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Ranppa cuneata, an estuarine clam, occurs in scattered patches along

the northwestern shore in Croatan Sound. Population density ranged up

to 12 clams per square meter. Overall distribution of Hangia v:as

correlated with bottom, sediment type, being found primarily on fine and

mediumr-fine sand substrates. Local distribution is related to .mean

grain size, organic content of the sediment, and v.ater depth. S'nallcr,c,

mesohaline v;ater v.dth a m-ediur-i-fine sand substrate, low in organics,

best describes the habitat of Pansia c’uneata in Croatan Sound.

Six separate size frequencies (year classes) v.are foi

survey. The fourth and fifth year clams viera m.ost abundant. A.ccor-dlng t'

this study, the five year Rangia should be the most economically

profitable clams, since their meat vjeight v;as double that of the

four year clamiS. Rangia's thick shell accounted for 75% of its total

weight, thus maHhig it an Important carbonate source, both commerciallô'

and ecologically.
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IIvîTRODUCTION

. ■—: V-, ~

Rang!a cuneata is an estuarine clæri of potentially great

econorric value and ecological significance to the Middle and South

AtJ_â.liL/HC oucLocS* iJ0n5£ pOpU.J_u.uJ-Oiio Ox* L/íaJ.5 C-lcíTí

exploited in the G’ulf States, especially Louisiana and Texas, where

commercial beds annually yield as high as $775 per acre (Hopkins and

Andrev;s, 1969). Over fifty-one thousand pounds of Pangia c'uneata were

harvested in North Carolina in 1966 (GodvhLn, 1968), just fifteen years

after the clam was first reported in that state (Wells, 1961). Althoug

it has yet to be established v/hether Pangia cuneata has been reintr-c

to the Atlantic Coast in recent times, or whether present pcpu

originated from disjunct native stock, current authorities agree that

the clam is rapidly increasing in relative abundance and is e>ganci:ng

its range from Maryland to Florida.

Rancla cuneata is valued prirrarlly for its shell which may be

used in roadnaking and construction, or crushed and converted to

agricultural lime. Tne meat is also of economic importance. Local

residents of many coastal areas are usirig Rar-gia as food. In the latta

part of the nineteenth century, its m^eat was eaten in the Gull States,

with one Texas oyster packir.g house canning and rrarketlng it under the

name "Little Neck Clams"’' (Singley, 1893 as cited by Kcpldns and Andrew;

1969).

Little is Icnown about the irrçortance of ?ar.gia cmeata in the

benthic community. It is a significant addition to the estuary because

it -Dooulates the mesohaline zone where few' ot
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It is Ox ecological iTportance because it converts detritus to rr

feeding rrany fishes and blue crabs. Rarrria's thick shell ser^/es

"carbon sink" for the estuary, pulling dissolved carbon fror. the

^ ri* -î-i- ^ o '■i “1 r»-i 1 cjVtûl 1 p 1

No previous investigations concerriir.g Rangia cuneata have b ^

undertaken in Croatan Sound. Fev7 non-residents knev; of thus clam

presence, thou^ it nov7 appears that Rangia cuneata is a vrell

established benthic inhabitant in Croatan Sound. The principal or

of this study were three-fold: (1) to establish a base study sho’;

present distribution and density of Rangia cuneata in Croatan Sc

thus enablir.g future investigators in tlnis area to estimate pcpul

grovrth rates and changes in local range; (2) to establish the be:

parameters for estimating total clam biomass using various growtr

relationships, such as length-v/idth ratio, and meat weight-shell

comparisons; (3) to correlate the distribution and denxsity of R^

cuneata in Croatan Sound vith bottom sediment t

parameters analyzed v;ere particle size distribution and organic c
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LITER-^rUHE REVIF.^Í

■ cuneata Gray, 1831, is a pelecypod nollusk of the Fanily •

Factridae. According to Abbot (1956), i'i^s range is frorri north,'iest

Florida to TcAas. rielo toctne dep^^sits contairñrig ^angia crcneata leave

been found along the Atlantic Coast from Nev.' Jersey southv;ard to the

Gulf Coast (Dali, 189^; Richards, 1939 as cited by Pairbarlcs, 19o3).

Prior to 1955j no extant populations of Rancia cuneata v.'sre

recorded for the Atlantic Coast. Nov; living Rangia populations have been

found in estuaries from Maryland to Florida. IPnat is the cause of this

recent surge in population gi^ovhh? Biologists have tv;o theories: (1) that

Rajigia cuneata is a recent invader from the Gulf Coast, e:ctending its

raicge 1000 miles, or (2) that some unîcnovsi ecological charge sparked the

resurgence of an undiscovered population survivirg since the Pleistocene

in East Coast estuaries (Hopicins and Andrev.s, 1969).

V/ells (1961) included Rargia cuneata among the fauna associated

with oyster beds in the Newport River, North Carolina. Phis study.

carried out in 1955-1956, constitutes the first rep< of lavr

cuneata on the Atlantic Coast. Large ooculations of Ranria ci

since been found in the Potomac River, Maryland, v.here they were cor-sumed

as food by local residents (Pfitzenmeyer and Drobeck, 196^). Ihese same

investigators suggested that the clams had been introduced about I96G

througlc oyster cultivation, the seed oysters havirg been obtained from

the James River in Virginia where Rargia v;ere already established

(Chanley, 1965).

In North Carolina Raisia cuneata has been collected fxgm the Nev;se



and Trent Rivers in I965 (Wolfe and Schelske, 1969)^ and fren the

Panlico River (Tencre, 1968). In Georgia dense population of Pangia

cuneata have been discovered in the Altaraha Paver (Gedv/in, 1968).

Vei-j little inferrratien is available r'orr.prrri.ng the reoroaucticrij

anatorqy, or physiology of Rangia cuneata. Chanley (1965) collected adul

darns from the James River in Virginia, induced them to spavn, and

successfully raised the larvae in the laboratory. He observed that they

develop a foot and metamorphose at a much smaller size than other

mactrids, beginning metamorphosis after seven days. Tne grovrth rates of

Rangia caneata have been investigated using clams found in the Trent

rtiver, I\'orth Carolina (Wolfe and Pettevray, 1968). Ler^h-frecuency rati

vrere determined, revealir.g five distinct size and age gr-cups. A ven

Bertalanaffy curve vas established describing the gro/ith of rangia cune

This curve indicated maximum lerigth of 75 nm. v:ould be reached in men

years.

Fairbanics (1963) has undertaken the most cczolete investigación

c'uneata vâth respect to population denaity, size of

individuals, and the reproductive cycle. Tv.o localities in Lal-ce

Pontchartrain, Louisiana were sanpled in 1957 snd 1953. The north

shore area vas found to have a greater population denaity of adult

(seraally mature) Rangia than the south shore ai’ea. Tne adults of the

north shore area were smaller and less variable in length than those of

the south shore area. Sex v:as more easily distinguishable, the gonad

firmer, and coloration of the gonadal tissue more distinctive in the

south shore clams. Grov.ih rates, except the larger ten percent of

adults, were corjsistantly higher in the south shoi -■a -
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(1963) reported that, viith the exception of organic rratter in solution,

the physical and biological environmental factors that v;ere measured or

estirrated did not differ greatly betvieen the tv70 study areas. The

greatest difference in the tvjo environments was the empirically

determined organic content of the sediments, the north shore having

the higher values. His conclusions were that the observed differences in

Rcingia cuneata (density, length, sex) betvieen the two areas could be

attributable chiefly to differences in organic content of bottcm

deposits and organic matter in solution.

Other v7orkers have atterrpted to correlate the distribution and

density of Rangia cuneata VTith substrate. Tencre (1968) used in situ

experiments V7hich revealed that the mud sediments, especially vrith

high concentration of organics and phosphate, adversely affect sur/lx^

and grovTth. However, sand, sediments vTith high levels of orgarfcs and

phosphate, were found to be favorable to r^angia sumfval and growth.

Only large clams were used in this experiment, leaving open the

possibility that smaller Rangia might survive in mud sediments, and

larger Rangia in sandy sediments.

Tne findings of Godvjin (1968) appear to confirm the conclusicr^s

drawn by Tenore. Sanpling the Altamaira Paver in Georgia, he fcrnd

Rangia cuneata on predominantly mud-sand sub 3L/X*Cv0'O^a 0-1 i 0-1

the clams found were large, averaging ^5 to 50 mm. in length.

Dense populations of i\angia cuneata have been sampled in the

Pamlico River (Slaughter and Yonce, 1970). Tnese clamps vrere all taken

from a clay-silt substrate of high organic content, contradicting the

results of Tenore. Very high densities of clams w^ere recorded, 993 clams
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per square meter at one station. Average length vías only 28 rm., so

according to V/olfe and Pettev/ay (1968) these cla-ms viare approximately

t'A’o years old. Tnis suggests that the survival rate of Pangia on

clay-silt substrates is very low after the first tv/o years of grovrth.

Tenore (1970) discovered that new set of Pangia cuneata lar^/ae

occurred in inud areas during winter in the Pamlico River, but quickly

disappeared in response to environmental selection. He found ad’olt

Rangla only in sandy sediments. Thus he demonstrated that Pangia

cuneata could not survive on mud

in his Georgia survey, collected

contairang mud sediments. Godvri.n

substrates. However, Gcdwôn (1963),

scm.e large clams from two stations

(1968) quotes v.-ocdbum as stating tr

.Rangia cuneata occurred o.nly o.n soft muddy bettors in it-5

r''5/’akl<a Pd.vers in Florida.

Bottom sediment relationships v.ith other benthic msllusl-s la

been established also. Mevicombe and Kessler (1936) studied \aria'

in growth indices of the clam arenaria on the Atlantic Ccass

Lve

ions

North America. Tney found large differences between shell vreight-to-

total weight ratios in the four areas studied. Tnese authors attributed

this to teirperature differences. Tie sediments in these study areas

varied from m.ud to sand, with the heaviest shell weights recorded in

the mud or high organic bottom tjgies. Body vreights ■'.rere highest in

the sandy areas. Tnis study suggested a sediment relationship to shell

and body weight.

