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SOHEIR EL-NABAS M.Sc. Marine Sciences

ABSTRACT

A study is made of the distribution patterns and

population densities of Spiratella helicinz, Spiratella

retroverca and Clione limacinz in the Gulf of St. Law-

rence, Samples collected from 24 Internationzal EBiolo-
gical Programme (I.B.P.) stations are analyzed statis-
tically and the frequency distributions of the three
species at individual stations are grouped to form four
regional samples. The variations in size associated

with the distribution patterns of Sviratella are com-

puted using descriptive statistics with particu-
lar attention given to stochastic shape factors and the
corresponding cumulative frequency distributions. The
variations in size together with the distribution pat-
terns of pteropods are related to the water circulation
in the Gulf to interpret breeding aspects. Co-occurrence

of the predator, Clione, and its prey, Spiratella, is

studied. The developmental stages of Clione and their

distribution features in the Gulf of St. Lawrence are

investigated.,
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CHAPTER I

INTRODUCTION

Thecosomes and gymnosomes, commonly known as pteropods,
form two distinct orders of holoplanktonic opisthobranch
molluscs. Pteropods found in the Gulf of St, lawrence in-

clude two genera, Spiratella (Limacina) and Clione, which

belong to the orders Thecosomata and Gymnosomata, respect-
ively. Although these are important members of the marine
holoplankton, very little work has been done on their general

biology. A selected review of the distribution patterns and

life cycles of Spiratella helicina (Phipps), Spiratella retro-

versa (Fleming) and Clione limacina (Phipps) is presented in

the following introductory sections.

Distribution of Pteropods in the Atlantic Ocean

Distributional studies of pteropods in the Atlantic
Ocean are of special relevance to the present study as the
Culf of St. Lawrence represents a marginal sea of the north
Atlantic, with considerable water exchange between these two
bodies of water,

S. helicina has been described as an arctic or arctic-
boreal species, Odhner (1907), Jespersen (1927), Kerswill
(1940), Dunbar (1942) and Kramp (1961) all reported that
S. helicina commonly occurs in west Greenland waters., It is

comnon also in Baffin Bay and is particularly abundant in the
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cold waters of Jones Sound and off Lancaéter Sound (Kramp,
1961), This species is variable in abundance in southern
Greenland waters (Kramp, 1961) and was observed during the
summers of 1939 and 1940 along the eastern Canadian coast
between Hebron in Labrador and Clyde River in the northern
part of Baffin Island (Dunbar, 1942), It was recorded also
in the labrador Sea (Kielhorn, 1952). Kerswill (1940) noted
remarkably large numbers of S. heliciné in Hudson Bay and

Strait, and smaller populations southerly towards Cape Sable.

S. retroversa was classified by Vane (1961), Bary (1963)

and Chen and Bé (1964) as a boreal-Atlantic, oceanic species,

Chen and Bé, however, considered S, retroversa a sub-arctic

species, while Bary included it in his warm-transitional-

neritic zooplankton group. S. retroversa has been recorded

along the Canadian Atlantic coast from the Strait of Belle
Isle to Cape Sable, Large populations of S, retroversa have
been recorded in the Gulf of St. Lavrence especially in the
sumner (Kerswill, 1940), It was observed also in the Gulf

of Naine by Bigelow (1926), Redfield (1939) and Hsiao (1939,
a & b)., S. retroversa was reported also in the North Sea by
Glover and Robinson (1966). Despite the fact that S. retro-
versa is not usually found at high latitudes, it occasionally
was recorded west of Greenland at 640 N and penetrating up

to 70° i in the North Sea (Kramp, 1961). It has been reported
as far south as the Sargasso Sea (Kramp, 1961).
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S. helicina characteristically inhabits environments

different from those inhabited by S. retroversa. S. helicina

normally inhabits water of -0.4° C to +4,0° C, infrequently
up to 7.0° C, and salinities mostly lower than 34,0 %, (Van der

Spoel, 1967). S. retroversa is found in water having a tem-

perature range of 2,0° C to 16,0° C in the Gulf of Maine
(Bigelow, 1926). It has been reported from water of 0,9° C
and 6.0° C, but is most abundant at temperatures above 3,0° C

(Kramp, 1961). S. retroversa, being a euryhaline species,

inhabits water salinities of 31.06%e tc 36,0%e0 (Bigelow, 1926)
and this agrees rather well with the lowest limit of 30,0%e to
31.0%0 found by Paulsen (1909) (Cited by Van der Spoel, 1967).
Bary (1963) noted that S, retroversa, infrequently, was found

below salinities of 34.9%e .

Because of these distinct environmental tolerances,

S. helicina and S. retroversa have been used as indicators

of certain water masses. S. helicina, on one hand,is
characteristic of Arctic water, It indicates Arctic water
entering the northern North Sea (Russel, 1939) and the Gulf
of Maine (Bigelow, 1926). S. retroversa, on the other hand,

has been considered as an indicator of both Atlantic (Tesch,
1946) and the northern North Sea waters (Russel, 1939 and
Fraser, 1965). 1Its existence in the southern North Sea
(Russel, 1939) and in the western Baltic (Fraser, 1965)
indicates an inflow from the northern North Sea to these
regions. Bigelow (1926) described S. retroversa, in the



Gulf ot Maine, as a permanent pelagic inhabitant whose
numbers depended on local reproduction and not on immi-
gration from elsewhere, However, Redfield (1939) noted

that S. retroversa existed, in the Gulf of Maine, for more

than 9 months, but that it failed to maintain a permanent
population, in any locality, because of its dependence upon

the current system of the region.

From the foregoing, it is presumed that the two
Spiratella species may not be found simultaneously in

equally large numbers. For example, if S. retroversa is

abundant in a particular area, the chances are that S. heli-
cina will be rare or absent, This fact is borne out by
previous literature reports. Kerswill (1940) noted re-

markably large numbers of S, retroversa during the summer

at stations south of Miquelon and in the southern part of
the Gulf of St. Lawrence; at the same time, S. helicina
was absent in those regions. Further confirmation is
obtained from a table given by Kramp (1961) in which great
differences between the simultaneous abundance of S. heli-

cina and S. retroversa were obvious at various latitudes

west of Greenland,

Clione limacina is an arctic-boreal species, widely
distributed in all the seas around the North Pole (Pelseneer
1887 and Mileikovsky, 1970) and is especially well known in
the North Atlantic (Van der Spoel, 1964, and others). It

extends along the Atlantic coast of North America in the
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waters of the cold Labrador Current. It was recorded by
Dunbar (1942) at several localities between Hebron in
Labrador and the Clyde River in the northern part of Baf-
fin Island. Kerswill (1940) noted that C. limacina was
more abundant in the Arctic, Hudson Bay and Hudson Strait
than at Cape Sable and in the Gulf of St. Lawrence., Lalli
(personal communication) reported C. limacina in spring and
early summer east of Newfoundland. Odhner (1907) and Kramp
(1961) reported C. limacina in west Greenland waters. The
range of this species extends southerly along the Atlantic
coast of North America to Cape Hatteras (35° N) (Kramp, 1961

and Mileikovsky, 1970).

C. limacina usually co-occurs with either S. helicina

or S, retroversa, or both. This may be explained by the

fact that Spiratella represents the exclusive prey of adult

Clione (Ussing, 1938; Lalli, 1967 and 1970; Kileikovsky, 1970).

Reproduction and Life Cycles of Pteropods

The reproductive tract morphology, breeding seasons,
egg masses and larval stages of pteropods, known to be herma-
phroditic, have been investigated by a number of workers.
Nost pteropods, including the species examined in the present
study, have been found to lay fertilized eggs in thin, trans-
parent, gelatinous ribbons. Hatching takes place two or

three days later.
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Little information has been published on the breeding

seasons of Spiratella helicina. However, Paranjape (1968)

reported that spavming of S. helicina in Saanich Inlet,
British Columbia, occurred in the summer, Further support
for summer breeding was given by Massy (1920) who found that
spawning of S. helicina in the Antarctic Ocean occurred in
December through February, which is the summer period in
this area, The newly hatched larvae of S. helicina described
by Paranjape (1968) had symmetrical shells, The anterior
body region of S. helicina veligers is surrounded by a velum,
As the shell increases in diameter, two lappets develop from
the sides of the foot forming the wings; these grow relatively
quickly while the velum dwindles, In larger and older indi-
viduals, the velum disappears entirely and the wings become
larger.

Lebour (1932), Hsiao (1939, a & b), Morton (1954), Chen
and Bé (1964) and others contributed to the description of

the reproductive system, spawning and life cycle of Spiratella

retroversa, At Plymouth, egg-bearing S. retroversa have been

observed during most of the year (Lebour, 1932), Hsiao (1939,
a & b) discovered that spawning in the Gulf of lMaine began in
April and iay and continued until the fall, with May being

the most important breeding period. In the North Atlantic
(52°45°* N, 35930* W), Chen and Bé (1964) found that juvenile

S. retroversa first appeared in iiarch and April and reached
maxinmum concentrations between kay and September., The Develop-

mental stages of S. retroversa are generally similar to those
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of S. helicina, However, the Cap-like ssinisrﬁgll shell

of S. retroversa apparently develops after hatching instead

of before (Lebour, 1932), Moreover, the stage at which the
two wing lappets develop from the sides of the foot takes
place in S, retroversa at 0,32 mm, shell diameter (Lebour,

1932).
Mileikovsky (1970) recently summarized the available

data on the breeding of Clione limacina in the Atlantic and

Pacific Oceans. He stated that the breeding season of C.
limacina differed from one region to another., However, the
most intensive spavning is said to be correlated with the
spring/summer period of annual heating of the local waters,
and that the highest larval abundance parallelled maximum
growth of phytoplankton which served as food for veligers.
Newly hatched C. limacina were described by Lebour (1931);
they also have a symmetrical shell and a well developed,
bilobed velum., The Clione veliger casts off the shell when
it is about 0,28 mm. long and becomes a polytrochous larva
with three ciliary rings. The polytrochous larva has an
anterior ciliary ring around the head, a posterior ring at
the hind end and a third ring near the centre of the body:
the digestive gland occupies mueh of the. todyAs the larva
increases in size, the wings develop and the ciliated rings
begin to disappear starting with the anterior ring, then the
median ring, and finally the posterior ring. As the size
increases further, a gradual shift in the digestive gland
occurs until it occupies only the middle : part of the body.



General Description of the Gulf of St. Lawrence

A brief physical and geographical description of the
Gulf of St., Lawrence (Pig. 1) is included here because of
its relevance to the present research. A more complete re-
view of the past research on the water circulation in the
Gulf of St. lLawrence, has been presented by El-Sabh, Forrester
and Johannessen (1969); most of the following literature has

been abstracted from this reference.

The Gulf of St. Lawrence is 214 x 103 Km? in area
(Forrester and Vandall, 1968). It is connected with the
Atlantic Ocean to the southeast by Cabot Strait and to the
northeast by the Strait of Belle Isle. The Laurentian Chan-
nel extends from the continental shelf south of Newfoundland
into the Gulf at Cabot Strait, and varies in depth from 600
to 400 m, The Esquiman Channel branches off the Laurentian
Channel and extends from the centre of the Gulf northerly
towards the Strait of Belle Isle; its depth varies generally
between 150 and 250 m, except in shallower areas closer to
the Strait. The liagdalen Shallows are located to the south
of the Laurentian Channel in the southwestern part of the Gulf,

Dawson (1913) and Sandstrom (1919) made the earliest
studies of circulation in Cabot Strait. IKore recently,
KeGregor (1956) showed that water circulation in Cabot Strait
is characterized mainly by an outflowing current along the
Cape Breton side and an inflowing current along the Newfoundland
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side, The strongest outflowing and inflowing currents
occur in August, while the weakest ones occur in April and
May.

Water from the southern portion of the Magdalen Shal-
lows has been found to contribute to the drift observed
along the Cape Breton side of Cabot Strait, This drift con;
sequently contributes to the southwesterly drift along the
outer coast of Nova Scotia., This latter drift develops
maximally during the spring, breaks down during the summer
and forms again to a lesser extent in the fall (Bumpus and
Lauzier, 1965).

Although the present study is concerned with the water
circulation in all parts of the Esquiman Channel, information
will be cited only from the Strait of Belle Isle which has
been best stﬁdied. This information also allows a better
interpretation of the water circulation in the Esquiman
Channel as a whole, The water circulation in the Strait of
Belle Isle has been investigated by Dawson (1907), Huntsman,
Bailey and Hachey (1954), Bailey (1958), and Farquharson and
Bailey (1966). They reported an inward movement of Labrador
coastal water on the Labrador side, and an outflow of Gulf
water on the Newfoundland side. On some occasions a strong
outflow through the Strait was observed to last for several

days, or even weeks, while at other times a strong inflow

doninated for an equal period of time.
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The water circulation southeast of Anticosti Island
is characterized by a large, permanent, anticlockwise gyre.
During the summer, Blackford (1965, 1967) distinguished
between clockwise and anticlockwise gyres, 20-30 Km, in
diameter, in the layer above the thermocline in the southern
Gulf, These small gyres were observed to move with the south-
easterly flow along the north shore of Prince Edward Island.
This southeasterly flow contributes, as was previously men-

tioned, to the drift observed along the Cape Breton side of

Cabot Strait.

