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PREFACE

This report is published to provide coastal engineers with basic
scientific data on the benthic fauna and surface sediments collected
during a 12—month period in the nearshore zone of Pan ama City Beach ,
Florida, before restoration of the beach , and the results of a study on
the effect of Hurricane Eloise on the benthic fauna of the swash zone of
Pan ama City Beach. The work was carried out under the coastal ecology
research program of the U.S. Army Coastal Engineering Research Center (CERC).

The report was prepared by Carl H. Saloinan , Fishery Research Biologist,
National Marine Fisheries Service, Gulf Fisheries Center, Panama City
Laboratory , Panama City , Florida , under CERC Interservice Support Agreement
No. 75-28.

The author acknowledges the assistance received from the following
experts on the identification and verification of the various animal taxa
collected: Raymond B. Manning, National Museum of Natural History ,
Smithsonian InStitution , Wash ington , D.C. (caridean shrimp and stomatopods);
Edward B. Culter, Utica College of Syracuse University , Utica, New York
(sipunculid); Herbert Boschung, University of Alabama, Tuscaloosa, Alabama
(lancele ts); Les Watling, University of Delaware , Lewes, Delaware (cumacean) ;
Richard W. Heard, Jr. , Gulf Coast Research Laboratory , Ocean Springs ,
Mississippi (isopods); E.L. Bousfield , National Museum of Canada , Otitario,
Canada ( amphipods) ; J .R. Pickavance , Memorial University of New Foundland,
St. John s , New Foundlan d , Canada (oligochaetes); John Hall , Na tional Mar ine
Fisheries Serv ice , Panama City, Florida (mollusk); and John L. Taylor,
Taylor Biolog ical Company , Lynn Haven , Florida (polychaetes).

Mr. R.M. Yancey , C h i ef , Eco l ogy Bran ch , was the CERC contract monitor
for the report , under the general supervision of the Mr. R.P. Savage,
thief, Research Division .

Comments on this public.ition are invited.

Approved for pub l i ca ti on in accordance with Publ ic Law 166, 79th
Congress , approved 31 July 1945, as supplemented by Public Law 172, 88th
Con gress , approved 7 November 1963.

JOHN H. COUSiNS
Colonel , Corps of Engineers
Commander and Director
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THE BENTHIC FAUNA AND SEDIME NTS OF THE NEARSHORE ZONE OFF

PANAMA CITY BEACH , FLORIDA

by

Carl H. Salornan

I. INTRODUCTION

1. General.

Continuing erosion along the beaches of Panama City Beach has
caused concern to the resident and transit populations that inhabit
and utilize the beaches. Erosion has rendered many of the structures
along the beach vulnerable to storm damage. To alleviate the problem ,
the U.S. Army, Corps of Engineers has proposed to restore the damaged
beaches and periodically nourish them to qffset erosion (Wilson, 1975).
On 23 September 1975, Hurricane Eloise caused considerably more
erosion to the Panama City beaches. In many areas, par ticularly at
the western end of Panama City Beach, the storm eroded the primary
sand dune and left many structures damaged or exposed to future damage
by storm waves.

The U.S. Army Coastal Engineering Research Center (CERC) provided
funds to the National Marine Fisheries Service for the collection and
analysis of data on the benthic fauna and sediments of the nearshore
zone off Panama City Beach , Florida. This reporc describes the benthic
fauna and surface sediments of this nearshore zone before restoration
of the beech. Also included are the effect of Hurricane Eloise on the
benthic fauna of the swash zone and a bibliography of published and
unpublished information pertinent to the physical , chemical , and
biological aspects of the St. Andrew Bay system and adjacent Gulf of
Mexico area.

2. Study Area.

The study area, which is located on the northern shore of the Gulf
of Mexico , about 90 miles (166.7 kilometers) east of Pensacola,
Florida , lies between the entrance to St. Andrew Bay (West Pass) and
Phillips Inlet (Fig. 1), a length of 18.5 miles (34.3 kilometers).
The area is a popular summer resor t area and is undergoing rapid
dcvelopment for tourism. Condominiums and motels have been built along
much of the beach. The natural beach and sand dunes remain at St.
Andrews State Park (Fi g. 2), whi le the remainde r of the beach has been
developed (Fi gs. 3 and 4).

I i  

—.-*.~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-~



~~~~~

-

- -

~

-- - — - 

-I: 
~

— —  
- - 

T:~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
--

~~~~~~
-- - - -

~~~ 
- 

-
-- 

-~~~
----

~——~
--

~~~ ~~~~~~~~~~~
---

~~~~
-

~~~~~~
---

~ I ~

~~ ~ 
;

~ 

H ‘

~~~~~~~
f -~~- - ~~~-~~~:- .~ ~~~~~~~~~~~~~~~ I

/ ~~( /f/.~~~~ II f f Z~~~~~~Z~~ ~ —
~~~~~~~~~~ i1~ ~~~~~~~~~~~~~ 

•~

/~ I •

/ :i :!
/

r 
~~~~ 

8 

° ° I
if ~~~ 

cI) c’j
IL.

~~~~~~ /~~~ -~~~~~ 
.1 ’ 0

~

, 
_~,v

I JO~~~’

‘-‘P ~~~~~~~~~~~~ 0
I’

2

L~~ ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_ _ _ _ _  ,—-----

~
- .- - - - - --- - - - -



- —.—- ——- ——-—-—--- —.- ‘ —,--~~~ -- ——- ~~~— — --.~-. — ------ -,- — —,.~-“—- 
•-

~~~~~~ 4 
-

~-‘1 L~ -
It i~c’~

- 

(3 

- .- - --- - ~~~~~~~~~~~~~~~~~ ;-_~~~~~~~~__
‘_ - -

- - - - -4~~~~~L ~~~~~~~~~~~~ ~~~ ~~~~~~~~~~~~~~~~~~~~~~~ - -



_ _ _ _ _ _ _ _ _ _ _ _ _

t L:~~
. ;;
.i.~

_

• .~

•1
1~

•

U
- -

.0

- - .

:~~~~~i

--4

- 
- 0

- 

-
- -

~:~

- i

00
--4

~ 

L

- 

:lff :~-
iS~ ~:

- 
~~~~~~

14

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ _ _ _  ~~_±__ 



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

___

U

V

>-.
4-’
- ‘-4
U

0
U)

V
4-,
0

- E
• -e

a
~~~~~

~~~~~ U

.0

I~~~~~~

- 4 V

•0

4.)
~~ U)

1~ 
- 

I

15

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ --- -~~-~~-~~- - - - --



- - - 

- Z .~~ 
--

Subareas of the beach are known as Biltmore Beach, Silver Sands,
Panama City Beach, Laguna Beach , Sunnyside Beach, and Hollywood Beach.
St. Andrews State Park is at the eastern end of the beach. In this
repor t, the entire stretch of beach will collectively be called
Panama City Beach.

The shoreline is relatively straight and the beach averages about
85 feet (25.9 meters) in width. A dune at elevations of 10 to 15 feet
(3 to 4.6 meters) above mean sea level (Wilson, 1975) backs the beach.
An interrupted sandbar lies from 50 to 200 feet (15.2 to 61 meters)
offshore , and a second sandbar lies about 800 feet (243.8 meters)
offshore. Seaward of the second sandbar the slope is irregular and
increases rapidly. Depths at 1 mile (1.85 kilometers) offshore range

• from 51 to 65 feet (15.5 to 19.8 meters) (Fig. 5).

3. Restoration Plans.

The recommended plans for Panama City Beach call for restoration
of sand to the beach and creation of a primary dune and berm in the
18.5-mile (34.3 kilometers) study area. The artificially created
dune would have a width of 25 feet (7.6 meters) with a crest elevation
of 12 feet (3.6 meters). The seaward face of the dune would have a
slope of 1 foot (0.3 meter) vertical to 5 feet (1.5 meters) horizontal
from the 12-foot (3.6 meters) elevation to a 30-foot-wide (9.1 meters)
storm berm at an elevation of 7 feet (2.1 meters). Figure 6
illus trates the proposed beach res tora tion plan .

Tu accomplish this res tora tion , 3,999,000 cubic yard s (3,057,435
cubic meters) of sand are needed initially, plus an add itional
910,000 cubic yards (695,740 cubic meters) at 10-year intervals. The
sand will be obtained from offshore .

4. Station Locations.

Forty-five stations were located on nine transects in the Gulf of
Mexico between West Pass and Phillips Inlet. The transects were
positioned perpendicular to shore and each contained five stations
(Fig. 7). Station 1 is located in the swash zone; station 2 is on the
first sandbar; station 3 is between the first and second sandbar;
station 4 is on the second sandbar; and station 5 is located seaward
of the second sandbar in 10 feet (3 meters) of water. Station A and
B are located in 30 feet (9.1 meters) of water off transects 5 and 8.

Loca tions of the nine transec ts along Panama City Beach are as
follows : Transect 1 is located 300 yards (274.3 meters) west of the
jetty at the entrance of St. Andrew Bay in St. Andrews State Park;
transect 2 is located 100 feet (30.5 meters) east of the pier in St.
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Andrews State Park; transect 3 is located offshore of the intersection
of Lookout Street and Spyglass Street; transect 4 is located offshore
of the Fountainbleau Terrace Motel; transect 5 is located offshore
of the Fiesta Motel; transect 6 is located offshore of the Holiday Inn
West; transect 7 is located offshore of the Seagate Villas ; transect
8 is located offshore of the Round-towner Motel; and transect 9 is
loca ted offsho re of Pinnacle Por t .

5. Sampling Frequency.

Hydrographic data, sediments, and benthic animals were obtained
from November 1974 to October 1975. Sampling was conducted monthly
at station 1 of each transect; sampling at the remaining stations of
each transect was conducted quar terly (November 1974 , February, May ,
and August 1975).

II. HYDROLOGY

1. Introduction.

The hydrology of the nearshore area off Panama City Beach has
been studied by several investigators. Efforts in the past have
been primarily in the area seaward of the present study area (Tolbert
and Aus tin , 1956, l959~ Ich iye , 1962; Salsman , 1962a, 1962b ; Tolbert
and Saisman , 1964; Gaul , 1966; Gaul , Boyk in , and Letzring , 1966;
Kirs t and McMath, 1966a, 1966b; and Benne t and Olsen , 1971). The
hydrology of St. Andrew-Bay has been reported on mainly by Jones
and Ichiye (1960) and the Environmental Protection Agency (1975).

Hydrographic data collected in this study were limited to surface
water temperature and salinity .

2. Methods.

Water samples were collec ted on each sampling trip and were limi ted
to stations 1 , 3, 5, A , and B.

Water temperatures were measured with a hand-held thermometer.
Salini ty samples were collec ted in a plast ic jar and resul ts were
later determined with a Goldberg refractometer.

3. Results.

a. Water Temperature. Water temperatures varied seasonally. The
lowest average monthly temperature from all stations was 14.20 Celsius
in December 1974; the highest was 30.9° Celsius in July 1975. The
range of individual water temperatures was 13.3° to 32.1° Celsius
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I.~~~~~ L 
~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ - ~~~~ - !~~. ~~~~~~~~~~~~~ - - _5~ -_- s - -  - - 



a- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

(Fig. 8; Table 1). The widest variation in temperatures occurred in
November 1974 (13.9° to 21.8° Ce lsius ) ; June 1975 had the leas t
variation (27.6° to 28.6° Celsius).

The average water temperatures on the nine transects were
essentially the same on each transect for the 12-month sampling period
(Table 1). The data indicate temperatures were slightly higher at the
eastern end (West Pass) than near Phillips Inlet . Since sampling on
any particular day was usually started in the morning at the western
end of the study area and proceeded eas tward , this disparity is
probably due to time of sampling.

Individual water temperatures are listed by station and date in
Appendix A.

b. Sal inity. Salinities fluctuated during the year from a low of
23.67 parts per thousand in August 1975 to a high of 35.39 parts per
thousand in December 1974 (Table 1). The highest average monthly
salinity occurred in December 1974 (35.03 parts per thousand); the
lowest average monthly salinity (28.44 parts per thousand) was in
August 1975. The highest variation within a month also occurred in
August 1975; the following September had the least variation (Fig. 9).

Average salinities on each transect for the entire sampling period
were approximately the same. A slight increase in salinity was noted
at the transects near the western end of the study area (Table 1).
Sinct the eastern end receives discharge from the St. Andrew Bay
complex , this slight increase is probably due to the paucity of fresh-
water discharge.

Salinities by station and date are listed in Appendix A.

III. SEDIMENTOLOGY

1. Introduction.

Since the abundance and diversity of benthic animals are a measure
and func tion of the typ e of substrate, the collec tion of surface
sediments was done primarily to describe their association with the
benthic animals. Also , if hydra ulic dredging takes place , it is the
surface sedimen ts t~’~t w ill be altered by sil tation or placemen t of
sand with a different grain size.

Sediment analysis included the percentage weight of the gravel,
sand , silt, and clay-size fractions, carbona te, total carbon , and
organic carbon. Statistical factors of mean grain size, s tandard
dev iatiofl, skewnes s, and kurtosis were also determined .
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Table 1. Average and range of water temperature and salinit’y on
transects 1 to 9 and stations A and B.

Water Temperature (°C) Salinity1
Transect Average Range Average Range

1 22.5 14.9 to 32.1 31.77 - 24.22 to 34.94

2 23.0 14.7 to 32.0 32.01 24.61 to 35.39

3 22.4 14.6 to 31.3 31.59 23.67 to 35.39

4 22.0 13.9 to 31.0 32.07 24.67 to 35.33

5 22.0 14.1 to 30.9 32.37 26.61 to 35.33

6 22.0 13.6 to 30.8 32.42 26.33 to 35.33

7 22 .2  13.9 to 30.1 32.38 25.50 to 35.17

8 22.1 13.8 to 30.2 32.46 25.56 to 35.28

9 22.0 13.3 to 30.1 32.25 25.44 to 35.28

Station

A 23.2 17.4 to 28.3 31.83 26.22 to 34.50

B 23.2 17.5 to 28.5 31.63 26.11 to 34.33

‘Parts per thousand
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Beach sed iments in the study area hav e been studied by Cummings
and von Oesen (1973) and Balsillie (1975). Other reports from the
general ar ea of nor thwe st Flor ida wi th information app l icable to the
study area include Stewart and Gorsline (1962), Koefoed and Gorsl ine
(1963), Gorsline (1964, 1966), and Stapor (1973).

2. Methods.

Sediment samples were collected in 8-ounce jars which were pushed
at least 4 inches into the substratum, removed , and capped. The
samples were frozen and stored until time for analysis.

a. Particle Size, Carbon, and Carbonate Analysis. Samples for
sediment analysis were removed from the freezer and air dried over-
night. Using a microsplitter on a mechanical shaker, 15 to 20 grams
were separated for particle-size analyses. Another 4 grams were
separated to be ground for geochemical analyses. The split for
particle-size analysis was soaked in acetone, treated for 15 minutes
in an ul trasonic cleaner , and then rinsed . If the sand grains showed
any significant aggregation, the sample was carefully rubbed to
disperse the grains. The sample was then put through a series of
3-inch sieves of 1 phi unit intervals by agitation for 15 minutes on
the shaker. Each separated fraction on the sieves was weighed to the
closest milligram . From these data a frequency dis tribu tion was
compiled and other textural parameters computed . Since the silt-clay
frac tion of the sand s was less than 1 percen t, no pipette analyses
were necessary.

The analyses for total carbon and organ ic carbon content of the
beach sands were run on a Leco 750-100 90-second carbon analyzer. The
sediment split for chemical analyses was ground sufficiently to pass
through a 62-micrometer screen and then dried in an oven. To determine
total carbon content, approximately 0.2-gram samples were scooped out,
weighed to the nearest 0.1 milligram, and transferred to Leco
crucibles. The sediment was then combusted in a high-frequency
induction furnace at temperatures exceeding 1,6000 Celsius . The carbon F

dioxide driven off was carried off by dry, carbon dioxide-free oxygen
into a cylinder where the thermal conductivity of the gas mixture was
measured . A catalytic furnace in the oxygen train converted any carbon
monoxide to carbon dioxide . Readout was directly in percent carbon.
All samples and standards were run in triplicate. After 12 combustions
a high and a low standard were run and the br idge balance checked .
Af ter about 110 combus tions the tubing , sulphur and dust traps , and
combustion tube were cleaned . To determine the percent of organic
carbon , 0.2-gram samples were dried, weighed , treated with six drops
each of a 10-percent solution of hydrochloric acid , and warmed in a
Leco crucible. After removal of the soluble carbonate the residues
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w~ e run through the carbon analyzer. The difference between the total
arbon content and the carbon remaining af ter treatment wi th weak acid

was the carbonate content of the sediment.

b. Statistical Analysis. The following four statistical para-
meter s were calculated for each sample: Mean grain size , standard
deviation, skewness , and kurtosis. The formulas used were from Folk
and Ward (1957).

(1) Mean Grain Size. The mean grain size is the mean
calculated by the formula (c$l6 + 450 + 484)/3. The three phi (4s )  units
are percentiles taken from a plotted cumulative curve (Tyle standard
screen scale). Corresponding size limits in phi uni ts and m i l l ime ters
in relation to particle-size classification are shown in Table 2.

(2) Standard Deviation. The standard deviation is a measure
of the average spread of the curve about its central tendency and
indicates the degree of sorting of par ticles in the sample. The
formul a express ing this value is :

c~84 - 4l6 + f95 -

-

- 

4 6.6

Th is fo rmula includes 90 percent of the dis tr ibution and, therefore ,
provides a wide-ranging measure of sorting . Folk (1964) identified
various standard deviations in relation to the degree of sorting
(Table 3).

(3) Skewness. Skewness indicates the displacement of the
median from the mean, and is independent of sorting. For example, a
symmetrical curve would have a skewness of zero; with an excess of
f ine material , the sample would be skewed right or positive ; a sample
with an excess of coarse sediments would bc skewed left or negative
(Table 4). The formula is:

4416 + 4484 - 244 50 + 445 + 4495 + 24450
2(4484 - 4416) 2(4495 — 445)

(4) Kurtosis. Kurtosis is a measure of the ratio of the
sor ting in the extremes of the dis tr ibution compared wi th sor ting in
the central part (Folk and Ward , 1957) . If the data can be plo tted
as a straight l ine on probabil i ty paper , a normal dis tribution wi th a
kurtosis value of 1 is indicated . A departure from the straight line
indicates a departure from normality and changes the kurtosis. If
the central part is better sorted than the tails, the curve is
excessively peaked or leptokurtic ; if the tails are better sorted than
the central part, the curve is flattened or platykurtic . The formula
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Table 2. Sediment classification by particle size.

Ph i Mil l ime ters

Gravel -6.0 to 0.0 - 64.0 to 1.0
Sand 0.0 to 4.0 1.0 to 0.0625
Silt 4.0 to 8.0 0.0625 to 0.0039
Clay >8.0 <0.0039

Table 3. Classification of sediment sorting by standard
deviations (af ter Folk , 1964).

Standard Deviation (44) Classification

<0.35 Very well sorted
0.35 to 0.50 Well—sorted
0.50 to 0.71 Moderately well sorted
0.71 to 1.0 Moderately sorted
1.0 to 2.0 Poorly sor ted
2.0 to 4.0 Very poorly- sorted
>4.0 

- 
Extremely poorly sorted

Table 4. Classification of sediment by skewness
(after Folk, 1964) .

Skewness Classification

-1.00 to -0.30 Strongly coarse-skewed
-0.30 to -0.10 Coarse-skewed
-0.10 to 0.10 Near—symmetrical
0.10 to 0.30 Fine-skewed
0.30 to 1.00 Strongly fine-skewed
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is:
4495 - 445

2.44 (~ 7S - 4425)

Classification of sediments by kurtosis is given in Table 5.

Table 5. Classification of sediment by kurtosis (after
Folk , 1964).

Kur tos is Class if ication

<0.67 Very platykurtic
0.67 to 0.90 Platykurtic
0.90 to 1.11 Mesokurtic
1.11 to i . so Leptokurtic
1.50 to 3.00 Very leptokurtic
>3.00 Extremely leptokurtic

3. Results.

A total of 255 sediment samples was analyzed for particle-size
dis tribution , percent carbon , organic carbon , carbonate, and
statistical factors. Since very little, variation was noted in any of
the fac tors at any station or within the geographical boundaries of
the study area , surface sediments exhibi ted uniformi ty over time and
location.

The percentage of sample weight for each particle size (gravel,
sand , si l t, and clay) for each station is l i s ted in Appendix B, and
for each transect in Appendix C. The percentage of sample weight of
total carbon, organic carbon, and carbonate for each station is l is ted
in Appendix D , and for each transect in Appendix E.

a. Gravel. Sediments in the survey area ranged from 0 to 7
percent of the total sample weight in the gravel fraction. This size
fraction consisted mainly of carbonate particles. Over 90 percent of
the stations had less than 0.51 percent of the total sample weight in
the gravel fraction (Fig. 10).

The average percent of the total sample weight of this size
fraction at all transect stations was 0.197. Station 1, located in the
swash zone, had the highest average percentage of this size fraction;
station 4, located on the second sandbar , had the least (Table 6). The
weight percent of this size fraction was also low at stations A and B
(Table 7).
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Table 6. Average slIt range of the p a r t  it  i t- - - I t O  -i t r I ~~u! Ion .. - perce ntagt- Of  t ’ t . t i sample weig ht - - 1  .cz h... sedirwi t s .

C, ‘ i i , . t  h, c la5se ~Stat i on ~‘ ravel _________ 
04 

_________ 
‘~ i~~ ’ ~~ ‘ Clay

~~~~~~ Range ltI’I. f~ ‘lange ( 1rr45 1. Inge heerate ~~~~
0. 315 0.000 to h 94f ‘~ii . i~~ ‘) . i’ i4 to 100.000 0 (1)4, (( .000 to  0 .2 ) ’ 0.000 0 .000

0,139 0 .000 ~~ . 2 . 20 99. 8 ) 3  9b. ”iO to 180. 000 0.048 0. 000 to 0 .214 000 1) 000

3 0.165 0,000 4 -  2 .2 (19 ‘i’l .’’) 9’ . 4,2 to 14)0 .300 0.066 0.000 to 0.164 0.000 0,000

4 f - i ~ v 0.000 to 1 .05 3 9(1 s . ’i ’ .9 to 100,000 - . 0’,- 0.000 to 0.136 0 .000 0.000

0.098 0.000 t i  1 .570 99. 030 - ( t i F 1  to 90 . 994, 0.069 0.000 to 0.133 0.000 0.000

Year ly 0 0 g .  — __________________ __________ — __________ _________ —
and range 0.19’ 0.000 to h. t,~ ‘(9 .2 90. 014 to 14)0.1100 0,04 8 0.000 to 0.2 1 0 ,000 0.000

‘Collected at each o t i t i o n  from all  rr . if l~ t- c U. In t he nears horo zone of the Gulf of ‘lewico off Panama City beach , Florida.

Table 7. Overage and range of the part ic le-s i r e ’  ,i,.. t r i - i i r i , r i  I,.. p c r c c ? . t . ig,-  of tor i: sample weight øf surface sediments ,
stat ions A and ~~

Stat ion Grace) ‘i.,rc4 
~ . 

Silt Clay
Aoer~ge Range .) er.~~~- vong~ Aoer4)ge 0~~gy AverLge Ra~j9.

9. 0.000 0 ,000 1 1 94)1) (0 c v  r, 99 .892 0 ,140 0.4 09 to 0 , 1 4  0.000 0. 000

B 0.126 0.00 0 to 0.5 02 99. 7 ”5 09 .3- ’) to 100.000 0.100 0.000 cc 0 .157 0,000 0.000

Yearly avg.
and raflge 0. 0”2 0.000 to 0 ,4 )02 99.0 11 99.34 1 zc ’ 100,000 0.11’ 0.000 to 0. 174 0 . 000 0.000

t Collected from stat ions A and 8 in the nearshore zone of the (2a10 of Mexic o off Ponama City Reach . Florida.

- Table 0. Average and range of the pa e t ic l e -s i :e  d i , r r i ) , ,t  ion as percentage of total sample weig ht of surface sedi ments on
each t ransect )

— Cr, v-s ine c lasses  _________________________________ _____________________

Transect ~ ‘avel __________ 
(and 

___________ 
Silt _________

Cia

~~~~~~~ Range Average Range Average Range Average a

0, 340 0.000 to 4 ,960 99.620 9S .059 to 100,080 0.04 1 0 .000 to 0 , 136 0.000 0.000

2 0.298 0.000 v i  3 .24 i ’ 99 .0t ’4 91).’30 to 100.000 0 .040 0.000 to 0, 214 0.000 0. 000

0 0.221- 0.000 to 2,209 99.680 97 .71)2 to 99.980 0 .050 0 .000 to 0. 153 0.000 0.000

4 0 . 440 0.000 to 6 .91)1 99.004 93 0)4 ~o 100,000 0 .05 ) 0.000 to 0.164 0. 000 0.000

$ 0.081 0.000 to 1 . 429 99. 0~~ 99 ,522 to 100. 000 . 041 0.000 to 0.133 0.000 0.000

6 0.159 0.000 to 1.039 99.0~” 90.959 to .10 9111 1 . 044 0.000 to 0.105 N000 0.000

— 0. 040 0.000 to 1,035 99.905 99,900 to 100. 000 0.04~ 0.000 to 0.157 0.000 0.000

8 0 . 1-1 1 0.000 to 1.672 99. 810 (0 - 21. t o  100.000 0.0S0 0.000 to 0.134 0.000 0.000

9 0.066 0.000 to 1. 003 99.863 110 . 000 t i  100 000 0. 051 0.000 to 0.217 0.000 0.000

Year ly avg
and range 9.197 0.000 to - .967 99. 32 93. i i 4  to 100.OOtl 0 .008 _ 0. 000 to 0,217 0 .000

1tollected on each t ran t ro r  in the nearshore :ane of the ,,iif of Mexico off Panami Ci ty  Beach, Florida.

_____ ~~~~~~~
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The distribution of this si.ze fraction varied only slightly from
one end of the study area to the other. Sediments on transects 1 to 4
had an average of two to three times more gravel than sediments on
transec t 5 to 9 (Table 8) .  This differen ce cou ld poss ibly be
attributed to a higher erosion rate near West Pass causing the smaller
sized particles to be eroded away. This section of the beach near West
Pass also received spoil from dredging in Grand Lagoon in January 1972 .
The spoil probably had numerous particles larger than the existing
beach sand.

b. Sand. Surface sediments in the nearshore ranged from 93 to
100 percen t of the total sample wei ght in the sand fraction. Over
87 percen t of the s tati ons had we ight percen tages of the sand fr action
in the 99- to 99.9-percent range. Almost 6 percent of the stations
consisted of 100.-percent sand (Fig. 11).

The average percent of the total sample weight of this size
fraction at all transect stations was 99.752. Station 1 had the
lowest average weight percentage of sand; station 4 had the highes t
(Table 6). The average weight percen tage of sand at stations A and B
in 30 feet of water was 99.9 11 percent (Table 7).

The distribution of this size fraction varied slightly over the
study area. Lower percentages of sand were present at transects 1 to 4
and higher percen tages of sand were present on transects 5 to 9
(Table 8).

c. Silt. Surface sediments in the study area ranged from 0 to
0.217 percent of the total sample weight in the silt fraction. Almost
50 percen t of the s tations had we ight percentages of the silt-size
fraction in the 0.001- to 0.050-percent range. Over 9 percent of the
stations had 0 percent of silt present (Fig. 12).

The average weight percent of this size fraction at all transect
stations was 0.048. Station 1 had the lowest weight percent of silt;
station 4 had the highest (Table 6). The percent of silt at stations
A and B was 0. 117 (Table 7 ) .

The distribution of this size fraction remained fairly constant
throughout the study area. Average values for each transect only
ranged from 0.041 to 0.059 percent of the total sample weight (Table 8).

d. Cl~y. This size fraction was absent from all stations in the
s tudy area (Tables 6, 7, and 8).
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Figure 11. Percentage frequency of the sand fraction
at all stations.
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e. Total Carbon. The amount of total carbon in the surface
sediments of this nearshore zone was low. The percentage of the total
sample weight for each sample ranged from 0.010 to 1.761 percent, with
80 percent of the stations having a percentage of total carbon below
0.151 percent (Fig. 13).

The average percent of the total sample weight at all transect
stations was 0.129. The highest averages were at stations 2 and 5;
station 4 had the lowest average (Table 9). The average weight percent
of total carbon at stations A and B in 30 feet of water was 0.133
(Table 10).

The distribution of total carbon on the nine transects indicated a
gradual decrease from east to west. The average values on transects
1, 2, and 3 was 0.173 percent ; transects 4, 5, and 6 had an aver age of
0.131 percent, and transec ts 7 , 8, and 9 averaged 0.083 percent
(Table 11).

f. Organic Carbon. The amount of organic carbon in the surface
sediments was low. The percent of the total sample weight for each
sample ranged from 0.005 to 0.208, wi th over 92 perc ent of the stations
having values below 0.100 percent (Fig. 14).

The average value of organic carbon on each of the five transect
stations ranged from 0.44 to 0.50 percent. Sediments at station 1 had
the highest value of organic carbon (Table 9). Average values at
stations A and B were slightly higher than at stations located on the
nine transects (Table 10).

The distribution of organic carbon on the nine transects followed
the same pattern as total carbon , i.e., the values decreased from east
to west along the beach. The average value on transects 1, 2, and 3
was 0.058 percent; transects 4, 5, and 6 had an average of 0.045
percen t, and transec ts 7, 8, and 9 averaged 0.040 percent (Table 11).

g. Carbonate. The amount of carbonate in the surface sediments
was very low. The range of the percentage of the total sample weight
for each sample was 0.000 to 1.697 percent with almost 92 percent of
the stations having carbonate values below 0.200 percent (Fig. 15).
Only two samples had carbonate values above 1 percent.

The average value of carbonate on each of the five transect
stations ranged from 0.051 to 0.106 percent. Carbonates were highest
at stations 2 and 5 , and the lowest at station 4 (Table 9). At
stations A and B, the level of carbonate in the samples was about the
same as the stations located on the transects (Table 10).
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Table 9. Average and range of total carbon. organic carbon , and carbonate as percentage of total
sample weight of surface sediments. 1

Station Total Carbon Organic Carbon Carbonate
Average Raci~e Average Range Average~ Ran~e

0.134 0.010 to 0.839 0.050 0.006 to 0.200 0.085 0.001 to 0. 9o

2 0.148 0.025 to 1.761 0.044 0.010 to 0.197 0.106 0.001 to 0,197

3 0.113 0.021 to 0.803 0.047 0.008 to 0.154 0.065 0.000 to 0.760

4 0.093 0.029 to 0.389 0.046 0.005 to 0.208 0.051 0.001 to 0.196

5 0.148 0.032 to 1.096 0.045 0.006 to 0.169 0.106 0.002 to 0.481

Yearl y avg.
and range 0.129 0.010 tO 1.761 0.048 0.OOS to 0.208 0.083 0.001 to 1.697

‘Collected at each station from all transez~ts in the nearshore zone of the Gulf of Mexico off PanamaC ity Beach , Florida .

Table 10. Average and range of total carbon, organ ic carbon , and carbonate as percentage of total
sample weig ht of surface sed iments , stations A and B.’

Station Total Carbon Organic Carbon Carbonate
Average Range Average Range Average Range -

A 0.102 0.070 to 0.144 0.051 0.024 to 0.081 0.051 0.020 to 0.120

B 0.174 0.082 to 0.334 0.069 0.008 to 0.114 0.105 0.022 to 0.220

Yearl y avg.
and range 0.133 0.070 to 0.334 0.058 0.008 to 0.114 0.074 0.020 to 0.220

1Collected from stations A and B in the nearshore zone of the Gulf of Mexico off Panama City Beach ,
Florida.

Table 11 . Average and range of total carbon, organic carbon , and carbonate as percentage of total
sample weight of surface sediments on each transect.1

Station Total Carbon Organic Carbon Carbonate
Average Range Average Range Average Range

1 0.138 0.017 to 0.389 0.074 0.008 to 0.208 0.065 0.002 to 0.212

2 0.257 0.021 to 1.761 0.054 0.014 to 0.197 0.211 0.004 to 1.697

3 0.125 0.039 to 0.489 0.047 0.011 to 0.124 0.081 0.006 to 0.455

4 0.131 0.025 to 0.729 0.036 0.008 to 0.086 0.097 0.002 to 0.700

5 0.153 0.027 tr- 0.803 0.052 0.011 to 0.149 0.104 0.003 to 0.760

6 0.109 0.025 to 0.284 0.047 0.006 to 0.177 0.060 0.001 to 0.237

7 0.074 0.026 to 0.148 0.047 0.005 to 0.117 0.026 0.001 to 0.062

8 0.108 0.010 to 0.643 0.042 0.006 to 0.160 0.066 0.000 to 0.481

9 0.066 0.019 to 0.171 0.031 0.007 to 0.080 0.03S 0.004 to 0.124

Yearly avg .
and range 0.129 0.010 to 1.761 0.048 - 0.005 to 0.208 0.083 - 0,000 to 1.697

1Collected on each transect in the nearshore zone of the Gulf of Mexico off Panama City Beach ,
Flor ida .
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The distribution of carbonate on the nine transects followed the
same pattern as total carbon and organic carbon. There was a decrease
in values from east to wes t. The average value on transec ts 1, 2, and
3 was 0.119 percent ; transects 4, 5, and 6 had an average of 0.087
percent, and transects 7, 8, and 9 averaged 0.042 percent (Table 11).

h. Mean Grain Size. The average mean grain size from all transect
stations was 1.918 phi (0.273 millimeter) (Table 9). Sediments with
these mean grain sizes were classified as sand (Table 2). The range of
mean grain-size values was 0.777 to 2.488 phi (0.178 to 0.584

- millimeter). Over 87 percent of stations occurred in the range of
1.51 to 2.50 phi (Fig. 16); 96 percent of the stations had a mean grain
size between 0.11 to 0.4 millimeter (Fig. 17).

The mean grain size of the surfac e sediments gradually decreased
as distance from shore increased . An exception was at station 3,
where the sediments averaged slightly smaller than stations 4 and S
(Table 12). Sediments at stations A and B had average mean grain sizes
smaller than the transect stations (Table 13).

The average mean grain size of sediments on each of the nine
transec ts ranged from 1 .814 to 2.004 phi (0.253 to 0.297 millimeter)
(Table 14). There was a slight decrease in mean grain sizes from
transec ts 1, 2 , and 3 and then an increase in values from transects
3 to 9.

i. Standard Deviation. Surface sediments at all transect stations
had an average standard deviation of 0.608 phi (Table 9) and were
class ified as moderately well sorted (Table 3). The range of values
from transect stations varied from 0.321 to 1.119 phi. Over 64 percent
of the stations occurred in the bracket class ified as moderately well
sorted; almost 17 percent of the stations were present in each of the
well-sorted and moderately sorted classifications (Fig . 18; Table 3).

The average of all samples taken at each of the five transect
stations was in the moderately well sorted classif ication. Sediments
at station 3 were better sorted than the remaining stations; station
2 had the poorest sorting of sediments (Table 12). Sediments at
stations A and B were also moderately well sorted with an average of
0.638 phi (Table 13).

The average standard deviations on each of the nine transects
ranged from 0.566 to 0.669 phi . Transects 1, 2, and 3 had sed iments
that had higher standard dev iations than the remaining transects and,
therefore , were slightly less sorted (Table 14).

39

L - 

- 
‘
~~- ‘~ .~~__ 

- 

~~~
‘. ‘



— —a; ‘s —..--~—-~ 
-, - r 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ .,--- ~--.—“s ‘

30

MEAN GRAIN SIZE

25

B— 20 -

U
0.

‘4)z
9 15

I-
In

10

5 .

I

PHI UNITS

Figure 16. Percentage frequency of mean grain size (phi) at all stations.

40

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~ - . —i- ~L ~~~~~~~~~~~~~~~ L ~~~~~~~~~
- - ‘-‘-- -‘ .

~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~
- .4



I, .‘ 
~~~~~~~~~~~~~~ -~---s -r . . . , 

~~~~~~ 

~~~~~~~~~~~~~~~~~~~ ..-~~~~~~~~ -.,~~~~-

MEAN GRAIN SIZE

40 -

B-
U

~~ 30 -

Snz0
B-
*~~ 2O -

10

0 -
I I I I

8 0 0 0 0 0

2 2 2 2 2 2
C

0 0 0 0

MM

Figure 17. -Percentage frequency of mean grain size
(millimeters) at all stations.

4’ 



_ _ _ _ _ _  

_ 
_ _ _ _  -

4

Table 12 . Overage .,14 an4.’ at .‘ut~~~~ i j 3  data t for surface sediments .2

ilt~n Mean C ain S’oe (ph i7  “9~~”~, n ~~~~~~~~~~~~ Ota8d~.rJ as io n (pS9) Sbeane~ s tur t o t i s
~~~~ Rang , 

~~~~~~ Bang. 
~~~~~~~ Range ~~~~~j e  Snag. ’ ~~~~a e  Range

I 1.656 0 ’ s ’ ’ to 2. 45 0.532 5.193 . 1 - 5 ~4 0.020 0.321 to 1 119 00 .018 —0 468 t ,  • 0 . 2 9  1.100 0.584 to 2.026

2 1.990 1.314 to 2 .323 0.273 0.200 no 0.402 0.688 0.122 50 0.161 .0,531 -‘~~2v~ to .0.24 7 0.923 0.74 1 to 1. 368

2.21 4 1 ‘ 09 to 4 4 0  0,214 5.Jv ~ to 5.9-v 0 .562 I 4 9 ’  to 0 ’S! 0 l59 0 34 5 to •1 48  8.0 14 0.745 to 1.247

4 2. 2 15 1.129 to 2,489 0.217 4’.! ’’ to 0.302 0.5 9 0.351 to 0.832 -0.201 -0.315 to 00 .116 1,007 0,754 to 1 .214

5 2.217 1.193 to 2.477 0 .227 0.180 to ~~~~ 0.595 0.410 to 0.848 —0.270 -0.416 to 0 .151 1. 48 .4  0 . 762  to 1 .273

.~~. .nl 1 .918 S . ’T’ to, 2.aso O.2’3 9.179 0 -  0.584 0.608 0. 32 ; to 1 . 119 .0.085 -0 . 468 to .0.297 1 .04 3 0.584 to 2 . 026

for mal. , b y Folk and Wa rd (1957) .
2Collec t ed at each stat ion (roe all transects in the nearshore zone of the Gulf of Heoico off Panama f ly  Beach . Flor ida.

Table 13. Average aod range of st ati vt i c a l data1 for surface sediments at stations A and B. 2

Sta tion Mean Grain Site (phi) Mean Grain Site ( )  ctaodard Deviati oo (phi) Skesoess Ku rto n is
Aver age Range Average Range Average Range Anneals Range Average Range

A 2 .310 2.203 to 2.433 0.202 0.185 to 0 ,217 0.603 0.499 to 0.715 —0.200 —0 .246 to -8 .156 1.128 
- 

1.014 to 1 . 22’

0 2.289 2 .169 to 2.447 0.205 0.183 to 0.222 0.665 0.554 to 0.802 -0.237 -0.382 to -0 .089 1.237 1.134 to 1 .376

Yearly
avg. and 2.298 2.169 to 2.447 0.204 8.183 to 0.222 0.538 0.499 to 0.802 -0.221 -0 .38 2 to — 0. 08 9 1.190 1 .014 to 0. 376
range

~S,ing formulas by Folk and Ward (1957( .
2fol lev ned at stat ions A and 0 in the nno rshore zone of the Go lf of Meoico off Paoano City  Beac h . Florida .

Table 14 . Average aod range of s t at is t icol  data 1 for surface ssdine ots on ench transect. 2

Station Mean Grain Sia e (phi) Mean Grain Sloe (ra) Staodord Deviation (phi) Skes,ness Kaetosis
AIt!5Le Range .~~a~~za Range ~5~5~5g5 Range ~~~~~~~ Range 

~~~~~ 
Range

1 1.899 1.121 to 2 . 400 0 .276 0.190 to 0.460 0.669 0. 467 to 0.99 1 -0 .51 7  -5.358 to 00 .247 0.989 0. 730 to 1.296

2 1.913 0.996 to 2 . 419 0 .274 0 .187 to 0 .5 38  0.663 0 .343 to 0.900 — 0 . 1 1 0  .0. 416 to —0 .297 8.005 0. 743 to 1.380

3 2 .004 1 . 442 to 2 . 440 0 .253 0 . 104 to 0.368 0 .637 0.44 5 to 1 .04 3 —0 .146 -0.468 to 00.123 1.026 0.584 to 1.397

4 1.908 1.49 1 to 2. 490 0 .269 0 .5 70  to 0.356 0.191 0.35 1 to 1 . 119 -0 .103 -0.397 tO 00 .194 1,567 0 . 41 to 2 .026

S 1 .983 1.54 4 to 2 .426  0.258 0 ,1 96 to 5.34 3 0.592 0 .472 to 5.795 .0 .051 - 0 . 301  to 00.211 5. 054 0. 730 to 1.344

6 1 .920 0. 777 to 3,4 5 9 0.275 0.182 to 0 .584 0.566 0.407 to 0. 743 —0.062 -0 . 314 5 ,  00 .245 1.068 0.746 to 1.368

7 1.890 1.335 to 2 .45 5 0 .277 0 .185 to 0.396 0.567 0.321 to 0. 742 -0 .536 -0.331 to 00 .249 1 .039 0.738 to 1.267

8 1.896 1.171 to 2. 45 1 0.279 0.59 3 to 0. 444 0.579 0 .43 1 to 0.740 —0 .104 —0 .315 to 00,248 1 .039 0.710 to 1.400

9 1.814 1 .148 to 2.4 3 2 0.297 0.18 5 to 0. 45 1 0.619 0.332 to 0.532 —0.1 27 —0. 3 3 1 to o0.l09~ 1.088 0.735 to 1.397
— _ _—_ _

Ing. and 1 .988 0.777 to 2.488 0.273 0.578 to 5.584 0.600 0.321 to 1.11 9 -0.085 -0.468 to 00.297 1.04 3 0.184 to 2.026

losing formulas by PoSh and Ward (1917).
2Collected on each transect in the nearnh nre tone of the Golf of ‘ les iro  off Panmma City Beach . Florida.
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j .  Skewness. Surface sediments at all transect stations had an
average skewness of -0.085 (Table 9) and were classified as nearly
symmetrical (Table 4). The range of values from transect stations
varied from -0.468 to +0.297. Almost 50 percent of the stations
occurred in the skewness bracket of -0.30 and -0.10 and , therefore,
were coarsely skewed; 27 percent of the stations were classified as
symmetrical (Fig. 19).

The average of all samples taken at each of the five transect
stations ranged from +0.018 at station 1 to -0.270 at station 5.
Sediments changed from nearly symmetrical in the swash zone to more
coarsely skewed as distance from shore increased at the five stations
on each transect (Table 12). Sediments at stations A and B were also
classified as coarsely skewed (Table 13).

The average skewness values on each of the nine transects ranged
from -0.036 to -0.146. Values on transects 5, 6, and 7 were classified
as nearly symmetrical; the remaining transects had average values that
were classified as coarsely skewed (Table 14).

k. Kurtosis. The average kurtosis at all transect stations was
1.043 (Table 9), and was classified as mesokurtic (Table S ) n  The
range of all values from transect stations varied from 0.584 to 2.026.
Over 41 percent of the stations had sediments classified as lepto-
kurtic; almost 32 percent were mesokurtic , and nearly 26 percent
platykurtic (Fig. 20).

The averages of all samples at each of the five transect stations
ranged from 0.923 at station 2 to 1.100 at station 1 (Table 12). The
average values at each of the five transect stations were classif ied
as mesokur tic , with sediments at station 2 tending more toward
platykurtic . The average kurtosis of sediments at stations A and B
were classified as leptokurtic (Table 13).

The average kurtosis on each of the nine transects ranged from
0.999 to 1.088. Sediments on transects 1, 2, and 3 tended more toward
platykurtic than on the remaining transects (Table 14).

IV. BENTHIC FAUNA

1. Introduction.

The abundance and diversity of the benthic invertebrates in this
nearshore zone are a measure of the quality of the benthic environment.
Determination of the faunal characteristics of this environment is
required before beach restoration takes place to determine the effects
of removing sand from offshore and creating a new beach.
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This report is the first to describe quantitatively the benthic
macroinvertebrates of this nearshore area. Included in the list of
animals are several new spec ies , some of which comprise a significant
part of the fauna (Table 15).

The benthic fauna ~of the nearshore zone of the Gulf of Mexico off
Panama City Beach, Florida , is practically unknown. Hulings (1961)
listed 53 species of barnacles and decapod crustaceans collected on
one transect perpendicular to the beach with trawls, scallop dredges,
and aqualung diving. Salsman and Tolbert (1965) made observations on
the populations of the sand dollar , Mellita quinquieeperforata. In
waters adjacent to the nearshore zone, Culpepper and Pequegnat (1969)
studied the gainmarid amphipods on artificial substrates, and Little
(1963) surveyed the sponge fauna offshore of Panama City.

The ostracods were examined from the, Panama City area by Pun and
Hulings (1957) and from St. Andrew Bay by Wailer (1961). The plankton
of St. Andrew Bay was reported by Hopkins (1966),

The fish fauna of the Panama City area has been reported by
Caldwell (1959) , Allison (1961), Vick (1964), Haburay, Crooke, and
Hastings (1969), Klima and Wickham (1971) , Hastings (1972), Wickham,
Watson, and Ogren (1973), and Ogren (1975).

2. Methods.

The benthic fauna was sampled with a stainless steel plug sampler
(Fig. 2),) that covers an area 1/64 square meter and penetrates to a
depth of 23 centimeters. ft has handles for ease in handling, and
the top is covered with a stainless steel mesh (0.701 square milli-
meter). In operation the plug sampler is pushed into the bottom, the
substrate on one side is removed by hand, and the sampler is tilted and
lifted out with a hand covering the bottom. In water depths greater
than 4 feet (1.2 meters), the sampler is pushed in by a diver and
removed as previously stated . During ascent, the open end is securely
held against the diver ’s body to prevent sample loss.

Four plug samples were taken at each station. Samples collected
on the beach were extruded intc pans, divided into equal top and
bottom parts (Fig. 22), placed in a stainless steel sieve (Fig. 21)
with a mesh of 0~70l square millimeter , and sieved. The remnant part
in the sieve was stained with Rose Bengal and preserved in 10—percent
Formalin-seawater solution. Samples collected offshore at stations
2 to 5 were placed in a large metal tub insicte an inner tube (Fig. 23).
The samples were brought to shore and processed as previously stated .
At stations A and B, an outboard motorboat was used as the sampling
platform and the samples were processed identically.
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Table 15. Checklist of benthic animals.

ACTINIARIA (Sea anemones) 31. Nephty8 sp.
Unidentified sp. 32. Nephtya bucera

33. Nephtya picta
TURBELLARIA (Flatworms) 34. Nereia acwnulata

Unidentified sp. 35. Notonviatua heinipodua
36. cmuphie eremita oculata

NEMERTINEA (Ribbon worms) 37. (Yphelia sp.
Unidentified sp. 38. Op helina sp .

