomache lumbericolis 
NiriMache trispinata 
Branchiosvchis americana 
Cl~,-isenella sp . nov . 

Family : Oiaeniidae 
Aiyriochele bioculatum 
Owenia f~.tsiformis 
btvriochel.e oculata 
Divriochele sp . nov . 
M-_"rionenia Sp . K 

Family : rlabe7.ligeridae 
Uiplocirrus capensis 

erus` a eTTcrsi 
Pherusa iri1.'lai,a 
Flabell_i ¬r,era affinis 
Fl.abelli.derrna sp . nov . 

Family : Sabellariida,e 
Lydamis Sn . A 
Sabellaria. vulgaris vulgaris 
Sabellaria floridus 

Family : Pectinariidae 
Cistenides gouldii 
Lagis Sp . A 
Pectinaria foreni koreni 

Family : Ampharet idae 
Anage auricula 
Aynvharete acutifrons 
Aripharete americana 
Ampharete parvidentata 
Arapharet id Sp . A 
Amphicteis gunneri 
Amphicteis Sp . A 
Isolda pulchella 
PQelinna maculata 
Samythella eliasoni 
Archenoplax sp . 
Ariphicteis scyphobranchiata 
Ampharete sp . nov . 0 
Lysippe labiata 
Lysippides sp . 
Melinnopsis atlantica 
Melinna monoceroides 

Family : Terebellidae 
Amaeana accraensis 
Amaeana trilobata 
I.oimia viridis 
Loimia Sp . A 
Pista brevibranchiata 
Pista cristata 
Pista macrolobata 
Pista pa]mata 
Pista quadrilobata 
Polycirrus caroliensis 
Polycirrus n . eximius 
Telot}ielepus Sp . A 
Thelepus setosus 
Lanice conchylega 
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Table 105 . Continued . 

Family : Terebellidae (continued) Family : Serpulidae 

.L,-)imia medusa Ficopomatus n . macrodon 
Proc1Pa sp . Ifydroides bandaensis 

StrPblosoma hartmanae Hydroides crucirJera 

Terebella pterochaeta Hydroides elegans 

Trrebella. sp . nov . A Hydroids protul_icola 

PCi1;jCiz'rus p7_umoseus Metavermilia Sp . A 

A: _-.nitrite ci.rreata NeoverMilia caDensis 

Lysilla sp . Poma,toceros americanus 

L~Tsilla loveni Pomatoleios caeru7_escens 

LeaAna videns Protula tubularia 
Leaena abranchiata Pseudovermilia occidentalis 

Ilicol.ea cetra.ta Serpula vermicula.ris 

Lanassa sp . nov . G Verrniliopsis annulata 
~ Lanassagracilis similus Apo::ialus 

Ditrupa arietina 
Filogra,na implexa 

Family : Trichobranchidae H;rdroides lunulifera. 

Terebellides stroemi Hydroides norvegica 

Z`richobranchus Flacialis Hydroides uncinata 
. Hydroides heteroceros 
Hydroides sp . nov_ . 

Fa-:iil.y : Sabellidae Metacermilia multecristata 

Choreduneri Placoste~us tridentatus 

.Desde.ona Sp . A Salmacine dysteri 
Eucone incolQr_ Serpula lobiancoi 

Fabricia n . atlantica Spirorbis corrogatum 

Hy~sicomus elegans Vemiliopsis bifcrmis 

Hti}siconus Sp . A Vemiliopsis infundibulum 

J2-s--,i :ej.r- blobata Vemiliopsis raultiannulatum 

Jasmineira caudata Spirobranchus giganteus 

t,'egalorq-,na bioculatiun Pomotoleios sp . nov . 

Megalo^lria lobiferum Dexiospira spieillum 

Megalomna quadrioculatum 
Pot a:-iilla reniformis 
Pota:iilla spathiferus Family : Disoraidae 

Sabella melanostigna Trochochaeta multisetosa 

Sabella microphthalma 
Brachio:nma nigromacula 
Chone americana Family : Heterospionidae 
Chone mollis Longosoma Prionota 

Chore ecaudata 
Chore filicaudata 
Euchre ocellata sp . nov . Family : Lacvdoniidae 
Fabricia liruiicola Paralacydonia paradoxa 

-Fabricia cabella aV onia MiranEa 

Jasr.:i:leira elegans 
Laonome sp . 
Oridia armandi 
Sabellid 0 
HN-esicomus phaeotaenia 
Potainilla torelli 
Vermiliopsis riultiannulata 
Sabellastarte sp . 
Fabrisibella sp . nov . 0 



Table 106, Density, biomass (wet weight) and species abundance 
of polychaetes for all three sampling periods . 

Station 

Transect I 

2101 
210? 
2103 
210 
2105 
2106 

irsnsect II 

2207 
2208 
GtO'q 
210 
211 

2212 

Transect III 

2313 
2311+ 
2315 
2316 
2317 
2318 

Summer 1975 Fall 1975 Winter 1976 

Density Biomass # of Density Biomass # of Density Biomass # of Depth Sediment 
/m2 9/m2 Species #/m2 9/m2 Species #/m2 g/m2 Sp ecies (m) Classification 

266 19 .78 80 893 10 .76 56 157 17 .55 72 ll .0 fsa 
1113 3 " 47 57 1358 8 .06 34 1112 5 .75 52 17 .4 fsd 
1513 1 .73 125 306 9.73 109 689 5 .39 65 36 .6 msd 
136 3.73 93 1310 2.94 94 817 3 .52 89 533 msd 
560 l .40 81 272 0.57 55 450 0.44 53 89 .6 csd 
382 1 .32 71 269 0 .27 53 207 0 .19 34 161 .5 fsd 

3784 13 .75 95 2046 8.55 68 3177 13;51 67 18 .3 Psd 
1291 . 4 .02 49 743 1 .23 4o 864 2 .85 46 31;.1 slt 
3~6? 4 .25 60 1_f355 2 .77 5'( 229£3 1 .87 1~c~ 29 .3 slt 
1383 lo . 66 b7 1717 2.87 . 61 1+93 4 .38 70 36 . 6 
1105 4 . 09 94 1831 6 .28 113 2734 7 .92 110 42 .1 csd 
432 0 .55 44 222 0 .86 34 441 1 .55 46 186 .5 slt 

155 0 .64 1+1 09 0 .76 29 91 0 . 26 24 164 .6 s1t 
1+240 11 .70 61 838 13 .0+ 69 1195 3.75 76 42~7 
2872 20-79 94 1731 10- 57 105 1808 14 .o8 117 36 .6 0 
1720 11-39 147 2170 6.69 123 2050 9 .43 121 37 .2 fsd 
122 7 .606 116 2336 9 .84 146 2079 11 .4o 74 27 .4 vfsd 
1*50 1.A1 53 15-19 5 .62 90 18'T9 3 .76 54 18 .9 msd 



Table 106 . Continued . 

Station 

Summer 1975 

Density Biomass # of 
#/m2 g/m2 Species 

Fall 1975 

Density Biomass # of 
#/m2 g/m2 Species 

Winter 1976 

Dens'ty Biomass # of 
#/m~ g/m2 Species 

Depth Sediment 
(m) Classificatie 

Transect IV 

2419 
2420 
2421 
222 
2423 
224 
225 
226 
227 

Transect V 

2528 
2529 
2530 
2531 
2532 
2533 
253+ 
2535 
2536 

568 2.59 61 1015 4 .88 74 838 4 .48 55 9.8 fsd 
937 6.74 105 148 5 .84 113 1253 8.25 88 14 .6 f to rsd 

1158 8 .76 85 1746 13 .39 100 183 7 .11 73 19 .2 of to fsd 
2034 21 .78 141 1336 12 .60 114 1115 8 .59 58 24 .1 msd 
1551 12 .48 115 2282 20 .72 127 1377 33 .1 83 29 .6 c-vcsd 
598 5 .63 86 1879 11 .76 102 1191 12 .0 84 28 .3 msd 
650 7 .55 101 1858 11 .4 133 1776 12 .79 104 36 .6 m-csd 
370 1 .19 67 393 9~46 52 372 3 .94 39 86 .3 msd 
118 2 .59 31 95 2.33 29 , 141 4 .59 34 172 .2 slt 

2165 1+ .91 129 822 8 .03 102 2033 535 96 37 .2 c-vcsd 
1609 7 .35 95 1252 3 .11 102 1626 5.05 81 37 .5 vcsd 
1143 8.30 106 1128 3 .24 88 2291 7 .53 87 4o .2 csd 
970 6.22 108 1159 4.27 99 2107 8-07 90 44 .5 c-vcsd 
817 3.83 103 622 0 .80 75 1776 7.36 84 50 .3 msd 
904 6 .26 93 296 o .48 52 1054 4 .63 66 66 .4 csd 
844 3.30 108 170 0.30 46 759 3.72 76 72 .5 vcsd 
237 6.07 45 76 0.06 21 515 1.13 . 33 115 .8 slt 
157 1 .83 38 94 0 .26 31 218 0 .83 34 180 .4 slt 

0 



Table 100 . Continued . 