Purpose of the Present Study

Although there are extensive distribution records of

Spiratella and Clione from other areas, no previous study

has concentrated on the distribution and population changes
of these pteropods in the Gulf of St. Lawrence. The present

study has considered the following areas of interest:

1. Geographic distribution patterns of Spiratella helicina,

Spiratella retroversa and Clione limacina within the

Gulf of St. Lawrence,

2. Regions and degrees of co-occurrence of S, helicina and

S. retroversa on a seasonal basis,

3. Seasonal changes in the sizes of both S. helicina and

S. retroversa.
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4, Relationships of Spiratella and Clione distributions

and abundances.

5. An znalysis of the various developmental stages of

C. limacina,



- 13 -

CHAPTER 1II

MATERIALS AND METHODS

Collection of Samples

As a partof the International Biological Programme
(I.B.P.), thirty-one stations were assigned in the Gulf of
St. Lawrence. These stations were located throughout the

Gulf at the localities shown in Fig, 1,

Seven oceanographic cruises were made from May to
September 1969, in the Gulf of St. Lawrence. Most of the
stations were scanned continuously by the cruises, while
those stations located in the central Gulf and in the Magdalen
Shallows were sampled only intermittently. Samples analysed
during the course of the present investigation did not in-
clude those collected from stations 13 through 19, Prelimi-
nary analysis of samples collected from these stations showed

that pteropods were rare, or absent, in these localities.

A supplementary cruise, referred to throughout the text
as “"cruise J", was made in November 1969, and collected
samples from localities other than the I,B.P. stations.
Stations located within the study area, and from which

samples were collected during cruise J, are shown in Pig. 1.
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The present study deals with samples taken from
oblique plankton tows made during the various cruises.
All the oblique tows were taken from bottom to surface,
and their operations lasted from 5 to 25 minutes, Although
individual oblique tows usually do not yield enough infor-
mation about the discrete depth distribution of organisms,
the data have been sufficient to provide information on

the general distributions of the various pteropod species.

Two standard plankton nets, of number "0" and humber
"6" mesh, were used at each station., Both nets had mouth
diameters of 0.5 m., The volume of filtered water was com-
puted for every tow, making it possible to determine the

number of pteropods per unit volume of water.

The number "6" net, of the smaller mesh size, did not
collect specimens of Spiratella smaller than 0,20 mm, shell
diameter or of Clione smaller than 0,44 mm, in length. A
smaller mesh size, therefore, should have been used. Ptero-

pods collected by the numdber "0O" net were generally larger.

Samples collected by both nets were combined, in the

present study, to give a unified result for each station.

Sorting, Counting and hieasuring

After collection, all plankton samples immediately

were preserved in formalin buffered with calcium carbonate.
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‘ In the laboratory, the three pteropod species were sorted

and preserved separately., Spiratella helicina and Spira-

tella retroversa were preserved in 70% ethyl alcohol to

prevent dissolution of the shells, wvhile Clione limacina

was preserved in 10% formalin.,

Subsampling was necessary when pteropods were rela-
tively abundant in a sample, Subsamples were taken from
thoroughly mixed samples, and the volumes were measured in
graduated cylinders., The size of the subsample depended
upon total pteropod abundance, but was usually more than 10%
of the total sample for sorting and counting procedures,
Because of the limited number of specimens of C., limacina,

no subsamplingz was needed.

A minimum of 100 individuals of each species was
selected randomly from each subsample and measured., A dis-
secting microscope with a calibrated ocular micrometer was

used to measure Spiratella. Individuals of S. retroversa

were measured with the shell apertures facing the observer
while those of S. helicina were measured with the umbilicus
facing upward. The diameter of the largest whorl of the

shell was used to designate size, as illustrated in Fig. 2,
Conover and Lalli (personal communication) have found that

this dimension most accurately indicates the weight, and

presumably age, of Spiratella,
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(@ | (b)

(c)

Pic. 2. (a) Lateral view of Spiratella helicina,
(b) Umbilicus view of S. helicina,
(c) Lateral view of S. retroversa,
D Mdeasured shell diameter,
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The total length of C. limacina was measured using
either an ocular micrometer or a millimeter ruler, depending
on the size of the specimen, It is worth mentioning that,

unlike Spiratella which has a fixed shell diameter, Clione

tends to contract upon rapid fixation. Bent Clione specimens

were measured after straightening them,
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CHAPTER III

ANALYSIS OF DATA

Regional Division of the Study Area

The analysis of data on the basis of individual
stations proved to be rather tedious and a broader outlook

was attempted, This necessitated grouping stations into

geographical regions,

The number of stations examined in the present work
totalled twenty-four, sixteen of which were chosen to form
four regions of four stations each. The remaining eight
stations were treated individually in the analysis., The
basis on which regions were selected was purely geographical.
The selected regions were given the letters A, B, C and D,

and their corresponding station numbers are as follows (Fig. 1):

Region A encompasses stations 1, 2, 3 and 4

Region B . " 5, 6, 7 and 8
Region C » " 21, 22, 23 and 24
Region D . . 25, 26, 27 and 28

lore credence may be granted to this regional division
if we regard the fact that the various cruises followed, in
collecting the samples, the same sequential pattern given by
this division. In other words, stations belonging to any one
region were visited sequentially and at approximately the same

time,
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Stations belonging to a particular region were subject,
of course, to individual features. Differences among the
various stations of one region were confined mainly to the
water depth and to the corresponding water currents. Having
discussed water currents in the Gulf in CHAPTER I, only vari-
ations in water depth at different localities will be comment-
ed on here,

In region A, stations 2, 3 and 4 were located in the
Laurentian Channel with an average water depth of 480 m,
Station 1 was at a shallower locality, with a depth of 150 m,

In region B, stations 6 and 7 were located in the
Esquiman Channel and had an average water depth of 150 and
250 m, respectively. The water depth in the locality of
stations 5 and 8 was between 75 and 100 m,

In region C, located in the Magdalen Shallows, a depth
of about 50 m. prevailed at all stations.

In region D, stations 25 and 27 on the extension of the
Laurentian Channel had water depths of 350 m, - 400 m,, while

stations 26 and 28 were located in a shallower area of 75 m.

depth,

Statistical Treatment of Data

Statistical analysis of the data was made with the aid
of bicGill University’'s digital computer, model IBH 360/75. The
programs were written in PORTRAN IV which was thought to be most
suitable for the type of computational operations used in the

analysis.
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Grouping of Data

Data on Spiratella sizes were grouped, as this leads
to a more cohesive and smooth-looking distribution. The
selected class interval, and hence the number of classes,
influences the precision of determining the statistical
parameters, The larger the class interval, i.,e., fewer
number of intervals, the less accurate will be the numerical
results.

Because of the large number of observations, it was
necessary to set up the data in a frequency distribution
before carrying out the statistical computations. Since
the digital computer was available, relatively small class
intervals (0.05 mm,) were chosen for the shell diameters of

Spiratella, This caused the number of classes, for a par-

tlcular sample, to be very large. Numbers of classes as

large us 75 were attained.

Combination of Samples

Two types of sample combinations were dealt with in
the statistical analysis. Firstly, the samples collected
using nets of two different mesh sizes had to be combined
to yield a resultant value describing Spiratella at each
particular station., Secondly, it was necessary to sum the
data from various stations in order to form a unified regional

sample representation of Spiratella. Both sample combination

processes were achieved adequately by means of the digital

computer,
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Subroutine WEZZAH (APPENDIX II), was written to com-
bine data from the two differently collected samples into
one quantity. Each of the two given samples was expressed
as a numerical array representing the size frequency distri-

bution of Spiratella. The first and second entries of the

frequency distribution array were chosen to represent the
lower and upper limits of the distribution, respectively,
In other words, the first entry was the lower limit of the
first class interval; the second entry was the upper limit

of the last class interval in the given data.

The two values, 21 and Z2 of the subroutine, represented

the total numdber of Spiratella in 100 m3 of water collected

by the number *0* and number "6" nets, respectively. These
values were calculated by simply referring the number of
specimens found ir a known volume of filtered water to a
volume of 100 m3. It also should be noted that, in general,
the frequency distribution given to the program represented
a known fraction of the collected sample, The first step in
the statistical process was, therefore, to normalize the two
given frequency distributions, Pl and F, , to a water volume
of 100 m3, This was achieved by multiplying the individual
entries of Fy and F, by the ratio of Z; and Z, to the actual

number of specimens in the given samples.

Thereafter, subroutine WEZZAH performed a selection
technique in which it compared the corresponding entries of

the corrected P; and 7, (now called Xjand X2). The larger
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of the two entries was selected to become an entry of the
resultant frequency distribution F, Figure 3 demonstrates
a typical selection process in which the envelope of the two

gize distributions of Spiratella from number "0" and number

*"6" nets accurately represented a combined frequency distribution.

Completion of subroutine WEZZAH resulted in the samples
from each station being represented by a frequency distribution
in which the Spiratella shell diameter was the statistical
variate, The second step was to sum the samples from stations
of a selected region, forming one regidnal frequency distri-
bution, Subroutine SOHEIR ( APPENDIX II) was developed to add
the frequency distributions of two stations at a time., The
input frequency distributions already were normalized to a

unit volume of water of 100 m3.

Subroutine SOHEIR initially compared the two first
entries of the two distributions F; and F,. The smaller of
the two entries was assigned to represent the lower 1limit of
the resultant array. The larger of the two second entries
represented the upper limit of the resultant distribution.

The program, thereafter, proceeded with a simple addition
of the corresponding entries of the two input arrays F; and Fs.

Determination of Statistical Parameters
The tabulation of the new data and pictorial representa-

tion in terms of a histogram, as in Pig. 3, provides a great
deal of information., Many times, however, this is inadequate
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and the frequency distribution of shell diameters can be
better characterized by certain numerical measures, It
was hoped that such characteristics as central measures
and deviations from symmetry would yield a further quanti-
tative grasp of the empirical data, and that this would

aid in comparison of sets of data from various stations

and regions,

For this purpose, APPENDIX I provides the basis of
this characterization. The statistical measures, elaborated
on in APPENDIX I and dealt with later, comprise mean, mode,
standard deviation and shape factors. The latter represent

adequate measures for the deviation from normal in the dis-

tribution of shell diameters,

Sources of Error

Having now described the various techniques used in
this study, an assessment of these methods seems necessary.
An objective criticism of the technical and statistical

processes will be presented in this section.

As was previously mentioned, some stations were not
covered continuously by the assigned cruises. This slightly

biased the seasonal results at certain localities,

One-quarter (sometimes one-half) of each plankton

sample was taken for biomass analysis before the collection
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was received and consequently before the'pteropod sorting
had been done. Thus, the samples used in the present work
were subject to a certain degree of inaccuracy. This is
mainly because the heavy shells of Spiratella are known to
settle quickly, thus influencing the homogeneity of the

initial subsample.,

The fact that éruise J did not cover exactly the
I.B.P, stations, forced a few approximations in tabulating
the data, It should be noted that, for this cruise, atten-
tion was given only to samples collected from localities

within, or close to, the specified I,B.P. regions,

Spiratella of shell diameters less than 0.2 mm, and
Clione larvae less than 0.44 mm, in length were not collected.
This was a direct result of the large mesh size used,
Furthermore, the technique used to compare samples from
nets of two different mesh sizes, although it proved adequate,
sometimes may produce results of limited precision, This
could be the case if the samples collected by the two nets

were remarkably scattered.

The physical differences between individual stations,
chosen to constitute a certain region, presented a further
slight inadequacy. These differences have been discussed

in earlier sections of this text,
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Other sources of errors in the present work are those
which arose in the computing processes and which are known
as "round-off errors". This type of error has been avoided
by using large enough printing FORMAT., Further, no correction
for "stochastic bias" was made in the prbcess of determining
standard deviations and the shape factors G4 and G,. However,

this is justified by the relatively large amount of data.
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CHAPTER IV

RESULTS

Spiratella in the Gulf of St. Lawrence

Population Density Distribution

Results obtained by means of the techniques of
CHAPTERS II and III are presented in Tables 1 and 2, The
two tables show the total numbers of the two Spiratella

species in 100 m3 of water and the corresponding mean shell
diameters for various cruises and at different localities.
Conclusions can be drawn from Tables 1 and 2 in an attempt
to summarize the general features of the distribution of

Spiratella in the Gulf,

In kay, 1969, (Cruise I), S._helicina was very abundant
(281 per 100 m3) whereas S. retroversa was less so at station
6 in the Esqguiman Channel. The northerly located station 9
showed, however, equally large populations of the two species.
In the l‘azdalen Shallows, station 22 showed a relatively high

abundance of S. helicina. The two species were rare at other

stations.