39. Orbiniid sp.
NEMATODA (Round worms) 40. Owenia fu 8iformis

1. Unidentified sp. A 41. P aranaitea apec ioaa
2. Unidentified sp. B 42. Paraonide8 sp.

43. Paraonidea lyra
POLYCHAETA (Marine worms) 44. Paraonie fulgens

1. Agloag hamus verriZli 45. Paraprionospio p innata
2. Ampharetid sp. 46. Pectinaria gouldia
3. Anaitides ery throp hy llus 47. Phy llodoce arenae
4. Apoprionospio py gmaca 48. Phy llodoce sp .
5.  Aricidea sp. 49. Pod armus sp .
6. Ar icidea fragili s 50. Poecilochaetus johnsoni
7. Armandia nuculata 51. Polydora sp .
8. Brania clavata 52. Prionospio cirrifera
9. Brania welifleetens is 53. Pr ionospio cri..sta ta
10. Unidentified capitellid 54. Scolelepis sp.
11. Caulleriella 55. Scolelepis scp~ainata
12. Ceratonerei s irritabiliB 56. Scolelepis texana
13. Unidentified cirratulid 57. Sco~op loa f o liosus
14. Diopatra cuprea 58. Scolop ios fragilia
15. Di ep io un.cinata 59. Scolopios robu8tua
16. Eteone heteropoda 60. Scoloplos rubta
17. Giycera oxycephala 61. Sigambra bassi
18. Guptis vittata 62. Spiochaetopterus ocu 1~atu8
19. Heterornastus fiiifor~nis 63. Unidentified spionid
20. Loimia Virdia 64. Sp io pettiboneae
21.  Lwnbrineris sp .  65. Sp iophanes bombyx
22. Lumbrineri e p aravapedata 66. Stheneiais sp .
23. Magelona sp .  67. Syllidee setosa
24. Magelona obockensie 68. T~t’avisia sp.
25. Magelona riojai 69. Trochochaeta sp .
26. Mediomastus ca l iforniensie
27n  Meeochaetopterus sp.
28. Micronephtye sp.
29. Micronephtys minuta
30. Minuspio sp.
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Table 15. Checklist of benthic animals. --Continued

OLIGOCHAETA (Marine “earth” worms) CUMACEA (Cumacea)
Unidentified sp. 1. Cyciaspis varians

2. Mancocuma n. sp.
GASTROPODA (Snails) 3. Oxyruostylis emithi

1. Acteocina candei 4. Unidentified sp.
2.  Acteon p unctoetr iatus
3. Creseis acicula ISOPODA (Pill bugs)
4. Diastoma Variwn 1. Ancinue depressus
5. Hastu la sa ileana 2. Chiridotea excavata
6. Nassarius acutu s 3. Scyp haceila arenicola
7. Natica pusiiia
8. Oliva sayana AMPHIPODA (Sand hoppers)
9. Oliveiia deaibata 1. Acanthohaustorius

10. OZ iveiia mutica 2. Ampelisca n. sp. A
11. Polinices dupiicatus 3. Ainpeiisca sp. B
12. Terebra disiocata 4. Batea catharinensis

5. Unidentified caprellid
PELECYPODA (Clams) sp. A

1. Anadara fioridana 6. Unidentified caprellid
2. Barbatia sp. sp. B
3. Chione canceilata 7. Eriothonius n. sp.
4. Chione gru s 8. Haustorius n. sp.
5. Cuna daili 9. Listrielia n. sp.
6. Donax texasianus 10. Lysianopsis sp.
7. ErviZ.ia concentrica 11. Monocuiodes n. sp .
8. Lepton sp. 12. Monoculodes nyei
9. Lucina muitiiineata 13. Nototropis n . sp.

10. Perip ioma inequale 14. Parahau8torius n. sp. A
11. Pi tar simpsoni 15. Parahau storius n. s p .  B
12. Strig ilia mirabilis 16. Pro tohaustorius n.  sp.
13. Teilina versicolor 17. Pseudohaustorius n. sp.
14. Unidentified venerid 18. Pseudopiatyi.echnopue

(nr. Gouldia) n. sp. A
19. P8 eudopiaty iechnopus

PYCNOGONIDA (Sea spiders) n. sp. B
Unidentified sp. 20. Synchelidiwn n. sp.

2 1. Talorchestia n. sp.
OSTRACODA (Ostracods) 22. Tiron sp.

Unidentified sp.
PENAEIDEA (Swimming shrimp)

STOMATOPODA (Mantis shrimps) 1. Penaeus duorarwn
Coronis excavatrix 2. Sicyonia brevirostris

3. Trachypenaeus constrictus
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Table 15: Checklist  of benthic animals . --Continued

CARIDEA ECHINOIDEA (Heart urchins)
1. Ambidexter synvnetricus 1. Meilita quinquiesperforata
2. Ogyrides aiphaeroetris 2. Unidentified sp.
3. P-rocessa hemphilli
4. Processcz vicina HOLOTI-flJROIDEA (Sea cucumbers)
5. Tozewna cornutwn Unidentified sp.

CALLIANASSIDAE (Mud shrimps) HEMICHORDATA (Acorn worms)
Unidentified sp. Unidentified sp.

ANOMURA (Crabs) CEPHALOCHORDATA (Lancelets)
1. Albunea paratii Branchio s toma fl oridae
2. Einerita benedic ti
3. Th~erita taipoida PISCES (Fishes)
4. Lepidopa benedicti 1. Anchoa sp.
5. Pagurus longicarpus 2. Cyno8aion nebulosus

3. &winostomus sp.
BRACHYU RA (True crabs) 4. Hemipteronotus novacula

1. Arenaeus cribrarius 5. Leiostornus xanthurus
2. Dissodacty lus rneiiitae 6. Microgobius carri
3. Ovalipes oceiiatus 7. Myrophis punctatus
4. Pinnixa cristata 8. Unidentified ophidiid
5. Pinnixa sayana 9. Symphurus p iaguisa
6. Pinnixa iunzi
7 . Pinnotheres macuiatu s
8. Portunus gibbesii
9. Portunus sp inimanus
10. Ranilia muricata
11 . Unidentified xanthid

SIPUNCULIDA (Sipunculids)
Sipun culus iong ipap ii losus

ASTERO IDEA (Starfish)
Astropecten arti cilatus

OPHIIJROIDEA (Brittle stars)
1. Amphipolis squamata
2. (Yphiop hragnus filograneus
3. c~phiophragnus wurdemanni
4. Unidentified sp. A
5. Unidentified sp. B
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At the laboratory, the samples were rinsed in freshwater, sorted
into major animal taxa, placed into isopropyl alcohol, identified to
the lowest taxonomic level practicable, and then enumerated.

The diversity index used in this report is the Shannon Index of
general diversity (R) :

H = -Z(~2--) log (~~-)

where ni is the number of individuals of a given species and N the
total number cf individuals (Odum, 1971).

A special study was conducted to determine if the sampling depth of
• of 23 centimeters was sufficient for the capture of the animals that

lived in this nearshore zone .

A e~mparison was made between the plug sampler and a core sampler.
The depth of penetration by the core sampler was 46 centimeters or
twice the depth of the plug sampler. The diameter of the core was
6.35 centimeters . This sampler was modified from the one used by
Taylor (1965) by removing the flange. The surface area sampled with
the plug sampler was five times that of the core sampler.

Samples were taken in the swash zone of Panama City Beach , Florida.
Forty cores were taken and each extracted core was divided into two
23-centimeter lengths. The contents were sieved , and the animals were
preserved , identified , and enumerated.

The 40 cores produced a total of 38 benthic invertebrate individuals
representing seven species . Only I of the 38 individuals was found in
the bottom 23-centimeter part of the core sample . The eight plug samples
produced 61 benthic invertebrate individuals representing eight species .
Thus, it is believed that the plug sampler is more efficient in
sampling the benthos. Also, the time and effort expended in sampling
and analyzing the 40 cores are about five times greater than when eight
plugs are used.

3. Adequacy of Sampling.

A special sampling experiment was conducted to determine the number
of plug samples necessary to obtain a list of representative benthic
species occurring in the sampling area. One transect was chosen for
sampling and 12 plug samples were taken at each station on the transect.
They were numbered consecutively in the order of collection .

The total number of species per station increased seaward from
station 1. Station 1 had 5 species of animals; station 2, 9 species;
station 3, 17 species; station 4, 18 species; and station 5 , 18 species.
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The accum ulative number of species was plotted against the number of
samples (Fig. 24). The percentages of the total number of species
occurring in the first four samples for each station were : Station 1,
100 percent; station 2, 88.9 percent; station 3, 70.6 percent ; station
4, 88.9 percent; and station 5, 94.4 percent. In all cases, the
additional species occurr ing in samples 5 to 12 were represented by a
single individual .

The percentage of individuals collected in the first four samples
at stations 2 to 5 was about 33 percent of the total. At station 1,
the percentage of individuals occurring in the first four samples was
only 15 percent. This is probably due to the low diversity of animals
and the clumping of the abundant animals.

Based on the above information, four plug samples per station were
deemed sufficient to determine species composition and their abundance.

4. Results.

Benthic plug sampling in the nearshore zone of the Gulf of Mexico
produced 26 major macroinvertebrate taxa and 170 species . In addition,
nine species of fish were also taken in the samples (Table 15). The
most abundant taxon in terms of spec ies was the polychaetes with 69
species. Other abundant taxa in decreasing order were Amphipoda
(22 species); Pelecypoda (14 species); Gastropoda (12 species); and
Brachyura (11 species). Thirteen major taxa were represented by a
single species (Table 15).

Analysis of the benthic animals will be divided into several
sections. The numbers of species and individuals vary by distance
from shore, by season, and to a lesser extent by transect.

The numbers of individuals of each species caught per sampling trip
at each station are listed by station in Appendix F. Numbers are
totals of four plug samples taken during each station visit.

a. Distance From Shore. The number of species occurring at the
six different sites ~n relation to distance from shore varied
considerably. Station 1, located in the swash zone , had the least number
of species; station 5 had the highest (Table 16). Stations A and B,
located in 30 feet of water , had the highest average number of
individuals per sample.

The benthic macro invertebrate fauna in the nearshore zone from the
swash zone out to the 10-foot depth consists principally of 14 species.
These 14 species constitute at least 80 percent of the individuals
occurring at stations 1 to 5 on the nine transect lines sampled . Each
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Figure 24. Accumulative number of species taken in 12 plug
samples at five stations.
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Table 16. Number of species, individuals , and samples collec ted at
each station and the average number of individuals per
sample.1

_______ _________________ _______ ____________ - 

Individuals
per sample

Station Location Species Individuals Samples (avg.)

1 Swash zone 26 18,127 108 168

2 First sandbar 33 6,047 48 126

3 Between first and
second sandbar 88 8,106 48 169

4 Second sandbar 78 4 ,905 48 102

5 10-foot depth
seaward of second
sandbar 89 5,371 48 112

A 30-foot depth 78 862 4 216

B 30-foot depth 80 1,158 4 290

Total or average 179 44 ,576 
— 

308 145

1’At each station (1 to 5) the data represent the sum
from all nine transects.
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of the five stations represents different habitats in the sampling area,
and at each station the abundance of species changes. - There ar~several species abundant at more than one station, but no single
species was the dominant one at all five stations (Table 17). The
following is a detailed composition of benthic macroinvertebrates at
each of the five transec t stations , plus the two s ites (A and B) in
30 feet of water.

(1) Station 1. This station, located in the swash zone,
produced 25 species of macroinvertebrates plus one species of fish in
12 months of sampling (Table 18). Four species dominated the catch,
constituting over 99 percent of the individuals. The most abundant
animal was the polychaete, Scolelepis squamata, representing 44.2
percent of the individuals. The common pelecypod , Donax texasianus,
ranked second with 41 percent; the anomuran, Emerita talpoida, was
third with 8.6 percent; and an amphipod, Hccustorius n. sp., was fourth
in abundance representing 5.5 percent of the individuals.

The number of species in the major animal groups varied from a high
of six for amphipods , four of which are new species , to nine taxa which
were represented by a single species (Table 18).

Seasonally, the highest number of individuals occurred during May
and June (68 percent of the individuals) with a secondary peak in
February. The month of least abundance was November, followed by
December , August, September , and October. The number of species was
highest in July and August, and lowest in November and January
(Table 18).

(2) Station 2. This station was located on the first sandbar
and was represented by 31 species of macroinvertebrates and 2 species

F of fish (Tables 16 and 19). It was sampled quarterly on all nine
transects. Four species dominated the catch. They constituted 94
percent of the individuals. Three of the four species were also
abundant at station 1. The pelecypod, D. texasianus, was clearly the
dominant animal, representing 72.2 percent of the individuals. The
other three species in decreas ing order of abundance (Table 19) were :
Haustorius n. sp. (8.8 percent); S. squamata (7.8 percent); and the
cumacean , Mancocwna sp. Ten of the 31 macroinvertebrate species were
represented by only one specimen at station 2.

The number of species in the major animal groups varied from seven
for polychaetes and amphipods to one for each of 10 other major taxa
(Table 19). Six of the seven species of ainphipods at station 2 were
new species.

Seasonally, -the highest number of individuals (85 percent) occurred
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Table 17. Percentage of the species comprising over 80 percent of the
individuals at the five transect stations.

______ ______ 
Stations 

______

Species 1 2 
- 

3 4~~~~ S

POLYCHAETA
Diapio uncinata - - --  ---- ---- 6.4

Magelona riojai _
~~~

_
~~ 

- -  
_ _  2.9

Paraonis fulgens ---- ---- --- -  5.3

Scolelepis 8qucvm~zta 44.2 7.8 --- -

Spio pettiboneae - - - -  - - - -  4.9 ---- 6.8

PELECYPODA
Donax texasianus 41.0 72.2 28.0 17.1
Ervilia concentrica ---- ---- ---- ---- 5.8

CUMACEA
Mancocwna sp. - - - -  5.2

- 

- 
AMPHIPODA
Acanthohaustorius n. sp. ---- ---- 30.7 37.9 28.4
Raustorius n. sp. 5.5 8.8 ----
Protohaustorius n. sp. ---- ---- 10.9 8.6 18.7
PseudohauetoriuB n. ~p. - - - -  - - - -  7.0 7.9 10.0

ANOMURA
Eineritce talpoida 8.6 - - - - - - - - - - - - - - - -

CEPHALOCHORDATA
Branchiostoniz ftoridae ---- ---- ---- ---- 7 .7

TOTAL 99.3 94.0 81.5 83.2 80.3
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Table 18. N~~~er of indiv idual, of each species col lected from the nine t r a n s e c t s  at s t at ion  I .

Specie. ~~~~~~~~ ~~~~~~~ 
“

~~~~~. 
‘5~~~~~ - f ~~T ~Apr . ~~~~~~ ~~~ I ~~~~~~ ~~~~~~ ~~~~

NEP~~RTT N PA
Unidentif ied op. - 2 - - - - - - - - - S

80961006
Unidentified sp . A - - - - - - I - - 1 - - 2

P01.YCHAITA
v 27 - 7 - - - - I - - - 30

r i - - . r o I . -a i.c - - - - 2 - - - - - - - 2 
IoZep ~ .. aqoaov r ’-v - . - 8 4 1 4 1 4.231 3 ,188 5 4  87 20 60 8 .009

GAS1ROPOOA
I • c c  - - - - - - - - - I - - 1

Pt LICYPIIII9

~~~~ Ida np - — - — - — - - — I — — — 1
- - - - — - - - 1 — — - I

— — — — — — - I — — — — 1
- ‘c rc 56 29’ 835 1 ,045 II’ 589 2 .82 545 240 18 17 15 7,436

PYC N00OIi IDA
Unidentified np - - - - - - - - - I - -

4 - 1 1 M A r 1 5

~~neoe...~~ sp. — — - I — - lv - - - - - 17

ISOI ...)A
-Yr  — - - — - - - - — - 1 — 1

AOIPHIP00A
- - — - - - - 1 - - - 1
- - - - - - - - 1 33 - - 34

Lr., A’ r o o  ii, ,p. 24 14 20 64 234 159 88 11 4 .1 81 8 2 164 993
V ~- - ‘r’ p , c  us, v~ - - - - - - - - - 5 - — S

n .  sp. - - - - I - - - - - — — 1
Un i d e n t i f ie d  crupre l l id  np B - - - - - - - 1 1 — — 2

ANPIPJRA

~ ‘IOC~
- ’.S 0 COI LI 3 81 109 3’ 44 4 1  2 1 4  202 ‘2 256 303 187 1,555

tep idopa i~~,uJ i .”i — 1 - 9 - I I - 2 1 1 1 17 2

B8ACHYURA
Pj ,9pj rra ‘I’ ~~~’si t I  - - - - - - - I - - - - - 1
P inec ’tka,ea .ecnu.Thh.s - - - - - 1 - - - - - - 1

OPHIUROIDEA
- I - - - - - - - - - - 1

C E P I I S I  1 F I O R U A TA
.‘rvt-h -Y o ’..’-rr f lor ida e - - - - - - - - 1 - - 1

PISC ES
lew.t.o .nag ~~nt ¼a~’iag - - - 2 - - - - - - - 2

______ _!~~~ ~~~~~~~ ~~~~ .~~~ L~!L _736 
~~~~~ 
_424 ~~r ~~~~
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Table 19. Number of individuals of each species collected from the
nine transects at station 2.

Species Nov. - 
Feb. May Aug. 

- 

Total

NEMERTINEA
Unidentified sp. 3 - 7 6 16

NEMATODA
Unidentified sp. - - - 2 3 5

POLYCHAETA
Dispio uncinata - 

. - - 5 5
Lumberineri a paravapedata - 1 - - 1
Nephtyid sp. - - 1 - 1
Nephtys bucera - - 1 - 1
Par aonis fu Z-g ens 8 46 53 22 129
Scolelepis aqucimata - 62 289 119 470
Spionid sp . - - - 1 1

GASTROPODA
Creseis acicula - - - 7 7
Diastor na varium - - - 6 6

Ha stula salleana - - 2 - 2

PELECYPODA
Doncix texasianus 

- 
135 46 4,134 52 4,367

Ervilia concentrica 1 - - - 1

CUMACEA
Mancoawna sp. - 10 294 10 314

I SOPODA
Ancinus depreesu s - 5 10 2 17

AMPHIPODA
Acanthohaustorius n. sp. - - - 3 3

Eriothonius n. sp. - - - 78 78
Haustorius n. sp. 48 152 284 51 535
Nototropis n. sp. - - - 19 19
Parahaustorjue n. sp. - 1 6 9 16
Pseudohaustorius n. sp. - - 2 - 2
Talorchestia inexpectata - - - 1 1

PENAE IDEA
Penasue duorarwn - - - 4 4
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Table 19. Number of individuals of each species collected from the “a
nine transects at station 2.--Continued

Species Nov. Feb. May Aug . Total

CAR IDEA
Tozewna cornutwn - - - 1 1

ANOMURA
E)nerita talpoida 2 6 16 1 25
Lepidopa benedicti - - 1 - 1

BRACUYURA
P innixa cristata - - 11 - 11

OPHIUROIDEA
Op hiophragnus z~xa’denanni - 1 - - 1

ECHINOIDEA
Meilita quinquiesperforata - - - 1 1

CEPHALOCHORDATA
Branchiostorna fl orida e 1 1 - - 2

PISCES
C~noscion nebul-o~us - - - 1 1

Esiostomus zanthurus - 3 - - 3

TOTAL 198 334 5,113 402 6,047
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in May. The great abundance of D. texasianus in May was the principal
factor . November samples had the least number of individuals. The
number of spec ies gradually increased from a low of 7 in November to a
high of 22 in August (Table 19).

(3) Station 3. Station 3 was located between the first and
second sandbars , and was represented by 85 species of macroinverte-
brates and 3 species of fish. This station was also sampled quarterly
on all nine transects and produced the highest number of indiv iduals
per sample of the five stations on transects (Table 16). The number
of spec ies was nearly triple the number s from stations 1 and 2. F ive
species were abundant at this station, and accounted for 81.5 percent
of the individuals. The pelecypod. D. texasianus, again was one of
the most abundant species with 28 percent of the individuals. The
species ~,,ith the next highest number of individuals was another newspeci es of amphipod , Acanthohaustor’ius n. sp. It represented 31
percent of the individuals. The two species ranked third and fourth
in abundance were also new species of amphipods. Collectively, the
three amphipods species accounted for almost 49 percent of the
individuals. The other two new species of amphipods were
Protohaustorius n. sp., and Pseudohaustorius n. sp. Ranked fifth in
abundance was a polychaete, Spio pettiboneae, representing 5 percent
of the individuals. The polychaete, S. squam~zta, which was abundan t
at stations 1 and 2, occurred only in the February samples and
represented only 0.09 percent of the total catch or 0.8 percent of the
polychaetes (Table 20). Twenty-three of the 85 species of macroinver-
tebrates were represented by only one specimen at station 3.

The number of species in the major animal groups varied from 25
species per taxon (Polychaeta) to 1 per taxon; 12 major taxa were
represented only by a single species (Table 20). Three of the 25
species of polychaetes (S. pettiboneae, Dispio uncinata, and Paraonis
fuigens) accounted for 85.6 percent of the polychaetes. Nine of the
13 species of amphipods were new species; collectively, these 9 species
accounted for 99.6 percent of the ainphipods and 49.6 percent of the
total individuals at station 3. Since D. te-zasianus was clearly the
dominant bivalve, accounting for 94 percent of the pelecypods
(Table 20) ,  the number of species of pelecypods increased substan tially
to 10.

Seasonally, the highest number of individuals occurred in May. The
two most abundan t animals were D. texasianus and Acanthohaustorius n.
sp. The month with the least number of individuals was February . The
month of August again had the highest number of species; February had
the least at station 3 (Table 20).

(4) Station 4. Station 4 was located on the second sandbar,

- 
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Table 20. Number of individuals of each species collcc~ted from the
nine transects at station 3.

Species Nov. Feb . May Aug. Total

ACTI NIAR IA
Unidentified sp. - - - 1 1

TURBELL ARIA
Unidentified sp. - 1 - - 1

NEMERTINEA
Unidentified sp. 9 9 24 12 54

NEMATODA
Unidentified sp. A - 5 2 3 10

POLYCHAETA
Ar!lnandia rnaculata - - 1 - 1
Brania welifleetensis - 1 - - 1

Bravia clavata - 1 - - 1
Dispio uncinata - 1 15 239 255
Eteone heteropoda - - 1 - 1
Mage lana riojai 1 1 25 19 46
M-icronephtye sp. - 1 - - 1
?ificronephtys minuta - - 2 - 2

Nephtyid sp. - - - - 2 2
Neph tys bucera - - 7 9 16

Ophelia sp. 2 - - - 2

Ophelina sp. - - - 1 1

Orbiniid sp. - - - 1 1
Paraonia fulgena 31 37 15 35 118
Phy liodoce arenae - - - 2 2
Podar,nua sp. - - 1 - 1
Prionospio cristata 2 - - - 2
Scolelepia squcunata - 7 - - 7
Scolelepis texana - 2 - 1 3
Scoleplos fragilie - - - 3 3
Scolopolos feliosue - - - 5 5
Spionid sp. - - 1 5 6
Spio pettiboneae - - 224 176 400
Spiophanes bornbyx - - 19 2 21

Sy llide e setosa 5 - - - 5

OL IGOCHAETA
Unidentified sp. - 3 1 4 8
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Table 20. Number of individuals of each species collected from the
nine transects at station 3. --Continued

Species Nov. Feb. May Aug. Total

GASTROPODA
Oliva sayana 1 1 - - 2
Olivella ,nutica - - 1 3 4
Polinicee duplicatus - - - 3 3

PELECYPODA
Anadara floridana - - - 1 1

Chi one grus 1 - - 1 2
Cuna dauli 4 12 5 3 24
Donc.x texasicznus 23 34 2 ,210 1 2,268
Ervilia concentrica 72 - 2 8 - 82
Lucina multineata - - - 1 1
Pitar simpeoni 2 - - - 2

Strigilia mirabiiis - - - 2 2
Teliina versicolor - - - 2 2
Unidentified venerid

(rn’. Gouldia) - 18 12 - 30

STOMATOPODA
Coronis excavatrix - - 8 - 8

CUMACEA
Cyclasp i8 variane - - - 1 1
Mancocwna sp. - - 2 4 6

Unidentified sp. - - - 10 10

ISOPODA
Ancinus depressus 6 2 2 8 18
Chirido tea excavata 1 - 2 2 5

AMPHIPODA
Acanthohaustorjus n . sp. 451 516 1,016 502 2 ,485
Batea catharinensie - 1 - - I
Unidentified caprellid sp. A - 5 2 - 7
Ericthonius n. sp. - - - 4 4

Hau8toriua n. sp. 5 1 5 - 11
Monoculodes n. sp. 1 - - - 1

Monoculodes nyei - - 2 3 5
Para hauetorius n. sp. 4 4 6 3 17
Parahauetorius sp . 1 - - - I
P-rotohaustorius ii. sp. 68 149 397 270 884
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Table 20. Number of individuals of each species collected from the
nine transects at station 3. --Continued

Species Nov . Feb . May Aug. Total

AMP HI PODA
Pseudohaustorjus n. sp. 165 143 105 156 569
Pseudoplaty isohnopus n. sp. A 1 - - - 1
Synchelidiurn n. sp. 10 8 23 5 46

CAR IDEA
Ambidexter synrietricus - - - 1 1
Ogyrides alphaerostris 5 - 47 25 77
Processa hemphilli - - 4 - 4

CALLIANASSIDAE
Unidentified sp. - - 36 7 43

ANOMURA
F~erita benedicti 1 - - - 1

E)nerita talpoida - 2 - - 2

Lep idop a benedicti - - 2 1 3
Pczg-urus Zangicarp us - - 5 7 12

BRACHYURA
Dissodacty lus meZZ-itae - - 2 1 3
Pinnixa cristata - - 13 9 22
Pinnixa Zunzi - - - 1 1
Pinnotheres maculatus - - 10 - 10
Portunus gibbesii - - 4 2 6

SIPUNCUL IDA
Sipunculus long ipapi llosu s 19 2 - 1 22

OPHIURO IDEA
Amp hipho lie squarnata 3 - - - 3
Ophiophragnus filograneus - - - 1 1
Ophiophra gnus wurdernanni - 1 - - 1
Unidentified sp. A 1 - - - 1

Unidentified sp. B 3 - - - 3

ECHINO IDEA
Meliita quinquiesp erforata 22 7 73 40 142

HOLOTHUROIDEA
Unidentified sp. 1 - 3 1 S
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Table 20. Number of individuals of each species collected from the
nin e transects at station 3. --Continued

Species Nov . Feb . May Aug . Total

HEM ICHORDATA
Unidentified sp. 6 8 7 1 22

CEPHA LOCHORDATA
Branchiostoma fioridae 196 37 1 3 237

PISCES
E’ucinostomus sp. 1 - - - 1
Myruphis punctatus 1 - - - 1

Unidentified ophidiid - - 1 1 2

TOTAL 1,125 1,022 4 ,352 1,607 8,106
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and was represented by 78 macroinvertebrate species. This station was
also sampled quar terly on all n ine transects and produced the lowest
average number of individuals per sample (Table 16). The five most
abundant species accounted for 77.9 percent of the individuals. The
dominant an imal was a new spec ies of amph ipod , Acanthohaustorius n. sp.,
representing 38 percent of the individuals. The other abundant species
in decreas ing order were the pelecypod , D. texasianus (17 percent),
amph ipod s, Protohaustorius n. sp. (9 percent) and Pseudahaustorius n.
sp. (8 percent) ,  and a polychaete, D. uncinata (6 percent).
Collectively, the three species of amphipods accounted for uvei 54
percent of the individuals (Table 21). The dominant polychaete at this
station was d ifferent than at the three shoreward stations; however,
both S. squcenata and S. p ettiboneae were present at station 4.

Polychaeta was the most diverse animal taxon with 26 species.
Other major taxa with numerous species were Pelecypoda , Ainphipoda , and
Brachyura with nine, eight, and seven species, respectively. Eleven
of the major taxa were represented by a single species (Table 21). Two
of the polychaete species (D. uncinata and P. fulgens) accoun ted for
73 percent of the polychaetes. Seven of the eight aniphipod species
were new species; collectively, they accounted for 99.6 percent of the
amphipods and 55.7 percent of the total ind iv iduals at station 4.
Donax texasianus remained the dominant bivalve and represented 96.4
percent of the pelecypods (Table 21) .

Seasonally , the highest number of individuals occurred in May.
The two most abundant animals were D. texasianus and Acanthohaustorius
n. sp. These two were also the dominant animals at station 3 during
May. February was the month with the least individuals. The month
of May was also represented by the highest number of spec ies. At all
shoreward stations , August had the highest number of species. The
lowest number of species occurred during February (Table 21).

(5) Station 5. Station 5 was located seaward of the second
sandbar in 10 feet of water. It was represented by 86 macroinverte-
brate species and 3 species of fish. This station was also sampled
quarterly and had the second lowest average number of individuals per
sample (Table 16). The five most abundant species accounted for 71.5
percent of the individuals. The dominant species was a new amphipod
species, Acanthohaustorius ii. s p. ,  representing 28 percent of the total
individuals. This species was also the dominant animal at stations 3
and 4. Two other new species of amphipods (Protohaustorius n. sp. and
Pseudohaustorius n. sp.) were ranked second and third in abundance
with 19 and 10 percent of the total individuals , respectively.
Collectively, the three new spec ies of amphipod s accounted for 57
percent of the total individuals at station 5. The fourth ranked
species was the lancelet, Branchiostoma fioridae, with 8 percent of the
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Table 21. Number of individuals of each species collected from the
n ine transects at station 4.

Spec ies Nov. Feb. May Aug. 
- 

To[~T

TURBELLAR IA
Un iden tif ied sp. - - 1 - 1

NEMERT INEA
Unidentified sp. 4 3 18 11 36

NEMATODA
Unidentified sp. A 10 2 - 5 17
Unidentified sp. B - - 1 - 1

POLYCHAETA
Arinandia rnaculata - ‘ - 1 - 1
Bravia ciavata - - - 1 1
Dispio uncinata - - 15 300 315
Glycera oxycep hala - - - 1 1

Gyptis vittata 1 - - - 1
Locinea viridis - 1 - - 1
Lwnbrineris sp. - 1 - - 1
Magelona obockensis - - 2 - 2

Magelona riojai 3 2 10 29 44
Magelona sp. - - - 2 2
M-icronephtys minuta - - 1 - 1
Micronephtys sp. - - 1 - 1

Nep htye hucera - - 4 10 14
Yephtys sp. - - - 1 1

Onup his eremita oculata - - - 2 2
Op helia sp. 3 - - - 3

Orbiniid sp. - - - 1 1

Paraonis fulgens 6 24 77 155 262
Prionospio cristata 8 - I - 9
Scoielepis equamata - 28 17 3 48
Scolep los fragil is - - - 2 2
Scolopolos foliasus - - 1 1 2
Sp ionid sp. - - 1 3 4

Spio pettiboneas - - 19 29 48
Spiophanes bombyx - - 4 - 4
Syllides aetosa 17 - - - 17

OLIGOC HAETA
Unidentified sp. 2 1 - - 3
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Table 21. Number of individuals of each species collected from the
nine transects at station 4.—-Continued

Species Nov. Feb . May Aug. Total

GASTROPODA
Natica pusilla - - - 1 1
Oliva sayana 1 - - - 1
Olive-h a mutica - 1 - 4 5
Pohinices dup licatu~ - - 1 - 1

PE LECYPODA
Cuna dalhi 7 1 - 1 9
Donax texas icinus 4 16 818 - 838
Ervihia concentrica 2 3 2 1 8
Lepton sp. 1 - - - 1

Lucina multilinea ta - - - 2 2
Pitar evnp soni 1 2 - - 3

Strigihla mirabihis - - 4 - 4
Telhina versicolor 1 - - - 1

Uniden tified venerid
(nr. Gouldia) - 1 2 - 3

STOMATOPODA
Coronis excavatrix - 1 - - 1

CUMACEA -
Cychaspis varians - - 2 2

Mancociwna sp. - - 3 1 4

Unidentified sp. - - 1 30 31

I SOPODA
Ancinus depr essu s 10 3 27 4 44
Chiridotea excavata 4 - 8 - 12

AMPHIPODA
Acanthohaustorius n. sp. 362 228 821 449 1,860
Eriothonius n. sp. - - - 1 1

Haustorius n. sp. 6 - 4 - 10
Monocuhodes nysi - - 2 9 11
Parahaustorius n. sp. - 8 13 - 21
Pr otohauatorius n. sp. 35 10 160 215 420
Peeudohaustorjus n. sp. 90 68 30 198 386
Synchehidiurn n. sp. 1 10 15 9 35
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Table 21. Number of ind ividuals of each species collec ted from the
nine transects at station 4.--Continued

Species Nov. Feb . May Aug . Total

CARIDEA
Ogyrides al p haerostr is 1 - 7 25 33
Processcz vicina - - 1 - 1

CALLIANASS IDAE
Unidentified sp. - - 11 - 11

ANOMURA
Emerita benedicti - 2 - - 2
&nerita talpoida 1 - 6 1 8
Lepidopa benedicti - - - 1 1
Pa gurus longicar pus - - 1 2 3

BRACHYURA
Arenaeus cribrari us - - - 1 1
Dissodactylus rnehhitae - - - 2 2
Ovahipes ocehia tus - - 1 - 1

Pinnixa cristata - 1 13 11 25
Pinnixcz lunsi - - - 1 1
Pinnotheres maculatue - - 3 - 3

Portunus gibbesij - - 4 - 4

SIPUNCULIDA
Sipun culus longipap iltosus 4 - - - 4

OPHIUROIDEA
Unidentified sp. A 1 - - - 1

ECHINOIDEA
Mehhita quinquisep erf ora ta 2 2 10 .6 50

HOLOTHURO IDEA
Unidentified sp. - - S 2 7

HEMICH ORDATA
Unidentified sp. 1 1 1 - 3

CEPHALOCHORDATA
Branchioatc~ina floridac 177 2 1 3 183

TOTAL 766 422 2,149 1 ,568 4,905
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individuals. The polychaete, S. pettiboneae, was fif th in abundance
representing 7 percent of the total individuals (Table 22).

Polychaeta was the most diverse animal taxon with 34 species . The
other maj or taxa with numerous spec ies were Amphipoda , Pelecypoda ,
Gastropoda , and Brachyura w ith eight, eight, six, and six spec ies ,
respectively. Thirteen of the major taxa were represented by a single
species (Table 22). The dominant species of polychaetes were
represented by four spec ies , accounting for 83 percent of the polychaete
ind ividuals. These spec ies in decreas ing order of abundance were
S. pettiboneae, Magebona riojai, Bravia clavata, and P. fubgens. Six
of the eight amphipod species were new spec ies; collectively ,  they
accounted for 98.8 percent of the amphipods and 58 percent of the
total individual s at station 5. The dominant pelecypod was Ervibia
concentr ’ica which accounted for 74.7 percent of the bivalves (Table
22). This was the first station where the lancelet, B. fboridae,
became a major species in the total species composition .

Seasonal ly ,  the numbers of individuals increased from November
through August. The dominant animals in August were the three new
spec ies of amphipods . August was also the month with the highest
number of species. The 62 species at station 5 in August was the
highest for any of the five stations located on the transects. The
lowest number of species occurred during February (Table 22).

(6) Station A. Station A was located in 30 feet of water off
transect S (Fig. 11). It was sampled quarterly and produced 76
macroinvertebrate species and 2 species of fish . Station A had the
second highest average number of individuals per sample (Table 16).
Unl ike the stations loca ted on transects, a particular spec ies was not
dominant. The polychaete, Prionospio cristata, was the mos t abundan t
species but comprised only 15.3 percent of the total individuals.
Polychaeta were the dominant animal taxon with 37 species and 43.3
percent of the total individuals. Other species with more than 50
ind iv iduals were the lancelet, B. fboridae, and an amphi pod , Proto-
haustorius n. sp. (Table 23).

The number of individuals was highest in May and lowest in November.
Numbers of species increased from November through August (Table 23).

(7) Station B. Station B was located in 30 feet of water off —

transect 8 (Fig. 11). It was sampled quarterl y and produced 70 species
of macroinvertebrates and 1 species of fish. This station had the
highest average of individuals per sample (Table 16). Station B was
similar to station A in regards to species dominance. The most
abundant spec ies was P. cristata which comprised 18.1 percent of the
total individuals. Second to P. crietata in abundance was the lancelet ,
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Table 22. Number of individuals of each species collected from the
nine transects at station 5.

Species Nov ._ Feb. May 
- 

Aug. ITotal

TIJRBELLAR IA
Unidentified sp. - - 1 - 1

NEMERTI NEA
Unidentified sp. 21 40 41 25 127

NEMATODA
Unidentified sp. A - 8 5 4 17

POLYC HAfTA
Apoprio noep io py gm-zcea - - 1 1 2

Armandia maculata - 2 5 2 9
Brania welbfleetenais 1 - - 2 3
Bravia clavata - - - 8 

- 
8

Di8pio uncinata - - 8 135 143
• Eteone heteropoda - - 1 1

Glycera oxycephala - - 1 - 1

Mage bona obockensis - 1 - - 1

Mage bona riojai 4 5 56 92 157
Magebona sp .  - - - 2 2
Mesochaetopt erus sp .  - - - 1 1

Micronep htys minuta - - 2 - 2
Microns phtys sp. - 1 - - 1

Nep htys bucera - - 12 12 24
Nephtys picta - - 5 - 5

Nephtys sp .  - - - 2 2

Nereis acwninata - - - 1 1

Onuphis erernita oculata - - - 3 3

Op hehia sp . 1 - - - 1

Pa ra onie fu bgens 2 9 50 54 115
Pect inaria gouldi 1 - - - 1

Phy liodoce arenas - - - 
- 1 1

Phyhlodoce sp. 1 - - - 1

Pob ydora sp. - 1 - - 1

Prionospio crista ta 12 - - 6 18
Scolebepie squamata - 6 1 1 8
Scobeispie texana - 3 2 - S
Scolophos robuetue - 1 - 

- - 1

Sigcvnbr’a bassi - - - 1 1

Unidentified spionid - 1 - 1 2
Spio pettiboneae - - 212 152 364

73

~~~~~~~~~~~~~~~~~~~~~~~ 
-
~~--‘--~~

i-: -
~~~‘--- ~~~ ~~~~~~~~~~~~~~~~~~~~~~ -



Table 22. Number of individuals of each species collected from the
nine transects at station 5. --Continued

Species Nov. Feb. May Aug . Total

POLYCHAETA
Spiophanea bombyx - - 51 1 52
Sthenelais ep. - 1 - - 1

Sy h hidee estosa - - 1 - 1

OLIGOCHAETA
Unidentified sp. 1 2 1 1 5

GASTROPODA
Hastuicz aahlearza 1 3 - - 4
Nasearius acutue - - - 2 2
Natica puaiila - - - 3 3
Ohiva sayana 1 - 1 1 3
OhivelZa mutica 1 1 - 2 4
Pohinicee dup licatus - - 2 1 3

PELECYP ODA
Cuna dalhi 1 - - 1 2
Donax texasianue 2 3 3 - 8
Ervihia concentrica 8 271 30 1 310
Lepton sp. - - 1 - 1

Lucjna multihineata - - - 1 1
Strig illa mirabihie 8 1 9 21 39
Tebhina vepsicolor 1 - 2 12 15
Unidentified venerid

(nr. Gouldia) 1 - 2 12 15

OSTRACODA
Unidentified sp. - - - 1 1

STOMATO PODA
Coronia excavatrix - 1 - - 1

CIJMACEA
Cy claspi e varian e - - 3 9 12
Unidentified sp. - - 2 29 31

ISOPODA
Ancinue depressue 3 4 - 2 9
Chiridotea exoavata 9 - 20 13 42
Scyphacella arenicola - - - 1 1
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Table 22. Number of individuals of each species collected from the
nine transects at station 5.--Continued

Species Nov. Feb. May Aug . Total

AMPHIPODA
Acanthohaustorius n. sp. 121 396 496 510 1,523
Hauetorius n. sp. 1 1 - - 2
Monoculodee nyei 4 - 13 21 38
Protohauetoriue n. sp. 80 71 432 422 1,005
P eeudohczuetorj us n. sp. 119 55 107 256 537
Peeudop latyiechnopus n. sp . B - - 6 3 9
Sync hehidiwn n. sp. 4 7 30 2 43
Tiron sp. - - 1 - 1

CARIDEA
Ambidexter e~pi~netricue 1 - - - 1

Ogyridee alphaerostris 3 6 - 7 16
Proceaacz hemphihbi 1 1 11 1 14

CALLIANASS IDAE
Unidentified sp. - - 6 2 8

ANOMURA
Emerita taipoid a - - - 2 2

Lepidopa benedicti - - 3 2 5

Pagurus longicarpus - - 10 4 14

BRACHYURA
Dieeødacty lue mehUtae - - - 2 2
Ovalipee ocehlatue - - 1 - 1

Pinnixa crietata S - 9 14 28
Pinno there-s maculatus - - - 2 - 2

Portunus gibbeeii - - 5 6 11
Unidentified xanthid - - 1 - 1

SIPUNCUL IDA
Sipunculus longipapihlosue 1 - - - 1

ASTERO IDEA
Astropecten articulatus - - 1 - 1

ECHINOIDEA
Mehhita quinquiesperforata 8 20 9 27 64

HOLOTH UROIDEA
Unidentified sp. - - - 2 2
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Table 22. Number of individuals of each species collected from the
nine transects at station 5.--Continued

Species 
— 

Nov. Feb. ~~~~~ Aug. Total

HEM ICHORDATA
Unidentified sp. 1 - - 1 2

CEPHALOCHORDATA -

Branchiostoma fioridae 160 190 41 21 412

PISCES -

Anohoa sp. - - - 1 1

Uniden tif ied ophid iid - - 1 2 3

Synrphurus plaguisa - - - 1 1

TOTAL 588 1,121 ~~~~~~ 1 ,919 5,371
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Table 23. Number of individuals of each species collected at station A.

Species Nov. Feb. May Aug. Total

TURBELLA R IA
Unidentified sp. - - 4 1 5

NEMERTINEA
Unidentified sp. 1 4 7 8 20

NEMATODA
Un identi f ied sp. A - 19 - 18 37

Unidentified sp. B - - 7 - 7

POLYCHAETA
Apoprionospio pygrnaea - 1 1 3 5
Aricidea sp. 2 2 - - 4

Arinandicz maculata 5 2 18 4 29
Brania wehif leetensis - - 2 4 6
Bravia clavata - - - 1 1
Unidentif ied capi tell id - 2 - - - 2
Diopatra cuprea - 1 - - 1
Dispio uncinata - - 

-
- 1 1

Eteone heteropoda - - 1 7 8
Gbycera oxycephala - - - 1 4 5
Lumbrineris s p .  - - - 1]. 11

Magebona riojai - - 1 - 1

Magebona sp. - - 1 - 1

Mesochastopterus sp. - - 1 - 1

Micronephtys sp. - 2 - - 2

Minuspio sp. - 1 - - 1

Nep htys p icta - - 7 6 13

Nep htys sp .  - - - 2 2

Onuphis eremita ocubata 1 - - - 1
Paranites speciosa - - - 1 1

Paraonides byra 19 5 - 1 25

P araon idea sp. 2 - - - 2

Paraprio nospio pinnata 17 1 3 - 21
Phyibodoce arenas - - 4 -

Phyhbodoce sp. - - S - 5

Po ecibochaetus john soni - - 1 - 1

Prionospio cirrifer a - - 1 - 1
Prionoapio cristata 47 76 4 5 132
Scobelepis sp. 2 - - - 2
Scoielep is texana - 4 5 - 9
Scobopbos fohiosus - - - 1 1
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Table 23. Number of individuals of each species collected at station
A. --Continued .

Species Nov. Feb . May Aug . Total

POLYCHAETA (continued)
Scobopbos robustus - 1 - - 1
Scoboplos rubra - 1 - - 1
Sigambra bassi - 1 1 2 4
Spiochaetopterus oculatus 1 - - - 1
Spio pettiboneae 7 5 9 1 22
Sp iophanes bombyx - 1 42 2 45

OLIGOCHAETA
Unidentified sp. 22 35 5 3 65

GASTROPODA
Acteocina candei - - - 1 1 

—

Acteon punctostriatus - - - 1 1

Nat ica p usibla - - - 2 2

Olive-h a rautica - - - 2 2 
—

Pobin ices dup lica tus - - 2 - 2
Terebra disbocata - - 1 - 1

PELECYPODA
Ervihia concentrica - - 1 1 2
Lucina rnubtihineata - 2 2 4 8
Peripiorna ins quals - 1 - - 1

Strig illa mirabibis - - 2 10 12
Tehhina versicabor - - 1 19 20

OSTRACODA
Unidentified sp. - - - 8 8

CUMACEA
Cycba8pis varians - - - 1 1
Oxyuroetylis arnithi - - 3 - 3
Unidentified sp. - - - 2 2

AMPHIPODA
Acanthohaustorius n. sp.  - - 8 2 10
Lysianopsis sp. - - 1 

- 
- 1

Protohaustorius n. sp. - 12 58 15 85
Pseudohaustorius n. sp. - 3 4 3 10

Pseudopiatyischnopus n. sp. 8 1 2 2 16 21
Synchehidiwn n. sp. - 2 3 - 5
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Table 23. Number of individuals of each species collected at station
A. --Continued -

Species Nov . Feb. May Aug . Total

PENAEI DEA
Sicyonia brevirostrie - 1 - - 1

CAR IDEA
Proce esa heinp hihli - - 7 - 7

Proceasa vicina - - - 1 1

ANOMURA
Albunea paratii 1 - - - 1

BRACHYURA
Pinnixa cristata - - - 1 1
Pinn otheres rnac uiatus - - 2 - 2

Portunus gibbesii - - - 1 - 1
Portunu s spinimanus 1 - - - 1

Ranibia muricata - - - 2 2

ECHINOIDEA
Mebbita quinquiesperforata - - - 45  45

Unidentified sp. - - 11 - 11

HOLOTHUROIDEA -

Unidentified sp. - - - 3 3

CEPHA LOCHORDATA
Branchiostorna fboridas - 1 59 19 79

PISCES
Rabichoeres macubipinna - - - 1 1
Unidentified ophidiid - - I - 1

TOTAL 129 188 299 246 862
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B. fboridae, representing 17.6 percent of the total individuals
(Table 24) .

At station B , the month of May had the highes t numbers of
individuals; November had the least. Numbers of species were highest
in August and lowest in February (Table 24).

b. Transects. The distribution of macroinvertebrates along the
beach on the nine transects varied slightly over the 12-month sampling
period . Twenty-eight samplings were made on each transect, 12 at
station 1 and 4 each at stations 2 to 5. The average number of species
ranged from a low of 8.4 per station on transect 1 to a high of 10
per station on transect 2 (Table 25) . The number of ind ividuals
fluctuated to a greater extent than the number of species. The lowest
average number of individuals per station was 96.7 on transect 3; the
highest average per station was 218.9 on transect 9 (Table 25).

Table 25. Average number of species and individuals
collected per station over the 12-month
sampling period at the nine transects.

Transect Spec ies Indiv iduals

1 8.4 200.2
2 10.0 169.5
3 9.3 96.7

4 8.5 175.1
5 8.6 186.8

6 9.5 161.2
7 9.0 156.2
8 8.7 155.4
9 9.1 218.9

Average 9.0 168.9

The similarity of benthic animal distribution and abundance is
further reflected in the dis tribu tion of the 14 mos t abundant spec ies
on the nine transects. The accumulative total percentage of these 14
species on each of the nine transects varied from 90.1 to 95.9 percent
(Table 26). Individuals of two species (E. concentrica and Mancocuma
sp.) were concentrated on single transects; the distribution of the
other 12 species was more uniform on the nine transects.

c. Depth Distribution. In this study, each plug sample was
divided into a top and bottom part of 11.5 centimeters each. Each part

4 80

____

~

; — ----~~ ~~~~~~~~~~~~~ ~~~~~~~~~~~~~ ~
.- -- - - -- -- ——----~~ —- -- -——------— -



Table 24. Number of individuals of each species c~~lected at station B.

