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ABSTRACT

o T

. Roger Moser Crump, POPULATION DENSITY AND DISTRIBUTION OF THE

ESTUARINE CLAM RANGIA CUNEATA IN CROATAN SOUND, NORTE CAROLINA.

» tho dirsction of Dr. Vincent Jerome Bellis) Departrent of

( YIS il el

Biology, June, 1971.
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to 12 clams per square mcter. Overall distribution o

rirsriis fina znd
ClmErlly on 1ine a

correleted with bottom sediment type, being found p

mediur~Tine sand substrates. Local distribution is relzsted to -

~ y B Yo et \ A ol £ P iz ] B IR D) - T1 .
grain size, organic content of the sediment, and water depth. Shallow,
s
L s £ -~ ) APy BT -7 3 S A=
Tine sand substrate, low in organics,

mesohaline water with a mediurn-

3

best describes the habitat of Rangiz cun

Six separate size freguencies (yezr classes) were found during the .

survey. The fourth and fifth year clams were most abundamt

ear Rangia should be the most econcmicslily

e

this study, the five

-4

profitable clams, since their meat weight was double that el

four year clams. Rangia's thick shell accounted for 75% of its totzl

welght, thus making it an important carbonate source,

and ecologically.
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INTRODUCTION

Rangla cuneata 1s an estuarine clam of potentially great

4

economic value and ecological significance to the Middle and South
~exploited in the Gulf States, especially Louisiana and Texas, where

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

Andrews, 1969). Over fifty-one thousand pounds of Rangia cunsatfza were

harvested in North Carolina in 1966 (Godwin, 1968), just fifteen yesax

)

it has yet to be established whether Rangizs cunss

X e \ e Py s PRI - =) ¥, - - _— s .
to the Atlantic Coast in recenc times, or whethser present rorulz

originated from disjunct native stock, current authorities are n=e
g1 s =
the clam is rapidly increasing in relative abundance and is expernding

its range from Meryland to Florida.

3 7 el 23 Ay
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used in roadmaking and construction, or crushed and converted to

agricultural lime. The meat is also of econcmic irmortance., Loczl

part of the nineteenth century, its meat was esten in th

R SRRIN

with one Texas oyster packing house canning and marketing it urnder the

Pt

1969).

Little is known about the importance of Rangia cumeata in ths

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

Satar=Se)

it populates the mesohaline zone where few other invertebrat

after the clam was first reported in that state (Wells, 1661). Although

3 . oy = =
o haa i -SEatnsc o oiblel-0
2 088 Deern relintroduced

=~

reme "Little Neck Clams'™ (Singley, 1893 as cited by Hopkins and Andrews,



It is of ecological importance because it converts detritus to mezat,
feeding many fishes and blue crabs. Rangia's thick shell serves as a

"carbon sink" for the estuary, pulling dissolved carbon from the water

it os coleium carbonste shell materizl |

Nt

cuneatza have been

[

No previous investigations concerning Rangi

undertaken in Croatan Sound. Few non-residents knew of this clam's

presence, though it now appears that Rangia cuneatz is a well

established benthic inhabitant in Croatan Sound. The principal cbjectives

A £

of this study were three-fold: (1) to establish & base study showing the
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present distribution and density of Rangia

. thus enzabling future investizators in this area to estizzte reopulstion

B

growth rates and changes in local range; (2) to establish the tes

parameters for estimating total clam bicmass using vericus growin

il

relationships, such as length-width retio, ard rmeat weight-shell weight

comparisons; (3) to correlate the distribution ard density of Fangiz
cuneata in Croatan Sound with bottom sediment type and depth. Sedirzenc

parameters analyzed were varticle size distribution ard organic co
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through oyster cultivetion, the seed oysters having teen ¢

LITERATURE REVIEW

I

. Rangia cuneata Gray, 1831, is a pelecypod mollusk of the

s from northwest

'.Jo

Mactridae. According to Abbot (1956), its range

=~ eamcaden B S unme DA A Atvant
R L e R Y _.,.:-‘f \-)\..Cwua .".?.‘."’

i [y QPRI Zoons  TTVos or i TV o o F o
Hiorida U0 ilexas,. rieiuulCeiic GQELUSL

been found along the Atlantic Coast from New JEPDEJ southward to the
Gulf Coast (Dall, 1894; Richards, 1939 as cited by Fairbanks, 1963).

Prior to 1955, no extant populations of Rangla cuneatza were

recorded for the Atlantic Coast. Now living Rangiz populations have been
found in estuaries from Maryland to Florida. What is the cause of Thi

recent surge in population growth? Biologists have two theories: (1) that

'1'1

Yy - 3 e 3 Ly - - —~ e~ B T e
angla cuneatzs is a recent inveder from the Gull Coast, extending its
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range 1000 miles, or (2) that séme unknown ecolcgicel charss so
resurgence of an undiscovered population surviving since the Pleistceene

in East Coast estuaries (Hopkins and Andrews, 1969).

o

Wells (1961) included Rangia cuneata among the fawns associsted

with oyster beds in the Newport River, North Carolinz. This study,
carried out in 1955-1956, constitutes the first report of living F=rz =

cuneeta on the Atlantic CoaSu. Large pooulations of Rangis cunsztz have

since been found in the Potomac River, Maryland, where they were consizmed
as food by local residents (Pfitzenmeyer and Drobeck, 1904). These same

investigators suggested that the clams had been introduced sbout 19460

the James River in V¢r~1n1a where Rangia were already establishad
(Chanley, 1965).

In North Carolinz Rangia cunezta has been collected Irom The Nausse
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and Trent Rivers in 1965 (Wolfe and Schelske, 1969), and from the

Pamlico River (Tenore, 1968). In Georgia dense populations of Parnziz

cuneata have been discovered in the Altamaha River (Godwin, 1968).
ittle information is available eorcerning the reproducticn,

Vt';‘i."‘j 1ittie infer n )

anatomy, or physiology of Rangia cuneata. Chanley (1965) collected acdult

clams from the James River in Virginia, induced them to spawn, and
successfully raised the larvae in the laboratory. He observed that they
develop a foot and metamorphose at a nuch smaller size than other

mactrids, beginning metamorphosis after seven days. The growth rates of

1

Rangia cuneata have been investigeted using clams found in the Trent

River, North Carolina (Wolfe ard Petteway, 1968). Length-fregusncy ratios

o - 3 - s FaX] 2 < s A R )
were determined, revealing five distinet size and zge grours. 4 ven

Bertelanaflfy curve vias established describing the growth of Fanziz curessztz,
This curve indicated maxirmum lerngth of 75 rm. would be rezchsd in ten
g

years,

ct

b P s =3 “—=
ccrplete investigation

Fairbanks (1963) has undertaken the mos

of Rangia cuneata with respect to population density, size of

individuals, and the reproductive cycle., Two lccelities in I=ke

- Pontchartrain, Louisiana were sampled in 1957 ard 1958. The rorth
shore area was found to have a greater popuiation density of adult

(sexually mature) Rangia than the south shore area. The adults of thre
north shore area weré smaller and less variable in length than these ©
the south shore area, Sex was more easily distinguisheble, the gora
firmer, and coloration of the gonadal tissue more distincﬁive in the
south shore clams. Growth rates, except the largsr ten rercens of

rore ares Ta<tvhhanl-
L0L e (O

(|
p

adults, were consistantly higher in the scuth s



(1963) reported that, with the exception of organic

rg matter in solution,
the physical and biological envirormental factors that were measured or
estimated did not differ greatly between the two study areas. The
greatest difference in the two envirornments was the erpiriczlly
determined organic content‘of the sediments, the north shore having

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

Rangia cuneata (density, length, sex) between the two areas could be

attributable chiefly to differences in organic content of bottom
deposits and organic matter in solution.

Other workers have attempted to correlate the distribution an

riouclon ara

JAammas + P Ra s PN g sThadsra m ~ ~ IR
density of Rangia cuneata with substrate. Tenore (1968) used n

. ~ L S .. O

experiments wnich revealed that the mud sediments, especielily with

high concentration of organics and phosphate, adversely sffect survi
and growth. However, sand. sediments with high levels of orgznics axn

phosphate, were found to be favoreble to Rangiz swrvival ernd growth,

4d

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

possibility that smaller Rangia might survive in md sediments, and

“uT g -

larger Rangia in sandy sediments.