-Summer 1975 Fall 1975 Winter 11076~ 

Dens 'ty Biomass ~f of Density Biomass # of Density Biomass # of Depth Sediment 
Station {{/rl~ g/m2 Species #/m2 g/m2 Species #/m2 9/m2 Species (m) Classification* 

Txansect VI 

2637 639 8.66 44 172 1 .70 26 533 1 .15 34 21 .3 slt 
2638 . 415 5.01 44 306 1 .76 30 281 1 .09 29 25 .6 slt 
2539 1942 14 . of 95 724 4.14 71 1.474 9.62 68 32 .0 V'F-:SCI 

2640 2661 9 .99 102 1009' 5 .57 77 1850 8 . '05 77 35 .7 
2641 1168 4 .42 79 728 3 .76 89 2326 4 .75 63 35 .1 fsd 
2642 942 4 .14 89 715 4 .77 83 1311 2 . 61 64 36 .o fsd 
2643 665 7 .73 94 492 2 .35 68 748 2.29 61 68 .o m-csd 
26+4 685 4 .33 88 594 2 .78 73 963 5.35 73 70 .7 csd 
2645 1185 5 .55 108 520 1 .96 74 670 3.17 66 107 .3 vcsd 

* sit = silt, b-64 microns 
vfsd= very fine sand, 64-125 microns 
fsd = fine sand, 125-250 mic rons 
msd = medium sand, 250-500 microns 
csd = coars e sand, 500-1000 microns 
vcsd= very coarse sand, 1-2 microns mar, 

N 
0 



Table 107, Species diversity of polycliactes for 
all three sampling periods . 

Station 

Transect I 

2101 
2102 
2103 
21Ck 
2105 
2106 

Transect II 

2207 
2268 
2209 
2210 
2211 
2212 

Transect III 

2313 
2314 
231.5 
2316 
2317 
2318 

Summer 1975 

H' Hmax J' H' 

Fall 1975 Winter 1976 

Hmax J' H' Hmax J' 
Depth Sediment 
(m) Classification 's 

2 .4 4 .3 0.56 3.06 4 .02 0 .76 3 .17 4.27 0.74 11 .0 fsd 
2 .9 4 .1 0.71 2.43 3 .53 0 .69 2 .89 3.95 0.73 17 .1 fsd 
5 .8 6 .9 0 .83 2 .99 4 .69 0 .64 3 .35 4 .17 o .Bo 36 .6 ms a 
3 .6 4 .5 0.80 3 .1+8 4 .54 0 .77 3 .68 4 .49 0.82 53 .3 ~ msd 
3.15 4.4 0.72 3 .57 4 .01 0.89 3 .49 3.97 o.88 89 .6 csd 
3 .5 4.2 0.83 3 .57 3.97 0.89 3 .15 3.53 0 .89 161 .5 fsd 

2 .1 )1-5 
2 .92 3 .8 
2 .x+3 4 .1 

3.74 4.54 
299 3.74 

l1 " 47 3 .15 4 .LL 0 .75 2 .90 Y .GV Q . 69- 1V ., 

0.75 2 .86 3 .69 0.77 2.92 ' 3 .83 0.76 34 .1 
0.59 2.62 4 .o4 o.65 2.73 3 .89 0.70 -09 . 3 

2 .78 4 .11 0.68 3.37 4~25 0.79 3G .6 
0.82 3.85 4.73 0.81 3.41 4 .70 0.72 42 .1 
0.79 3.02 3.53 0 .86 3.35 3 .83 0.87 186 .5 

3.47 3.6 o.94 3.18 3.37 0 .94 2 .83 3.18 
2 .5 4 .1 0 .61 3 .63 4 .23 0 .86 3 .40 x .33 
3.26 4 .54 0.72 3.79 4 .65 o .81 4 .11 4 .76 
4 .2 4 .9 0.85 3.99 4 .81 0.83 3 .88 4 . 79 
4 .0 4 .7 0 .84 4 .18 4 .98 0 .84 3 .23 4 .30 
3 .0 3.9 0.77 3.6o 4 .49 0 . 80 1 .94 3 .99 

o .89 164 .6 
0.78 42 .7 
0 .86 36 .6 
0.81 37 .2 
0 .5 27 .h 
o .)4Q 18 .E 

fsd 
slt 
slt 

csd 
slt 

slt 

fsd 
vfsd 
^lsd rJ 



Table 107 . Continued 

Summer 1975 Fall 1975 Winter 1976 
Depth Sediment 

Station H' Hmax J' H' Hmax J' H' Hmax J' (m) Classification 

Transect IV 

2419 3.2 4.1 0.78 3 .56 4 .30 0.83 3.18 4 .01 0.79 9 .8 fsa 
220. 3 .9 4.6 o .84 3 .96 4 .73 0.84 3 .68 4 .48 0.82 14 .6 f to msd 
2421 3 " 4 4 " 4 0 "77 3.78 4 .60 0 .82 3 .49 4 " 29 0 .91 19 .2 of to fsd 
222 4 .0 4 .9 0 .80 3 .93 4 .74 0 .83 3 .29 4 .06 0 .81 24 .1~ msd 
2423 3.9 4~7 ~~83 3 .83 4 .84 0.79 3 .17 4 .42 0.72 29 .6 c-vcsd 
224 3.87 4 .4 0.87 3.73 4.62 0 .81 3.63 4 .43 0.82 28 .3 msd 
2425 4.0 4.6 0.88 4 .20 4 .89 0 .86 3.74 4 .64 0 .80 36 .6 m-csd 
2426 3~6 4.2 0.86 3.20 3.95 0 .81 2.88 3.66 0 .79 86 .3 Msa 
227 3.1 3 .4 0.92 3.14 3.37 0.93 3.17 3 .53 0.89 172.2 slt 

Transect V 

2528 3 .95 4 .86 0.81 4 .08 4.62 0.88 3.83 4 .53 c) .84 372 c-vcsd 
2529 3 .76 4 .55 0.83 3.74 4.62 0.81 3.46 4 .37 0.79 37 .5 vcsd 
2530 3.83 4 .65 0.82 3.59 4 .48 0.80 3.80 4 .4-7 0.85 40 .2 csa 
2531 3 .89 4 .67 0.83 3.80 4.60 0.83 3.40 4 .50 0.75 44 .5 c-vcsd 
21-32 4 .18 4 .60 0 .91 3 .51 4.32 0.81 3.67 4 .43 0~83 50 .3 msd 
2533 4 .o8 4 .52 0.90 3.39 3 .95 a~8E 3.38 1 .19 0.81 66 .E csd 
2534 4 .22 4 .67 0.90 3.64 3 .83 0.95 3.84 4 .33 0.89 72 .5 vcsd 
2535 3.39 3 .78 0.90 2 . 75 3 .04 0.90 2.02 3 .47 0.58 115.8 slt 
2535 3.31 3 .64 0.91 3 .21 3 .43 0~94 2 .95 3 .53 0.84 180 .E slt 

F-~ 
N 



Station 

Transect VI 

2637 
2638 
2639 
2640 
261 
252 
36+3 
2644 
26+5 

Summer 1975 

H' Hmax J' 

Table 107 . Continued . 

Fall 1875 Winter 1976 

H' Hmax J' H' Hma;c J' 
Depth Sediment 
(m) Classification* 

2.91 3 .78 0.77 2.73 3.26 0.84 2 .66 3 .53 0 .76 21 .3 sit 
3-o8 3 .78 o.81 2.44 3.4o 0.72 2 .76 3 .37 0 .82, 25 .6 sit 
3 .79 4.55 0.83 3.79 4 .26 0.89 3 .1+2 4 .22 0.31 32 .0 of-fsd 
3.60 4 .62 0.78 3 .18 1+ .31 0.73 3 .70 4 .33 0 .85 35 .7' msd 
3.44 4.36 0.79 3 .87 4 .47 0.87 3.10 4 .13 0 .75 35 .1 fsd 
3.75 4.49 o.84 3 .95 4 .42 0.89 3-46 h .16 0 .83 36 .o fsd 
1 .07 4 .51 0.90 3 .60 4 .22 0.35 3 .57 4 .11 0 .87 68 .0 m-csd 
3.87 4 .~+8 0.86 3 .75 4 .29 0.87 3 .64 4 .29 0.85 70 .7 csa 
3 .99 4.78 0.85 3 .87 4 .30 0.90 3 .91 4 .17 0 .94 10 .3 vcsd 

* Sit = silt, 4-54 microns 
vfsc.= very fine sand, 64-125 microns 
fsn = fine sand, 125-250 microns 
risd = medium sand, 250-j00 microns 
csd = coarse sand, 500-1000 microns 
vcsd= very coarse sand, 1-2 microns 

N 
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density, biomass and species abundance . Although correlation analyses 

indicated no significant relationship between species diversity and sediment-

grain size or depth, a frequency distribution (Table 103) did suggest 

a partial relationship between species diversity and sediment type . 

One hundred and three (103) of the possible 616 poJ_ychaete species 

were dominants (accounted for 5% or more of the total specimens) at least 

once . Table 109 lists the dominant species and the number of stations per 

transect at which they were dominant for one or more of the three sampling 

periods . Thirty-two species were dominants at only one station ; 22 species 

were dominants at two or more stations but at only one transect ; 13 species 

were dominant at four or more transects; and only one species was a 

dominant at all six transacts . Aedicira belgicae had the greatest frequency 

of station dominance (21 stations along five transacts) . 

Table 110 presents maximum, minimum and mean station homogeneity 

values for Transacts I-VI for each sampling period . These data show wide 

variation in homogeneity within stations (nine replicates per sampling 

period) and between stations, transacts and sampling . 