Sv/an (1952) reported different growth rates in populations of

^'^^a arenaria livir.g only a few miles apart. Tne larger clams were

found in a saidy bottom with so.me mud, while smaller clams wei’e
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a-ssociated vñ.th a nmd, gravel, and shell substrate. In clans planted

experimentally, both in sand and in a mud-gravel mixture, the clams

gcovm in sand had grovrth rates double of those grov.n in the mud-gravel

.mixture.

Rhoads and Young (1970) suggested reasons for the absence of

suspension-feeding benthic organisms in soft muddy substrata. Three

reasons v/ere given: (1) clogging the filtering structures of suspension

feeding organisms, (2) burying nev;ly settled "'arvae or disccuragirig

settling of suspension-feeding larvae, and (3) preventing sessile

epifaura. from attaching to an unstable mud bottom. The authors state

in their summary: "Correlation of the bentldc troplnic structure vrith

the sedim.ent-v'/ater interface stability in the region of suhtical muds

may be o.ne of the most important but neglected parameters of bentlnic

ecology."

Pfitzenmyer and Drobeck (1967) investigated factors affecting the

reburroviirg activity of M/a arenaria. Laboratory experiments revealed

three variables, v;atsr temperature, clam size, and sedim.ent particle

size to be highly significant. Smaller clams reburrovred sooner, iS

degrees centigrade being optimum vjater^ temperature for reburrc/ârg,

and a decrease in reburroviing capacity occurred as sediment particle

size increased. Tney concluded that most clams depositee on the bettem

by co;Timercial dredgers would reburrov; back into the sediment.

Kost authors have agreed that there is a sediment relaticralnip

governing distribution and growth of Rangia caneata. Discrepencies

occur v/hen the type of substrate that is beneficial or harmful to

Rangia is discussed. Studies so far have indicated that cerae pcpilatic:
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of sïïiall Rangla occur in nrud and clay-silt substratesj while larger,

sexually rature clara ax-e found in sandy sediments. This investigation

and futui'’e studies will aid in answering the question as to v:hich

or types of substrate are most favorable for Rangia cuneata sitm/ival

and grovÆh.
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Collections of Rrxngla cuneata v:ere jnade in Croatan Sound, Dare

County, North Carolina, d’oring August 1970, These collections v;ere

irnde in conjunction v;itn a corcprehensive study of the benthic ecology

of Croatan Sound headed by Dr. Vincent Beilis. Croatan Sound was ch

for this study because it offered, in one sound, nearly the full rar:ge

of benthic habitats characteristic of estuaries in this region.

Figure 1 shows the location of Croatan Sound in relation to the

Outer Eanlvs of North Carolirn.. A grid vías set up covering the entire

sound (Figure 2) and subsequent sampling along this grid indicated

areas v/'here F-angia v:as .aost abundant (Figure 3).

Individual Pangia beds viere sampled by various techcnicues. First,

a survey was na.de of the western shore to locate raj’or pcpulaticra of

Pangia caneata. Next, depending on the size of the clan bed and the

shore line contour, one of three types of traraects was esployed.

A system of radiating transects vías used at Station 1^ (Figure 4)

to sanple a cove (U-shaped shoreline) where the Pargia distribution

Vías restricted to the cove. To construct thuLs syste.m a base station vras

established on the shore, being marked by a permanent m.etal stake in

the beach. Tnen, viith the aid of compass and range-finder, dive stations

were irarked by buoys at 50 yard intervals along radiating compass lines.

A sandy substrate underlain by peat V'ias found throughout mruch of

Station 14. Tne northern end of this cove, ho’wever, had been stripped

of its sand covering by waves and currents, exposing the peat, unis

sand had apparently been piled up along the southern shore,



í ¡i£ rmilfle

Figure 1. Tne position of Croatan Sound along the Outer 3
North Carolina.



Figur-e 2. Grid used in benthic ecology study in Croatan Sound.
(NuTibers on grid indicate dive stations.)



Figure 3. location of collection stations in Croatan 5^.''
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Figure System of "radiating" tra-nsects used at ssaticn 1--.
(Dive station one occurs 50 yards from case rcir.t cr. each ■

trai'isèct, station two-100 yards, station si>;-3C0 ya.rds)
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a srrall beach ridge.

A grid pattern (Figure 5) v.'as used at Station 13 where there was

a straight shoreline and viidespread distribution of Rarigia. Transect

lines v;ere extended from the shore along a baseline at a fixed ccnpass

reading, each marker being 50 yards apart. Transect one, narked by a

netal stake, v;as considered the base point. Tne substrate of Station

13 was also sandy, although an eroding ferrugenous sandstone outcropping

was found at i.he northern end. The hotton was also cornosed of tlais

material in the northern section. A sandy beach and ridge had been

created along the shoreline, except in the northern end, belnind v;riich

was an extensive Junrus marsh.

Station C-2 (Figure 6), a straight line transect, vas used

because there v/as a snail isolated population of clans in a snail ccve.

On tinis transect the buoys vare 10 yards apart. The substrate vas

predomdrantly sand, but vas underlain by clay and peat. A. Juncus marsh

grevi to the edge of the v.ater, no sand beach Inavning been f'cm.ed.

A n/otorized barge was used to transport ecyuipnant to and from the

collection areas. SCUBA divers vrere sent dov.n to collect, by hard, all

Rangia wdtîiin a neter-square netal frame. The author feels that there

were certain advantages in usir:g SCUBA, during this study. A diver can

cover a large sanplir.g area accurately avd ex'ficiently and actually-

"sees" what he is collecting, providing a visual description of the

benthic habitat. In acuition, any’ type of cotton substrate can be

sampled, vihereas vñtn a grab or ch-'edge ordy soft sand and mud can be

worted effectively. Disacvatages fn usir.g SCLuA vroulc be



 



Figure 6. ii'arsect used at station C-2.
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cla'rs (less than 10 ¡irri. ) v;ere missed and that there v/ere individual

variations in the different diver's techniques.

During the survey, 15^ dive stations viere sampled, v/ith over

650 live clams being collected. Both live clama and e:.pty Bangia

valves were collected from the meter frama. Length and thlclcness of

each live Fangla cuneata were neas'ured vâth a Vernier caliper to the

nearest millimeter. The total weight, meat v/eight, and shell weight

of each clam was measured to the nearest one-hundredth gram.. Vne

indi\âdual lengths of the errpty Rargia valves viere measured and the

total weight of these shells per station was recorded.

At each dive station a sedim.ent sacple v;as taken in an undisturbed

area adjacent to the frame. A four-inch-diameter transparent rcly-vLryl-

chloride core tube, hand operated by the diver, w^as used to collect

sediment (Figure 7 ). Vne top three inches of each core ^.cere sa^’■ed and

subsequently used for substrate analysis. Fangia burrcw- Just

beneath the substrate sirface, thus interacting vrlth orày the top

three inches of sediment. Cummins (1962), in his evaluation of collection

methods for benthic invertebrates and sedim.ents, states that the core

tube is the only accurate method for the collection of sediment samples.

Grabs and dredges do not retain the entire sediment sample, and will

not work effectively in all types of substrates.

Analysis of sediment samples consisted of m.easurirg grain size

distributio.n and the percentage organic .material contained in the

sediments. These two parameters are of prime importance in studies of

benthic organisms and their substrate relatiorehips (Cummiis, 1962).
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Fig-ore 7. Hand operated coring device.

I
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Grain size distribution was determined according to dry ar/i v.'et

seive techniques described by Foil: (1968). Each sarcple v;as first

broken up to destroy sand aggregates, then a fix'ty-tc-seventy gram

sample v;as v/eighed to the nearest one-hiuidredth gram. This sample v.as

placed into a set of Fisher U.S. Standard Selves, rangir^ in phn. size

from -2,0 phi to ^.5 phi, at one-half phi intervals. This sample mas

then ro-tapped for 15 minutes on a Tyler RoTap. Each grain size fractic;

v;as then taJ-cen from the seive and weighed.

V/et seiving vías used only when a high proportion of the sample

consisted of organics or clay. A vieighed sa^le was washed through

a ^.5 phi seive, using Galgón solution to disperse the clay particles.

The fraction remairhng in the seive v.as dried and then dr;.' seived.

Tne fraction that passed through the screen ’/.as classified as silt

and clay, its v.aight being added to the ^.5 phh grain size inter-zal.

A corrputer program v.^as used to calculate the statistical

parameters for grain size distribution. This program, vrritten in Fortran

IV, is given in Table 10 in the Appendix. Statistics calculated by

this program were mean grain size, sorting, skev.ness, and kuruosis,

which are defined in the Glossary.

Tne amount of orgarAc matter present in the sediments v.as

determined by "loss of vieight on IgrAtion." Each sediment sanple was dri

at 100 degrees centigrade for 2^ hours. Tnen appro:cirately 5 grams of

di'-y sample were weighed to the nearest milligram and ashed for 5 nouas

at 500 degrees centigrade in a lab Heat muffle furnace. Tne -difference

in v.aight before and after ashing represented the orgarAo fraction.
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Modified standard coroputer prcgra.T3 v;ere used to calculate

various statistical correlations. These prograr:s can be fo’uad in

Table 11 in the Appendix. Various individual Hangia cuneata size-

pararr.eters v;ere compared to establish relationships betv.'een:

1) length to body thickness, length to total v;eight, ler^h to neat

weight, and length to shell v/eight.

2) body thickness to total v;eight, body thicl^ness to neat ’weight, and

body thiclcness to shell weight.

3) total ’weight to neat weight and total v:eight to sh

4) neat w’eight to shell ’weight.