Species Nov. Feb . May Aug. Total

ACTIN IA RIA
Unidentified sp. - - - 2 2

TURBELL AR IA
Unidentified sp. - - 2 1 3

NEME RT I NBA
Unidentified sp. - 3 6 7 16

NEMATODA
Unidentified sp. A - 18 1 11 30
Unidentified sp. B - - 11 - 11

POLYCHAETA
Agbaoghamus verrilli 1 - - - 1
Ampharetid sp. 1 - - - 1
Ana itides erytheop hy llus - - 1 - 1
Apoprionosp io pgymaea - - 2 - 2
Aricidea fragilis 1 - - 1 2
Arinandia rnacubata 11 13 24 1 49
Brania weh if leetens is 4 1 1 3 9
Unidentified capitellid 1 - - - 1
Caulleriella sp. - - - 2 2

Ceratonereis irritabilis - - - 2 2

Unidentified cirratulid - 1 - - 1

Disp io uncinata - 
- - - 1 1

Eteone heteropod a - - 1 4 5
Gl ycera oxycephala - - -- 3 3
Gyp tis vittata 4 1 - - 5
Reteromastus filiforrnus 3 - - - 3

Lumbrineris sp. - - - 2 2

Magelona sp. 1 - - - 1

Mediomastus cahiforniensis - - - 1 1

Mesochaetopterus sp. - - - 3 3

Micron ep htys minuta - - 2 - 2
Nep htys sp. - - - 1 1

Nephtys bucera - - 1 - 1
Nep htys p icta - - 4 3 7
Notomastus hemipodu s - - - 2 2
Op helia sp. 9 - - 5 14

Op hehina sp. - 3 - - 3
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Table 24 . Number of individuals of each species collected at station
B. --Continued

Species Nov. Feb . May Aug . Total

POLYCHA BTA (continued)
Owenia fusiformis 1 - - - 1

Par aonides lyra 3 3 - 1 7
Parao nis fu l gens - 3 - - 3
Paraprionosp io pinna ta 10 1 - - 11
Phy hbodoce ai’enae - - 2 - 2
Phy hlodoce sp .  - - 2 - 2

Prionospio cirrifera - 1 - - 1
Prionospio cristata 134 55 3 18 210
Scolelep is sp. 1 1 - - 2
Scobelepis texana - 3 11 - 14
Scobop bos fragi b is - 1 - - 1
Scolop bos rubra - 2 - - 2
Uniden tif ied spionid 2 - - - 2
Sp io pettibonea s 9 1 22 5 37
Spiophanes bornbyx - - 29 7 36
7~avesia sp. - - - 3 3
Trochocaeta sp. - 1 - - 1

OLIGOCHAETA 
-

Unidentified sp. 18 26 1 10 55

GASTROPODA
Acteocina candei - - - 6 6

PELECYPODA
Chione cancelbata - 1 - - 1

Ervilia concentrica - - 2 1 3
Strigilla mirabi his - 1 7 74 82
Tellina versicobor - - - 28 28

OSTRACODA
Unidentified sp. - - - 3 3

CUMACEA
Cyclaspis varians - - - 2 2
Unidentified sp. - - - 3 3

1-
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Table 24. Number of individuals of each species collected at station
B.-—Continued

Species Nov. Feb. May Aug . Total

AMPHI PODA
Acanthohaustorius n. sp. - 6 16 7 29
Ampsiisca n. sp. A 1 - - - 1

Ampehisca sp. B - - - 1 1

Li8triebba sp. - - - 3 3

Monoculodes nyei - - - 1 1

Protohaustorius n. sp. - 29 100 8 137
— Pseudohaustorius n. sp. - - 1 1 2

Pseudoplatylechnopus n. sp. B 1 4 3 11 19
Synchehidiwn n. sp. 3 - 6 1 10

PENAE IDEA
Trachypenaeus constr ictus 1 - - - 1

CARIDEA
Pro cessa hemp hill i I - 1 11 13
Processa vicina - - - 1 1

BRACHYURA
Pinnixa cristata - - 1 - 1
Pinnixa sayana - - - 6 6

Ranihia rnuricata - - - 2 2

SIPUNCULIDA
Sipunculus long ipap iiiosus - 1 - - 1

OPHIUROIDEA
Ophiophragnus filograneus 1 - - - 1

ECHINOIDEA
Meihita quinquiesperforata 5 - - 6 11
Unidentified sp. - - 7 - 7

HOLOTHUROIDEA
Unidentified sp. - - - 1 1 J

CEPHALOCHORD ATA
Branchiostoma floridas 10 69 74 51 204

PISCES
Micro gobius carri 1 - - - 1

TOTA L 
— 

238 249 
— 

344 327 1,158
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was handled separately. This procedur e was done to determine the depth
in the substrate at which the animals in this nearshore zone lived .
Results of other benthic investigations have stated that most benthic
invertebrates live in the top 10 centimeters of the substrate (Holme
and McIntyr e , 1971).

In the study area, 179 species were taken and 66 (36.9 percent) of
these occurred only in the top 11.5-centimeter part of the sample.
Also 19 (10.6 percent) species occurred only in the bottom 11.5-centi-
meter part of the sample. The species that occurred only in the
bottom part were represented by one or two individuals per species.
The percentage of total individuals occurring in the top 11.5-centi-
meter part of the sample was 75 percent.

The number of species, individuals , number of individuals per
square meter, and the diversity index at each station for benthic
animals collected in the top 11.5 centimeters, bottom 11.5 centimeters,
and both parts combined are presented in Appendixes G, H, and I.

(1) Species. The average number of species from the top and
bottom part of the samples for each station gradually increased as
distance from shore increased , except at station 4 where the number of —

species decreased . The disparity between the average number of species
in the top and bottom parts of the sample generally increased as the
distance from shore increased (Fig. 25).

The average number of species from the top and bottom parts of
the samples on the nine transects fluctuated between 8.4 and 10
species. The average number of species in the top 11.5 centimeters
varied more than the average number of species in the bottom 11.5-
centimeter part of the sample on each transect (Fig. 26).

(2) Individuals. The average number of individuals from the
top and bottom parts of the sample fluctuated with distance from shore.
Most of the fluctuation occurred in the top part of the sample. The
average number of individuals occurring in the bottom part of the
samples showed less variation (Fig. 27).

The average number of individuals per transect for the entire
sample (top and bottom) was highest at both ends of the sampling area.
Aga in , most of the fluctuations occurred in the top 11.5-centimeter
part of the sample. The average number of individuals in the bottom
part on each transect remained fa irly constant on transec ts 3 to 9
(Fig. 28) .

(3) Abundant Species. Individuals of each of the 14 most
abundant species occurred in both the top and bottom parts of the
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Figure 25 . Average number of species in the top , bottom , and

combined top and bottom parts of the sample at
the five transect stations and stations A and B.
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Figure 27. Average number of ind ividuals in the top, bottom,
and combined top and bottom parts of the sample at
the five transect stations and stations A and B.
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sample. The percentage (74.4 percent) o~ indiyiduals o~ the 14 most
abundant species in the top 11.5-centimeter part qf the sample was
sijDilar to the percentage (75 percent) of individuals of all 179 species
in the top part. Four of the 14 species had more individuals in the
bottom 11.5-centimeter part than the top part of the sample. Species
found most abundantly in the top 11.5-centimeter part of the sample
were D. texasianus, S. pettibo neae, Mancocuna sp., and E. ta lpoida
(Table 27) .

c. Biomass. The number of individuals per square meter of the
bottom was calculated from the number of individuals in the four plugs
taken at each station. Biomass for each station and cL te is listed in
Appendixes G, H, and I.

(1) Stations. The average number of individuals per square
meter varied from 2,180 at station 3 to 4,636 per square meter at —

station B. The average number of individuals from all stations was 2,744.
The range fluctuated from a low of 48 individuals on transect 9, Station
1 in December to a high of 35,504 individuals on transect 9, station 2,
in May (Fig. 29). The high value of 35,504 individuals per square meter
was attributab le to large numbers of small  D. texasianus occurring at
this station. The range of values after station 2 decreased with distance
from shore (Fig. 29).

(2) Transects. The average number of individuals per square meter
var ied from 1,547 on transect 3 to 3,503 individuals on transect 9.
Transect 3 lacked the large number of individuals that occurred on the
other transects in May or June, resulting in the smallest range of values
of the nine transects (F ig . 30) .

(3) MonthlL. The number of individuals per square meter
fluctuated seasonally, with the months of May and June having the highest
abundance of indiv iduals at station 1 (Table 28) .  The species composition
at station 1 in May was dominated by two species; S. squamata comprised
57.3 percent of the individuals, and D. texasianus comprised 38.3 percent
of the ind ividuals. In June , the percentage of S. squcsnata increased to
6~1 .4 percent of the individuals and D. texasianus decreased to 31 .2 percent
(Table 18) .

The numbers of individuals per square meter at the offshore transect
stations were highest in May for stations 2, 3, and 4, and in August for
station 5 (Table 28).

e. Species Diversity. The Shannon I:ndex of general diversity (H)
was calculated for the number of species and individuals in the four plugs
taken at each station. Diversity indexes for each station and date are
listed in Appendixes G, H, and I.

(1) Stations. The average diversity indexes at the five
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Table 27. Percentage of individuals of the 14 most abundant species
occurring in the top 11.5-centimeter part and the bottom
11.5-centimeter part of the sample.

Species Top Bottom

Polychaeta
Dispio uncinata 81.7 18.3
Magelona riojai 48.8 51.2
Paraonis fulgens 56.7 43.3
Scolelepis squannta 32.3 67.7
Sp io pettiboneae 95.6 

- 
4.4

Pelecypoda
Donax texasianus 97.6 2.4
Ervilia concentrica 88.1 11 .9

Cumacea
Mancocuna sp. 95.3 4.7

Amphipoda
Acanthohaustorius n . sp. 82.4 17.6
Haustorius n. sp. 34.5 65.5
Protohau8torius n. sp. 86.2 13.8
Pseudohaustorius n. sp. 35. 2 64.8

Anomura
E)nerita talpoida 92.8 7 .2

Cephalochordata
Branchiostoma floridae 85.9 14.1

Total 74.4 25.6
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Figure 29. Average and range of the number of individuals
per square meter at the five transect stations
and stations A and B.
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Table 28. Monthly average of the number of individuals ’per
square meter at the five transect stations .

__________ ___________ 
Stat ions 

___________ ________

Month 1 2 3 4 5

Nov. 153 352 2,000 1,362 1,045

Dec . 756 --- ---

Jan. 1,719 --- ---

Feb . 2,078 594 1,819 750 1,995

Mar. 780 - - -  - - -

Apr . 1,141 --- ---

May 13,079 9,090 7,733 3,813 3,079

June 8,795 --- ---

July 1,308 --- ---

Aug. 864 715 2 ,908 2 , 796 3,435

Sept . 754 ---  - - -  - - -

Oct. 750 --- --- ---

Average 2,681 2,688 3,615 2,180 2,389

94



AD AO3S 992 NATIONAL MARINE FISHER IES SERVICE PANAMA CITY FLA PA——ETC FF1 3/I
THE IVITHIC FAUNA AND SCDIPLNTS Off TIE NEARSHORE ZONE OFF PANAM——E TC IUP
AIlS 76 C H SALOMAN

uSCI ASSIFIEA CERC MR 76 10 L 

_ II IIS

~ Ljj!h~ ah~
I ___ 

_ _  I



O

..



r ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~

‘-

~~~~~

transect stations and stations A and B generally followed the same
pattern as the distribution of species at these stations. A general
increasing trend seaward from station 1 was evident (Fig. 31). The
range of individual indexes fluctuated from 0.000 to 3.141. Zero
values occurred only at station 1 and the highest indexes were at
stations A and B. The average index for all stations was 1.245.

(2) Transects. The average diversity indexes at the nine
transects were fairly constant. Average values on each transect
fluctuated from 1.090 to 1.354, with values on transects 1, 2, and
3 higher than the other transects (Fig. 32).

(3) Monthly. The average monthly diversity index at all five
transect stations was highest in August. Low indexes occurred at
station 1 in January and February; stations 2 and 4 had the lowest
average index in November, and stations 3 and S had the lowest average
index in February (Table 29).

f. New Species. The nearshore zone of the Gulf of Mexico off
Panama City Beach is one of the coastal areas where very little
benthic research has been done . Evidence of this was shown by the
discovery of several new species of invertebrates, some of which were
very abundant. A total of 170 invertebrate species was identified
(Table 15) in this study. Of this total , 21 (12 percent) are or may
be new. Fifteen of the possible 21 new species are amphipods, and 4 of
these (Acanthohau storiuB n. sp., Hczustoriu a n. sp.,, Protohau8toriu8 n.
sp., and Pseudohau8toriua n. sp.) are among the most abundant species
in this nearshore zone (Tables 17 and 26).

There is a possibility that three new species of Oligochaeta were
found. They are not listed separately, but combined under unidentified
species until more specific determinations can be made.

The cumaceans are represented by one new species (Manco cwna n. sp.)
and the possibility of a second new species (Unidentified sp.). The
remaining possible new species is a clam in the family Veneridae which
closely resembles those in, the genus Gouldia .

In several of the major animal groups, identification to species
was not attempted due to insufficient time , lack of literature, or
inability to locate an expert willing to examine the specimens.

g. Animal-Sediment Relationships. The role of surface sediments
in the distribution and abundance of benthic invertebrates has been
established by numerous authors. In fact, the substrate is probably
the single most important factor determining the distribution of
benthic invertebrates (Collard and DtAsaro , 1973). Correlations
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Figure 31. Average and range of diversity indexes at the
five transect stations and stations A and B .
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Table 29. Average monthly diversity index of benthic animals
collected at the f ive transec t stations .

________ __________ 
Stations 

__________ ________

Month 1 2 3 4 5

Nov. 0.641 0.740 1.741 1.379 1.725

Dec . 0.821 ---  ---

Jan. 0.434 - - -  - --

Feb. 0.569 1.195 1.537 1.460 1.461

Mar. 0.622 --- ---

Apr. 0.719 --- .  - - -

May 0.751 0.835 1.546 1.527 2.093

June 0.736 --- ---

July 0.792 --- ---

Aug . 1.088 1.767 1.976 1.963 2.166

Sept. 0.707 ---  - --  ---

Oct. 0.814 - - -  -- -  -- -

Average 0.724 1.134 1.700 1.582 1.861
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between species abundance and one or more sedimentological factors
were reported in Bader, 1954; Parker , 1956; Thorson, 1957; Sanders ,
1958; McNulty, Work , and Moore, 1962; Taylor, Hall, and Saloman, 1971;
Young and Rhoads , 1971; and Bloom , Simon, and Hunter , 1972.

Other major factors affecting the distribution and abundance of
benthic invertebrates are temperature , salinity, wave shock , turbidity,
pollution, currents, geographical barriers , and tidal exposure.

The sediments in this study are fairly similar alongshore and at
similar distances from shore. Fluctuations in the physical, chemica l ,
and statistical components are small.

Correla tion coefficients (r) were calculated between several
sedimentological factors and the abundance of the 14 mos t abundant
species in this nearshore zone. The factors tested were percentage
weight of sand , silt, and total carbon , mean grain size (millimeter),
and standard deviations (phi units). The following formula was used:

Exlx2
r = (Ex 2) (Zx2 2) (Snedecor and Cochran , 1967).

The degrees of freedom used to test the significance levels of r at
the 5- and 1—percent level was 255.

The number of significant correlations at either the 5- or 1-
percent levels was limited to three of the f ive sediment parameters
(Table 30). The correlation of animal abundance in relation to
percentage weight and total carbon was not significant. The highest
sign ificant relationsh ip existed between mean gra in size and an imal
abundance. Since all r values are positive, the number of individuals
increases as the mean grain size increases . The highest r value was
0.5282 for Acanthohauatoriua n. sp. The level of significance was
0.164 at the 1—percent level and 0.125 at the S—percent level, based
on 255 degrees of freedom (Snedecor and Cochran , 1967). Correlation
with standard deviation values indicated a relationship exists for
some species. As the number of individuals increases, the dis tribution
of sediment particle size around the mean also increases.

Two species , E. concentrica and Mancoowna sp., exhibited no
correlation with the parameters tested; four species showed a
correlation with only one sediment parameter (Table 30).

99

~ 

~~. 
- -

~ - -



4.’ ~ “ .4 0) ~~ 0 0 00~~~4 0 ‘.0 00 N N 00 LI) 0) 0
3.’ ~~ 0 00 0  In 0) ‘-4 ‘-4 0 0 — 0 ‘0 — (‘4Ce ~~ Ce ~~ ~ 0) ‘.0 0) 0 0 00 N K) 0 00 00 N

~ ~~ — — 0 0 -.4 0 0 0 (‘1 00  .~i 0 0Ce > . . . . . . . .
4.1 a) 00  0 0 0  0 0  0 0 0 0 0  0 0

.0 0 0 0
Ce

4.’
CI)
0
E

N N N N N 4 N N N N N N
— ‘-. 0) 0 ‘0 ’.O K) K) ~O 0) (‘4 0) In 00 LI) K)

0 ~ 00 N f .  ..-4 K) — 00 ‘0 K) 0 0)
a) ~ . 

a) 
~~ N 0) K) .-I K) N In N o~ a t’ 0 K)

.~~ Ce cd N K) r~i N K) —. ‘-.4 0 Il) —4 ~~ ~~ In CS$
4.’ a ) 1 .~~” .’ . . . . . . -

C~4 
X bO ~ 0 0 0 0 0  0 0 0 0- 0 0 0  0 0

0
U)
-4

N ~~ 00 .-4 (‘4 K) K) N 00 N 00) N N
..4 -.4 0 U) O0 -.4 .0 —4 —4 ‘-4 00 ~~ .-4 (“1 ~~ N 0)

Ce .o ‘0 N ~~ 0 N N I n  ~~ 0 In N K) ‘-4 0
“.4 a.’ ~~ 0 0 0,-b  0 0  0 .-i 0 0 0  0 0

0 0 0 0 0  0 0  0 0 0 0  0 0 0
“-4
.4.4 ______________________
0 —

4-.
14 ~4) 4) (‘4 (“ * N (‘4 N
,0 0 ‘.0 0 N ‘0 ~~ .-4 0 0 00 ‘-4 U’) 00 ~~ K)
E 1-. 4-’ K) ‘0 00 N — 0 00  K) N In K) N .-~ N

4) .-4 ~~ 0 — .-4 ’.O 0) ‘0 0 0 0  N 0 K) ‘.0
~ .-4 0 0 0 .-4 N 0 0 0 (‘4 (‘4 .—4 — N (‘1

Cl) . . . . . .
4) 4.’ 0 0 0 0 0  0 0  0 0 0 0 0  0 0
.~~ .~~4.1

“.4
~ 4 ) —4) Za)

4.’ U) 00 K) 0 N 00 .-4 0 (‘4 N ‘-4 (‘4 ~1) (‘4
4) 4) ~~ ‘.0 .-4 0 ‘0~~~ N ’0  ~~ 00 In LI) 0 00 K)
,0 .~-4 ~ N (‘4 K) K) .-4 N .-4 K) N 0 0 0 0  0) 0

U Ce 0 0 0 0 0  00  0 0 0 0 0  0 0
(I)

4.1 ~ 0 0 0 0 0 0 0 0 0 0 0 0 0 0

a) — — 4
_ _ _  • 4 ) 4 )

04 )
“ b C e  4 ) 4 )

- 4 - 4
4 ) 4 )  • 4.1 4.’
0 4.’ -
0 1 4  U, .

~~~~~~ ~~ 4)4)
a) 

~j  
U t )

CI) ~~ 1 4 1 4
0~~~ • .

~~~ 4) 4)
•rI .,-4 .$

~ 
.
~~~~~4.’ ~~~ to •

~~~~~C e o  to~ Co ~ ~~~ In .-4
‘~~ 4-

~ ~~~~~ 
.
~~144.1 U, t:~~’)) O • •~~~~ 0 ~~~~~ C e C eC) ~~~0~ -~~ C o 0  ~~~~~~~~ ~~0 4 )  ,4 ,C) CQ~~~ CI) to 0~~~ <c , ~~~ a)

~~~~~~~~~~~ 
.
~~ ~~~~~c~~~~~~~~~~ to~~~~4) <0)  ~ 0 0  c C C e

(l)~~-’ ~~~~ A 0 ) 0 )  04.~~~ ~~~~~~~~~~~~~ tj ~~~~~~~~ 0 0
0 p4 0 0 ~ i..) ~~ 0 •

~ ‘ ~) o .~~ 0 4) L) ~~~ • 4.’bK) 
~~~~~~~~~~~~~ o. ii ~~~ < o  C 4 ) 4~~ 0~~~ <.~ ~~~~) 14.4 4.4

124 t .) ~~~~~~~~~~~~~ ~~~~ ~~~~

~~~~~ ~ r ~~ r r
100

- - • -~~~~~ c _ ~~’ . _~~~~~~~~~~~
_
~~ ~~~~~~~~~~~~~~~~~~~~~~ 

—~ 
- 

j



- - - ~~~~~~ - —c -~~ -r - - -
~- - - 

V. INFLUENCE OF HURRICANE ELOISE ON THE BENTHIC FAUNA OF

PANAMA CITY BEAC H, FLORI DA

1. Introduction.

The effects of hurricanes or storms on aquatic animals have been
documented by numerous authors. The concensus of most published
reports is that damage does occur to aquatic fauna and flora. The
pr inc ipal causes were ma inly the deposi tion of sed iments causing
suffocat ion , high turbidities affecting fish and larval forms, oxygen
depletion caused by increased decomposition of exposed organic
sediments, erosion of sub strates , prolonged low sa linities caused by
excess ive ra infall  and runoff , strand ing of individuals caused by wind
and tidal ac tion , and the influence of cold water caused by upwell ing
(Rogick , 1940; Archer , 1947; Engle , 1948; Robins , 1957; Burbanck , 1961;
Thomas , Moore , and Work , 1961 ; Breder, 1962; Tabb and Jones , 1962;
Kei th and Hul ings , 1965; Croker, 1968; Stone and Azarov itz, 1968;
Harger and Landenberger , 1971 ; and Munden , 1975).

Information on the influence of hurricanes on benthic animals
along the beaches fronting the open ocean or the Gulf of Mexico is
limited . Croker (1968) made a study in Georgia after Hurricanes Cleo
and Dora , and Keith and Hulings (1965) in Texas after Hurricane Cindy
in 196.3. Ansell , et al. (1972) observed factors affecting the
macrofauna on two sandy beaches in India before and during the monsoon
season.

Seventeen hurricanes reached land in the northeastern Gulf of
Mexico between 1873 and 1970 (Sugg , Pardue , and Carrodus , 1971).
The damage from these storms and others that occurred in the Gulf of
Mexico amounts to millions of dollars. An estimate of damage by 14
memorable hurricanes in the Un ited States since 1926 was $6,820
million (Sugg, Pardue , and Carrodus , 1971).

The eye of Hurricane Eloise passed over the gulf beach between
Fort Wal ton Beach and Panama City Beach before dawn on 23 September
1975. Wind velocities were approximately 130 miles per hour (209.2
kilometers per hour) , and seas had risen to 10 to 15 feet with 15-foot
(4.6 meters) waves pounding the beach. Damage on Panama City Beach
alone was estimated at $50 million. Erosion of the beach and sand dune
and damage to seawalls and buildings are shown in F igures 33, 34, and 35.

Serious eros ion occurred along the beach , removing most of the
foredune. Before the hurricane, a plan for beach nourishment called
for 3,999,000 cubic yards of sand to build a dune, storm berm , and
beach , plus an additional 910,000 cubic yards at 10-year intervals for
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maintenance. Af ter the hurricane , the amount of f i l l  needed to meet
the specifications 1ncreased substantially.

A study of the ben th ic macrofauna on the beach and the nearshore
zone of the Gul f of Mex ico off Panama City Beach had been underway for
11 months before the storm . When notified of the possibility of the
storm ’s arr ival at Panama C ity Beach , special benthic sampl ing was
in itiated in the swash zone I day before (22 September 1975) the
storm . Samp l ing con tinued on the day af ter the storm and on a
decreas ing frequency for 28 days .

This part of the report presents the findings on the number of
species and individuals, diversity index, and number of indiv iduals
per uni t area in the swash zone on Panama City Beach , Flor ida , before
and after Hurricane Eloise.

2. Methods.

The samp ling methods and the gear used are the same as prev iously
described . The only exception was that eight plug samples were taken
at each site instead of four , and the samples were not subd ivided into
top and bottom parts.

3. Results.

a. Sediments. Samples for sediment analysis were not collected
for this special study; however, surface sed imen ts had been collected
monthly for 11 months before the hurricane at the same nint ~ites.

b. Hydrology. Water ternperature and salinity in the sampling area
did not change substantia l ly af ter the hurricane . Total ra infall
associated with the storm was only 0.66 inch (1.7 centimeters). Water
tempera tures decreased , and salinities increased slightly (Table 31).
Due to the lack of substantial changes in water temperature and
sal ini ty, the influence of these two factors on the abundance and
diversity of the benthic macroinvertebrates was negl igible.

c. Macrofauna. Benthic macrofauna collections were made on 8
separate days , 1 day before the storm and 7 different days after . The 

-

‘

dates were 22, 24, 25, 26, and 29 September , 2, 7, and 21 October 1975.

The number of individual s gradually increased from 465 at the nine
stations on the first day af ter the storm to a high of 1,358 individ-
uals 6 days after the storm; 9 days after the storm, the number of
individuals decreased and continued dropping through the last samp l ing
date (Table 32). The number of species caught at the nine sites nearly
doubled the day following the storm and remained high for 6 days after
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Table 31. Average and range of water temperature and salinity
collec ted at nine sites before and after Hurricane Eloise.

Water Temperature (0C) Salinity1
Date Average Range Average Rax~ge
1975

~
‘
~~~ept. 26.5 26.0 to 27.2 30.36 29.83 to 30.94
24 Sept. 25.4 24.8 to 25.8 30.54 28.56 to 31.89
25 Sept. 24.7 22.9 to 27.5 31 .97 30.83 to 33.06
26 Sept. 20.5 19.9 to 21.9 31.23 29.44 to 32.00
29 Sept. 25.6 24.5 to 26.5 33.70 32.06 to 34.33
2 Oct. 24.2 23.5 to 24.6 31.73 30.83 to 33.11
7 Oct. 24.1 23.5 to 24.9 30.73 29.33 to 31.56
21 Oct. 22.1 20.1 to 23.9 31.49 29.78 to 32.83
Average 24.2 19.9 to 27.5 31.47 28.56 to 34.33

1Parts per thousand.

Table 32. Total number of individuals , species, and the average
diversity index and number of individuals per square meter
calculated from nine sites for eight sampl ing dates before
and after Hurricane Eloise.

Sampl ing Days af ter Divers ity Indiv iduals
date storm Individuals Species index (avg.) per in2 (avg.)

1975
22 Sept . -- 491 9 0.799 873
Storm
24 Sept. 1 465 17 1.437 827
25 Sept. 2 677 16 1.288 1,204
26 Sept. 3 1,047 21 1.047 1,862

— 

29 Sept. 6 1,358 15 1.024 2,415
2 Oct. 9 817 5 1.089 1,453
7 Oct. 14 465 6 1.125 827
21 Oct. 28 429 13 1.561 763
Total -- 5,616 43 ---
Average 

- 
-- 702 5.4 1.171 1,278

I
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the storm; 9 days after the storm, the number of species also dropped
and did not increase substantially for almost 3 weeks (Table 32).

The large number of spec ies found after the storm is abnormal for
this habitat . In 11 months of sampling before the storm (November 1974
to September 1975) at the same nine sites , the average number of
species caught per month for the 11-month period was only 7.1. The
highest number of species during a single month from the nine sites
was 12 (Table 33).

Table 33. Number of species and individuals of
benthic macroinvertebrates collected
at nine sites for 11 months before
Hurricane Eloise.

Date Spec ies Individuals
1974
Nov. 4 86
Dec . 7 425
1975
Jan. 4 967
Feb. 8 1,169
Mar. 6 439
Apr . 6 642
May 9 7,384
June 5 4,947
July 11 736
Aug. 12 486
S~pt. 6 424
Total 26 17,705

The diversity index on the day before the storm was the lowest of
the 8 sampling days. It was only slightly higher than the average
value for 12 months at station 1 (Tables 29 and 32). The highest
diversity index was on the first day after the storm and then it
decreased through the 6 days follow ing Eloise , and gradually increased
again. All diversity indexes after Eloise were above one. During the
12 months of sampling at the same sites, only August exceeded a
diversity index of one (Tables 29 and 32).

A total of 43 species was taken at the nine sites on the eight
sampling trips. Three species represented 92.8 percent of the
individuals; 18 species were represented by a single individual
(Table 34). The three abundant species were an anomuran, E. ta1poida~an amphipod, Haustorius n. sp.; and a polychaete, S. squainata. Donax
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Ta ble 34. Nuaber of individuals of each species of benthic acroinv,rtebrate s collected at nine sites before and after H..rricane
Eloise .

_________ _________ _________ 
Stat ions __________

Spec ie s ‘T  2 3 4 s ~ 
“Y”  T 9 Tota l

N~ 4ERT IN EA
Unidentifie.i sp. A 5 6 11 6 4 4 1 2 2 4)
Unidentified op. 8 - --  - - -  1

NThU.TOOA
Unidentified sp. - --  --- - --  _ _ _  - - -  --- -—- -- -  2 2

POLYCHAETA
Ceratcneri, irritab ilia - - -  - - -  - --  - --  - - -  1 --- - - -  ---  1
Diap io tmovnata 3 1 --. 2 1 2 7 4 - - -  20
Giya era oxyoep hala I ---  --- • -- --- --- ---  -- -  - - -  1
Lwtby.ineri8 parav ape data - - - - - -  --- -- - - --  --- -- - 1 ~~~- 1
C5naphia epe ,nita oo.aiata --- --- ---  I --- --- _ _  1
Par-a onie fia l gens 34 3 1 2 3 2 - - -  -- -  - - -  45
Sooieiepia 8quaJ~uta 62 114 4 1 77 32 113 127 66 118 750

PE LECYPODA
Cb.na d a l lj  --- 1 --- _ _ -  - - -  - - -  - - -  --- -- — I
Donaz t.t ~ ajwVia 19 31 7 9 12 5 19 10 29 141

PYCN000N I DA
Unident if ied sp . --- --- - -- ---  - - -  - --  -—— - - -  I

CIJS4ACEA
4*m000w,n. sp. 1 --- -- - -- -  4 - --  --- ••— 9 14
Unidentified sp . 2 - - -  1 1 ---  --- — — —  -—— 4

TAI4A I OAC EA
Unidentified sp. A — - - -- - - - -  --- 2 ---  -— - --- —- . 2
Unidentified sp. 8 --- --- -- - ---  1 - - -  --- --— - --  1

ISOPODA
Af lainu e det~’reeaua 2 5 -- - 2 —- -  ---  -- -  - -- 9 18
Sobphaceiia areniro la - - -  ---  - - -  --- - --  -- -  ---  - - -  3 3
Unidentified sp. - - —  -— -  ~~~- - — —  I 1

AI1PHIPODA
A~a,,thohauotoriua S. Sp . 1 ---  2 - - -  - --  - - -  -“ - --

~r iethoniu, 5. SF .  1 --- -- . 2 - - -  -- -  1 1 ---  S
Hauatoris~ n. Sp. 70 110 216 108 253 209 160 136 59 1 ,321
Lietriella sp .  - - -  -- -  -- - - - -  1 1 --- -- -  - - -  2
Maera sp. - --  -- -  -- - ---  1 1 2 --- .- -  4
?41er0 s p. 2 — — —  — — —  -- - - — -  1 -- -  2 — — —  - --  3
Miorop~’otupse sp .  --- -- - 1 1 - -- -- - ---  - - - 2
Reta,,elita sp . — — —  — — —  -- - — - -  1 - — -  I — — —  — - -  2
!.‘oto tropis sp. --- - --  -- - - - -  --- - - -  -- - 2 - --  2
Pro to$ uato, ’ic., n. op. - - -  - - -  - - - - - -  ---  -- - - - -  I - --  1
1aZorehe&~ -z n.  sp. - - -  -~~~ I ---
2’iron sp . - --  --- - - - 1 --- --- ---  ---  - - -  1
Unidentified np . ——— ~~~- 1 1

CfrJ1IDEA
PericZi.nene8 lonç ii~azdatse - - -  --- -- - --- -- -  -- - - -- - - - 1 1

ANcMJRA
.Cnerita banedioti 3 - - -  -- -  -- -  - - -  -- -  - --  - - - - -- 3
F3ner ita tal po ida 156 315 101 4 15 330 264 499 280 779 3 ,139
Lep idop a Uenedicti 3 4 5 8 9 6 8 6 54
Pag su.ue ierp r eeeue - - -  - - •  - -- -- -  ---  --- I -- - - --  1

BRACHYURA
Pinnixa orietata - - -  - --  1 •-- ---  -- -  11 3 — - -  15
Pinnixa Baya’02 - - -  - - -  - -- -- -  ---  --- 3 -- - -- -  3

ASTEICO IDEA
Asto ’opeoten arti cu la tue ---  -- -  I ~

_ _  - - -  -- ~~~- I

OPH IU TCO IDEA
Oplli op hrognua fi tograneu8 - - -  - --  1 - --  - --  ---  - - -  - - -  - --  1

CE PHi L~~HOR DATA
Rranohioetceni f’t ori dae - - - - -- - -- I - - - -- - - - - -- - •- - 1

TOTAL 363 590 3 637 657 608 842 Ti ~ 1,019 
~~i!
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texasianus, the common pelecypod, ranked fourth in abundance.

The total number of individuals caught at each station in the
eight sampling trips was higher at the stations near the west end of
the study area. On transects 1, 2, and 3 the total number of
individuals was 1,342; on transects 4 , 5, and 6 the number was 1,902;
and on transects 7, 8, and 9 the number was 2,372 (Table 34). The
western end of the study area is also where the storm damage was the
highest.

The increase in individuals after the storm was mainly due to an
increase in number of E. talpoida (Fig. 36). Although the number of
species j.ncreased , the number per species was very low. Population
levels fluctuate to a great degree in this habitat (Table 33) as
spawning, recruitment of young, and mortality occur.

The small size of E. talpoida indicates a spawning occurred a
short time before the storm. These recruitments increased the number
of individuals for the 6 days after the storm. There is no explanation
for the rapid decrease in numbers of E. ta~poida after 29 September .

E’inerita taipoida was present at each station on all sampling trips.
Tts abundance was the lowest before the storm. The numbers of
individuals increased through 29 September, 6 days after the storm,
and then decreased (Fig. 36).

The distribution of S. taipoida along the beach gradually increased
from east to west (stations 1 to 9). The total number of individuals
equaled 572 on transects 1, 2 , and 3; 1,009 on transects 4 , 5, and 6;
and 1,558 on transects 7 , 8, and 9 (Table 34; Fig . 37) .

The new species , Haustorius n. sp., is a dominant amphipod
inhabiting the swash zone that was present at 86 percent of the
stations during the 8 sampling days. Abundance was the highest before
the storm. After Eloise, its numbers decreased until 6 days after
Eloise when they increased and almost reached pre-storm numbers
(Fig. 36).

The numbers of Haustorius n. sp. were higher in the center part of j
the transects than at the ends. The average number of Haustorius n.
sp. caught per sampling trip was 16.6 on transects 1, 2, and 3; 23.7
on transects 4 , 5, and 6; and 14.8 on transects 7, 8, and 9 (Fig. 37).

The polychaete, S. equamata, was present at 86 percent of the
stations during the 8 sampling days. Its abundance gradually increased
from a low of three individuals on the day before the storm to a high
of 192 individuals 14 days after the storm (Fig. 36).
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Figure 36. Total number of individuals of the four most abundant
macroinvertebrates at the nine transect stations
before and after Hurricane Eloise.
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the four most abundant macroinvertebrates at the
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The n umbers of S. aquamata gradually increased from east to
west (transects 1 to 9) .  The number of individuals was 217
on transects 1, 2 , and 3; 222 on transects 4 , 5 , and 6 , and 311 on
transects 7, 8 , and 9 (Fig.  37) .

The fourth most abundant species was D. texasjanus. I t s  abundance
was never enough on any sampling date to determine if the storm had
any effect (Fig. 36 and 37).

Several previously unrecorded species were found following
Hurricane Eloise. As previously stated , there were 170 spec ies of
macroinvertebrates present in 12 months of sampling (Table 15).
Following the storm, seven additional species occurred in the samples
that were not found before. These included four species of amphipods
(Maera s~~., Maera sp. 2 , Micropro tus sp.,  and Netamelita sp.) , two
unident ified spec ies of Tanaidacea , apd one caridean shr imp
(Periclimenes longicaudatus). None of these newly occurring species
were abundant; individuals of these seven species totaled 15 (Table
34).

4. Discussion.

Hurr icane Eloise caused cons iderable damage to the beach property
and eroded the primary sand dune which protects the beach. The
surpris ing fact was the absence of a decl ine in abundance of benthic
invertebrates inhabiting the swash zone immediately following the
hurr icane .

Croker (1968) found little change in the distribution and abundance
of haustoriid amphipods inhabiting the beach of Sapelo Island , Georgia,
following two hurricanes in 1964. The only mortality that occurred to
the amphipods he attributed to large volumes of freshwater lower ing
the salinity . Keith and Hulings (1965) also noted that haustoriid
ainphipod abundance in subtidal sand in Texas was relatively unaffected
by Hurricane Cindy.

Death or displacement of some of the animals inhabiting the swash
zone probably occurred because of erosion of the substrates, water
movement , and the energy exerted on the beach during the hurricane . The
long-term effects of this storm on the benthic fauna are uncertain;
however , due to the short life cycles of the dominant species , recovery
could be fast.

VI . SUMMARY

The beach and nearshore zone of the Gulf of Mexico off Panama City
Beach , Florida , consist of white sandy beaches backed by naturally
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vegetated sand dunes. The tourist industry is quickly changing the
beach by removing the protective sand dune and placing seawalls,
buildings , and condominiums on the beach. In September 1975, Hurricane
Eloise caused considerable property damage and addi tional erosion of
the Panama City Beach.

Water temperature fluctuated seasonally with the lowest average in
December and the highest average in July. Temperatures were essentially
uniform throughout the study area on any particular day and the average
for each of the nine transects was also nearly identical . Salinities
remained high throughout the year. The range of individual values
fluctuated from 23.67 to 35.39 parts per thousand. Monthly averages
ranged from a low of 28.44 parts per thousand in August to 35.03 parts
per thousand in December. Average salinities on each of the nine
transects were also about the same.

A total of 255 surface sediment samples was analyzed for particle-
size distribution, percent carbon, organic carbon , carb onate, and
statistical factors. The surface sediments exhibited uniformity over
time and location; very little variation was noted in any of the
factors at any station or within the study area.

The benthic invertebrates were represented by 170 species in 26
major taxa. Nine species of fish were also collected . The most
abundant taxon in terms of species was Polychaeta with 69 species.
Other abundant taxa were Amphipoda (22 species); Pelecypoda (14
species); Gastropoda (12 species); and Brachyura (11 species).

The benthjc fauna on the nine transects was dominated by the
follow,ing 14 species which constituted 80 percent of the individuals -(
collected: Diapio uncinata, Magelona rioja, Paraonis fu igens,
Scoisiepis squajnata, Spio p ettiboneae, Donax texasianus, Erviiia
concentrica, Mancocuma sp., Acanthohaustorius n . sp., Haustorius n.
sp., Protohaustorius n . sp., Ps eudohaustorius n . sp., Emerita
taipoida, and Branchiostorna f ior idas.

The number of species was lowest in the swash zone (station 1)
and highest seaward of the second sandbar (station 5). Each of the
five stations on the transects represented different habitats, and at
each station , the abundance of species changed . Several species were
abundant at more than one station , but no single species was dominant
at all five stations.

Seasonally , the numbers of individuals and species were highest
in May and August, and lowest in November and February.

The distribution of species along the beach on the nine transects
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was fairly uniform. The average number of species collected -per
station on a transect over the 12-month sampling period varied from
8.4 to 10. The similarity of animal distribution and abundance is
further reflected in the distribution of the 14 most abundant species.
The accumulative total percentage these 14 species contributed to each
of the nine transects varied from 90 to 95.9 percent.

Pl ug samples were taken to a depth of 23 centimeters and were
divided into a top and bottom part. Sixty-six species , (36 .9 percent)
occurred only in the top 11.5-centimeter part of the samples; 19
species (10.6 percent) were present only in the bottom 11.5-centimeter
part of the sample. The species that occurred only in the bottom part
were represented by one or two individuals per species. The percentage
of the total individuals occurring in the top 11.5-centimeter part of
the sample was 75 percent . Species found most abundantly in the top
11.5-centimeter part of the sample were D. texasianus, S. pettiboneae,
Mancocurna sp., and S. talpoida.

The number of ind ividuals per square meter fl uctua ted seasonally,
w ith the mon ths of May and June hav ing the highest abundance of
individuals. The average num t~~r jf ind ividuals from all  stations was
2,744 per square meter , and the range at ind iv idual stations was from
48 to 35,504. The average number of individuals per square meter was
lowest at station 3 and highest at station B.

There was a general trend of increasing diversity indexes seaward
from station 1. The range of indexes at individual stations fluctuated
from 0.000 to 3.141. The average index for all stations was 1.245.
The average diversity indexes on each of the n ine transects were
approximately the same. Seasonally, the highest index (greatest
diversity) occurred in August and the lowest in the colder months.

The scarc ity of previous knowl edge of the benthic fauna in this
nearshore zone is indicated by the number of new species found in
this study. Twenty-one invertebrate species (12 percent of all
species) are possibly new. Fif teen of the 21 are amphipods , and 4 of
these (Acantho haustorius n. sp., Haustorius n. sp., Protohaustorius
n. sp., and Pseudohaustorius n. sp.) are among the most abundant
species occurring in the nearshore zone. In the other major taxa,
there are possibly three new species of oligochaetes, two cumaceans ,
and one pelecypod .

The correlation of animal abundance to selected sedimentological
parameters was low , indica ting an abundance and distribut ion of
benthic animals not directly related to sedimentological factors.
This was also related to the relative uniformity of the sediments.

• 114 

~~~~~~~~~~~~~~~~ ~~~~~~~~~~ 

-

~~



— •-

A correlation coefficient of 0.5282 was the highest r value . Mean
grain size was the most significant sediment factor tested .

The effect of Hurricane Eloise on Panama City Beach was extensive.
The beach and primary sand dune were severely eroded . The number of
species and individuals increased following the storm and then
gradually decreased 9 days after the storm . Following the storm ,
seven add itional species occurred in the samples that were not found
in the previous 11 months.
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APPENDIX A

WATER TEMPERATURE AND SALINITY DATA

Water temperatures and salinities for stat ions on

transects 1 to 9 and stations A and B.
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TRA NSECT 1
Water

Station Date temperature (°C) - Salinity 1
1974

1—1 12 Nov. 18.5 34.28
1-3 22 Nov. 19.2 34.17
1-5 19 Nov. 20.9 33.50
1-1 3 Dec . 14.9 34.94

1975
1-1 6 Jan. 17.0 34.28
1-1 4 Feb. 18.0 32.72
1-3 6 Feb. 17.6 31.11
1-5 21 Feb. 17.5 34.33
1-1 5 Mar. 15.2 34.44
1-1 2 Apr. 20.9 31.06
1-1 2 May 24.2 31.22
1-3 6 May 22.0 32.00
1-5 12 May 25.2 31.83
1-1 4 June 28.6 30.67
1-1 2 July 32.1 31.89
1— 1 4 Aug . 27.3 24.22
1-3 7 Aug . 27.4 30.94
1-5 13 Aug . 28.2 25.00
1-1 2 Sept. 30.0 30.28
1-1 2 Oct. 24.6 52.44

TRANSECT 2
1974

2-1 12 Nov. 18.8 34.00
2-3 21 Nov. 18.7 34.22
2-5 19 Nov. 20.9 33.72
2-1 3 Dec. 14.7 35.39

- 1975
2-1 6 Jan. 16.9 33.89
2-1 4 Feb. 17.9 32.06
2-3 6 Feb. 17.8 31.00
2-5 21 Feb. 17.5 34.11
2-1 5 Mar. 15.0 34.44
2-1 2 Apr. 20.9 30.94
2-1 2 May 24.3 32.06
2-3 6 May 23.0 32.11
2-5 12 May 25.1 32.06

‘Parts per thousand
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TRANSECT 2 (Continued)
Water

Station Date temperature (°C) Salinity’
1975

2-1 4 June 28.3 31.06
2-1 2 July 32.0 31.33
2-1 4 Aug . 27.5 24.61
2-3 7 Aug. 27.4 30.94
2-5 13 Aug. 28.5 29.94
2-1 2 Sept. 29.9 30.44
2-1 2 Oct. -24.1 31.94

TRANSECT 3
1974

3-1 12 Nov. 18.5 34.17
3-3 21 Nov. 18.0 34.17
3-5 19 Nov. 20.9 34.33
3-1 3 Dec. 14.6 35.39

1975
3-1 6 Jan. 16.5 34.06
3-1 4 Feb. 17.6 31.17
3-3 6 Feb . 18.0 31.28
3-5 21 Feb. 17.2 33.67
3-1 5 Mar. 14.8 33.50
3-1 2 Apr. 20.9 31.06
3-1 2 May 25.0 31.33
3-3 6 May 23.2 31.89
3-5 12 May 25.2 32.11
3-1 • 4 June 28.4 30.56
3-1 2 July 31.3 31.00
3-1 4 Aug. 27.8 23.67
3-3 7 Aug . 27.6 30.83
3-5 11 Aug. 28.2 25.72
3-1 2 Sept. 29.9 30.28
3-1 2 Oct. 24.2 31.67

TRANSECT 4
1974

4-1 11 Nov. 21.7 34.17
4-3 26 Nov. 13.9 33.72
4-5 19 Nov. 20.8 34.00
4-1 3 Dec. 14.1 34.89

1975
4-1 6 Jan. 15.2 34.72

leg 

~~~~~~~ ~~~~~~~~~~



TRANSECT 4 (Continued)
Water

Stition Date temperature (°C) Salinity’
1975

4-1 4 Feb. 17.9 31.78
4 - 3 4  10 Feb . 15.5 34.17
4-5 21 Feb. 17.0 35.33
4-1 5 Mar. 14.0 34.50
4-1 2 Apr. 20.2 30.00
4-1 5 May 21.8 33.72
4-3 19 May 25.8 32.28
4-5 12 May 24.8 31.94
4-1 4 June 28.1 30.11
4-1 2 July 31.0 30.94
4-1 4 Aug. 28.2 31.94
4-3 7 Aug. 27.5 26.72
4-5 11 Aug. 27.5 24.67
4-1 2 Sept. 29.7 - 29.89
4-1 2 Oct. 24.2 31.94

TRANSECT 5
1974

5-1 11 Nov. 21.8 34.17
5-3 26 Nov. 15.2 33.89
5-5 19 Nov. 20.7 34.22
5-1 3 Dec. 14.1 35.33

1975
5-1 6 Jan. 15.9 34.56
5-1 4 Feb. 17.9 31.33
5-3 10 Feb . 15.7 34.17
5-5 21 Feb. 17.0 34.57
5-1 5 Mar. 14.2 34.22
5-1 2 Apr. 

- 
20.1 30.83

5-1 5 May 22.0 33.72
5-3 19 May 25.8 32.50
5-5 12 May 24.9 32.17
5-1 4 June 28.0 30.22
5-1 2 July 30.9 30.78
5-1 4 Aug . 28.2 26.61
5-3 7 Aug . 27.6 31.94
5-5 8 Aug . 26.8 31.00
5-1 2 Sept. 29.4 30.17
5-1 2 Oct. 24.1 31.00

____  - ~~~~~~~~~~~~~ ~~~~~~~~~~~~~ 
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TRANSECT 6
Water

Station Date temperature (°C) Sa1inity~
1974

6-1 i v .  21.7 34.33
6-3 26 Nov. 14.6 33.33
6-5 19 Nov. 20.8 34.17
6-1 3 Dec . 14.2 34.72

1975
6-1 6 Jan. 15.2 34.72
6-1 4 Feb. 18.0 31.50
6-3 10 Feb. 15.9 34.17
6-5 21 Feb. 16.9 35.33
6-1 5 Mar. 13.6 34.33
6-1 2 Apr . 20.0 31.28
6-1 5 May 22.2 33.94
6-3 19 May 25.0 • 32.39
6-5 13 May 25.9 31 .06
6-1 4 June 28.0 30.33
6-1 2 July 30.8 31.11
6-1 4 Aug . 27.9 26.33
6-3 7 Aug . 27.6 31 .89
6-5 8 Aug . 26.5 30.28
6-1 2 Sept. 29.6 30.17
6-1 2 Oct. 24.6 33.11

TRANSECT 7
1974

7-1 11 Nov. 21.1 34.11
7-3 22 Nov. 19.0 34.17
7-5 19 Nov. 20.9 34.39
7-1 3 Dec . 13.9 35.17

1975
7-1 6 Jan. 14.9 34.56
7-1 5 Feb. 17.9 32.06
7-3 11 Feb . 17.0 34.33
7-5 20 Feb. 18.0 33.35
7-1 5 Mar. 13.9 34.56
7-1 2 Apr. • 20.0 32.22
7-1 5 May 21.7 33.94
7-3 22 May 25.4 33.33
7-5 13 May 25.9 30.94
7-1 4 June 27.8 30.11 

—

7-1 2 July 30.1 30.94
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TRANSECT 7 (Continued)
Water

Station Date temperature (°C) Salinity1
1975

7-1 4 Aug . 27.9 25.50
7-3 7 Aug. 27.2 31.89
7-5 14 Aug. 28.8 30.67
7-i 2 Sept. 28.8 30.00
7-1 2 Oct. 24.0 31.33

TRANSECT 8
1974

8-1 11 Nov. 21.0 34.22
8-3 22 Nov. 18.5 34.17
8-5 18 Nov. 21.0 34.33
8-1 3 Dec . 13.8 34.83

1975
8-1 6 Jan. 15.3 34.56
8-1 5 Feb. 18.0 32.11
8-3 11 Feb. 16.5 34.56
8-S 20 Feb. 16.9 34.50
8-1 5 Mar. 14.8 35.28
8-1 2 Apr. 19.9 32.22
8-1 5 May 21.7 33.72
8-3 22 May 25.6 33.06
8-5 13 May 25.2 30.67
8-1 4 June 27.8 30.17
8-1 2 July 30.2 30.89
8-1 4 Aug . 27.8 25.56
8-3 7 Aug . 27.1 31.94
8-5 14 Aug. 28.6 30.94
8—1 2 Sept. 28.8 30.22
8-1 2 Oct. 23.5 31.33

TRANSECT 9
1974

9-1 11 Nov. 20.9 34.28
9-3 22 Nov. 17.9 34.28
9-5 18 Nov. 21.2 34.39
9-1 3 Dec. 13.3 34.61

1975
9-1 6 Jan. lS.0 34.67
9-1 5 Feb. 18.0 32.17
9—3 11 Feb . 15.9 35.11
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TRANSECT 9 (Continued)
Water

Station Date temperature (°C) Salinity1

1975
9-5 20 Feb. 17.2 34.67
9-1 5 Mar. 14.8 35.28
9-1 2 Apr. 19.6 32.39
9-1 5 May 21.7 33.72
9-3 22 May 25.4 32.61
9-5 13 May 25.2 30.39
9-1 4 June 27.6 29.89
9-1 2 July 30.1 31.00
9-1 4 Aug. 27.8 25.44
9-3 7 Aug. 27.1 32.06
9-5 12 Aug. 28.6 26.72
9-1 2 Sept. 28.8 30.56
9-1 2 Oct. 24.2 30.83

STATIONS A and B
Water

Station Date temperature (°C) Salinity1
1974

A 18 Nov. 21.0 34.50
B 18 Nov. 20.8 34.33

1975
A 20 Feb . 17.4 34.39
B 20 Feb. 17.5 33.89
A 20 May 26.2 32.22
B 20 May 26.0 32.17
A 12 Aug . 28.3 26 .22
B 12 Aug . 28.5 26.11

~Parts per thousand

I

‘33

— ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ 
-

~~~~~~~

• - • • 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-

~~
-• -



- _ _ - • • •~~~~~~,.
-- 

~~~~~~~ ~~~~~~~~~

APPENDIX B

• STATION PARTICLE-SIZE DISTRIBUTION DATA

Particle-size distribution as percentage of total sample

weight and statistical data using formulas by Folk and

Ward (1957) for sediments collected at each station.
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~.r f l - , n 6 I , *n r  . i i n d . ii

• One tr avel Sanl S:I, 7T37 ~Iren Gra i n S::r Or: at non Sit-one .: horton,
(pc .) (p i t )  (pit ) (pot ) (ph il (ne ) ( p h : ’

~~~~~ 4.864  95 0)9 ~.073 0.000 1 . 834 0 .2 0 1  0 . 99 5  0 . 2 0 0  1 . 2993 0ev , 0.04 4 99 . 8 9 0  0.066 0.000 ( . 9 8 0. 284 0 .635 -0 . 011 0. 730

~
‘ J n .  0.000 99.973 0.077 0.000 1 .570 0 .3 3 ’  0 . 467 .9,364 1.099
4 leb. 0.000 09.998 0.000 0.009 (.650 0.3(7 0. 68 3  . 0 .2 02  1.09 5
O 844,. 0.130 99.860 0.002 0.009 1,691 9.3(0 0 . 749 .9 944 (.089
7 Apr. 0 . 5 3 6  99.864 0.000 0.000 (.774 0.202 0.573 .9.247 0. 94 3
2 May 0.000 99.979 0.0 71 0.090 2 . 0 5 0 . 2 3 7  0.673 - 0 . 1 4 5  0 . 707
4 Ju ne 0.000 99.963 0 .937 0.000 ( . 667 0 . 3 1 4  0 . 850 -0 . 0 3 3  0 939
2 July 0.000 99, 940 0 .060 0. 090 1 . 12 1 0. 460 0 .426 .0.020 0.9 15
4 6,5. 0.000 99 .944 0 .056 0.090 ( . 423 9 . 37 0  0 .82 5 -9 . 03 0  ( . 1 2 2
2 S.p8. 0.000 99 . 970  0 .0 2 3  0.090 ( .645 0.520 0.837 .0.031 0.947
2 008 .  ..- ... ... ~~ • ~~ . ~~~.