Table 111 presents community classification of stations for Transacts 

I-IV based on characteristics of polychaete species groups collected 

during the summer sampling program . 

Epifauna/Epiflora 

Results of the benthic macro-epifaunal/epifloral study through 

dredging, trawling, and diving can be summarized by groups as follows : 
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Table 7_08 . Frequency distribution of H' values 
at different sediment grain sizes . 
parentheses are relative frequencies 

occurring 
Numbers in 
(io) . 

of-fsd + f-msd + m-csd + c-vcsd + 
H' sl.t + vfsd fsd msd csd vcsd 

<3 .00 17 (56) 6 (20) 3 (11} 

>3 .00 ; <3 .50 11 (37) 12 (40) 6 (22) 5 (24) 3 (17) 

>3 .50 ; <4 .00 2 ( 7) 11 (37) 15 (56) 12 (57) 13 (72) 

>L-co; <4 .50 1 ( 3) 2 ( 7) 4 (19) 2 (11) 

>4 .50 ; <5 .00 

>5~00 1 ( 4) 

TOTAL 30(100) 30(100) 27(100) 21(100) 18(100) 

* slt 
vfsd 
fsd 
msd 
csd 
vcsd 

silt 
very fine sand 
fine sand 
medium sand 
coarse sand 
very coarse sand 
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Table 109 . List of dominant species by transect of occurrence . 
Values are the number of stations at which a species 
was a dominant for one or more sampling periods . 
Dominant species is defined as one which comprised 5% 
or more of the total sj)ecimens in the collection . 

Species I II III IV V VI 

Lepidonotus subl_evis 
Amphinomid A 
Sylli > spongicola. 2 
Syllis cornuta 
Syllis hyalina 1 
Syllis regulata 
Syllis alternate 
Exogene dispar 
Fxogene A 
Exogene verugera 
Sphaerosyllis pirifera 
Syllid A 
Ceratocenhale B 
Websterinereis tridentata 
rdeanthes B 
ideanthes acuminate 1 
Aglaophamus circinata 
Aglaophamus verrilli 3 
Paralacydonia paradoxa 
Eliclymene oerstedii 
Glycera papillosa 
Glycera capitata 
Glycera tesselata 
Goniada littorea 
Goniada tires 
Eunice vittata 1 
Onuphis A 
Onuphis microcephala 
Lumbrineris parvipedata 1 
Lumbrineris acute 
Lumbrineris cruzensis 
Protodorvillea 

kefersteini 1 
Spio pettiboneae 
Paraprionospio pinnate 2 
Scolelepis squamata 
Frionospio 

cirrobranchiata 

1 1 

1 
1 

1 

1 1 

1 
2 
5 
1 

2 

5 
1 
1 

1 4 

1 
2 1 

1 1 
1 k 4 

1 
1 

1 

5 

4 

5 

1 

2 
7 

1 
2 

2 
2 
2 

1 
2 

1 

1 

1 
1 
2 
5 
2 

1 

1 

2 

1 
1 

5 

1 

1 
1 
5 
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Table 109 Continued . 

Species I 

Prionospio cristata 

II III IV V VI 

Prionospio ehlersi 1 
Prionospio steenstrupi 
Apoprionospio dayi 2 
Apoprionosnio pygmaea 
P,r- . o~ sio elegans 
L~a.gelona pa.cifica 
MaFelona californica 2 
Magelona longicornis 
Pfagelona B 
Poecilochaetus johnsoni 
Tharyx annulosus 
TYiaryx marioni 
Thar x setigers 
Cossura A 
Cossura delta 1 
Heploscol_oplos foliosus 
Cirrophorus lyriformis 
Cirrophorus branchiatus 
Aricidea fauveli 1 
Aricidea fragilis 
Aricidea suecica 
Aricidea jeffreysii 
Aricidea wassi 
Paraonis gracilis 5 
Paraonides lyra 2 
Aedicira bel.gicae 3 
Armandia ma.culata 2 
rfediomastus californiensis 
Asychis carolinae 
SanVthelia eliasoni 
Ampharete A 
Ampharete acutifrons 3 
Ampharete americana 
Bhawania ,oodei 1 
Chorie filicaudata 
Chone duneri 
Girratulus filiformis 1 
Hemipodus roseus 1 
Hesionid ngen nsp 
Kinberginereis 

inermis 2 

1 

5 1 3 
3 

2 

3 1 
2 

2 1 

1 

6 2 

1 

1 

1 

1 

5 2 2 
2 1 
5 4 5 

1 2 

1 1 
1 1 
1 3 2 
1 1 

1 1 2 
1 

1 3 2 

1 

2 
1 
1 
2 
1 
3 

1 
1 

2 
1 
2 
1 
1 
2 
2 
4 
3 

1 
3 
3 
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Table 109 . Continued . 

Species I II III TV V VI 

Lysidice ninetta 2 
P':inuspio cirrifera 1 4 2 2 
iiep?:±,j :; bucera 1 
PTephtys pi cta 1 
Nothria pall idula 1 1 
Plothria sb nov U 1 1 1 
Pholoe minui;a 1 
Pholoe sp nov A 1 
Polydora 

tetrabranchiata 2 
Polydora socialis 1 
Progoniada regularis 1 2 
PseudoeurytYioe ambigua 1 1 
Sigambra tenta.culata 1 1 
Spionid H 1 1 
Spiophanes bombyx 2 
Synelmis albini 2 2 
TacY~ytrypane jeffreysii 2 
Caulleriella bioculata 1 
Filograna implexa 1 2 
Hydroides sp nov 1 
Pionosyllis 

ehlersi.aformis 1 
Paleanotus heteroseta 1 
Laonice conchilega 1 
Anaitides madeirensis 1 
Nereis zonata 2 
Notomastus latericeus 3 
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Table 110. Maximum, minimum and mean morisita affinity indices as 
a measure of sample homogeneity for polychaetes . The 
number of replicates per station is nine (9 ) . 

Summer Fall. Winter/Spring 
Max+Min Max+Min Max+Min 

Station Max Min 2 Max Min 2 Max Min 2 

2161 1 .01 0 .74 0 .88 .1 .09 0 .62 0 .85 1 .0U o .45 0 .72 
2102 1 .04 0 .58 0 .81 1 .01 0 .75 0 .88 1 .08 0 .3), 0 .71 
2103 0 .98 0 .0 0 .49 1 .00 0 .05 0 .52 0 .99 0 .17 0 .58 
2104 1 .04 0 .1+4 0 .74 1 .03 0 .0 0 .51 1 .23 0 .25 0 .74 
2105 1 .05 0.62 0 .83 6 .43 0 .32 3 .37 1 .25 0 .34 0 .79 
2106 1 .20 0 .36 0 .78 1 .93 0 .0 G .96 4 .08 0 .0 2 .04 

2207 0.99 0.12 0.55 0.99 0~71 0 .85 0 .97 0.61 0.79 
2208 1 .13 0.27 0.70 1 .07 0 .57 0.82 1 .02 0.41 0.71 
2209 1 .01 0.84 0.92 1 .02 0.53 0 .77 1 .01 0.69 0.85 
2210 0.51 0.0 0.25 1.03 0.75 0.89 1 .00 0.53 0.75 
221 1 .1o 0.06 0 .58 0 .97 0 .46 0 .71 0 .89 O .ol 0 .45 
2212 1 .28 0.37 0.82 1 .56 0.09 0.82 1 .22 0 .23 0 .72 

2313 1 .48 o . o 0 .74 3 .30 0 .0 l .65 5 .33 0.0 2 .6 
2314 o-94 o . o o .45 o .68 o . o 0-34 1 .03 0 .35 o.69 
2315 0 .02 0 .0 0 .01 0 .98 0 .49 0~73 0 .96 0 .13 0 .54 
2316 0.89 0.11 0 .50 1.03 0.61 0.82 0.99 0.33 0.66 
2317 1 .10 0 .35 0 .72 0 .92 0 .18 0 .55 0 .97 0 .60 0 .78 
2318 3 .25 0 .0 1 .62 1 .01 0 .40 0 .70 1 .00 0 .79 0 .89 

2+19 1 .25 0 .36 0 .80 1_ .04 0 .33 0 .68 1 .04 0 .57 0 .80 
21+20 0 .97 0 .09 0 .53 0 .95 o .47 0 .71 1 .05 0 .01 0 .53 
221 1.13 0.57 0.85 1 .02 0 .76 0 .89 1.13 0.67 0.90 
2422 1 .00 0 .03 0 .51 1 .03 0 .18 0 .60 0 .22 0 .0 0 .11 
2423 0 .89" 0 .19 0 .54 1 .00 0 .33 0 .62 1 .01 0 .13 0 .57 
2424 1 .24 0 .25 0 .75 1 .08 0 .68 0 .88 1 .01 0 .49 0 .75 
2425 1.01 0.13 0.57 0.97 o.46 0.71 0 .96 0.23 0 .59 
2426 4 .50 0 .0 2 .25 1 .09 0 .09 0~59 2 .25 0.37 1 .31 
2427 4 .17 0 .0 2 .08 3 .33 0 .0 7_ .66 4 .4o o . o 2 .20 