In early June, 1969, (Cruise II), S. retroversa was

rare except at station 5 in the Esquiman Channel, At the
same time, S. helicina was present in very high numbers at

station 1 in Cabot Strait, stations 5, 6 and 8 in the Esquiman
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géBég I DISTRIBUTION PATTERN AND SIZE OF SPIRATELLA HELICINA IN THE GULF OF ST. LAWRENCE
(MAY-NOVEMBER, 1969)

| Cruige 1 11 111 IV v VI VII J *
Date 72/5=21/5 | 31/5-14/61 21/6 - 4/7 |15/7 - 25/7130/7 -12/8118/8 - 30/8 | 9/9 - 26/9 h4/11 - 23/11
=tTonl 7T M T M T M T M T M T M T M T M
1 3.010.640]245.0 1.2gu 5.0 1.258 0.0|0.000{ 0,0{0,000{ 6,0{0,412| 0.0{0,000] 0.0l0.000
2 10,0}0.864{ 22,0/0.9 1,0)0.600]27.0)1,437| 1.,0]1.225] 3.0]0,675) 1.0]0.750] - -
3 15.0)0,883] 53.0]1.201| 14,0}0,776]| 8.0}0.919|13.0]0,431{ 0.1]|0.800| 2.0]/1.300] - -
4 - - 44,010,988{ 0,0{0.000{15,0{0.600| 5.0]1.150| 4.0{0.650| o0.0|0.000 2.310.500
2 - - |311,0)0.786| 88,0}0.978}62.,0]0.751} 0,0|0,000! 9,0/0,733] 0.0}0,000| 0.0}0.000
281,0]0,543|398,0|0.858 |157.0 }0.723] 0.0}0.,000]17,0}0,814} 0,0|0.,000| 0.0|0.000] - -
7 - - 33 o 1,126 175.0 0,809 |14,0]0,846| 6,0]0,590} 4,0|0.683| 0.0{0.000] - -
8 - - g 0,764 |148,0}0,683]37.0]0.837} - - 85.0/0,342 366,60, 414 |24 6 ]0.486
9 333.4|0,459|428,7{0.881| 51.9(1.316] 0,0]0,000|40,4}0.901] 8.1]0.800| o0.0l0.000]) - -
10 22,6]0,361]348,8 0.7?8 34,610,774 j15,4 10,844 {24,9(0.833] 6.9]0.812] o0.0]0.000] - -
11 - - - - 61,21.059] 5,6|0.840] 0.0{0,000{ 0.0}0,000 - - - -
12 69.9]0.431] 10,5]0.606] 2,0}0.950] 9.2]0,667]| 0.6|0.700] 0.0]0,000] 0.0]0.000]{ - -
20 o.0|0.000{ 1,0j1,700} o0.,0}0,000| 0,0{0,000} 0,0/0,000] 0.0{0.000| o0.0}0.000}| - -
21 2.6lo.487| - - - - 0.0{0,000| - - - - 0.0}0.000]| 5.6/0.300
22 136.7(0.904) - - - - 0.0}0,000] - - - - 2.0{1.050{ 0.0{0.000
2 0.0}0,000| - - - - 0.0l0,000| - - - - 0.0}0,000| - -
2 - - - - - - 0.0/0,000] - - - - 0.0{0.000| 0.0/0.000
25 - - 6.3]1.380] 17.0l0.794] - - 0.0{0,000| 1.4|0.550 - | - 0.0(0,000
26 - - 2,810,800 5.7(1.175{ - - 6.710.830| 0.0]0.000 -] - 5.710.430
27 - - 35.2|1,019] - . - - - 3.2|0,934] - - 1,0{0.950| 0,0|0,000
28 - - u505 10253 - - - - 2.8 0.471 - - - - - -
29 - - - - 7.0 00619 - - - - 0.0 0. 000 - - - -
30 - - - - 1.5{1.050] - - - - 4,610,625| 0.,0]0,000| 1.6{0,617
31 - - - - 6.3]0.971] - - - - 0.0{o0.000{ o0.0|0.000| - -

T = Total number of S, helicina/100 m3,
M = Mean shell diameter in mm,

* Supplementary cruise, stations approximated to nearest I,B.P, stations,
- no collection was taken,

- T -
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TASLE 2 DISTRIBUTION PATTERN AND SIZE OF SPIRATELLA RETROVERSA IN THE GULF OF ST. LAWRENCE
(May-NOVEMBER, 1969)
Cruise II III IV VI VII J *
pate | 7/5-21/5 | 31/5-14/6|21/6 - L/7 -25/7| 30/7 -12/8 |18/8 - 30/8 | 9/9 - 26/9 |i4/11 - 23/11
[Station T I M M M T M T M T M
1 5.110.743] 0,0(0,000| 1.6(1.050| 17,010,559 7.1]0.7261239.90.623|30101.6 [0,429| us57.2 0.573r
2 5.710.823| 12,210,974 5.0(0.925|s46.4 |0, 395. 12.410,4731120,3 (0,443 96.6 [0.526 - -
3 19.6]1.131] 34,3]0.910] 3,5/0,775) 13.1 (0,607 | 36,0]0,438| 75.0]0.536 | 268.0 0.595 - -
b - - k.,711.373| 0.010,000}385,20,395| 77.8{0.620| 15.8/0,652| 401,3!0.462| 179.7/0.535
S - - (112,7|0,594} o,0(0,000f 0,8][0,250] 0,0 0.000 47,610,442 0.010,000 24,211,045
6 7?00 0.539 1902 10089 0.0 0.000 0.0 0.000 0.0 0.000 6.5 1.065 1.3 0.700 - -
? - - 100 1.128 006 00550 0.5 1.200 000 0.000 “’ ? 0.450 1,0 0.?00 - -
8 - - 2,710,750| 1,0/0,550| 0,0}0,000 - - 19,00, 362 36,310,422 152.4 0,904
9 270.2 3 64,410,557 10,7 ]0.788 0.0(0,000 0.0{0,000 0.0(0,000 17.010,479 -
10 23,010.7 21,8)0,550] 4,2|1,057] o0.,0/0,000f 2.3]0.924] 0.0{0,000 0,010,000 - -
11 0.0 - - 10,7 0,746 4.3|1.150| 6.6]0.817| 12.7 0,350 - - - -
12 0.0 1.1)0,675{ 0,010,000} 0,0(0.000{ 1,5/0,500]| 0.0 |0.000 0.010.000 - -
20 L,3 0.0}0.000] 0,0}0,000 0.0 0,000 0.010,000 4,710,700 0.0 10,000 - -
21 0.8 - - - | - [185.6{0.826] - | - - 181,6)0,504| 1395.5/0.873
22 1.2 - - - - 73.8(0.780 - - - 8904,510,331| 2078.310.680
2 7.4 - - - - 128,8 [0,990 - - - 12678.1 0.367 - -
2 - - - - | - |958.500.692] - | - - 589.8 [0, 649|24630.5]0.856
25 - - 0.0[0,000| 4.50,867| - - 0.0l0.000{ 0,0[0,000 - - 101.1{0.888
26 - - | 25,4]0,650] 0.0{0.000| - - {19.1]0.727| o0.0lo0.000 - - L4 .8(0.632
27 - | - | o.0foi000f =] -] - | - |85.9]0.593 - 3.210,802] 55.0]0.7&8
28 - - 1“02 00550 - - - - 12701 1.0“5 - - - - -
29 - - - - | 2.3{0.800( - . - | -7110.5/1,023 - - -
30 - - - - 09 0.910 - - - - 10 2 00553 56608 0.522 296.7 0 826
3 - - - - [18.8]0.4k0] - - -1 - }63.700.927| 107.7]0.558 - _

= Total number of S. retroversa/100 m3,

= liean shell diameter in mm.
* Supplementary cruise, stations approximated to
- no collection was taken,

nearest I.B.P, stations.
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Channel, and stations 9 and 10 northeast.of Anticosti
Island.

In late June and early July, 1969, (Cruise III),
populations of S. helicina were very dense in the Esquiman
Channel and decreased in density towards the north of Anti-

costi Island, At the same time, S. retroversa was rare

throughout the Gulf,

Late in July, 1969, (Cruise 1IV), S. helicina was

moderately abundant in the Gulf, while S, retroversa popu-

lation densities were high in both Cabot Strait and the

liagdalen Shallows waters.

In early August, 1969, (Cruise V), small numbers of

S. retroversa were present in Cabot Strait. The largest

populations were in the central area of the Gulf (stations

27 and 28). Numbers of S. helicina, meanwhile, were low in

the whole Gulf.

late in August, 1969, (Cruise V1), S. retroversa was

still relatively abundant especially in Cabot Strait, while

S. helicina remained scarce at all localities,

S. retroversa was maximally abundant in late September,

1969, (Cruise VII). Populations as high as 30101 individuals
per 100 nJ of water were recorded in Cabot Strait and as high
as 12678 per 100 m3 in the kazdalen Shallows, Meanwhile,

S. helicina was rare throuzhout the Gulf except at station 8
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in the Esquiman Channel, an area in the direct path of the
Labrador coastal water. The size of the population there

was 366 specimens per 100 m3 of water.

In November, 1969, (Cruise J), while S, helicina was

rare in the Gulf area, very large numbers of S, retroversa

were found mainly in Cabot Strait and the Magdalen Shallowvs,

Rezional and Seasonal Population Distribution

The seasonal population distributions of Spiratella

in the four assigned regions were established from the data

and are presented in Table 3,

In Cabot Strait, region A, S. helicina was always rare
except in early June when a density of 91 specimens per 100 m3

was recorded, S. retroversa, on the other hand, appeared in

small numbers during kay and June, However, in July through

November, with the exception of early August, S. retroversa

became abundant and attained peak numbers in September.

In the Esquiman Channel, represented by region B, S.
helicina exhibited population densities as high as 260 per
100 m3 in Kay and June. Smaller populations (less than 100
per 100 m3), however, were recorded until November with a

crest of 91,7 per 100 mJ in September. S. retroversa, mean-

while, appeared in i#ay with a population density of 4(.4 per

100 m3. A noticeable decrease in the population density was
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TABLE 3 POPULATION DISTRIBUTION OF SPIRATELLA HELICINA AND SPIRATELLA RETROVERSA
REGIONS A, B, C, AND D, (MAY-NOVEMBER, 1969)
Total Number /100 m3
A_ﬁ . B,_ c D
Date PCruise '%élicina %étroversa'§élicina %étroversa %élicina'%é%roversa'éélicina %étroversa

7/5-21/5 1 9.7 10.1 281,0 77.0 46,4 6.5 -- --
31/5-14/6 II 91.5 12.8 251.5 36.3 -- -- 22,5 9.9
21/6-4/7 111 5.0 2.6 142.0 0.4 - - 11.4 2.3
15/7-25/7 | IV 12,5 240,5 28,2 0.3 0.0 336.7 - -
30/7-12/8 v 5.0 33.3 7.7 0.0 -- -- 4,2 53.0
18/8-30/8 | VI 3.3 112.8 24,5 19.5 -- -- 1.4 0.0
9/9-26/9 V1l 0.5 7716.9 91.7 9.7 0.5 5588.5 1.0 3.2
14/11-23/11 J 0.0 bs7.2 24,6 152.4 1.9 9368.1 1.9 67.0

-= no collection was taken
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noticed thereafter, This was followed by an increase which
finally reached a value of 152.,4 specimens per 100 m> by

November.

In the }agdalen Shallows, region C, a steep and rather

steady increase in the population of S. retroversa resulted
in a very high density (9368.1 per 100 m3) in November(l).
S. helicina, in the mean time, was very rare except in May

when a population density of 46.4 per 100 m3 was calculated,

In the Central Gulf, region D, S. helicina attained a
maximum population of 22,45 per 100 m3 in June and declined

thereafter. §S. retroversa also had relatively small popu-

lations with two peaks of 53.0 per 100 m3 in late July and
67.0 per 100 m> in November,

Figure 4 gives a general view of the population densi-
ties distribution of Spiratella species in the Gulf, Figures
5, 6, 7 and 8 show this distribution for regions A, B, C, and
D, respectively., Ptero;od species are known to be epipelagic.
Had verticel hsuls been counted , the numbers of pteropods
under a square meter of water surface may have been calculated,
rather than per cubic meter,and thus the population density
comparisons from stations or regicns of different depths msy

not have deern stetistically different.

(1) No collection was taken in region C for CruisesII, III, V
and VI,
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Regional Variations in Size

The shell diameter of Spiratella, defined in CHAPTER II,

is positively correlated with body weight and is indicative
of the age of the individual (Lalli, personal communication),
The data compiled in the present study was analyzed in an
attempt to relate changes in shell sizes of the two species
to season and locality. Tables 4 and 5 resulting from the

statistical analysis allow the following descriptive remarks

to be established.