0.471 99.491 0.036 9.000 ( . 6 7 5  0. 9 ( 7  0. 7 ( 5  .0~0(9 0.995

STATION (.2
‘974

,T0~n. 0.1(5 99.809 0.00 5 0 , 950 ( .598 0. 33 0 0 . 861 -0.04 7 (.087
1975

~~~~~~ 0.000 99.960 0 ,040 9.990 2.096 0.734 0.639 - 0 . 2 1 8  0. 790
2 84.y 0 . 5 1 3  99 .87 8 0.009 0.000 1 . 7 34 0 . 3 0 1  0. 739 .0.04 6 ( . 05 1
7 Ao g. 0.000 99.909 0 . 0 4 1  0 .000 2.323 0. 200 0 .52 2 -0 .298 ( . 1 4 3

Au.r.ge 0. 007 99.899 0 .0 44  0.000 - ( . 938 0. 266 0 .6 0 9  - 0 . 1 1 9  1.000

0701(09 ( - 3
• 8974

22 009. 0.000 99.867 8.11 3 0.000 2,3 11 0.202 0 52 9 - 0 .270  1 . 1 8 6
1975
~~~~ 0.000 99.954 9.046 0.000 2.499 0.190 0. 473 -0 (96 (.156
6 N.y 0.000 09.984 0.016 0.000 2.278 0.206 8.54 8 - 0 . 2 7 0  ( . 1 ( 0

(3 090. 1.99 3 90.3 00 0 . 0 ( 7  0.090 2 . 244  0 . 2 1 1  0.84 6  .0. 305 1.100

Av.rago 0.421 9 9 . 5 3 1  0.04 8 0.0 00  2 . 3 0 8  0 . 2 02  0.53.4 .0 .280 1.146

• 5161(09 ( - 4  4
‘974

25 Non. 0.000 99.864 0.036 0.000 2 . 270  0.207 0 . 601 -0. 308 1 . 5 7 6
( 975
6 Pob . 0.000 99 . 935  0.069 0.000 2.218 0.2 (5 0.6(3 -0 .29 9 1.84 1

• 6 May 0. 000 800.000 0.000 0.000 1 .892  0.269 0 . 62 9  .0 . 81 6  0. 055
(3 A ug . 0.000 99.902 0. I.o O 0.900 2 . 1 1 5  0 . 2 3 1  0. 63 1 .0 .209 0. 792

Ane r4gr 0. 000 99 .044 0 . 05 0  0.000 2 . 174 0 . 2 3 1  0 . 6 19  .0 . 1 7 4  0.94 1

3.767(09 I -S
(974

l0~~~n . 0.3(4 99.649 0.037 0.000 1.998 0 .257 0.8(7 -0.279 0.944

‘975
2rV b . 0.1 75  99.02 5 0.000 0.000 1 . 1 9 3  0 . 43 7  0.599 .0.269 0.925
32 84a7 0.000 99.954 0.046 0.000 2 . 164 0.223 0.699 .0.245 0.949
13 Aug . 1.570 98.4(4 0.016 0.000 2.079 0.245 0.000 -0.358 0.977

Aeorage 0.033 99.481 0.025 0.000 1. 036 0.291 0.700 .0.287 0.824

STATION 2-1
(974
iTi~n. 0.182 99.732 0.005 0.000 1.9 (2 0.266 0.741 -0.093 0.906

• 3 Den . 0.04 8 99.931 0.025 0.000 (,~ 96 0.269 0.792 -0.091 0.933
1975

~n. 1.898 98.056 0.045 0.000 (.625 0.324 0.900 .0.100 0.9 05
4 Fe b. 0.900 99.990 0 .010 0.000 1 . 645 0.278 0.524 .0.163 0.742

Mar. 0.7(7 99.693 0.000 0.000 (.470 0.560 0 .952 -0 .04 1 1.080

2 Apr. 0.000 100.000 0.000 0.000 I 52 3  0 .34 8 0.34 3 .0, 045 0.410

2 M .y 0.247 99.739 0 .0(4 0.000 . 423 0.370 0.666 -0.059 1.30 9
4 Jon, 0.000 100.000 0.000 0.000 7 .O ih .  0.930 0.745 .0,297 0.917

2 Jul y 0.000 99.944 0.055 0.000 I 604 0 ,3 11 0,846 .0.06 1 0.995
4 Aug. 1 .184 90,801 0.011 0.000 1 .470 0.361 0.~ 36 .0.030 (.538

2 Sept. 0.186 99.722 0.093 0.000 (.864 0.279 0.790 .0.129 0.905

2 00t. 0.163 99.031 0.006 0.000 1. 6(7 0.326 0.705 .0.054 1.284

Are rqe 0.391 99,619 0.070 0 .000 (.603 0.336 0.708 0.004 1 , 026

9161(09 2 .2

‘974
iY~~~n . 0.000 99. 786 0 .2( 4 0 . 000 2 ( 1 4  0 . 2 5 1 0.6 17 .0. 205 0 . 791

(978
TT~b . 0.000 99. 978 0. 022 0 . 000 2 . 0 1 7  0 . 247 0.64 7 .0. 195 0 . 743

2 8487 0.000 99.9 07 0.0 (3  0.000 7.059 0 , 2 4 0  0,64 0 .0 . 166 0. 759

7 Aug. 3.2 4 0 96. 730 0. 030 0 .000 1 . 960 0.257 0 .771 .0. 204 0 .973

69er~ge 0 . 8 1 0  9 9 . 1 2 0  0 . 07 0  — 0 . 000 2 . 03 8 0 .24 4  0.690 . 0 , 1 7 0  0 .41 7

0167(93 2 .3

0 (31 99.730 0.539 0.000 1.097 0.740 0.698 .0.269 O.S7 $
( 97 5
r Tb .  0.000 99 .953  0.017 0.000 2 . 4 ( 0  0. 186 0. 470 .0, 188 ( .152

6 M~~ 0 .000 99. 962 0 . 0 79  0 . 000 2 . 4 1 2  Ø~ (~~9 0 . 454 - 0 . 176 1 . 1 3 7

(5  Aug. 0 .000 00 .904 0. 096 0 . 000 2 . 2 4 9  0. 2 10  0 . 560 -0. 257 8.059

Ao.roge 0 ,0 33  9 9 , 8 9 7  0. 080 0 . 000 2 203 0. 707 0,9 4 8  .0. 990 ( . 057
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) STATION 7.4
uraln ..,., 01m m Standard0.5, Ornel Sand ‘t I n Cl oy Neon Grain Site 0,o,.toon Sien,i’i. turto .,.(j.ut) (po t ) (p it ) (p ot) (ph,) him) [ph’)

2T~~~,. 0. 090 99.870 0,04 0 0,000 ( . 8 5 6  0 . 2 7 6  0. 7( 0 .0,020 0.074
rr~b . 0.040 99 947 0.015 0.000 1.890 0.270 0 630 .0 ((1 0 754ô M a y  0. 000 99.986 0.0(4 0.009 1.041 0.260 0:746 .0.168 0:877IS Aug. 0.000 99.945 0.055 0.000 2.410 0.107 0.460 . 0 . 8 9 0  1.149

~00T!1 ° 0 . 0 3 3  99.9 17 0.0 50 0.000 2 .026 0.749 0.64 1 .0,057 0.036

STATION 2-S
‘974
8V~~ v. 0.094 99 .470 0.046 0.000 2.00 1 0.250 0.0 40 .0. 416 1.001
2TT~b . 0.247 90.097 0.155 0.000 2.523 0.200 0.595 .0.247 1.229(2 Nap 0.000 99.96 7 0.033 0.000 2 .227 0.2(4 0.627 -0.329 1 10013 Aug. 0.000 99 .954 0.046 0.000 2 .3 04 0.892 0.986 -0.230 1.165
14er.4e 0.00 3 99.047 0.070 0.000 2 .23.4 0.214 0.907 -0.305 3.147

STATION
‘974

1T~~ v. 0.677 99.227 0.100 0.000 1 .814 0.204 0.644 00.846 0.871
3 Dat . 0.000 09.950 0.050 0.000 1.64 3 0.520 0.640 00 .009 1.357
1975
6 Jaa . 0.484 09.483 0.033 0.000 1. 781 0.~ 98 0.776 .0.016 0.999
4 Pab. 0.247 99.59 1 0.1SS 0.000 2.377 0.200 0.595 .0.247 1.229
3 Nay 0.081 99.919 0.000 0 .000 ( . 6 2 3  0 . 3 2 8  0 . 6 ( 4  .0.089 1.301
2 Apr. 0.024 99.976 0.000 0.000 1.442 0.360 0.462 .0.863 1.097
2 May 0.000 99.985 0.015 0.000 1.9 78 0 .33S 0.650 .0.051 1.524
4 Jim , 0.278 99.622 0.101 0.000 1 .714 0.305 1.04 3 .0 460 0.5*4
2 July 1.231 90.743 0.023 0.000 1.618 0.226 0.829 .0.027 1.053
4 Aug. 0.000 99 .980 9.932 0.000 1.606 0.329 0.803 00.001 1.037
2 S.pt. 0.043 99.892 0.061 0.000 1.607 9.310 5.636 —0 .123 1.233
2 Ott. 0.460 99.528 0.012 0.000 2.084 0.248 0.675 .0.161 0.799

Average 0.204 99.609 0.04 7 0.000 1.737 0.305 0.701 .0.051 1.074

STATION 3-2
1974

iT~~~n . 1 .0 43  90.049 0.107 0.000 2.000 0.200 0.753 .0.253 0.946
• 197S

i~~~b. 9.378 99.497 0.124 0.000 1.807 0.286 0.789 .0.04 1 0.969
2 N.y 0.000 99.920 0.072 0.000 2.106 0.232 0.613 -0.178 0.776
7 Aug. 0.000 99 .900 0.012 0.000 2.174 0.222 0.606 1.266 0.892

Av.r.ge 0.351 99.069 0.079 0.000 2 .022 0,240 0.633 -0 .159 0.896

STATION 3.3
1974

2T~~ n . 0.000 09.000 0.111 0.000 2.421 0.187 0.491 -0.804 1.172
1975
r~~b. 0.000 09.976 0.124 0.000 2 . 440 0 . 8 8 4  0. 445 .0. 17 6 1.140
6 May 0.000 99.925 0.075 0.000 2.413 0.888 0.494 0.172 0.129

11 590. 2.209 97.762 0.029 0.000 2 .050 0.240 0.741 -0.341 1.030

Av er.ge 0.052 99.36 2 0.046 0.000 2 .333 0.200 0.04 3 .0.222 1.117

STATION 3.4
1974

2 T W v .  0.000 99.918 0.082 0.000 2. 167 0 . 223  0.609 -0.260 0.8*4
1970
i~~ b. 0.000 99.934 0.066 0.000 2 . 1 9 3  0.21 9 0.600 .0 .254 0.904
6 N.y 0.040 99.978 0.022 0.000 2 . 1 5 4  0.225 0.60 2 .0.231 0.832

81 690. 0.000 99.964 0. 0 3 2  0.000 2.433 0.181 0.454 .0.184 1.169

Average 0.000 99.950 0.051 0.000 2.237 0.2(3 0.567 -0.235 0.847

STATION 3-5
1974

sr~~ v. 0.000 99.920 0.072 0.000 2. 106 0.232 0 .644 .0.220 0. 794
1975
2TP~(,. 0.000 99.970 0.030 0.000 2 .3 3 1  0.199 0.920 -0 .263 1.161
82 N.y 0.000 99 .966 0.03.4 0.000 2.197 0.280 0.509 -0.259 0.916
II Aug. 0.000 09.920 0.090 0.000 2.323 0.200 0. 547 .0.262 1.834

Average 0.000 99 .946 0.054 0.000 1.239 0.212 0.576 -0.253 1.904

5100305 4-I

I~
2
~~v. 0.000 99.961 0 .03 9 0.000 1 .557 0.34 0 0.599 .0.026 8.364

3 One . 2.300 97 .663 0.031 0.000 1. 491 0.396 0.461 .0.107 1.273

r~~a. 1.943 94.005 0.053 0.000 1.969 0.337 0.64 1 .0.002 1.473
4 Feb . 0.000 99.920 0.080 0.000 1.832 0.281 0.618 .0.884 0.100

Mar. 0.000 99.991 0,003 0.000 1.617 0.326 0.601 ‘0.164 1.117
2 A 0.000 800 .000 0.000 0.000 1.017 0.34 9 0.417 .0.003 1.029
S May 0.799 99.744 0.000 0 .000 1.574 0.34 0 0.547 .0.003 1.38 0
4 Jima 0.000 100 .000 0.000 0.000 1.552 0.34 0 0.101 .0.049 1.288

2 Jul y 0.000 99.970 0.030 0.000 1.786 0.304 0.727 00 .063 8.044
4 Aug. 0.000 99.959 0. 042 0.000 1 .577 0.330 0.64 6 00.001 1.124

6:967 93.084 0.020 0.000 1.286 0.430 1.819 .0.376 2.02*

Ave rage 1.089 90.00 5 0.027 0.000 1 .9 2 4  0.34 1 0.6(6 .9,931 1.283
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(1

1T~~~v. 0.000 65.00 2 0 (3 8 0.000 (.929 0.203 0.633 .0.070 0.34’

0.099 97 . 071  0.132 0.000 2.0 3 1 0 . 243 0 . 6 2 1  ‘0 0’4 5 . 7 4 1
5 May 0.0 0 5 0 . 0 2 . 4  0.055 0. 000 1. Ob:  C . ~~44 0.624 .0.092 0.74a

7 Aug . 0.6 7 ‘9 . t ’T 0.021 0.6.0 2 . (h .  6 220 0,6(5 .5.264 0.06’

A..m.g. .C.3 4 ,~~.: 3T07o~~~~~~~~~[T~~~~~~~~~~ .. - ~~~ o (T1 1~~~~~ ~~T’007 0,774

S00’h’ ) ~ 4.3
1914
20~~~e. 0.000 90. 960 0.04 0 0. 000 8.920 0 :54 0.639 .0.077 8.74 3

1975• 0 3 ’~~. 0.000 09.055 0.144 0. 009 013 71 9 0.605 . 0 . 2 5 7  0 090
‘9 May 1.603 97 ,933 0.067 0.027 2,449 0,113 0.433 .0,867 1.097
.1 Aug. 0.900 0 3 . 0 3 0  0.164 0.000 2 .09 6  0.2(0 0.590 .0.2 56 0.904

3 (04 6 0 0  1 5 0 2 1  C’5~ 0 (80 0 011

1167108 4.4
• (974

2~~)~ v. 0.000 99.956 0.044 0.000 2 .209 0.2 16. 0 .594 .0.272 0 .960
IN’S

201~~. 0.000 99.974 0.020 0. 000 2.202 0 .217  0.592 .0 .26 3 0 .0 29
— N.y 0.000 99.567 0.035 0.000 2.221 0. 2 ( 4  0.54 2 .0 . 267 1 .003

Aug . 0.000 09.070 0.050 0.000 2.408 0.170 0.55 1 .0.044 0.4(6

-rag. 0.000 5T 967 0.033 0.000 )T55b 9~2O0 0 . 53.0 .0 .2 (1  0 .527

• STAT ION 4-S
074
‘lie. 0.000 99 .002 0.090 0.000 2.292 0. 204 0.540 .0.299 8.100

- ‘5Thi . 0.000 99.090 0. 112 0.000 2.825 0.229 0.748 .0.301 (.012
May 0.000 99.903 0.007 0.000 2.238 0.213 0.070 . .0 269 0.990
Aug . 0.000 99.970 0.010 0.000 2.471 0.100 0.410 .0.111 1.096

• rage 0.000 09.530 0.062 ~~0.O00 2.201 0.207 I S7T .0.277 1~ 407

STATION S-I
1914

1T~~ v. 0. 000 99.922 0.070 0.000 1.627 0.124 0,624 .0.079 1.344
3 Dat. 0.000 99. 946 0. 004 0.000 8.070 0.212 0.651 .0.123 0.759

• 5970
rfl.,. 1.428 90.522 0.010 0.000 1.729 0. 302 0. 791 -0 .004 ( . 074
4 Pab . 0.576 99.392 0 .032 0.000 8 . 719 0.304 0.5S3 .0,251 (.063

Mae. 0.000 99 .966 0.034 0.000 1.774 0.292 0.991 .0.233 5.905
2 Apr. 0.000 99.074 0.020 0.000 1. 606 0 .3 1 1  0 . 545 .0.244 1,074
5 N.y 0 .000 100.000 0.000 0. 000 0.661 0.312 0.554 .0.29 0 ( . 0 7 5
4 Ju ne 0.17’? 99.820 0.004 0.000 1.549 (1 342 0 510 .0 963 8 . 2 1 2
2 July 0.000 99.067 0.133 0.000 1.126 0.302 9.609 .0.107 (.071
4 Aug . 0.000 99.904 0.916 0.000 1.544 0.34 3 0.954 .0.024 8.510
2 Sapt. 0.000 99.090 4.011 0.000 1.03.0 0.323 0.655 .0,940 8 .290
2 00t. — - -  — — —  -- . ..- ..- -—-

6nov10, 
- 

0 .190 99.762 0.04 0 0.000 1.906 0.311 0.093 00.137 ( TSr

STATION 9.7
1974
iri~

2e. 0.000 99 .94 6 0.054 0.090 (.094 0.269 0. 633 .0.1 07 0 . 7 5 3
1971
TP 9. 9.000 99.916 0.084 0.000 2. 100 0.221 0.591 .0.246 0. 072
S May 0.000 100 .000 0.000 0.000 2.004 0. 249 0.624 .0.032 0. 738
7 Aug. 0.000 99.940 9.012 9.000 1.982 0.312 0.723 .0.069 1.13 5

An.r ago 0.000 99.963 5.037 0.000 (.940 0.262 0.083 .0.026 0:170”

STATION 5.3
1914

2T~~v. 0.000 99.94 1 0.059 0.000 2 . 81 9  0.230 0.637 .0.235 0.010
1975

zTP b. 0.000 99.924 0.076 0.000 2.875 0.221 0.604 .0.244 0.062
It May 0.000 99.043 0.057 0.000 2.348 0.106 0.404 .0.232 1.022
0 6mg. 0.000 99.995 0.005 9.000 2.051 0.241 0.644 -0.159 0.786

Anov age 5.000 89.951 0.94 9 0.000 2.162 0.222 0.596 .0 .2(7 0.007

STATION 5.4
1974
26 1040. 0.000 99.005 0.117 0.000 2.199 0.590 0.534 .0. 299 1.204
1975
1i7~b. 0.000 98.930 0.070 0.000 2.424 0.208 0.479 .0.196 1.214
IN May 0.000 100 .000 0.000 0.000 2.147 0.226 0.609 .0.237 0.052

S Aug . 0.000 99 .961 0.039 0.000 2 .426 0.106 0.472 -0.106 (.174

566m g. 0.000 99 .94.4 0.006 0.000 2.336 0.190 0.523 .0.219 1 106

STATION S-S
1974

IT1 v. 0. 000 99.991 0.049 0.000 2.294 0.204 0.572 .0.294 1.103
5971

~T P ~9t. 0.0 80 99.967 0.016 0.000 2.199 0.224 0.782 .4.308 8 .04 6
12 May 0.000 99 .996 0.004 0.000 3.317 0.201 0.527 .0.253 1.113
4 Aug . 0.040 99.976 0.024 0.000 2.425 0.106 0.406 .0.280 1 .273

.9m09840 9.004 09.073 0.020 0.000 2.29* 0.203 0.076 -4.204 1.IYU
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STATION 6-I
Grain-s iz e ci.,,,, Standard

Oats G ra v el o*nd Si l t  Clay Ann Gr ab Sloe - Dev,.t,o n 05646... 1,tt,.0,
(p ot) (pot) (p o t) (pet ) (phi) (a.) (p h ,)

1974
iT~~~,. 0.000 99.971 0.021 0.500 1.500 0.351 0.407 .0.065 1.007

3 Oso . 0.229 99.730 0.06 1 0.990 1.6(6 0.576 0.493 .0.294 ( . 101

rr60. o.sss 99. 420 0.0 (0  0.000 0. 717 9.504 0.594 .0.245 0.910
4 Fob. 0.011 99.973 0 .0 (5  0.000 1.099 0 . 5 14  0 .525 .0,259 1 . 406
1 ISle . 0.000 99.954 0.046 0. 000 1. 724 0. 903 0.690 .0.122 1 . 115

2 Ape. 8.039 90.959 0.002 0.000 1 . 5 (3  0.55 0  0.5 5 1 00.002 8. 35.8
5 May 0 304 99.617 0.000 9.009 1 .703 9.507 0.630 .0.110 5 . 2 5 2
4 l.a.. 0.070 99.901 0.028 0.000 1.370 0.34 5 0.498 - 0 . 2 1 2  1.1 10
2 J aly 0.000 99. 942 0.050 0.000 1.746 0 . 290 0.54 9 •0.230 0. 961
4 Aug . 0.795 99.227 0.0 80 0.000 1. 470 0.559 0.743 -0 .030 0. 273
2 S.pt. 0.000 99.904 0.016 0.000 1.589 0.34 9 0.54 9 00 .04 0 8. 360
2 060. 0.000 99 .94 2 0.059 0.090 1.990 0.260 0.61 ‘ •0.139 0. 761

Au.rag. 0.014 99. 7 20 0. 026 0. 000 1.064 9.049 0.569 .0.502 0 . 106

STATION 6.2
1974

1T~~
)e. 0.052 99. 916 0.032 0.000 1.64 3 0 . 5 8 2  0.5.42 . 0 .241  8 . 072

8975 2
Tflb. 0.000 99.054 0.04 6 0.000 2.037 0.244 0.632 .0.114 0.746
S May 0.000 99.921 0.079 0.000 2.021 9.230 0.6.06 9.595 0.79,
Aug . 0.000 99.994 0.006 0.000 1.010 0.24 5 0.665 .0 . 1(2 0.9 12

Ana emI a 0.013 90.946 0.04 3 0.000 1 .9(2 0.267 0.681 .0.012 0.579

STATION 6-S
1974zr~2v. 0.000 99 .900 0.0*2 0.000 2.100 0 .253 6.644 -0.204 0.704
1971

1rP 9. 0.400 99.906 0.094 0.000 2 .32 4 0 .200 0 .553  .0.265 1. 11*
19 May 0.000 99 .965 0.035 0.000 2 . 439 0.104 0.444 -0.169 1. 113
S Aug . 0.000 99.995 0.005 0.000 2.162 0.224 0.620 . .0.205 0. 900

An,r.g. 0.000 99.944 0.056 0.000 2 .256 0.210 0.563 .0.230 0.940

STATION 6-4
1914

zTi~ v. 0.000 99 .940 0.060 0.000 2.320 0.200 0.544 -0. 260 1. 142
197S
10 9 b . 0.000 99.920 0.075 0.000 2 .273 0.207 0.575 -0.301 1.179
19 N.y 0.000 99.990 0.010 0.000 2 .214 0.216 0.596 .0 . 260 0. 966
I Aug . 0.000 99.9*4 0.05 6 0.000 3.318 0 201 0.967 -0.279 1. 163

Avarage 0.000 99.960 0.040 L090 2.000 0.206 0.560 -0.270 1 .112

STATION 6-5
1914

lFl~~n. 0.000 99.902 0.090 0.000 - 2.252 0.210 0.560 .0.303 1.5 60
1975

2T9~.. 0.000 99.939 0.061 0.000 2. 4(9 0 . 102  0. 435 • .5.179 1 .149
13 ISly 0.057 90.047 0.101 0.000 2 .279 0.207 0.90 2 -0 .3 24  1.211
0 Aag. 0.190 99.720 0.105 0.000 2. 419 0.104 0.454 .0. 160 1.00 1

Ane.age 0.006 90 .00 3  0.09 1 0.000 2 . 3 5 6  0. 190 0.0 07 .0.246 1.170

STATION 7-I
1974
101Ev. 0.000 99.9(0 0.092 0.000 1. 490 0.356 0.32 1 0 .000 0. 739

O One . 0.000 09.94 6 0.054 0.000 1 . 7 ( 8  0.306 0.863 00.24 5 1.0 12
1970
i~ J ~n. 1.030 90. 903 0.062 (i.000 1.727 0.302 0.737 .0.044 1 .120
5 P.b . 0.151 99.039 0.010 0.000 1.792 0.249 0.505 .0.254 0. 605
S 14.m . 0.027 99.933 0.04 0 0.000 1.011 0.3.49 0.619 00.012 8.334
2 Ape . 0.000 100 .000 0.000 5.000 1.469 0.361 0.420 .0.144 1.049
S May 0.000 100 .000 0 .000 0.000 1.609 0 . 3 8 7  0.606 00.096 1 . 265
4 Jime 0.000 99.960 0.032 0.000 1. 5 0 2  0.334 0.450 *0.169 1.11S
2 July 0.000 99.926 0.014 0.000 1.076 0.272 0.611 rO.170 0.770
4 Aug . 0.000 99.909 0.011 0.000 1 .339 0.396 0.64 2 .0.810 1.267
2 S.pt. 0.116 99.970 0.006 0.000 1.397 0.310 0.966 .0.111 1.064
2 010. 0.000 90.992 5.014 0.950 0.576 5,336 0.400 .0.166 1.106

Avar.g. 0.111 90 .057 0.032 0.000 (.594 0.333 0 .554 .0.063 8 .051

STATION 7.3
1974
lT~~~n. 0.000 99.972 0.020 0.555 1 , 695 0.309 0.595 .0.173 1.160
1979
!T~ b . 0.000 99.951 0.049 0.000 1 . 743 0.299 0.073 .0.24 7 1. 009

May 0.000 99.991 0.009 0.000 2.070 0.238 0.619 .0.134 0. 754
7 Aug. 0.000 99.974 0.026 0.000; 1.020 0.202 0.617 .0.809 0.006

Average 0.000 99.972 0.024 0.000 (.033 0.282 0.600 .0.u0 0.934

STATION 1-3
( 974

2T~~ v . 0.000 99.940 0.960 0.500 2 .085 0.256 0. 645 .0.195 0.173

IT1 b. 9. 000 99.935 0 .065 0.000 1. 700 0.306 0.5S2 .0.244 1.065
22 May 0.000 99.54 3 0 00 7 0.000 2 .433 1.055  0.440 -0.169 1 .3 1 3
84 Aug. 0.000 99 .960 0.04 0 0.000 2.254 0.2 10 0.602 .0.355 1.247

Aenes fe 0.000 94.925 0 .090 0.999 2 . 0 0 9  0.231 0.56 2 .0 .110 1.049
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STATION 7.4
Sr ... 1.. .1.,,., St.,4.i6

0 0 .  On r el 0451 Silt 5117 Mean Grain SIC . 0ev4n(on Sk.ne.,a t ,r toois
(pot) (p ot) (pAO) (pot) (p hi)  ( )  (~1.I)

20Ev. 0.000 99.966 0.054 0.000 1.995 0.2S( 0.742 .0.201 0.912

~~~~~~~ 0.000 99 .919 0.051 0.000 2.862 0.223 0.624 .0.264 0.07022 May 0.000 99 .908 0.099 0.000 2 .33 2  0.199 0 . 586 .0.24 7 ( . 123b4 Aug. 4.904 99.971 0.021 0. 000 2. 422 0.187 0.467 .0.844 0.166

~!!S!J a 0.000 69 .94 5 0. 052 0.000 2. 227 0.2 11 S.507 ~~0. 775 5.519

STATION 1-S
• iT~~ v. 0.000 99.930 0.070 0.000 2. 220 0 . 2 1 3  0. 546 .0,794 8 . 1 0 30975

2TP~ .. 0.005 99 .962 0.033 0.000 2.064 0.239 5 64 5 . 0 . 5 7 8  0. 79215 Nay 0.000 99.057 0.843  0.000 2. 434 0.112 0 . 43 5  -0 .1 62 8 . 06014 Aug. 0.000 99 .953 0.047 0.000 2. 110 0 .20 8  0.562 .0.27 5 8 . 1 5 1
Av .e9g. 0.005 99 .92 6 0. 070 0.900 7.207 0.208 0 .55 7  - 0 . 2 2 5  1 .02 6

STATION 5.11914
J T E e .  0.000 99.916 0.044 0.000 1.S17 0.301 0.572 -0 007 1.4001 Dat. 0.000 99 .986 0.004 0.050 5. 795 5,755 0.606 00.206 0.4521975

0.101 99.034 0.065 0.000 , 1.394 0.349 0. 679 .4.816 8. 3942 
S Pa b . 0.000 99.903 0.097 0.000 2.049 0.234 0.610 .0.118 0.7530 56.. 0.000 99.946 0.054 0.000 0.499 0.35.4 0.672 -0. 009 1. 3132 Ape . 0.900 500 .000 0.000 0. 000 2. 41 8 0 . 103  0. 442 -0. 160 (.041S Nay 0.000 100.000 0.000 0.000 2 . 433 0 .370 0. 447 -0.164 1 . 1 3 04 .I.a,. 0.991 99.009 5.000 0.500 1. 414 0.360 0. 459 -0. 125 ( . 1 7 52 July 0.000 99 .910 0.066 0.000 1.110 0.351 9.072 .0 .005 1.3.624 Aug. 0.000 99.975 0.025 0.000 1.1 71 0.444 0.619 .0.095 0.04 12 Saps . 0.000 99 .966 0.054 0.000 1 .2 76  0 . 4 1 3  0.570 .0.24 1 1.03 92 0ev. 0.067 99.860 0.073 0.004 (.699 0.310 0.554 .0. 240 1.079

Aemra,. 0.097 99.009 0.044 0.000 1.603 0 .377 0 .072  .0.000 1.117

STATION 9-21974
IT E0. 0.000 99 .994 0.04 6 0.000 1.901 0.264 0.634 .0. 09* 0. 3508971
r~~~b. 0.000 99 .946 0.054 0.000 1.790 0.200 0.605 .0.211 0 994S Nay 0.000 99 .097 0.003 0.000 1. 100 0.291 0.09* .0 220 0 0847 Aug. 0.500 98.994 0.009 0.000 1.479 0.359 0.570 -3.010 8.360

AnOelga 0.500 99 .973 0 .027 0.000 1. 779 0.30 1 0.684 .0.132 0 063

STATION 9-31914
2.972 90 .300 0.020 0.900 2.260 0.222 0. 629 -0.269 0.9041975

1T 9 b. 0.000 99.913 0.007 0.000 2.420 0.107 0.469 -0.102 1 16222 Nay 0.000 99 .995 0.005 0.000 2 .591 0.223 0.594 -0.334 0 .5 57II Aug . 0.000 99 .94 2 0.050 0.000 2.310 0.219 0.594 -0 .3 9 4  1.009
Avera ga 0.4 I~ 99 .040 4 .04 3 0.000 2.247 0.211 0 060 -0 ,242 0.979

STATION 0.41914
2T~~v. 0.256 99.74S 0.039 0.009 2.055 0.241 0.740 .0.515 0.9538915
I T P ~b. 0.000 99.924 0.076 0.000 2.073 0.234 0.633 - 0 . 8 6 7  0. 76322 May 0.500 99 .066 0.534 0.000 2.444 0.503 0.431 -0.894 8.69014 Aug. 0.000 94.917 0.083 0.000 2.422 0.117 0. 402 -0.174 1.132
Average 0.054 99.063 0.003 0.000 7.2 46 0 . 2 12  0.566 -5.200 0.986

STATION 0- S1974
IIl~~n. 0.09 5 99 .04 6 0.070 0.500 2 .165 0.223 0.637 -0.301 0 0951975

0.002 99.921 0.075 0.000 2.250 0.209 0.569 -0.265 1 09’13 May 0.000 90 .94 6 0.054 0.000 2.100 0.220 0.600 -0.239 0 06314 Aug . 0.000 95.947 0.093 0.000 2.301 0.203 0.568 .0 2 ’S 1 834
~~~~~~~~~~~~~~~~~~~~ 99.716 

- 0. 092 0. 000 2 . 2 2 7  
- 1.213 

, ,  
0.50) ;.93 26S . 0.095. .

0161109 9-11914
IT Ev. 0.000 93 .903 0.097 0.000 1.020 0.31 0 0. 424 .0.159 ( . 0 5 73 5... 1.000 99.971 0.029 0,050 1.360 0.390 0.650 -0.112 1.2211970
r ,.  0.000 99 . 994 0.036 0.090 1.169 0.441 0.065 -0.199 0.095S Feb. 0.000 99.999 0.002 0.000 2 .251 0.210 0.573 -0 .214 1 .186O Ma r. 0.000 100.000 0.000 0.090 8.007 0.390 0. 640 -0.104 I 2962 Apr . 0 .000 99.990 0.002 0.000 1.464 0.562 0.537 .0.036 1 3(61 bUy 0.961 99 ,939 0.000 0.000 1.148 0.452 0.A27 -0.172 0.7054 Jom,. 0.000 100 ,050 0.000 5.000 1.491 0.346 0 . 3 0 2  0 .000 0. 7302 July 0.049 99 .694 0.2 17 0.000 1 .6 1 1  0 .327 0. 645 -0 . 074 1. 3 3 74 Au g. 0.500 99 .967 0.03 3 0.000 1 .201 9.4(2 0.703 —0 095 1 .1242 3.3,0. ... .-. ... ..- . - .  ...7 Ort. 0.000 99,97 1 0. 029 0.000 1 . 6 4 2  0 . 3 8 2  0.676 .0.097 I 256

‘0.580 .0 .067 ‘ 1.1(0
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STATION 9 -2
Grain-si. , c la sses  Sta ndard

D.t. Gravel Sand OU t Cl.y Mean Grain Site Deviation Ok....,. tur to,5.
(pci) (pot)  (pot) (pot) (p In) ( )  (phi)

1914
ll Ee. 0.000 99.933 0.067 0.000 8. 747 0.29* 0.647 .5.994 1.066
1915rr~~,. 0.009 99.901 0 . 0 1 0  0.000 1.64 5 0.31 9 0.659 .0.059 1 .214
S Nay 0.000 99.94 5 0.050 0.000 5 .5 10 0.353 0.716 -0.001 1.193
7 Aug. 0.000 99.906 0.014 0.000 1.314 0.402 0.750 .0.006 1 .133

Avera ge 0 .002 99.96 1 0.0 16 0.000 1.554 5.34 2 0. 710 .0.02 3 3.173

STATION 9.3
1974
2TEv. 0.163 99.705 0.04 9 0.000 2 . b 4 S  0 .2 2 6  0.635 .0 .240 0.036

8975
lTP ~~~. 0.005 99. 93 7  0.06 5 0.590 1 . 9 1 2  5.766 0.729 .0.073 0 .071
22 Nay 0.000 99.913 0.057 0.000 2 .3 50  0. 190 0. 494 — 0 . 2 2 6  1 . 176
12 Aog. 0.000 09.860 0.040 0.000 2 . 412 0.100 0. 443 -9.579 1.146

Av era ge 0.042 99. 906 0 .0 5 7  0 . 500 2 . 2 ( 1  0 . 2 1 9  0 . 5 7 6  - 0 . 1 0 1  0.994