Tne findings of Godwin (1968) appear to confirm the conclusicons

AT

awn by Tenore. Sampling the Altamaha River in Georgla, he fot

Sis, e 10w

Rangia cuneata on predominantly mud-sand substrates. The rgjority cof
the clams found were large, averaging 45 teo 50 mm. in length

Sligvil.

Dense populations of Rangia cuneata have been sarpled in the

Pamlico River (Slaughter and Yonce, 1970). These clams were &l

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

R e =]

X

results of Tenore. Very high densities of clams were recorded, 983 clax

~ o7
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per sqguare meter at one station. Average length was only 28 rm., so
according to Wolfe and Petteway (1968) these clams were aporoxirately
two years old. This suggests that the survival rate of Ranzia on
clay-silt substrates is very low after the first two years of growth.

Tenore (1970) discoverad that new set of Razngia cunszta larvee

occurred in mud areas during winter in the Pamlico River, but cuickly

disappeared in response to envirormental selecticn. He found adult

cuneata could not survive on mud substrates. However, Godwin (1968),

in his Georgia survey, collected scme large clams from two stations

S

Q
<
9]
C

D
%)
)
o
0
0
i
)
)
[4)]
ct
A%
§
L
I\
¢ 5
fv

containing rud sediments. Godwin (1968)

cuneata occurred only on soft muddy bottamns in the Pezce ard

I

Rangi

Myakka Rivers in Florida,
NarEhS A w{\:}_,nsr_-q nave

Bottom sediment relationshivs with other benthic

roat ot Ao

been established also. Newcorbe and Kessler (1936) studied veriztions

3 -~ < S <y ~ ~ = Y 7 ht 2 ~ s —
in growth indices of the clam Mya erensriza on the Atlantic Ccast ©

the mud or high organic bottom tyres. Body weights were highest in

skhall

the sandy areas. This study sugzested a sediment relationship to shell

and body weight.

Swan (1952) reported different growth rates in poopulations of

Mva arenaria living only a few miles gpart. The larger clams ware

T,

found in a sandy bottom with same mud, while smaller clams wex



assoclated with a mud, gravel, and shell substrete. In clams planted
experimentally, both in sand and in a mud-gravel mixture, the clams
grown in sand had growth rates double of those grown 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 were given: (1) clogging the filtering structures of suspension
feeding organisms, (2) burying newly settled Tarvae or discouraging
settling of suspension-feeding larvae, and (3) preventing sessile

194~y

epifauna from attaching to an unsteble rud bottcm. The authors stzte

in their sumary: "Correlation of the benthic trophic structure with

£ Sv-ff\‘-";ﬂ'l —iAS

the sediment-water interface stability in the rezicn of subtidzl rmuids

ararat-an ransrIiAa

may be one of the most important but neglected varameters of benthic

ecology."
Pritzenmyer and Drobeck (1967) investigated factors affec

reburrowing activity ol Mya arenszrie. Igboratory experiments revezlsd

rnt nartinlas

three variables, vater temperature, clam size, and sediment particle

Vi

size to be highly significant. Smaller clams reburrowed soonsr, 18

11T

degrees centigrade being optimum water temperature for rsouwrrowing,

and a decrease in reburrowing cepacity occurred as sediment

size increased. They concluded that most clams deposited on the botian

by commercial dredgers would reburrow back into the sediment.
Most authors have agreed that there is a sediment relationshi:

governing distribution and growth of Rangiz cuneata. Discredencies

I 9
occur when the

Rangia is discussed. Studies so far have indiceated That dense perulsticns



of small Rangia occur in mud and clay-silt substrates, w

sexually mature clams are found in sardy
and future studies will aid in answering
or types of substrate are most favorable

and growth,

\

T R | -

while larger,

33 i A 2. oA 2
sediments. Tnis investigation

the question as to which type

for Rangiz cunesta survival
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was restricted to the cove. To construct this system a base station wzs

\O

MATERTAL AND METHODS.

Collections of Rangia cuneatz were made in Croatan Sound, Dere

[V i4

s

County, North Carolina, during August 1970, These collections were

made in conjunction with a comprenensive study oif’ the benthic ecolczy
of Croatan Sound headed by Dr. Vincent Bellis. Croatan Sound was ch 2
for this study because it offered, in one sound, nearly the full rang

of benthic habitats characteristic of estuaries in this region.

+ha

Figure 1 shows the location of Crcatan Socund in relaticn to the

the entire

Outer Banks of North Carolinz. A gricd was set up covering the entire
sound (Figure 2) and subseguent sarpling along this grid indicated

ereas wnere Rangia was most abundz

3
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Individual Rangiz beds were szmpled by varicus techniguss. Firse,
=S

a survey wes made of the western shore to locate rajor pepulaticons of

Rangia cuneata. Next, depending on the size of the clam

o ) AT
.

shore line contour, one of three types of ftransects wzs erployed
ation 14 (Tiguwre 4)

A system of radiating transects was used at Station 14

to sample a cove (U-shaped shoreline) where the Ransi trioution
. ——— e

established on the shore, being marked by a permanent metal
the beach. Then, with the aid of compass and range-finder, dive stations
were marked by buoys at 50 yard intervals along radieting ccmpess lires,

73 3 — - <
nd throughout ah of

A sandy substrate underlain by peat was found wout mieh

tation 14. The northern end of this cove, however, had been stripped

)

of its sand covering by waves and currents, exposing the peat. This
thern shore, cresting

sand had apparently been piled up along the southern shore,
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- Figure 1. The position of Croatan Sound along the Outer
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Figure 2. Grid used in benthic ecology study in Croatan Sound.
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(Numbers on grid indicate dive stations.)
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lines were extended from the shore zlorng a baseline at a fixed conpass
reading, each marker being 50 yards apart. Transect one, marked by a
metal stake, was considered the base point, Tne substrate of Station

13 was also sardy, although an eroding rerrugenous sardstone ouccrorring

meterial in the northern section, & sandy beach ard ri
reated along the shoreline, except in the northern erd, behird which

A~

was an extensive Juncus marsn.

tation C-2 (Figure 6), a straight line transsct, wes used
1 L cl in & sm211 ccve.

because there was a small isolated population of clems In & sme
On this transect the buoys were 10 yerds epart. The substrzts w=s

predominantly sand, but was underizin by clay and peat. A Jungus marsh

grew to the edge of the water, no sand beach having been formed.
4- 3 ~ ~ =V A A T oanis ~ e A F v 7
A motorized barge wes used to transport eguivment to ard from the

collection areas, SCUBA divers were sent dowm to collect, by hard, 2331
Rangia within a meter-square metal frame. The author feels tha
were certain advar“ages in usi CUBA during this study. A diver can

cover a large s&mpling area accurately and efficiently

) ol B e T T ] S - S Sy
"sees" what he 1is collecting, providing a visusl description of the

Trn 203342 AR : ~ -
3 ! Ay e D AAETEAmM o
- Y1 e OL DCLLON o

benthic habitat.
sampled, whereas wild & £rab or dredge only soft sand ard rud can be

Py Sy )
= QATTRA ey Na Fhat a7 A

worked effectively. Disadvatazes in using SCUBA would be that smaller
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here were individua

variations in the different diver's technigues.

During the survey, 154 dive stations were sampled, with over

650 live clams being collected. Both live clams and erpty Ranzi

o

valves were collected from the meter frame. Length and thickness of

each live Rangia cuneata were measured with a Vernier caliper to the

nearest millimeter. The total weight, meat weight,
of each clam was measured to the nearest one-hundredth

wiere measured ard th

individual lengths of the empty Rangia valves

10)

total weight of these shells per stztion was recorded.

At each dive station a sediment sample was teken In

area adjacent to the frame. A fowr-inch-diemeter transrarent roly-viyl-
chloride core tube, hand operated by the diver, was used to ccllect
sediment (Figure 7). The top three inches of each core were saved ard

subsequently used for substrate analysis. Ranciz burrow

AT xr £ha +‘f\:

beneath the substrate surface, thus interacting with only the tc

three inches of sedime

methods for benthic invertebrates and sediments, states thzt tn

)

ection of sediment s

tube is the only accurate method for the coll

Grabs and dredges do not retain the ertlre sediment sarple, arnd will
not work effective n all types of substrates.
Analysis of sediment samples consisted of measuring grain size
the percentage organic material containad in ths

distribution and

sediments., These two parameters are of prime irportanc

benthic organisms and their substrate relationships (Cumins, 1562).