In Cabot Strait, region A, the size of S, helicina
ranged, throughout the study period, between 0,60 mm. and
1,68 mm, with a 1,22 mm, average for the highest population

concentration of early June. S. retroversa attained rela-

tively large average shell diameters of 0,89 to 1,01 mm,
which prevailed between May and July. These sizes were
followed by smaller diameters (0.40 - 0,57 mm,) until

November. The very large concentrations recorded in Sept-

ember had a mean shell diameter of 0,43 mm,

In the Esquiman Channel, region B, diameters for S.

helicina of 0,40 - 0,82 mm, were observed, i,e., relatively

smaller than those of the Cabot Strait area., The shell
diameter reached an almost constant peak value, between
June and mid-August, of about 0,80 mm, Much smaller sizes
(0.40 - 0.49 mm.) were recorded thereafter until the end of

the collection period. S. retroversa, on the other hand,
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TABLE 4

STATISTICAL PARAMETERS CALCULATED FROM SPIRATELLA HELICINA

DATA (MAY - NOVEMBER, 1969)

REGION A
Cruise I II III | IV v Vi Vil J
775 31/5 21/5 15/7 30/7 18/8 9/9 L/11
DAT= to to
. 24/5 1u/6 447 25/7 12/8 30/8 26[9 23/11
ara-
meters
T 9,70 91.50] 5.00 | 12.50}| 5.00 ] 3.30 1,50] 0.0
M 0.85 1,22 1,00} 1.12{ o,72| 0.60| 11.68| -
S 0.23 0.37| 0.62| o0.,70| o, 47| 0.22 0.92) -
Gy 0.06 0,50} 1,70} o0.80} 0,86 | -0,40 | -1.,04| -
G -0.90 1,40 2.30 ] -0.07{-0.43|-1.40] -1.86| -
mb 0.90 1.40| 0.60| 2.60{ 1.60] o0.30 1.70] -
251,00{%2,00 | 28,20 | 7,70 | 24,50 | 91,60 |24, 60
0.82} 0.78 ] 0.80] 0.78 ] o0.ho 0.41] 0.49
S 0.16 0.25{ 0.35| o.,48]| 0,16 | 0.15 0.07| 0.16
Gy 2,50 2.80] 1.90| 4.00(|-1.50 | 1.50 3.40 |-0,30
G 7.37 | 16.30f 4.80 |18,30}1.92}) 1.20] 21.30}-1.50
14 0.45 0.6s] 0,60} 0.65| 0.80 ] 0.30 0.ko}] 0.55

T =
M=
S =

Gy

KD =

Mode in mm,

Mean shell diameter in mm,
Standard deviation in mm.

and G, = Shape factors.

Total number of S. helicina /100 m3,
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TABLE 5

STATISTICAL PARAMETERS CALCULATED FROM SFIRATEILA RETROVERSA
DATA (MAY-NOVEMBER, 1969)

REGION A
Cruise I 11 ITT IV \'4 VI VII J
7/5 31/3 21/6} 15/7 | 30/7 |18/8 | 9/9 14/11
Date to to to to to to to
21/5 1&15 L/7 25/7 12/8 420/8 26/9 23/11
Para-
meter
T 10,10 ]12.80 | 2.60|240,50 | 33,30 112,80|7716,90} 457,20
M 1,01} 0.971] 0.89 0.40 0.56 0.56 0.43 0.57
S 0.42] 0,44} 0,37 0,30 0.21 0.24 0.19 0.23
G1 -0,12]| 0,94 0,37 7.30 0.83 0.56 1,50 0.37
G2 -1,20§-0,44 {-0.81| 16.80 0.00 | -0,74 2.40 -0.83
MD 0.45]| 0.65| 0.35 0.30 0.40 0.30 0.40 0,30
REGION
T 70,70 |36.30] 0.40 0.30 0.301}19.50 9.70] 152,40
M 0.54}1 0,701 0.55 0.66 0.75 0.48 o.4b4 0.90
S 0.24{ 0.35] 0,00 0.46 0.00 0.20 0.17 0. 36
Gq 3.80} 1,90} 1.00 0.47 0.00 1,98 1,10 0.00
G 17.90 3 50 |-2,00] -1,80 0.00 3.80 -0.46 -0.95
MB 0,.40] 0,50 ] 0.45 1,10 0.75 0.40 0.30 1.15
REGION
T 6.0 - - 1336.70 - - |5588,0019368,00
M 0,52 - - 0,74 - - 0.36 0.84
S 1 0,05 - - 0.21 - - 0.13 0.30
Gq -0,02 - - 0.31 - - 2.78 -0,20
Go -1.17 - - 0.06 - - 8.39 -0,.51
MD o.45( - - 0.70 - - 0. 30 0.90
REGION D
T - 9.901 2,30 - 53.00 - 3.2C 66.90
4 - 0.61}0.87 - 0.88 - 0.80 0.79
S - o.46| 0,80 - 0.31 - 0.10 0.26
01 - 2.5510.71 - -0.10 - -0,07 0.33
G2 - 5.78 -1.50 - -1,04 - -1,24 -0.56
MD - 0.401]1.90 - 1.15 - 0.80 0.65

= no collection was taken.

For symbol abbreviations, see Table 4,
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fluctuated in size between 0,44 and 0,75 mm,, except in

November where large concentrations of 0.90 mm., mean shell

diamter were recorded,

In the Magdalen Shallows, region C (1{ the only pro-
nounced population of S. helicina, found at station 22 in
May, had a mean shell diameter of 0,90 mm., In May, the

small concentration of S, retroversa had a 0.52 mm, diameter.

In July, however, larger sizes (0.74 mm,) appeared, while
in September large concentrations of small sizes were re-
ported (0.36 mm.,) followed by very large concentrations of

relatively large individuals (0.84 mm.) in Novembver,

In the Central Gulf, Region D(z). the few S, helicina
observed in June and July had comparatively large shell dia-

meters (0,80 - 1,30 mm,). S. retroversa, meanwhile, dis-

played slightly fluctuating sizes between 0,61 and 0,88 mm,
The relatively high concentrations of early August and

November had mean shell diameters of 0.88 mm, and 0.79 mm.,

respectively.

Pigures 9 and 10 show the variations in the mean shell

diameters of S. helicina and S. retroversa throughout the

study period. The limits of dispersion, expressed by the
corresponding standard deviation are also shovn for each mean
value,

(1) No collection was taken in the Magdalen Shallows area
for Cruises II, III, V and VI.

(2) No collection was taken in region D for Cruises I, IV and VI,
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Application of the Statistical Parameters

The foregoing description of the observed changes in

the size of Spiratella was based on the mean values of the

successive frequency distributions. 1In generzl, it is not
proper to rely on the mean value alone’to describe a par-
ticular observation, and other measuring parameters should
be used. A more comprehensive description of distributions
was achieved by determining the standard deviation "S" and

shape factors Gq and G, described in CHAPTER III and
APPENDIX I.

For the sake of illustration, the seasonal changes of

S. retroversa sizes in region C (Table 5) were chosen for

this purpose. 1In the firét cruise where the mean shell
diameter was 0,52 mn., the standard deviation S was 0,05,
This small value indicates remarkably little dispersion of
shell diameters about the mean, The considerably small
magnitude of Gy (0,02) denotes an almost perfect symmetry
about the 0,52 mm. mean diameter., PFurthermore, the negative
value of G, (-1.17) although not appreciably large, empha-

sizes the concentration of shell diameters about the mean.,

In the fourth cruise(llthe shell mean diameter was

0.74 mm. The moderate value of S (0.21), indicates a

(1)lio samples were collected from cruises II, III, V, VI,
from Region C.



W,

- 46 -

noticeable dispersion of results about the mean. The low
value of G4(0.31), shows symmetry of distribution. The
extremely small value of G,, together with G, implies the

normality of the observation.

In the seventh cruiseu% the mean shell diameter was
0.36 mm, The large positive value of G, indicates a quasi-
uniform distribution, yet confined to diameters closer in
value to the mean as indicated by the relatively small
standard deviation (0.13). Gq, being -2,78, denotes more

concentration of frequencies for diameters smaller than 0,36 mm,

In cruise J, the mean diameter was 0,84 mm, with more
deviation than exhibited previously (S=0.30). Both Gi and G,
have small magnitudes indicating that the distribution is

quasi-normal.

The above discussion may be applied to the rest of the

results of Tables 4 and 5.

The particular importance of the cumulative distribution
plot is illustrated in APPENDIX I, Figure 11 demonstrates
the applicability of this plot to the data of Table 5., It
was possible from the cumulative distributions, printed re-
sults of which are showvn in APPENDIX II, to derive information
about the concentration of specimen numbers in the various size

groups.

(1)No samples were collected from cruises 11, III, V, VI from
Region C.
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S. retroversa, the more common thecosome in the

Gulf of St., Lawrence, was classified into size groups,

These size groups were assigned in accordance with the

findings of Lebour (1932) who noted that S. retroversa

larva, with the two wings lappets developing from the sides

of the foot, measured 0,32 mm, shell diameter, and Hsizo

(1939 b) who related S. retroversa size to stagesof sexual

development as follows:

Group 1:

Group 2:

Group 33

Group L:

Group 5:

Specimens less than 0.60 mm, shell diameter;

the gonad is sexually undifferentiated.

Specimens of shell diameter between 0,60 and
0.85 mm,; the male reproductive cells are
developing.

Pure male gonad; sizes range from 0,85 to

1.1 mm, shell diameter.

Shell diameters of 1.2 to 1.8 mm,3s a2 high pro-
portion of these specimens are functioning males,
Among larger animals, the functional hermaphro-
ditic and functional female phases replace the
male phase.

Specimens more than 1.5 mm. in shell diameter;
proportion of female reproductive cells in the

ovotestis is greater than male cells,

Usingz the cumulative frequency distributions, percentage

concentrations of the above size groups are shown in Table 6
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TABLE 6 SIZE GROUPING OF THE POPULATION OF S. RETROVERSA, REGIONS A AND C

CABOT STRAIT (REGION A)

-617..

Total Percentage Concentrations
100
Date Cruise ';3 <§3 mm |s3-.6 mm |.6-.85 mm {,85-1,1 mm}1,2-1,8 mm| D5 mm
7/5-21/5 I 10,1 3.4 23,6 16,0 14,0 43,0 7.0
31/5-14/6 II 12,8 0.0 20,0 48,0 10,0 22,0 18,0
21/6-1& 7 III 2,6 0.0 30,0 21,0 28,0 21.0 6.0
15/7-25/7 IV 240,5 49,0 45,0 5.0 1.0 0.0 0.0
30/7-12/8 v 36.3 11.0 52,0 28,0 9.0 0.0 0.0
9/9-26/9 VII |7716.9 30.0 57.0 8.0 5.0 0.0 0.0
1k/11-23/11} J Ls?7,2 21,0 37.0 31,0 11.0 0.0 0.0
MAGDALEN SHALLOWS (REGION C)
7/5-21/5 I 6.5 2.0 98.0 0.0 0.0 0.0 0.0
15/7-25/7 IV 336.7 1.9 25.4 50.0 21,0 2.3 0.0
9/9-26/9 VII |5558.0 66.8 26,7 L,o 1.9 0.1 0.0
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for Cabot Strait and the Magdalen Shallows where S. retroversa

was found to be most abundant,

Hsiao (1939 b) measured the diameter of the largest
whorl of the shell excluding the protruding margin of the

shell opening, Therefore, S. retroversa shell measurements

given in the present study are approximately 15% larger,
because I measured the entire shell aperture, The conversion
was not calculated as the size classification is somewhat
arbitrary and the size differs slightly. Table 6 gives a
general idea of the relation between the percentage concen;

tration of S, retroversa and the corresponding stage of

sexual maturing in the Gulf of St. Lawrence,

Clione limacina in the Gulf of St. Lawrence

Population Density Distribution

Although relatively few specimens of Clione limacina
were collected in the present study, general remarks can
still be made about its ecology in the Gulf of St. Lawrence.
Table 7 shows the total numbers of Clione collected during

the study period,

Throughout the eight cruises, the largest populations
of C. limacina were found within the Esquiman Channel and in
Cabot Strait. Stations 7 and 8 (Fig. 1) on the west side of
the Esquiman Channel, yielded, on the average, more than 80,:
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TABLE

COMPARATIVE ABUNDANCE OF CLIONE LIMACINA, SPIRATELLA HELICINA
AND S. RETROVERSA (GULF OF ST. LAWRENCE, MAY - NOVEMBER, 1969)

Numbers per 100 m”> piratella
C.lim~-|S.hel- |S.ret- [Splra- =

Cruise | Stn. Date acina |icina |roversa|tella Llione
I1 3 |June 1 0.91 | 53.0 34.3 87.3 96.46
4 June 2 1,27 4it, 0 4,7 88.7 69.84
5 June 4 2,02 |311,0 112,7 423,7 209.75
7 |June 5 0,67 33.0 10.4 43,4 64,78
8 June 6 2,69 [263,0 2.7 265,7 98,40
9 |June 7 5.82 |428.7 64,41 493,1 84,73
12 | June 8. 0.51 10.5 1.1 11,6 22,75
III 7 June 24 1.26 |175.0 0.6 175.6 139,37
8 |June 25| 1,47 (148.0 1,0 149,0}) 101,36
Iv L JJuly 16 ] 3.64 | 15,0 385.7| 400.,7{ 110,08
8 [July 19} 2.51 | 37.0 0.0 37.0 14,74
22 |July 25} 1,60 0.0 73.8 73.8 46,13
v 4 JJuly 31| 1.81 5.0 ?7.8] 82.8] 45,75
VI 1 |Aug. 17} 1.56 6.0 239.9] 245.9 157.63
3 Aug, 19 2,36 0.0 75.0 75.0 31.78
VII 1 Sep, 2 95.24 0.0 {30101,6(30101.6 316,06
4L | sep. 2 3.70 0.0 401.3| 401.3| 108,46
J * Nov. 18 4,10 24,6 152.4 177.0 43,17

*# Station located in the Esquiman Channel close to
Station 8,
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of the total population of C. limacina in the Channel,
This agrees with the findings of Kerswill (1940), (. lima-

cina was especially abundant in the Esquiman Channel during

June and July, It was rare in August and September, but

increased in numbers by November, particularly along the

western coast of the Channel.