A regression program ’was used to determine the degree of 0:1

bet’ween various sediment parameters,

Fansria cuneata at each station.

Iter ceotn, ana censat of
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RESULTS

Distribution Patterns

Populations of ringla cuneata v;ere found near* the v/estern

shore of Croatan Sound from Reeds Point to an ar-ea just south of

Fleetv.’ood Point. O'Connor, Riggs, and liiriston (in press) have described

the domiriant surface sediment distribution in Ci'-oatan So’ond (Figijre 8).

Fine sand and fine

mile south of Flee'

to medium sand are present from an area one-

tviood Point to Reeds Point and beyond. Cns-h

.mile south of Fleetvraod Point orgardc rich mud and peat are present.

The eástern shore of Croatan Sound is cotmosed of a tlnin layer of

.medium to coarse sand, underlain by peat.

Salinity v.^as consistantly lovær in the vrestem half of frcatan

Sound, as shown by Table 1. î-lajor freshv.ater flow vras nearer the

vrastern shore of Croatan Sound. Tnis salinity pattern may be related

to the deep channel that has been dredged near the 'western shore.

Durir^g tMs study approximately 650 livir.g Rangia cuneata v.'ere

collected fro.m 15^ dive stations. Density of these clams varied little

among the three statiom sampled. Station 1^ had a density of 2.2 clams

per square meter; station 13, 2.3 clams per square meter; and station

C-2, 3.0 clans per square m.eter (Table 2). Tne distribution of the

Rangia is best described-as "patchy", since densities ranged from

0 clams per square .meter to 12 clams per squar-e m.eter. This data is

given in Tables 7, 8, and 9 in the .Tppe.ndix.

Distribution and density of Rangia cuneata over the entire

Croatan Sound appears to be related to sediment tome a:d ialiri".'.
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.ble 1,. Salinity data conparing the
Croatan Sound.

easter.n and v.’estem port!,or.s of

Western Shore Eastern She —

Salinity--cot. Salinity-oct.
at ion No. June July Station No. June July

4.0 5.0 1 6.0 6.0

5 4.5 5.0 8 5.0 6.0

13 6.0 6.0 9 6.5 6.5

1^ 6.0 6.0 18 6.5 6.5

2^ 5.5 19 7.0

25 5.5 31 11.0 7.0

37 6.0 6.5 32 8.0 10.5

38 16.0 7.0 43 18.5 5.0

47 8.5 7.0 44 8.0 ■1 y
—

Mean 7.3 5.9 Mean 8.7 8.0

Ran;'!;e 4.0-16.0 5;.0-7.0 Range 5.0-lS.5 6.0-13.



Table 2. Density of Rancla cuneata from stations 1^1, 13, and C~2.

Station
No”.

No. of Dive
Stations Sampled

Mean Density
(Clajiis/m^y

Standard
Devlat;;.on

Ranr,e ^

(Clajrsym'^)

• lil il8 2.2 1.39 0-9

13 96 2.3 1.69 0-12

C-2 11 3.0 1.^0 0-7

ro
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Local density aj'd distribution of Rancia v.âtliln the tliree colD.ecting

ax’eas (stations 1^1 ^ 13, and C-2) dernonstrated a high degree of

correlation vri.th sediment type and viater depth.

By conhlning tlie data from all tlnree collectir.g stations, it was

found that ninety-two percent of the clams v.^ere located in sandy

substrates having a mean grain size of 1.7 - 2.5 phi (0.30 - O.lS nsr..).

The mean grain size range for all the dive stations was 1.'4 - 3.6 plni

(0.37 - 0.08 irm.). Percent organics in the sedirr.ent ranged from. 0.02 to

5.50^. Ninety-thnee percent of all clams v:ere recovered from, sedâments

vTith organic perce.ntages betv.'een 0.03;7 and 0.3.7/1. Water depth ranged

from 2.0 feet to 7.5 feet. Hov/ever, eighty-eight percent of the clams

were found in depths of 2.5 feet to 5.0 feet. Tables 7, S, and 9 dn the

Aopendix contain the actual data. In summan:/

the lo’wer end of the overall range v.dth respect to the three parameters

investigated. Thus fine sand, lov.- orgardes, and shallow v.ater seem to

describe the habitat of Rargia cuneata in Croatan Sound.

Statistical correlations of number of clams ve;'’sus .mean grain site,

organic percentage, and depth viere significant or approached sigrdficanc

The mean grain size and the depth were both sigificant at greater tina:',

ninety-five percent, while organic percentage closely apprcached

significance. All these parameters shovred a restive correlation

coefficient, meaning tliat as the value of the environmental tariable

increased, Rangia density decreased (Table 3). Sorting, skear.ess, and

kui’tosis did not approach sigrificarce, and thus could not be correlated

with clam density.



Table 3. Statistical correlations from stations 1^, 13, and C-2.

Product-Moment Correlation Coeffic/'.ents
Station No. D.F. Clains vs. Depth ClcUiis vs.^ÓOrganics Clams vs. Mean Grain Size

1ÍÍ 47 -0.53 -0.22 -0.55

13 95 -0.16 -0.l8 -0.06

C-2 10 -0.32 -0.15

i

rv>
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Grovv'th Correlations

The length-frequency graphs (Fig-ares 9, 10, 11, and 12) Indicate

that six age groups v/ere sarpled. The follovji.ng size ranges v;ere

observed íT“om these length-fhecuency graphs, and ages assigned to each

based on gro'uping of size classes; (1) 0 to 19 nm. - 1 year, (2) 20 to

29 ram. - 2 years, (3) 30 to 37 nm. - 3 years, (-) 38 to 45 rara. - 4 years,

(5) 46 to 52 mm. - 5 years, and (6) 53 mra. and over - 6 years and older.

The four and fave vear living Parr:ic cuneata age classes v.-ere coradrart.

Ti-^e largest die-off of clarra v;as also during the four and five year

periods, v.dth fev; clams ever reachir.g their sixth year. By ccmrarlng

Figure 9 VTith Figure 11, and Figure 10 v.dth Figure 12, it can be seen

that the total number oí* Parrria valves is rmuch greater for the four and

five year classes than for the one, tv/o, and three 3/ear groups.

Grov.-th correlations v;ere computed and analyzed 'using various

indices based on shell length, bo-dy thickness, and weight of the clams.

Clan length proved to be the more accurate correlation factor, bcdm’-

thiclmess being highly variable. As seen in Figure 13, a Pangia cuneata

vdth a length of ,45 rara, ccold have a thicicness ranging from 25 rnim. to

36 ram.. Clara thickness correlated v.dth, other factors, such as meat weight

and shell v;eight, revealed the sara.e or greater variabilité’- and are

tlierefore not presented. Pangia shell length, hov.’ever, showed a

consistant pattern v.’hen plotted againist total clara vreight. (Figure 14),

Clara meat vieight (Figure 15), and clam shell weight (Figure l6). This

grov/th reached its peak in clams betvreen 4o mm. and 50 mm. in length,

or v;hen the Ranpia v/ere fcur to five years old.
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RaiTgia Guneata has a thick heavy shelly meat v:eight contributin¿

only about 10% to the total vieight (Figure 17), vihile shell v/eight

accounted for aliccst 7%% of total v;eight (Figure 18). The rem=inir.s

J/O V,•;as Vvater retained in body cavities of living clar.-iS.

Reb'arrov/ang Activity

the effect of various se-dlm.snt types on the reburrovrlng rate of

Rangia cuneaba v;as deterrrlned by laboratory'' experircents. It v:as hoped

thxat rebucrrov.ln^ rats rri.ght Indicate a sediment oreference for ?ar,.ci2

Six sediment types v:ere used in the experiment^ all tai<:sn from bottom

types found in Creaban Soiccd, The sediments used 'mere as follcxs:

tarie 1 - coarse sand, tanic 2 - .medium to fine sand of high organic

content, tarie 3 - medium to fine sand xith lov: organic content, tari: b

peat, tarie 5 - organic .mpud, and tari: 6 - a sandy clay sediment. The

exyperiment veas conducted over a tveelve hour period, v.ith ten clamu

placed in each of the six tanl-cs. It v/as repeated four tim.es, the clams

being randomay mi:<ed before each neve test (Table b).

T'/70 more experiments of similar design veere preformed to determin

the effect of light on reburrovmng rate of Rangia cuneata. The first

experiment was carried cut d'xcing the daylight hours, 6:00 Ai! to 6:00

while the second experiment vras done in darioness, fre.m 6:00 ?!•! to

6:00 Aü, A period of tu'enty-fouir hours betv.'een experiments allcvred the

clams time to fully recover’ (Tables 5 and 6).
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Table k. Reburrcv.âr;g activity-sediment preference

ho lo
cs mfs mfs D cm sc

Tanc: 1 2 3
■

5 6

'l'otai-iy I'cLi —a
n 7 2 0 0 0

Par-tially reo'urrowed 13 8 10 7 8 5
No activity 27 25 ■

■ 28 ' 33 32 35

Toral no. of clams ^0 40 40 40 40 40

Table 5. Hebur■ro’.ving acti-vity-in light

ho lo
cs mfs nfs •r\ SC

rppplr • *] 2 3 4 5 o

Totally reb'urrov:ed 0 0 0 0 1 0
Partial! y reb'>m.’’rov."ed 0 0 2 0
No actavity 9 10 7 10 7 10

Total no. of clams 10 10 10 10 10 10

Table 6. Reburrovjing acti.ity-in dark

ho lo .

cs mfs mfs o om. sc

Tanh; 1 2 li 5 6

Totally reburrowed 0 3 3 0 0 0

Partially reburrowed u 4 p 4 p
>

No activity 6 3 4 6 7

Total no. of clams 10 10 10 10 10 10

cs= coarse sand
ho
rfs= high organic medi'ori-fine sa:Td
lo
rT'fs= lov/ orgard-C medium-fine sand
p- peat
crr;= organic mud
sc= sandy clay



DISCUSSION

Distribution Patterns

Pangia c'oneata is not ab'^usdant in Croatan Sound. Scat

populations occur alorjg pax-l¿, of the western shore. This s

provided a base rap of the distribution and density of

in Croatan Sound. Hopefully, future work will reveal vineth

populations are increasing or decreasing in density or cina.

age distribution.