STATION 9-4
1974

~~~~~~ 0.397 99.403 0.120 0. 050 1.729 0.302 0.632 -0.04 0 0.976
1979

ITT b. 1. 053 90.65 9 0.088 0.000 2.179 0. 221 0.647 -0.331 1.04 1
22 Nay 0.000 99.190 0.110 0.000 7.350 0 .19 0 0. 497 .0.220 3 . 129
12 Aug . 0.000 99.979 0.021 0.000 2.437 0.105 0 .474 .0.194 1.207

Avera ge 0.363 99.503 0.004 0.000 2.176 0.22 5 0.612 -0.200 1.064

STATION 9-0
1974
irEn. 0.000 99.922 0.010 0.000 2.2 19 0. 210 0.593 -0 .293 5.131

1975
2ö~Y~~s. 0.000 99.949 0.031 0.000 2.175 0.228 0.636 —0.292 0.929
13 N.y 0.000 99.900 0.100 0.000 2.354 0.210 0.570 -0.256 2.031
12 Aog . 0.000 99.081 0.019 0.000 2 .201 0.21 8 0.650 —0.321 5.054

Average 0.000 95.938 0.062 0.000 ~~~3T318 0. 2 (1 0.617 -0.290 1. 036

STATION A
1974

18 Nov. 0.000 99.861 0.139 0.000 2.203 0. 21 7 0.715 0.156 1.014
1970

2’
~~V~ b. 0.000 99.892 0.108 0.090 2 .294 9. 204 0.595 -0.246 1. 14 5

20 May 0.000 99 .828  0. 174 0.000 2. 433  0 .195  9.-’95 -0.199 1.227
12 Aug . - - -  --- -- - - - -  - - -  - - -

Average 0.000 99.660 0.140 0.000 2.310 0.202 0.603 - 0 . 2 0 0  1 . 1 2 4

St0Xt0394 I
974

1 Nor. 0.000 99.878 0.129 0.000 2.213 0.2(6 0.502 .0.236 1.262
1975

2~~1 b.  0 .502 99.34 1 0.107 0.000 2.169 0.222 0.744 -0.302 1.177
20 Nay 0.000 100.000 0.000 0.000 2 .330  0 . 199 0 . 56 2  .0 .24 3 1.134
12 Aug. 0.000 99.806 0 . 1 1 4  0.000 7. 447 0 .183  0.554 -0.09 8 1.37 6

Average 0.126 99.775 0.1 00 O.500 2.208 0.200 0.665 .0.2)7 1 .237

L 
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APPENDIX C

TRANSECT PARTICLE-.SIZE DISTRIBUTION DATA

Particle-size distribution as percentage of total sample

weight and statistical data using formul as by Folk and

Ward (1957) for sediments collected on each transect.
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31JoNSFCT I
C e a lv - s i I e  C l o s e s

Station Data Ora,nl Sand S i l t  C l a r  Hair Grain  S i t e  O a , i a t o o v  Slant... aur tc .s .(pot)  (p ot )  (p o t )  (p ot )  (pl o )  ( )  (p h i )( 9 7 4
1—I iT~~ o.  4 .564 95,599 5 .575  0.000 (.4 51 0 . 25 )  0 . 9 01  -0 245 1 .29 a8 -2  12 960 . 0 . 1 1 9  99.000 0.0 0 5 0.000 (.59 0 0.530 0 561 -0.047 ( . 0 ( 71-3 22 Moo. 0.000 09.887 0 . 1 ( 3  0.000 0.3 11 0.202 0 529 .0 .270 1.196
1— 4 21 PU n. 0.000 09.564 5.136 0.000 2.270 0.207 0 501 .0.005 5.176
5-5 89 Non . 0.3(4 99.649 0.017 0.009 5 .906 5.297 0 027 -0 .079 0.944I - I  S Dot . 0.044 99 .090 0.066 0.000 1. 97 8  0.294 4.635 -0 . 01 1 0. 730

897 0
8.0 rfl.. 0.000 99.973 0.007 0.000 1.570 0.107 0.467 .0 164 1.099S - I  4 Fob. 0.000 99 .990 0.002 0.000 1.659 0.5(7 8.9(3 .0.252 8.0951 -2 1 Fob . 0.000 99.960 0 .04 0 0.000 2 090 0 .2 50 0. 635 . 4 .2 (0  0. 790
1 -3  6 Fob.  0.000 99.994 5,54 6 0.000 2.400 5,198 0. 47 5  .0 .1 90 8 . 5 5 6
5 -4 4 Feb. 0.000 99 0 52 0.068 0.000 2 .2 1 4  0.2(5 0.615 -0.299 I 0411 -5 28 Fob . 0.l~~ 99.575 0,000 0.000 1 ,193 0 ,437 0.99 5 -0.26 9 0 925
1-1 S Nor. 0.134 99.4 50 9.087 0.000 1.691 0 3(0 0.749 .0 044 I 009
1—I 2 Apr . 0.136 99.564 0.000 0.000 8 .774 0.292 0.575 00.217 0 943
I-I 2 Nay ‘ 0.000 99.929 0.071 0.000 2,079 0.237 0.625 .0.145 0.797
8 -2 1 Nay 0 . 1 1 3  09 .575 0.009 9.000 1. 734 0.501 0 . 7 3 9  .0 046 1.098
8.3 6 Nay 0 000 99.944 0.0(6 0.000 2.275 0 . 206 0.910 - 0 . 2 7 0  1 . 1 8 8
1-4 6 Nay 0.000 100.000 0.000 0.000 1 .592 0.269 0.679 00.116 0 755
I - S 82 Nay 0.000 99.9 94 0.046 0.000 2 .56 1 0.225 0.609 .0.2 1 1 0 540
1—1 4 JaN. 0.000 89.963 0.057 0.000 8.668 9 .51 4  0,85 0 - 0 .033  0 . 9 5 9
1-1 2 Jol y 0.000 99.94 0 0.060 0.000 1.111 0.460 0,526 .0.020 - 0.9 15
I - I  4 Aug . 0.000 99 .944 0.006 9.0.00 1.423 5.3 0 0.525 ‘0.030 1.122
1-2 7 Aug. 0.000 99.900 0.041 0.000 2 .325 0.200 0,922 -0.250 1.143
1-3  13 690. 8.613 05.300 8.0(7 0.000 2.244 0.211 0.956 -0.009 8.160
1-4 (5 065. 0.000 99.902 0.015 0.000 3.115 0.131 0.631 .0.2 09 0 .792
5-5 13 A 90 . 1.570 95. 414 0.016 0.000 2.029 0 .215 0.505 -0 550 0.577
1.1 2 Sept. 0.000 09.975 0 .02 3  0.900 1.04 3 0.320 0.537 -0 .034 0.947
1—I 2 0 0 0 .  — - —  ——— — . —  —— — ——— ---

Av.raga 0.340 99.620 0 .04 1 0.090 1.999 0.276 0.669 .0 .11 7 0.999

TRAN SECT 2
1974

2.8  1Y~~~v. 0 .152 99. 732 0.OS S 0.000 1.912 0.266 0. 748 -5 . 003  0.906
2-2 II PUn . 0.000 99.786 0.214 0.000 2.814 0.251 0.6(7 -0.209 0.798
2-3 19 PUn . 0.138 99.730 0.839 0.000 2.062 0.240 0.695 -0.269 0.579
2.4 21 Non . 0.091 99.570 0.040 0.000 (.556 0.276 0.7(0 .0.020 0.924
2-5 19 Non . 0.044 99.870 0.040 0.000 2.001 0.290 0.540 -0.4 ( 6  1.005
2-I 3 Don . 0.048 99.951 0 .021 0.000 5 . 096 5.269 0. 752 -0.091 8. 033

1973
2-1 ~~~~~~~ 1.599 98.556 0.545 0.000 1.62 9  0.3 2 4 0.900 . 0 . l~~0 0.951
2. 1 4 F.b . 0.000 99.990 0.010 0.000 1.845 0.270 0.624 .C i65 0. 752
2-2 4 Fob. 0.000 99.970 0 .022 0.000 2.0(7 0.247 0.642 .0.105 0.745
2-3 A Fob . 0.000 99.995 0.017 0.000 2.410 0.854 0.470 -0 (85 1 .160
2.4 6 Feb. 0.040 99.947 0.015 0.000 1 .590 0.270 0.835 .0.111 0,754
2.5 21 Fob. 0.247 99.997 0.DSS 0.000 2 .323 0.200 0.995 .0.247 1.229
2-I S No r . 0.517 99.803 0.000 0 .000 1. 475 0. 360 0.552 -0.01 1 1.390
3- I  2 Apr. 0.000 100 .000 0.000 0.000 I .S23  0.340 0.343 .5.545 0.580
2-I  2 Ha y 0.247 99.739 0.014 0.000 1. 432 0.370 0.666 .0.059 1. 309
2-2 2 N.y 0.000 99.987 0.013 0.000 2 .0 59 0.140 0.640 -0.166 0. 7S9
2-3 6 Ha y 0.000 99. 962 0.030 0.000 2.412 0.110 0.454 -0.176 1. 137
2—1 6 Hay 0.000 99.906 0.014 0.000 1.94 1 0.260 0. 716 .0.169 0. 577
2.5 1 2 Nay 0.000 99.967 0.033 0.000 2 .227  0 . 2 8 4  0.627 .0 .5 2 5  8 . 180
2-I 4 Jon. 0.000 500 .000 0.000 0.000 0.8 96 0.53 5 0.745 .0.297 0.987
2-1 2 Jul y 0.000 99.944 0.005 0.000 1.604 0.5(1 0.040 -0.061 0.995
2- 1 4 Aug . 1.855 90.001 0.081 0.000 1.470 0.381 0.936 .0.995 1.53$
2-2 7 Aug. 3 .240 96. 730 0.030 0.900 0.960 0.057 9.771 -0.204 0.973
2-3 13 0u9 . 0.000 09.904 5.596 0.000 2 .2 10  0. 21 9 0.560 -0.267 8 . 009
2-4 I S Aug . 0. 000 99 .94 0 0.055 0.000 2.410 0.157 0.460 .0.190 1.859
2-5 13 Aug . 0.000 99.904 0.044 0.000 2.304 0 . 102 0.9(6 -0.230 (.865
7.1 2 Sept . 0.156 99.722 0.093 0.000 ( .064 0.275 0.790 -0.829 0.005
0-5 2 000. 0.163 99.551 0.006 9.090 2 .61 ’ 0.326 0.705 .9.054 (.254

Average 0.205 99.664 0.04 0 0.000 1 9 13 0 . 2 7 4  0.663 - 0 . 1 ( 0  ( . 005

TRANSECT
1974

3—1 ~~~~~~ 0.673 99 .227  5,100 0.000 1.9 14 0.254 0.64 4 . 0 .1 4 0  0. 07 1
3-2 12 Non. 8.043 90.549 0.507 0.000 2 .000 0.200 0.103 -0.233 0. 946
3—3 21 Ho,. 0.000 09.089 0.110 0.000 2 . 62 1 0 (57 8 .498 .0 .19 4  1 . 172
3— 4 28 No,. 0.000 99.910 0.04 2 0.000 2.167 0.223 0.009 -0 .26 0 0.504
5— S IN PUn . 0.000 99.925 0 .072  0.000 2.106 0.232 0.644 -0 .22 5 0. 199
3.1 3 0.t . 0.000 99.950 0.050 0.000 1 643 0.720 5.44 3 .5,055 (.557

1475
5-1 f l i a.  0. 404 99. 465 9.093 0.000 5 . 705 0. 295 0. 776 -O.01 b 0.999
3—1 4 Fob. 0.247 99 .597 0.155 0 .000 2.322 0.000 0.5 95 — 0 . 247 ( . 230
3—2 I Fob . 0. 37 0 99.497 0 .12 4  0.000 1.507 0 .2 56 0. 119 .0.04 1 0 . 969
3-3  6 Fob. 0.000 99.576 0 .12 4  0.000 2. 440 0.154 0. 445 .0.176 8 . 140
5-4 6 Fob. 0.000 99. 034 0.046 0 .000 2.893 0.219 0.608 -0 .255 0. 804
3.5 3t p46. 5.000 99.970 0.030 0.900 2 .33 1  0.199 0 . 5 2 9  - 0 .263  1 . 144
3-I S N.r. 0 . 0 51  99.519 0.008 0.000 1.623 0.325 0.614 .0 .000 1. 351
3-8 2 Apr . 0 .0 74 99.97 8 0.000 0.000 1.442 0.365 0. 462 -0 .16 3 1. 097
3.1 2 N.y 0.000 99.905 0. 015 - 0.800 8 . 0 7 5  0.335 0 .65 0  .0.011 1. 124
3— 2 2 Hay 0.000 99.929 0 .07 2 0.000 2. 106 0.232 0.613 .0 . 175 0. 776
0—1 6 Hay 0.000 99.925 0.075 0.04)0 2 . 4 1 3  0.1 55 0.454 .0 .172 5 . 820
3— 4 6 Hay 0.000 99.975 0 . 0 2 2  0.000 2 . 154 0. 22 5 0 .602 -0.20 1 0. 932
3-S 12 Hay 0.000 99.966 0.034 0.000 2 .897 0.215 0.509 .0.269 5.009
3—I 1 it_a 0.275 99.622 0 .101 0.000 1.784 0.305 1.543 .0. 460 0.144
3-I  2 Pulp 8.239 95.743 0.023 0.000 1 .680 0.526 0.009 .0.027 5.003
3.5 4 94g. 0.000 99 .995 0.052 0.000 0.000 0.325 0.003 .0.001 1.037
3—2 7 aug. 0.000 99.945 0.012 0.000 2.171 0.222 0.609 .0.266 0. 992
3_ I I I  Au g . 2.209 97 .762 0.029 0.000 2.050 0.240 0. 751 .0.34 5 5.030
3.4 II  Hag . 0.000 99 . 964 0.032 0.000 2 . 41 3 0 .155  0.496 .0.854 1. 556
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TRANSECT 3 (Conn)nso.4)
Gr a 4o- . ) ga  Clans. .

Stat ion Not. Cran e! Saud S i l t  !‘T~~ 14.an Cr o on S.,. D o o o . P O , n .~~~~.!9~!!.~... 
kOLO.05.S.!.

(p ot) (pot) ( p.0) ~~ pCt ) (p h. )  ( )  (p h ’)
8975

3— S sTI~g. 0.000 99.92 0 0.050 0.000 2 . 3 2 3  0.200 0,04 7 .0 .262 8.134

3-0 2 Sopt. 0.04 3 99.592 0.066 0.000 5.687 0 . 3 8 0  0.606 .0.123 (.233

S-I 2 0,0. 0.460 99.625 0.012 0.000 7.01 4 0.740 0.670 -0 .161  • 0. 799

Avorug. 0,204 99.416 0.086 0.080 2. 004 0 . 2 5 3  0.637 .0 . 148 Li~~ii~
TOANSOCT 4

5974
4.1 1T~~ n. 0 .000 99 .861 0.030 0.000 8 . 5 5 7  0. 340 9.559 .0 . 026 1. 3.64
4. 2 15 Non . 0.000 99.992 0 .8 30 0.000 (.920 0.263 0.633 .0 .076 0. 744
4 - 3 26 Nan . 0.000 99 .960 0.040 0.600 5 .920  0.264 0.639 uO .0 77 0. 140
4.4 26 Nov . 0.000 99.956 0.044 0. 000 2 .209 0.219 0.594 .0.272 0.660
4-6 19 N.e. 0.000 99.902 0.098 0.000 2. 29 2  0.204 0.50 0 .0 .299 1.190
4.8 3 0.0. 2.305 97 .66 3 0.051 0.000 5. 491 0.396 0. 461 -0 .157  8 . 2 7 3

0 975
4. 1 run . 1.943 98.005 0.053 0.000 1.969 0 . 337 0.647 .0.002 1 .473
4-1 I Fob. 0.000 99.920 0.090 0.000 0. 03 2 0 . 2 5 1  0.615 .0.184 0.500
4-7 4 F eb . 0.035 99.95 8 0.052 0. 000 2.03 1 5 . 2 4 5  0 .62 3  -0.07 4 0 . 74 1
4.3 00 Feb. 0 .000 89.506 0.844 0. 000 2.1 00 0 . 2 1 9  0.600 -0 . 207 0.596
4-4 10 Fob . 0.000 99.974 0.036 0.000 0.202 9 . 2 8 7  0. 992 - 0 .263  0.929
4-5 21 Feb . 0.500 99.889 0.112 0.000 2 . 8 2 0  0.229 0. 749 .0.397 1. 0 1 2
4-1 5 NaO. 0.000 99.997 0.003 0.000 1.617 0. 326 0.53 !  .0 .161 1. 15 7
4-3 2 Apr . 0.000 100 .000 0.000 0.000 5 .511 0.349 0. 457 .0. 103 1.020
4.1 S Nay 0 .759 99.244 0.000 0.000 1.92 4 8.34 5 0. 517 •0 .003 1.300
4-2 0 N.y 0.000 99.834 0.066 0.000 2. 039 0.244 0.624 -0 .092 0. 744
4-1 19 Nay 0.000 99.933 0.067 0.000 2. 44 9 0 .30 3  0. 433 - 0 . 8 62  1.083
4-4 19 Nay 0.000 99 .967 0.033 0.000 2.221 0. 214 0. 052 -0.276 5.003
4-5 02 N.y 0.000 99.003 0.007 0.000 2 . 2 3 1  0 . 2 13  0. 570 -9.260 0.990
4-1 4 J 94. 0.000 800 .000 0.000 0. 900 1 .05 2  0.348 0.3 01 .5. 049 1. 2 1 9
4-3 2 July 0.000 99.970 0.050 0.900 1. 786 0.304 0.721 .0.063 1.064
9- 1 4 Aug. 0.000 99.954 0.043 0.900 1. 577 0 .330 0.648 .0.09 8 1.324
4-2 7 Aug. 0.000 59 .977 0,023 0.900 2.556 0.22 4 0. 615 -0.264 0.567
4-1 I I  Aug . 0.000 99.436 0.864 0.000 2.096 0. 215 0.590 -0.256 0.904
4-4 11 Aug . 0.000 99.970 0.030 0.000 2. 400 0.175 0.351 .0.049 0.016
4-0 11 Aug . 0 .000 09.070 0.030 0.000 2. 477 0.150 0. 410 -0.151 1.05 6
4-1 2 Sept . ---  - - -  - - -  --- - - -  - - -
4-3 2 Ott. 6.967 93.014 0.020 0.900 8 . 2 1 6  0. 130 8 . 1 1 9  -5.376 2.026

Anonigo 3 - 445 99.504 0.091 0.000 5 . 934 0.269 0.591 - 0 , 1 0 3  1 .06 ’?

TRANSECT S
1914

S-S 1T~~~v. 0.000 99.922 0.075 0,000 8 . 6 2 7  0 .52 4 0 .6 2 4  .5.075 5 . 3 4 4
5.3 11 Nov. 0.000 99.946 0.054 9.050 (.094 0.269 0. 633 .0. 107 0 .75 5
5-3 76 Non. - 6.000 99.941 0 .059 0.000 2 . 1 8 9  0.230 0.637 - 0 . 239 0. 410
S—4 26 Nov. 0.000 99.003 0.117 0.000 2. 559 0 . 89 5  0 . S34 - 0 . 259 5.2 04
5.5 59 Nan. 0.000 99. 958 0 .049 0.000 2.294 0.204 0.572 ‘0.294 1 .303
5—1 5 S.. . 0.000 99.946 0.054 0.000 1. 5 70 0 .272 0.634 *0 . 12 5  0.759

1 979
s-s W~~~ ,,. 1. 425 95 . 52 2  0.050 0.300 1 . 729 0.30 2  0. 791 -0.004 1.07 4
0—1 4 0.6 . 0.516 99, 392 0 .032 0.500 1. 7 19 0. 304 0. 553 .0 .2S 1 1.063
5-2 4 Feb . 0.000 99.916 0.004 0.000 2 . 540 0. 221 0 .995 -0.246 0 , 5 7 7
5-3 10 P06. 0.000 99.924 0.076 0.000’ 2 . 1 7 5  0 .22 1  0.604 -0.244 0.962
5-4 60 Fob. 0.000 99.930 0.070 0.000 2 . 414 0.814 0.179 -0.296 0 . 2 14
5—S 21 Fob. 0.015 99 .967 0.016 0.000 2 . 1 0 9  0.244 0. 712 -0.38 1 1 . 8 46
0—I 1 Ha, . 0.004 59 .946 0.031 0.900 1. 134 0.292 0.391 .0 .233 0.905
5—1 2 Apr . 0.000 99.974 0.026 0.000 5.666 0.311 0. 545 .0.244 8 .074
0—1 S Nap 0.000 300.000 0 .000 0.000 (.69 1 0 .31 1  0 .5 54  .0 .230  1 .075
5-2 S Nay 0.000 100 . 000 0 .000 0.000 2.004 0.249 0.634 -0 .033 0.734
5-3 19 Hay 0.000 99.943 0 . 057 0.000 2.34 9 0.596 0.495 .0.252 1 .522
5-4 59 ‘lay 0.900 100.900 0.000 0.500 2 . 1 4 7  0 .226 0.609 -0.237 0.032
5-5 82 HAy 0.000 99 996 0.004 0.000 7 . 3 ) 7  0.2 0 1 0 .521 - 0 .2 5 3  1 . 1 1 3
5-1 4 J9ppa 0 .177 94.020 0.904 0.000 1.3 4 9  0 .347 0. 510 00.063 1 .272
5-) 2 J u l y 0.500 99 .067 0 . 133  0.000 1. 726 0.302 0.609 .0.157 1 .077
0-1 .4 Au g. 0.000 99.904 0.016 0.000 ( .544 0. 34 3 0.564 .0 .024 1 . 335
5- 2  7 Aug . 0.000 99 .955 0 . 0 ( 2  0.000 1.69 2 0.512 0.723 *0.069 1 . 155
9 -3  5 Aug . 0.000 99.995 0 . 005 0 .000 2 .0 51  0 . 7 4 1  0. 644 -0.150 0 . 756
5-4 0 Au 1. 0.000 99. 961 0.039 0,000 2. 4 06 0 . 1 0 6  0. 472 .0.106 1.174
5 . 9  5 Aug . 0.000 99.976 0 .024 0 .000 2 . 4 25 0 . 108  0 .498 0 .2 10 1 . 273
S-I 2 Sept .  0.000 99 .909 0 .0 )1  0.000 (.630 0. 327 0.63S .0.090 1 . 290
5—5 Z O o . - - -  ‘ ‘-  - - .  - - -  -- — — . .  ‘— .

A,.r.g o 9.051 99, 575 0 .041  0 000 1.95 3 0. 251 0.992 “0.055 5.051

TRANSFC’T 6
(974

6- 1 iT~~~ n .  0.000 99 .9 7 7 0 . 023 0 .000 ( . 5(0 0.30) 0.407 .0.063 1.007
6 -2  I I  Non. 0.052 99. 4)6 0.030 0 .000 1. 655 0 . 3 ) 2  0.947 .0, 241 8 .072
6-3 76 N or. 0.000 99.909 0.092 0 .000 2. 150 0. 2 3 3  0.64 4 -0.204 0 , 704
6.4 26 No. . 0.000 99.910 0.060 0.009 2 . 320 0. 290 0 . 54 4  - 0. 2 65  1 , 1 4 2
6-5 19 ‘Inn. 0.000 99 907 0.048 0.0490 2 .252 0.250 0.560 -0.303 1 , 166
b—I 3 D on .  0 . 2 2 9  99. 7 30 0.04 8 5,900 1 . 6 1 6  0. 326 0. 493 .0,256 5 . 101

(075
6- I  ~~T~’0. 0.5 63 9 9 .42 5  5.010 - 

0 .990 0.777 0.941 0.S90 .0.245 0.910
9-I  4 Fob.  0 .01 8 9 4 . 97 3  0 . 0 ( 5  0.000 ( . 669 0 . 3 ( 4  0.0 7 5  .0,230 1 .016
6. ? 4 F eb. 0.000 99.954 0.040 0.000 2.03 7 0 .2 4 4  0.632 - 0 . 1 1 4  0 . 24 6
6-3  10 Fob . 0.000 99.906 0.094 0 . 000 2 . 31 1  0 .200  0.933 - 0 . 2 9 9  1 . 1 9 06-4 (9 F eb. 0.000 99. 029 0. 075 0.9(30 2 . 7 7 3  0.207 0. 57 5 .0 . 501 1. 1 7 9
6— 0 31 Fob. 0.000 9 9 . 9 3 9  0 .0 61 0 ,000 2 4 S9 0 , 1 5 7  0. 4 35 . 0 . 1 0 9  1 .1 49
6- i  S P U r .  0.000 99. 994 0, 046 0, 900 ‘24 0 . 3 0 3  0.650 . 0 . 1 0 2  5 . 1154.1 2 apr .  1.039 99 .959 0.002 0 . 000 1 . 51 3 0. 350 0 . S 3I .0.002 1 . 1546.1 S Nay 0 . 3 0 4  99 . 600  0.000 0 000 8. 703 0.307 0.605 .0.130 5 . 2 1 26.2 N Play 0. 000 99. ’ll 0.079 9.0410 2 . 1 7 1  0.230 0.605 - 0 . 5 9 8  0. 787
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TL6JISECT 6 (Cort insoed )
Grain-si,. d unn.. Standard

09.1189 Dat . ~~~~~~ Sind S i l o  Clay Noun Gr ui n Site Doviut ioO 56.000.. kart010I
(pot) (pot) (pot )  (pot) (phi)  (t_ ) (ph i )

6—3 1TWy 0.000 96.969 0.035 0.000 2. 439 0.104 0.449 -0.169 1.113

6—4 19 N.y 0.000 99 .990 0.08 0 0.000 2.3 14 0 .2 16  0.586 -0.269 0.946
6—5 13 Nay 0.057 99.84 2 0.10 5 0.000 2 .27 0  0.20 1 0.192 0.31 4 1 . 2 5 7
6—1 4 Jw.. 0.079 99.901 0.021 0.000 1.370 0.30 5 0. 491 -0.212 1.1)4

6-S 2 July 0.000 99. 942 0.001 0.000 1. 746 0.209 0.5 05 .0.238 0.965
6—1 4 Aug. 0.755 98.227 0.054 0.000 1. 470 0 .359  0. 743 -0.030 1.273
6-2 7 Aug . 0.000 99.994 0.006 0.000 1.010 0 .2 45  0. 665 .0.112 0.901
6-3 $ Aug. 0.040 99.995 0.009 0.000 7.162 0.724 0.620 -0,295 0,900
6-4 $ Aug . 0.000 99.994 0.016 0.000 2.3)4 0.201 0.567 .0.279 1.163
6-5 8 Aug . 0.194 99.720 0.109 0.000 2 .43 0  0 .161  0.454 - 0 .5 0 0  1 . 1 9 1
6-1 2 Sapt. 0.000 99.984 0.0)6 0.000 (.519 0.319 0.54 5 .0.040 1.369
6-5 2 Ott .  0.000 99 . 94 2 0.050 0.000 1.494 0.268 0.6 17 u0.53$ 0.761

Av...go 0 . 1 1 9  99. 037 0.04 4 0. 800 1 . 9 2 0  0 . 2 7 0  0.066 0.062 1.061

TRANSECT 7
1974

7-I iT~~ v. 0.000 99.919 0.002 0.000 1. 490 0 . 356 0 . 3 2 5  0.000 0.734
7-2 11 Non. 0.000 99.972 0.020 0.000 8.695  0.309 0.095 .0.173 1.169
7-3 22 Nov . 0.000 99.940 0.060 0.000 2.09 3 0.236 0.64 6 -0 . 591  0. 775
7-4 22 Ha n. 0.000 99.966 0.034 0.000 5.993 0.201 0.742 -0. ~) 0.912
7— 0 19 Nov . 0.000 99.930 0.070 0.000 2.220 0.213 0.596 .0.290 1.103
7— 5 3 Dad . 0.000 99. 946 0.064 0.000 1. 711 0.306 0.S63 *0.245 1.052

1970
7-1 f l u.  1.035 90.903 0.082 0.000 5 . 727 0.302 0. 737 .0 . 044 3 . 1 2 0
7-1 5 P .6. 0.15 1 99.439 0.910 0.000 1 . 792 0.20 9 0. 509 .0.234 0.000
7— 2 1 Fob . 0.000 00.95 1 0.049 0.000 1 .143  0.2 99 0. 570 0 0 . 2 47  5.009
7-3 11 P.6 . 0.000 99.915 0.065 0.009 0 . 709 0. 3.06 0.152 .0.246 3.660
7—4 11 Fob. 0.000 99.94 9 0.0 08 0.000 2.162 0.223 0.624 -0.260 0. 576
7-5 20 Fob. 0.000 99.96 2 0.033 0.000 2.064 0.239  0.64 1 -0 .17) 0.762
7-3 S Na r. 0.027 99.933 0.04 0 0.000 1.517 0.34 9 0.6)9 .0.012 1.331
7-1 3 Apr . 0.000 100 .000 0.000 0.000 1.469 0 .36 1  0 . 4 2 9  -0 . 149  1.049
7-1 5 N.y 0.000 100 .000 0.000 0.000 8.659 0.317 0.656 .0 .006 1.265
1-2 S Nay 0.000 99.99 1 0.009 0.000 2 .072 0.230 0.6)9 .0.134 0. 75.4
7-3 22 N.y 0.000 99.41 3 0.157 0 .050 2 . 4 3 3  0 . 105  0. 443 -0 .169  1 . 1 1 3
7—4 22 Nay 0.000 09.901 0.099 0.000 2.332 0.599 0.S16 -0.217 1.123
7-5 13 Play 0.000 99.057 0.143 0.000 2.454 0 . 5 5 2  0. 43 5  — 0 . 1 6 1  1 .00 0
7—1 4 Jw,. 0.000 99.969 0.032 0.000 1 .5 0 3  0.334 0. 459 .0,169 1 . 1 1 5
7—1 2 July 0.000 99.93 6 0.074 0.000 1.076 0.272 0.6)1 .0.170 0.770
7-1 4 Aug . 0.000 99 .909 0.01 1 0.900 1. 3 3 9  0.396 0.64 2 -0.1)0 1.267
7-2 7 Aug . 0.000 49.97 4 0.026 5.000 1.535 0.2S2 0.617 ‘0.109 0.006
7-3  14 Aug . 0.000 99.960 0.040 0.000 2.2 6 4 0 .210  0.607 -0.31) 1.247
7-4 14 Aug . 5.900 99.97S 0.025 0.000 2.422 0.101 0.497 -0.104 1. 166
7-5 14 Aug . 0.000 99.953 0.541 0. 000 2 .310 0.201 0.562 -0 .2 73 1.15 1
1—1 2 Sept. 0.116 99.070 0.006 0.000 1.397 0 . 300 0.596 -0.111 1.261
7-5 2 Ott .  0.000 99.902 0 .01 9  0.000 0.S76 0.336 5. 460 .0.566 5.108

Averalo 0.049 99.909 0.047 0 . 300 1. 090 0.277 0.567 -0.036 1 .039

TPAJ4SECT 0
1974

0- 1 lT)~,. 0.000 99.916 0.001 0. 000 1 .5 12 0.358 0.572 -0.007 1.400
8-2 11 Nov. 0.000 99.954 0.046 0.000 1.90 1 0.26 8 0.634 nO .095 0.750
0-3 22 Nov. 1.672 90 .300 9,520 0.9001 2.569 0.222 0.629 -0.269 0.991
0-4 22 Nov. 0.2)6 99.745 0,039 0.000 2.055 0.241 0.740 -0.315 0.993
5— 5 1$ Nor. 0.595 99 .046 0.070 0.000 2.165 0.223 0.637 -0.201 0.490
8—1 3 Doe . 0.000 99.916 0.004 0 . 000 5 . 791 0.20 9 0.606 .0.216 0.002

1975
9-1 ri~. 0.101 99.034 0.565 0.050 1 .364 0.349 0.674 -0.1)5 1.334
N - I  S Fob . 0.000 99.903 0.097 0.000 7.069 0.230 0 .61 9  - 0 . 1 3 1  0. 753
9-2 5 Feb. 0.000 99 .94 6 0 .054 0.900 1 , 795 0.280 0.605 .0.217 0 .994
0-3 11 Feb. 0.000 99.913 0.097 0.000 2. 420 0.197 0. 460 -0. 192 1 . 1 6 2
8— 4 11 Feb . 0.000 99 . 924 0.076 0.000 2 .073  0.239 0 .633  — 0 . 1 6 7  0. 163
9-5 20 Fob . 0. 002 99 .92 9  0.073 0.000 2 .260 0.209 0.560 -0.260 3.006
0-1 S Var. 0.000 99.906 0.914 0.000 1.499 0.104 0 .872  -0.009 1.313
5-1 2 Apr. 0.000 800 .000 0.000 0.000 2 . 4 5 1  0 . 1 93  0. 442 -0 .1 60  1.084
I-I S (lap 0.000 (00.000 0.000 0.300 0.433 9.370 0.847 -0.168 1.110
9-2 S May 0.000 99.997 0.003 0.000 5. 790 0.291 0.599 00.228 0.094
6-3 22 N.y 0.000 99.995 0 .005 0.000 2.191 0.220 0.594 -0.234 0.057
9-4 22 N.y 0.000 99.966 0 .834 0.000 2.440 0.103 0.431 0.164 1.099
9-S 13 May 0.000 99.946 0.054 0.000 2.1 54 0 .220 0.600 -0.239 0.865
9-1 4 Jun. 0.991 99.009 0.000 0.000 1.47 4 0.360 0. 4S9 - 0 . 5 2 5  1 . 1 7 5
4-1 2 July 0.000 99.940 0.060 0.000 1.510 0.351 0.572 .0.005 1. 362
5-) 4 Aug. 0.000 94.975 0.025 0.000 1.1 71 0.444 0.670 0.095 0.099
9-2 7 Aug. 0.000 99.994 0.008 0,000 1.179 0.359 0.570 -0 .016 1.368
9-3 14 Aug. 0.000 99.912 9.058 0.030 2 .208 0.215 0.594 -0 .204 1 .009
9-4 54 Au g. 0.000 99.9 87 0.09 3 ‘ 0 .050 2. 422 0.107 0. 452 -0.174 1 .132
9-5 14 Aug. 0.000 99.94 7 5,05 3 0.000 2.301 0.203 0.560 -0 . 275 1.534
0- 1 2 Sept . 0.000 99.966 0.034 0.000 1 .276 0.453 0.570 -0.243 1.039
0-1 2 Oct. 0.067 99.060 0 .073  0.000 1.605 0.150 5 .954 .0.240 1.079

Averag e 0 . 1 4 1  9 9 . 8 1 0  0.050 0.000 1.946 0.279 0 .579 -0 . 1 04 8.039

‘44

— _~_~~~~
A ’ -- .

~~~~~ _ __..~~~ ! ,—~ ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ .



TSM4SECT 9
Grain-site clansen St an dard

Station Date travel Sand S i l t  C lay  Mean G r o i n  S i z e  D e v i a t i o n  Skew n ess ku r t osia
(pot) (pot) (pot) )pot) (phi) (. c)  (p hi )

1974
9-5 it”~~,. 0.000 99.903 0.097 0.000 1 . 5 2 0  0 .349 0. 424 ‘0 . 109  I . 0 S 7
9-2 II Non . 0.000 99.933 0.067 0.000 1.747 0.298 0.607 ‘0.094 1.086 4
9-3 22 Non. 0 .8 6 3  99. 700 0.049 0.000 2. 14 5 0. 226 0 .630 -0 .248 0 .036
9-4 22 Non . 0.397 99.483 0.120 0.000 1. 729 0.302 0 . 8 3 2  -0.040 0 . 9 7 6
9-S II Nor. 0.000 99.922 0 .070 0.000 2 . 3 4 8  0 .2 10  0. 593  -0 . 2 93  1 . 1 3 1
9-I 3 0... 0.000 99 .975 0.025 0. 000 1. 3 A 0  0.390 0.6 50  0 . 1 1 2  1 . 3 2 1

1975
9-I r~~ 0. 0.000 99.964 0.036 0.000 1 .169 0. 445 0.666 -O Il S 0.96S
9-1 0 Feb . 0.000 99 .990 0.002 0.000 2 . 2 5 1  0 . 2 50  0 . 5 7 3  — 0 . 284 1 .116  A
9.7 9 Feb. 0.009 99.901 0.020 0.000 1.64 5 0 .3 2 9  0.650 .0. 089 1 . 2 7 4
9-3 I I  Feb. 0.005 99 .932  0.063 0.000 1 .912 0.266 0.729 -0 . 073 0.0 71
9-4 11 Feb. l OSS 90.059 0.009 0.000 2.579 0.221 0.647 -0.331 1.04 1
9-5 20 Feb. 0.000 99.94 9 0 .05 5  0.000 2 . 1 1 5  0 .221 0.636 - 0 .2 9 2  0.82 9
9-1 5 Nov . 0.000 100 . 000 0.000 0.000 1.357 0.390 0.64 0 -0 .100 1.29 6
9-5 2 Apr . 0.000 99.898 0.002 0.000 1. 464 0 .362  0 .537 -0.036 1 .3 5 6
9-I S Nap 0.061 99.939 0.000 0.000 1. 140 0.451 0.627 -0.172 0.785
9-2 S Nap 0.000 09.945 0. 055 0.000 1. 510 0.35 1 0.778 -0.004 1.193
9- 3 22 Nay 0.000 99.94 3 0. 057 0.000 2. 355 0.595 0 . 454 -0 .22 6  1. 1 3 6
9-4 22 Hay 0.000 99.990 0.150 0.000 2.359 0.195 0.497 -0.278 1.129
N-S 13 Hay 0.000 99.900 0.100 0.000 2.254 0.210 0.570 -0.216 1.031
9-S 4 Jut,. 0.000 100.000 0.000 0.000 1. 491 0 .356 0 .332  0.000 0.739
9-1 2 July 0.099 99.694 0.217 0.000 1.611 0.327 0.610 -r 074 1 . 3 3 7
9-5 4 Aug. 0.000 99.967 0.033 0.000 1.201 0,1)1 0.703 - .~.395 1.124
9-2 7 Aug . 0.000 99.986 0.014 0.000 ( . 3 5 4  0.402 0. 7 00  -0.096 1 . 1 3 3
9-3 12 Aug. 0.000 99.960 0.04 0 0.000 2 . 432 0. 105 0. 443 - 0 . 1 70  1 . 1 4 6
9—4 12 Aug. 0.000 99.979 0. 02 5  0.000 2 . 437 0 .185 0. 474 -0.194 0.207
9-S 12 Aug. 0.000 99.981 0 .019 0.000 2 . 20 1  0 . 2 1 8  0.6S0 - 0 . 3 2 1  1 . 0 5 4
5-1 2 Sept. --- -.- .-- -- -  - . .  -- .  ...
9—1 2 Oct. 0.000 99.971 0.029 0.000 1.682 0 . 3) 2  0.676 nO 092 1.2 56

Aver a ge 0.066 80.663 0 .051  0. 000 1 .014 0.257 0. 611 . - 0 . 1 2 7  1.090

STATIONS A AND 0
1974

A 1ji ~~n. 0.000 99.861 0.139 0.000 2 . 2 0 3  0 .21 7  0. 715 -0 .156  1 . 0 ) 4
o 19 Nor. 0.000 99. 871 0.129 0.008 2 . 2 1 3  0 . 2 16  0. 002 -0 .236  1 . 2 62

1975
A 20 Feb. 0.000 59. 992 0.108 0.000 2 .294 0. 204 0.5 9 5 -0 .246  1 . 1 4 5
0 20 Feb . 0 .502 99.34 1 0.157 0.000 2.169 0.222 0.744 -0.382 1 .177
A 20 N.y 0.000 99.028 0 .1 74  0.000 2. 433 0 .185 0. 491 -0 . 190 1 . 2 2 7
B 20 Hay 0.000 100.000 0.000 0.000 2.330 0.199 0.562 -0 .243 1. 134
A 12 Aug. -- -  --- --- - - -  - --  --- -.-
O 12 Aug. 0.000 99.886 0 .1 14 0.000 2. 407 0 . 1 9 3  0.554 -0.089 1.376

Average 0.215 99.911 0.117 0.000 2.290 0.204 0.639 - 0 . 2 2 2  1 . 1 9 1
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APPENDIX D

STATIO N SURFACE SEDIMENT DATA

The percentage of sample weight of total carbon , organic

carbon , and carbonate for surface sediments collected at

each stat ion.
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STATION 1- 1
Total Organ ic Carbona te

Date Carbon (.pct) Carbon (pct) (.pct)
1974
12 Nov.
3 Dec. 0,017 0.008 0.010

1975
6 Jan. 0.024 0.015 0.009
4 Feb. 0.206 0.191 0.015
5 Mar. 0.118 0.054 0.064
2 Apr. 0.101 0.087 0.014
2 May 0.123 0.010 0.113
4 June 0. 161 0.022 0.139
2 July ‘~.382 0.200 0.182
4 Aug 0 0.085 0.040 0.045
2 Sept. 0.060 0.019 0.044
2Oct. --- ---

Average 0.128 0.065 0.064

STATION 1-2
1974

12 Nov. 0.085 0 059 0.026

1975
4 Feb. 0.203 0.177 0.026
2 May 0.237 0.025 0.212
8 July 0.055 0.047 0.008

Ave~r~ge 0.145 0.077 0.068

STATION 1-3
1974
22 Nov. 0.066 0.038 0.027

1975
6 Feb. 0.162 0.154 0a008
6 May 0.089 0a078 0.011
13 Aug. 0.135 0.066 0.069
Average 0.113 0.084 0.029
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STATION 1-4
Total Organic Carbonate

Date Carbon (pct) Carbon (pct) (pct)
1974

21 Nov. 0.071 0.040 0.031

1975
6 Feb. 0.389 0.208 0.181
6 May 0.102 0.062 0.040
13 Aug. 0.083 0.011 0.072
Average 0.161 0.080 0.081

STATION 1-5
1974

19 Nov. 0.146 0.092 0.054

1975
21 Feb. 0.171 0.169 0.002
12 May 0.155 0.022 0.133
13 Aug . 0.168 0.017 0.151
Average 0.160 0.075 0.085

STATION 2-1
1974

12 Nov. O.8~9 0.043 0.796
3 Dec . 0.036 0.022 0.014

1975
6 Jan. 0.105 0.017 0.088
4 Feb. 0.184 0.155 0.029
5 Mar. 0.184 0.031 0.153
2 Apr. 0.100 0.080 0.020
2 May 0.284 0.164 0.120
4 June 0.232 0.054 0.178
2 July 0.176 0.050 0.126
4 Aug . 0.024 0.008 0.0 16
2 Sept . 0.070 0.020 0.050
2 Oct. 0.102 0.030 0.072

Average 0.195 0.056 0.138
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STATION 2-2
Total Organic Carbonate

Date Carbon (pct) Carbon (pct) (pct)
1974
12 Nov. 0.147 0.036 0.110

1975
4 Feb. 0.201 0.197 0.004
2 May 0.130 0.034 0.096
7 Aug. 1.761 0.064 1.697

Average 0.560 0.083 0.477

STATION 2-3
1974
19 Nov. 0.177 0.024 0.153

1975
6 Feb. 0.156 0.025 0.131
6 May 0.021 0.014 0.007
13 Aug . 0.159 0.097 0.062
Average 0.128 0.040 ‘0.088

STATION 2-4
1974
21 Nov. 0.066 0.056 0.010

1975
6 Feb. 0.068 0.035 0.033
6 May 0.224 0.028 0.196
13 Aug. 0.049
Average 0.102 0.040 0.080

STATION 2-5
1974
19 Nov. 0.249 0.041 0.208

1975
21 Feb. 0.125 0.076 0.049
12 May 0.223 0.025 0.198
13 Aug. 1.096 0.026 1.070
Average 0.423 0.042 0.381

49
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STATION 3-1
Total Organic Carbonate

Date Carbon (pct) Carbon (pct) (pct)
1974

12 Nov. 0.124 0.058 0.066
3 Dec . 0.039 0.033 0.006

1975
6 Jan. 0.383 0.080 0.302
4 Feb. 0.082 0.045 0.037
5 Mar. 0.100 0.061 0.039
2 Apr. 0.100 0.080 0.020
2 May 0.134 0.124 0.010
4 June 0.232 0.030 0.202
2 July 0.489 0.034 0.455
4 Aug. ~ .111 0.016 0.095
2 Sept. 0.040 0.016 0.024
2 Oct. 0.049 0.017 . 0.032

Average 0.157 0.050 0.107

STATION 3-2
1974
iYi~ v. 0.068 0.033 0.035

1975
4 Feb. 0.094 0.011 0.083
2 May 0.125 0.032 0.093
7 Aug . 0.100 0.036 0.064
Average 0.097 0.028 0.069