17

ent. Cummins (1962), in his evalusticn of collectio
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Grain size distribution was determined according to dry and wet

~ O3 -

seive techniques described by Folk (1968). Each sample was first

broken up to destroy sand aggregates, then a fifty-tc-seventy gram

as Weighed to the nearest one-hundredth gram, This sample was

placed into a set of Fisher U.S. Standard Seives, ranging in ph! size

from -2.0 phi to 4.5 phi, at one-half phi intervals. This sample was
then ro-tapped for 15 minutes on a Tyler RoTap. Each grein size fraction

was then taken from the seive and weighed.

f +re iost o)

Vet seiving was used only when a high provertion of the semxl

=
e

consisted of organics or clay. A weighed sample wes washed
the clay perticles.

a 4.5 phi seive, using Calgon solution to disperse t

S ~ S e~
was Gried erd then Gry seived,

The fraction rerzining in the seive
The frection that vassed through the screen was clzssified zs silt

ard clay, its weight being added to the 4.5 phi grain

A computer program was used to calculate the sctetisticsl
parameters for grain size distribution. This vrogrem, written in Fortran
IV, is given in Table 10 in the Appendix. Statistics caleculzted Ty
this program were mean graln size, sorting, skewness, and kurtesis,
which are defined in the Glossary. R
The amount of orgenic matfer present in the sedimants wes
sediment sample was crisd

determined by "loss of weight on ignition." Each

100 degrees centigrade for 24 hours. Then aprroximately

<l

éry sample were weighed to the nearest milligrem and eshed for 5 howrs

t 500 Cegrees centigrade in a lab Heat muffle furnace, The difference
in weight before and after ashing represented the organic Irsction.

e Lot 0rie )
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Modified standard computer programs were used to calculate

various statistical correlations. These vrograms can be found in

Table 11 in the Appendix, Various individual RPzngiz cuneatz size-weight
parameters were compared to establish relationships between?

1) length to body thickness, length‘to totel weignt, length to neat
welght, and length to shell weight.

2) body thickness to total weignt, body thickness to meat weight, and
body thickness to shell weight.

3) total weight to mesat weight ard tofal weight to shell s

>

4) meat weight to shell weight.
A regression program was usad to determine the cdegres of

Y s Q3 - A v P h = 3 3 S
between various sediment paramsters, water depth, axd density o:

Rengia cunezta at each station.
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RESULTS

Distribution Patterns

: an e e,

Populations of Rangla cunsata were found nesr the westers

v

shore of Croatan Sound from Reeds Point tc an area just south of

(

w

Fleetwood Point. O'Connor, Riggs, and VWinston (in press) have described

the dominant surface sediment distribution in Croatan Sound (Figure 8).

Fine sand ard fine to medium sard are presenc from an area cne-half
mile south of Fleetwood Point to Reeds Point and teyord. One-hzif
mile south of Fleetwood Point organic rich mud arnd psat are presant.
The eastern shofe of Croztan Sound is compesed of a thin laysr of
medium to coerse sard, underlain by peat.

nzli” of Creztan

Salinity was consistantly lower in the westerm hz2lif o

Sourd, as shown by Table 1, Mgjor Ifreshweter Ilcw was nezrer tha
western shore of Croatan Sound. This salinity pattern rzy be relafed

to the deep chamnel that has been dredged nesar tiie westerm shore,

During this study approximately 650 living Rensia cunsstz were

T L

collected from 154 dive stations. Density of these clams veried little
emong the three stations sampled. Station 1l had a density of = Ses
per square meter; station 13, 2.3 clams per scuare ref
C-2, 3.0 clams per square meter (Teble 2). The distributi
Rangia is best described-as "patchy", since densities
0 clams per square meter to 12 clams per squére meter, Tai
given in Tables 7, 8, and 9 in the Appendix.

Distribution and density of Ranzia cunszta over tha entirs

Croatan Sound gppears to be related to sedimant Tive &
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Table 1. Salinity data comp

roatan Scund.

Western Shore

o

(=88

Salinity-ont.

Station No. June July

4

o]
w (O]

},_J
£

2l
25
37
38

b7

Mean

Range

4.0 * O
4.5 | 5.

6.0

6.0

wm

6.0
'16.0

7.3 S
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Table 2, Density of Rangia

C-2

" No, of Dive
Stations Sampled

48

96
11

cuneata from stations 14, 13, and C-2.

Mean Density

Ly
2.3
3.0

Standard

Deviat:iion

1.3
1.69

1.40

Range

(Clami@fﬁ '

0-9
0-12

0-7
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Local density ard distribution of Rangiz withain the three collecting
areas (stations 14, 13, and C-2) demonstrated a high dezree of
correlation with sediment tyvpe and water depth.

By cornbining the data from all three collecting stations, it was
found that ninety-two percent of the clams were loczted in sardy

substrates having a rean grain size of 1.7 - 2.5 phi (0.30 - 0.18 rm.).

The mean grain size range for all the dive stations was 1.4 - 3.6 phl
(0.37 - 0.08 m.). Percent organics in the sediment ranged frem 0.02 to
5.50%. Ninety-three percent of all clams were recovered from sediments

with orgenic percentages between 0.03% arxd 0.17

Fa 4 [ gl <. k s PRSP —— LI [ - S R, J EiN Fo IS8 S TV Avee

from 2.0 feet to 7.5 feet. However, eighiy-eight percent of the clams

P P S - o - o, 12 <~ n S mMalnt ~ =~ ' ~ < T
were found in depths of 2.5 feet to 5.0 Jeet. Tgbles 7, S, ard 9 in ths

s oy $ - <9, + . e <
Appendix contain the actual date. In surmery, Rangfe zppeared to pre

Y S P ] e~ - gt 4T Ny — A= = -7 - - ———— o~

the lower end of the overall range with respect 1o the three paretetars
oot o 4 ey 2 e % TV At e v ey A=

nvestigated. Thus fine sarnd, low organics, ard shallcw water sesz to

,’\‘—

organic percentage, and depth were significarnit or arprosched significares,

&

mandsary Loy
TovTL valls

The mean grain size and the depth were both significant at &

“y\s-,\ﬁ Yaral

ninety-five perce while orgenic percentage closely & ached

QMJ—-

significarce. All these para ameters showsd a negative correlzticon

a. \r@v\—h,\;a

coefficient, meaning that as the value of the envirormenc erishle

L

2 oy P fa) <~ 3 ol 4 =] ] 3 m ....—— ==t == P ~
increased, Rangia density decreased (Teble 3). Sorting, skewness, axd
i thus could not be correlatad

kurtosis did not approach significance, and thus cowld not be

with clam density.



Station No.

Table 3.

Statistical correlations from stations 14, 13, and C-2.

Product-Moment Correlation Coefficients

D.F, Clams vs. Depth Clams vs.%Orpganics Clams vs. Mean Grain Size
14 b7 -0.53 -0.22 -0.55
13 95 -0.16 -0.18 -0.06
Cc-2 10 o -0.32 -0.15

92

PR
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The length-Irequency graphs (Figures 9, 10, 11, and 12) irdiczte

e =R =)

that six age groups were sampled., The following size ranges wer

observed from these length-frequency graphs, and ages assigned to each

O

based on grouping of size classes: (1) 0 to 1S mm, ~ 1 year, (2) 20 ¢t

(5) 46 to 52 m. -~ 5 years, and (6) 53 rm. and over - § years and older,

iiala

my - 3 - < - 2 2 = ~ 5 L Py ~ v~ ~
The four and five yezr living Ranglz cunezts azge classes were cdominsnt.