T rue Mea n True Me an Truce Mean 
2528 0.81 0 .03 o .46 o .99 0 . 06 0-43 1 .09 0 .29 o .68 
2529 0.98 0.42 0.69 1 .17 0.32 0.75 0.98 o.47 0.77 
2530 1 .00 0 .12 0 .46 0 .97 0 .17 0 .65 1 .03 0 .33 0 .71 
2531 1 .09 o .45 0 .82 1 .05 0 .19 0 .67 1 .01 0 .22 0 .68 
2532 1 .08 0 .07 0 .45 1 .05 0 .21 o .67 1 .02 0 .10 0 .62 
2533 0.89 0.08 0.55 136 0.0 0.70 0.99 0.15 0.62 
253+ 0.83 0 .09 0 .52 ~ 4 .00 0 .0 0 .69 0 .98 0 .15 0 .57 
2535 2 .04 0 .0 0 .90 5 .00 0 .0 0 .73 1 .03 0 .57 0 .80 
2536 6 .60 0 .0 1 .01 6 .67 0 .0 0 .14 1 . .25 0 .0 0 .48 
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Station 

2637 
2638 
2639 
26+0 
2641 
2642 
2643 
2644 
265 

Table 110 . Continued 

Max 

Summer Fall 

Min True Mean Max Min 

1 .10 
1 .13 
1 .02 
1 .01 
1 .02 
1 .10 
1 .43 
1 .15 
0.98 

.6~+ 0 .92 2 .15 0 .0 

. ~+8 0.82 1 .25 o.69 
. 52 0 .77 1 .16 0 .13 
.39 0 .7~+ 1.03 0.01 
.54 0.77 0.99 0.10 
.38 0 .72 1 .03 0 .09 
.0~+ 0.57 1 .33 0.17 
. ~+~+ 0 .72 1 .28 o .19 
.35 0.66 1 .87 

0 
o 
o 
0 
0 
0 
0 
0 
0 0 .08 

Winter/Spring 

True Mean Max Min True Mean 

0 .83 1 .17 0 .12 0 .69 
0~93 1 .11 0.0 0.30 
0 .59 1 .02 0 .54 0 .81 
0 .53 1 .02 0 .19 0 .58 
0-55 1 . 04 o.63 0 .89 
0:53 1 .04 0.55 0 .85 
0.77 1 .27 0 .70 0 .98 
0 .72 1 .28 0 .71 0 .98 
0.63 1 .19 0 .34 0.71 



521 

Table 111 . Classification of stations on MAF'LA benthic transects 
I, II, III and IV - Summer, 1975 sampling - based on 
characteristic polychaete groups . 

Station Primary Secondary Representation Homogeneity J prime 

2101 I mixed fair good .56 
2102 I mixed fair fair .71 
2103 Transitional mixed ? ? ? 
2104 Transitional mixed poor fair .80 
2105 II ? good good .72 
2106 II none excellent fair .83 

2207A I mixed poor poor 
22078 mixed ? ? ? .47 
2208 I mixed poor fair 
2209 I I good good .75 
2210 mixed none ? ? .59 
2211A mixed mixed excellent excellent ? . 
2211B I ? . excellent excellent 
2212 Transitional Transitional poor poor .82 
2213 Transitional none good fair 

2314 Transitional none ? ? .79 
2315 III none - ? ? .94 
2316A mixed mixed gqod fair ? 
2316B mixed II good fair ? 
2317 I none poor poor 
2318 mixed none fair poor .85 

2419 II, none fair fair .84 
21+20A II Transitional fair fair .77 
2420B Transitional none fair fair .78 
2421 I none good good 
2422 III none excellent food .84 
2423 III mixed good good 
2424 I none food fair .77 
2425 Transitional none poor poor .80 
2426 mixed none poor poor .83 
2427 mixed none poor poor .87 
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I . Molluscs 

A. Plumber 

l . To 

a. 
b . 
c . 
d . 
e . 

of species recorded overall - 236 

tal through Dredge/Trawl - 189 

Transect I - 70 -
Transect II - 57 
Transect III - 68 
Transect IV - GO 
Transect V - 59 

f . Transect VI - 70 

2 . Total through Diving - 105 

a. Florida Middle Ground (FMG) - 70 
b . Clearwater (CW) - 57 

B . Prospective "new" species 

Dendrodoria sp . (from Stations IIA and VIB) ; specimens are now 
being examined by a specialist . 

C . New distribution records 

1 . Dredge/Trawl 

a . Platydoris angustipes 
b. Anisdoris Area 
c . Peltodoris greeleyi 
d . Malluvium benthophilum 
e . Dentalium taphrium 
f . Dentalium floridense 
g. Dentalium laqueatum 

2. Diving 

a. Coralliophila abbreviata 
b. Antillophos adelus 
c . Crassispira cubana 
d . Pisania tincta 
e . Muricopsis oxytatus 

In addition we have 46 possible additional new records . These 

await verification . 

D . Predominant species at each station . 

l . Dredge/Trawl 

IA Chlamys benedicti , Aequipecten muscosus , IIiatella artica 
IB Chlzukys benedi.cti , Turri.tella exoleta , Xenophora 

conchyliophora 
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l . Dredge/Trawl - continued 

IC Murex beauii , Murex hidalgo , Tuqurium caribeaum 
IIA Aeguipecten muscosus , Hiatella arctica , Calliostoma 

pulchrum 
IIB Chlamys benedicti , Chama congregata , Antillophos candei 
IIC Murex oeauii , Tuquriurn cari.beaum , Antillophos candei 
IIIA Chlamys benedicti , Lima pellucid a, Spondyl_us americanus 
IIIB Pteria colyrnbus , Lima pellucida , Barbatia docningerisis 
IIIC Murex beauii , Tuqurium caribeaum , Aeguipecten glyptus 
IVA Chlamys benedicti , Aeguipecten rnuscosus , Argopecten F,ibbus 
IVB Oliva saya.na , Merc ena.ria ca.mper_hiensi_s , Argopecten gibbus 
IVC Murex beaui.i , Tuqurium caribeaum, Polystira tellea 
VA Pecten raveneli , Turritella exolata, Argopecten i~ bbus 
VB Turritella exoleta , Mercenaris campechiensi :> , Barbatis 

domingensis 
VC Aequipecten glyptus , Nuculana acuta, Polystira tellea 
VIA Distorsio clathrata, murex fulvescens . Jouannetic 

quillingi 
VIB Turritella exoleta, Malluvium benthophilium , Barbatia 

domingensis 
VIC Murex beauii , Antillophos candei , Fusinus eucosmius 

2 . Diving 

FMG* Stations 047, 11+7, 151, 21+7, 251 : 
Spondylus americanus , Cerithium litteratum , Pteria colymbus 

Station 146 : 
Spondylus asnericanus , Cerithium litteratum , Hiatella arctica 

CW** Station : 
062 - Aeguipecten muscosus , 

artica 
064 - Aeguipecten muscosus , 

lp ana 

Calliostoma pulchrum , Hiatella 

Calliostoma pulchrum , Crapidula 

ARTHROPODS 

II . Decapod Crustacea 

A. Number of species recorded overall - '-1g0 

1 . Dredge/Trawl by Transect Total 134 

a .~ Transect I - 76 
b . Transect II - 51 

* Florida Middle Ground 
Clearwater 



524 

c . Transect III - 66 
d . Transect IV - 47 
e . Transect V - 59 
f . Transect VI - 63 

2 . Diving by Area Total 74 

a. Florida Middle Ground - 55 
b . Clearwater - 35 

B. Prospective "ne-,?'species 

1 . Dredge/Trawl 

a . Pericli.menaeu:; n . sp . (from StELtions IA, IIIA) 
b . Alpheus n . sp . I (from Station :; IIC, IIIB, IIIC) 

2. Diving 

a . Pericliminaeus n. sp . (from Station 151) - 
b . Synalpheus n . sp . I (from Stations 147, 151, 1~6, 247, 047) 
c . Synalpheus n . sp . II (from Stations 047, 251, 151, 147) 

C . New distribution records 

1 . Dredge/Trawl 

a. Gulf of Mexico 

.4lpheus n . sp . I (near A. macrocheles ) 
Periclimenaeus n. sp . 

b . Eastern Gulf 

Periclimenaeus caraibicus 
Lysmata intermedia 
Lysmata rathbunae 
Alpheopsis labis 
Lipkebe holthuisi 
Upogebia operculata 

2. Diving 

a. Gulf of Mexico 

Synalpheus brevifrons 
Synalpheus n. sp . I (near S . Rathbunae) 
Synslpheus n. sp . II (near S . t.ownsendi) 
Trachycaris restrictus 
Alpheopsis labis 
Periclimenaeus bredini 
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b . Eastern Gulf 

Gnathophyllum rnodestum 
Pontonia margarita 
Periclimenaeus perryae 
Periclirnena.eus asci.di arum 
Periclimenaeus perlatus 
Periclimenes iridescens 
Lysmata rathbunae 

D. Predominant species at each station 

1. Dredge/Trawl Station 

IA F'ortunus spinicarpus , Stenoc -onops furcata coelata , 
Stenorynchus seticornis 

IB Dormidia antillensis , Portuntzs spinicarpus , Parthenope 
agony 

IC Prlopagurus discoidalis , P,yromaia arachna , Palicus sica 
IIA Calappa 1'lammea , Sicyonia brevirostris , Penaeus duorarum 

IIB Dardanus insignia , Iliacant.ha subglobosa, Anasimus latus 
IIC Myropsis quinquespinosa , Acanthocarpus alexandri , 

Goneplax hirusta 
IIIA Nithrax acuticornis , Stenorynchus seticornis , Portunus 

spinicarpus 
IIIB Portunus spinicarpus , Podochela gracilipes , Palicus sica 
IIIC Goneplax hirusta , Acanthocarpus alexandri , Portunus 

spinicarpus 
IVA Ranilia muricata , Osaclita semitovis , Stenocionops 

furcata coelata 
IVB Portunus spinicarpus , Anasimus latus , Sicyonia 

brevirostris 
IVC Acanthocarpus alexandri , Goneplax hirusta, Myropsis 

quinquespinosa 
VA Parthenope fraterculus , Collodes trispinosus , Portunus 

spinicarpus 
VB Anasimus latus , Osachila semilevis , Sicyonia brevirostris 
VC romaia arachna , Ethusa microphthalma , Nyropsis 

quinquespinosa 
VIA Portunus spinicarpus , Sicyonia brevirostris , Drigopagurus 

dispar 
VIB Stenorynchus seticornis , Anasimus latus , Podochela sp . 
VIC ro:naia arachna , E`thusa mice°ophthalma , Dardanus insignis 

2 . Diving 

FMG Stations 047, 147, 251, 151, 247, 146 : 
Stenorynchus seticornis , Synalpheus townsendi , 
acuticornis 

CW Station 062 : 
Stenorynchus seticornis , Mithrax pleuracanthus , 
A ¬?8SS1Z17. 