Pangia cuneo ta is found orHy in sand substrates in Cr-^

This is true also for Pangia found in Panlico Sound (Tenor

The clan is not found in peat or organic rnud sedinents. Fi:

rr.ediun-i'ine sand are the most cemon substrate l'or Fangia,

rediun to coarse sand is usuall;/ void of these clans. This

not so much to actual grain size being detrimental, as to ^

associated vjlth forming sediments of various size paiúicle:

energy is associated vâth coarse sand, vinile lov; e.nerg;,' v.ll

fine-grained sediments. Pangia appear to prefer lov." to medi

environments.

Rangia v/ere not found in sand of hiân organic cent

su^ested by Tenore (1971), high organic sedlme.nts may be d

to larval survival. Tnis' type of substrate .may also be detr

the adults, due to its te.xture V’hich prevents Fargia fre.m: c

it nay clog the P.ang.ia*s filtering apparatus.

Hater depth is also an Inpcrzait llnâtirg factor in tr

of Ranmia cur.eata. Tnis clam; is e.xcluded ih'cm. vei~ shallow



the V7ave action causes Increased t’urbulance^ possibly preventing the

settling of -larvae.. Deeper viater is not favorable l'or Ranria s'ur-vival^

possibly due to the increase of very fine particles of orgardc detritus.

■'w/OI'l CTj-ri. U-LÜ11'_

The six age classes found dirring this survey corresporid closely

to those predicted by Wolfe and Pettev/ay (I969). They predicted fr-on

a von BertalarafiV equation that raxiir:a.Ti grovrth for 1 year vras I6.O r.Tr..;

2 yearsj 28.3 nn.; 3 years, 38.0 rzr..; 4 years, 45.S :;7n. j and. 5 years,

51.0 im..

There v.as no readily apparent explanation for the large nurbers

of four and five year old Rangia, and so fev; one, tv:o, and three year

old clans. Possibly, enviromental conditicra v:ere favorable for

larval settling and juverñle clan grovrth four and five years ago. Ijore

recently perhaps, larvae and juvendles have not been as successful.

Shafting sands and iricreased \';ave energy duririg the rugged '-.-inter

iTjonths nay have caused this mortality. The presence of n-ar-erc’us -40 to

50 mm. Rangia valves and fevj 10, 20, and 30 mm. valves adds s'upport to

this theory. Sampling procedures could have caused scm.e er-ror, since

the smaller clams viere more difficult to locate than v.-ere the larger

ones. Godwin (1968) also has reported a high deraity of Rangia in the

Altanaba River having lengths of 45 m. to 55 icm. In Lal:e Pontchartrain,

hoviever, the most abundant sises vrere 35 to 4C na. (Rairbaris, 15o3),

Willie Pfltzenrryer and Drobeck (1964) found Rangia pop'ulation

Potomac River averaging less than 30 mm. in length.

Sy the time a Raigia cuneata reacines five years of age.

_ ^ .V.



approxirrately 50 irra. in length, its raxir.'Lm v;eight has

The thick shell of Rans:la nakes up the majority of the

weigTit. Thus, in regarding Rangia cuneata as a "caroon

estuaries, its thick shell should be considered a car*bc

both commercially and ecologically. Commercial harveste

should be avare also that meat v;eight is almost doubled

been attaine

clams’ total

sink" in the

rate source,

rs of this c

between a 4

(^0 mm.) clam and a 5 year (50 mm. ) clam . This difference in mes

due to one year’s grov.mh may v:ell be v.-orth vraiuing for.

Reburro/âng Acti'/ity

Laboratory experiments dealirig v.mth the reburrováng of Parais

Indicated no defirâte sedimant preference. Tne clams did sr.o'-r seme

more activmty to’:ards reburrov.lng in the sandy substrates than in

mud, peat, or clay sediments. Texture and degree of ccmpacticn ram

have influenced this preference. Light sensitivity vras apparaht in

Rangia. Their reb'urrov.ing activity v:as greatly reduced during the

daylight hours
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SUim3Y AND RECOMT^'DATIONS

1. Lar'ge adult Raugla cuneata are found primarily in sandy

substrares. According to other studies cited previously, smaller clams

appear to thrive in higlc organic sediments. No explanation for this

difference in sedim;ent preference has been suggested. Certain!;/ future

studies sh.ould attempt to establish definite sedim.ent relationships for

large ai sr¡all Pacgia a.d explain why they exist in different s'ubstraue

2. Distrib-iion patterns of Rangia cuneata m:ust be established by

the motile larvae. Instead of” coneentrât ir^g on sedim.ent ad salinity

preferences of adult Ranrla, future vrork should Involve sediment and

salinity tolerances of Rangia lavae. laboratory exmerimants testing

survival of larvae on vaâous substrates, using different salinities

and temperatures, v/ould be helpful in determining the m.echanisma of

Rangia distribution.

3. The role of Rangia cuneata in the corplex food xeb of a

estuar-y has not been determined. Aa a filuer feeder, Ragia umilises

plankton ad detritus as food. Very little is knovrn as to tne saze

OI 1002. uui.type of food used by Ragia, the percent

filtering mechanis.m.

Predators of Rgngia cuneata have not been studied thoroughly.

Some fish, such as black drum ad Atlatic croalter, have been suggested.

Sea gulls have been observed breaking open live Rangia. Blue crabs

might possibly prey upon these cr.amn, as might musl-ocats ad sea otters.

Field observation studies^ g t content analysis, and lalorttcry

exoeritents v;oi;id aid in determirirg the tredaters of Ra.sia.



44

LriERATüïS CITED

Abbott,R.T, 1956. .4rr.erican Seashells. Van Ncstrard. in’incetcn,

Chanley, Paul. I965. Larval development of the brackish v:ater- rractrid
clam, R-ucgia caneata. Chesapeake Science. 6(4);209-213.

CUi'iîTiinS 2 l'vtil'jj 16oii W, inl'i ü’/â,_LUL*>.^1.0:i 01 ôOrâC 't)CC-''^^ILCU£S Z0‘^
collection anâ analysis of benthic samples vâth spécial emplnasis
on lotie waters. American Midland iVatur-alist. 67:477-504.

Fairbanlcs, L.D. I963. Bioderr.ograplnic studies of Pansia caneata.
Tulane Studies in Zoología 10(1):3-47.

Folle, R.L. I96S. Petrology'- of Sedimentary Rocks. ürcLversit:; cf Texas,
Austin. Ker.prâll’s, Inc,

G-odv.'in, F.F. 1968. ar.e distribution and derisity
Pâv

C'^S.C '"CZ. s Z'S.IZ 03^

clam, Parigia caneata, in the Altamaha Paver, Georgia.
Fisheries Division, G-eorgia C-am^ and Fish Cemmâssion,
Series No. 5.

Hopkins, S.H., and J.D, Andrews. 1969. Pangia c^uneata on the East
Coast; thousand mile range extension or resurgence. Science,
vol. 147:863-869.

Nevjccmbe, C.L., and Kerma-i Kessler. 1936. Variations in grewoh indices
cf Mva arenaria L. on the Atlantic Coast of Mcrth America.
Ecoles^ 17X3ITÍ29-443.

O'Cornor, M.P., S. Pdggs, and D. Finston (in press, 1971).
Society of America Memoir, No. 133.

Pfitzenmeyer, K.T., and K.G. Drobeck. 1964, Tne occurrence cf the
brac-cish water clam, Pangia cura :ta, in the Potomac nive;
Chesapeaîce Science. 5(2')': 209-215.

Pi'llzenmeyer, K.T., and K.G, Drobeck. 1967. Some factors ircTTuencing
reburrov.dng activity of soft-shell clam, Kva a^’eraria. Chesatealte
Science. 8:193-199.

Fîhoads, D.C. and D.K. Young. 1970. Tne influence cf deposit feedirm
organisms on sediment stability and community trcplnic struct'are.
Jourrail of Marine Research. 28(2) :150-17S.

Slaughter, Erdc, and Charles Yoance. 1970. Extension of Pangis- c’-meata
in the Pamlico River in relation to the clay-silt bottom.. c~th
Proceeding of the North Carolina .Acade.m;^/ cf Science, Jo'cmal of
Elisha Mitchell Scientific Society, vol. S6, no. 4.

S’wan, E.F. 1952. She grováh of the clan Iva arenaria as affected by the
substratu-m. Scolocym 33:530-534.

I



Tenore, Kenneth R. 1968. Effects cf
v.'ater bivalve RaihjTia cunéate.

bottom substrate on the braclclsh

Chesapealce Science. 9(^) '■ 233-2“8.

Tenore, Kenneth R. 1971- The macrobenthos of the Pamlico River
Estuar-y, North Carolina \Jatar Resources Research Institue Report
No. 40.

Wells, K. VJ. 1961. Fauna of oyster beds. Ecology/ MonthiLy 31(3) :23S-2ô6

Wolfe, D. A., and E. N. Pettev/ay. I968. C-rovrth of Pantea cuneata.
Chesapeake Science. 9(2):99-102.

V/olfe, D. A., and C. L. Schelske. 1969-
radioisotopes by bivalve ralluscs
Rivers. Proceedirigs of the Second
Radioecology.,COKE-670503, US.4SC,



GLOSSjiiRY

KURTOSIS A quantative rneasureir.ent used to describe de;

norrality.
« QR - 0 0

Graohic kurtosis (Folk, 1968) -

2,h¡4 (0 75 _

sure ir

0 25

iSAl'J GHAiM SIZE - Average grain size dianeter,

Graphic mean (Folk, 1963) =

(0 16 + 0 53 ^ 0 34

S}®,0ESS A measurer.ent of the degree of asyzrrr.etry of

distribution.