)

The largest die-off of clams was also during the four and five ysz»

¢

o - L 2 A b 3 TS vt 4=V TS 3 2 o~ —
Figure 9 with Figure 11, and Figure 10 with Figure 12, it can s ssen

?, ~ i £ m A DA =4

much greater foxr the four axd

that The total number of Rangiz valves is ruck
Fa)

five year classes than for the ore, two,

Growth correlations vere ccrmpuced and ernalyzed using vericous

(o)
0
i

ot
O

indices based on shell length, body thickness, arx
Clam length proved to be the more accurate correlztion fectecr, body

thickness being highly variable. As seen in Figure 13, a Raxz?

with a length of U5 mm. could have a thickness ranging from 26 rma. o

w DA

36 mm.. Clam thickness correlated with cther factors, such as mezst waight

and shell weight, revealed the same or greater veriebility ard are

therefore not presented., Rangia shell length, however, showed &

. : AN ) N Ad-te AR . + . — 2 ke [T T )
consistant pattern when plotted ageinst total clam weigho. (Figire 14),

clam meat weight (Figure 15), and clam shell weight (Figure 18). Tals
growth reached its peak in clams between 40 mm. ard 50 rm. in length,

or when the Rangia were four to five years old.
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Rangla cuneata has a thick heavy shell, meat weight contributing

3

only about 10% to the total weight (Figure 17), while shell weight
accounted Tor almost 75% of total weight (Figure 18). The remzining

] P N R Fal ~ v
ody cavities of living clems,

O'

= S i At ad paaA 2
15% was water retained in

S 4

Reburrow.ng Activity

r £f it . A2 o>

inNe elieCt Ol Vvariocus seaimenc ()%
Rancia curnezts vas deterrined by 1ahor ry excerirants T+ e hanad
nangl uneava vias QetelTineld 0y aorator eXLeirents., 4v Wwas noreQ

~AE S AR d ~ A4 Sl e
g0t indal a selinenc rre

< F 5 Ao YA e~ 2 o 2 e A PPN = A~ )
Six sediment types were used in.the experiment, 21l teken Ircm bottcnm

A= -

N1y 3 e Ly PRTP] m, A rra ~3 s ~ £ Tl Ao e
types found in Crcatar. Sound. The sediments used were as follcws:

gy PR | ; 1 it e - S . 3 PSR AN ) 3~
tank 1 - coarse sard, tank 2 - medium to fin=s sard of high orgsnic
+ent tanlc madium to Tire sard with lor orczent tows I
Conuenu, rtank - M2C1UWmn ©vO0 112 sard witn 10w U=l C CO-&LI\—..J, UL S .-

lav sediment T

veat, tank 5 - organic mud, and tenk 6 - & sardy clay ent. The
experiment was conducted cver a twelve hour psricd, with ten clexs

: 2

pleced in each of the six tanks. It

-~ < 5 = - B ] -— R |
T antaon v - i al=
WZ.S I’eseac 10ur vimes, vne cl&=

being rardomly mixed before each new test (Teble 1).

Two more experiments of simllar design were preformed

the effect of light on reburrowing rate of Rangia cunszte. The

) .

experiment was carried cut during the daylight hours, 6:00 AM to &:

o

while the second experiment was done in darkness, from

6:00 AM, A period of twent

clams time to fully recover (Tables 5 and 6).
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Table 4, Reburrowing activity-sediment preference.

ho lo
cs ms mfs jo om sc
arik s 1 2 3 Y 5 &
Totally revuionsd 2 7 2 0 0 0
Partially reburrcwed 13 8 10 7 8 5
No activity 27 25 28 33 32 35

3
O
ct
o8
e
3
O
O
=
(@]
b
S
th
] nng
(@)
=
o
=
o
bl
O
el o
(&)
=
(@]

Teble 5. Reburrovwing activity-in lignt

ho lo
cs m’s mfs D on sc
Tank: 1 2 3 4 5 5
Totally reburroved 0 0 0 0 1 0
Partially rebuwrrowed 1 0 3 0 2 0
No activity 9 10 7 10 7 i0
Total no, of clams 10 10 10 10, 10 10
Table 6. Reburrowing activity-in dark
ho 1o
cs mfs X om sc
Tank: 1 2 4 5 6

o

Totally reburrowed
Partially reburrowed
No activity

L0 W w
NI O
~Nw O
(RGN

N -

=
w =W

-
(@]
j—
(@)
[
o

Total no. of clams 10 10 10 1

cs= coarse sand
ho

= peat

s =]

om= crganic rud
— o J ]

sc= sardy clay
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associated with forming sediments of verious

DISCUSSION

Distribution Patterns

- i

Ranres 1IVAan 5 -~ A s ~ - o~ Pt N
Rangia cunzata is not abundant in Croatan Sound. Scattered

- » P tre wiootorn shore. This sty has
ilig) STUAY B

populations occur ailorig pacris of the westcrn cheore. Thi

provided a base rmap of the
in Croatan Sound. Hoperfully, future work will reveal whether trese
populations are increasing or decreasing in density or changing

age distribution.

This is true also for

m . vl 2 < AR - A o T s o 3 =
The clam is not found in Peat Or OrgenicC mid sedimanvs, e sz ana

Qe o ) 4 sl
nealun-Iiine saxa are tne nosc common

medium to coarse sand is usuzlly void of

not so nuch to actual grain size being detrimentel, z2s TC The energy

sS1lZe pareicles,

~ -‘,'q 7- 4 \TaT gl e ¥ 3 ™ -
and, while low erergy will 2o

energy is associated with coarse sand, wni

v
AR AT A AR
STty

fine-grained sediments. Rangia appear €0 prefer low tvo madium en

environments.

Rangia were not found in sand of high orgznic contenct., is

i L

suggested by Tenore (1971), high organic sediments mzy be dstrimencs?

P trote ey also be detrirenszi to

(e VEREEI ISV -SSR VA,

to larval survivel., This type of substrate may al

is excluled Trom versr

AR NN S U T S NN =0 -
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v

the wave action causes increased turbulance, possibl

settling of larvae..Deeper water is not favcreble for R

J

J

s

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

Corie

orery Y Vi Ao iy
Us U'v'!tfa vol'lcoiauvdluiio

The six age classes found during this survey co

¢

to those predicted by Violfe and Petteway (1969).

51.0 rm..

There was no readily aprarent explanat

of four and Iive year old Rangie, and so

+3

old clams. Possibly, envirormental conditi

larval settling and juvenile clam growth
=) J (=

recently perhaps, larvee and juveniles have not b

Shifting sands and increased wave energy

months may have caused this mortality., The prese

50 mm. Rangia valves and few 10, 20, and

ones. CGodwin (1968) also has reported a nigh

o o

Altameha River having lengths of 45 rm. to 55
however, the most abundant sizes were 35 rm, to

A Rarnta

while Pfitzenmyer and Drobeck (1964) found !

Potomac River averaging less

- & 2 = O TWAAAs 3] <
By the time a Rangia cunezts reaches Iiv

V)

[ i¥a

O
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==t g!

TT.L
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] rna s 1A N rr e
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U S S—

PO

Ll yany A plad- Ae hoaan ot+adnas
&S Deen eaticelined.,

epproximately 50 mm. in length, its reximum weignt has

mekes up the mzjority of the clams? totzl

Ra ~ o~ Y IR | 3 P
Rangia cuneata as a "carben sink" in the

should be avare also that meat weight is almost doubled

(40 rm.) clam ard & 5 year (50 rm. ) clam . This difference in mest wel

~ . - ’. Y - -~y S 2 P
year's growcth may well be wiorth wailing for,

(4]

due to ornx

= § - - A el e et
Reburrowing AcCivity

-

h) -, & ~N = NRAn S ~ 4 4=3 - . - o < i s
Laboratory experiments dealing with the returrowing of “zr="z
- —_— =
] J2 | NP X s 4. 32 L : < g5 - 3 A o & A e S A
indicated no definite sediment preference. The clams &id show scmewhzt

o) 4= xS Ay - ! - N 1 -7, T~ o7 —aa
more acCitivity TowWards rejulrrClilnzg in The S&rQy SUDSTraves vnsnl L L8

1 ~ 1 ~= 3= Masritivman ar A oceaa~s <
rud, peat, or clay sediments. Texture ard degree of conzaction mgy

have infliuenced this preference. Light sensitivity was zrpersnt In

Rangia. Their reburrowing activity was greatly reluced during ths

daylight hours.
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SUMMARY AND RECOM/ENDATIONS

1, Large adult Rangia cuneata are found primsrily in sandy

substrates., According to other studies cited previously, smzller clams

oS

appear to thrive in high orgenic sediments. No explanation for

| S

difference in sediment preference has been suggested. Certainly Iuturs

~

. 3 - 2 O 2 4 A~ S A - b | b Yo L -~ - -
studies should attempt to establish definite sediment relationships for
~ ~~ Al Raym~ o 3 ~r = Y “r a4 S - IS DO femm o A st -~
large and sm2ll Rangla and explain vwhy they exist in different substrates
T2 sd=sm s A < D2 D " § ya A sevds ¥
2. Distrib.Cion vatterns of Rznz'z cunsztza must be

references of adult Rangia, future viork shcoculd involve sadimsnt =x

st ot a oot
o -

rvae, Lehoracory EXTErirrSiivsS

bopm o

survival of larveae on various substrates, using different saiinit

}‘J.

n deterrini ing tre mechzaists o

e Tl e

filter feeder, R=rgz =

)
o
'-

estuary has not been determined. A

plankton and detritus as food., Very little is kriovm as to the sizes ax

type of food used by K , the percentage of food utilized, cr the

filtering mechanism.