Mithra.x 

Lobopilumnus 
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III . Echinoderms 

A . Number of species recorded overall. - 65+ 

l . Total through Dredge/Trawl - 61- 

a . Transect I - 32 
b . Transect II - 17 
c . Transect III - 38 
d . Transect IV - 20 
e . Transect V - 18 
f . Transect VI - 28 

2 . Total through Diving -.20 

a. Florida Middle Ground - 18 
b. Clearwater - 6 

B. Prospective "new" species 

Ophiactis sp . (from all F'MG stations) 

C . New distribution records 

1 . Dredge/Trawl 

a. Gulf of Mexico - none verified as yet . 

2 . Diving 

a . Gulf o£ Mexico - Prospective new species (above) . 

D . Predominant species at each station (maximum of three) 

1 . Dredge/Trawl Stations 

IA Luidia clathrata, Ophiothrix angulata , Lytechinus 
variegatus 

IB Comactinia meridionalis , Anthenoides piercei , Astroporpa 

annulata 
IC Astropecten cingulatus , Araeosoma violaceum , 

Brissopsis elongata 
IIA Luidia clathrata , Lytechinus variegatus , Arbacis 

punctulata 
IIB Astroporpa annulata , Clypeaster ravenelli 
IIC No truly dominant form established 
IIIA C*oniaster tesselatus , Ophiolepis elegans , Eucidaris 

tribuloides 
IIIB Luidia el.egans , Astroporpa annul at a , Clypeaster ravenelli 
IIIC No truly dominant form established 
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IVA Luidia cl.athrata , Ophio]_epis ele~;ans , Lytechinus 
variegatus 

IVB Anthenoides pi.ercei , C7ypeaster ravenelli 
IVC No truly dominant form established 
VA Luidia r_ lathrata , c?phiolepis cl et;ans , Eucidaris tribuloides 
VB Astroporp», a.nnulata , Clypeaster ravenelli , Schizaster 

orbignyaclus 
VC No truly dominant form established 
VIA Luidia clathrata, Ophiolepis elegans , Cl.ypeaster durandi 
VIB Anthenoic7.es piercei. , Astroporpa annulai;a , Stylocidaris 

affinis 
VIC Luidia elegans , Clypeaster ravenelli , Coelopleurus 

fl Sri rlnnii-" 

2 . Diving 

F14G Stations 047, 146, 147, 151, 251 : 
Coscinasterias tenuispina , Ophiothrix angulata , 
Diadem. antillarum 

Station 247 : 
Coscinasterias tenuispina , Ophiothrix angulata , Arbacia 
punctulata 

C47 Station 062 : 
Arbacia punctulata , Lytechinus variegatus , 
Ophiothrix angulata 

Station 0 
Arba.cis punctulata , Lytechinus variegatus 

COELENTERATES (Octocorallia/Scleractinia) 

IV . Octocorallia 

A. Number of species recorded - 25 

l . Total through Dredge/Trawl - 19 

a . Transect I - 3 
b: Transect II - 8 
c . Transect III - 15 
d. Transect IV - 8 
e . Transect V - 1 
f . Transect VI - 8 

2 . Total through Diving - 

a . . Florida Middle Ground - 13 
b. Clearwater - 1 

B . Prospective "new" species - none at this time 
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C . New distribution records 

l . Dredge/Trawl 

a . Bebryce parastellata 
b. Bebryce grandis 
c . Nidalia occidentalis 
d . Villogorgia nitre>cens 
e . Neospongodes agassizi 
f . Scleracis quadaloupensis 

2. Diving . 

a . Lophogorgia cardinalis 
b . Diodogorgia nodulifera 
c . Pterogorgia quadalupensis 
d . Pseudopterogorgia rigidia 

D . Predominant species at each station 

l . Dredge/Trawl 

IA Diodogorgia nodulifera , Bebryce parastellata , Ellisella 
barbadensis 

IB Bebryce parastellata 
IC No truly dominant form established 
IIA Diodogorgia nodulifera , BebrS"ce grandis 
IIB Bebryce parastellata , Neosporigodes agassizii 
IIC Bebryce grandis 
IIIA Bebryce parastellata , Villogorgia nigrescens , Muricea 

elongata 
IIIB Bebryce parastellata , Bebryce grandis , Paramuricea sp . A 
IIIC Bebryce parastellata , Villogorgia nigrescens 
IVA Bebryce parastellata , Bebryce grandis , Ellisella elongata 
IVB Bebryce parastellata , Bebryce grandis , Nidalia occidentalis 
IVC Ellisella barbadensis 
VA Bebryce pa.rastellata 
V$ Bebryce parastellata 
VC No truly dominant form established 
VIA Bebryce parastellata, Scleracis guadalupensis , Ellisella 

barbadensis 
VIB Bebryce parastellata, Bebryce grandis , Villogorgia 

nigrescens 

2 . Diving 

FMG - all stations 
Muricea laxa , M. elongata , Etinicea calvculata 

CW - all stations 
Diodogorgia nodulifera 
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V. Scleractinia 

A. Number of species recorded - 30 

1 . Total through Dredge /Trawl - 21 

a . Transect I - 5 
b . Transect II - 9 
c . Transect III - 4 
d. Transect IV - 2 
e . Transect V - 5 
f . Tra.nsect VI - 7 

2 . Total through Diving; -'17 

a. Florida Middle (wound - 1 
b . Clearwater - 8 

B . Prospective "new" species 

Caryophyllia horologium n. sp . 
Flabellum fragile n, sp . 

C . New distribution records 

l . Dredge/Trawl 

a . Cladocora debilis 
b. Solenastrea hyades 
c . Paracyathus defilippi 
d . Oculina tenella 

2 . Diving 

a. Manicina arelolata 
b . Scolymia lacera 
c . Scolymi.a cubensis 
d. Dichocoenia stokesii 
e . DiChocoeriia stellanis 
f . Meandrina meandites 
b. Cladocora arbuscula 

D. Predominant species at each station 

l . Dredge/Trawl Stations 

IA Cladocora arbuscul_a , Oculina diffusa , Octilina tenella 
IB 
IC Paracyathus defilippi 
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IIA PhYllangtiia ameri.cana , Oculina diffusa, Stephanocoenia 
michelini , Cladocora arbuscul.a 

IIB Cl adocora. arbuscula , Paracyathus defilippi 
IIC Madracis decactis , Oculina diffusa 
IIIA Madracis decactis 
IIIB Paracya.i;hus defilippi 
IIIC 
IVA Oculina tenella 
IVB 
IVC 
VA Cladocora debilis , Oculina.tenella 
VB Madracis asperula 
VC Paracyathus defi.lippi 
VIA 
VIB Paracyathus defilippi 
VIC Paracyathus defilippi 

2. Diving 

FMG - all stations 
Madracis decactis , Porites divaricata , . Dichocoenia 
stellaris 

CW - all stations 
Solenastrea hyades , Cladocora arbuscula , Phyllangis 
americana 

VI . Poly~chaete Annelids 

A . Number of 'species recorded overall - 100+ 

l . Total through Dredge/Trawl - 97 

a. Transect I - 31 
b . Transect II - 14 
c . Transect III- 46 
d . Transect IV - 34 
e . Transect V - 47 
f .. Transect VI - 34 

2. Total through Diving - 41 

a . Florida Middle Ground - 41 
b. Clearwater - 0 

B. Prospective "new" species - awaiting examination and comparison 
with type material . 

C . New distribution records 

1 . Dredge/Trawl 

a . Euphrosine triloba 
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2 . Diving 

D . Predominant species at each station 

1 . Dredge/Trawl Stations 

IA Eunice sp . A, Euriice antennata , Ceratoneris mirabilis 
IB Polyodontes sp . A 
IC Aphrodite sp . A, Armandia maculata, Sabella melanostigna 
IIA Pomatoceros ariericanus , Eunice antennata , Nereis sp . A 
IIB Eunice rubra , Phyllodoce groen.landica , 7'helepus setosus 
IIC Polyodontes lupin a, 
IIIA Lunice rubra, Hermenia verraculosa , Spirobranchus gigranteus 
IIIB Vermiliopsis sp . A, Nereis sp.A, Eunice sp . A 
IIIC Potogenia sericoma 
IVA Eunice sp . A, Eunice antennat.a , Ceratoneris mirabilis 
IVB Eunice sp . A 
IVC Hydroides protulicola , EunicE! rubra 
VA Hermodice carunculata , Eunice! 'sp . A, Eunice rubra 
VB Melinna maculata , Glycera americana 
VC Eunice sp . A, Eupanthalis kirbergi , Sabellid sp . 
VIA Pseudovermilia sp . A 
VIB Eunice sp . A, Phyllodoce groenlandica 
VIC Eupanthal.is kinbergi , Lepidametri_a commensalis 

(spp . of Eunicidae dominate toth in numbers and biomass) 

2 . Diving Stations 

FMG - all stations 
Eunice rubra, Ceratoneris mirabilis , Hermenia verraculosa 
Spirobranchus giganteus 

CW - all stations 

VII . Porifera 

A. Number of species recorded to date - 48 

1 . Total from Dredge/Trawl to date - 30 

2 . Total from Diving - 48 

a. Florida Middle Ground - 41 
b . Clearwater - 12 

B. Prospective "new" species 

Prosuberites sp . 
Cliona sp . 