Inclusive graphic skev.ness (Folk, 1963) =

0 16 + 0 84 - 2 0 50 0 5 + 0 95 - 2 0 50
— ■■ + — ——

2(0 84 - 0 16) 2(0 95 - 0 5)

SORTING - Tne extent to Vihich the graiPiS spread on either sice of

average.
0 84 - 0 16 0 95 - 0 5

Sortirxg (Folk, 1968) = f +
■4 6.6



 



Table 7

Station data-Station // 1^4

Dive
Station

Depth(ft.) pClams/m'^ % Organics
of Sedliiient

Mean
Grai.n Size

Sorting Skevmess Kurtosis

1-1^- 2.5 2 .05 1.963 .675 -0.083 .831
1-2 3.0 3 .08 1.957 .631 -0.09'l .7'1'4
1-3 3.5 5 .06 2.111 CO vn -0.025 .870
:i-Ji ^l.O 2 .09 2.169 .570 -0.016 .932

1-3 ^4.0 1 .10 2.15'l . 50^1 -0.022 .753

1-G Í1.3 2 .07 2.138 .^133 -0.00't . 605
2-1 3.0 6 .06 2.hl9 .566 -0.025 .872
2-2 3.7 7 .06 2.0'11 .561 0.013 1.090

2-3 'I.O 3 .12 2.072 .516 0.018 CO

2-^1 5.5 2 .05 1.931 .'103 -0.16'l 1.100

2-3 5.0 1 .07 1.305 . 3')0 0.137 1.100

2-6 5.5 3 ,06 1.330 .339 0.123 1.108

3-:i 2.7 6 .06 2.130 .'197 -0.008 .709
•'

Tii<; ilr:
iita!,.1.on

;t dl//,Vt hi
: tliua T

tliiii aeqnenoo
•efora to d.lve

la'fors to 4.1 lo la
two aloiii’; tv¿nu;i

•ans.oot number, tlie socoirl to the rli
'ct 1 at Station iMSae liiguro 'I for 'ït.tal 1.-.),♦ 11/ .l.tii J • i/J JUi >

_ pill unit



Table 7 Con'ú.

Dive
■at ion

Depth(it.) Clams/!Ti2 % Oi’ganilcs
of Sediment

Mean
■

Grain Size
Sorting Skevmess Kurtosis

3-2 3.5 3 .11 2.105 .550 0.009 .857

3-3 '1.0 5 .05 2.032 .'178 0.009 1.093

3-ll 5.0 5 .0'^ 1.830 .386 0.12'! 1.096

3-5 5.0 i\ .10 1.821 .'106 O.lkS 1.159

3-6 6.0 0 .19 2.'I7'I .602 -0.125 .766

3.0 3 .30 2.50'l .752 -0.102 1.699

H-2 6.0 2 .65 2.839 .997 0.138 .581

^1-3 6.0
/

0 .5^1 3.203 .778 0.215 1.560

J|_)I 6.0 0 .39 2.660 .675 -0.016 1.193

'1-5 5.5 0 .16 2.783 .298 0.12'1 .85'!

H-G 5.0 0 .10 2.755 .305 O.l'tS 2.'188

5-1 3.5 2 .60 2.759 1.058 0.170 l.OO'l

5-2 5.0 0 1.10 2.938 .921 0.237 .578

5-3 6.0 0 :i..io 3.598 .7:17 -0.925 .599

5-'l 5.0 ■J .:i5 2.772 .295 0.128 .913



Table 7 Cont.

Dive
Statj.on

Depth(ft.)
P

Claïïis/m ' % Organics
of Sediment

5-5 5.0 1 .10

6-1 3.5 i4 .Oil

6-2 ^1.5 0 1.70

6-3 5.5
.

0 .26

6-'l 5.0 0 .18

6-5 H.5 1 .09

6-6 5.5 1
1

.11

7-1 3.3 2 2.10

7-2 3.5 1 5.50

7-3 il.5 2 .06

7-^1 il.5 ]. .07

Y-5 il.5 3 .09

7-6 il.5 ]. 6.10

a-1 2.5 3 .05

H-:' 3.5 9 .O'l

Mean
Grain Size

Sorting Sl<evin9ss Kurtosis

2.727 .290 0.1ÍÍ2 2.616

2.308 .736 0.059 1.557

2.969 .97ÍI 0.2il2 .799

2.513 .771 1 0 i—j 0 C^ 1.075

2.779 .30i| O.13ÍI .903

2.7Í19 .290 O.13ÍI 2.ÍÍÍ12

2.509 .3lil -0.151 2.397

2.8Í17 1.003 0.133 .575

3.310 1.02i| -1.130 .576

1.631 .il75 0.007 2.657

1.809 .636 0.116 I.3IÍI

2.Í157 .655 -0.239 l.ili-ll

3.589 . 8;i 0 -1.766 .729

2.161 .5ÍII -0.002 .861

2.06:1. . 51i| 0.007 I.OÍ17
VJI
O



'fô.ble 7 Cont.

Dive
Station

Depth(ft.)
PClains/m'^ % Organics

of Sediment
Mean

Grain S:

8-3 3.5 0 .35 2.758

8~^i ^1.5 2 .09 2.083

8-5 ^.0 5 .10 2.067

8-6 5.0 2 .04 2.061

Sorting Skevmess Kurtosis

1.055 0.l80 1.032

.570 0.009 .902

COc^ -0.000 1.114

.482 -0.003 1.095
#



Table 8

Station data-

Dive
Station

Depth(ft.) PCla'!is/jn % Organics
of Sediment

Ü-1^- 2.3 0 .17

0-2 2.0 1 .59

0-3 3.5 3 .50 ,

O-'l 5.5 0 M

1-1 2.5 il .03

1-2 2.5 il U'^0

1-3 3.5 1 .29

1-^1 5.0 0 .25

]-!3 6.0 0 .09

1-6 8.0 0 .25

2-1 2.5 5 .O'I

2-2 2.5 2 .06

2-3 3.0 0 .O'I

The IMr'i'.l; dli/Jt iii l.lil:; r>('quonco i^ívCorr. to Wio
tliii:î 0-^^ rcii'er:; to divo tvw a'.loup; ti'OiKioct 0 at

-- plil unit.

I

itation //13

Mean
Grain Size'-’"

Sorting Skevmess K’jjrtosii

2.552 .665 0.013 1.726

2.09ÍI .726 0.0Í12 1.967

2.962 .920 0.239 .563

2.98^1 COCOc^ 0.312 .532

1.356 .680 O.ll'l I.3ÍI9

l.i|5'l .599 0.02'! 1.359

2.6^15 1.000 0.272 I.Í190

2.285 .338 O.l'll .89'!

2.'153 .'121 -0.361 1.278

2.'i8)| .'106 -0.316 1.398

I.72O .752 0.151 1.06]

2.:ioi .'130 0.006 .867

1.56'I .631 0.065 ]. 362

.nannoc.t 11111111)01% tlio nocoiil to the divo atatlon;
htatloii '.13 (eoo l'Mj'im'o 'o íbr dot-ail;:.). vn

i\j



I
Tabic 8 Cent.

Dive
Station

Depth(ft.)
p

Clams/m' % Qrgardcs
of Sediment

2-i] ^.5 0 .04

3-1 2.5 0 .0'4

3-2 3.0 0 .06

3-3 3.5 1 .06

3-'l '1.5 1 .13

'b-1 2.7 5 .O'l

l\-2 3.0 '1 .02

'1-3 3.3
'

2 .05

'l-'l '1.0 0 .30

8-]. 2.7 3 .05

“0-2 3.3 7 .05

:^-3 3.0 .
3 .06

3.1 1 .O'l

C>-2 2.5 3 .09

G-2 3.5 3 .09

(>-’.] 3.5 2 .03

Mean
Grain Size

Sorting Skevmess Kurtosis

2.186 .4 06 0.018 .915

1.713 .688 0.153 1,404

1.762 .751 0.146 .909

2.09'1 .437 0.013 . 591

2.283 .385 0.145 1.092

1.736 .694 0.155 .882

1.07'l .670 0.111 .816

2.11'1 .'135 Ü.005 .599

2.313 .'110 0.136 1.154

2,036 .773 -0.311 .963

1.800 .'131 0.160 1.215

2.088 .444 0.013 .587

2.1'I3 .'!2'i 0.005 .926

1.970 .688 -0.071 . 812

1.981 .737 -0.137 .812

2.'1'I3 .578 -0.021 .870
Ul
CO



Table 8 Cent.

Dive
Station

Depth(ft.) Clam3/m‘

G-'l 3.5 2

7-1 2.7 0

7-2 3.0 3

7-3 3.5
.

1

7-'i • 3.7 0

8-1 2.5 2

8-2 3.5 2

8-3 3.0 '1

8-'l 3.5 0

8-!3 il.5 ].

8-Ó 6.0 0

8-7 6.2' 0

15-8 7.5 1

[hW 2.5 '1

9-2 3.0 .

2

% Organics
of Sediment

Mean
Grain Size

Sorting

.05 2.129 .il91

.05 1.838 .707

.05 2.112 .ilil5

.06 2.080 .572

.O'l 2.126 .532

.oil 1.699 .879

.oil 2.210 .Í190

.06 2.123 . 55'l

.05 2.113 .560

.06 2.093 .586

.12 2.i|'l6 .'I2il

.05 2.1'10 .505

.07 2.il82 .379

.Oil 2.178 . 506

.12 2.l'|i| .597

Skevmess Kurtosis

0.002 .71i!