STATION 3-3
1974

21 Nov . 0.064 0.04 1 0.023

1975
~~~~~ 0.072 0.046 0.026
6 May 0.074 0.050 0.024

11 Aug . 0.153 0.049 0.104
Average 0.091 0.047 0.044
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STATION 3-4
Total Organic Carbonate

Date Carbon (pct) Carbon (pct) (pct)

21 Nov. 0.081 0.048 0.033

1975
6 Feb. 0.181 0.055 0.126
6 May 0.060 0.047 0.013

11 Aug. 0.125 0.071 0.054
Average 0.112 0.055 0.132

STATION 3-5
1974

19 Nov. 0.152 0.029 0.123

1975
2]. Feb. 0.118 0.070 - 0.048
12 May 0.052
11 Aug. 0.099 0.048 0.051
Average 0.105 0.049 

- 
0.074

STATION 4-1
1974

11 Nov. 0.043 0.019 0.024
3 Dec. 0.240 0.086 0.154

1975
6 Jan. 0.455 0.028 0.427
4 Feb. 0.025 0.023 0.002
5 Mar. 0.080
2 Apr . 0.102 0.063 0.039
5 May . 0.729 0.029 0.700
4 June 0.146 0.043 0.103
2 July 0.148 0.035 0.113
4 Aug. 0.059 0.019 0.040
2 Sept. --- ---
2 Oct. 0.067 0.019 0.048

Average 0.190 0.036 0.165
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STATION 4-2
Total Organic Carbonate

Date Carbon (pct) Carbon (pct) (pct)
1974

11 Nov. 0.025 0.012 0.013

1975
4 Feb. 0.094 0.032 0.062
5 May 0.090 0.028 0.062
7 Aug . 0.081 0.018 0.063

Average 0.073 0.023 0.050

STATION 4-3
1974
26 Nov. 0.054 0.051 0.004

1975
10 Feb. 0.085 0.046 0.039
19 May 0.072 0.031 0.041
11 Aug . 0.088 0.011 0.077
Average 0.075 0.035 0.040

STATION 4-4
1974
26 Nov. 0.078 0.072 0.006

1975
10 Feb. 0.077 0.062 0.015
19 May 0.051 0.026 0.025
11 Aug. 0.098 0.049 0.049
Average 0.076 0.052 0.024

STATION 4-5
1974
19 Nov. 0.039 0.013 0.027

1975
21 Feb. 0.100 0.081 0.019
12 May 0.314 0.008 0.306
11 Aug. 0.094 0.021 0.073
Average 0.137 0.031 0.106
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STATION 5-1
Total Organic Carbonate

Date Carbon (pct) Carbon (pct) (pc t~~~1974
11 Nov. 0.082 0.071 0.010
3 Dec. 0.122 0.054 0.069

1975
6 Jan. 0.684 0.112 0.572
4 Feb. 0.242 0.023 0.217
5 Mar. 0.102 0.093 0.009
2 Apr. 0.122 0.066 0.056
5 May 0.315 0.149 0.166
4 June 0.179 0.065 0.114
2 July 0.208 0.018 0.190
4 Aug. 0.074 0.020 0.054
2 Sept. 0.066 0.058 0.008
2 Oct. ---

Average 0.200 0.066 0.133

STATION 5-2
1974
11 Nov. 0.027 0.015 0.013

1975
4 Feb. 0.070 0.029 0.041
5 May 0.048 0.035 0.013
7 Aug. 0.070 0.018 0.052

Average 0.054 0.024 0.03O

STATION 5-3
1974
26 Nov. 0.803 0.043 0.760

1975
10 Feb. 0.055 0.011 0.044
19 May 0.077 0.037 0.040
8 Aug. 0.088 0.081 0.007
Average 0.256 0.043 0.213

i 
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STATION 5-4
Total Organic Carbonate

Date Carbon (pct) Carbon (pct) (pct)
1974
26 Nov. 0.080 0.072 0.008

1975
10 Feb. 0.072
19 May 0.072 0.030 0.042
8 Aug. 0.096 0.024 0.072
Average 0.080 0.042 0.041 

-

STATION 5-5
1974
19 Nov. 0.051 0.038 0.013

1975
21 Feb. 0.127 0.120 . 0.007
12 May 0.047 0.044 0.003
8 Aug 0.146 0.013 0.133 

-
Average 0.093 0.054 0.039

STATION 6-1
1974

11 Nov. 0.041 0.037 0.004
3 Dec. 0.054 0.031 0.023

1975
6 Jan. 0.248 0.047 0.202

.
~4 Feb. 0.071 0.055 0.016
5 Mar . 0.101 0.096 0.005
2 Apr . 0.131 0.127 0.004
5 May 0.127 0.035 0.O92~
4 June 0.187 0.177 0.010
2 July 0.156 0.036 0.120
4 Aug. 0.224 0.008 0.216
2 Sept. 0.045 0.021 0.024
2 Oct. 0.025 0.006 0.019

Average 0.113 0.056 0.061
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STATION 6-2
Total Organic Carbonate

Date Carbon (pct) Carbon (pct) (pct)
1974

11 Nov. 0.075 0.0S7 0.018

1975
4 Feb. 0.073 0.057 0.016
5 May 0.02S 0.018 0.007 2

7 Aug. 0.091 0.032 0.059
Average 0.066 0.041 0.025

STATION 6-3
1974
26 Nov. 0.080 0.066 0.014

1975
10 Feb. 0.072 0.043 - 0.029
19 May 0.284 0.047 0.237
8 Aug. 0.108 0.008 0.100

Average 0.136 0.041 0.095

STATION 6-4
1974
26 Nov. 0.073 0.072 0.001

1975
10 Feb. 0.118 0.021 0.097
19 May 0.141 0.039 0.102
8 Aug. 0.088 0.016 0.072
Average 0.105 0.037 0.068

STATION 6-5
1974
19 Nov. 0.079 0.026 0.053

1975
21 Feb. 0.116 0.104 0.012
13 May 0.100 0.047 0.053
8 Aug. 0.105 0.019 0.086

Average 0.100 . 0.049 0.051
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STATION 7-1
Total Organic Carbonate

Date Carbon (pct) Carbon (pct) (pc tj
1974

11 Nov. 0.048 0.023 0.024
3 Dec . 0.055 0.025 0.030

1975
6 Jan. 0.028 0.026 0.002
5 Feb . 0.098 0.082 0.016
S Mar. 0.093 ---
2 Apr. 0.087 0.063 0.024
5 May 0.056 0.024 0.032
4 June --- 0.034
2 July 0.089 0.073 0.016
4 Aug. 0.111 0.055 0.056
2 Sept. 0.049 0.021 0.028
2 Oct. 0.026 0.006 0.020

Average 0.067 0.039 0.025

STATION 7-2
1974

11 Nov. 0.045 0.040 0.004

1975
5 Feb. 0.127 0.087 0.040
5 May 0.087 0.386 0.001
7 Aug.. 0.065 0.046 0.019

Average 0.081 0.065 0.016

STATION 7-3
1974
22 Nov . 0.078 0.035 0.044

1975
11 Feb. 0.118 0.098 0.020
22 May 0.055 0.008 0.047
14 Aug. 0.085 0.075 0.010
Average 0.084 0.054 0.030

4
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STATION 7-4
Total Organic Carbonate

pate Carbon (pct) Carbon (pct) (pct)
1974
22 Nov. 0.058 0.039 0.019

1975
11 Feb. 0.111 0.075 0.036
22 May 0.046 0.005 0.041
14 Aug. 0.081 0.019 0.062
Average 0.074 0.035 0.040

STATION 7-5
1974
19 Nov. 0.063 0.053 0.010

1975
20 Feb. 0.148 0.117 0.031
13 May 0.045 0.008 0.037
14 Aug . 0.050 0.041 0.009
Average 0.077 0.055 0.022

STATION 8-1
1974

11 Nov. 0.010 0.008 0.001
3 Dec. 0.124 0.010 0.114

1975
6 Jan. 0.061 0.060 0.001
5 Feb. 0.088
5 Mar. 0.077 0.076 0.001
2 Apr. 0.076 0.057 0.019
5 May 0.040 0.037 0.003
4 June 0.195 0.160 0.035
2 July 0.087 0.044 0.043
4 Aug. 0.131 0.062 0.069
2 Sept. 0.048 0.012 0.036
2 Oct. 0.057 0.036 0.021

Average 0.083 0.05 1 0.031
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STATION 8-2
Total Organic Carbonat~Date Carbon,Jpct) Carbon (pct) (pct)

1974
11 Nov. 0.643 0.042 0.601

1975
5 Feb. 0.064 0.024 0.040
5 May 0.038 0.010 0.028
7 Aug. 0.072 0.037 0.03S

Average 0.204 0.028 0.176

STATION 8-3
1974
22 Nov. 0.059 0.033 0.026

1975
11 Feb. 0.092 0.089 - 0.003
22 May 0.050 0.050 0.000
14 Aug. 0.070 0.033 0.037
Average 0.068 0.051 0.017 

—

STATION 8-4
1974 —

22 Nov. 0.058 0.027 0.030

1975
11 Feb. 0.110 0.028 0.082
22 May 0.040 0.012 0.028
14 Aug. 0.055 0.052 0.003

STATION 8-5
1974
18 Nov. 0.511 0.030 0.481

1975
20 Feb. 0.091 0.068 0.023
13 May 0.032 0.006 0.026
14 Aug. 

— 0.047 0.043 0.004
Avcrage 0.170 0.037 0.134 

—
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STATION 9-1
Total Organic Carbonate

Date Carbon (pct) Carbon (pct) (pct)
1974

11 Nov. 0.050 0.031 0.018
3 Dec. 0.027 0.014 0.013

1975
6 Jan. 0.040 0.016 0.024
5 Feb. 0.095 0.077 0.018
5 Mar. 0.095 0.021 0.074
2 Apr. 0.064 0.056 0.008
5 May 0.028 0.022 0.006
4 June 0.171 0.047 0.124
2 July ~

‘
~.1O1 0.047 0.054

4 Aug. 0.068 0.018 0.050
2 Sept. ---

2 Oct. 0.043 0.028 - 0.015
Average 0.071 0.034 0.037

STATION 9-2
1974

11 Nov. 0.035 0.017 0.018

1975
5 Feb. 0.075 -- -

5 May 0.056 0.012 0.044
7 Aug. 0.055 0.045 0.010
Average 0.055 0.025 0.024 

—

STATION 9-3
1974

22 Nov. 0.070 0.027 0.042

1975
11 Feb. 0.106 0.064 0.042
22 May 0.019 0.008 0.011
12 Aug. 0.060 0.028 0.032
Average 0.064 0.032 0.032
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STATION 9-4
Total Organic Carbonate

Date Carbon (pct) Carbon (pct) (pct)
1974
22 Nov. 0.061 0.041 0.019

1975
11 Feb. 0.091 0.080 0.011
22 May 0.029 0.025 0.004
12 Aug . 0.063 0.007 0.056
Average 0.061 0.038 0.023

STATION 9-5
1974
18 Nov. 0.062 0.013 0.048

1975
20 Feb. 0.098 0.032 0.066
13 May 0.074 0.008 0.066
12 Aug. 0.050 0.014 0.036
Average 0.071 0.017 0.054

STATION A
1974
18 Nov. 0.113 0.081 0.032

1975
20 Feb. 0.144 0.024 0.120
20 May 0.080 0.047 0.033
12 Aug. 0.070 0.050 0.020
Average 0.102 0.051 0.051

STATION B
1974
18 Nov. 0.106 0.084 0.022

1975
20 Feb. 0.334 0.114 0.220
20 May 0.082 0.008 0.074
l2 Aug. ~~~~
Average 0.174 

— 
0.069 0.105
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APPENDIX E

TRANSECT SURFACE SEDIMENT DATA

The percentage of sample wei ght of total carbon , organic

carbon , and carbonate for surface sediments collected on

each transect.
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TRANSECT 1
Total Organic Carbonate

Station Date Carbon (pct) Carbon (pct) (pct)
1974

1-1 12 Nov. - --

1-2 12 Nov . 0.085 0.059 0.026
1-3 22 Nov . 0.066 0.038 0.027
1-4 21 Nov . 0.071 0.040 0.031
1-5 19 Nov. 0.146 0.092 0.054
1-1 3 Dec . 0.017 0.008 0.010

1975
1-1 6 Jan . 0.024 0.015 0.009
1-1 4 Feb . 0.206 0.191 0.015
1-2 4 Feb . 0.203 0.177 0.026
1-3 6 Feb. 0.162 0.154 0.008
1-4 6 Feb. 0.389 0.208 0.181
1-5 21 Feb . 0.171 0.169 0.002
1-1 5 Mar. 0.118 0.054 0.064
1-1 2 Apr . 0.101 0.087 0.014
1-1 2 May 0.123 0.010 0.113
1-2 2 May 0.237 0.025 0.212
1-3 6 May 0.089 0.078 0.011
1-4 6 May 0.102 0.062 0.040
1-5 12 May 0.155 0.022 0.133
1-1 4 June 0.161 0.022 0.139
1-1 2 July 0.382 0.200 0.182
1-1 4 Aug . 0.085 0.040 0.045
1-2 7 Aug . 0.055 0.047 0.008
1-3 13 Aug . 0.135 0.066 0.069
1-4 13 Aug. 0.083 0.011 0.072
1-5 13 Aug . 0.168 0.017 0.151
1-1 2 Sept. 0.060 0.019 0.044
1-1 2Oc t. -- -  -- -

Average 0.138 0.074 0.065

TRANSECT 2
1974

2-1 12 Nov. 0.839 0.043 0.796
2-2 12 Nov. 0.147 0.036 0.110
2-3 19 Nov. 0.177 0 .024 0.153
2-4 21 Nov . 0.066 0.056 0.010
2-5 19 Nov. 0.249 0.041 0.208
2-1 3 Dec . 0.036 0.022 0.014

- 
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TRANSECT 2 (Continued)
Total Organic Carbonate

Station Date Carbon (pct) Carbon (pct) (pct)
1975

2-1 6 Jan. 0.105 0.017 0.088
2-1 4 Feb. 0.184 0.155 0.029

4 Feb. 0.201 0.197 0.004
2 -3 6 Feb. 0.156 0.025 0.131
2-4 6 Feb . 0.068 0.035 0.033
2-5 21 Feb. 0.125 0.076 0.049
2-1 5 Mar. 0.184 0.031 0.153
2-1 2 Apr. 0.100 0.080 0.020
2-1 2 May 0.284 0.164 0.120
2-2 2 May 0.130 0.034 0.096
2-3 6 May 0.021 0.014 0.007
2-4 6 May 0.224 0.028 0.196
2-5 12 May 0.223 0.025 0.198
2-1 6 June 0.232 0.054 0.178
2-1 2 July 0.176 0.050 0.126
2-1 4 Aug. 0.024 0.008 0.016
2-2 7 Aug. 1.761 0.064 1.697
2-3 13 Aug. 0.159 0.097 0.062
2-4 13 Aug. 0.049
2-5 13 Aug. 1.096 0.026 1.070
2-1 2 Sept. 0.070 0.020 0.050
2-1 2 Oct. 0.1152 0.030 0.072

Average 0.257 
- 

0.054 0.211

TRANSECT 3
1974

3-1 12 Nov. 0.124 0.058 0.066
3-2 12 Nov. 0.068 0.033 0.035
3-3 21 Nov. 0.064 0.041 0.023
3-4 21 Nov. 0.081 0.048 0.033
3-5 19 Nov. 0.152 0.029 0.123
3-1 3 Dec. 0.039 0.033 0.006

1975
3-1 6 Jan. 0.383 0.080 0.302
3-1 4 Feb. 0.082 0.045 0.037
3-2 4 Feb. 0.094 0.011 0.083
3-3 6 Feb. 0.072 0.046 0.026
3-4 6 Feb. 0.181 0.055 0.126
3-5 21 Feb. 0.118 0.070 0.048
3-1 5 Mar. 0.100 0.061 0.039
3-1 2 Apr. 0.100 0.080 0.020
3-1 2 May 0.134 0.124 0.010
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TRANSECT 3 (Continue4)
Total Organic Carbonate

Station Date Carbon (pct) Carbon (pct) (p~ct)
1975

3-2 2 May 0.125 0.032 0.093
3-3 6 May 0.074 0.050 0.024
3-4 6 May 0.060 0.047 0.013
3-5 12 May 0.052
3-1 4 June 0.232 0.030 0.202
3-1 2 July 0.489 0.034 0.455

= 3-1 4 Aug . 0.111 0.016 0.095
3-2 7 Aug. 0.100 0.036 0.064
3-3 11 Aug . 0.153 0.049 0.104
3-4 11 Aug. 0.125 0.071 0.054
3-5 11 Aug. 0.099 0.048 0.051
3-1 2 Sept. 0.040 0.016 0.024
3-1 2 Oct. 0.049 0.017 0.032

Average 0. 125 0. 047 0.081

TRANSECT 4
1974

4-1 11 Nov . 0 .043 0.019 0.024
4-2 11 Nov. 0.025 0.012 0.013
4-3 26 Nov. 0.054 0.051 0.004
4-4 26 Nov. 0.078 0.072 0.006
4-5 19 Nov . 0.039 0.013 0 .027
4-1 3 Dec. 0.240 0.086 0.154

1975
4-1 6 Jan. 0.455 0.028 0.427
4-1 4 Feb. 0.025 0.023 0.002
4-2 4 Feb . 0.094 0.032 0.062
4-3 10 Feb. 0.085 0.046 0.039
4-4 10 Feb. 0.077 0.062 0.015
4-5 21 Feb. 0.100 0.081 0.019
4-1 5 Mar 0.080 - --

4-1 2 Apr . 0.102 0.063 0.039
4-1 5 May 0.729 0.029 0.700
4-2 5 May 0.090 0.028 0.062
4-3 19 May 0.072 0.031 0.041
4-4 19 May 0.051 0.026 0.025
4-5 12 May 0.314 0.008 0.306
4-1 4 June 0.146 0.043 0.103
4-1 2 July 0.148 0.035 0.113
4-1 4 Aug . 0.059 0.019 0.040 —

4-2 7 Aug. 0.081 0.018 0.063
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TRANSECT 4 (Continued)
Total Organic Carbonate

Station Date Carbon (pet) Carbon (pet) (pet)
1975

4-3 11 Aug . 0.088 0.011 0.077
4-4 Il Aug. 0.098 0.049 0.049
4-5 11 Aug . 0.094 0.021 0.073
4-1 2 Sept. ---
4-1 2 Oct. 0.067 0.019 0.04 8

Average 0.131 0.036 0.097

TRANSECT 5
1974

5-1 11 Nov . 0.082 0.071 0.010
5-2 11 Nov. 0.027 0.0 15 0.013
5-3 26 Nov . 0.803 0.04 3 0.760
5-4 26 Nov . 0.080 0.072 0.008
5-5 19 Nov . 0.051 0.038 0.013
5 1  3 Dec . 0.122 0.054 0.069

1975
5-1 6 Jan. 0.684 0.112 0.572
5-1 4 Feb. 0.242 0.023 0.217
5-2 4 Feb . 0.070 0.029 0.041
5-3 10 Feb . 0.055 0.011 0.044
5-4 10 Feb. 0.072
5-5 21 Feb. 0.127 0.120 0.007
5-1 5 Mar. 0.102 0.093 0.009
5-1 2 Apr. 0.122 0.066 0.056
5-1 5 May 0.315 0.149 0.166
5-2 5 May 0.048 0.035 0.013
5-3 19 May 0 .077 0.037 0.040
5-4 19 May 0.072 0.030 0.042
5-5 12 May 0.047 0.044 0.003
5-1 4 June 0.179 0.065 0.114
5-1 2 July 0.208 0.018 0.190
5-1 4 Aug. 0.074 0.020 0.054
5-2 7 Aug . 0.070 0.018 0.052
5-3 8 Aug. 0.088 0.081 0.007
5-4 8 Aug. 0.096 0.024 0.072
5-5 8 Aug. 0.146 0.013 0.133
5-1 2 Sept. 0.066 0.058 0.008
5-1 2 Oct. --- ---

Average 0.153 0.052 0.104
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TRANSECT 6
Total Organic Carbonate

Station Date Carbon (pet) Carbon (pet) (pet)
1974

6-1 11 Nov. 0.04 1 0.037 0.004
6-2 11 Nov . 0.075 0.057 0.018
6-3 26 Nov . 0.080 0.066 0.014
6-4 26 Nov . 0.073 0 .072 0.00 1

= 6-S 19 Nov. 0.079 0.026 0.053
-= 6-1 3 Dec . 0.054 0.031 0.023

1975
6-1 6 Jan. 0.248 0.047 0.202
6-1 4 Feb. 0.071 0.055 0.016
6-2 4 Feb. 0.073 0.057 0.016
6-3 10 Feb. 0.072 0.043 0.029
6-4 10 Feb. 0.118 0.021 0.097
6-5 21 Feb. 0.116 0.104 0.012
6-1 4 Mar. 0.101 0.096 0.005
6-1 2 Apr . 0. 131 0.127 0.004
6-1 5 May 0.127 0.035 0 .092
6-2 5 May 0.025 0.018 0.007
6-3 19 May 0.284 0.047 0.237
6-4 19 May 0.141 0.039 0.102
6-5 13 May 0.100 0.047 0.053
6-1 5 June 0.187 0.177 0.010
6-1 2 July 0.156 0.036 0.120
6-1 4 Aug . 0 .224  0.008 0.216
6-2 7 Aug . 0.091 0.032 0.059
6-3 8 f.ug. 0.108 0.008 0.100
6-4 8 Aug . 0.088 0.016 0.072
6-5 8 Aug . 0.105 0.019 0.086
6-1 2 Sept. 0.045 0.021 0.024
6-1 2 Oct. 0.025 0.006 0.019

Average 0.109 0.047 0.060

TRANSECT 7
1974

7-1 11 Nov. 0.048 0.023 0.024
7-2 11 Nov. 0.045 0.040 0.004
7-~ 22 Nov. 0.078 0.035 0.044
7-4 22 Nov. 0.058 0.039 0.019
7-5 19 Nov. 0.063 0.053 0.010
7-1 3 Dec. 0.055 0.025 0.030
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TRANSECT 7 (Continued)
Total Organic Carbonate

Station Date Carbon (pet) Carbon (pet) (pet)
1975

7-1 6 Jan. 0.028 0.026 0.002
7-1 5 Feb . 0.098 0 .082 0.016
7-2 5 Feb. 0.127 0.087 0.040
7-3 11 Feb . 0.118 0.098 0.020
7-4 11 Feb. 0.111 0.075 0.036
7-5 20 Feb . 0.148 0.117 0.031
7-1 5 Mar . 0.093
7-1 2 Apr. 0.087 0.0C3 0.024
7-1 5 May 0.056 0.024 0.032
7-2 5 May 0.087 0.086 0.001
7-3 22 May 0.055 0.008 0.047
7-4 22 May 0.046 0.005 0.041
7-5 13 May 0.045 0.008 0.037
7-1 4 June --- 0.034
7-1 2 July 0.089 0.073 0.016
7-1 4 Aug . 0.111 0.055 0.056
7-2 7 Aug . 0.065 0.046 0.0 19
7-3 14 Aug . 0.085 0.075 0.010
7-4 14 Aug . 0.081 0.019 0.062
7-5 14 Aug . 0.OSO 0.041 0.009
7-1 2 Sept. 0.049 0.021 0.028
7-1 2 Oct. 0.026 0.006 0.020

Average 0.074 0.047 0.026

TRANSECT 8
1974

8-1 11 Nov. 0.010 0.008 0.001
8-2 11 Nov. 0.643 0.04 2 0.601
8-3 22 Nov . 0.059 0.033 0.026
8-4 22 Nov. 0.058 0.027 0.030
8-5 18 Nov . 0.511 0.030 0.481
8-1 3 Dec . 0.124 0.010 0.114

1975
8-1 6 Jan. 0.061 0.060 0.001
8-1 5 Feb. 0.088
8-2 5 Feb. 0.0.64 0.024 0.040
8-3 11 Feb. 0.092 0.089 0.003
8-4 11 Feb. 0.110 0.028 0.082
8-S 20 Feb. 0.091 0.068 0.023
8-1 5 Mar. 0.077 0.076 0.001
8-1 2 Apr. 0.076 0.057 0.019
8-1 5 May 0.040 0.037 0.003
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TRANSECT 8 (Continued
Total Organic Carbonate

Station Date Carbon (pet) Carbon (pet) (pet)
1975

8-2 5 May 0.038 0.010 0.028
8-3 22 May 0.050 0.050 0.000
8-4 22 May 0.040 0.012 0.028
8-5 13 May 0.032 0.006 0.026
8-1 4 June 0.195 0.160 0.035
8-1 7 July 0.087 0.044 0.043
8-1 4 Aug. 0.131 0.062 0.069
8-2 7 Aug. 0.072 0.037 0.035
8-3 14 Aug. 0.070 0.033 0.037
8-4 14 Aug. 0.055 0.052 0.003
8-5 14 Aug. 0.047 0.04~ 0.004
8-1 2 Sept. 0.048 0.012 0.036
8-1 2 Oct. 0.057 0.036 0.021

Average 0.108 0.042 0.066

TRANSECT 9
1974

9-1 11 Nov. 0.050 0.031 0.018
9-2 11 Nov. 0.035 0.017 0.018
9-3 22 Nov . 0.070 0.027 0.042
9-4 22 Nov. 0.061 0.04 1 0.0 19
9-5 18 Nov. 0.062 0.013 0.048
9-1 3 Dec . 0.027 0.014 0.013

1975
9-1 6 Jan. 0.040 0.016 0.024
9-]. 5 Feb. 0.095 0.077 0.018
9-2 5 Feb. 0.075 ---
9-3 11 Feb. 0.106 0.064 0.042
9-4 11 Feb. 0.091 0.080 0.011
9-5 20 Feb. 0.098 0.032 0.066
9-]. 5 Mar . 0.095 0.021 0.074
9-1 2 Apr. 0.064 0.056 0.008
9-1 5 May 0.028 0 .022 0.006
9-2 5 May 0.056 0.012 0.044
9-3 22 May 0.019 0.008 0.011
9-4 22 May 0.029 0.025 0.004
9-5 13 May 0.074 0.008 0.066
9-1 4 June 0.171 0.047 0.124
9-1 2 July 0.101 0.047 0.054
9-1 4 Aug. 0.068 - 0.018 0.050
9-2 7 Aug . 0.055 0.045 0.010
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TRANSECT 9 (Continued)
Totil Organic Carbonate

Station Date Carbon (pet) Carbon (pet) (pet)
1975

9-3 12 Aug. 0.060 0.028 0.032
9-4 12 Aug. 0.063 0.007 0.056
9-5 12 Aug. 0.050 0.014 0.036
9-1 2 Sept. ---
9-], 2 Oct. 0.043 0.028 0.015 

-

Average 0.066 0.031 0.035

STATIONS A AND B
1974

A 18 Nov. 0.113 0.081 0.032
B 18 Nov. 0.106 0.084 0.022

1975
A 20 Feb. 0.144 0.024 0.120
B 20 Feb. 0.334 0.114 0.220
A 20 May 0.080 0.047 0.033
B 20 May 0.082 0.008 0.074
A 12 Aug. 0.070 0.050 0.020
S l2 Aug. --- ---

Average 0.133 0.058 0.074
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APPENDIX F

STATION SPECIES DATA

The number of individuals of each species caught per

sampling trip at each station. Numbers are totals of

four plug samples.
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STATIOA 1- I
Spe.... N ov.  0.. . J .n . Fe b. 91.,- . Ap, . N.y 39.. .)vl y 6.5. Nopt . OvI .  7,1.1

80* IT IN 0*
U,.id.,tift.d ~p . . . . . - - I . - - - - I

POI. YC HA ET A
P . .~. f.1~.... . 3 - . - - - - . - 3
Soo i~ l.p ia .q~co.~to — - I - - 1 1, 208 1 .732 69 13 3 13 2 .940

FELEC3 POOA
&..~b.tv.. ~p . . . - - - . - I - - - 1
~~~~~~ gr..~ - . - . . - - I - - - I

~~ ~~~~~~~~ 14 29 37 9 7 7 113 311 6 4 4 4 546

PYCN~~ NIDA
0,,id.n1514.d .p . - . - - . — — . — I - - I

AMPHIP (SIA

“ ‘r. - - IS 5 29 36 — - 7 19 24 1 129

MIIJWRA
~,,.. it. tol p oid.. - 2 3 6 14 1 2 49 2 25 26 30 ISO
L.pidop ~. b.e.di ~ ti - - - - - - - - - - S - 1

CEPI4A L~~ H~~0A1 A
~~~~~~~~~~ ~~~~~~~~ . - . . . . — - - 3 . . 1

001*1. 14 33 49 20 49 45 1 ,327 1 ,592 *6 62 59 4* 5,183

STATION 2 -1

80*R1I*A
IMid..tifl.4 Ip. - I - . . — . — . — . - I

POLYCHAFTA
P,.,..o ’.... jS. Zg... 2 6 - 7 - - - - - - - - IS
S,,oZ.i.pi. ~~~~~~~ . . - - 19 177 1 .070 70 S 10 10 1.361

PELECYP006
D,~~~ t494I 9’O~~ 4 S 99 7 6 4 239 136 7 6 2 1 506

CUN4NC EA
~~~e~~O~’,4O1 Op. - - - - - - I - - - - - I

AMPH IPI X1A
fl Op. - . - - - . - . - 3 . - 3

~~~~~~~~~~ n. op. I I 2 5 45 13 7 . 4 44 12 15 149

D,*rit. t~ 1 ç~.i.i.v - I 3 5 3 - 6 27 11 19 22 7 104
L.pF2opv. ~~~~~~ - . . - - . - - 2 - - - 2

TOTAL ________ 7 11 64 21 54 36 430 1 .233 94 77 46 33 2 ,542

STATION 3-1

NDIERTINEA
U .Id.,t i f ied ,p - I - . - . — . . . . - 3

POLY CKAITA
F08..w,,i8 fI. Zg.o. 1 1 - . . . . - - - - . 4
SooZ.Sep io aq.,~ ’~ 0o - - I - . — 23 107 49 6 - 1 1*7

P0 LECY POOP.
Do....~ t.oa.i~,o,9 3 2 34 25 - 4 95 198 I l  I 3 I 377

40~ HIPOOA
n. .p. - 1 - 4 2 1 68 6 7 - S 15 26 153

*.,.ri to tal poida - 2 14 5 1 3 4 20 13 23 25 6 116
L..pidopo b.,.~dieti - - . - - i - - . . . -

IOTAL 4 9 49 3.4 22 76 12$ 332 73 35 45 31 839

STATION 4.1

POLYCKAE1A
- S - . . . . . - . . -

Sao0.L.pi~ ,qo~.o2ta - - I - - - 656 67 5.4 27 - 4 809

PELECYPIXIA
C546. d,.11i . - . . . - - I - . . . I
001.11 t.azeia ’o,~ S 48 52 I - 34 326 109 5 — I - 545

*J4PHIPIXSA
EI.iat900i.. ft .  •p . - - . - - . . - I - - 3
&u..to, ’i,. e. op. 1 7 . 23 41 25 16 . - 2 2 1 11$

4.~rita t~ lpoid. 1 18 3 — - 8 19 - 2 13 94 10 16*

1 78 56 . 24 41 71 1,017 177 Al 45 97 15 1,689

IT ’
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STATION S- I
Ne, . 0ev . .2.... F eb. M a r .  Ap r . N.y Jon. J ol y A.~ . Sept .  O c t .  101.1

9S148T006
U,ide ,tl f ,.d .p. A . - - - . - - - - I - . I

P010(916(16
Par~aoj .  ~~~~~~ - 6 - - . . . - . - . - 6S.ol.l.pi. .q.11..,ta - - - I - . 797 139 13 3 - 2 955

PELECYP54*
Do.~~ t~~~.ia,o.. 9 100 316 352 2 70 $01 207 - 2 - — I . S67

(1149(1*
op — - — . - 4 - — . - . 4

AI4PHIPUM
0.  op. - - . - . - . - - 4 - - 4ae.ato,.,o. fl op. I 5 6 - 17 II S - - 3 50 100

A~~~~9A
a.., ~ita talpoida — 12 37 7 2 1 33 20 - 12 26 4 154

OPHIUR OIDF.A
Cphiap h....g ’..,. ,aa ’d..11e,i - I - - - - - - - - - - I

10 124 361 365 21 NO 1,3.4 0 366 13 22 29 56 2,7)2

STATION 6-I

P015(146(1*
Pe.~~~oia ftt lg.oa - 2 - - - - - - - - - — 2
P8 ’iooo.pio cr-..tata - - - - I - - . . - . -
SaoZ.Z.pi. .q.11.1ta - . - I . - 115 182 40 10 - 7 663

CAS T) OPOOA
C,’~eIi~ .,ao,Za - - - - - - - - - I - 1

PEI.ECYPOOA
Do,... t..o..i01.,e S 94 90 307 45 109 339 48 15 — 2 I 1 , 135

924P#IPSX2A
No t.a aa tOa.,.io.o.i. - - - - - - - - 1 - - - 1

.. op. - - - - . - - - - I - - I
,. .p. 8 - - 1 41 1 2 — S 4 20 41 123

ANGNJRA
4...~ita tai poida I 25 IS 7 — 2 7 S 18 79 52 21 177
L.p id.op a b.,o.dicti - - - - - - - - - - I 1

I9ACKYIJ#A
P i.n,i.v. e,-i.tata - - - - I - - - - - - - I

TOTAL 14 117 lOS 396 87 112 764 235 87 44 74 71 2.106

STATION 7 - I

POLYCHAETA
PPio ’.oepio o, ’i.tata - . . - 1 - - - - - - - I
SaoZlZ.pi, •q.~~’r.Ta - - - . - 25 6 247 57 N - 5 339

PELE CYPOOA
Do’~~ t,aaeia,n.. 7 II 78 124 27 124 219 135 65 2 1 1 794

CII4ACEA848na11.e.1 op. - - - 1 - - - - - - . - 1

ISOPOO6
ScypPevoella ,a ’.oiaoZa - - - - - - - - - . 1 - I

#I4PHIPOOA
El-ietho,i.,. n. op. - - - - - - — - - 9 - - 9
8..,.t a, ’i.,. n. op. 3 - - 2 32 2 26 - - - I 26 92
Snld ent if i ed  o.pr .IIAI op. 0 - — - - - - - — I - - - I

691114)8*
92r.. ’ita tal poid. — II 7 1 14 14 6 18 S 73 IS  43 207
L.p idop. b.,..iioti — I - I - - — - - - - — 2

TOTA L 10 23 OS I 29  74 160 257 400 128 68 18 75 1 ,447
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51611084 0-1
No v. D.c.  3... P.6. Ma r. Apr . Hay .5..w 3a1.3 6.48 . Z.pt . Oct . 1.1.1

84(8461006
*MII.,tifi.d ~p. A - - - - 1 - - - . - 1

POIYCHAETA
IK_fteD,iI f l.,ig~~. - 2 - — - . - - - . - - 2
Soolst.p is .qono. t. - - - 2 1 - 596 3S 12 3 — 1 618

PEL(rYPOOA
Deo.vv t...,.,iaroc.a 2 9 150 87 42 16 614 268 13 . 2 1 1 ,104

CIJIACEA
800000110 N P .  - . - - - - IS - - . . - 10

6*1410630*
,. .p. - — - - — . — 2 12 - — 12

Oe,.a t00i,,. n . .p. 4 - — 23 0 S 24 — 3 — — 3 70
Notot. ’op i. n. Op. - - - - - - - - - 4 — - 4
Uniden t if i ed  ..pr.IIid op. 8 - - - - - - — — — 1 - - I

*111438*
*... ‘ita 6aI po id~ 1 13 23 - 6 3 96 25 6 47 23 26 271
tapi dap. b.omdioti - - - 8 - - - - - . - - 8

I8ACHYIJRA
Poe.notAp, .e ..1Ott1051., - - - - . - I - - - - I

PISCES
L.ioatam.. 0000366.04 - - - 2 - - - - - - — - 3

TOTAL 7 24 535 122 57 25 1,341 268 35 66 2S 31 2.156

STATION 9-1

POLYCHAETA

~ onooi. f l .Z g~~ a - - - . - - - - 1 - - - I
S~oI.T ~p i~ .90a ’f l,ta — - - - - 1 3 53 109 2 16 7 Il 505

PELECYPSIDA
Do,.a t.~ ..iaevm 7 - 29 53 20 9 379 193 118 1 2 1 822

C544AC8A
8480.0011.1 .p . - - - - - - I - - - - - I

AIQ8IPOOA
0S’iotbooi..s 0. 

~
p. - - - - - - . . - 5 - - 2

8.0ato,i,. n. op. 6 - - 1 1 9 2 4 23 8 5 1 58
Nat otoopi. .. op. - - - - - - . — - S - - I
Pa..,doi,a,.cetor iue ~~. N p. - - - - I - - - - — - - I

i2ra,’ita tat poida - 3 4 N 4 9 44 38 15 16 20 40 189
L.pidapa bo,*iiati - - - - - - I - - 2 - - 2

TOTAL 11 1 33 60 54 27 780 344 159 47 34 59 1,S93
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STATION 1-2
Species Nov . Feb . May Aug. Total

NEMERTINEA
Unidentified sp. - - 2 1 3

POLYCHAETA
Paraonie fuZLgens 1 17 16 2 :~ 36Scoielepi8 aquamata - 3 31 9 43

GASTROPODA
Creaeis acicula - - - 3 3
Diastoma variwn - - - 4 4

PELECYPODA
Donax texasianus 2 3 39 13 57

CUMACEA
Mancoawna sp .  - - - 1 1

ANPHIPODA
Eric thOniu8 n. sp. - - - 8 8
Haustoriu s n. sp. 3 11 12 3 29
Nototropis n. sp. - - - 2 2

ANOMURA
Emerita talpoida - 1 - - 1

TOTAL 6 35 100 46 187

STATION 2-2

NEMATODA
Unidentified sp. A - - - 1 1

POLYCHAETA
Disp io uncinata - - - 1 1
Nep htys bucera - - 1 - 1
Par aonis fu lgens 2 6 4 7 19
Scolelepi s squamata - 3 134 4 141
Spionid sp. - - - 1 1

GASTROPODA
Creseis acicula - - - 1 1

PELECYPODA
Donax texasianus 4 2 676 5 687
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STATION 2-2 (Continued)
Species Nov. Feb . May Aug. Total

CUMACEA
Mancocwna sp. - 1 15 - 16

ISOPODA
Ancinus dep ressus - g - 9

AMPHIPODA
Acanthohaustorius n. sp. - - - 1 1
Ericthonius n. sp. - - - 14 14
Haustor ius n. sp. 4 9 36 9 58
Nototropis n. sp. - - - 1 1
Parahcustoriua f l .  sp . - - - 4 4

ANOMU RA
Finerita talpoida - - - 1 1

ECHINOIDEA
Mellitae quinquiesperforata - - - 1 1

CEPHALOCHORDATA
Branchiostoma floridae - 1 - - 1

TOTAL 10 22 875 51 958

STATION 3-2

NEMERTINEA
Unidentified sp. 1 - 1 3 5

NEMATODA
Unidentified sp. A - - 1 1 2

POLYCHAETA
Paraonis fu lgena 3 0 7 1 20
Scolel0epis squcvnata - 10 6 3 19

GASTROPODA
Creseis acicula - - - 1 1
Hastula saileana - - 1 - 1

PELECYPODA
Donax texasianus 28 2 280 8 318
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STATION 3-2 (Continued)
Species Nov. Feb . May Aug . Total

CUMACEA
Mancoewna sp. - 1 2 3 6

I SOP ODA
Ancinus depressus - 4 - 1 5

AMPHIPODA
Eriothonius n. sp. - - - 4 4
Haust orius n. sp. 4 3 39 11 57
Nototropis n. sp. - - - 3 3
Pseudohaustorius n. sp. - - 1 - I

ANOMURA
Lep idopa benedicti - - 1 - 1

PISCES
Cynoscion nebulosus - - - 1 1

TOTAL 36 29 339 40 444

STATION 4-2

NEMERTINEA
Unidentified sp. - - 2 1 3

POLYCHAETA
Dispio uncinata - - - 1 1
Paraonis fu lgens - 4 3 9 16
ScoleZep is squa’nata - - 23 10 33

PELECYPODA
Donax texasianus 23 2 308 8 341

CUMACEA
Mancocwna s p .  - - 17 1 18

AMPHIPODA
Acanthohaustorius n. sp. - - - 1 1
Eriothonius n. sp. - - - 1 1
Haustorius n .  sp.  4 12 5 - 21
Nototropis -n . sp .  - - - 3 3
Parahaustorius n. sp. - - - 2 2

TOTAL 27 18 358 37 440
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STATION 5-2
Sp.ecies Nov. Feb . May Aug . Total

POLYCHA ETA
Paraonis fu 7~gens - 3 6 1 10
ScoleZep is squonata - 11 8 18 37

PELECYPODA
Donax texasianus 10 19 257 5 291

CUMACEA
Mancocwna sp. - 3 15 - 18

AMPHIPODA
Ericthonius n. sp. - - - 3 3
Haustor ius n. sp. 14 13 22 10 59
Noto tropis n . sp. - - - 1 1
Parahaustor ius n.  sp .  - 1 2 - 3
Ps eudohaustorius n. sp. - - 1 - 1

TOTAL 24 50 311 38 423

STATION 6-2

NEMERTI NEA
Unidentified sp. 2 - - 1 3

NEMATODA
Unidentified sp. A - - 1 -

POLYCHAETA
Lwnbrineris p arvaped ata - 1 - - 1
Parao nis f u lgens 2 6 14 1 23
Scolelepis squamata - 24 13 13 50

GASTROPODA
Diastorna variwn - - - 1 1

PELECYPODA
Donax texasianus 25 3 225 2 255
Ervilia concentrica 1 - - - 1

CUMACEA
Mancocuina sp. - - 53 - 53

I SOPODA
Ancinus depressus - - 1 1 2
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STATION 6-2 (Continued)
Species Nov. Feb. May Aug. Total

AMPHIPODA
Acanthohaustorius n. sp. - - - 1 1
Ericthonius n. sp. - - -

Haustorius n. sp. 8 4 30 12 54
Nototr opis n. sp. - - -
Parah austorius n. sp. - - 4 3 7

PENAEIDEA
Penaeus duorarum - - - 3 3

OPHIUROIDEA
Ophiop hragnus wurdeinanni - 1 - - 1

CEPHALOCHORDATA
Branchiostoma floridae 1 - - - 1

TOTAL 39 39 341 47 466

STATION 7-2

POLYCHAETA
Dispio uncinata - - - 1 1
Nep htyid sp. - - 1 - 1
Paraonis fu iLgens - - 2 - 2
ScoleZepis squama ta - - 8 24 32

PELECYPODA
Donax texasianus 14 3 182 1 200

CUMACEA
Mczncocuma sp. - 2 0 3 14

AMPHIPODA
Ericthonius n. s p .  - - - 25 25
Haustorius n. sp. 5 17 112 2 136
Nototrop is n. sp. - - - 2 2

CARIDEA .

Tozewna cornutwn - - - 1 1

ANOMIJRA
FJn erita taZ poida 2 5 1 - 8
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STATION 7-2 (Continued)
Species Nov. Feb. May Aug. Total

BRACHYURA
Pinnixa cristata - - 2 - 2

TOTAL 21 27 317 59 424

STATION 8-2

NEMERTINEA
Unidentified sp. - - 1 - 1

L 
NEMATODA
Unidentified sp. - - - 1 1

POLYCHAETA
Dispio uncinata - - - 1 1
Par aonis f u Zgens - - - 1 1
Scolelepis squamata - 4 22 19 45

GASTROPOD~
Creseis acicuZa - - - 2 2
Diastoma variwn - - - 1 1

PELECYPODA
Donax texasianus 12 7 189 8 216

CIJMACEA
Mancocwna sp .  - 1 12 2 15

ISOPODA
Ancinua depressus - 1 - - 1

AMPHIPODA
Er icthonius n. sp .  - - - 17 17
Haustorius n. sp. 1 29 26 1 ~~, 57
Nototrop is n. sp. - - - 1 1

PENAE IDEA
Penaeus duorarum - - - 1 1

ANOMURA
Finerita talpoida - - 3 - 3
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STATION 8-2 (Continued)
Species Nov. Feb. May Aug . Total

PISCES
Leiostomus xanthurus - 1 - - 1

TOTAL 13 43 253 55 364

STATION 9-2

NEMERTINEA
Unidentified sp. - - 1 - 1

POLYCHAETA
D ispio uncinata - - - 1 1
Para onis f u lgens - 1 1 - 2
Scoislepis squczmata - 7 44 19 70

GASTROPODA
Hastula saiieana - - 1 - 1

PELECYPODA
Donax texasianus 17 5 1,978 2 2,002

CUMACEA
Mancocwna sp. - 2 171 - 173

AMPHI PODA
Ericthonius n. sp. - - - 1 1
Haustorius n. sp. 5 54 2 3 64
Nototropis n~ sp. - - - 2 2
Tatorchestia inexpectata - - - 1 1

ANOMURA
Enerita taipoida - - 12 - 12

BRACHYURA
Pinnixa cristata - - 9 - 9

PISCES
Leiostomus xanthurus . - 2 - - 2

TOTAL 22 71 2 ,219 29 2,341
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STATION 1-3
Species Nov. Feb. May Aug. Total

NEMATODA
Unidentified sp. A - 1 - - 1

POLYCHAETA
Brania welifleetensis - 1 - - 1’

Disp io uncinata - - - 29 29
Magelona rioja i - 1 3 1 5
Nep htys bucera - - - 1 1
Paraoni s f u l gens 8 25 11 12 56
Scolelepis squcvnata - 2 - - 2
Spio pettibonea s - - 2 2 4
Sp iophanes bombyx - - 1 - 1
Unidentified spionid sp. - - - 3 3

OLICOCHAETA
Unidentified sp. - - 1 - 1

PELECYPODA
Chione grus - - - 1 1
Donax teszzsianus 1 - 233 - 234
Strig ilia mirabili8 - - - I I

S’IDMATOPODA
Coronis excavatrix - - 1 - 1

ISOPODA
Ancinus depressus 1 - - 4 5
cThirido tea excavata - - 1 - 1

AMPHIPODA
Acanthohaustorius n. sp. 35 49 81 93 258
Haustorius n. sp. 3 - 1 - 4
Monoculodea n. sp. 1 - - - 1
Monoculodes nyei - - - 1 1
Protohaustorius n. sp. 2 11 24 28 65
Pseudohaustorius n. sp. 9 33 13 9 64
Syncheiidiwn n. sp. 1 - 2 - 3
Unidentified caprelli.d sp. A - - 2 - 2

CARIDEA
Ambidexter synrnetricua - - - 1 1
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STATION 1-3 (Continued)
Species Nov. Feb. May Aug . Total

ANOMURA
Pagurus longicarpus - - 3 - 3

SIPUNCUL IDA
Sipu nc~uZus iong ipap iiiosus - - - 1 1

OPHIUROIDEA
Ophiophra gnus fi logra neus - - - 1 1

ECHINOIDEA
Meilita quinquiesperforata - - 3 S 8

HOLOThUROIDEA
Unidentified sp. I - - - 1

CEPJ-1ALOCHORDATA
Branchiostorna fioridas 24 2 - - 26

TOTAL 86 125 382 193 786

STATION 2-3

NEMERTINEA
Unidentified sp. - - 3 3 6

NEMATODA
Unidentified sp. A - 2 - - 2

POLYCHAETA
Armandia maculata - - 1 - 1
Disp io uncinata - 1 - 7 8
Mage iona rioja i - - 7 2 9
Micronep htys minuta - - 1 - 1
Nep htys bucera - - 2 - 2
Op helia sp. 1 - - - 1

Paraoni s fu igens 12 1 - 1 14
Phy iZodoce arenae - - - I I
Scolelepis texana - 1 - - 1
Spio p ettiboneae - - 78 20 98
Spiophanes bombyx - - 5 1 6
Syilide s setosa 2 - - - 2

OLIGOCHAETA
Unidentified sp. - 1 - - 1

182

.—

~ 

, — .
~~
--.---,, 

4 .. J :~~~~~~~~~ ‘. ~~~~~~



_ _ _ _ _ _ _  - 
~~~~~~~~~~~~~~~~~~~~~~ —~.-~~~~~~~~.-.-_-- L .L.. ~~~~~~

STATION 2-3 (Continued)
Species Nov. Feb . May Aug . Total

GASTROPODA
Oiiveiia mutica - - - 1 1
Poiinices dupiicatus - - - 1 1

PE LECYPODA
Anadczra fioridana - - - 1 1
Chione grus 1 - - - 1
Cuna daili 1 - 2 3 6
Donax texasianus - 7 28 - 35
Ervilia concentrica 11 1 - - 12
Lucina muitiiinea ta - - - 1 1
Pitar sirrips oni 1 - - - 1
Unidentified venerid sp.

(nr. Gouidia) - - 2 - 2
STOMATOPODA
Coronis excavatrix - - 1 - 1

CUMACEA
Mancocwna sp. - - - 1 1
Unidentified sp. - - - 1 1.

ISOPODA
Ancinus depressus 1 2 - - 3
Chirido tea excavata 1 - - - 1

AMPHIPODA
Acanthohaustorius n. sp. 19 43 38 29 129
Monoculodes nyei - - 2 1 3
Protohaustorius n. sp. - 9 24 26 59
Pseudohaustorius n. sp. 4 5 5 5 19
Synchelidiwn n. sp. - 1 - - 1

CARIDEA
Ogyrides aiphaerostris - - 2 3 5
Processa hernphii ii - - 1 - 1

AN OMU RA
Pa gurus iongicarp us - - - 5 5

BRACHYURA
Pinnixa criatata - - - 2 2
Portunus gibbesii - - - 1 1
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STATION 2-3 (Continued)
Species Nov . Feb . May Aug. Total

OPHIIJROIDEA
Unidentified sp. A 1, - - - 1

ECHINOIDEA
Meiiita quinquieape~forata - - 2 2 4

CEPHALOCHORDATA
Branchiostoma f ioridae 25 4 - 1 30

PISCES
Eucinostomus sp. 1 - - - 1
TOTA L 81 78 204 119 482

STATION 3-3

TURBELLARIA
Unidentified sp. - 1 - - 1

NEME RTINEA
Unidentified sp. - - 2 4 6

POLYCHAETA
Dispio~ uncinata - - 1 24 25
Magelona rio jai 1 - 4 4 9
Nep htys bucera - - 1 2 3
P araon is fu igena 3 4 - 4 11
Scoieiepis squamata - 1 - - 1
Spio p ettiboneae - - 42 18 60
Spiophanes bombyx - - 8 1 9

OLIGOCHAETA
Unidentified sp. - 1 - 1 2

GASTROPODA
Oiiva aayana - 1 - - 1
Olivelia mutica - - - 1 i

PELECYPODA
Cuna daiii - 1 - - 1
Donax texasianus 1 3 49 - 53
Unidentified venerid sp.

- . (nr . Gouldia) - - 6 - 6
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STATION 3-3 (Continued)
Species Nov. Feb. May Aug. Total

CUMACEA
Unidentified sp. - - - 2 2

ISOPODA
Chirido tea excavata - - - 1 1

AMPHI PODA
Acanthohaustorius n. sp. 33 53 19 39 144
Ba tea catharirLensis - 1 - - 1
Eriothonius n. sp. - - - 1 1
Parahaustorius n. sp. 1 - 1 - 2
Protohaustorius n. sp. 2 12 31 21 66
Pseudohaustorius n. sp. 4 5 6 10 25
Syncheiidiwn n. sp. i - 3 1 5

Unidentified caprellid sp. A - 5 - - 5

CARIDEA
Ogyrides aiphaerostris 1 - - 6 7

CALLIANASSIDAE
Unidentified sp. - - - 1 1

ANOMIJRA
Pa gurus iongicarpus - - 2 - 2

S IPUNCULIDA
Sipuncuius longipapiiiosus 2 - - - 2

ECHINOIDEA
Meilita quinquiesperforata 1 - 1 4 6

HEMICHORDATA
Unidentified sp. 1 - - - 1

CEPHALOCHORDATA
Branchiostorna fioriciae 6 16 - - 22

TOTAL . 57 104 176 145 482

STATION 4-3

ACTINIARIA
Unidentified sp. - - - 1 1

V
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STATION 4-3 (Continued)
Species Nov . Feb . May Aug . Total

NEMERTINEA
Unidentified sp. 4 3 4 - 11

NEMATODA
Unidentified sp. A - 1 1 - 2

POLYCHAETA
Dispio uncinata - - 4 11
Eteone heteropoda - - 1 - 1
Magelona riojai - - 2 - 2
Micronep htys sp .  - 1 - - 1
Micronephtys minuta - - 1 - 1
Nephtys bucera - - 1 1 2
Orbiniid sp. - - - 1 1
Paraonia fu i gens 3 3 2 10 18
Phy liodoce areriae - - - 1 1
Spio pettibonea e - - 54 80 134
Spiophanes bombyx - - 3 3

GASTROPODA
Oliveila mutica - - - 1 1
Po iinices dup iicatus - - - 1 1

PELECYPODA
Cuna daili - 1 — - 1
Donax texasianus 4 2 600 1 607
Ervilia concentrica 7 - 5 - 12
Teiiina versicoior - - - 1 1
Unidentified venerid sp.

(nr. Gouldia) - 10 3 - 13

CUMACEA
Unidentified sp. - - - 2 2

AMPHIPODA
Acanthohaustorius n. sp. 46 99 180 123 448
Parahaustorius n. sp. - 2 - - 2
Protohaustorius n. sp. 10 39 98 60 207
Pseudo haustorius n. sp. 26 22 10 5 63
Synche iidiwn n.  sp. 1 1 1 1 4