AT ~AT

Predators of Rangia cuneata have not been studied thoroughly.

Some fish, such as black drum and Atlantic croazker, have besn suggest

1 3 3 ~ 3 - = o 2 v b g e
Sea gulls have been cbserved breaking open live Rangiz, Blue crabs
- ——— —————
mignt possibly prey upon thes2 clams, &s might ruslrats and sez otter

Field observation studies, g T contant analysis, axd laboratory
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GLOSSARY

KURTOSIS - A gquantative measurement used to describe departure Irom
normality.
95 -3 5
Graphic kurtosis (Folk, 1968) =
' 2.44 (@ 75 - 8 25
MEAN GRAIN SIZE - Averege grain size diameter.
(% 16 + 3 50 + 2 84

SKEWNESS - A measurement of the degree of asyrretry o

distributicn.
Inclusive graphic skewnsss (Folk, 1968) =

@16 +2 8L -2350 25+8395-225350

+

2(z 84 - @ 16) 2(g 95 - & 5)

SORTING -~ The extent to which the grains spresd on either side cf the

average,

G8s-815 B95-05

Sorting (Folk, 1968) = se—— T ———
! 6.6

ON
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Table 7

Station data-Station # 14

Dive Depth(ft.) Clams/m? % Organics Mean Sorting Skex;moss Rur'tosis
Station of Sediment Grain Size##
Pl 2.5 2 .05 1.968 675 ~0.083 .831
1-2 3.0 3 .08 1.957 631 -0.094 L7HY
1~3 3.5 5 .06 2,111 .585 -0.025 .870
1A 4.0 2 .09 2,169 .570 -0.016 .932
1-5 4,0 1 o 2.154 504 -0.022 75
1-6 .3 2 .07 2.138 133 -0.00! . 605
-1 3.0 6 .06 2,149 566 0,025 872
2-2 3.7 7 .06 2,001 561 0.013 1.090
2-3 .0 3 2 2.072 516 0.018 758
2~ 5.5 2 .05 1.931 o8 -0.164 1.100
20 5.0 1 OF 1.805 .390 0.137 1.100
20 5.5 3 .06 1.830 .389 0.123 1.108
3-1 2.7 6 .06 2.130 ot ~0.009 709

4 The st dlgdt In this sequence refors to Lhe transeel. mmber, the sccord to the dive ‘
slatlon: thus 1=2 refers Lo dlve tyo along transect 1 at Station M(See Migare B for detalls).,
Wre o phl unty, :
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Table 7 Cont.,

Dive Depth(ft.) Clams/m? % Organics Mean Sorting SkewweSS Ku?toéis
Station of Sediment -~ Grain Size
3-2 35 3 1 2,105 .550 0.009 .857
3-3 4,0 _ 5 .05 2,032 78 0.009 1.093
3l 5.0 5 .0l 1.830 .386 0.124 1.096
3-5 5.0 I .10 1.821 106 0.143 1.159
3-6 6.0 0 .19 2,471 .602 -0.125 766
41 3.0 3 .30 2,50 752 ~0.102 1.699
lh-2 6.0 2 65 2,839 .997 0.138 581
-3 6o o 51 3.203 778 0.215 1.560
=) 6.0 0 .39 - 2.660 675 =0.016 1.193
-5 5.5 0 16 2.783 .298 0.1.21 .851
UG 5.0 0 10 2.755 .305 0.148 2,488
5], 3.5 2 .60 2,750 1.058 0170 1.00!
5] 5.0 0 1.10 2,938 LO21 0.237 578
(-3 6.0 0 1.10 3,508 17 ~0.925 .599
h-) Ho0 1 S5 2,712 295 0.128 013

64



Table [ Cont.

Dive Depth(ft.) Clams/m2 % Organics Mean Sorting Skewness Kurtosis
Station of Sediment Grain Size
5.5 5.0 1 .10 2,727 290 0.1k2  2.616
6-1 3.5 l - .0l 2.308 736 0.059 1.557
6-2 .5 0 1,70 2,909 ergl 0.242 : . 799
6-3 5.5 0 .26 2,513 7 ~0.106. 1.075
6--1i 5.0 0 .18 2,779 . 30/ 0.134 .903
65 4.5 1 09 2,719 .290 0.134 2,442
6~G 5.5 1 J1L 2.509 .31 -0,151 2.397
P 3.3 ;2 2.10 2.8U7 1,003 0.133 575
[~2 3.5 1 5.50 3.310 1,02l ~1.130 576
7 .5 2 .06 1.631 75 0.007 2.657
7= .5 1 07 1.809 ..636 0.116 1.314
{5 5 3 .09 2,157 655 -0.239 1.4,
-6 hG 1 6.10 3.589 810 ~1.766 729
8~i 2.5 -3 .05 2,161 50 ~0.002 .861
e 9.5 9 L0l 2. 00) 51 0.007 1.047




Table 7 Cont.

Dive Depth(ft.) Claws/m? % Organics Mean Sorting  Skewness Kurtosis
Station ' of Sediment Grain Size

8-3 3.5 0 35 2.758 1.055  0.180 1.032

8- 4,5 2 .09 2.083 - .570 0,009 .902

8-5 L. o 5 «L0 2,007 498 -0.,000 1.114

8-6 5.0 2 .0l 2.061 482 ~0.003 1.095



Table 8

Statilon data-Station #13

Dive Depth({t.) Clams/nﬁ % Organics Mean Sorting Skewness Kurtosis
station of Sediment Grain Size¥¥*
0-1* 2.3 | 0 17 2.552 665 0.013 1.726
0-2° 2.0 1 .59 : 2.094 726 0.042 1.967
0-3 3.5 3 50 2.962 1,920 0.239 563
- 0-4 5.5 0 A7 2,98l .988 0.312 532
1-1 2.5 l .03 1.356 .680 0,11l 1.349
1-2 el 4 .05 1454 599 0.024 1.359
1-3 35 1 .29 2.615 1.000 0.272 1.490
1-14 5:0 0 « 2D 2.285 .338 0.1/ .894
1-5 6.0 o .09 2,153 Ji2l -0.361 1.278
1-6 8.0 0 2D 2,081 o6 -0.316 1.398
-1 2D J Lo 1,728 Y 0.151 1.0061
Pt 2.5 2 .06 2.101 130 0.006 807
-3 3.0 0 Lo 1,500 .63 0.065 1.362
e fiest diglt In this sequence refeors to the Lianseet mmber, the sccond to the dive station;
thus 0=2 refors to dive two along transeel 0 at Station 13 (Sce Wipnee 5 for details), b4,
Hhe o ph1 unidt, :

T



Table 8 Cont.

Dive
Station

-4

(-1
(-2

(-3

Depth(ft.)

4.5
2.5

Ui

N
o

w
o W

Lo f
(@ w —~

o
-~

)

Clams/m2

w = W

w0

N W

% Organics
of Sediment

.0l
.04
.06
.06

Mean
Grain Size

2.186
1.713
1.762
2,09/
2.283
1.736
1.874
2,100
2.313
2.036
1.800
2,008
2,113

1.970

2,113

Sorting

o6
666
.151
437
.385
.69l
670
35
1o

YHE
R

2k

688

578

Skevness

Ol
0.

«0,

-0,

018
153

146
+013
45
155

.