0.098 .630

0.007 .586

0.018 .853

-o.om .835

0.006 .732

-0.021 1.061

0.006 .825

-0.006 .873

-0.067 .925

-0.310 1.198

-O.OilO .8111

-0.265 I.26Í1

-0.023 1.039

-0.028 .897
VJl
XT



Table 8 Corit.

Dive
Station

Depth(ft.) Clarns/m^ % Organics
of Sediment

Kean
Grain S;

9-3 3.0 i] .03 2.106

9-n ^
3.7 0 .09 2.119

10-2 2.9 2 .09 2.169

10-3 3.9 ■ í\ .06 1.980

10-^1 3.9 1 .0^1 2.209

10-9 íl.O 1 .0^1 2.073

]l-2 2.9 ,0 .07 2.169

11-3 2.9 1 .09 2.139

ll-'l 3.9 0 .11 2.160

11-9 3.7 1 .09 2.10'l

3.0 9 .09 2.209

12-9 3.9 i\ .06 2.309

]2-6 3.9 0 - -

.12-7 3.7 1 .'13 2.196

2.0 0 .09 1.027

Sortirig Skevjness Kurtosis

.972 -0.000 .869

.909 -0.009 c^CO

.'19'l -0.00^ .7'^0

.812 -0.239 1.190

.999 -0.060 1.29't

.i|8l 0.007 1.098

.^I8'l 0.002 1.068

.960 -0.018 .886

.960 -0.028 .869

.92'! -0.007 .7'I7

.'199 -0.029 1.092

.903 -0.281 1.079

.709 0.006 1.2].2

.'123 -0.21'1 1.039



Table 8 Cent.

Dive
Station

Depth(ft.)
P

Clanis/m % Organics
of Sediment

13-5 2.5 0 .15

13-6 6.0 0 .80

13-7 ^.0 1| .13

13-8 3-5 5 .06

13-9 3.5 8 .12

13-10 ^-1.0 0 1.32

13-11 5.5 2 .1.8

l'l-6 ^i.O
!

0 .09

1^1-7 3.0 2 .06

1^1-8 3.5 11 .15

l'I-O 3.7 5 .10

1^1-10 ^1.0 9 .09

l'I-l], 8.5 12 .03

VU-TÂ 8.7 5 .05

15-8 3.0 5 .08

-■4

Mean
Grain Size

Sorting Skev/ness K’jrtosl;

2.589 . 506 -0.089 1.179

2.228 .515 -0.007 1.101

2.326 .89^1 -0.300 1.107

2.385 .898 -0.318 1.128

2.115 .582 -0.015 .871

2.967 COCO 0.250 .708

2.509 .383 -0.333 3.288

2.851 .388 -0.268 1,187

2.855 .807 -0.269 1.161

2.888 .820 -0.292 1.183

2.539 .500 -0.065 1.167

2.192 .502 -0.021 8.053

2.153 .893 -0.006 .737

2.539 .631 -0.308 1.917

2.222 .890 -0.018 1.077
\J]
OA



Table 8 Cent.

Dive
Station

l)epth(ft. ) Clanis/m2 % Organics
of Sediraent

Mean
Gra:ln Size

15-9 3.2 0 .05 2.32¿1

15-3.0 ■ 3.5 0 .20 2.593

3.5-11 2.7 0 -
-

15-3.2 ¿1.7
.

¿1 .07 2.202

16-3.1 ¿1.0 1 -
-

16-12 ¿1.5 2 .11 2.331

16-13 ¿1.7 1 .06 2. ¿117

36-1^1 5.0
f

1 .06 2.156

16-35 3.0 8 .10 2. ¿175

36-16 ¿1.5 ¿1 .36 2. ¿165

36-17 5.5 3 .06 2.339

16-3.8 5.5 2 .3¿1 2.137

16-3.9 5.7 ¿1 .05 2.35!j

36-;'() 6.0 3 .06 2.102

16-2.1 7.0 2 .05 l.OO'l

I

Sortj.ng Ske\«mess

.¿180 -0.276

.¿172 -0.029

.¿196 -0.C3¿1

.506 -0.299

.393 -0.260

.55'! -0.02¿1

.¿153 -0.781

.371 -0.262

.502 -0.017

.502 -0.020

.¿130 0.001

.¿117 -0.010

.33¿l -0.132

Kurtosis

1.093

1.0'46

1.092

1.082

.877

1.696

1.177

.757

.700

.928

.997

.903
'.n

i]> I ii.i<l«iji»jiiii.imhibbb>WPîB!PW!!B.IÜI*'T'



Table 8 Cent.

Dj.ve
Station

Depth(ft.)
2

Clams/m % Orp.aniLCS
of SedJjnent

16-22 7.6 0 .03

16-23 7.5 0 .10

16-2'! 7.5 0 .07

17-13 3.0 0 . 08

Mean
Grain Size

Sorting Skevjness Kurtosi;

1.811 .383 0.1Í42 1.123

1.935 .516 0.219 1.081

2. ^12^1 .Í106 -0.276 1.123

2.161 .611 -0.062 .932

VJI
GO

I



Tab.le 9

Station data-Station II C~?.

Dive Depth(ft.;
Station

)* Claiiîs/m2 % Organics
of Sedfuiient

Mean
' Grain Slze'’^'^'

Sorting Skevmess Kurtosls

1 0 .18 2.217 .^•183 -0.023 1.090

2 2 .12 2.1^17 .606 -0.099 I—11—iC\

O
J — 2 .09 2.921 .^123 -O.I157 1.250

i\ 0 .26 2.317 .627 -0.033 .835

5 7 .08 2.292 .976 -O.'ll'l 1.22^1

6 3 .12 2.137 .627 -0.033 .836

7 '3 . 06 1.980 .7^17 -0.139 .957

8 ' 2 .06 2.119 .992 0.010 .861

9 2 .06 2.1^13 . 619 -0.01^1 .853

KJ 8 .10 2.172 .922 -0.013 .729

It. 5 M 2.136 . 601 -0.013 .828

>.'I>tli:; not rfíCüiA'led
- jjIi.I unit

- apjij-oxluíate doi-iths wore 2' - 9'.
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Table 10. Ccn:outei orcgran for seaunent ;ize analysas

0001
0002
0003
000^
0005
0006
0007
0008
0009
0010
0011
0012
0013
001^
0015
0016
0017
0018
0019
0020
0021
0022
0023
0024
0025
0025
0027
0023
0029
0030
0031
0032
0033
0034
0035
0036
0037
0033
0039
0040
0041
0042
0043
0044
0045
0046
0047
0048
0049

C PR0GPAAÍ FOR 1/2 ?PZ IT-IITS SIZ/ING
DI?T1ISIO:í phi ( 4,1000), pot( 300 ) ( 300 ),CF ( 20 ),AZ ( 10 )
Dlf/ENSION M(IOO)
J=13
K=5
P=.25
N0=0

PHI(1,1)=-1.00
DO 50 N=2,J

50 ?HI(1,N)=P}Z(1,N-1)+ ).50
H=200

1001 DO 700 11=1,M
DO 2 1=1.J

2 RZAJD (1,420, Z\T)=999) DT(I)
420 FOR:î4T (FIO.O)

CO-HTJOrUE
PE-^T) (1,430) TOTwT

430 ?0?:-L4T (FIO.O)
READ (1,440) (AZ(I),I=1,X)

440 F0R:-14T ( 10A4)
SbF;=0.0
DO 36 F=1,J
Sir-feSUH + V.T(N)
su:í'/t=süh

36 COMTL’FJF
PJA3S'T= (TOT.'.T-SuDO’.Z) ^100./TOT.-Z
ViRIlE (3,301) (AZ(I),I=1,K)
V.’RI'IS (3,888) TOT.'.T

888 FOPDF.T (IX, 'TOTAi V.ElGMT =',3X,F10.3)
VPZTS(3,777) SUIG'Z

777 FORI'F.TdX,'SUI'^ VSIGHT =',3X,P10.3)
l\?RITS(3,399) PDOST

399 FO?DÍ4T(l4H PERCS'iT D03T=, F11.6)
TOT;’JT=SüM'’T
DO 3 N=1,J

3 PGT(N) = lOO.O-^HbTdD/TOr.'.Z)
PKI(2,l)=?OT(l)
DO 4 N=2,J

4 PHI(2,N)=?OT(N)+PHI(2,N-l)
N=1

612 IF (PHI(2,l)-5.0) 613,613,614
614 PHI5-Í. 25/FHI (2,1)+?:hI( 1,N)

IF (?HI(2,l)-l6.0) 9,9,615
615 PHI16=4.0/PHI(2,1)+PHI(1,1)

GO TO 13
613 IF (?HI(2,X-rl)-5.o) 6,6,3

6 X=N-rl
GO TO 612

5 '.'KITE (3,450) N
450 PDFDAT (LX, 'THE VALUE OF N IS',l4)



0050
0051
0052
0053
005^
0055
0056
0057
0058

0059
OOoO
0061
0062
0063
0064
0065
0066
0067
0068
0069
0070
0071
0072
0073
0074
0075
0076
0077
0078

0079
0080
008l
0082
0083
0084

0085
0086
0087
0088
0089
0090
0091
0092
0093

61

Table 10 Cent.