CARIDEA
Ogyridea aiphaeroatrie 1 - 2 3 6

Proceasci hemphilli - - 2 - 2

~~~~~0 
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STATION 4-3 (Continued)
Sp!cies Nov. Feb. May Aug . Total

CALLIANASSIDAE
Unidentified sp. - - 6 - 6

BRACHYURA
Dissodactylus meiiitae - - 2 1 3
Pinnixa cristata - - 1 1 2
Pinnotheres maculatus - - 7 - 7

SIPUNCULIDA
Sipuncuius iongipapiiiosua 6 2 - - 8

ECHINOIDEA ..
Meilita quinquiesperforata 3 2 8 6 19

HEM ICHORDATA
Unidentified sp. 1 1 2 - 4

CEPHALOCHORDATA
Branchiostoma f ioridae 12 4 1 2 19

TOTAL 124 193 1,001 309 1 ,627

STATION 5-3

NEMERTINEA
Unidentified sp. - 3 3 - 6

POLYCHAETA
Dispio uncinata - - 5 6 11
Mageiona riojai - - 3 - 3
Pa raoni a fu igens 1 1 1 1 4
Prio nosp io crista ta 1 - - - 1
Sp io p ettiboneae - - 10 12 22
Spiophanes bonibyx - - 1 - 1

OLIGOC HAFTA
Unidentified sp. - - - 3 3

GASTROPODA
Oiiva sayana 1 - - - 1
Oiiveiia rautica - 1 - 1
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STATION 5-3 (Continued )
Species Nov. Feb. May . Aug . Total

PELECYPODA
Cuna daili 1 1 - - 2

Donax texastanus - 1 462 - 463
ErviUa concentrica 39 1 2 - 42
Unidentified venerid sp.

(nr. Gouldia ) - 7 1 - 8

STOMATOPODA
Coronis excavatrix - - 3 - 3

CUMACEA
Unidentified sp. - - - 1 1

ISOPODA
Ancinus depresaua - - 1 - 1

AMPHIPODA
Acanthohaustorius n. sp. 59 SO 107 37 253
Haustorius n. sp. - - 2 - 2
P çtra hauato r iue n. sp. 2 2 - 2 6
Parahaustorius sp. 1 - - - 1
Protohaustorius n. sp. 25 20 57 9 11].
Pseudohaustorius n. ~p 36 27 6 13 82
Pseudopiaty ischnopua n. sp. A 1 - - -
Syncheiidiwn n. sp. 1 1 - - 2

CARIDEA
Ogyridea aip haerostr ie - - 2 1 3

CALLIANASSIDAE
Unidentified sp. - - 4 1 5

ANOM1JRA
Lepidopa benedicti - - 1 - 1

BRACHYURA
Pinnixa cristata - - 3 1 4

SIPUNCULIDA
Sipurseulus iong ipapiiioaua 6 - - - 6
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STATION 5-3 (Continued)
Spec ies 

— 
Nov. Feb . May Aug . Total

OPHIUROIDEA
AnTphiphoU8 Bquafl’iata 3 - - . 3
ophiophragnus wurdelm2nni - 1 - - 1
Unidentified ophiuroid sp. B 1 - - - 1

ECHINOIDEA
Meilita quinquiesperforata 4 1 5 11 21

HEM ICHORDATA
Unidentified sp. 3 1 2 - 6

CEPHALOCHORDATA
Branchiostoma fioridae 22 - - - 22

TOTAL 207 117 682 98 1,104

STATION 6-3

Unidentified sp. 3 2 1 1 7

POLYCHAETA
D isp io uvicinata - - 2 6 8
Magelona riojai - - 1 2 3
Nephtys bucera - - - 1 1
Ophelia sp. I - - - 1
Parathzis fuigens 2 1 - 1 4
Podarinus sp. - - 1 - 1
Prionospio criatata 1 - - - 1
Scolelepis texana - I - 1 2
Sp ionid sp. - - - 2 2
Spio pett iboneae - - 19 23 42

OLIGOCHAETA
Unidentified sp. - 1 - - 1

PELECYPODA -

Cuna dalL7Li - 2 
-

- - 2
Donax teazzsianua 1 3 107 - ill
Erviiia concentr ica 12 - - - 12

STOMATOPODA
Coronis excavatrix - - 1 - 1
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Species Nov. Feb . May Aug . Total

CUMACEA
Unidentif ied sp. - - - 1 1

ISOPODA
Ancinus depressus - - - 1 1

AMPHIPODA
— Acari thohaustorius n. sp. 102 65 114 24 305

Haustorius n. sp. 1 - - - 1
Para haustorius n. sp. 1 - S 1 7

Protohaus torius n. sp. 10 43, 86 7 146
Pseudo haustorius n. sp. 64 20 14 48 146
SyncheZidium n .  sp .  1 - 4 - S

CARIDEA
Ogyrides aiphacrostris 1 - 2 2 S

CALLIANASSIDAE
Unidentified sp. - - 8 - 8

ANOMURA
Pa gurus longicarpus - - - 1 1

BRACHY1JRA
Pinnixa cristata - - 2 - 2
Pinnotheree macul..atus - - 3 - 3
Por tunus gibbesii - - 2 - 2

SIPUNCULIDA
Sipunc ulus iong ipap ilL2Losus 3 - - - 3

OPHIUROIDEA
Unidenti fied sp. B 1 - - - 1

ECHINOIDEA
Mellita quinquiesperforata 8 1 4 7 20

HOLOT}-{UROI DEA
Unidentified sp. - - 3 - 3

HEMICHORDATA
Unidentif ied sp. 1 5 2 1 9
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STATION 6-3 (Continued)
Species Nbv . Feb . May Aug. Total

CEPHALOCHORDATA
Branchiostoma fioridae 16 2 - - 18

PISCES
Ophidiid ae sp. - - - 1 1

TOTAL 229 146 381 131 887

STATION 7- 3

NEMERTINEA
Unidentified sp . - - 6 1 7

NEMATODA
Uniden tified sp. A - - 1 -. 1

POLYCHAETA
Bravia c iavata - 1 - - 1
Di8pio Unc if lata - - - 69 69
Magelona riojai - - 4 7 11
Nephtys bucera - - 3 1 4
Op helina sp. - - - 1 1
Par aonis fu igens 1 1 - 1 3
Scolopolos fo liosus - - - 1 1
Spionid sp. - - 1 - 1
Spio pettiboneae - - 10 6 16
Spwp hanes bornbyx - - 1 - 1

PELECYPODA
Cuna daf l i 1 5 2 - 8
Donax texasixznus 8 15 420 - 443
Ervilia concentriocz - - 1 - 1
Pitar sinrpsoni 1 - - - 1
Teilina versicolor - - - 1 1

STOMATOPODA
Coronie excava tr ix - - 2 - 2

CUMACEA
Uniden tified sp. - - - 1 1

ISOPODA
Ancinue depreesus 1 - - 1 2
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STATION 7-3 (Continued)
Speci es Nov . Feb . _May Aug . Total

AJ’IPHI PODA
Acanthohaustorius n. sp. 37 73 184 30 324
Jlaustoriue n. sp. - - 1 - 1
Protohaustorius n. sp. 6 12 44 24 86
Pseudohaus torius n. sp. 4 9 30 24 67
Synchelidiwn n. sp. 3 2 3 1 9

CARIDEA
Ogyrides aip haeroetr ’ie 1 - g 15

CALLIANASSIDAE
Uniden tified sp. - - 10 1 11

ANOMURA
Emerita toipo id~ - 2 - 2
Pa gurus long icarpus - - - 1 1

BRACHYURA
Pinnixa cristata - - 4 - 4
Portunus gibbesii - - 1 1 2

SIPIJNCIJ LIDA
Sipu nculus Zong ipap iliosus 2 - - - 2

ECHINOIDEA
Mellita quinquiesp erfora ta 3 1 29 - 33

HEMICHORDATA
Unidentified sp. - - I - 1

CEPHALOCHORDATA
Branch iostoma fi orida e 16 2 - - 18

TOTAL 84 123 767 177 1 ,151

STATION 8-3

NEMERTINEA
Unidentified sp. - - 2 2 4

NEMATODA
Unidentified sp. A - 1 - - 1
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STATION 8-3 (Continued)
Species Nov. Feb . May Aug. Total

POLYCHAETA
Die pio uncinata - - 1 45 46
Magelona riojai - - - 1 1
Nephty s bucera - - - 1 1r Paraonis fulgene 1 - - 1 2
Scoleplas fragilie - - - 1 1
Scolopolos foiiosue - - - 3 3
Spio pettiboneae - - 2 11 13
Syllides setosa 3 - - 3

GASTROPODA
Po linicee dup iicatue - - - 1 1

PELECYPODA
Cuna dalli 1 1 1 - . 3
Donax texasianue 5 2 33 - 40
Ervilia concentrica 1 - - - 1
Strigifla mirabilis - - - 1 1

CUMACEA
Mancoowna sp .  - - - 3

Uniden tified sp. - - - 2 2

ISOPODA
Ancinue depressus - - 1 2 3

AMPHIPODA
Acanthohaustorius n. sp. 68 58 162 89 377
Ericthonius n. sp .  - - - 1 1
Haustorius n. sp. 1 1 - - 2
Monoculode~ nyei - - - 1 1
Pro tohau8torius n. sp.  - 3 26 31 60
Pseudohaustorius n. sp. 16 17 19 6 58
Synchelidium n. sp.  - 1 4 2 7

CARIDEA
Ogyrides al p haeroetrie - - 7 4 11

CALLIANASS IDAE
Uniden tified sp. - - 6 3 9

ANOMURA
Emerita benedicti 1 - - - 1
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STATION 8-3 (Continued)
Sp~ecies Nov . Feb. May Aug . Total

BRACHYURA
Pinnixa iunzi - - - 1 i
Portunus gibbeeii - - 1 - 1

OPHIUROIDEA -

Unidentified sp. B 1 - - - i

ECHINOIDEA
Mellita quinquiesperforata 1 2 17 - 20

HEMICHORDATA -

Unidentified sp. - 1 - - 1

CEPHALOCHORDATA
Branchioeto~i f lorj da e 46 5 - - . 51

PISCES
Myruphie punctatue 1 - - - 1

TOTAL 146 92 282 212 732

STATION 9-3

NEMERTINEA
Unidentified sp. 2 1 3 1 7

NEMATODA
Unidentified sp. A - - - 3 3

POLYCHAETA
Diep io uncinata - - 2 75 77
Magelona riojai - - 1 2 3
Nep htyid sp. - - - 2 2
Nephtye bucera - - - 2 2
Paraonis fulgene - 1 1 4 6
Scolelepie equainata - 4 - - 4
Scoieploe frag ilie - - - 2 2
Scoiopoloe foiioeua - - - - 1 1
Sp io petti boneae - - 7 4 11
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STATION 9-3 (Continued)
Species Nov . Feb . May Aug . Total

PELECYPODA
Cuna dall i - 1 - - 1
Donax te-x.aeianue 3 1 278 - 282
ErviUa concentriccz 2 - - - 2
Uniden tified venerid sp.

(nr. Couldia) - 1 - - 1

CUMACEA
Cyciaspis vcrr ’iana - - - 1 1
Mancoowna sp. - - 2 - 2

ISOPODA
Ancinus depressu e 3 - - - 3
Chiridotea excavata - - 1 1 2

AMPHIPODA
Acanthohaustorius n. sp. 52 26 131 38 247
Er icthonius n. sp.  - - - 2 2
Flauetoriue n. sp. - - 1 - 1
Protohaustoriue n. sp. 13 - 7 64 84
Peeudohaustorius n. sp. 2 5 2 36 4S
Syncheiidiun n. sp. 2 2 6 - 10

CARIDEA
ogyridee aiphaeroetrie 1 - 23 - 1 25
Proce sea hesrphiiii - - 1 - 1

CALLIANASSIDAE
Unidentified sp. - - 2 1 3

ANOMUR A
Lepidopa benedicti - - 1 1 2

BRACHYURA
Pinnixa crista ta - - 3 5 8

ECHINOIDEA
Meiiita quinquiesperforata - 2 - 4 5 11

HOLOTHURO IDEA
Unidentified sp. - - - 1 1
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STATION 9-3 (Con tinued )
Species Nov. Feb . May Aug . Total

CEPHA LOCHORDATA
Branchiostoma fioridae 29 2 - - 31

PISCES
Uniden tified ophidiid sp. - - 1 - 1

TOTAL 
- 

111 44 477 252 884

STATION 1-4

NEMERTIN E A -

Uniden tified sp. - 1 1 3 5

POLYC I-IAETA

Dispio uncinata - - - 7 7
Glycera oxycep ha la - - - 1 1
Magelona rio jai 1 2 2 - 5
Paraonis fuigene - 6 7 28 41
Scoieiepis squconata - 7 3 - 10
Scolopolos foliosu s - - - 1 1
Spionid sp . - - - 1 1

PELECYPODA
Cuna daili - - - 1 1
Donax texasianus - - 208 - 208
Ervilia concentrica - - 1 - 1
Pi tar sinrpsoni - 1 - - 1

C UMACEA
Uniden tified sp. - - - 6 6

ISOPODA
Ancinue depressue 1 - 1 - 2

AMPH I PODA
Acanthohaustorius n. sp. 18 19 121 23 181
FJricthoniue n. sp .  - - - 1 1
Hauetor iue n. sp. - - - 1 - 1
Monoculodee nyei - - - 1 1
Para haustorius n. sp .  - 1 1 - 2
Proto haustorius n. sp. 6 - 10 2 18
Pseudohauetoriue n. sp. - 5 1 20 26
Synchelidium n. sp. - - 1 - 1
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STATION 1-4 (Continued)
Species Nov . Feb . May Aug. Total

CARIDEA
Ogyridee aiphaeroatris - - - 6 6
Processa vicina - - 1 - 1

BRACHYtJRA
Pinn ixa cristata - - - 1 1

OPHIUROIDEA
Unidentified sp. A 1 - - - 1

E CHI NOI D~EA -

Meiiita quinquiesperforata - - 2 - 2

CEP HA LOCHORDATA
Branchiostoina fioridas 9 1 - - - 10

TOTAL 36 43 361 102 542

STATION 2-4

NE MERTINEA
Unidentified sp. - 1 1 2 4

NEMATODA
Unidentified sp. A - - - 1 1

- POLYC HAETA
Bravia ciavata - - - 1 1
Disp io uncinata - - - 6 6
Locinea viridis - 1 - - 1
Mage lona r iojai 2 - 1 2 5
Magelona sp. - - - 1 1
Nep htya bucera - - 1 4 5
Paraonie fu l-  gene 2 1 44 21 68
Scolelepie squcvnata - 6 4 - 10
S~io pettiboneae 

- - 3 - 3
Spiop hanee bora byx - - 1 - 1

GASTROPODA
Oliveila ,nutica - 1 - 1 2

PELECYPODA
Donax texasianue - 1 155 - 156
Erviiia concentrica - - - 1 1
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STATION 2-4 (Con t inued )
Species Nov . Feb. May Aug . Total

CUMACEA
Cyc iasp ie variane - - - 1 1
Unidentified sp. - - - 4 4

ISOPODA
Ancinus depre ssue 2 1 1 1 5
Chirido tea excavata - - 2 - 2

ANPHI PODA
Acanthohaus torius n. sp. 12 16 31 38 97
Haustorius n. sp. 1 - - - - 1
Monoculodes nyei - - - 4 4
Parahauetorius ii. sp. - 1 1 - 2
Protohaustorius n sp .  - 1 4 21 26
Pseudohaustoriue n. sp. - 2 - 59 61

CARIDEA
Ogyridea aip haeros tr ia - - - 1 1

ANOMU RA
EJnerita talpoida - - 1 - 1
Pa gurus iongicarpua - - - 2 2

BRACHYIJRA
Pinnixa cristata - - - 6 6

ECHINOIDEA
MeilLita quinquiesperfora ta - - - 3 3

CEPHALOCHORDATA
Branch j oetona floridas 2 - - - 2

~~ TOTAL 21 32 250 180 483

STATION 3-4

NEMERTINEA
Uniden tified sp. - 1 - 2 - 3

POLYCHAETA
Disp io uncinata - - - 20 20
Lwnbrinerie sp. - 1 - - 1
Magelona rioja i - - 1 - 1
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STATION 3-4 (Continued)
Species Nov. Feb. May Aug. Total

POLYCHAETA (Continued)
Nephtye bucera - - - 1 1

Onup hi~ erernita ocul-ata - - - 1 1
Opheiia sp. 1 - - - 1
P araonie fu igens 1 6 16 40 63
Scolelepie squaJnata - 6 6 1 13
Spio p ettiboneae -- -- 1 - 1
Spiophanes bombyx - - j  - 1

OL I GOCHA ETA
Unidentified sp. 1 1 - - 2

GASTROPODA
Oijveiia mutica - - - 1 1

PELEC YPODA
Cuna daili 4 - - - 4
Donax texaeia nus - 1 100 - 101
Ervilia concentrica 2 - - - 2
Lepton sp. 1 - - - 1

Lucina inuitilineata - - - 2 2
Pi tar sirnpsoni 1 1 - - 2
TelUna versicolor - - - ii

CIJMACEA
Unidentified sp. - - - 1 1

ISOPO DA
Ancinus depreseus - 1 2 - 3
Chirido tea excavata 1 - 1 - 2

AM PH I PODA
Acanthohaustorius n. sp. 31 9 32 32 104
Haustoriu s n. sp. - - 3 - 3
Parahaustorius n. sp. - 1 6 - 7
Protohaustorius n. sp. 11 1 3 26 41
Pecudohaustorius n. sp. 2 9 1 10 22
Syncheiidium n. sp .  - - - 3 3

CARIDEA
Ogyr idee aip haerostr is - - - 2 2
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STATION 3-4 (Continued)
Species Nov. Feb . May Aug~. Total

BRACHYURA
Pj nnixa o n e  ta ta - - 1 - 1
Pinnixa iunzi - - - 1 1

ECHINOIDEA
Meiiit.a quinquiesperfora ta - - 1 7 8

HOLOTHUROIDEA
Uniden tified sp. - - - 1 1

CEPHALOC HORDATA
Branchiostorna fioridae 15 - - - 15

TOTAL 73 37 177 149 436

STATION 4-4

NEMERT INEA
Unid ent if i e d  sp .  2 1 3 1 7

POLYCHAE TA
Dispio uncinata - - 1 35 36

• Gyptis vittata 1 - - - 1
Magelona obockenais - - 1 - 1
Magelona riojai - - 3 2 5
Orbiniid sp. - - - 1 1
Pa raonia f u l gens 1 2 3 32 38
Spio p ettiboneae - - 4 11 15
Sp iophanes bort?byx - - 2 - 2
Sy ilides setosa 6 - - - 6

GASTROPODA
Oliva sayana 1 - - - 1
Olivelia nn4tica - - - 2 2

PELECYPODA
Cuna daili - 1 - - 1
Donax texasianue - - 103 - 103
Unidentified venerid sp.

(nr. Gouldia) - - 2 - 2

CUMACEA
Uniden tified sp. - - - 1 1
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STATION 4-4 (Continued)
Species Nov . Feb . May Aug. Total

ISOPODA
Ancinus depressus - - 1 - i

AMPHIPODA
Acanthohaustonius n. sp. 53 5 87 46 191
Parahaustonius n. sp. - 1 1 - 2
Protohaustorius n. sp. 4 - 37 30 71
Pseudohaustorius n. sp. 17 19 5 9 50

CAR IDEA
Ogyrides aip haerostnis 1 - - 2 3

CALLIANASSIDAE
Uniden t if i e d  sp .  - - 1 - 1

BRACHYU RA
Pinnixa crista ta - - - 1 1
Pinn otherea maculata - - 1 - 1

SI P IJ N CU L I DA
Sipuncu lLue long ipap iiiosus 2 - - - 2

EC HI NOIDEA
Meil- i ta quinquiesp erfora ta - 2 - 5 7

CEPHALOCHORDATA
Branchiostoma fioridae 11 - - - 11

~~ 1’OTAL 99 31 255 178 563

STATION 5-4

NEMERTINEA
Unid entified sp. 1 - - 1 2

POLYCHAETA
Die pio uncinata - - - 22 22
Mage lona riojai - - - - 2 2
Nephtys bucera - - 1 2 3
Onuphis eremita oculata - - - 1 1
Op heiia sp . 1 - - - 1
Par aonis fu i gens - 2 1 6 9
Prionosp io cnistata 1 - - - 1
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STATION 5-4 (Continued )
Species Nov . Feb. May Aug. Total

POLYCHAETA (con t inued)
Sco~eiepis squamata - 1 - 2 3
Sp io pettibo neae - - 2 4 6

PELECYPODA
Donax texasicinus - 4 37 - 41
Ervilia concentrica - - 1 - 1

CUMACEA
Mancoawna sp. - - 1 - 1

ISOP ODA
Ancinus depressus 1 - 3 1 5

AMPHIPODA -

Acanthohaustorius n. - sp. 44 20 76 24 164
Parah aus torius n. sp. - 1 2 - 3
Protohaustorius n. sp. 5 1 29 10 45
Pseudohaustonius n. sp. 17 4 S 13 39
Synchelidiwn n. sp. I - - 1 2

CAR IDEA
Ogynides aip haerostnis - - 1 2 3

AN~t~1URA
Fte ri t a  taipoida - - 2 - 2

BRACHYU RA
Pinn ixa cristata - 1 1 - 2
Pinnotheres raacuiatus - - 1 - 1

SIPUNCULIDA
Sipunculus longipapiliosus 2 - - - 2

ECHINOIDEA
Meiiita quinquiesperforata - - 1 - 1

HO LOTFII JRO I DEA
Uniden tified sp. - - 3 - 3

4
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STATION 5-4 (Continued) - -

Species Nov . Feb . May Aug . Total

HEM ICH ORDATA
Unidentified sp. 1 1 - - 2

CEPH ALOCHORDATA
Branchi ostoma fioridae 10 - - - 10

TOTAL 84 35 167 91 377

STAT I ON 6-4

NEMERTIN EA
Unidentified sp. - - 2 - 2

NEMATODA
Unidentified sp. - - - 1 1

POLYC HAETA - 
—

Dispio uncinczta - - 1 5 6
Mag elona riojai - - 2 16 18
Micronephtys sp. - - 1 - 1
Nephtys sp. - - - 1 1
Nephtys bucera - - 2 3 5
Paraonis fuigens 1 3 2 7 13
Pnionosp io cnistata - - 1 - 1
ScoZelepis squamata - 2 2 - 4
Spio pettiboneae - - - 10 10

PELECYPODA
Donax texasianue - 4 23 - 27
Ervilia concentrica - 3 - - 3

Unidentified venerid sp.
(nr . Gouidia)  - 1 - - 1

STOMATOPODA
Coronis excavatrix - 1 - - 1 —

CUMACEA -

Uniden tified sp. - - - - 4 4

I SOPODA
Ancinus depressue - - 4 2 6
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STATION 6-4 (Continued)
Species Nov . Feb . May Aug . Total

AMPHIPODA
Acanthohaustonius n. sp. 56 35 63 83 237
Haustonius n. sp. 2 - - - 2
Monoculodes nyei - - - 2 2
Parah austorius n. sp. - - 2 - 2
Protohaustor-ius n. sp. 7 2 22 29 60
Pseudohaustoriue n. sp. 51 7 - 12 70
Syrichelidiwn n. sp. - 1 - - 1

ANOMIJRA
F irnerita taipoida 1 - 2 - 3

BRACHYURA
Dissodactylue meiiitae - - - 1 1
Pinnixa cnistata - - 1 -• 1
Pinnotherea inaculatue - - 1 - 1

ECHINOIDEA
Meilita quinquiesperfora ta 1 - 1 15 17

HOLOThUROIDEA
Unid entified sp. - - 2 - 2

HEMICHORDATA -

•

Uniden tjfied sp. - - 1 - 1

CEPHALOCHORDATA
Branchiostorna fioridas 6 - - - 6

TOTAL 125 59 135 191 510

STATION 7-4

TURBELLARIA
Uniden tified sp. - - 1 - 1

• NEMERTINEA

Unidentified sp. - - - 2 1 3

POLYCHAETA
Dispio uncinata - - 2 81 83
Magelona riojai - - 1 2 3
&f ageiona sp. - - - 1 1
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• STATION 7-4 (Continued)
Species Nov . Feb . May Aug. Total

POLYCHAETA (continued)
Paraonis fui gens -

- 
2 2 6 10

Scal elepis squamata - 2 2 - 4
Scoiep ios fra giiis - - - 1 1
Scolopolos fol iosue - - 1 - 1
Spio pettiboneae - - 1 3 4

PELECYPODA
Donax texasianus - 4 42 - 46

CIJMACEA
Cyciasp is vcrr ians - - - 1 1
Unid entified sp. - - - 5 5

• ISOPODA
Ancinus depres sue - 1 8 - 9
Chinido tea excavata 1 - 1 - 2

AI4PHIPODA
Acanthohaustoniua-n. sp. 61 36 89 96 282
Er iethonius n. sp.  - - 

• 
- 1 1

Haustoriu s n. sp. 2 - - - 2
Monocu lodee nyei - - 2 - 2
Protohausto nius n. sp. - - 9 28 37
Pseudohaustorius n. sp .  2 5 9 21 37
Synchelidiwn n. sp. - 2 4 1 7

CARIDEA
Ogyrides aip haerostrie - - 1 5 6

CALLIAN IASSIDAE —

Unide ntified sp. - - 7 - 7

ANOMURA
Finenita benedicti - 2 - - 2
Finenita taipoida - - 1 1 2
Lepidopa benedicti 

- 

- - - 1 1

BRACHYU RA
Dissodactylus meiiitae - - - 1 1

~Yt)aiipes oceliatus 
- - 1 - 1

Pinnixa cnistata - - 8 3 11
Port i~nus gibbesii - - 1 - 1

I 
~
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STATION 7-4 (Continued)
Species Nov. Feb . May Aug . Total

ECHINOIDEA
MeUita quinquiesperfonata - - 3 1 4

CEPHA LOCHORDATA
Branchiosto~na f iorida e 55 - - 1 56

TOTAL 
— 

121 54 198 261 634

STATION 8-4

NEMERTINEA 
-

Uniden tified sp. - - 3 3 6

NEMATODA
Uniden tified sp. B - - 1 - - 1

POLYCHABTA

• Dispio uncinata - - 8 42 50
Mageiona riojai - - - 1 1
Micronephtys rninuta - - 1 - 1
Paraoni s fu iLgens 1 1 2 11 15
Scolelepis squcsnata - 2 - - 2
Scolepios frag ilis - - - 1 1
Sp ionid sp . - - - 1 1
Spio pettiboneae - - 4 - 4

OLIGOC}-IAETA
Unidentified sp. 1 - - - 1

PELECYPODA
Donax texasianue - - 50 - 50

CUMACEA
Manoacuma sp .  - - - 1 - 1
uniden tified sp. - - 1 1 2

ISOPODA
Ancinus depres sus - 3 - 3 - 6
Chiridotea excavata - - 2 - 2
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STATION 8-4JContinued)
Species Nov. Feb . May Aug . Total

AI4PHIPODA
Acanthohaus tonius n. sp. 35 41 200 65 341
Ha ustorius n. sp . 1 - - - 1
Monocuiodes nyei - - - 1 i
Parahaustorius n. sp .  - 1 - - 1
Protohaustonius n. sp. 2 - 27 26 55
Pseudohaustoriu s n. sp. 1 13 2 21 37
Synchelidiwn n. sp. - 5 8 1 14

CARIDEA
Ogyrides ai p haerostr is - - - 4 4

ANOMURA
Pa gurus lang icarpus - - 1 - 1

BRACHYURA
Arenasus cribrar ius - - - 1 1

ECHINOIDEA
Meiiita quinquiesperforata - - 1 - 1

CEPHALOCHORDATA
Branchiostoma fioridae 17 - 1 - 18

~~TAL 61 63 315 180 619

STATION 9-4

NEMERTINEA
Unidentified sp. - - 4 - 4

NEMATODA
Uniden tified sp. A 10 2 - 3 15

POLYC1-IAETA
Armandia maculata - - 1 - 1
Dispio uncinata - - 3 82 85
Magelona obockensie • - - 1 - 1
Magelona riojai - - - 4 4
Ophe lia sp .  1 -

- - - 1
Pcr~aonis fu igene - 1 - 4 5
Pnionoapio criatata 7 - - - 7

ScoZelepia squamata - 2 - - 2
Spionid sp . - - 1 1 2
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STATION 9-4 (Continued)
Species Nov . Feb. May Aug . Total

POLYCHAETA (continued)
Sp-io pettiboneae - - 4 1 5
Syiiidea eetoea 11 - - - 11

GASTROPODA
Natica pu siiiâ - - - 1 1
Po iinicea dup Ucatue - - -

• 1 - 1

• 
PELECYPODA
Cuna dalU 3 - - - 3
Donax texasianue 4 2 100 - 106
Strig ilia mirabilis - - 4 - 4 —

CUMACEA
Mancocwna sp. - - 2 - . 2

-• Unidentified sp. - - - 8 8

ISOPODA
Ancinus depressus 3 - 4 - 7
Chinido tea excava ta 2 - 2 - 4

AMPHI PODA
Acanthohaustorius n. sp. 52 47 122 42 263
Monocuiodes nyei - - - 1 1
Parahauetorius n. sp. - 2 - - 2
Protohaustorius n. sp. - 5 19 43 67
Pseudohaustorius n. sp. - 4 7 33 44
Synchelidiwn n. sp. - 2 2 3 7

CARIDEA
Ogyridee aiphaerostnis - - 5 3 8

CALLIANASSIDAE
Uniden tified sp. - - 3 - 3

BRACHYIJRA
Pinnixa cnistata - - 2 - 2
Port unue g ibbeaii - - 3 - 3

ECHINOIDEA
Meilita quinquiesperforata 1 - 1 5 7
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STATION 9-4 (Continued)
Species Nov . Feb . May Aug . Total

HOLOTHURO IDEA
Unidentified sp. - - - 1 1

CEPHALOCHORDATA
• Bran chiostoma floridae 52 1 - 2 55

TOTAL 
— 

146 
— 

68 291 237 742

STATION 1-5

NEME RT INEA
Unidentified sp. 4 1 6 2 13

NEMATODA
Unidentified sp. A - 3 - - - 3

POLYC HA ETA
Brania welifleetensis 1 - - - 1
Dispio uncinata - - 3 5 8
Mage lona niojai 1 - 12 14 27
Nephtys bucera - - 1 2 3
Opheiia sp . 1 - - - 1
Paraonis fulgens - 1 12 12 25
Polydona sp. - 1 - - 1
Scale lep is texana - 1 - - 1
Sp io pettiboneae - - 7 4 11
Sp iophanee bombyx - - 3 - 3

OLIGOCHAETA
Unidentified sp. - - 1 - 1

GASTROPODA
Oiiva sayana 1 - - - 1

PELECYPODA
Cuna dalli - - - 1 1
Donax texasianus - 1 1 - 2
Ervilia concentrica 2 271 1 - 274
Strigilia mirabilis 3 - - 1 4
Uniden tified venerId sp.

(nr . Gouldia) - - 3 - 3

209

-- -----~~~ ~~~~~~~~~~~~~~~~~ -~~~---~~-
- -

— ~&___ ~—- ‘-a.- ~~~~~~~~~ - - -



-~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ - - -~~~~~~~ _ •  -- ~~~~~~~~~~ -
~~~~

-

STATION 1-5 (Con tinued)
~pecies Nov . Feb . May Aug . Total

ISOPODA
Ancinue depreesus 2 - - 1 3
Chirido tea ezoavata 1 - 7 7 15
Scyphaceila arenicoZa - - - 1 1

AMPHIPODA
Acanthoha us tonius n. sp. 12 27 42 51 132
Mon oculodee nyei - - 3 1 4
Protohauetoniue n. sp. 3 4 30 34 71
Pseudohaustorius n. sp. 43 1 1 - 45
Synchelidiwn n; . sp . 1 - 3 - 4

CARIDEA
Ambidexter syniinetnicus 1 - - - 1
Ogynidee a lp haeroetr ie - 1 - - - 1

CALL IANASSID AE
Unidentified sp. - - - 1 1

ANOMURA
ESerita talpoida - - - 1 1
Pa gurus longicarpue - - 1 - I

BRACHYURA
Ovalipee ocellatue - - 1 - 1
Pinnixa cnis tata 3 - - 1 4

ECHINOIDEA
MelUta quinquiesperforata - - 2 1 3

CEPHALOCHORDATA
Branchioetona f lor idae 8 27 - 1 36

TOTAL 87 339 140 141 707

STATION 2-5

NEMERTINEA
Unidentified sp. - 2 6 7 15

NEMATODA
Unidentified sp. - - 1 1 2

2 10
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STATION 2-5 (Con t inued)
Species Nov . Feb . May Aug . Total

POLYC HAETA
Armandia macuiata - 2 1 - 3
Diep io uncinata - - 1 2 3
Eteone heteropoda - - - 1 1
Magelona obockensie - 1 - - 1
Mage lona riojai - - 8 1 9
Mzgelona sp. - - - 1 1
Mesochastopteru s sp. - - - 1 1

Nephty e bucera - - - 2 2

Nephty e sp. - - - - 2 2
Nereis caudata - - - 1 1
Paraonis fulgens 1 3 5 - 9
Pectinaria gouldi 1 - - - 1
Pnionoapio cristata 1 - - 6 7

Scolelepie texana - - 1 -
- 1

Sigainbra bassi - - - 1 1

Sp ia pet tibaneae - - 40 2 42
Spiop hanes bombyx - - 7 - 7
Unidentified sp ionid sp. - - - 1 1

OLIGOC HAETA
Uniden tified sp. - 1 - 1 2

GASTROPODA
Has tula ealleana 1 - - - i
Nassarius acu tue - - - 2 2
Natica pus ilia - - - 2 2
Olivella mutica - - - 2 2

PELECYPODA
Donax texasianu e - - 1 - 1
Ervilia concentrica 4 - 21 - 25
Strigilla mirabi lie 3 1 - 11 15
Tellina versicolor - - - 7 7
Unidentified venerid sp.

(nr . Gouldia ) - 5 23 - 28

OSTRACODA - -

Unidentified sp. - - - 1 1

CUMACEA
Unidentified sp. - - 1 1 2

2 11
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STATION 2-5 (Continued)
Species Nov . Feb . May Aug. Total

ISOPO DA
Ancinus depreseus - 2 - - 2
Chinidotea excavata 1 - - - 1

AMPH I PODA
Acanthohau etoriue n. sp. 3 38 39 29 109
Hau s torius n. sp. 1 1 - - 2
Monoculodee nyei - - - 7 7
Protohaustorius n. sp. 8 14 56 35 113
Pseudohasutoriue n. sp. 30 8 5 50 93
Ps eudop ia~yiachnopus n. sp .  - - - 1 1
Sy nchelid-lum n. sp. - 2 4 - 6

CARIDEA
Frocessa hemphilli - 1 - - - 1

ANOMURA
Lepidopa benedicti - - 1 - 1

BRA CHYURA
Pinn ixa crista ta - - - 3 3
Portunus gibbesii - - - 3 3

ECHINOIDEA
Mell ita quinquiesperfora ta 4 1 - 1 6

HOLOTHUROIDEA
Unidentified sp. - - - 1 1

CEPHALOC HORDATA
Branchiostonia floridae 54 72 6 2 134

PISCES
Anchoa sp. 54 72 6 2 134

STATION 3-5

TURBELLARIA 
-

Unidentified sp. - - 1 - 1 
V

NEMERT I NEA
Unidentified sp. 4 9 7 4 24

I’. 2 12
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STATION 3-5 (Continued)
Species Nov . Feb . May Aug. Total

NEMATODA
Unidentified sp. A - 1 1 - 2

POLYCHATEA
Brania welifleetensis - - - 2 2
Bravia clavata - - - 4 4
Die pio uncinata - - 3 4 7
Magelona rio ja i  2 1 3 9 15
Micronephty e minuta - - 1 - 1
Nephtye bucera - 2 3 - 5
Paraonie fulgens 1 3 3 5 12
Prionospio erie tata 5 - - - 5
Scolelepie squcenata - 1 1 - 2
Scolelepis texana - 1 - - 1
Spia pettiboneae - - 13 16 29
Spiophanes bombyx - - 8 - 8

OLI GOCHAE TA
Unidentified sp. 1 1 - - 2

GASTROP ODA
Po -linices duplicatue - - 1 - 1

PELECYPODA
Lepton sp. - - 1 - 1
Lucina multilineata - - - 1 1
Strigilla mirabilie 2 - - 1 3
Unidentified venerid sp.

(nr. Gould-ia) - 2 2 - 4

C UMACEA
Cyclaep ia variane - - 2 - 2
Unidentified sp. - - - 4 4

ISOPODA
Ancinue depressus - 1 - - 1
Chinido tea excavata 1 - 7 - 8

AM PH IPODA
Acanthohaustonius n. sp. 8 32 55 46 141
Monoculodes nyei 1 - 5 3 9
Pro tohaustonius n. sp. 8 12 25 31 76
Pseudohaustorius n. sp. 5 3 23 50 81
Synchelidizcn n.. - sp. 1 1 1 - 3

p 2 13
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STATION 3-5 (Continued)
Species Nov. Feb. May~ Aug. Total

CARIDEA 
-

Proce8aa hemphilli - - 4 - 4

ANOMURA
Pa gurus iongicarpus - - 1 - 1

BRACHYURA
-• Finnixa cnistata - - - 4 4

Portunus gibbeaii - - - 1 1
Uniden tified xanthid sp. - - 1 - 1

ECHINO I D E A
Mellita quinquieeperforata - 3 - 3 6

CEPHALOCHORDATA
Branchiostorna fioridae 9 25 - - 34

STATION 4-5

NEME RTINEA
Uniden tified sp. 4 6 3 - 13

NEMATODA
Unidentified sp. - - 1 1 2

POLYCHAE+A
Armandi.a maculata - - - 1 1
Bravia clavata - - - 1 1
Disp io uncinat.a - - - 9 9
Magelona niojai - 1 9 14 24
Mageloria sp. - - - 1 1
Nephty s bucera - - 1 2 3
0-nuphis eremita oculata - - - 1 1
Paraonis fulgens - - 17 13 30
Spio pettiboneae - - 9 18 27
Spiophane8 bombyx - - 3 - 3

GASTROPODA -

- - Hastula ealleana - 1 - - 1
Oliva sayana - - - 1 1
Olivelia mutica 1 - - - 1

2 14
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STATION 4-5 (Continued )
Species Nov . Feb. May Aug. Total

STOMATOPODA
Cononis excavatnix - 1 - - 1

CUMACEA
Uniden tified sp. - - - 2 2

ISOPODA
Ancinus depressus - - - 1 1
Chir ido tea exoavata 1 - - - 1

AMPH I PODA
Acanthoha ustorius n. sp. 24 71 62 69 226
Monoculodes nysi - - 1 2 3
Protohaustonius n. sp. 20 15 48 69 152
Pseudohausto nius n. sp. 3 5 4 2-3 35
Pseudop laty ischwopus n. sp. B - - 1 - 1

V Synchelidiwn n. sp. - 3 1 - 4

CARI DEA
Ogynides alphaerostnis - - - 1 1

ANOMUR A
Lepidopa benedict-i - - - 1 1
Pa gurus longicarpus - - - 4 1 5 - ;

EC I-iINO IDEA
Meilita quinquiesperfora ta 2 3 1 2 8

CEPHA LOCHORDATA
Branchiostonia fioridas 9- 13 - 1 23

PISCES
Uniden tified ophidiid sp. - - - 1 1

STATION 5-5

NEMERTINEA
Uniden tified sp. , 6 2 6 2 16 -

•

N EMATODA
Unidentified sp. - 2 - - 2

r p
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STATION 5-5 (Continued)
Speci es Nov . Feb . May Aug . Total

POLYCHAE TA
Apoprionospio pygvnaea - - 1 - 1
Bravia ciavata - 1 - 1 2
Dispio uncinata - - - 18 18
Mage lona riojai - 1 7 13 21
Nephtys bucera - - 3 1 4
Par aonis f u l gens - - 4 11 15
Prioncep io cnista ta 2 - - - 2
Scelelepis squamata - - - 1 1
Soolel-epis texana - - 1 - 1
Sp io pettiboneae - - 19 18 37
Spiophanes bombyx - - 7 1 8
Sy llides setosa - - 1 - 1

GASTROPODA -

Polinices duplicatus - - - 1 1

PELECYPODA
Cuna dalli 1 - - - 1
Ervilia concentrica - - 7 - 7
Stnigilla rnirabilis - - - 1 1
Tellina versicolor I - - - 1

CUMACEA
Unidenti fied sp. - - - 5

I SOPODA
Ancinus depressus 1 - - - 1

AMPHIPODA
Acanthohaustorius n. sp. 2 50 39 30 121
Monoculodes nyei 1 - 1 - 2
Protohaustoriuc n. sp. 11 8 96 33 148
Pseudohaustorius n. sp. 1 18 16 6 41
Ps eudop laty ischr topus n. s p .  B - - 1 - 1
Synchelidiwn n. sp .  - - 5 - 5

CAR IDEA
ogyrides aiphacrostris 2 2 - 3 7
Processa henrphil-li - - 2 - 2

ANOMU RA
Lepidop a benedicti — - 2 - 2

2 16
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STATION 5-5 (Continued)
Species Nov . Feb . May Aug. Tot al

BRACH YIJ RA
Dissodactylus mellitae - - 1 1
Pinn ixa cristata 1 - 1 3 5

SI PUNCULIDA
Sipuncuiu~ longipap illosus 1 - - - 1

ECH I NOIDEA
Mellita quinquiesperforata - 2 - 7 9

HOLOTHIJROIDEA
Uniden tified sp. - - - 1 1

HEMICUORDATA
Unidentifi ed sp. 1 - - - - 1

C EPHA LOCHORDATA
Branchiostorna floridae 13 20 7 2 42

TOTAL 44 106 226 159 535

STATION 6-5

NEMERT I NEA
Unidentified sp. 2 2 2 1 7

POLYCHAETA
Arrnandia maculata - - 1 1 2
Bravia ciavata - - - 1
Disp io uncinata - - - 11 11
Magelona niojai 1 2 8 25 36
Nep htys bucera - - 1 1 2
Onup his erernita oculata - - - 1 1
Paraonis fulgens - - 7 4 11
Polydona sp. - - - 1 1
Pnionasp io cristata 1 - - - 1
Scelelopis squcvnata - 1 - - 1
Spio pettiboneae - - 10 30 40
Spiophanes bornbyx - - 4 - 4

GASTROPODA
Hastula salleana - 2 - - 2
Oijveila rnutica - 1 - - 1

2 17
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STATION 6-5 (Continued)
Species Nov . Fe b .~~~~~~y Aug . Total

PELECYP ODA
Donax texasianus - - 1 - 1
FJrvii ia concentnica 1 - 

- - - 1
Strigilla mirabilie - - - 1 1
Uniden tified venerid sp. -

(nr. Goui-dia) - 1 1 - 2

CUMACEA
Unidentified sp. - - - 2 2

ISOPODA V

Chinido tea excavata 1 - 1 1 3

AMPHI PODA
Acanthohaustonius n. sp. 25 40 45 2-6 136
Monoculodee nysi 1 - 1 - 2
Pr otohaustoriue n. sp. 12 13 78 39 142
Pseudohaustonius n. sp. 1 4 17 46 68
SyncheUdiwn n. sp. - 1 2 - 3

CARI DEA
Ogynides alphaerostrie 1 3 - - 4
Processa heniphilli 1 - 1 - 2

ANOMURA
Pa gurus iong icczrpue - - 3 1 4

BRAC H YURA
Pinnixa cristata 1 - 3 2 6

ECH I NO IDEA
Mellita quinquiesperforata 1 9 - 7 17

HEMICI-IORDATA

Uniden tified sp. - - - 1 1

CEPHALOCHORDATA
Branchiostoma floridae - 19 7 1 2 29

PISCES
Symp hurus p laguiea - - - 1 1

TOTAL 68 86 187 205 546

2 18
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STATION 7-5
Species Nov . Feb . May Aug . Total

NEMERTINEA
Unidentified sp. - 5 4 3 12

NEMATODA
Uniden tified sp. A - - 1 1 2

POLYCHAETA
Arinandia maculata - - 2 - 2
Dispio uncinata - - - 16 16
Glycer a oxycep hal-a - - 1 - I
Magelona riojai - - 2 7 9
Nep htys bucera - - 2 - 2
c~uphis eremita oculata - - - 1 1
Paraonis fui gene - 2 1 - 3
Phyiiodoce sp. I - - - - 1
Pnionospio cristata 2 - - - 2
Scolelepis equamata - 1 - - 1
Sp io p ettiboneae - - 47 31 78
Sp iop hanee bombyx - - 2 - 2

GASTROPODA
Po Unices dup licatue - - 1 - 1

PELECYPpDA
Ervilia concentrica 1 - - - 1
Stnigilia mirabil ia - - 9 - g
Tellina versicoior - - 2 - 2
Uniden tified venerid sp.

(nr. Gouldi.a) - - 1 - 1

CUMACEA
Cyc ia sp is varians - - - 6 6
Uniden tified sp. - - 1 4 5

ISOPODA
Chirido tea excavata 3 - 3 1 7

AMPHIPODA -

Acanthohaustorius n. sp. 4 42 88 125 259
Monoculodes nysi - - - 3 3
Protohauetonius n. sp. 10 3 54 69 136
Pseudohaustoriu s n. sp. 15 3 8 65 91
Pseudoplaty isc hnopus n. sp. B - - 1 - 1
SyncheUcUwn n. sp. - - 6 1 7

2 19
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STATION 7-5 (Continued)
Species Nov. Feb. May Aug . Total

CARIDEA
Ogyridee aip haerostnis - - - 1 1
Processa hemphilii - - 3 1 4

CALLIANASSIDAE
Uniden tified sp. - - 2 1 3

ANOMURA
Finerita talpoida - - - 1 1
Lepidopa benedicti - - - 1 1

BRACHYURA
P innixa cnistata - - 2 - 2
Pinnotheres ~naculatua - - 1 - 1
Portunus gibbesii - - 4 1 5

ASTERO IDEA
Astropecten ax’ticulatus - - ii - 1

ECHINOIDEA
Mellita quinquiesperforata - 1 - - 1

CEPHALOCHORDATA
Branchiostoina floridae 12 9 12 4 37

TOTAL 48 66 261 343 718

STATION 8-5

NEMERTINEA
Unid entif i ed  sp .  - 7 

- 
3 1 11

NEMATODA
Uniden tified sp. A - 2 - - 2

POLYCHAETA
Apoprionosp io pygmacea - - - 1 1
Arrnandia maculata - - 1 - 1
Di ep io uncinata - - 1 61 62
Magelona riojai . - - 4 5 9
Micronephtya sp. - 1 - - 1
Nephtye p icta - - 3 - 3
Paraoni a fulgene - - 1 2 3
Scolelepis 8qUC) na ta - 3 - - 3
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STATION 8-S (Continued)
Species Nov . Feb . May Aug . Total

POLYCHAETA (continued)
Spio p ettiboneae - - 22 5 27
Spiophanes bornbyx - - 9 - 9
Stheneiais sp. - 1 - - 1
Uniden tified spionid sp. - 1 - - 1

GASTROPODA
Oliva saya na - - 1 - 1

PELECYPODA
Donax texasianus 2 1 - - 3
Ervilia concentrica - - 1 1 2
Stnigilla nnrabilis - - - 2 2
Tellina Vers-too or - - - 3 3
Uniden tified venerid sp. -

(nr. Gouldia) - 1 - - 1

CUMAC EA
Cyclaspis vaniane - - - 2 2
Unidentified sp. - - - 2 2

ISOP ODA
Ancinus depressus - 1 - - 1
Chinido tea excavata - - 1 2 3

AMPI-{IPODA

Acanthohaustorius n. sp. 17 64 71 44 196
Monoculodes nyei 1 - 1 2 4
Pro tohaustorius n. sp .  - - 24 34 58
Pseudohaustonius n. sp. - 8 25 8 41
Pseudoplaty iachnopu e n. sp. B - - 3 - 3
Synchelidiwn n. sp. 2 - 7 - 9
Tiron sp . - - 1 - 1

CAR IDEA
Ogynides aip haeros tr ie - - - 2 2

CALLIANASSI DAE
Unidentified sp. - - 3 - 3

ANOMURA
Pa gurus longicarpus - - 1 1 2

22 1
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STATION 8-5 (Con tinued) 
—

Species Nov . Feb . May Aug . Total

BRACHYIJ RA
Diseodacty lue meliitae - - - 1 1
Pinnixa cnietata - - 2 - 2

Portunue gibbeeii - - - 1 1

ECHINOIDEA
Mellita quinquiesperforata 1 1 6 5 13

CEPHA LOCHORDATA
Branchioston?a f loridae 9 15 9 2 35

PISCES
Uniden t if ied op hidiid sp. - - - 1 1

TOTAL 32 106 200 188 526

STATION 9- 5

NE MERTINEA
Uniden tified sp. 1 6 4 5 16

NEMATODA
Uniden tified sp. A - - 1 1 2

POLYCHAETA
- Bravia clavata - - - 1 1
Disp io uricinata - - - 9 9
Magelona riojai - - 3 4 7
Microns phtye niinuta - - 1 - 1
Nephtye bucera - - 2 1 3
)Vephtys picta - - 2 - 2
OpheUna sp. - - - 1 1
Pa raonis fu lgene - - - 7 7
Phy llodoce arenae - - - 1 1
Prionoapio cristata 1 - - - 1

Scolelepis te-zana - 1 - - 1

Scoloplos robus tus - 1 - - 1

Spio pettihoneae - - - 45 28 73
Sp iop hanea bombyx - 8 - 8

GASTROPO DA
Natica pusill.a - - - 1 1

p 222
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STATION 9-5 (Continu ed)
Species Nov . Feb . May - Aug . Total

PELECYPODA
Donax te,xaaianua - 1 - - 1
Strigilla mirabili e - - - -4 4
Teilina vereico ion - - - 2 2

CUMACEA
Cyclasp ia vaniana - - 1 1 2
Unidentified sp. - - - 9 9

ISOPODA
Chinido tea e-xcavata I - 1 2 4

A14PH IPOD A
Acantho haustonius n. sp. 26 32 55 90 203
Monoculodee nyei - - 1 3 4
Protohaustonius n. sp. 8 2 21 78 109
Pseudohaustonius n. sp. 21 5 8 8 42
Pseudop la ty ischnop us n. sp. B - - - 2 2
Synchelidiwn n. sp. - - 1 1 2

CAR I DEA
Pro cessa hemphilii - - 1 - 1

CALLIANASSIDAE
Unidentified sp. - - 1 - 1

ANOMURA ’
Pa gurus long icarpus - - - 1 1

BRACHYURA
Pinn ixa cnietata - - 1 1 2
Pinnotheres maculatus - - 1 - 1F Portunue gibbesii - - 1 - 1

ECHINOIDEA
Mellita quinquiesperforata - - - 1 1

CEPHALOCHORDATA -

Branchiostoma fionidas 27 2 6 7 42

PISCES
Unidentified ophidiid sp. - - 1 - 1

TOTAL 85 50 166 269 570
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STATION A
Species Nov . Feb. May Aug. Total

TURBELLARIA
Unidentified sp. - - 4 1 5

NEMERTI NEA
Unidentified sp. 1 4 7 8 20

NEMATODA
Unidentified sp. A - 19 - 18 37
Unidentified sp. B - - 7 - 7

POLYCHAETA
Apopnionoapio pygrnaea - 1 1 3 5
Anicidea sp. 2 2 - - 4
Arrnandia maculafrz 5 2 18 4 29
Brania welif leetensie - - 2 4 6

Bravia clavata - - - 1 1
Diopatra cuprea - 1 - - 1
Die pio uncina ta - - - 1

Eteone heteropoda - - 1 7 8
Giycera oxycep hala - - 1 4 5
Lwnbrinenie sp. - - - 11 11
Mageiona riojai - - 1 - 1

Magelona sp. - - 1 - 1
Mesochaetopte rus sp. - - 1 - 1
Micronephtye sp. - 2 - - 2
Minuspio sp. - 1 - - 1
Nephty e p icta - - 7 6 13
Nephtye sp . - - - 2 2
Onuphis ereirtita ocuiata 1 - - - 1
Parani tea speciosa - - - 1 1
Paraonides lyra 19 5 - 1 25
Paraonides sp. 2 - - - 2
Paraprionoapio pinnata 17 1 3 - 21
Phy llodoce arena s - - 4 - 4
Phyllodoce sp. - - S - 5
Poeciiochaetue johnsoni - - 1 - 1
Prionoap io cirnifera - - 1 - 1
Pnionospio cnietata 47 76 4 5 132
Scolelepis sp. 2 - - - 2
Scolelepia texana - 4 S - 9

Scoioploa foliosus - - - 1 1
Scoloplos nobustue - 1 - - i
Sea lop los rubra - 1 - - 1
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STATION A (Continued)
Species Nov. Feb . May Aug. Total

POLYCHAETA (cont inued)
Sigcvnbra basei 1 1 2 4
Spiochaetopterue oculatue 1 - - - 1
Sp io pettiboneae 7 5 9 1 22
Spiophanes bombyx - 1 42 2 45
Uniden tified capite llid sp. - 2 - - 2

OLIGOCHAETA
Unidentified sp. 22 35 5 3 65

GASTROPODA
Acteocina candei - - - 1 1
Acteon pu nctostnia tus - - - 1 1
Natica pusilla - - - 2 2
Olivella rrzutic2 - - - 2 2
PoUn’-cee du~licatus - - 2 - 2
Terebra disiocata - - 1 - 1

PELECYPODA
Ervilia concentrica - - 1 1 2
Lucjna multilineata - 2 2 4 8
Peniploma inequale - 1 - - 1
Stnigilla mirabilie - - 2 10 12
Tellina versicolor - - 1 19 20

OSTRACODA
Uniden tified sp. - - - 8 8

CIJMACEA
Cyclasp is vaniane - - - 1 1
Oxyuroatylis ainithi - - 3 - 3
Uniden tified sp. - - - 2 2

AMPI-IIPODA
Acanthohaustonius n. sp .  - - 8 2 10
Lysianopsis sp. - - 1 - 1
Protohaustorius n . sp. - 12 58 15 85
Pseudohaustoniue n. sp. - 3 4 3 10
Pseudoplatyischnopue n. sp. B 1 2 2 16 21
Synchelidiwn n. sp. - 2 3 - 5

PENAE I DEA
Sicyonia brevinostnie - 1 - - V
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STATION A (Con tinued)
Species Nov . Feb . May Aug . Total

CARIDEA
Processa henrphiil i - - 7 - 7
Proceesa vicjna - - - 1 1

ANOMURA
Albunea pa ratii 1 - - - 1

BRACHYU RA
Pinnixa cnistata - - - 1 1
Pinnotheres rnaculatus - - 2 - 2
Portunus gibbesii - - - 1 1
Portunue spiniznanus 1 - - - 1
Ranilia mur ica ta - - - 2 2

ECHINO IDEA
MelUta quinquiesperforata - - - 45 45
Unid entified sp. - - 11 - 11

HOLOTHURO IDEA
Uniden tified sp. - - - 3 3

CEPHALOCHORDATA -

Branchiostorna floridae - 1 59 19 79

PISCES
Flemipteronotus novacu la - - - - I I
Uniden tified ophidiid sp. - - 1 - 1

TOTAL 129 188 299 246 862

STATION B

ACTI NI ARIA
Uniden t ified sp. - - - 2 2

TUR BELL ARIA
Uniden tified sp. - - 2 1 3

NEMERTI NEA
Uniden tified sp. - 3 6 7 16
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STATION B (Con t inued)
Species Nov . Feb. May Aug. Total