We anticipate many more . 
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C . New distribution records 

1 . Dredge/Trawl 

2 . Diving 

a . 
b . 
c . 
d . 
e . 
f . 

h . 
i . 

J " 
k. 
l . 
m . 
n . 

Verongia cauliform3_s rufa 
Aegl.a.s d.ispar 
Ery7.u:; sp . 
Pseudoceratina ^rassa 
Thal_ysias sp . 
Pseudaxinella ltinaecharta. 
Guita.ra sp . 
Spongosorites 
E ap 1)_ax 
Asteropus sp . 
Yvesia sp . 
Grayella sp . 
Prosuberites sp . 
Cliona sp . 

D . Predominant species at each station 

l . Dredge/Trawl 

2 . Diving 

FMG - Ircinia strobilina , Cinachyra sp ., Pseudoceratina crassa 
CW -Names not established 

VIII . Algae 

A. Number of species recorded overall - 194 

1 . Total through Dredge/Trawl - 106 

a . Transect I - 25 
b . Transect II - 72 
c . Transect III - 41 
d. Transect IV - 13 
e . Transect V - 16 
f. Transect VI - 0 

2 . Total through Diving - 161+ 

a . Florida Middle Ground - 163 
b . Clearwater - 71 

B . Prospective "new" species - we anticipate at least eleven new 
species and two new genera . 



533 

C . New distribution records 

Approximately 99 species have been added to those Cheney and 
Dyer (197+) reported . 

D . Predominant species at each station 

l . Dredge/Trawl 

IA Halymenia f:loridana Gracilaris mammil_laris , Caulerpa 
mexi_cana 

IIA Caulerpa sertularioides , Pseudocodium floridanum , 
Halyrnenia i loridana 

IIIA Caulerpa sertiala.rioides , Halyymeni£loridana , Pseudocodium 
fl.ori_ danum 

IVA Halymenia sp ., Gracilaria mammilla.ris , Agardhinul.a 
brormeae 

VA Graci7_aris rnammillaris , Rhodymeriia, pseudopalmata , 
Sargassum filipendula - 

2 . Diving 

FMG Station 147 : 
Botrvocladia occidentalis , Codium carolinianum , Halimeda 
disco9_dea 
47 : Laurencia intricata , Dictyota bartayresii , Codium 
Carolini.anum 
146 : Codium intertextum , Halimeda discoidea , Betryocladia 
occident alis 
151 : Laurencis intricata, Codium intertextum , Codium 
caroliniantun 
251 : Halimeda discoidea, Galaxaura squalida , Botryocladia 
occidentalis 
2-47 . Codium intertextum , Halimeda discoidea, Kalymenia 
perforata 

Pseudocodium fl.oridanum , Caul_e.rpa sertularioides , 
Gracilaria mammillaris 
62 : Caulerpa sertula,rioides , Udotea conglutinata , Halimeda 
cf . tuna 

Species composition similarity between stations for the molluscs, 

decapod crustaceans, echinoderms, polychaetes grid corals collected in the 

trawl/dredge program are presented in Figures 103,3 through 103e. The values 

shown in the "trellis diagrams" axe Bray-Cirtis similarity percentages . 

The boxes in the lower left-hand triangle portion of the diagrams are the 



I I III IV V VI I II III N V VI I II II IV V VI 
A A A A B B B B B B C C C C C C 

1-A 0 33 44 36 28 20 16 15 7 14 20 18 4 8 7 7 6 

I I-A 34 35 26 7 15 27 13 8 16 12 13 0 4 1+ 0 3 

III-a 36 32 19 12 19 25 6 18 18 13 3 3 3 3 6 

IV-A 
� ,, . . 

44 24 17 18 18 11 14 20 14 4 4 4 3 6 
,. � 

V-A 11 28 14 11 8 13 23 14 8 0 0 4 7 

VI-A . ;, 6 l0 5 14 9 10 9 7 14 13 6 5 _ ,, , 

I-B . [ I '; ' A 
30 18 9 21 25 22 26 18 8 4 1 25 ~~ , . 

II-B 36 7 37 36 33 21 15 14 12 26 X 

III-B 7 23 25 19 7 7 7 6 to 

IV-B 12 12 6 22 12 
1 10 

9 7 

V-B 36 21 12 12 24 21 23 

VI-B 27 19 8 11 28 29 

z-c 3 39 42 38 28 

II-C 
A - - I - 

-' 
Al 47 42 52 34 , - ' 

III-C I Z A 67 45 21 

42 1 33 

V -C - 41 ,; 
_ . 

-" -' 

0-9 10-19 20-29 30-39 4o-49 . 50+ 

``;I `~~-I` 

Figure 103x . Trellis diagram of the molluscan fauna (MAFLA, 1975) " 
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Figure 103b . Trellis diagram of the decapod crustacean fauna (MAFLA, 1975) . 
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Figure 103c . Trellis diagram of the echinoderm fauna (MAFIA, 1975) " 
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Figure 103d . Trellis diagram of the polychaete fauna (b'(AFLA, 1975) . 



I II III IV V VI I II III IV V VI I II III IV V VI 
A A A A A A B B B B B B C C C C C C 

z-A 40 42 36 40 36 25 25 27 27 18 18 0 18 18 25 0 0 

II-A 16 17 0 0 0 12 12 13 0 9 0 17 0 0 0 0 

III-A 29 20 10 22 15 32 24 0 19 0 19 0 0 0 0 

IV-A ~ ; 5'T 25 40 31 17 33 25 21 0 25 25 0 0 0 . " 
V-A 29 50, 0 18 18 29 22 0 n 29 0 0 0 

VI-A . =' " =- - ~~0 31 33 33 25 ~+2 0 0 25 ~+o 0 0 ,, ; 

I-B 40 22 44 40 25 n 0 40 0 0 0 
.. .' 

II-B - =~ ~+7 24 46 42 ~+1+ 0 31 0 8 20 

' 1 III-B 
'- = 63 17 61 25 33 33 0 0 22 

1v-B 33 61 5 17 33 22 0 0 ,,- 
V-B 

, . 
11 0 0 50 0 0 0 17 

VI-B 
z 

- 7 11 21 13 2 13 

' I-C " "' , . ;: n 0 0 100 100 , 

II-C 25 0 0 0 

III-C ; ~ 
`~\ 

0 3 0 

IV-C ''- 

v-c 67 

VI-C 

0-9 10-19 20-29 0-3? 40-49 5p+ 
i 'J` "'` 

Figure 103e . Trellis diagram of the octocorals and scleractinia (MAFLA, 1975) . 
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similarity indices in graphical rather than numerical form . All stations 

are grouped along the axes by depth (A stations then B stations then C 

stations) . To determine the relationship between the molluscan species 

similarity between the B stations of~Transects II : and IV, locate II-13 on 

the vertical axis and follow it across the page until the column with IV-B 

in the horizontal axis is reached . The reader should find a value of 

seven indicating a seven percent bray-Curtis similarity between these two 

stations . Entering the diagram in reciprocal fashion will lead the reader 

to an empty box in the lower portion o£ the diagram . This corresponds to 

a Bray-Curtis similarity of between 0-9% . Values 'greater than 50% 

similarity were considered to be highly significant and values between 40 

and 50ia similarity were considered to be highly indicative . 

Molluscs showed species affinities which were highly depth dependent . 

Species similarities were generally greatest at stations of equal depth 

on different transects than between stations of different depths on the 

same transect . Among stations of the same depth species similarities were 

highest between C stations,less between A stations and least between B 

stations . Among stations of different depths the least similarity was 

between the A and C stations . 

Decapod crustacean species similarities were, also depth dependent . 

Similarity values were greatest between stations of equal depth and least 

between the A and C stations of the same and different transects . Similarity 

values between stations of equal depth were high with half or more of the 

values for each depth exceeding the 40% values of highly indicative affinities . 

Echinoderm species similarities were generally high between A stations, 
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less for B stations and zero for 12 of the 18 C station comparisons . 

Station B on Transect IV had zero similarity with the B Stations on Transects 

V and VI . Similarities between stations of different depths were low and 

those between A and C stations were usually zero within and between transects . 