PKI5=P ^(5.0-PKI(2,N))/(?HIC2,M^i)-PHI(2,N))+?HI(l,M)
9 I? (?HI(2,N+1)-16.0) 11,11,12

11 I'I=\'+1
GO TO 9

12 PHI16=0.25“(16.0-PKI(2,N)/(PKI(2,N4-1)-?HI(2,N))+PHI(1,N)
13 IP (?KI(2,N+l)-i^p.0) 14,14,15
14 N=N+1

GO TO 13
15 PHi25= p-(25.c-pki(2,n))/(?ki(2,m+i)-?:-il(2,:■:))+

?HI(1,N)
16 I? (?KI(2,N+l)-50.0) 17,17,18
17 N-I+1

C-0 TO 16
18 ?HI50= ?-(50.C-?ri:(2,:O)/(?HI(2,!T+l)-?}i:(2,X))^?HI(l,:r)

i:=N+i
19 IF (PHI(2,M+1)-75.C) 20,20,21
20 N=M+1

GO TO 19
21 PHi75= ?^v75.c-?Hi(2,:y))/(?Hi(2,:F-i)-?Ki(2,::))-^?Hi(i,::)
22 IF (?HI(2,IH1)-84.0) 23,23,24
23 F=N-M

G-0 TO 22
24 ?hi84= p^(84.o-?Hi(2,F))/('?Kr(2,::^i)-?Hi(2,:;))^p}i:Ci,::)
25 IF (PHI(2,N+l)-95.0) 26,25,27
26 N=N+1

G-O TO 25
27 PHi95= ?-(95.o-?ki(2,n))/(?hi(2,:'F-i)-?hi(2,::)v?hi(i,::)

Eiz=0.3333-^ (?KIl6-f?HI50+?Hl34 )
sigilo. 25*(PHI84-PHI16)+0.1515^"(PH 95-PHI15)
DKI=(?m6+PHl84-2.0^?FI50)/(2.0^(?HlS4-?HIl6y +

1 (PKri5+i'HI95-2.0^-?HI50) )/2. (?PZ95-?:-I15)
0Í2FI- ( PKI9 5-Í-PKII5-2.0-PHI59 )/ ( PHIS4-PHI15 )
GAYGP=0.4098^ (PrII95-PPZ5)/(?PZ75-?HI25)

28 E.iPHI=0.5-" (PHI16+PHI84 )
SIGFI=0.5^(PHI84-PHI16)
All’ll (PrZ84xpHIl6-2.0^?HI50)/(?Hl34-?:iIl6)

701 CAYGI=(?HIl6-Rn:5-:-PHI95-PP-84)/(?:-ZS4-?HIl5)
G THIS POIM? INDIGAÏED COIPIITIOY OF FOIii,IZ'AN.

START MOr-TOJTLYS.
DO 35 1=1,4-

35 DF(L)=0.0
DO 40 N=1,J
IF (PCT(N)) 40.40,41

41 A=N-!-i
IF (A) 42,40,42

42 A=A/4
D=A=A
E=A^D
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Table 10. Cent,

009^
0095
0096
0097
0098
0099
0100
0101
0102
0103
OlOii
0105
0106
0107
0103

G

0109
C

0110
OUI
0112
0113
0114
0115
0116
0117
0118
0119
0120
0121
0122
0123
0124
0125
0126
0127
0128
0129
0130
0131
0132

0133
0134
0135
0136
0137
0133

D?(l)=?CT(:i)^44-fD?(l)
D?(2)=?CT(i;)^^I>0?(2)
D?(3)=?Gr(M)«S+D?(3)
DF(4)=?CT(N)(4)

40 CO!\iTL\U2
GO 45 L=lj4

45 D?(L)=0.01-D?(L)
X3.4R=PHI(1,M) -.125+DF(1)
E=D?(1)^DF(1)
SSQD=D?(2)-3
S=SQ?lT( SSGjD )
E':3=F?(3)-(3.^D?(1)^D?(1)^D?(2CG+(2.^D?(1)^3)
E:.:4=D?(4)-(4,^D?(1)sd?(3))^(6.^5^3?(2))-(3.^3^3)
SK=. 5^i:i3/S"^^3
CT3IS-(?HI95-?HI15)/2,44^(?HI73-?HI25)
TELS COIPIEIES THE CAIX: JLATIOH C? O'OMEiTr OHASUEZ
GO TO 400
THE EOLLOVËNG SECTIC^: PROTIDES GuTPüT EOPO'S

301 PORFATClH, ’SJTOPIE: iUTHTH ’, EC, 1GA4 )
302 pori«at(35HOCalculatio:': or roTos statistics.)
303 ?ORHAT(34HOCALOIJIHTIOT or FOLK'S STATTSTTCS.)
304 FORr-HT(42HCCALCÜLATIC:-i OR I-OMZH HEASÜRE STATISTICS.)
306 RORMlTdSH VERY VJEIH SORTED.)
307 FORr-ÎAT( UvELL SORTEO' )
924 RORHATC FDDERATELY VIIH SORTED')
305 RORT-iATC FODERATEIY' SORTED')
309 F0RMAT(15H K)ORLY SORTED.)
310 FO?0AT(20H \TR.Y FOCRLT SORTED.)
311 FORMAT(25H EDIRE:'EDY POORLY SORTED.)
312 FOFOF.TdZE STRONGLY FDH SIS.-.ED.)
313 F0RilA.Td3H FINE SIHLED. )
314 F0RMAT(18K NEAR SYTOHTRTCAL. )
315 P0RHAT(15H COURSE SKEVED. )
316 F0RM\T(24K STRONGLY COURSE SKEi-ED.)
317 ?0RFAT(18H VERY PLADETOFTIC. )
318F0RFAT(13H PL.ATYXÜRTIC.)
319 F0Rr>lAT(l2H iXESOKURTIC.)
320 F0RF1AT(13H LEPTOKiRTTC.)
321 PORyATd8H VERY LEPTOauFTTC . )
322 FOR^AT(23H ÉXTRÎDSLY LEPTCHuRTIC. )
111 FORMT (IX, 'APPROXDDTE PHI VALUES (ACCURATE TO

v.T'ïhdj 0.50).')
222 FOPAIAT(9K PEU 5 =F7.3)
333 F0R'AT(9H?HI 16 =F7.3)
444 F0RPIAT(9H phi 25 =R7.3)
555 FORDAT(9H PHI 50 =R7d)
665 FORRK9H PHI 75 =F7.3)
112 K)R:'AT(9H phi 84 =R'^.3)
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Table 10. Cent.

0139

OliiO
Oliil
01^12
01^3
01^^
01'45
01^6
Olii?
01^8
01^9
0150
0151
0152
0153
015^
0155
0156
0157
0158
0159
0160
0161
0162
0163
016^1
CI65
0166
0167
0168
0169
0170
0171
0172
0173
0174
0175

0176
0177
0178
0179
0180
0181
OIS2

113 ?0?lI/i.T(9H PHI 95 =P7.3)
C IHIS LIST P.RO^/IDHS OUTPUT TO BE USED E'í THE
C POLLOV/ING DECISION NDT^CRX BASED ON EOLH, JOUR
C GEOL. V. 162, OTD.345-51, JUIOY 1954

344 FO?i:4T(21H STA'®APD DE7/IATION = P7.3)
345 l'OFDIAi'C/H - F3.3)
346 FORMATdlH SKrPlSSS - P7.3)
347 FOFOAATdlH KUFTOSIS = F7.3)
348 FOFlOATdOH SORTBIG = ?7.3)
349 F0RNAT(5H m = F7.3)
350 F0RI'AT(8H M PHI = F7.3)
351 FORHATd2H SICA PHI = F7.3)
352 FORMATd6H ALPHA T:JO PHI - ?7.3)
353 F0R:14Td5H THIRD E12.5A6H FCURIH PH-Z:
354 FOFiaTdH)
355 FQRHATdlH VARIANCE = E12.5)
356 FIS:4AT(13H KG (IN?'IAN)= F7.3)
400 TRITE (3,304)

TRITE (3,345) X5.LR
TRTTE (3,355) SSQD
TRJTS (3,344) S
VRITE (3,346) SK
TRITE (3,347) CT3IS
trite (3,353)
TRTTE (3,111)
TRITE (3,222) PHI 5
TRITE (3,333) PHI 16
TRITE (3,444) PHE 25
TRITE (3,555) PFE 50
WFETE (3,666) PHI 75
TRITE (3,112) PHI 84
TRITE (3,113) PHI 95
TRITE (3,303)
TRI'IE d,349) HE
TRITE (3,348) SIGI
TRUE (3,346) SKI
TRITE (3,347) CAYGP
X1=CAYGP
ESK=SIiI-rl.O
ES=SIGI

C
C FOIEOWING NAPES THE SANPLE ACCORDING TO FOUNS

fexior;e ghourlng
TRJTE (3,357)
FCRI^AT ( 29HOFCLK ' S TEXTURAL DESCRIPTION. )

500 IF (ES-4.0) 502,502,501
501 TRITE (3,311)

GO TO 520
502 Ei' (ES-2.0) 504,504,503
503 trite (3,310)

71= E12.5)



OlS3
oi8i;
0185
0186
0187
0188
0189
0190
0191
0192
0193
019^
0195
0196
0197
0193
0199
0200
0201
0202
0203
0204
0205
0206
0207
0208
0209
0210
0211
0212
0213
0214
0215
0216
0217
0218
0219
0220
0221
0222
0223
0224
0225
0226
0227
0228
0229
O23Ó

6^

Table 10. Cent.