NEMATODA
Uniden tified sp. A - 18 1 11 30
Uniden tified sp. B - - 1 - 11

POLYCHAETA
Aglaoghcoirus vernilhi 1 - - - 1
A~np hare tid sp. 1 - - - 1
Anaitides erytheop hy llus - - 1 - 1
Apoprionospio pgy maea - - 2 - 2
.4ricidea fragiUs 1 - - 1 2
Armandia maculata 11 13 24 1 49
Brania welifiseteneis 4 1 1 3 9
Cauhleniehia sp. - - - 2 2
Ceratonereis irritabihia - - - 2 2
Di8p io uncina ta - - - 1 1
Eteone heteropoda - - 1 4 5
Glycera oxycephala - - - 3 3
Gyptis vittata 4 1 - - 5
Heteroinastus filiforrnus 3 - - - 3
Lumbnineris sp. - - - 2 2
Magelona sp. 1 - - - 1
Mediomastus californiensis - - - 1 1
Mesochastopterus sp. - - - 3 3
Micronephtys minuta - - 2 - 2
Nephtya sp. - - - 1 1
Nephtya bucera - - 1 - 1
Nephtya p icta - - 4 3 7
Notomastue heinipodua - - - 2 2
Op helia sp . 9 - - S 14
Op hehina sp. - 3 - - 3
Owenia fusifor inia 1 - - - 1
Paraonides iyra 3 3 - 1 7
Paraonis fulgena - 3 - - 3
Parapnionosp io pinnata 10 1 - - 11

Phy hiodace arenae - - 2 - 2
Phy llodoce sp. - - - 2 - 2
Pnionosp io cirnifera - 1 - - 1
Pnionoepio cristata 134 55 3 18 210 -:
Scoleispie sp. 1 1 - - 2
Scobelepie texana - 3 11 - 14
Scoloploa fragihis - 1 - - 1
Scoiopios rubra - 2 - - 2
Spio pettiboneae 9 1 22 5 37
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STATION B (Cont inued)
Species Nov. Feb. May Aug. Total

POLYCHAETA (cont inued)
Spiophanee bo7nbyx - - 29 7 36
Travesia sp. - - - 3 3
Trochocaeta sp. - 1 - - 1
Unidentified capitellid sp. 1 - - - 1
Uniden tified cirratul id sp. - 1 - - i

Unidentified sp ionid sp. 2 - - - 2

OLIGOC HAE TA
Unidentified sp. 18 26 1 10 55

GASTROPODA
Acteocina candei - - - 6 6

PELECYPODA
Chione cancellata - 1 - - 1
Ervilia concentrica - - 2 1 3
Strigill a rnirabilie - 1 7 74 82
Tellina versicolor - - - 28 28

OSTRACODA
Unidentified sp. - - - 3 3 V

CUMACEA
Cyclaspie varians - - - 2 2

• Unidentified sp. - - - 3 3

AMP HI PODA
Acanthohcrustonius n. sp .  - 6 16 7 29
Ampelisca TI .  Sp. A 1 - - - 1
Ampehisca sp. B - - - 1 1

Listniehla sp. - - - 3 3

Monocuiadee nyei - - - 1 1
Protohaustonius n. sp. - 29 100 8 137
Pseudo haustorius n. sp. - - 1 1 2
Pseudoplatyischnopue n. sp. 8 1 4 3 11 19
Synchehidiwn ii. sp. 3 - 6 1 10

PENAEIDEA
Traohypeneus cone tnictue 1 - - - 1
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STATION B (Continued)
Species Nov . Feb . May Aug . Total

CARIDEA
Proces ea hemp hiihi 1 - 1 11 13
Processa vicina - - - 1 i V

BRACHYURA
Pinnixa cnistata - - 1 - 1
Pinnixa sayana - - - 6 6
Ranilia murica ta - - - 2 2

SIPUNCULIDA
Sipunculus longipapihlosus - 1 - - 1

OPHIUROIDEA
Up hiophragnus filograneus 1 - - - 1

ECHINOIDEA
Meliita quinquiesperforata 5 - - 6 11
Unidentified sp. - - 7 - 7

HOLOT HI JROIDEA
Unidentified sp. - - - 1 1

CEP H ALOCHORDATA
Branchiostoma fioridae 10 69 74 51 204

PISCES
Microgobius carri 1 - - - 1

TOTAL 238 249 344 327 1 ,158
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APPENDIX G

SPECIES IN TOP 11.5-CENTIMETER SAMPLE PART

The number of species , indiv iduals , number of individuals

per square meter , and the div ersity index of ben thic

animals collected in the top u .S-centimeter part of the

sample at all stat ions.
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TRANSECT 1
Ind iv idu a ls Div ersi ty

Station Da te Spec ies I nd iv~J ua ls per in 2 Index
1974

1-1 12 Nov . 1 14 224 0.000
1-2 12 Nov . 3 4 664 1.040
1-3 22 Nov . 9 67 1 ,072 1.534
1-4 21 Nov . 3 23 368 1.061
1-5 19 Nov . 14 46 736 2.230
1-1 3 Dec . 3 30 480 0.389

1975
1-1 6 Jan . 4 44 704 0.565
1-1 4 Feb . 3 18 288 1.037
1—2 4 Feb . 5 27 432 1.342
1-3 6 Feb . 7 91 1,456 1.405
1-4 6 Feb . 7 33 528 1.339
1-5 21 Feb . 8 282 4,512 0.681
1-1 5 Mar. 3 26 416 1.004
1-1 2 Apr . 4 15 240 1.083

1-1 2 May 4 604 9,664 0.452
1-2 2 May 4 68 1,088 0.968
1-3 6 May 14 291 4,656 1.007
1-4 6 May 12 293 4,688 0.947
1-5 12 May 18 129 2,064 2.183
1-1 4 June 3 609 9,744 0. 908
1-1 2 July 4 17 272 0.955
1-1 4 Aug . 5 29 464 0.996
1-2 7 Aug . 7 25 400 1.485
1- 3 13 Aug . 14 174 2,784 1.595
1-4 13 Aug . 12 83 1,328 1.995
1-5 13 Aug. 18 127 2,032 1.922
1-1 2 Sept . S 33 528 0.788
1-1 2 Oct. 4 42 672 0.961

TRANSECT 2
1974

2-1 12 Nov . 1 4 64 0.000
2-2 12 Nov . 3 7 112 0.956
2-3 19 Nov . 9 50 800 1.613
2-4 21 Nov . 5 10 160 1.471
2—5 19 Nov . 12 79 1,264 1.45 6
2-1 3 Dec . 3 8 128 0.900
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TRANSECT 2 (Continued)
Individuals Diversity

Stat ion Date Speci es Individuals per m2 Ind ex
1975

2-1 6 Jan . 3 92 1 ,472 0.203
2-1 4 Feb . 4 17 272 1.232
2-2 4 Feb . 6 16 256 1.440
2-3 6 Feb . 10 66 1 ,056 1.436
2-4 6 Feb . 9 23 368 1.639
2-5 21 Feb . 15 119 1 ,904 1.657
2-1 5 Mar. 3 18 288 1.011
2-1 2 Apr. 3 18 288 1.037
2-1 2 May 4 300 4 ,800 0.628
2-2 2 May 7 839 13,424 0.674
2-3 6 May 17 174 2,784 1.807
2-4 6 May 11 204 3,264 1.028
2-5 12 May 17 204 3,264 2.182
2-1 4 June 3 300 4,800 0.922
2-1 2 July 3 28 448 1.081
2-1 4 Aug . 5 42 672 1.328
2-2 7 Aug. 13 44 704 2.169
2-3 13 Aug . 21 106 1 ,696 2.256
2-4 13 Aug . 20 114 1 ,824 2.278
2-5 13 Aug . 29 144 2,304 2.571
2-1 2 Sept. 4 28 448 0.855
2-1 2 Oct. 4 19 304 1.238

TRANSECT 3
1974

3-1 12 Nov . 2 4 64 0.562
3-2 12 Nov. 3 33 528 0.527
3-3 21 Nov . 11 33 528 1.557
3-4 21 Nov. 10 47 752 1.650
3-5 19 Nov . 13 41 656 2.246

V 3-1 3 Dec . 3 5 80 1.055

1975
3-1 6 Jan . 3 44 704 0.687
3-1 4 Feb . 3 33 528 0.714
3-2 4 Feb . 6 13 208 1.631
3-3 6 Feb . 13 96 1,536 1.566
3-4 6 Feb. 9 26 416 1.828
3-5 21 Feb . 11 70 1 ,120 1.800
3-1 5 Mar . 2 12 192 0.287
3-1 2 Apr . 3 8 128 0.974
3-1 2 May 4 80 1,280 0.681
3-2 2 May 8 312 4 ,992 0.506
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TRANSECT 3 (Continued)
Individuals Diversi ty

Station Date Species Individuals per m2 Index
1975

3-3 6 May 14 149 2 , 384 1.891
3-4 6 May 13 155 2,480 1.298
3-5 12 May 24 127 2,032 2.235
3-1 4 June 3 230 3,680 0.602
3-1 2 July 3 30 480 1.068
3-1 4 Aug . 3 24 384 0.544
3— 2 7 Aug . 11 28 448 2.137
3-3 11 Aug . 15 118 1 ,888 2.039
3-4 11 Aug . 16 107 1 ,712 2.025
3-5 11 Aug . 17 129 2,064 2.114
3-1 2 Sept . 3 32 512 0.728
3-1 2 Oct. 4 21 336 0.902

TR ANSECT 4
1974

4-1 11 Nov . 3 7 112 0.796
4-2 11 Nov. 2 19 304 0.336
4-3 26 Nov . 12 92 1,472 1.867
4-4 26 Nov . 9 65 1,040 1.320
4-5 19 Nov . 7 48 768 1.495
4-1 3 Dec . 4 64 1,024 0.730

1975 —

4-1 6 Jan . 3 56 896 0.297
4-1 4 Feb . 2 ~8 128 0.377
4-2 4 Feb. 2 11 176 0.474
4-3 10 Feb . 12 158 2,528 1.433
4-4 10 Feb . 6 23 368 1.189
4-5 21 Feb . 9 78 1 ,248 1.510
4-1 5 Mar . 1 10 160 0.000
4-1 2 Apr . 3 43 688 0.624
4-1 5 May 4 641 10,256 0.870
4-2 5 May 6 345 5,520 0.488
4- 3 19 May 25 914 14,624 1.2S9
4-4 19 May 13 229 3,664 1.342
4-5 12 May 14 150 2 ,400 1.711
4-1 4 June 2 132 2 ,112 0.474
4-1 2 July 3 13 208 0.898
4-1 4 Aug . 3 16 256 0.831
4-2 7 Aug . 7 28 448 1.647
4-3 11 Aug. 20 285 4,560 1.608
4-4 11 Aug . 13 144 2,304 1.897
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TRANSECT 4 (Con t inued)
Individuals Diversi ty

Stat ion Date Species Individ uals per in2 Index
1975

4-5 11 Aug . 22 195 3,120 1.912
4-1 2 Sept . 2 91 1,456 0.060
4-1 2 Oct. 3 14 224 0.759

TRANSECT 5
1974

5-1 11 Nov . 1 7 112 0.000
5-2 11 Nov . 2 13 208 0.690
5-3 26 Nov. 16 156 2,496 1.855
5-4 26 Nov . 9 65 1,040 1.297
5-5 19 Nov. 10 35 560 1.829
5-1 3 Dec . 4 114 1,824 0.504

1975
5-1 6 Jan . 3 338 5,408 0.362
5-1 4 Feb . 3 357 5,712 0.116
5-2 4 Feb . 6 40 640 1.436
5-3 10 Feb . 11 81 1 ,296 1.566
5-4 10 Feb . 8 28 448 1.527
5-5 21 Feb . 9 45 720 1.488
5-1 5 Mar . 3 8 128 0.900
5-1 2 Apr . 2 74 1 ,184 0.072
5-1 5 May 5 837 13,392 0.841
5-2 5 May 6 292 4 ,672 0.522
5-3 19 May 19 628 10,048 1.031
5-4 19 May 13 148 2,368 1.459
5-5 12 May 19 193 3,088 1.929
5-1 4 June 3 237 3,792 0.488
5-1 2 July 1 4 64 0.000
5-1 4 Aug . 3 13 208 0.687
5-2 7 Aug . 5 15 240 1.512
5-3 8 Aug . 10 82 1,312 1.718
5-4 8 Aug . 12 60 960 1.865
5-5 8 Aug . 18 132 2,112 2.241
5-1 2 Sept . 1 26 416 0.000
5-1 2 Oct. 3 26 416 0.586
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TRANSECT 6
Individuals Diversi ty

Station Date Species Individuals per in2 Index
1974

6-1 1F~Ev. 3 7 112 0.956
6-2 11 Nov . 6 31 496 0.981
6-3 26 Nov . 14 164 2,624 1.570
6-4 26 Nov . 7 76 1,216 1.144
6-5 19 Nov . 10 46 736 1.633
6-1 3 Dec . 3 115 1,840 0.559

1975
6-1 6 Jan . 2 101 1,616 0.420
6-i 4 Feb . 3 395 6,320 0.107
6-2 4 Feb . 4 33 528 0.992

V 6-3 10 Feb . 12 127 2,032 1.431
6-4 10 Feb . 9 49 784 1.357
6-5 21 Feb . 13 52 832 1.935
6-1 5 Mar . 2 47 752 0.176
6-1 2 Apr . 3 109 1 , 744 0.144
6-1 5 May 4 499 7,984 0.700
6-2 5 May 8 301 4,816 0.859
6— 3 19 May 17 344 5,504 1.655
6-4 19 May 16 119 1,904 1.651
6-5 13 May 18 166 2 , 656 1.707
6-1 4 June 3 75 1,200 0.779
6-1 2 July 3 48 768 1.095
6-1 4 Aug . 4 31 496 0.687
6-2 7 Aug . 9 39 624 1.814
6-3 8 Aug . 14 89 1,424 2.008
6-4 8 Aug. 14 156 2,496 1.698
6-5 8 Aug . 20 144 2 ,304 2. 229
6-1 2 Sept . 3 50 800 0.265
6-1 2 Oct. 4 39 624 0.947

TRANSECT 7
1974

7-1 iF~Ev. 1 7 112 0.000
7-2 11 Nov . 2 14 224 0.257
7-3 22 Nov . 12 48 768 1.920
7-4 22 Nov . 5 84 1,344 0.840
7-5 19 Nov. 8 29 464 1.764
7-1 3 Dec . 2 21 336 0.692

1975
7-1 6 Jan . 2 79 1 ,264 0.299
7-1 5 Feb . 3 126 2,016 0.093
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TRANSECT 7 (Continued)
Individuals Diversi ty

Station Date Species Individual s per in2 Index
V 1975

7-2 5 Feb . 4 12 192 1.309
7-3 11 Feb . 8 97 1,552 1.261
7-4 11 Feb . 5 35 560 0.815
7-5 20 Feb . 8 51 816 1.246
7-1 5 Mar . 4 52 832 1.078
7-1 2 Apr . 4 130 2,080 0.511
7-1 5 May 4 240 3,840 0.414
7-2 5 May 7 232 3,712 0.750
7- 3 22 May 17 699 11,184 1.304
7-4 22 May 22 160 2,560 1.778
7-5 13 May 24 214 3,424 1.928
7-1 4 June 3 203 3,248 0.814
7- 1 2 July 4 81 1,296 0.692
7-1 4 Aug. 4 81 1,296 0.443
7-2 7 Aug . 8 42 672 1.339
7-3 14 Aug . ~~18 126 2,016 1.798
7-4 14 Aug . 13 161 2,576 1.591
7-5 14 Aug . 20 252 4,032 1.883
7-1 2 Sept . 3 17 272 0.444
7-1 2 Oct. 4 58 928 0.836

TRANSECT 8
1974

8-1 11 Nov . 3 7 112 0.956
8-2 11 Nov. 1 12 192 0.000
8— 3 22 Nov . 12 111 1,776 1.456
8-4 22 Nov . 7 48 768 1.260
8-5 18 Nov . 6 18 288 1.542
8-1 3 Dec . 3 23 368 3.919

1975
8-1 6 Jan . 2 133 2,128 0.472
8-1 5 Feb . 5 96 1 ,536 0.432
8-2 5 Feb . 6 25 400 1.285
8-3 11 Feb . 8 60 960 1.004
8-4 11 Feb . 4 47 752 0.838
8-5 20 Feb . 10 82 1 ,312 1.190
8-1 5 Mar . 3 50 800 0.635
8-1 2 Apr . 3 20 320 0.613
8-1 5 May 5 910 14 ,560 0.933
8-2 5 May 6 239 3,824 0.789
8-3 22 May 12 255 4 ,080 1.355
8-4 22 May 17 275 4 ,400 1.313

S
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TRANSECT 8 (Continued)
Individuals Div er sit y

Station Date Species Individuals per in2 Index
V 1975

8-5 13 May 21 158 2,528 2.084
8-1 4 June 3 240 3,840 0.550
8-1 2 July 4 21 336 1.084
8-1 4 Aug . S 46 736 0.762
8-2 7 Aug . 7 38 608 1.537
8-3 14 Aug . 18 186 2,976 1.782
8—4 14 Aug. 14 147 2,352 ].657
8-5 14 Aug . 20 155 2,480 1.970
8-1 2 Sept . 2 25 400 0.279
8-1 2 Oct. 3 26 416 0.325

TRANSECT 9
1974

9-1 11 Nov . 2 11 176 0.655
9-2 11 Nov. 2 17 272 0.466
9-3 22 Nov . 9 91 1 ,456 1.381
9-4 22 Nov. 10 110 1 , 760 1 .708
9-5 18 Nov . 6 51 816 1.148
9-1 3 Dec . 1 3 48 0.000

1975
9-1 6 Jan . 2 29 464 0.401
9-1 5 Feb . 3 60 960 0.408
9-2 5 Feb. 5 36 576 1.170
9-3 11 Feb . 9 29 464 1.382
9-4 11 Feb . 9 54 864 1.138
9-5 20 Feb . 6 31 496 1 .193
9-1 5 Mar . 3 23 368 0.632
9-1 2 Apr . 3 19 304 0.863
9-1 5 May 5 S34 8,544 0.817
9-2 5 May 8 2 ,205 35 ,280 0.425
9-3 22 May 17 447 7,152 1.207
9-4 22 May 18 235 3,760 1.637
9-5 13 May 19 151 2,416 1.891
9-1 4 June 3 262 4,192 0.758
9-1 2 July 4 114 1 ,824 0.416
9-1 4 Aug . 5 ~19 304 1.129
9-2 7 Aug . S 13 208 1.044
9-3 12 Aug . 19 208 3,328 1.844
9-4 12 Aug . 14 192 3,072 1.822
9-5 12 Aug . 24 240 3,840 1.987
9-1 2 Sept. 3 24 384 0.778
9-1 2 Oct . 3 46 736 0.446
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STATION A 
- -

Individuals Diversi~~
Station Date Species Individuals per in2 Index V -

-

1974
A 18 Nov . 12 105 1, 680 1.711 -

1975 -

A 20 Feb . 24 150 2 , 400 2.069 -
A 20 May 37 279 4,464 2.699 -

A 20 Aug. 37 212 3,392 2.954

STATION B
1974 

-

B 18 Nov . 21 214 3,424 1.689 -

1975
B 20 Feb . 21 165 2 , 640 2.189 -

B 20 May 28 313 5,008 2.387 -

B 12 Aug. 39 272 4,352 2.854

I
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APPENDIX H

SPECIES IN BOTTOM 11.5-CENTIMETER SAMPLE PART

The number of species , individ ua l s, number of individuals

per square meter , and the diversity index of benthic animals

collected in the bottom 11 .5-centimeter part of the sample at

all stations .
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TRANSECT 1
Individuals Diversi ty

Stat ion Da te Species Individuals per m2 Index
1974

1-1 12 Nov . 0 0 0~ 0.000
1-2 12 Nov. 1 2 32 0.000
1-3 22 Nov . 7 19 304 1.539 

—

1-4 21 Nov. 6 13 208 1.285
1-5 19 Nov . 6 41 656 0.848
1-1 3 Dec . 2 3 48 0.637

1975
1-1 6 Jan . 1 5 80 0.000
1-1 4 Feb . 2 2 32 0.693
1-2 4 Feb . 2 8 128 0.562
1-3 6 Feb . 6 34 544 1.341
1-4 6 Feb . 5 10 160 1.471
1-5 21 Feb . 8 57 912 1.164
1-1 5 Mar. 2 23 368 0.295
1-1 2 Apr. 1 30 480 0.000
1—1 2 May 2 72 3 11,568 0.168
1-2 2 May 6 32 512 1.308
1-3 6 May 9 91 1,456 1.629
1-4 6 May 9 68 1,088 1.323
1-5 12 May 6 11 176 1.421
1-1 4 June 3 983 15 ,72 8 0. 052
1—1 2 July 6 69 1 ,104 0.645
1-1 4 Aug . 4 33 528 1.118
1-2 7 Aug . 9 21 336 1.814

~I-3 13 Aug . 9 19 304 1.983
1-4 13 Aug . 5 19 304 1.187
1-5 13 Aug . 6 15 240 1.414
1-1 2 Sept. 3 2S 400 0.443
1-1 2 Oct. 2 6 96 0.637

TRANSECT 2
1974

2-1 12 Nov . 2 3 48 0.637
2-2 12 Nov . 1 3 48 0.000
2-3 19 Nov . 9 31 496 1.764
2-4 21 Nov . 3 11 176 0.760
2-5 19 Nov . 5 33 528 0.975
2-1 3 Dec . • 3 6 96 0.868
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TRANSECT 2 (Continued )
Individuals Diversity

Stat ion Da te Species Individuals per in2 Index
1975

2-1 6 Jan. 2 2 32 0.693
2- 1 4 Feb . 2 7 112 0.410
2-2 4 Feb . 2 6 96 0.451
2-3 6 Feb . 7 12 192 1 .792
2-4 6 Feb . 5 9 144 1.303
2-5 21 Feb. 6 35 560 1.449
2-1 5 Mar . 1 36 576 0.000
2-1 2 Apr . 2 18 288 0.687
2-1 2 May 4 130 2,080 0.393
2-2 2 May 3 36 576 0.752
2-3 6 May 9 30 480 1.660
2-4 6 May 7 46 736 1.231
2-5 12 May 8 23 368 1.641
2-1 4 June 2 933 14,928 0.015
2-1 2 July 3 66 1,056 0.363
2- 1 4 Aug. 2 35 560 0 .293
2-2 7 Aug. 5 7 112 1.550
2-3 13 Aug . 8 13 208 1.992
2-4 13 Aug. 8 66 1,056 1.042
2-5 13 Aug . 11 45 720 1.593
2-1 2 Sept . 3 18 288 0.958
2-1 2 Oct. 2 14 224 0.598

TRANSECT 3
1974

3-1 12 Nov . 0 0 0 0.000
3-2 12 Nov . 2 3 48 0.637
3-3 21 Nov. 8 23 368 1.482
3-4 21 Nov . 8 26 416 1 .5 82
3-5 19 Nov . S 7 112 1.550
3-1 3 Dec . 3 4 64 1.040

1975
3-1 6 Jan. 2 5 80 0.673
3-1 4 Feb . 1 1 16 0.000
3-2 4 Feb . 3 16 256 0.882
3-3 6 Feb . 5 8 128 1.494
3-4 6 Feb . 6 11 176 1.642
3-5 21 Feb . 9 26 416 1.810
3-1 5 Mar . 1 10 160 0.000
3-1 2 Apr . 2 68 1,088 0.077
3-1 2 May 2 18 288 0.349
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TRANSECT 3 (Cont inued)
Individ uals Diversity

Station Date Species Individuals per in2 Index
1975

3-2 2 May 5 27 432 0.903
3-3 6 May 8 27 432 1.560
3-4 6 May 10 22 352 1.972
3-5 12 May 8 44 704 1.591
3-1 4 June 3 102 1,632 0.563
3-1 2 July 2 43 688 0.110
3-1 4 Aug . 3 11 176 1.090
3-2 7 Aug . 5 12 192 1.234
3-3 11 Aug . 12 27 432 2.185
3-4 11 Aug . 6 42 672 1.226
3-5 11 Aug . 11 62 992 1.458
3-1 2 Sept . 2 11 176 0.305
3-1 2 Oct. 2 13 208 0.271

TRANSECT 4
1974

4-1 11 Nov. 0 0 0 0.000
4-2 11 Nov . 2 8 128 0.562
4- 3 26 Nov. 9 33 528 1.830
4-4 26 Nov. 9 34 544 1.524
4— S 19 Nov. 4 16 256 1.234
4-1 3 Dec . 4 14 224 1.240

1975
4-1 6 Jan . 0 0 0 0.000
4-1 4 Feb . 1 16 256 0.000
4-2 4 Feb . 2 7 112 0.683
4-3 10 Feb . 11 35 560 1.945
4-4 10 Feb . 4 8 128 1.213
4-5 21 Feb . S 41 656 0.991
4-1 5 Mar . 1 31 496 0.000
4-1 2 Apr . 3 28 448 0.559
4-1 5 May 4 376 6,016 0.137
4-2 5 May S 13 208 1.413
4-3 19 May 15 88 1 ,408 1.S19
4-4 19 Hay 8 25 400 1.743
4-5 12 May 6 15 240 1.691
4-1 4 Jun e 3 45 720 0.213
4-1 2 July 2 48 768 0.101
4-1 4 Aug. 3 29 464 0.497
4-2 7 Aug . 6 8 128 1.733
4-3 11 Aug . 7 24 384 1.700
4-4 11 Aug. 6 34 544 j~613
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TRANSECT 4 (Continued)
Individuals Diversi ty

Stat ion Da te Species Individuals per m2 Index
1975

4-5 11 Aug . 7 40 640 1.650
4-1 2 Sept . 2 6 96 0.637
4-1 2 Oct. 1 1 16 0.000

TRANSECT 5
— 1974

5-1 11 Nov . 2 3 48 0.637
5-2 11 Nov. 2 11 176 0.655
5-3 26 Nov . 9 51 816 1.608

• 5-4 26 Nov . 7 21 336 1.402
5-5 19 Nov. 8 9 144 2.043
5-1 3 Dec . 4 10 160 1.280

1975
5-1 6 Jan . 3 23 368 0.918
5-1 4 Feb . 1 3 48 0.000
5-2 4 Feb . 4 10 160 1.194
5-3 10 Feb. 8 36 576 1.572
5-4 10 Feb . 3 8 128 0.736
5-5 2 Feb . 6 61 976 1.285
5-1 5 Mar . 2 13 208 0.271
5-1 2 Apr . 2 16 256 0.621
5-1 5 May 5 503 8,048 0.091
5-2 5 May 6 19 304 1.531
5-3 19 May 14 54 864 1.911
5-4 19 May 9 19 304 2.028
5-5 12 May 11 27 432 2.009
5-1 4 June 3 129 2,064 0.267
5-1 2 July 9 144 0.000
5-1 4 Aug . 4 9 144 1 .273
5-2 7 Aug . 3 23 368 0.777
5-3 8 Aug . 6 16 256 1.363
5-4 8 Aug . 8 31 496 1.569
5-5 8 Aug . 8 27 432 1.864
5-1 2 Sept . 1 3 48 0.000
5-1 2 Oct. 2 30 480 0.146

4

243

~~~~~~~~~~ 
. _ -

~~~~~~~~~~~
- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ ~ 

-



- -- - - —~~~~~ 
- - - - - - - V. ,,

TRANSECT 6
Individuals Diversity

Station Date Species Individuals per in2 Index
1974

6-1 11 Nov. 2 7 112 0.410
6-2 11 Nov. 4 8 128 1.255
6-3 26 Nov . 10 65 1 , 040 1.260
6-4 26 Nov. 4 49 784 0.633
6-5 19 Nov. 8 22 352 1.643
6-1 3 Dec . 1 2 32 0.000

1975
6-1 6 Jan . 1 4 64 0.000
6-1 4 Feb . 1 1 16 0.000
6-2 4 Feb . 5 6 96 1.561
6-3 10 Feb . 6 20 320 1 .6 14
6-4 10 Feb. 5 10 160 1.471
6-5 21 Feb. 8 34 S44 1.383
6-1 5 Mar. 2 40 640 0.117
6-1 2 Apr . 1 3 48 0.000

V 

6-1 5 May 4 266 4 ,256 0.113
6-2 5 May 5 39 624 1.194
6-3 19 May 10 37 592 1.908
6-4 19 May 10 16 256 2.096
6-5 13 May 8 21 336 1.391
6-1 4 June 2 160 2,560 0.067
6-1 2 July 3 39 624 0.499
6-1 4 Aug. 4 13 208 1.032
6-2 7 Aug. 6 8 128 1.733
6-3 8 Aug . 8 42 672 1.110
6-4 8 Aug . 8 35 560 1.676
6-5 8 Aug . 7 SS 880 1.107
6-1 2 Sept. 2 24 384 0.512
6-1 2 Oct. 3 32 512 0.567

TRANSECT 7
1974

7-1 11 Nov. 1 3 48 0.000
7-2 11 Nov. 3 7 112 0.796
7-3 22 Nov. 7 36 576 1.333
7-4 22 Nov. 4 37 S92 0.681
7-5 19 Nov. 4 19 304 1.194
7-1 3 Dec. 2 2 32 0.693
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TRANSECT 7 (Continued)
rndividua ls Diversity

Station Date Species Individuals per m2 Index
1975

7—i 6 Jan. 1 6 96 0.000
7-1 S Feb. 3 3 48 1.099
7-2 5 Feb . 1 15 240 0.000
7-3 11 Feb . 9 26 416 1.794
7-4 11 Feb . 5 19 304 1.334
7-5 20 Feb . 4 15 240 0.98 8
7-1 5 Mar . 2 22 352 0.536
7-1 2 Apr. 4 30 480 1.007
7-1 5 May 3 18 288 0.557
7-2 5 May 6 84 1,344 0.416
7-3 22 May 16 68 1,088 2.136
7-4 22 May 7 38 608 1.578
7-5 13 May 10 36 576 1.786
7-1 4 June 2 197 3,152 0.079
7-1 2 July 3 47 752 0.278
7-1 4 Aug . 3 7 112 1.004
7-2 7 Aug. 3 17 272 0.444
7-3 14 Aug. 6 51 816 1.476
7-4 14 Aug . 16 100 1 ,600 1.919
7-5 14 Aug . 15 102 1,632 1.978
7-1 2 Sept. 1 1 16 0.000
7-1 2 Oct. 3 17 272 1.028

TRANSECT 8
1974

8-1 11 Nov. 1 2 32 0.000
8-2 11 Nov. 1 1 16 0.000
8-3 22 Nov. 4 35 560 1.023
8-4 22 Nov. 3 13 208 0.536
8-5 18 Nov. 2 14 224 0.520
8-1 3 Dec. 1 1 16 0.000

1975
8-1 6 Jan. 2 2 32 0.693
8-1 5 Feb. 4 - 26 416 0.484
8-2 5 Feb. 2 18 288 0.349
8-3 11 Feb. 5 33 528 1.027
8-4 11 Feb. S 16 256 1.249
8-5 20 Feb. 7 24 384 1.524
8-1 5 Mar . 3 7 112 1.004
8-1 2 Apr. 1 5 80 0.000
8-1 5 May 5 404 6,464 0.264
8-2 5 May 2 14 224 0.683
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TRANSECT 8 CContinued)
Ind ividual s D ivers ity

Station Date Species Individual s per in2 Index
1975

8-3 22 May 7 27 432 1.303
8-4 22 May 7 40 640 1.174
8-5 13 May 11 42 672 1.620
8-1 4 Jun e 2 28 448 0.562
8-1 2 July 4 14 224 0.991
8-1 4 Aug. 4 20 320 1. 106

— 
- 8-2 7 Aug . 7 17 272 1.397

8-3 14 Aug. 9 26 416 1.885
8-4 14 Aug . 7 33 528 1.365
8-5 14 Aug . 10 33 528 1.864
8-1 2 Sept. 0 0 0 0.000
8-1 2 Oct . 3 5 80 1.055

TRANSECT 9
1974

9-1 11 Nov. 1 2 32 0 . 000
9-2 11 Nov. 2 5 80 0.673
9-3 22 Nov. 7 19 302 1.658
9-4 22 Nov . 6 38 608 0.963
9-5 18 Nov. 4 34 544 1.041
9-1 3 Dec . 0 0 0 0.000

1975
9-1 6 Jan. 1 4 64 0.000
9-1 5 Feb . 0 0 0 0.000
9-2 5 Feb. 3 35 560 0.347
9-3 10 Feb. 5 15 240 1.229
9-4 11 Feb. 6 14 224 1.352
9-5 20 Feb . 4 19 304 0.898
9-1 5 Mar. 2 11 176 0.305
9-1 2 Apr. 2 8 128 0.377
9-1 5 May 5 246 3,936 0.282
9-2 5 May 6 14 224 1.631
9-3 22 May 8 30 480 1.501
9-4 22 May 7 56 896 1.239
9-5 13 May 6 15 240 1.529
9-1 4 June 2 82 1,312 0.19S
9-1 2 July 4 45 720 1.011
9-1 4 Aug. S 28 448 1.221
9-2 7 Aug. 4 14 224 0.895
9-3 12 Aug. 9 44 704 1.515
9-4 12 Aug . 10 49 784 1.816
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TRANSECT 9 (Continued)
Individuals Diversity

Station Date Species Individuals per In2 Index
1975

9-5 l2~Aiig. 11 29 464 2.116
9-1 2 Sept . 3 10 160 1.030
9-1 2 Oct. 2 13 208 0.271 

-

STATION A
1974

A 18 Nov . 9 24 384 1.768

‘975
A 20 Feb . 11 38 608 1.957
A ~0 May 11 16 256 2 .253
A 12 Aug. 20 34 544 2.869 

—

STATION B
1974

B 18 Nov. 16 24 384 2.579

1975
B 20 Feb . 13 84 1,344 2.064
B 20 May 10 32 512 1.818
B 12 Aug. 27 55 880 3.009
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APPENDIX I

SPECIES IN THE ENTIRE SAMPLE -

The number of species , individuals , number of individuals

per square meter , and the diversity index of benthic

animals coll ected in the entire sample at all stations.
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TRANSECT 1
Individual s Diversity

Station Date Species Individuals per in2 Index
1974

1-1 12 Nov . 1 14 224 0.000
1-2 12 Nov. 3 6 96 1.011
1-3 22 Nov. 11 86 1,376 1.643
1-4 21 Nov . 6 36 576 1.290
1-5 19 Nov . 16 87 1 ,392 1.864
1-1 3 Dec . 3 33 528 0.527

1975
1-1 6 Jan. 4 49 784 0.695
1-1 4 Feb . 3 20 320 1.067
1-2 4 Feb . 5 35 560 1.237
1-3 6 Feb . 9 125 2 , 000 1.503
1-4 6 Feb . 9 43 688 1.674
1-5 21 Feb . 12 339 5,424 0.797
1-1 5 Mar. 3 49 784 0.956
1-1 2 Apr. 4- 45 720 0.637
1-1 2 May 4 1 , 327 21 , 232 0.317
1-2 2 May 5 100 1 , 600 1.356
1-3 6 May 16 382 6 , 112 1.296
1-4 6 May 15 361 5 , 776 1.088
1-5 12 May 20 140 2 , 240 2.267
1-1 4 June 3 1,592 25,472 0.625
1-1 2 July 6 86 1,376 0.758
1-1 4 Aug. 6 62 992 1.363
1-2 7 Aug . 10 46 736 1.988
1-3 13 Aug . 17 193 3,088 1.738
1-4 13 Aug. 15 102 1,632 2.026
1-5 13 Aug. 19 142 2,272 2.008
1—1 2 Sept. 5 58 928 1.132
1-1 2 Oct. 4 48 768 0.935

TRANSECT 2
1974

2-1 12 Nov. 3 7 112 0.956
2-2 12 Nov. 3 10 160 1.055
2-3 19 Nov. 14 81 1,296 1.931
2-4 21 Nov. 6 21 336 1.361
2-5 19 Nov. 13 112 1 ,792 1.578
2-1 3 Dec . 5 14 224 1.296

1975
2-1 6 Jan. 3 94 1 , 504 - . 244
2-1 4 Feb . 4 24 384 1 .372
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TRANSECT 2 (Continued)
Individuals Diversity

Station Date Species Individual s per in2 Index
1975

2-2 4 Feb . 6 22 352 1.491
2-3 6 Feb . 13 78 1,248 1.645
2-4 6 Feb . 11 32 512 1.700
2-5 21 Feb . 16 154 2,464 1.682
2-1 5 Mar . 3 54 864 0.552
2-1 2 Apr. 3 36 576 0.949
2-1 2 May 5 430 6,880 0.833
2-2 -2 May 7 875 14,000 0.767
2-3 6 May 18 204 3,264 1.941
2-4 6 May 14 250 4,000 1.240
2-5 12 May 19 227 3,632 2.230
2-1 4 June 3 1 , 233 19 , 728 0.450
2-1 2 July 5 94 1,504 0.880
2-1 4 Aug. 5 77 1,232 1.168
2-2 7 Aug . 14 51 816 2.177
2-3 13 Aug . 24 119 1,904 2.375
2-4 13 Aug. 21 180 2,880 2.125
2-5 13 Aug. 33 189 3,024 2.526
2-1 2 Sept. 4 46 736 1 .171
2-1 2 Oct. 4 33 528 1.155

TRANSECT 3
1974

3-1 12 Nov. 2 4 64 0.562
3-2 12 Nov. 4 36 576 0.746
3-3 21 Nov. 13 57 912 1.626
3-4 21 Nov. 14 73 1,168 1.800
3-5 19 Nov. 13 48 768 2.257
3-1 3 Dec . 5 9 144 1 .52 3

1975
3-1 6 Jan. 3 49 784 0.691
3-1 4 Feb . 3 34 544 0.760
3-2 4 Feb . 6 29 464 1.539
3-3 6 Feb . 13 104 1,664 1.668
3-4 6 Feb . 11 37 592 1.961
3-5 21 Feb . 15 96 1,536 1.937
3-1 5 Mar . 2 22 352 0.185
3-1 2 Apr . 4 76 1,216 0.439
3-1 2 May 4 128 2 , 048 0.781
3-2 2 May 10 339 5 ,424 0.674
3-3 6 May 15 176 2 ,816 1.990
3-4 6 May 16 177 2 , 832 1.523
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TRANSECT 3 (Con tinued)
Individuals Diversity

Station Date Species Individuals per m2 Index 
-

1975
3-5 12 May 24 171 2,736 2.347
3-1 4 June 4 332 5 , 312 0.924
3— i 2 Jul y 3 73 1 , 168 0.860
3-1 4 Aug. 4 35 560 0.958
3-2 7 Aug. 12 40 640 2.145
3-3 11 Aug . 19 145 2,320 2.261
3-4 11 Aug. 16 149 2,384 2.012
3-5 11 Aug . 18 191 3,056 2.167
3-1 2 Sept. 3 43 688 0.868
3-1 2 Oct. 4 34 544 0.719

TRANSECT 4
1974

4-1 11 Nov. 3 7 112 0.796
4-2 11 Nov. 2 27 432 0.419
4-3 26 Nov . 13 124 1 ,984 1.952
4-4 26 Nov. 11 99 1,584 1.524
4-5 19 Nov . 8 64 1,024 1.562
4-1 3 Dec. 4 78 1,248 1.030

1975
4-1 6 Jan. 3 56 896 0.297
4-1 4 Feb . 2 24 384 0. 173
4-2 4 Feb . 3 18 288 0.849
4 . 3  10 Feb . 16 193 3 , 088 1.602
4-4 10 Feb . 7 31 496 1.280
4-5 21 Feb. 10 119 1,904 1.401
4-1 5 Mar. 1 41 656 0.000
4-1 2 Apr. 3 71 1,136 0.948
4-1 5 May 4 1 ,017 16,272 0.787
4—2 5 May 6 358 5,728 0.579
4-3 19 May 26 1 , 001 16 , 016 1.379
4-4 19 May 16 255 4,080 1.519
4-5 12 May 15 165 2,640 1.790
4-1 4 June 3 177 2,832 0.696
4-1 2 July 3 61 976 0.425
4-1 4 Aug. 4 45 720 0.984
4-2 7 Aug . 10 37 592 1.878
4-3 11 Aug . 21 309 4,944 1.689
4-4 11 Aug . 14 178 2,848 1.969
4-5 11 Aug. 23 235 3,760 2.038
4-1 2 Sept. 3 97 1,552 0.159
4-1 2 Oct._ 3 15 240 0.803
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TRANSECT 5
Ind ividuals Diversi ty

Station Date Species Ind iv iduals per m2 Index
1974

5-1 11 Nov. 2 10 160 0 .325
5-2 11 Nov. 2 24 384 0.679
5-3 26 Nov. 18 207 3,312 2.023
5-4 26 Nov. 11 84 1,344 1.489
5-5 19 Nov. 14 44 704 2.088
5—1 3 Dec . 5 124 1 , 984 0 .714

1975
5-1 6 Jan. 3 361 5,776 0.434
5-1 4 Feb. 3 360 5 , 760 0 . 115
5-2 4 Feb . 6 50 800 1. 467
5-3 10 Feb . 14 117 1 , 872 1.661
5-4 10 Feb . 9 35 560 1.487
5-5 21 Feb . 10 106 1 , 696 1 .553
5-1 5 Mar. 3 21 336 0.619
5-1 2 Apr. 3 90 1,440 0.431
5-1 5 May 5 1,340 21 ,440 0.806
5-2 5 May 7 311 4,976 0.712
5-3 19 May 22 682 10,880 1.189

[ 5-4 19 May 17 167 2,672 1.650
5-5 12 May 20 226 3,616 2.030
5-1 4 June 3 366 5 , 856 0.849
5-1 7 July 1 13 208 0.000
5-1 4 Aug . 5 22 352 1.271
5-2 7 Aug. 6 38 608 1.364
5-3 8 Aug . 13 98 1,568 1.949
S-4 8 Aug . 14 91 1,456 2.066
5-5 8 Aug . 21 159 2,544 2.409
5-1 2 Sept. 2 29 464 0.333
5-1 2 Oct. 3 56 896 0.409

TRANSECT 6
1974

6-1 11 Nov . 3 14 224 0.876
6-2 11 Nov. 6 39 624 1.103
6-3 26 Nov . 18 229 3,664 1.679
6-4 26 Nov. 8 125 2,000 1.215
6-5 19 Nov . 14 68 1,088 1 .754
6-1 3 Dec . 3 117 1 , 872 0.554

1975
6-1 6 Jan . 2 lOS 1 , 680 0.410
6-1 4 Feb . 4 396 6 , 336 0.124
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TRANSECT 6 (Continued)
Individuals D ivers ity

Station Date Species Individuals per in2 Index
1975

6-2 4 Feb . 6 39 624 1.205
6-3 10 Feb . 12 146 2,336 1.501
6-4 10 Feb. 10 59 944 1.485
6-5 21 Feb . 13 86 1,376 1.811
6-1 5 Mar. 3 87 1,392 0.747
6-1 2 Apr . 3 112 1 ,792 0.140
6-1 5 May 5 764 12 ,224 0.759
6-2 5 May 8 341 5 , 456 1.120
6-3 19 May 20 381 6 , 096 1.835
6-4 19 May 19 135 2 , 160 1.811
6-5 13 May 19 187 2 ,992 1.876
6-1 4 June 3 235 3 , 760 0.604
6-1 7 July 5 87 1,392 1.173
6-1 4 Aug . 5 44 704 1.014
6-2 7 Aug . 12 47 752 2.047
6-3 8 Aug . 19 131 2 , 096 2.002
6-4 8 Aug . 15 191 3 , 056 1 .925
6-5 8 Aug . 22 205 3 , 280 2.221
6-1 2 Sept . 3 74 1,184 0.699
6-1 2 Oct . 5 71 1 ,136 1.026

TRANSECT 7
- 1974
7-1 11 Nov . 2 10 160 0.611
7-2 11 Nov . 3 21 336 0.836
7-3 22 Nov. 13 84 1,344 1.825
7-4 22 Nov. 5 121 1,936 0.879
7-5 19 Nov. 8 48 768 1.711
7-1 3 Dec . 3 23 368 0.842

1975
7-1 6 Jan . 2 85 1 ,360 0.284
7-1 5 Feb . 5 129 2,064 0.216
7-2 5 Feb. 4 27 432 1.041
7-3 11 Feb . 11 123 1 ,968 1.433
7-4 11 Feb . 8 54 864 1.246
7-5 20 Feb . 8 66 1,056 1.269
7-1 5 Mar . 4 74 1 ,184 1.104
7-1 2 Apr . 4 160 2 , 560 0 .72 5
7-1 5 May 4 257 4,112 0.544
7-2 5 May 8 317 5,072 0.980
7-3 22 May 22 767 12 , 272 1.480
7-4 22 May 23 198 3 , 168 1.962
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TRANSECT 7 (Con tinued)
Individual s Diversity

Station Date Species Individuals per in2 Index
1975

7-5 13 May 25 250 4 ,000 2.027
7-1 4 June 3 400 6,400 0.804
7—1 2 July 4 128 2 , 048 0.869
7-1 4 Aug . 4 88 1,408 0.615
7-2 2 Aug . 8 59 944 1 .313
7-3 14 Aug . 19 177 2 , 832 1.904
7-4 14 Aug. 21 261 4 , 176 1.786
7-5 14 Aug . 23 354 5 , 664 1.968
7-1 2 Sept . 4 18 288 0.634
7-1 2 Oct. 4 75 1,200 0.924

TRANSECT 8
j974~

8-1 11 Nov. 3 7 112. 0.956
8-2 11 Nov. 2 13 208 0.271
8-3 22 Nov. 13 146 2,336 1.431
8-4 22 Nov. 8 61 976 1.205
8-5 18 Nov. 6 32 512 1.256
8-1 3 Dec. 3 24 384 0.907

1975
8-1 6 Jan. 2 135 2,160 0.479
8-1 5 Feb. 5 122 1,952 0.869
8-2 5 Feb. 6 43 688 1.044
8-3 11 Feb. 12 93 1,488 1.331
8-4 22 Feb. 6 63 1,008 1.047
8-5 30 Feb. 13 106 1,696 1.440
8-1 5 Mar. 4 57 912 0.809
8-1 2 Apr. 4 25 400 0.991
8-1 5 May 6 1 , 314 21 , 024 1.025
8-2 5 May 6 253 4 , 048 0.883
8-3 22 May 14 282 4 , 512 1.525
8-4 22 May 17 315 5 , 040 1.328
8-5 13 May 23 200 3 , 200 2.241
8-1 4 June 3 268 4,288 0.684
8-1 2 July 5 35 560 1.349
8-1 4 Aug . 5 66 1,056 0.914
8-2 7 Aug . 12 55 880 1.762
8-3 14 Aug . 22 212 3 , 392 1.888
8-4 14 Aug. 15 180 2 , 880 1.792
8-5 14 Aug. 23 188 3 , 008 2 .Q86 —

8-1 2 Sept . 2 25 400 0.279
8-1 2 Oct. 4 31 496 0.595

IV
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TRANSECT 9
Individuals Diversity

Station Date Species Individuals per in2 Index
1974

9-1 11 Nov. 2 13 208 0.690
9-2 11 Nov. 2 22 352 0.536
9-3 22 Nov. 11 111 1,776 1.557
9-4 22 Nov. 11 146 2,336 1.645
9-5 18 Nov. 7 85 1,360 1.451
9-1 3 Dec. 1 3 48 0.000

1975
9-1 6 Jan. 2 33 528 0.369
9-1 5 Feb. 3 60 960 0.408
9-2 5 Feb. 6 71 1,136 0.885
9-3 11 Feb. 10 44 704 1.487
9-4 11 Feb. 10 68 1,088 1.257
9-5 20 Feb. 8 SO 800 1.263
9-1 5 Mar. 4 34 544 0.619
9-1 2 Apr. 4 27 432 1.215
9-1 5 May 6 780 12,480 0.904
9-2 S May 9 2,219 35,504 0.445
9-3 22 May ‘ 20 477 7,632 1.281
9-4 22 May 20 287 4 , 592 1.631
9-5 13 May 22 166 2 , 656 2 .032
9-1 4 June 4 344 5,504 0.984
9-1 2 July 5 159 2,544 0.811
9-1 4 Aug . 7 47 752 1.509
9-2 7 Aug. 7 29 464 1.229
9-3 12 Aug. 22 252 4,032 1.979 —

9-4 12 Aug . 18 241 3 , 856 1.966
9-5 12 Aug . 26 269 4 , 304 2 .070
9-1 2 Sept . 4 34 544 1.086

— 
9-1 2 Oct. 4 59 944 0.760 

-

STATION A
1974

A 18 Nov. 15 129 2,064 1.923

1975
A 20 Feb. 27 188 3,008 2.154
A 20 May 41 299 4 , 784 2 .801
A 12 Aug . 44 246 3 , 936 3.141
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STATION B
Individuals Diversity

Station Date Species Individuals per in2 Index
1974

B 18 Nov. 27 238 3,808 1.898

1975
B 20 Feb. 26 249 3,984 2.247
B 20 May 31 345 5,520 2.402
B 12 May 47 327 5,232 2.99S
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