In Cabot Strait, the C. limacina population density
reached its peak between June and August at localities closer
to the Newfoundland coast, namely stations 3 and 4, (. lima-
cina was remarkably abundant late in September at station 1

on the west side of Cabot Strait.

Relation Between Cliope and Spiratella

Comparative information about the populations of Clione

and Spiratella in the Gulf of St. lawrence can be given,

Ratios of the population densities of Clione and Spiratella

at different localities of the Gulf have been computed.
Table 7 shows the comparative abundances of C., limacina, S,

helicina and S. retroversa at various stations and for succes-

sive cruises. The ratio between the Spiratella population

combined S. helicina and S. retroversa numbers and that of

Clione ranced between 14,7 and 316 with an average value of 98,

Two typical cases were chosen to illustrate pictorially

the comparative seasonal variations in the populations of C.

limacina, S. helicina and S. retroversa, Figures 12 and 13
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demonstrate the results obtained for station & of Cabot

Strait and station 8 of the Esquiman Channel, respectively.

Developmental stazes of Clione

An anatomical study was carried out in an attempt to

describe the various developmental stages of Clione limacina,

Since the nets used in collecting samples were not small enough
to collect shelled Clione veligers, they were not included in

this study.

C. limacina collected was classified into seven stages,

These classificationc were established in accordance with

the presence or absence of ciliary rings, the relative develop-
ment of the wings, and the relative physical extent of the
digestive gland which is known to be influenced by feeding
as well as by the total growth. Significant features of
each of the seven stages are presented below and are shown

in Fig. 14; recorded lengths of each stage are given in

Table 8.

Stage 1: The larva has three ciliary rings encircling
the head, the mid-body and the posterior end. The digestive
gland occupies the entire posterdo;the wings are short and

little developed. This stage averaged 0.58 mm, in length.

Stage 2: The larva has essentially the same features
as stage 1, but the wings are slizhtly more developed and the

body size is larger, average lenzth being 1,06 mm,
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Developmental stages of Clione limacina in the Gulf of
St. Lawrence.

ACR, anterior ciliary ring; MCR, mid-ciliary ring;
PCR, posterior ciliary ring; FL, foot lobe;
DG, digestive gland; W, wing; P,penis.

:] = 0.5 mm.
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TABLE 8

DEVELOPMENTAL STAGES OF CLIONE LIMACINA
IN THE GULF OF ST. LAWRENCE

Average Minimum Maximum
Stages ;ength Length pength
in mm, in mm, in mm,
1 0,58 0.4k 0.88
2 1,06 0.69 2.25
3 2,21 1,44 3.13
L 2,80 2.19 k,06
5 # 4,80 3.13 6.19
6 2.84 2,44 3.38
14 16.67 7.00 28,00

All specimens were collected on 18 November

from the most western station 8 of the
Esquiman Channel.
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Stage 3: The wings are well developed, The anterior
ciliary ring is rudimentary or has completely disappeared,
while the mid and posterior ciliary rings are stili present,
The digestive gland may still occupy most of the body or is
slichtly retracted as the body increases in length., The

average length of this stage is 2.21 mm,

Stage 4: The posterior ciliary ring is still retained
while the mid-ciliary ring is rudimentary or absent., The
anterior ring is completely absent. The posterior part of
the body clearly extends beyond the digestive gland. In
this stage the average length was 2.80 mm,

Stage 5: The posterior ciliary ring is still present,
but the gut lies entirely in the anterior half of the body.
An average length of 4.8 mm. was recorded for this stage.

It is worth mentioning that specimens of this stage were
collected from a single tow at station 8 of the Esquiman

Channel on Movember 18th,

Stage 6: All three ciliary rings are now entirely
absent, the wings are well developed and the penis was
everted at the right side in some specimens., An average

lenzth of 2,84 mm. was recorded for this stage.

Stage 7: This stage is represented by the adult. A
typical adult Clione has no ciliary rings, its wings are
well developed and the digestive gland occupies only the
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most anterior part of the body. The average length of
adults was 16.67 mm, All collected specimens of stage 7

were found to be mature males,

Since C. limacina is a protandric' hermaphrodite, a
fully mature specimen, in which the female accessory glands
are well developed, should be classified in a later stage
than number 7. However, no fully mature specimens were

obtained in the Gulf during this study.

Distribution Patterns of Clione Stages

The Esquiman Channel and Cabot Strait are the two main

areas vhere Clione limacina was recorded., In the Esquiman

Channel, C, limacina of stages 1, 2 and 3 appeared in June
accompanied by stage 7 individuals. Stage 7 became more
abundant in July. C. limacina of stages 1, 2 and 3 reappeared

in low abundance in November together with those of stage 5.

In Cabot Strait, larvae belonging to stages 1 and 2
were recorded between June and September, C. limacina of
staze 3, accompanied by those of stage 6, appeared in Sept-

ember with the latter being less abundant,

More complete information can be drawn from Table 9
in which the numbers and distribution of various stages are

given for different seasons.
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TABLE

POPULATION DISTRIBUTION, BY STAGES, OF CLIONE
LIMACINA IN THE GULF OF ST. LAWRENCE

N Number of Clione / 100 m3

Cruise|Stn.| Date |Stage{Stage Stage |Stage |Stage |Stage |Staze

1 2 3 L 5 6 7
I May o.o0l o.00| 0,00} 0,00} 0,00} 0,00} 0.00
II Z June 1} o0.00{ 0.33} 0.58}| 0,00} 0,00 0.00| 0,00
June 2| 0.00] 1.,03| 0,00 0.24{ 0,00{ 0,00f{ 0,00
"5 June 4} 1.01} o0,00{ 1,02} 0,00} 0,00 0.00| 0,00
7 June 5| 0,00{ 0,00} 0.00 0.,00{ 0,00{ 0,00| 0,67
8 lJune 6| 1.35] 1.35| 0.00| 0,00 0.00f 0,00] 0.00
9 June 7| 5.82} 0,00| 0.00 0,00{ 0,00{ 0,00f 0,00
12 | June 8} o.00| 0.00{ 0,00{ 0,00} 0,00 0.00] 0,51
111 | 7 lJun 24| 0.00| 1.26] 0.00] 0.00] 0.00] 0.00} 0.00
8 Jun 25| 1.47| 0.00| 0,00 0,00 0,00y 0,00f 0,00
Iv L Jul 16| 1.21| 2.43| 0,00 0,00} 0,00 0.00} 0,00
8 Jul 19} o.00} o0.,00| 0.00] 0,00 0,00} 0.00] 2,51
22 | Jul 25} 0,00} 0,00] 0.00 1.6 0,00 0,00} 0,00
v L Jul 31} 0,90} 0,90 0,00 0,00} 0,00{ 0,00( 0,00
VI 1 Aug 17] 0.00 1.56| o0.,00|] 0,00} 0,00{ 0,00 0.00
3 Aug 19) 0,00 2.36] 0,00} 0,00]| 0,00 0.00] 0,00
Vi1 1 Sep 23| 46.€8 29.,98114,18| 0,00| 0,00 4,391 0,00
L Sep 24| 3,70} 0.00 0.00{ 0,00{ 0,00{ 0,00} 0,00
J bd Nov 18{ 0,46} 0.,69] 0.23| 0.00 2,761 0,00} 0,00

# Station located in the Esquiman Channel close to Station
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CHAPTER V

DISCUSSION AND CONCIUSIONS

The present study deals only with oblique tows taken
from the bottom to the surface of the waters under investi-
gations., It was not possible, therefore, to derive infor-
mation on the depths at which the three pteropod species
may have existed., However, it is known from the literature

that the most prolific depth zone of Spiratella ranges from

20 m. to about 80 m., in the Gulf of Maine (Bigelow, 1926)

and to about 50 m, depth in northem European water (Paulsen,
1910). Data on temperature and salinity variations for the
20-80 m, depth zone in the Gulf of St. Lawrence were obtained

for the purpose of the following discussion.

Abundance of Spiratella Related to Znvironmental Factors

The results have shown a very high abundance of Spira-

tella helicina in the Esquiman Channel during May and June,

In May the temperature was found to vary along the water
column from -0,89 to 2,20° C, while in June it ranged between
-0.89 and 6.60° C. The corresponding water salinity was re-
ported between 30.45 and 32.40%¢. At Station 8 in the
Esquiman Channel, larze concentrations of S. helicina were

reported in September. The temperature and salinity ranged
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correspondingly from 0.12 to 5.60° C and from 30.55 to

32.#8360. respectively.

Temperature and salinity of the Magdalen Shallows

water during September. when Spiratella retroversa was

observed in large populations, ranged from 0,34 to 14,59° ¢C
and from 28,16 to 32.78360. respectively., The corresponding

values at Cabot Strait, where S. retroversa was again found

in comparatively large numbers, were from 1,2 to 13,97° C

and from 29.27 to 32,78%es respectively.

In conclusion, S. helicina in the Gulf of St, Lawrence
is found to inhabit waters of temperatures equal to, or close
to, those reported by Kramp (1961). The existence of S. heli-
cina in the relatively low salinity Gulf water, is in accord-
ance with the finding that it also inhabits the estuary water
of Hudson Bay (Kerswill, 1940). The temperature range in-

habited by S. retroversa in this stuady, is consistent with

that quoted in the literature. However, with regard to water
salinity, there is a contradiction between the published
values and those observed in the present study. Bary (1963)

stated that high S. retroversa populations usually wvere found

at salinities above 34.90%q. Chen and Bé (1964) indicated

that S. retroversa existed in abundance in water salinities

of 34.75 - 35.00%e. Bigelow (1926) found this euryhaline
species tolive in water of salinities rangingz from 31,06 to
36.00340. However, S, retroversa populations as high as
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30101 specimens per 100 m3 were reported in the Gulf of

St. Lawrence where the salinity ranged between 28,16 and

320 ?8°/°o.

Cooccurrence of Sgiratella helicina and Sgiratella retroversa

Previous work has indicated that Spiratella helicina

and Spiratella retroversa inhabit different, discrete, water

masses. Since both species were present in the Gulf of St,
Lawrence, the data were analyzed for joint occurrences of

the two species,

Table 3 shows the average seasonal populations of the
two species in the four main regions A, B, C, and D. Although
joint occurrences were frequent, the populations of the two
species were for the most part discrete except for populations
of comparatively low densities (less than 25 specimens per

100 m3 of water.)

It is worth mentioning that populations of S, retroversa

everywhere in the Gulf area were less dense than those of S,
helicina during lMay and June. However, between July and

November S. retroversa displayed larger populations mainly

in the waters of the Kazdalen Shallows(l) and Cabot Strait,
with particularly high concentrations during September and

November. This agrees with the findings of Kerswill (1940)

(1) No samples were collected from the liagdalen Shallows for
cruises I1I, III, V and VI,

e e e o i < imm
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who reported considerable abundance for S. retroversa
in the southern Gulf during the summer, while S. helicina,

at that time, was not present.