Kurtosis

915
1.404
.909
591
1.092
.882
.816
.599
1.154
.963

1.215

.926
812
812

870

€S



Table 8 Cont.

Dive
Station

G-l
T-1
7-2
7-3
7o
8-1

O -
U".".)

Depth(ft.)

3.5
2.7

W w
-3 wn

o
(O7

. —y
U1

Clams/m?

N

N

% Organics
of Sediment

.05
.05
.05
.06
0]
L0l

L0l

Lol

il

Mean
Grain Size

2.129
1,838
Pk
2.080
2.126

1.699

Sorting

491
707
Ll

Y

Skewness

0.002
0.098
0.007
0.018
-0.001
0.006
0.021.
0.006
~0.006
-0.007
-0.310
-0.010
-0.265
-0.023

=0.028

Kurtosis

L7

825
873
925
1.198
8l
1,204
1.039

897

1S

VR RN




Table 8 Cont.

Dive

Station

Depth(ft.)

3.0

Lo
-~

2.5

4.0

2.0

Clams/m?

(2]

I

0

% Organics
of Sediment
.03
«05
.05
.06
.0l

L0l

Grain Size

En

2
2
2
2
2
2
2

2

1

Mean

.106
119
.169
.980
209
073
105
135
160
104
. 209
.300
+ 156

Lo

Sorting

81
L8l

520
J199

503

109

Skewness

~-0.000
-0.009
-0,004
=235
-0.060

0.007

0.002
-0.018
~0.028
-0.007
-0.025
~0,281

0.006

=021

Kurtosis

.865
.789
740
1.150
1.294
1.058
1.068
. 886

1.212

1.039

-



Table 8 Cont.

Dive Depth(ft.) Clams/m2 .% Organics Mean Sorting Skevmness Xurtosis
Station of Sediment  Grain Size
13-5 2.5 0 +1D | 2.549 5006 -0.049 1.179
13-6 ; 6.0 0 o 2,22l 515 -0.007 1.101
13-7 4,0 4 .13 2.326 ol -0.300 1.107
13-8 3.5 5 .06 2.315 o8 -0.314 - 1.128
13-9 I 8 .12 2,155 582 -0.015 871
13-10 0] 0 L e 2,907 .898 0,250 704
13-11 5.5 2 L4 2.509 .383 -0.333 3.248
11-6 h,0 /O .09 2.151 .388 -0.264 1.147
-7 3.0 2 .06 2055 ot -0.209 1.101
113 3.5 11 ol 2,418 20 -0.292 | 1.183
119 3.7 5 .10 2,539 500 ~0.065 1,167
11-10 I, 0 9 .09 '2.192 502 ~0,021 1,053
2-17, h.Y 12 .03 2.153 193 -0,0006 JO3T
12 Wt 5] .05 8,39 3% -0,308 1.917
1) 3.0 5 .08 D, opR 190 ~0.011 1.077

95



Table 8 Cont.

Dive
Statlon

Depth(ft.)

Clams/m?

% Organics
of Sediment

005

w0

Mean
CGrain Size

2.32H
2,593

2,202

2.331
2.7
2.156
2.075
2,165
2,139
2,137

24150

2.102

1,900

Sorting

A2
L1196
506
.393
.55/
53

Skewness

-0.276
-0.029
_0.03!
-0.299
-0,200
~0.02
~0.761
~0.262
~0.017
0,020

0.001
~0,010

-0.132

Kurtosis

1.093
1.341

1.046

1.082
BT
1.696
1,177
JI57

700

2
NP AT TR -

oty it sl

N RN T
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Table 8 Cont.

Dive Depth(ft.)

Station
16-22 7.5
16-23 . 7.5
10-21) TsB
17-13 3.0

Clams/m°

% Organics

lean

of Sediment = CGrain Size

+03
.10
.07
.08

1.811
1.935
2. 424

2.161

Sorting

Skewness

0.142
0.219
-0.276

-0,062

KXurtosis

1.123
1.081
1.123

.932

85



Table 9

Station data-Station /| C-2

Dive Depth(ft.)*  Clams/m2 % Organics Mean Sorting Skewness Kurtosis
Station of Sediment - Grain Size¥**

1 - 0 .18 2,217 183 0,023 1.090
2 = 2 12 2,117 .606 ~0.055 .911
3 " 2 09 2.921 23 ~0. 457 1,250
I - 0 .26 2.317 627 ~0.033 835
5 - 7 .08 2.292 576 -0. 414 1,22
6 . 3 12 2,137 627 -0.033 836
7 - 3 .06 1.980 LTAT -0.139 .957
8 = 2 .06 2.119 592 0,010 .861
9 - 2 .06 2,113 615 -0.014 853
10 = 8 .10 2,178 502 ~0.013 729
11 - 5 7 2,136 6011 -0.013 .828

¥ opthis not recorded - approximte depths were 2' - 5'.
gy~ phl untt,



0001
0002
0003
0004
0005
0006
0007
0008
0009
0010
0011
0012
0013
0014

0015

0016
0017
0018
0019
0020
0021
0022
0023
0024
0025
0025
0027
0028
0029
0030
0031
.0032
0033
0034
0035
0036
0037
0038
0039
0040
ook1
0042
0043
004k
0ok5
O[SLTS)
0047
- ool

0C49

Table

10, Computer program for sediment grain size analysis
PROGRAM FOR 1/2 PHI UNITS SIEVING

DIMENSION PHI(4,1000),PCT(300),WT(300),0F(20),AZ(10)
DIMENSION AA(100)

J=13
K=5
P=.25
NO=0
PHI(1,1)=-1.00
DO 50 N= _,J
50 DHT(l,u “J.J:I(l,l\i_l)-*' ).50
=200
1001 DO 700 II=1,M
DO 2 I=1,5
2 READ (1,20, mD=959) WD(T)
420 FORNAT (F10.0
CONTINUE
READ (1,430) TOTWE
430 FORVAT (F10.0)
READ (1,L440) (&2(I),I=1,X)
Lho FORVAT ( 10AL)
SUNM=0.0
DO 36 N=1,J

36

888 =
777 ¥O

SUM=SUN + WT(N)
QU‘_' T‘L_;D,Jw
CONTINUE
PLOST=(TOT/I-SUET) #100., /TOTIT
WRETE (3,301) (2z(I),I=1,K)
WRITE (3,888) TOTT

D‘JT {1, 'TOTAL WEIGHT =1,3%,F10.3)
?ITE(3 777) SUMT

'Am(,x 'SUM WEIGHT =',3X,F10.3)

J?I E(3, ;9) PuOS”

FORMAT(1 L% PERCENT LOST=, F11.6)
T "‘T’ ""L<QU"\

D0 3 w-l,d

PCT(N) = 100.0%(WT(N)/TOTAT)
HT(2,1)=PCT(1)

DO 4 N=2,J

PHT (2,N)=PCT(N)+PHI(2,N-1)

N=1

I (PHI(2,1)-5.0) 613,613,614

?HIS=1.25/?51(2 *)T-d_\W ,N)
Ir (PHI(2,1)-16.0) 9,9, 015

615 PH216=Q.O/PHI’2,1)+PHI(1,1)
CO TO 13
613 -L-“ \JF*—-(‘—,:\*T) D O) ’ ’
6 N=N+1

o T0 612
WRITZ (3,450) N
FORMAT (IX, 'THE VALUE OF N 1IS',1%)

€0
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0050

0051

0052
0053
0054
0055
0056
0057
0058

0059
0050
0061
0062
0063
0064
0065
0065
0067
0068
0069
0070
0071
0072
Co73
0074
0075
0076
0077
co78