Polychaete similarities between stations were disjunct . For stations 

of equal depth, values between adjacent transects were low while values 

between separated transects were. often considerably higher . Similarity 

values between B stations and between C stations were generally lower than 

A station values and several of the values were zero . There were many 

zero similarities between stations of different depths although several of 

these values were in excess of 30% similarity . _A and C stations were the 

most dissimilar . 

Coral species similarities were greatest between A stations and 

between B stations although Station A on Transect II had no similarity to 

the A stations of Transects V and VI . Most of the C stations had low 

similarities between themselves and ten of the comparisons yielded zero 

similarity . Surprisingly Station C on Transect I was 100 similar (perfect 

species similarity) with the C stations of Transects V and VI . Similarities 

between stations of different depths were generally low with many similarity 

values of zero . 

Table 112 lists the major epibenthic groups studied in the Florida 

Middle Ground and the dominant taxa within each . Figure 104 portrays the 

typical, dominant epibenthic compositions at two stations, Stations 151 

and 247 . At both of these stations the region of the shelf break was 

dominated by the hydrozoan coral, Millepora alcicornis . Moving in from 
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Table 112 . Major epibenthic groups observed in the Florida 
Middle Ground and dominant t;axa of each . 

Coelenterata 

Hydrozoa 

Millepora alcinornis 
Millepora camplanata 
Ag laophenia 
Monostaeches 
Plumularia 
n___l_,l . .,., . 

Anthozoa 

Anemones 

Condylactis gigantea 
Bartholomae annulata 
Phymauthus crucifer 

Scleractinia : 13 spp 

Madracis spp 
Porites divaricata 
Dichocoenia spp 

Mollusca - continued 

Pelecypoda : 24 spp 

Lithophaga spp 
Mall.eus candeanus 
Chl&mys benedicti 
Chama ma.cerophylla 
Lea frons 
Pteria colymbus 
Spordylus americanus 

Cephalopods : 3 spp 

Polyplacophora : 1 spp 

Decapod Crustaceans : 56 spp 

Palaemonidae : 12 spp 
Majidae : 11 spp 
Xanthidae : 10 spp 
Alphaeidae : 9 spp 

Polychaetous Annelids : 41 spp 

Octocorallia : 15 spp 

Muricea laxa 
Muricea elongata 

Mollusca : 75 spp 

Gastropoda : 43 spp 

Cerithium litteratum 

E~znice rubra 
Ceratonereis mirabilis 
Hermenia verraculosa 
Spirobranchus giganteus 

Porifera : 40 spp to date (potential 
final number could approach 100) 

Spongiidae : 6 spp 
Axinellidae : 4 spp 
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Table 11.2 . Continued . 

Algae : 103 spp 

Rhodophyta : 63 spp 

K.allymenia perfora.ta 
Coelarthum albertisii 
Cha.rapia sp 

Chlorophyta : 29 spp 

Codium spp 
Halimeda discoidea 
Valonia macrophysa 

Phaeophyta : 11 spp 

Dictyota bartayresii 
Dictyota dichotoma 



~ ~ 1` 

m °~' o ~D ~` ~r y ,~ `` 

44 ~ 30 .~ 

14 
` J' 

40 ~. 
~l 30 

35 

..:: 

30 40 

.~~ , . 

35 

SAND COMM ~ SPECIOSPONGIA 

MADRACIS ~ IRCINIA ~ MiLLEPORA-PORITES 

MILLEPORA "w PORITES ~ CALLYSPONGIA Figure 104. Cross sectional block diagram of a transact (15m x 75m) 

(A) station 151, western side of northeast tip of center ridge, 

(B) station 247, western side of . northeast ridge . a CINACHYRA El 
COLPOMENIA ~ PSEUDOCERATiNA 

DICHOCOENIA 
PI 

OCTOCORALLIA ~ SPONGE 

A 
W ~rw... .. .. .... 



544 

the reef break a shift in scleractinian dominance was readily apparent . 

Madracis decactis was replaced reefward first by Porites divaricata which 

in turn was replaced in the inner portion of the reef by Dichocoenia 

stellaris . This distributional pattern indicates a change in substrate 

from unconsoli.dated sediment to a hard bottom surface . The dominant 

octocorallinians were Muricea laxa and PEI . elongata . Station ?_1+7 was charac-

terized by large clumps of the green algae, Codium int;ertexum ; this was 

not the case for Station 151 even though Codium carolinianium is present . 

In general, the total specimen abundance along Station 151 increased 

reefward and that of Station 217 decreased reefward from the reef break 

to the inner edge . 

The overall algal composition of the Florida Middle Ground area can 

be broken down by species as follows : 

Rhodophyta, 61% of the species 
Chlorophyta, 28% of the species 
Phaeophyta, 11% of the species 

Abundance in any given area varied greatly although the Chlorophyta usually 

dominated the total algal biomass . Species abundance in the winter was 

about one-third that of the summer and fall and the winter biomass was 

predominantly attributable to perennial greens . Species diversity and 

abundance were greater in the northern portion of the reef compared to 

the southern portion . Hurricane ELOISE caused a large reduction in the 

algal populations of the reef . This was apparently due to the scouring 

and tearing effects of the storm surge . Similar storm effects were observed 

in the winter period and were most pronounced in reef regions of unstable 

substrate (i .e ., sandy bottoms) . . 
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Demersal Fish 

A total of 54 demersal fish collections (a collection is the 

combined trawl and dredge samples) were analyzed for species diversity, 

abundance, dominance, occurrence, length frequency and total biomass . 

Each collection represents one depth station from one of the six geographical 

transects for one of the three seasonal sampling periods . The collections 

yielded a total of 8844 specimens representing 204 species and a total 

biornass of 30+,009 g. 

Species diversity, abundance, dominance, occurrence, number of speci- 

mens and biomass varied considerably with geographical location, season 

and depth . Species diversity consistently decreased between Stations 

A and C for Transect I during all sampling periods and for Transect V 

during the October and February/March sampling periods (Table 113) " Species 

diversity along Transects II, III and VI decreased between Station A_and 

B and increased between B and C; this pattern was consistent for all three 

sampling periods . Changes in species diversity bewteen Transect IV stations 

show that Station A values were consistently higher than the corresponding 

values for Stations B and C for all sampling periods . Seasonal variation 

in species diversity was inconsistent, but nine of the 18 stations sampled 

had their highest species diversity in the October sampling period . 

Species abundance (number of species per collection) varied from four 

to 36 species and displayed no consistent patterns of variation with 

either sampling periods, stations or transects (Table 114), But, as with 

species diversity, 50% of the stations sampled had greater abundances 

during the October sampling period . Eight of the total 54 collections had 



Table 113 . Species diversity (H) 
MAFLA program . 

of demersal fishes collected during 1975-1976 

Transect I II III IV V VI 

JAY, 1975 2 .74 2 .14 1 .21 2 .91 2 .36 1 .83 

Station A October, 1975 2 .79 3 .01 2 .29 2 .62 2 .58 2 .26 

February/March, 1976 2 .63 2 .56 2 .29 2 .02 2'.02 1 .88 

July, 1975 2 .30 2 .06 2 .38 2 .36 '1 .67 1 .53 

Station B October, 1975 1.86 1 .85 2 .87 1 .93 2.31 1 .36 

February/March, 1976 2 .51+ 2 .07 2 .24 1 .49 1 .99 0 .93 

July, 1975 1 .77 2 .11 1 .56 2 .00 2 .07 2 .11 

Station C October, 1975 1 .79 2 .10 2 .26 1 .94 2 .24 2 .23 

February/March, 196 1 .80 2 .37 2 .14 1 .93 1 .52 1 .21 

\~n 



Table 114 . Numbers of species of fishes collected during 1975-1976 MAFLA program . 

Transect I II III IV V VI 

Station A 

Station B 

July, 1975 

October, 1975 

February/March, 1976 

July, 1975 

October, 195 

February/March, 1976 

3 

36 

31 

18 

19 

19 

16 17 36 17 27 

32 33 25 28 26 

35 24 14 24 8 

15 13 10 

15 35 23 

15 13 11 

27 

18 

18 

1 4 

25 

8 

9 

18 

13 

26 

21 

4 

July, 1975 10 11 7 11 

Station C October, 1975 11 18 23 19 

February/March, 1976 . 20 19 10 15 
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ten or less species while eight collections hid 30 or more species . Three 

of the five "minimum species abundance" collections were from Tran>ect VI 

while seven of the eight "maximum species abundance" collections were from 

the A Stations of Transects I, II, IZI and VI . 

Specimen abundance (total number of fish per collection) also varied 

considerably with depth, location and season and patterns of variation were 

not consistent for all stations ("'alle 115) . However, recognition al the 

fact that Station C tows were twice as long as those for Stations A and B 

would suggest that, with few exceptions, specimen densities at Station C 

locations were considerably less than at Station A and B locations . Specimen 

abundances were generally higher in the fall than during the summer and winter 

sampling periods . This pattern of seasonal abundance was not totally 

consistent for the individual station collections but was apparent in the 

monthly totals for each station . 

Although the species dominance (Tables 116a,b and c) varied among 

the collections, two species appeared as major dominants in approximately 

390 of the collections ; Syacium papillosum was the major dominant in 13 

collections (24q) and Citharichthys cornutus was the major dominant in eight 

collections (15%) . The species with the next highest frequency of major 

dominant status was Bell at or militaris with four occurrences . 