GO TO 520
504 I? (3S-1.0) 506,506,505
505 ViP-Iir: (3.309)

GO TO 520
506 I? (ES-0.71) 923.923.507
507 WrJl'E (3.308)

GO TO 520
923 w (ES-.50) 503,508,925
925 I'JPITE (3.924)

GO TO 520
508 I? (ES-0.35) 510,510,509
509 (3.307)

GO 'TO 520
510 b-RITE (3.306)
520 I? (XI-3.0) 522,522,521
521 bmiS (3.332)

GO TO 540
522 IT’ (X-1.5) 524,524,523
523 ITTIT. (3.321)

•’ fiO ’7’'! ^40

524 I? CQ-l.ll) 520,526,525
525 vBJTE (3,320)

GO TO 540
526 IF (:í1-0.90) 528,528,527
527 V.TÎITF (3,319)

GO TO 540
523 IF (Xl-0.67) 530,530,529
529 blíIIE (3.313)

GO TO 540
530 V.HITE (3,317)
540 IF (ESK-1.30) 542,542,541
541 Iv-RITS (3.312)

GO TO 600
542 IF(ESK-l.l) 544,544,543
543 VÍRITE (3.313)

GO TO 600
544 IF (ESK-0.9) 546,546,545
545 I^mTE (3,314)

C-C TO 600
546 IF (ESK-0.70) 548,543,547
547 VJRITO (3.315)

C-0 TO 600
548 eft'If: (3,316)
60c V.FTTE (3.302)

T'HUE (3.350) E-?nI
WHITE (3,351) SIGFI
THUS (3.346) -4IFT

703 THUS (3.356) CAYGI
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Table 10. Cent

0231 \vRITE (3.352)
0232 V/RITS (3.3^5)
0233 bTillE (3.823)
023^ 823 FORMT(/////)
0235 V/RI’IT: (3.359)
0236 359 FOi-ü-LîT ( 5H Fill

CUi
0237 751 Lû=J
0238 DO 650 N=1,J
0239 bhllT (3.358) :
02^0 353 FOPàF.TdFI ?7.3
02^1 COiiTIMUF
C2i{2 700 CCiTTrvüS
02^13 999 COMTLYJE
02^^ SND

r~Kr -“Tt T T T": O-T T>~-5X J Th '.'.iiij-Urlx J ^y., o. : ^ _

T ^‘r -I OT
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Table 11. Co:7r)utep program fer correlation of Rangia grovrth
parameters

0001

0002
0003
000-4
0005
0006

0007
0008
0009
0010
coil
0012
0013

0014
0015
0016
0017
0018
0019
0020
0021
0022
0023
0024
0025
0026
0027
0028
0029
0030
0031
0032

CA3 12 LIMEIE REGRESSION PllPL'ÎSIS PRO-GRAM
C USES SUHROuTAES AEÜT, IRANSG

DE-'E.NSI0N IFRE-O(IOOO) ,YBAR(1000) ,V.^A(1000) ,A-îr(20) ,X(10C0),
P?EQ(1000),M(3000)
EQIJWAT.ENCS (PA.X), (7A(1C01) ,Y3AR), (AA(2001) ,VAR)
EQUr/7AE-NCS ( FREQ (1), IFRSQ (1))
I?T=1
LST =3
N0=0

C READ AIPUT PARA-SIERS.IA = NO. OF X \ALUE3,
C ICODS = IIEUT CODE, IREK AC TRAIY ARE
C TRAISFOHI-ATIGN CODES, TALPH = T VALUE AT
C P = ALPHA

11=1
1 READ (I?T,2) lA, ICOBE, ITRANX, ITRANY, TALPH,ALPHA
2 PURTAT (4I5,F10.3>F5.4)

IA?IA=IA-MA
I? ( lA.LE.l ) GO TO 999 ■

lAITE (LST,3) lA, ICODE, ITRAK, ÏTRAA, TALPH, A.PHA
3 POR-AT(lHl/15, 9H X-VALUES ,I10,15H = ZRUT CCDE,22H,

TRARFOR'ATION CODES , 13,IH,, I3/3X,3R>,R6.3,7H AT ?
-,F6.4//)

VRITE (LET,4) PMT
4 FORMAT (20A4)

DF = 0.
T? ( TcoDE Ussy

5 PÂAD (I?T,R-T)'cxci), 1=1, lA) ■-

6 C.AIi. LNPÜT ( LA, IPREQ, Y3.AR, VAR, ILAWAR, TTRAIL: )
C-0 TO 20

7 RAWA-R O.
DO 121 = 1, lA
FAAD(I?T,FiT) X(I), IFREQ(I), Y3AR(I), V.ARCI)
IF ( IFREQ ( I ) - 1 ) 10, 10, 11

10 IPREQ (I) = 1
YEAR ( I ) = TPALISG ( ITRAJT/, YEAR ( I ))

11 R\D11 = IFREQ ( I ) -- 1
VKWAR = 'LAWAR + iDm = VAR ( I )

12 DP = DF -f FAR-
I? ( DF ) 20, 20, 13

13 VTW'R = VTVvAR / D?
C COLPuTE REGRESSION STATISTICS

0033 20 suit: = 0.
0034 SILT = 0.
0035 TOL'J = ).
0036 DO 251 = 1, -i-A.
0037 X ( I ) = TRANSO- ( ITRA^T:, X ( I ))



67
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0033 FHEQ ( I ) = IFHEQ ( I )
0039 S0Î4X == sill: + PPSQ ( I )« X ( I )
0040 suis: = SUI-ÍY + FREQ ( I Y3AH ( I )
0041 25 TOIXJ - TCTN + FREQ ( I )
0042 NTOL'IL = TOTÎm - 1.
004b lAI-'Il = IA - 1
0044 LAX2 = IA -2
0045 FLAIvH = lAIH
0046 FIA. = IA
0047 B? = TOIN -■ FLA
0048 NDF = DF

0049 XHAR = SII'X / lüli4
0050 YBAhn - SUiZ / TOLl
0051 SILIX2 = 0.
0052 SÜXY2 = 0.
0053 SUXXT - 0.
0054 DO 301 = 1, IA
0055 = X ( I ) - X3AH
0056 Yl! = Y3AH ( I ) - Y3.LP3
0057 SlI^HI - SU7'X2 -f XD ^ XD ^ PHE-Q ( I )
0058 SUXY2 = SlI-HO + YD ^ YD ^ EFHQ ( I )
0059

c
0060

30 SII'IXY = SÜIOCY -f XD ^ YD ^ Pl^Q ( I )

VARK = SUIIÎP /( TOIX - 1. ) ■
0061 SSEPH - DF ^ VIAWAH
0062 SSTCT = SUI-H2 -f SSBHH
0063 Y.4RY = SSTCT /( TOLl - 1.

\

;
0064 B = SÜMXY / SÜ1K2
0065 A = Y3AH3 - 3 ^ X3AR
0066 V.THTE(LST-4l) A, B, XE.AH, Y3AH3, TOTM
0067 4l FORXAr(/'/31H THE TTGFBSSION EQUATION :

COoS
0069
0070
0071
0072

0073
007^
0075
0076
OC77

0073
0079

l?10.5,2ii +,P10.5.2i X/,lZ-{ ÏŒAI^ 0? X =,?10.5,
23X,11HM1AN 0? Y -,Fi0.5,SX, 9X101^ î:= ,?5.G /
316h VAXIANCS 0? X =,?15.5.3X,15H\^AHIAXCS 0? Y =
4F15.5 / )
VARG = SUÎ.ÎY2 / PL4.ML
SSSX? = SülGll « S'Œ'ZY / SUT'K2
SSUIVSX = SUÎl/G ~ SSEX?
\XJNEX •■= SSÜXSX / FLOAT ( IA - 2 )
SBXT - SaXT ( VUNEX / SUXX2 )« TALPH
CONFIDENCE LIXIT3 TO SLOPS
31 - B - SBIX?
32 - B + SBXT
PCENT - ( 1. - ALPHA 100.
:vRIIS(LST,A2) PCSÎNiT, 31, 32

42 ?03:'HT(//1^6.1,44H PSHCSNT CONPTDHX "T r; :'XTS
iPOP; THE SLIPS ASS

i^SG? - - 9999.9999
FSDS\.^ - ~ 9599.9999

,F10.4, 4H and, F10.4)
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Table 11. Cont.

0080
0081
0082
0083

OûbT

0085

CO86
0087

0038
0089
CO9O
CO91

0092
CO93
009^
0095
0096
0097
0098
0099
0100
0101
0102

I? ( :®F )
T 3 FSGP = VARG / WAW.ûJÎ

FSDE'/ = / WAWAi?
^5 FSSXP = SSSXP / VûT'EO

C PRIï-TT AJ\WA TAE[£
IvrO-Tb (.Loi'J 50) SOTTïâj lAI'H, VAHG, FSGr, SGZ^-ITj

111, SSEX?, FSSXP, SSUî rS}C, LA''I2,VU7S;.'/, FSDF7,SSEPF.,
ZFr,l‘IAWAR, SSTOT, NTO'I?’il

50 FO?J'^.T(//25X,20.4XAjOYSIS OF VAKLA}:CE//7H SOURCE,
17X, ZFSS, 20X,Z1DF, l^X, Z-P'S, iSl^:, ZIFS // TE
2GEUURS, F13.^, I17,2F20.VZX, 6:-ZZZ.ZF, F15.^,
3 117, 2F20.V Z:,^PDFF., F17.^, Ï17 , 2F20.V/
4 6H SRFOP, ?1^.^, ÏI7, F20.W cH TÜFAL, Fl^.À,
5 117)

C PRSPAKS ZASIZ O? YKAT, COXFÏDZXCS LZ'ZTS, J^CD
1 DZZLTTION

VZZTS(LSÎ,60)
60 FÛZ'ÎAT(///Z:,cHSJCCPlE,5X,2TX,12C(,jErC,1(jX,2EL1,

IIOX, AKYAT, 8X, 2HL2,9X, 9HDFVIATI0:T /2X, oZXI'ZZR
2 //)

DO 701 - 1,LA
YHAT = AE3 ^ X ( 1 )
ÜEV = YEAR ( I ) - YIFY?
S'TDFFZ’ = SORT ( YulZI': 1. / TOZÍ -f ( X C I ) -

1 XBAR )-( X ( I ) - XEAR )/ SÜXX2 ))^ FALPH
Y1 = YK.AT - STDZv?
Y2 =? TUAT + STDFXY

VJRITE(LST,d5) I, 0(1), Y3A_R(I), Y1 YHAF, Y2, DZ/
65 FORÎ'lAT(ï8,6F12.5)

.AA(I-MA)=Y3AR(I)
70 CONTINUE

NO=NO+i
C.ûLL ?LOT(N0,AJl,TA,2,0,FU!\TC,0,0,0.0,0.0,0.0)
GO TO 1

999 COXTZFJE
END