Breedingz of Spiratella in the Gulf

The distribution of the larval stages of Spiratella

indicated by shells of less than 0.3 mm, in diameter, was

examined. Larvae of S. retroversa were found abundantly

in both the Magdalen Shallows and Cabot Strait between July

and November with specially high concentrations in September,

Based on the results presented in Tables 5 and 6, more

adequate conclusions concerning breeding of S. retroversa
in the Gulf can be drawn. The very high population densi-

ties of S. retroversa in the Magdalen Shallows and Cabot

Strait can be attributed to one of two factors, perhaps to a
combination of both. First, it may be rightly postulated
that S. retroversa had invaded the Gulf via its inlet at

Cabot Strait where the water flows parallel to the coast
of Newfoundland., The anticlockwise movement of water within

the Gulf then could have carried S. retroversa to the Central

Gulf., The presence of the species in large numbers at station
L, amid the inflow to the Gulf, can be taken as adequate
evidence of the above hypothesis, previously presented by

Kerswill (1940).
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The second explanation, believed to be more feasible,

is prompted by the very hizh densities of S. retroversa

larvae in the lMagdalen Shallows, accompanied by specimens
of larger sizes (1.2 - 1,8 mm,) which are known to be
sexually mature animals (Table 6), It is possible that
breeding of S. retroversa took place in these areas late
in the summer., The drift observed along Cape Breton mizht

account for the presence of the large numbers of S. retroversa

larvae at Cabot Strait where they could have been conveyed

from the Magdalen Shallows.,

S. helicina was recorded mainly in the Esquiman Chan-
nel, in areas north of Anticosti, and in Cabot Strait, with
the larger population densities observed in the former region.
Small sizes of S. helicina (less than 0.45 mm, in diameter)
were found mainly in liay at the northerly located station 9
and during May, June and September at the western stations
of the Esquiman Channel. It is probable, therefore, that
these small individuals could have entered the Gulf throush
the Strait of Belle Isle, being conveyed by the cold labrador
coastal water., The fact that the inflow water from Eelle Isle
Strait continues westerly along the coast of Quebec may explain
the existence of S. helicina north of Anticosti Island.

S. helicina recorded in Cabot Strait, meanwhile, may have

entered with the water inflowv,
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Distribution Features of Clione

Clione limacina was found mainly in the Esquiman

Channel, rnorth of Anticosti Island, and in Cabot Strait.
More than 80% of Clione collected from the Eéquiman Chan-
nel were found in the locality of stations 7 and 8 on the -
western side of the Channel. This may be a direct result
of the inflow of the Labrador coastal water along the western
side of the Channel, while its continuation along the south
shore of Quebec may account for the specimens collected from

stations ¢ and 12 north of Anticosti Island.

Specimens of C, limacina collected from the Gulf com-
prised polytrochus larvae and juveniles in addition  to small
numbers of mature males, No fully mature Clione, having the
female zccessory zlands, were recorded in the Gulf., This
ﬁaghomenon. together with the distribution pattern, suggests
that C. limacina could have been conveyed into the Gulf by
the inflowinz currents through the Strait of Belle Isle and

Cabot Strait. It may also be concluded that no spawning

takes place in the Gulf waters, unless at a different time

of. year,

Relation between Clione and Sviratella

The frequent cooccurrence of Clione limacina and

Spiratellza is related to the fact that Spiratella represents
the exclusive prey of Clione (Ussinz, 1938; Lalli, 1967 and
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1970; liileikovsky, 1970). Distribution patterns of Clione

and Spiratella have been provided by the studies of Kerswill

(1940), Dunbar (1942), Kielhorn (1952), Kramp (1961), Vane
and Colebrook (1962), Chen and Bé (1964) and Glover and Rob-
inson (1966). .The latter gave special attention to the joint

occurrence of Clione and S, retroversa in the North Sea, re-

porting similarities in the periods of maximum and minimum
population size of the two species. They found that both
species were rare in the period from 1953 through 1966, but
that both species reappeared in relatively high numbers at

the end of this period.

Spiratella often has been reported to be more abundant

than Clione, a phenomenon which a2gain may be explained by the

fact that Spiratella is the prey of Clione. Williamson (1961)

studied the ropulations of both Spiratella and Clione in the

north-western North Sea between 1949 and 1959. The ratio
between the population densities of the two species varied

from 51,9 to 12,200 Spiratella to Clione with an average of

1,560, This ratio has been studied in the Gulf of St. Lawrence
and was found to range between 14.7 to 316.0 with an average

of 98,0,

Comparative Study of Clione Stages

Clione collected from the Gulf of St. Lawrence comprised
larvae, juveniles, and mature males. No fully mature speci-

mens were collected nor shelled velig~rs. Clione veligers,
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if present, were not collected because of the net mesh size,

C. limacina in the Gulf of St, Lawrence were classi-
fied into seven stages with regard to the chronological dis-
appearance of the ciliary rings, the development of wings and
the site occupied by the digestive gland. The following
comparisons were made between the résults obtained in this
study and the findings of Lebour (1931), who studied the

developmental stages of the southern variety of C. limacina

at Plymouth(England).

1. In the Gulf of St. Lawrence, the early larvae
(stage 1) had an average length of 0,58 mm,, while the
morphologically similar larvae of Plymouth waters had a

0.48 mm, average length.

2. In Plymouth, the Clioéne which were 0,9 mm, to 2.0 mm,
in length, had wings still developing and the anterior
ciliary ring had become gradually irregular. The wings pro-
jected well beyond the sides of the body at a total length
of 2,0 mm,, while the digestive gland lay at the level of
the mid-ciliary ring. C. limacina, stage 2 and 3, from the
Gulf of St., Lawrence showed a distinct resemblance to those
from Plymouth, with the exception that the digestive gland
occupied most of the body, and the length was between 1,06

and 2.21 mm,
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3. In the late stage 6, in which all the ciliary
rings had disappeared, the wings were well developed and
the penis was present, Clione in the Gulf had an average
length of 2.84 mm. The corresponding stage at Plymouth
attained a 2.8 mm. average length. C. limacina of the Gulf
had the digestive gland only slightly retracted toward the

anterior part of the body.

4, The largest specimen of Clione recorded in the
Gulf was 28 mm. long and was not fully mature, while those
at Plymouth had a length of 12 mm, and were fully mature.
I{ is not known, however, if Lebour made her measurements
on preserved or live specimens. HMore credence could be
given tp the above discussion had this information been
available, since Clione is knovn to contract upon rapid

fixation,

Two factors are known to influence the size of the
digestive gland, namely the process of feeding and the
growth rate of specimens. This fact may account for the
differences in size of the digestive gland between the

Clione of Plymouth and those of the Gulf.

The growth rate of Clione, as well as its level of
sexual maturity, is affected by the temperature regime,
This was made evident by Pelseneer (1887) who mentioned that

the arctic form of C, limacina lost the anterior ciliary ring
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at a length of 2 - 3 mm., while the mid-ciliary ring dis-
appeared at a size of 5.6 mm. Corresponding sizes of Clione
in the Gulf of St. Lawrence were 2,25 and 3.12 mm,, respect-
ively. Arctic specimens of 15 mm, long, found by Pelseneer,
retained their posterior ciliary ring, while the largest

similar specimen recorded in the Gulf was 6,19 mm, long.

Sugzestions for Future Work

Areas of study relating to the present work and re-

quiring further investigation include:

1. Extensive plankton sampling in the Magdalen Shallows
and the Central Gulf on a seasonal basis., These areas have

not been regularly sampled in the present vork,

2. The examination of plankton samples collected by
means of horizontal tows, in an attempt to correlate the dis-
tribution of pteropod species in respect to depth and water
masses,

3. The use of plankton nets with smaller mesh sizes
to collect the egg masses and early larval stages of pteropods.
This should yield more accurate information about breedinz of

the three pteropod species in the Gulf of St, Lawrence,
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SUMMARY

The distributions and relative abundances of three

pteropod species, Spiratella helicina, Spiratella

retroversa and Clione limacina, were studied in the

Gulf of St. Lawrence,

Plankton samples were collectea from 24 I,B,P. stations
located throughout the Gulf, The area was divided into
four geographical regions to generalize the conclusions
of the study.

Because the quantity of data obtained in the course of
this study was unusually large, an accurate statistical
analysis was developed using the digital computer,

The areas within the Gulf where S. retroversa was par-

ticularly abundant were Cabot Strait, Kagdalen Shallows

and the central Gulf, S. retroversa was relatively rare

during ilay and June and more abundant in July and August.
It acquired its maximum population density in September
and November.

The EZsquiman Channel and the area north of Anticosti
Island were the .: rezions of maximum concentration

of S. helicina., The population of S. helicina was
especially dense in June and jay.

S. helicina, less than 0.5 mm, shell diameter, were found

in the Esquiman Channel and north of Anticosti Island

durinz liay and September,
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Very high population densities of §. retroversa larvae,

accompanied by adults, were recorded in the Klagdalen

Shallows and Cabot Strait waters from July to November

.with a peak of abundance in September and November,

Specimens of C. limacina were classified morphologically
into seven developmental stages and the seasonal distri-
bution of these stages wasvstudied.

C., limacina was mainly recorded in waters of the Esquiman
Channel and in Cabot Strait. The early stages were
abundant in June and the last days of September, while

the larger stages were found in June, late in September
and in November,

The ranges of temperature and salinity, where S. helicina
was abundant, vere from -0,89 to 6.60° C and from 30,45 to
32.40%o0, respectively. Corresponding values for S. retro-
versa were 0,34 to 14.59° C and 28,16 to 32.78%e. These
figures vere compared with those quoted in the literature,

There was no evidence that S. helicina and S. retroversa

concurrently acquired larse and comparatively equal
abundances in this study. This phenomenon was compared
with published reports.

Cooccurrence of Clione and Spiratella was investigated
and compared with previous findings.

Sizes and general morphology of the different develop-
mentai stages of C. limacina in the Gulf were compared

with those collected from Plymouth waters.
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14, Distribution patterns of the larvae of both Clione and

Spiratella, together with the available water circulation

data, were used to interpret seasonal breeding within

the Gulf, It is suggested that S. retroversa spawns
within the Gulf, but that S. helicina and C. limacina
populations are maintained by recruitment from the in-

flow of Labrador coastal water,
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APPENDIX I

DETERMINATION OF STATISTICAL PARAMETERS

For a set of empirical data m; (i=1,2,...k); the
following parameters were established to attempt a more

adequate description of the data.

Mean and MNode

The Mean "I" and Mode "MD" are among the most common

measures of location of a set of observed data

M 8_%_ igl f3 my (1)
where m; = mid value of the ith interval in mm.
f; = frequency of the ith interval
T = .i fi = total population
i=1
MD = max (f,) (2)
Standard Deviation

The standard deviation is the most common measure of

dispersion and is given by

3
s =( £ onom-wfy 151 fi) (3)

1=
The larger the value S, the more dispersed are the shell

diameters.



()

- 80 -

The parameters G, and G2 were recommended to measure

the skewness and kurtosis of a distribution, respectively,

k 3 X . <3

and
k y , K . b

A positive value of Gy indicates a skewed distribution
to the left, while a negative G1 indicates skewness to the

right. A Gl value of zero denotes symmetry.

A positive G2 value indicates that the distribution is
of the platykurtic type, while a negative G2 indicates that it

is of the leptokuric type. A normal distribution would yield

a zero value for Gj.

The above parameters were used to describe more precisely

the variations of the Spiratella shell diameters for various

localities and seasons.,

Cumulative Distributions

The probability that the variable m; is less than or
equal to a certain value m is referred to as the cumulative
probability with a variate m . This meaﬁs of representing a
frequency distribution yields the normalization of the ordinates

(frequencies) of the data. That is to say, frequencies are
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plotted as percentages of the total number (T). The cumu-

lative distribution usually is plotted on a special graph
paper (normal graph paper), as in Fig., 11. The plot will

be linear if the distribution is exactly normal.
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APPENDIX 1II

CONMPUTER PROGRAIMS

The three computer subroutines used for data analysis
(CHAPTER III) are presented in this appendix, The programs
are in FORTRAN IV language, G level, suitable for use on

IBM 360 series computers,
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SUBROUTINE WEZZAH (F1,F2,721,22,F)

THE SUBROUTINE FORMS DNE (NDRMALIZED) UISTRIBUTION FROM THE
DISTRIBUTIONS OF TwO INDEPENDENT SAMPLES

THE FIRST TWO ENTERIES OF THE VECTORS Fl,F2, AND F ARE THEIR
LOWER AND UPPER BOUMNDERIES RESPECTIVELY
NOTE: F1 AND F2 SHOULD HAVE ONE TO ONE CORRESPONDENCE

DIMENSION Fl(1),F2(1),F(8B0)
DIMENSION X1(80),X2(80)
DO 2 1=1,80
F(1)=0.0
CALCULATE THE NO OF INTERVALS
N=((F1(2)-F1(1))/0.05)+0,2
COMPUTE THE TOTALS
Tl1=0.0
T2=0,0
00 1 L=1,N
I=L+2
Tl=T1+F1l(1)
T2=T2+F2(])
CONTINUE
WRITE (6,20) Tl,T2
FORMAT (' T1',2F10.3)
DD 6 L=1,N
I=L+2
X1(I)=Fl(1)*21/T1
X2(1)=F2(1)%22/T2
IF (X1(1) .GE. X2(1)) F(I)= X1(1)
IF (X1(I) JLE. X2(1)) F(I)=Xx2(])
F(1)=sF1l(1l)
F(2)=F1(2)
N=N+2
WRITE (6510) (F(]I),I=1,N)
FORMAT (' F',6F9,.3)
CALL D(FA)
RETURM
END
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CSTART) |
1 .
\ READ
Zyand Z9

‘ READ
Fyand F2]
1

Fay=F,(
F(2)= F2(2)

Calcuiafe N
CYCLE=0

Calculate

Ty & T2 . g

X](‘)= Fl(‘)'i':-
Xat2)= Fa" 5

CYCLE
CYCLE+41

Pig. 15.