Syaciiin papillosum was the major dominant in seven Station A collections 

and six Station B collections, and its major dominant status occurred 

at least once for all transects except Transect IV and for all sampling 

The species which contributes the greatest number of specimens to the 
collection . 



Table 115 . Number of specimens of fishes collected during 1975-1976 MAFLA program . 

Transect I II III IV V VI Totals 

July, 1975 102 127 127 219 63 264 902 

Station A October, 1975 216 138 435 122 157 119 1,187 

February/March, 1976 153 269 203 53 185 15 878 

Station A Totals 471 -- 534 765 394 405 398 2 , 967 

1975 193 100 24 16 ' 307 68 708 

Station B October, 1975 255 97 359 473 114 315 1,613 

February/March, 1975 137 160 26 57 68 192 640 

Station B Totals 585 357 409 546 489 575 2,961 

JAY, 1975 59 27 29 52 92 369 628 

Station C October, 1975 72 210 345 290 552 347 1,816 

February/March, 195 214 123 22 78 27 8 472 

Station C Totals _- 345 360 396 420 671 724 2,916 

Transect Totals -- 1,1+01 1,251 1,570 1,360 1,565 1,697 8,844 
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Table 116a . The mayor dominant species and their absolute and relative 
specimen numbers and biomsss (g wet weight) for each demersal 

fish collection for the July sampling period . 

Tra.n sPCt- Specimens Biomes 

Station Major Dominant Species Absolute Relative Absolute Relative 

I - A S,yacium papillosum 31 30 .x+ 1,302 28 .7 

I - B Syacium papillosuin 32 16 .E 1,492 19 .6 

I - C Citharicthys cornutus 23 38 .9 82 10 .7 

II - A Bellator militaris 42 33 .1 149 4 .0 

II - B Scorpaena agassizi 36 36 :0 949 31 .x+ 

II - C Citharicthys cornlitus 8 29 .6 35 6.3 

III - A G'hromis scotti 92 72 .x+ 544 37 .2 

III - B Syacium papillosum 4 16 .E 11+2 16 .1+ 
Prionotus alatus 4 16 .7 99 11 .E 

III - C Citharicthys cornutus 11 37 .9 45 16 .1 

IV - A Branchiostoma floridae 37 16 .9 1 <1 .0 
Emblemaria piratula 37 16 .9 3 <1 . 

IV - B Peristedion gracile 3 18 .7 82 20 .E 
Srmphurus diomedianus 3 18 .7 87 21 .2 

IV - C Zalieutes mcgintyi 18 34 .6 72 4 .8 

V - A Branchi,ostoma florid.a.e 17 26 .9 1 <l .C 

V - B Prionotus stearnsi 198 61+ .5 3,051 58 .3 

V - C Pontinus 1_ont7ispinus 24 26 .1 1,x+76 37 .3 

VI - A Etropus rimosus . 126 39 .2 1}39 7 .7 

VI - B Sya.cium papillosum 22 32 .3 717 55 .6 

VI - C Macrorhamphosus scolopax 173 46 .9 858 15 .1 
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Table 116b.The mayor dominant species and their absolute and relative 
specimen numbers and bio masses (g wet weight) for each demersal 
fish collection for the October sampling period. 

Tran sect- Spe cimens Biomass 
Station Major Dominant Species Absolute Relative Absolute Relatiz-~= 

I - A SyaciLUn papillosum 62 28 .7 2,245 9 .0 

I - B Syaciun papillosum 127 49 .8 8,x+36 57 .2 

I - C Prionotus stearnsi 25 34 .7 134 20 .E 

II - A Monacanthus hispidus 18 13 .0 579 10 . ; 

II - B Syacium papillosum 40 41 .2 1,880 35 .1 

II - C Cith arichthys cornutus 80 38 .1 312 1+ . 

III - A Syacium papillosum 119 27 .4 5,000 33 ." 

III - B Monacanthus ciliatus 56 15 .6 1,1+2 7.1 

III - C Citharichthys cornutus 143 41 .4 534 5 

IV - A Monacanthus hispidus 23 18 .8 607 5 . ; 

IV - B Bellator militaris 182 38 .5 2,55+ 19 .E 

IV - C Cithaxichthys cornutus 112 38 .6 299 5~C 

V - A Syacium papillosum 45 28 .7 2,307 30 .1 

V - B Urophycis regius 29 25 .1+ 1,247 23 . 

V - C Pontinus longispinis 148 26 .8 6,x+21 31 . ; 

VI - A Syaciun papillosum 35 29 .4 1,x+17 37 .E 

VI - B Serranus notospil.us ?_12 67 .3 1,185 27 .1 

VI - C Steindachneria argentea 101 29 .1 2,552 33 .1 



552 

Table llGc . 'Me major dominant species and their absolute and relative () 
specimen numbers and biomasses (g wet weight) for each demer- 
>al fish collect ion for the February/March sampling period . 

Tran sect- Spec imens Biomass 
Station Major Dominant Species Absolute Relative Absolute Relative 

I - A Syaciwn papillosum 36 23 .5 1,32 18 .1 

I - B Syacium papil.losum 57 41 .6 3,915 48 .7 

I - C Citharichthys cornutus 104 48 .6 361 25 .2 

II - A Monacanthus hispidus 94 '34-9 3,765 21 .4 

II - B Mullus aiu"atus 50 31 .2' 2,454 39 .7 

II - C Saurida normani 34 27 .6 2,624 63 .x+ 

III - A Etropus rimosus 42 20 .7 381 5 .7 

III - B Bellator militaris 7 26 .9 124 19 .7 

III - C Peristedion miniatum 4 18 .2 582 56 .8 
Citharichthys cornutus 4 18 .2 16 1 .6 

IV - A Etrumeus teres 22 41 .5 13 <1 .0 

IV - B Bellator militaris 33 57 .9 530 31 .3 

IV - C Saurida no .rmani 36 46 .1 2,7+0 71 .7 

V - A Syacium papillosum 100 54 .0 3,632 45 .4 

V - B Scorpaena agassizi 23 33 .8 433 32 .1 

V - C Scorpaena agassizi 12 44 .4 612 40 .3 

VI - A Etronus rimosus 4 26 .7 15 2 .8~ 

VI - B Serranus notospilus 152 79 .2 707 50 .2 

VI - C Zalieutes mcgintyi 4 50 .0 11 17 .2 
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periods . Syacium papillosum did not occur in any of the Station C collec-

tions but was present in 17 of the Station A collections and 17 of the Station 

B collections . Citharichthys cornatus was the major dominant for eight 

Station C collections from Transects I, II, III and IV and occurred 

infrequently in the Station B collections and was non-existent in the Station 

A collections . Like Syacium papillosum its role as a major dominant was 

not limited seasonally . 

Reference to Table 117 shows that fish biomass for most stations was 

generally much greater in the October collections . Comparison of biomasses 

between station collections on the individual transects suggests that the 

biamass at Station C was usually less than those of Station A and B 

(recalling Station C tows were double those of Stations A and B) . Geo- 

graphical variations in biomass appeared to be mostly random . Transect VI 

values, however, were considerably lower than those of the other five 

transects and Transect I values were considerably higher . There was a 

general decrease in biomass with depth between Stations A and C . 

Length frequency data for most of the species' specimens lie in the 

size classes spanning from 0-20 cm . 

Histopathology 

Figures 105a through 105i are representative photomicrographs 

of the corals b?adracis decactis and Phyllangia americana, the bivalves 

Argopectin ibbus, Ostrea frons and Pteria Columbus, and the crabs Portunus 

spinicorpus and Stenorynchus seticornis . 

The results from the examination of all of the slides prepared from 

the tissues of the hard and soft corals, crustaceans, sponges, gastropods, 

bivalves, echinoderms and cephalopods show that these macroinvertebrates 



Table 117 . Total biomass (grams wet weight) of specimens of fishes collected during 
1975-1976 MAFLA program . 

Transect I II III IV V VI Totals 

July, 1975 4,541 3,755 2,059 7,162 1,558 5,699 24,774 

Station A October, 1975 22,593 5,498 1+,832 10,598 7,65+ 3,809 6+,984 

February/March, 196 7,335 17,578 6,685 1,370 8.003 542 41,513 

Station A Totals 34,469 26,831 23,576 19,130 17,215 10,050 131,271 

July, 1975 7,618 3,022 867 410 5,23+ 1,289 18,44o 

Station B October, 1975 14,749 5,361 15,997 12,836 5,244 1+,371 58,558 

February/March, 1976 8,03+ 6,188 628 1,69+ 1,3+9 1,408 19,301 

Station B Totals 30,401 1+,571 17,492 14,940 11,827 7,068 96,299 

Jury, 1975 768 560 280 1,490 3,56 5,687 12,741 

Station C October, 1975 649 7,131 9,829 5,979 20,406 7,707 51,701 

February/March, 1976 1,431 1,139 1,025 3,821 1,517 64 11,997 

Station C Totals - 2,848 11,830 11,13+ 11,290 25,879 13,458 76,439 

rransect Totals 67,718 53,232 52,202 45,360 54,921 30,576 304,009 

~n 
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are essentially free of pathological conditions . 

Some evidence of parasitism existed and way most prevalent in the 

bivalves and shrimp . This condition could not be associated with either 

the trace metals or the hydrocarbons nor with any other environmental 

factor . 
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