Go79
0080
0081
0082
0083
0084

0085
0086
0087
0088
0089
0090
0091

0092

0033

28

Table 10 Cont.
PHI5=P #(5,0~PHI(2,N))/(PXI(2,N+1)~PHEI(2,N) )+PHI(1,Y)
9 IF (PHI(2,N+1)-16.0) 11,11,12
11 N=N+1
GO 10 9
12 PHI 1 =0,25%(16.0-PHI(2,N)/(PHI(2,N+1)~PHI(2,N) )+PHI (1,
13 IF (PEI(Z2,N+1)-25.0) ¢h,*5,;J
15 N=N+1
GO TO 13
15 PHI25=  P#(25,0-PHI(2,N))/(PEL(2,1+1)-PHI(2,N))+
-..___(-P \T)
16 IF (PHI(2,N+1)-50. 10) 17,17,18
17 N=j+1
GO 0 16
18 PHI50=  P¥#(50.0-PRL(2,N))/(PHI(2,N+1)-FHL(2,3) }+PEL(1,N)
7’—\L+1
19 I¥ (PHI(2,N+1)-75.0) 20,20,21
20 W—MTW
GO TO 19
1 PHI7S5=  P¥(75.C0-PHI(2,M))/(PEI(2,M+1)-FEI{2,M) )+2=(2,M)
22 I7 (PHz(2, —1)-82 0) 23,23,2k
23 N=N+1
GO TO 22
2l pPHIBY= P¥(8U,0-PHI(2,N) )/ (PEL(2,N+1)~25I(2,N) )+ {1,X)
25 I¥ (PHI(2,N+1)-95. u) 25,26,27
26 N=N+1
GO TO 25
27 PHI9S=  P¥(95, O—PF‘(9,H))/\?LI 2,N+1)-PEI(2,N)+2E(2,N)
EZ=0,3333% (PEI16+PH_50+-PH84)
SIGI=0,25% (PHI84-PHI16)+0.1515% (25T §5-7H115)
DKI=(PHIl6TD:*8l-2 0¥PHIS0)/(2, 0% (PEZS4-22116)+
1 (PHI15+PHI95-2, 0¥PHEI50) ) /2. 0% (PHIQ5-CEI15)

ot RN s 2

AL2RT= (PUTOQ—P'TIS 2.0¥PHIS0)/(PHI84-PEI15)
CAYGP=0.4098% (PHI95-P=75)/(PHIT5-2H125)
EMPHI=0, Gv(DHTWQ¢3"TQ')
SIGFI=0,5%(PHI84~-PHI1

ATFT=(PHIBU+PHTI16-2, 0*54799)/(“— T8L..oHT158

CAYGT=(PET16-PHIS-PHIG5_PAT8Y) /(PFTSLhPoT15)
THTS POTNT TNDTCATED GOYPIETTON OF FOLK, DRAN.
START MOMENTINE.

DO 35 L=1,4

DF(1)=0.0

DO L0 N=1,J
I (PCT(N)) L0.40,41
A=N-M

= (q) 42,40,4

x>.r—

A
J-.‘
A%

Rl I| Il

tg 9 s
L'J
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Table 10, Cont.

0094

0095

0096

0097

0098 40
0099

0100 45 D
0101 XBAR=P
0102 B=CF(1

0103 SS9 —D (2
010L S=S0RT SSC“
)=

SHESEHY

&

53|

) -.125+DF(1)
)

ot L

0105 F3=DF(3)~(3. #¥DF(1)#D7 (1) ¥DR (200+(2., ¥DF (1) #3)
0106 EMl=DR(L)- (*. DR(1)407(3) )4 (6. #3407 (2) ) (3. ¥243)

0107 SK=, 5¥E13/3%%3
0108 CTSIS=(PHIOS- TI: ”)/ L4

C THIS CONMPLEIES TH= CALCUL
0109 GO TO 400

C THE FOLLOVWING SEZCTICN ZROVIDZS OUZPUT FOS
0110 301 FORMAT(2X, 'SAVPLE NUMZER',5X,104L)

QAT TN )

dll 302 FOR -(":-CC-‘T’“L S STATISTECS,

0112 303 T(3450CALCUL N 05 3 STATISTICS. )

0113 304 ’—T(%?.-CC—““U- 0N OF MOMENT MEASURE STATISTZCS.)
0114 306 FORMAT(18H VERY WELL SORT=D.)

0115 307 = T( "WELL

0115 Q2L FORVMAT(' MODERA . =D )

0117 308 FORMAT(*® MODERATZELY SORTZD!

0118 309 FORMAT(154 POORLY SORTED.)

0119 310 FORMAT(20H VERY POCRLY SORIZD.)

0120 311 FORVMAT(25H EXT?F'?IV DCORLY SORTED.)
0121 312 FORMAT(22H STRONGLY FINE SKEWED.)
0122 313 ”ORNAT(I“" FINE S‘“ =D, )

0123 314 FORVAT(ISH NEAR SYIMETRICAL.)
0124 315 ffﬁm(ljn COURSE SKEIED. )
0125 316 FORVMAT(24H s owﬂ Vi ck"sv
0126 317 FORMAT(18H
0127 318FORVAT(13H :LLTYKu1':C.,
0128 319 FORMAT(12H MESOKURTIC.)

0129 320 FORMAT(13H LEPTOXURTIC.

0130 321 FORVAT(18H VERY LEPTOXURTIC.)
0131- 322 FORMAT(23H EXTRENTLY I; CURT
0132 111 FORMAT (1X, 'APPROXT

SE=WED )

TATITOQ AT AT
=l (.A.C\Ju:(..--._a _O

0133 222 FORMAT(GH PHI

0134 333 FORVAT(GHPH

0135 L4l FORVAT(9H 7HI

0135 555 "":"'_’“.T OH PHT

0137 AT(9H PHT

0138 112 H\Jr_--.i.l‘\ 94 PHI ‘



0139

0140
0141
0142
0143
0144
0145
0146
0147
0148
0149
0150
0151
0152
0153
0154
0155
0156
0157
0158
0159
0160
0161
0162
0163
0164
0165
0166
0167
0168
0169
0170
0171
0172
0173
0174
0175

0176

0177

0178
0179
0130
0181
0182

Table 10. Cont.

11 '70“‘3’-‘"(9‘H PHT 95 =F7.3)

C THIS LIST PROVIDES OUTEUT TO BE USED IN THE
v FOLLOWING DECISION NETWORK BASED ON FOLX, JOUR
c GEOL. V. 162, pp.345-51, JULY 1954

34k FORMAT(21H STANDARD DEVIATION = F7.3)

.Lu“.:s'\/"x MZAN = F ._))

347 *OT;_-

U8 p‘qmvrﬁ(w 02 SCETING =
349 FORMAT(5H MZ = F7.3)
-
!

FORMAT(BH M PUT = =

351 FORVAT(1H
355 “0“"‘”(17* VARTANCE = E12.
356 FOSAT(13H K& (DELN)= F

(11E KURTOSIS = 77.3)

1H)

Loo WRITE (3,30%)
IRITE (3,305) Y228
’n'?..l‘“ J’3JD) SSC’

"—_)T
RLiE

ﬂ"'r—‘

(3,344) S
(3,346) sk

WRITE (3,347) CTSIS
WRITE (3,353) EM3,E4
WRITE (3,111)

WRITE (3,222) PHI 5
WRITE (3,333) PHT 16
WRITE (3,L44) PHI 25
WRITE (3,555) PHL 50
WRITE (3, 666) PHI 75
WRITE (3,112) PHI 8u4
WRITE (3,113) PHT 95

(3,303)

WRITE (3,349) EMZ
WRITE (3,348) SicI

AT T

5/lo£ TCURTE MOVETE

WRITE (3,346) SXI
WRITE (3,347) CAYGP
X1=CAYGP
ESK=SKI+1.0
ES=SIGI

FOLLOWING NAMES THE SAMPLE ACCORDING TO FOTX'S
FEXTURLL, GROUPING
WRITE (3,357)
FORMAT{ 29HOFCLK 'S TEXTURAL DESCRIPTION.)
500 IF (23-4.0) 502,502,501
501 VRIT= (3,311)
GO TO 520
502 IF (2S-2.0) 504,504,503
503 WRITE (3,310)



0183

018} -

+ QLBS
0186
0187
0188
0189
0190
0191
0192
0193
0104
0195
0196
0197
0198
0199
0200
0201
0202
0203
0204
0205
0206
0207
0208
0209
0210
0211
0212
gais
0214
0215
0216
0217
0218
0219
0220
0221
0222
0223
0224
0225
0226
0227

~~G

[y it

0229
0230

Table

504
505

506
507

923
925

508
509
520
520
521

522
524
525

526
527
528
529
530
540
541
542
543
5uL
545
546
547

548
63C

703

10. Cont.

GO TO 520

IF (ZS-1.0)
WRITE (3,309)
GO TO 520
IF (8S-0.71) 923,923,507
WRITE (3,308)
GO TO 520
7 (ES-.50) 508,508,925
WRITE (3,9248)
O TO 520
IF (ES-0.35) 510,510,508
WRITE (3,307)
CO TO 520
WRITE (3,306)
7 (X1-3.0) 522,522,521
WRITE (3,332)
G0 TO 540