Subroutine (WEZZAH)
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SUBROUTINE SOHEIR (F1,F2,F)
THE SURRDUTINE SUMS UP TWO INDEPENDENT DISTRIBUTIONS F1 AND F2

TO FORM A UNIQUE DISTRBUTION F

THE FIRST TWO ENTERIES OF THE VECTORS F1,F2 OR F ARE THEIR LOWER
AND UFPER BOUNDERIES RESPECTIVELY

DIMENSION F1(1)sF2(1)sF(1),X(80),Y(8B0)
DO 4 1=1,80

F(I)=0.0 :

Al=F1(1)

A=Al

A2=F2(1)

Bl=F1(2)

B=B1l

B2=F2(2)
Nl=((F1(2)=-F1(1))/.05)+0.2
N2=((F2(2)=-F2(1))/.05)+0.2
IF (A2 .LT. Al) A=A2

IF (B2 .GT., Bl) B=B2
N=((B=A)/.05)+,2

KA=ABS(( Al-A2)/.,05)+.2
KB=ABS(( B1-B2)/.,05)+.2

00 1 J=1»N

1F (Al .LE. A2) GO 7O 2

IF (J .LE. KA) GO 70 5
X(J)sFl(2+J=KA)
Y(J)=2F2(2+J)

IF (J GT. N2) Y(J)=0.0

IF (J .GT. (N1+KA)) X(J)=0,0
GO 70 3

X{J)=0.

Y(J)=F2(2+J)

GO TO 3

IF (J LE. KA) GD TO 6
Y(J)=sF2(2+J-KA)
X(J)sF1(J+2)

IF(J.GT. N1) X(J)=0.0

IF (J .GT. (N2+KA)) Y(J)=0,0
GO 70 3

Y(J)S0.0

X(J)=sF1(2+J)
F(2+4J)=X(J)+Y ()

CONTINUE

F(1)sA

F(2)=E

N=N+2

WRITE (6,10) (F(1),1I=1,N)
FORMAT (' F 156F 9.3)

RE TURN

END
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Calculote
N

Pig. 16, Subroutine (SOHEIR)
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SUBROUTINE ANIS(F)

THIS SUBROUTINE COMPUTES »FOR A GIVEN DISTRIBUTION,THE FOLLOWING:
T=TOTAL POPULATIDN » A=THE MEAN » S=THE STANDARD DEVIATION ,
G1=MEASURE OF SKEWNESS » G2=MEASURE OF KURTOSIS , AMDDE=MODE
CF=GENERAVED CUMULATIVE DISTRIBUTION

% 3k 3 ok s 3 sk o e e oic e ok sk e e 2k e e ok kA 0 e ok o o a3k e o afk ok o ok ke ke ok

* *
%* ANALYS]IS PREPARED BY %*
%* SOHEIR EL-~NAHAS %
* %

s e o s e s e o s ok o b o o e o s o s e o o o o o e o ke o o ofe s e o ke oe e s ke ok

DIMENSION F(1),CF(80)
COMPUTE THE NUMBER OF INTERVALS
N=((F(2)=F(1))/.05)+0.2
CALCULATE THE TOTAL
T=0.0
00 7 I=1,N
T=T+F(I+2)

FIRST MOMENT

M=N+2

A=0.0

D0 2 I=1,N

Fl=1

L=l+2
A=A+F(L)*(F(1)+(FI-0,5)%0,05)
A=A/T

SECOND MOMENT

v=0,0

DO 3 I=1,N

Fl1=1

L=1+2
VeV4F(L)R((F(L1)+(F1=0,5)%0,05-A) ) %%2
S=ESORT(V/T)

Gl FROM THE THIRD MOMENT

AMB‘0.0

DO 4 I=1,N

Fl=1

L=l+2
AMI=AMI+F(L)I®(F(1)+(FI-0,5)%0.,05~A)%%3
Gl=(AM3/T)/(S*%3)

G2 FROM THE FOURTH MOMENT
AM4=0.0

D0 5 I=1,N
Flsl
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L=142

AMG=AMG+F(LI*(F(1)+(F1-0,5)%0.05-A) **4

G2=((AM4/T)/(S%%4))~-3.0

GENERATE THE CUMULATIVE DISTRIBUTION

Y=0,.0

D0 8 1=1,N
Y=Y+F(1+42)
CF(1)=(Y/T)*100.

DETERMINE THE MODE
BIG =0.0
00 9 I=1,N
L=1+2 :
IF (F(L) .GE, BIG) GO 7O 11
60O 10 9
BIG =F(])
11=1
CONTINUE
L=11-2
FF=L :
AMODE =F(1)+(FF-0.5)%0,05
NT=T

PRINT RESULTS

WRITE (6510) NT,A»S»Gl,G2» AMODE :
FORMAT (' ', 'TOTAL=1',16s"'" LMEAN=',F7.3,! 2STANDARD DEVIATIONat,

\F7.3/! Gl=',FB8.4," 62=',FB8,4,"'

WRITE (6,20) (CF(1)sI=1,N)

FORMAT (' CUMULATIVE FREQUENCY

WRITE (6,30) SS

FORMAT (' START AT THE VALUE
RETURN

END

'»F7.3)

MODE=',F7,.,3/)

'»6F8.3)
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EXCERPTS OF COMPUTER RESULTS

In the following pages, selected results, printed by
digifal computer, are shown. The results comprise the
cumulative frequency distributions of S, helicina and S.

retroversa within various regions and during different

cruises, All class intervals are 0,05 mm, with the first
frequency value corresponding to a shell diameter indicated

by the signal "START AT THE VALUE" in mm,
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ECXERPTS OF COMPUTER RESULTS

Spiratella helicina

R.égion A .
cruise |

CUMULATIVE FREQUENCY 6,436 12,209 14,153 14,153 25,174 35,531
CUMULATIVE FREQUENCY 43,974 49,746 49,746 61,353 71,046 74,935
CUMULATIVE FREQUENCY B4,566 84,566 90,338 92,283 100.000

START AT THE VALUE 0¢450 .

cruise |l
CUMULATIVE FREQUENCY 0,135 0,673 1,481 3,743 3.743 6,151
CUMULATIVE FREQUENCY 8,459 12.814 15,436 15,436 17,035 26,747

MULATIVE FREQUENCY 44,082 45,626 45,626 464501 464715 49,242
EBMULATIVE FREQUENCY 50,362 50¢362 67,842 69,097 77,918 94,625
CUMULATIVE FREQUENCY 94,625 944824 95,809 96,111 964557 96,557
CUMULATIVE FRECUENCY 96,952 97,627 97.988 98,263 98,263 98,355
CUMULATIVE FREQUENCY 98,615 98,615 98,835 984835 99,153 99.336
CUMULATIVE FREQUENCY 99,470 99,605 99,605 99,605 99.605 99,605
CUMULATIVE FRZQUENCY 99,865 99,865 99.:865 99,865 99.865 99,865

CUMULATIVE FREQUENCY 99,865 100,000
START AT THE VALUE 0:400

cruise |l

CUMULATIVE FREQUENCY 44283 36779 45.346 66.762 T74.529 7T4.529
CUHULATIVE FREQJENCY 79.383 79.383 79.383 79.383 79.383 79.383
CUMULATIVE FREQUENCY 79.383 79.383 79.383 83.667 87.950 B87.950
CUMULATIVE FRECUENCY 87.950 87.950 87.950 92.233 97.087 97.087
CUMULATIVE FREQUENCY 97.087 97.087 97.087 97.087 97.087 97.087

97.087

FRECUENCY 97.087 97.087 97.087
CUMULATIVE FREQUEMCY  97.087 97.087 104.854
START AT THE VALUE  0.5%0




CUMULATIVE FREQUENCY
CUMULATIVE FREQUENCY
CUMULATIVE FREGUJENCY
CUMULATIVE FREQUENCY
CUMULATIVE FREWUENCY
CUMULATIVE FREGIJENCY
CUMULATIVE FREQUENCY
CUMULATIVE FREQUENCY
CUMULATIVE FREQUENCY
CUMULATIVE FREAQUENCY
START AT THE VALUE

CUMULATIVE FREQUENCY
CUMULATIVE FREQUENCY

CUHULATIVE FREGQUENCY .

CUMULATIVE FREQUENCY
CUMULATIVE FREQUENCY
START AT THE VALUE

CUMULATIVE FREQUENCY
CUMULATIVE FREQJENCY
CUMULATIVE FREQUENCY
START AT THE VALUE

CUMULATIVE FREQUENCY
CUMULATIVE FREGUENCY
CUMULATIVE FRECJENCY
CUMULATIVE FREQUENCY
CUMULATIVE FRECUENCY
START AT THE VALUE
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cruise |V

10.484 10.484
11.559 12.800
51.684 66.315
75.063 75.083
76.303 76.923
76.923 76.923
77.544 78.784
99.510 100.130
101.371 101.371
101.371 101.371
0.250

cruise V

T«701  34.654
54,511 54.511
82.302 82.302
88.366 B88.366
92,822 96.040
0.250

cruise VI

23.485 23.485
62.121 73.864
107.576

0.300

cruise VIl

25.000 25.000

75.000 75.000

100.000 100.000

100.000 100.000

100.000 100.000
0.500

10.484
43.390
66.315
75.683
76.923
76.923
78.784
100.130
101.371
101.371

46.205
58.361
85.520
88.366
96.040

35.227
73.864

25.000
75.000
100.000
102.000
150.000

10.484
44.630
67.390
76.303
76.923
77.544
98.890
100.130
101.371
101.991

46.205
65.058
85.520
88.366
96.040

46.970
89.015

25.000
75.000
100.000
100.000

10.484
45.251
70.916
76.303
76.923
77.544

98.890.

100.130
101.371

50.055
78.452
85.520
88.366
96.040

46.970
95.833

25.000

10.484
51.063
72.1517
76.303
76.923
T77.544
98.890
101.371
101.371

50.055
82.302
85.520
88.366
104.950

62.121
95.833

25.000

.100.000 100.000
100.000 100.000
100.000 100.000
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Region B
cruise |

CUMULATIVE FREQUENCY 57647 61,961 77,647 77,647 84,706 89,020
CUMULATIVE FREQUENCY 914373 94,902 94,902 95,687 97,255 97,647
CUMULATIVE FREQUENCY 98,432 98,432 99,216 99,216 99,216 99,608
CUMULATIVE FREQUENCY 99,608 99,608 100,000

START AT THE VALUE 04450

cruise ||

CUMULATIVE FREQUENCY 0.0 0.0 0.0 0.252 1,492 10,507
CUMULATIVE FREQUENCY 10,507 24,640 41,653 57,880 67.460 67,460
CUMULATIVE FREQUENCY 75,511 81,184 84,898 884610 90,068 92,564
CUMULATIVE FREQUENCY 94,906 95,696 97:032 97.032 97.666 97,994
CUMULATIVE FREQUENCY 98,208 98,272 984272 98,747 99.016 99,048
" CUMULATIVE FREQUENCY 99,499 99,499 99,599 99,686 99.718 99,718
CUMULATIVE FREQUENCY 99,718 99,718 99,718 99,718 99,786 99,786
) 99,7806 99,786 99,786 99,785
“WLATIVE FREQUENCY 99 786 99.8‘8 99.818 99, 818 99 8138 99, 818
CUMULATIVE FREQUENCY 99,818 99,818 100.000 - - St
START AT THE VALUE 0:300

cruise Il |
CUMULATIVE FREQUENCY 0.319 0.319 1.011 2.713  4.521 11.257
CUMULATIVE FREDJENCY 184769 27.735 384740 47.517 57.776 63.629

CUMULATIVE FREWJERNCY 70.093 75.097 78.536 80.823 83.674 85.192
CUMULATIVE FREGUENCY 87.593 B88.410 B9.815 9]1.253 92.410 92.918
CUMULATIVE FREWJENCY 94.662 94.94]1 95.592 96.545 97.144 97.430
CUMULATIVE FREUENCY 97.430 97.743 97.923 98.070 98.383 98.530
CUMULATIVE FREQUENCY 98.859 99.032 99.264 99.697 99.697 99.697
CUMULATVE FREQUEMCY 99.697 99.697 99.844 99.844 99.844 99.844

CUMULATIVE FREQUENCY 100.176
START AT THE VALUE 0.200



CUMULATIVE
CUMULATIVE
CUMULATIVE
CUMULATIVE
CUMULATIVE
CUMULATIVE
CUMULATIVE
CUMULATIVE
CUMULATIVE
CUMULATIVE
CUMULATIVE

FREQUENCY
FREQUENCY
FREQUENCY
FREQUJENCY
FREQUENCY
FREQUENCY
FREQUENCY
FREQUENMCY
FREGUENCY
FREQUENCY
FREQUENCY

START AT THE VALUE
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CUMULATIVE FREQUENCY
CUMULATIVE FREQUENCY
CUMULATIVE FREGUENCY

START AT THE VALUE

CUMULATIVE FREQUENCY
CUMULATIVE FRECUENCY
CUMULATIVE FREQUENMNCY

_START AT THE VALUE

CUMULATIVE FREQUENCY
CUMULATIVE FREQUENCY
STARY AT THE VALUE

cruise IV
2.744 2.744  2.T44
25.135 25.135 36.533
78.411 83.496 92.031
95.584 95,584 95.%584
96.129 96.129 97.854
97.854 97.854. 97.85¢4
97.854 97.854 97.854
97.854 97.854 97.854
97.854 97.854 97.854
98.524 9B8.524 99.195
99.195 99.195 99.195

0.250

cruise VY
4.701 4.701 _ 4.701
14.103 25.214 39.744

95.726 100.000 104.273

0.300

8.889

cruise V]|

8.889

77.778

98.889 98.889 98.889

100.000
0.300
cruise J
9.091 36.364 36.364

0.250

6.110
55.884
93.121
96.129
97.854
97.854
97.854
97.854
97.854
99.195
99.195

4.701
52.564

88.889
98.889

36.364

72.727 72.727 90.909 100.000

9.518
67.647
95.039
96.129
97.854
97.854
97.854
97.854
97.85¢4
99.195

100.878

4.701
78.632

95.556
98.889

36.364

16.485
78,411
95.039
96.129
97.854
97.854
97.854
97.854
97.854
99.195

14.103
78.632

98.889
98.887

36.364
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Spiratella retroversa

START AT THE VALUE

CUMULATIVE FREQUENCY
CUMULATIVE FREQUENCY
CUMULATIVE FREGUENCY
CUMULATIVE FREGUENCY
START AT THE VALUE
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Region A
: cruise |
CUMULATIVE FREQUENCY 3.409 3.409 5.806
CUMULATIVE FREQUENCY 27:182 32.709 32.709
CUMULATIVE FREQUENCY 42,198 42.198 45.883
CUMULATIVE FREQUENCY 57.490 66.700 7T4.623
CUMULATIVE FREQUENCY 92.907 94.749 94.749
CUMULATIVE FREQUENCY 98,295 98.295 100.000
START AT THE VALUE  0.300
cruise |V
"CUMULATIVE FREQUENCY 1.066 16.688 48.801
CUMULATIVE FREQUENCY 92,701 93.984 94,018
CUMULATIVE FREQUENCY 98.371 98.405 9B8.458
CUMULATIVE FREQUENCY 98,753 98.860 98.860
CUMULATIVE FREQUENCY 98.934 98.934 98.934
CUMULATIVE FREGQUENCY 98,934 98.934 98.934
CUMULATIVE FREQUENCY 98,934 98.934 98.934
CUMULATIVE FREQUENCY 98.934 98.934 98.934
CUMULATIVE FREQUENCY 98.934 98.934 98.934
CUMULATIVE FREQUENCY 98,934 98.934 100.000
START AT THE VALUE  0.200
cruise V

CUMULATIVE FREQUENCY 0.679 11.356 11.356
CUMULATIVE FREQUENCY 63.470 63.470 69.827
CUMULATIVE FREQUENCY 89.768 91.384 94,778
CUMULAI IVE FREGWUENCY 99,321 99.321 100.000

0.250

cruise Vi

22.621 29.551
59.133 65.092
92.901 95.661

100.000

1.732
59.133
86,433
99.307

0.250.

17.555
34,413
49.567
T4.623
96.453

50.933
95.501
98.686
98.934
98.934
98.934
98.934
98.934
98.934

32.622
76..396
97.285

39.546
71.022
96.605

21.656
36.118
49.567
83.834
98.295

74.357
95.936
98.719
98.934
98.934
98.934
98.934
98.924
98.934

47.019
83.659
99.321

46.478
77.555
98.174

27.182
36.118
55.093
91.202
98.295

87.171
97.198
98.719
58.924
98.934
98.934
98.934
98.93¢
98.934

54,288
89.758
99.321

51.854
86.433
98.174
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CUMULATIVE FREQUENCY
CUMULATIVE FREQUENCY
CUMULATIVE FREQUENCY
CUMULATIVE FREQUENCY
CUMULATIVE FREQUENCY
START AT THE VALUE

CUMULATIVE FREQUENCY
CUMULATIVE FREQUENCY
CUMULATIVE FREQUEMCY
CUMULATIVE FREQUENCY
START AT THE VALUE
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cruise VIl

"1.191

78.813 84.908
91.005 94.691
99.736 99.893
99.996 100.000
0.150
cruise J
0.952 6.667
48.572 58.095
88.571 88,571
99,048 100,000
0.200

3.574

28.653
86.170
94.691
99.899

20.952
58.095
92.381

29.617
86.953
95.973
99.980

20.952
63.810
95.238

29.617
88.350
96.070
99.994

31.429
67.619
96.190

60.801
89.701
97.320
69.966

41.90¢
76.19]
99.04¢

« L
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Region B

cruise |
CUMULATIVE FREQUENCY 34.286 51.429 T1.429 81.429 B81.429 85.714
CUMULATIVE FREQUENCY 90.000 -91.429 91.429 91.429 94.286 95.714
CUMULATIVE FREGQUENCY 95.714 97.143 97.143 97.143 97.143 98,571
CUMULATIVE FREQUENCY 98,571 ©9B8.571 98.571 98.571 98.571 98.571
CUMULATIVE FREQUENCY 98,571 98.571 98.571 98.571 98.571 98.571
CUMULATIVE FREQUENCY 98.571 98.571 100.000
START AT THE VALUE  0.400

cruise || i

h o ll3 5ele3 YealZl 19.848 3061354 @)l .3440
{UUAT IVE FREQUENCY 52.831 63.668 69.511 77.868 B80.799 80.799

CUMULATIVE FREQUENCY 86.145 B89.699 89.699 89.699 £9.699 90.581
CUMULATIVE FREQUENCY 90.581 91.059 91.535 91.535 93.537 93,537
CUMULATiVE FREQUENCY 93,537 94.015 94.0l5 94.419 97.858 98.336
CUMULATIVE FREQUENCY 98.336 98.336 98.740 100.000
START AT THE VALUE  0.300

cruise |||
CUMULATIVE FREQUENCY  100.000
START AT THE VALUE 0,550 -

cruise IV
CUMULATIVE FREQUENCY 61.538 61.538 61,538 61.538 61.538 61.538
CUMULATIVE FREQUENCY 61.538 61.538 61.538 61.538 61.538 61.538
CUMULATIVE FREQUENCY 61.538 61.538 61.538 61.538 61.538 61.538
CUMULATIVE FREQUENCY 61.538 100.000
START AT THE VALUE 0.250

crvise Vi
CUMULATIVE FREQUENCY 3.934 25.527 25.527 43,173 66.527 74.396
CUMULATIVE FREQUENCY 90.132 90.132 91.643 91.643 91.643 9].643
CUMULATIVE FREQUENCY 91.643 91.663 91.643 94.600 97.300 97.300

CUMULATIVE FREQUENCY
START AT THE VALUE

100.000
0.250
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CUMULATIVE FREQUENCY
CUMULATIVE FREQUENCY
START AT THE VALUE

CUMULATIVE
CUMULATIVE
CUMULATIVE
CUMULATIVE
CUMULATIVE
CUMULATIVE

FREQUENCY
FREQUENCY
FREQUENCY
FREQUENCY
FREQUENCY
FREQUENCY

START AT THE VALUE

- 97 -

cruise Vil

42.228 42.228 73.899
78,692 78.692 B84.650
0.300

cruise J

1.099 5.495 5.495
26,374 26.374 31.868
45.055 45.055 52.747
69.231 78.022 89.011
97.802 957.802 98.901
98.901 98.901 1C00.000

0.250

73.899
95.207

10.989
38.462
56.044
90.110
38.901

73.899
100.000

15.385
40.659
61.538
90.110
98.901

78.692

20.879
45.055
61.538
96.703
98.9901



——

"‘"*“""'" - ‘

- 98 -

Region C

CUMULATIVE FREQUENCY
START AT THE VALUE

CUMULATIVE FREQUENCY
CUMULATIVE FREQUENCY
CUMULATIVE FREQUENCY

‘CUMULATIVE FREQUENCY

CUMULATIVE FREQUENCY

START AT THE VALUE

CUMULATIVE FREQUENCY
CUMULATIVE FREQUENCY
CUMULATIVE FREQUENCY
CUMULATIVE FREQUENCY
START AT THE VALUE

CUMULATIVE FREQUENCY
CUMULATIVE FREOQUENCY
CUMULATIVE FREQUENCY
CUMULATIVE FREQUENCY
CUMULATIVE FREQUENCY
START AT THE VALUE

cruise |

27,404 50,437 88,483 100,000

0:450

cruise lV

0.693 1.505 1.985
20.727 27.095 27.296

74.215 74.215 78.345

95.336 96.139 97.684
99.735 100.000
0.200

. cruise VI

4.844 66.813 66.813
93,558 93.558 94.118
98.010 99.276 99.609

100.000 100.000 100,000
0.250

cruise J

2.307 7.151 7.151
21.870 21.870 23.987
45,281 54.906 63.179
86,287 89.644 94.310
98.834 98.904 98.904

0.250

v e o @ en

1.985
34.863
84.712
99.242

86.317
95.757
99.798

14,186
31.862
T72.413
98.692
98,904

3.407
45.203
90.542
99.735

89.992
97.479
99.909

18.799
37.394
80.552
98.692
100.000

4.927
60.149
93.657
99.735

93,230
98,010
99,909

21.292
45.281
80.552
98.763
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Region D ,
g cruise ll

CUMULATIVE FREQUENCY 7,127 14254 144254 46.437 60.690 67.817
CUMULATIVE FREQUENCY 67.817 67.817 6T7.817 B85.746 -85.746 85,746
CUMULATIVE FREGUENCY 85.746 B5.746 92.873 92,873 92.873 92.873
CUMULATIVE FREQUENCY 92.873 92.873 92.873 ©2.873 92.873 92.873
CUMULATIVE FREQUENCY 92.873 92.873 92.873 92.873 92.873 92.873
CUMULATIVE FREQUENCY 92.873 92.873 92.873 92.873 92.873 92.873
CUMULATIVE FREQUENCY 92.873 92.873 100.000
START AT THE VALUE  0.250

cruise |l
CUMULATIVE FREQUENCY. 66,667 66.667 66.667 66,667 66.667 66.667
CUMULATIVE FREQUENCY 66,667 66.667 66.667 66.667 66.667 66.667
CUMULATIVE FREQUENCY 66.667 66,667 66.667 66,667 66.667 66,667
CUMULATIVE FREGUENCY 66,667 66.667 66:667 66,667 66.667 66,667
CUMULATIVE FREQUENCY 66,667 66.667 66.667 66,667 66.667 66,667
CUMULATIVE FREQUENCY 66.667 66.667 66,667 66.667 100.000
START AT THE VALUE  0.300

cruise V.
CUMULATIVE FREQUENCY 3.537 3,537 11.142 14.889 18.209 21.643
CUMULATIVE FREQUENCY 21.643 29.623 34.071 42.0658 47.231 47.231}
CUMULATIVE FREQUENCY 52,003 55.627 61.874 71.010 71.010 77.585
CUMULATIVE FREQUENCY 86.983 92.696 93.734 93.734 96.867 100.000
START AT THE VALUE  0.300

cruise VII
CUMULATIVE FREQUENCY 21,094 21.094 42.188 63.281 63.281 B84.375
CUMULATIVE FRECUENCY  100.000
START AT THE VALUE 0.650

cruise J
CUMULATIVE FREQUENCY 0.572 3.816 3.816 3.8l16 7.646 14.329
CUMULATIVE FREQUENCY 25,422 25.422 35.669 47.067 56.613 65.699
CUMULATIVE FREQUENCY 65.499 67.582 73.6428 77.190 85.579 B85.579
CUMULATIVE FREQJUENCY 91.394 94,031 97.563 98.688 98.688 99,260
CUMULATIVE FREQUENCY  100.000 :
START AT THE VALUE 0250