F (X-1.
523 ¥ :
© GO TO 540

5

Y

06,506,505

TF (X1-1.11) 526,526,525
WRITE (3,320)
GO TO 540
IF (X1-0.90) 528,528,527
WRITE (3,319)
GO TO 540
IF (X1-0.67) 530,530,529
WRITE (3,318)
GO TO 540
WRITE (3,317)
TF (ESK-1.3Q) 542,542,5
GO TO 600
TF(ESK-1.1) 544,544,543
WRITE (3,313)
GO TO 600

IF (ESK-0.9) 546,546,5

WRITE (3,314)
GO TO 600
TF (ESK-0.70) 548,548,547
WRITE (3,315)
60C
(3,316)
(3,302)
(3,350)
(3:35)

n

GO TO
L.TOT T =
WRITE
VVRTTE
Ve b e ad
VRTLE
WRITZ
WRITE

WRITE

4
\

(

A 2l
39.)-7
-~ A

3532

6)
5)

= PHT
P
o
oLiurl
AT FT

CAYGI

I

55

1



0231
0232
0233
0234
0235
0236

0237
0238
0239
02L0
0241
0242
0243
0244

Table 10. Cont.

WRITE (
WRITE (
WRITE (3,823)
823 FORMAT(/////)
WRITE (3,359)

359 FORMAT(SH PHL, 5X, 7H WEIGHT, 3%, O ITCDT, 21,

CUM PERCENT)

751 IA=J
DO 630 T\—.L
WRITE (3, 338) PHI(1,N),WT(N) ,PCT(N) ,PHI(2,M)
358 FOR! ’”(W F7.3,34,77.3,3%,77.3,34,F7.3
CONTINUE

700 CONTINGE
999 CONTINUE
END



0t o i s

0001

0002
0003
0004
0005
0006

Ccoo7
0008
0009
0010
0011
0012
0013

0014
0015
0016
0017
0018
0019
0020
0021
0022
G023
0024
0025
00256
0027
0028
0029
0030
0031
0032

0033
0034
0035
0036
0037

Table 11. Camputer nrogram for ccrrelation of Ranzia grovwth

~cAanTand-
rarearmecers

CA3 12 LINEAR REGRESSION ANALYSTS PROGRAM

C

I PHO NSRS

USES SUBR Ouli INPUT, TRAMNSG

DIMENSION IF LEq(lOOO) YB&R(lOuO) ,VAR(1000) ,Fi°(20) ,X(1000),

~pa0\lomo),AAf3OuO)
PATVATFNCE (A4,), (5A(1001) YBAR) , (A4(2001) ,VAR)
EQUIVALFNCE ( FREQ ( 1), IFREQ ( 1))

IPT=1
LST =3
10=0

24D INPUT PARAMETERS,IA = MO0. OF X VALUES,
ICODE = INPUT CODE, TRAK AND

T .j’"? ;'_': ‘\TQ'»‘('\"J"

TICN CODZS, TALPH = 7 VALUE

P = ATDTA

AiL,rDA

Ii=1
1 READ (IPT, 9) IA, ICODE, ITRANX, ITRANY, TALPH,ALPHA
> TORVAT (4T5.F10.3,F5.4) ’
2 FORNAT ,F10.3,F5.4

TMD.A~TgnTr
A 15,1 ) GO TO 999

(TQT ) TA CODS  TTRANY  TTRAMV  TATTI AT D2

—rn -
ol,5) 2Aa, 10ULa, .._;_..-*.’._.., _______ 3 LTy ST Te

b F(1HM1/15, 9H X-VALUES ,I10,13% = DF0T CCDZ,27E,
TRANSFORVATION CODES , I3,1H,, T3/3f T=,75.3,7= A7 P
=,76.4//)

READ(Z ?Z‘ﬂ) FMT

A= ".:, Q”1 Il bl

FORMAT (2044)

DF = 0.

= ( :;OD,J ) 25 5, 7

READ (IPT,FMT) (X(TI), I=1,

CALL LICL,T ( L’&, .LFPEQ, YBAR VAR IZ;“N“R TRANY )
GO TO 20

7 WAVVAR =0,

DO 12T

[©2N)

O\



0038
0039
0040
0041
0042
0043
0044
0045
0046
0047
0048
0049
0050

051
0052
0053
0054
0055
0056
0057
0058
0059

0050
0061
0062

0063°

0064
0065
0066
0067

00568
0069
0070
0071
0072

0073
0074
0075
s

0077

0073
0073

Ta

s

O

le 11. Cont.

Ul

FREQ ( I ) = IFREQ

SUMX = SUMX + Q

SUMY = SUMY + FREQ
+ &y

NN AN~
[ i ol e

IAML = TAML

DF =T iN - FIA
NDF = DR

XBAR = SUMX / TOTW
YR4ts = SUMY / TOIN
SUCAX s

SV 2
SUMXY =
DO 301 =
D =X (
YD=V“’?(I)-—Y3.53

|

D

]

SUIX2 = SUMH2 + XD # D #7220 (I)
SUMY2 = SUMY2 + YD # YD ¥ FRE ( I )
SUMXY = SUMXY # Frz (I)

V”Dﬂ = Q"“"9 /{TON - 1. )

Y2ARB, TOTN, VARX, VARY

—— oy Y

\T —.r\-n.-—lo\, is Vv =,
1¥10.

2$g1;z-~;
316H
LF15.5
VARG = SUMY2 / FIAM1

SSEXP = SUMXY # SUMXY / SUMK2
SSUNEX = QFYQ -~ SSEXP

VUNEX = SSUNEX / FLOAT ( TA - 2 )
SEXT = Q“ T ( VONEX / SUMX2 )¥® TATPH

CONE' iJZJQj LI\L TO SLOPE

3
ST 03 ¥ -,

TS T
SALNLE Vil (el S S S LN
T

AT *—.1 |)

J*V s u/9599 6503

€7



00890
0081
0082
0083

0084

0085

Tab

60“

65
70

9599

PRINT

AN

111,

le 11. Cont.

ANOVA TABLE
WAL (B55,50) SUMYZ, IANI,

SSEXP ,I'SEXP ,SSUNEX, 1“7'I2 > VUNE!

2I' = ‘”'\",’”:“R, .,b’“O"‘, NIOT?

=

110X,

3 - 'Q\T
“:’ = (.LS
"‘-""(///2-,u:‘,3.-;_.4
L*V_”‘ 8 .oam

60)

ST
(¢34

,._..._:_,/“,

=X

—
AnG, ©3Gr,

] FSDEV,SSERR,

50 FORMAT(//25X,20ANALYSTS 0“‘ VARTANCE//TH SCURCE,
WT&, 2HSS, 20X,2HDF, 1Lx, 2478, 18X, 2FS // 7H
2GROUPS, ﬁ:.f 1*7 2720.4/2X, 6HLDEAR, Fi5.L,
3 117, 27204/ X, LRV, , _17”, I17., 2720.4/

4 6* —Qvo , Fli, L:, I17, F20.4// 65 TOTAL, F1h.4,
5 I17)
PRE D‘rﬂ 315 OF YHAT, CONFIDENCE LITVITS, AMND

110 v 1V 0¥ . 9%
GOX I 11 IEY 10X 251,

GEDEN

QEDEVIATION

DO 70T = 1,IA
YEAT = A3 E X ((T)

DEV = YRAR ( I ) - VHAT

STDRXT = SQRT ( VUNEX #( 1.

1 X8R D)¥(X (I) - XBAR )/

Y1 = YHAT — STDRXT

Y2 = YHAT + STDRXY

WRITE(LST,65) I, C(I), YBAR(I),

I
AA{T+IA
CCNTINUE
NO=NO+1
CATT,
GO TO 1
CONTINUE
END

WMAT(I8,

6712.5)

=YBAR(TI)

PLOT(NO,AA,TA,2,0,FUNC

0303

/TON+ (X (I) -
su2 ))¥

TATDHE

VHAT, V2, DIV

——y

Yl

0.0,0.0,0.0)
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