
• 

PTEROPODS IN THE GULF OF ST. LAWRENCE 

MAY TO NOVEMBER, 1969 

.-........ ---



·a 

· ., . 

DISTRIBUTION Ar~D ADUNDANCE OF 

PTEROPODS IN THE GULF OF ST. LA\'IRENCE 
FROM MAY TO NOVEr.~BER, 1969 

by 

SOMBIR lot. EL-NAHAS, B.Sc. (Alexandria) 

Dipl. of Oceanog. (Alexandria) 



DISTRIBUTION AND ABUNDANCE OF 

PTEROPODS IN THE GULF OF ST. LAWRENCE 

FROM MAY TO NOVEMBER, 1969 

by 

SOHEIR M. EL-NAHAS, B.Sc. (Alexandria) 
Dipl. of Oceanog. (Alexandria) 

A thesis submitted to the Faculty of Graduate 
Studies and Hesearch in partial fulfilment of 

the requirements for the degree of 
Master of Science 

Marine Sciences Centre 
McGil! University 
Montreal, Quebec. 

June 1971 



o 

SOHEIR EL-~ X.Sc. Marine Sciences 

ABSTRACT 

A study is made of the distribution patterns and 

population àensities of Spiratella helicina, Spiratella 

retroversa and Clione limacina in the Gulf of st. Law-

rence. Sarnples collected from 24 International Biolo

gical Prograrr~e (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 Sniratella are com-

puted us!ng descriptive statistics with particu-

lar attention given to stochastic shape factors and the 

correspondin~ cumulative frequency distributions. The 

variations in size together with the distribution pat

terns of pteropods are related to the water circulation 

in the Gul! to interpret breeding aspects. Co-occurrence 

of the predator. Clione. and its prey, Sniratella. is 

studied. The developmental stages of Clione and their 

distribution features in the Gulf of St. Lawrence are 

investigated. 
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CHAPTER l 

INTRODUCTION 

Thecosomes and gymnosomes, commonly known as pteropods, 

form two distinct orders of holoplanktonic opisthobranch 

molluscs. Pteropods found in the Gulf of st. Lavœence 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 Sniratella helicina (Phipps), Spiratella retro

versa (Fleming) and Cltone 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 

Gulf of St. Lavœence represents a marginal sea of the north 

Atlantic, with considerable water exchange between these two 

bodies of \'Iater. 

~. helicina has been described as an arctic or arctic

bore al species. Oâhner (1907), Jespersen (1927), Kerswill 

(1940), Dunbar (19~2) and fxamp (1961) aIl reported that 

s. helicina commonly occurs in west Greenland v~ters. It is -
cOlDt1on also in Baffin Bay and is particularly abundant in the 
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co1d waters of Jones Sound and off Lancaster Sound (YJamp, 

1961). This species is variable in abundance insouthern 

Green1and waters (Kramp, 1961) and Vias observed during the 

summers of 1939 and 1940 a10ng the eastern Canadian coast 

between Hebron in Labrador and Clyde River in the northern 

part of Baffin Island (Dunbar, 1942). It was recorded a1so 

in the Labrador Sea (Kie1horn, 1952). Kerswi11 (1940) noted 

remarkab1y large numbers of §. he1icina in Hudson Bay and 

Strait, and sma11er populations souther1y towards Cape Sable. 

§. retroversa was c1assified by Vane (1961), Bary (1963) 

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

Chen and Bé, however, considered §. retroversa a sub-arctlc 

species, while Bary included it in his warm-transitional

neritic zooplankton group. §. retroversa has been recorded 

along the Canadian Atlantic coast from the Strait of Belle 

Isle to Cape Sable. Large populations of §. retroversa have 

been recorded in the Gulf of st. Lavœence especially in the 

SUJm:1er (Kerswill, 19,,"0). It was observed also in the Gulf 

of Maine by Bige10w (1926), Redfie1d (1939) and Hsiao (1939, 

a & b). §. retroversa was reported also in the North Sea by 

Glover and Robinson (1966). Despite the fact that §. retro

versa Is not usua1ly found at high latitudes, it occasionally 

was recorded \'lest of Greenland at 6,,-0 N and penetrating up 

to 700 ;: in the North Sea (Kramp, 1961). It has been reported 

as far south as the sargasso Sea (Kramp, 1961). 
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~. helicina characteristica1ly inhabits environments 

different from those inhabited by §. retroversa. s. he1icina 

normal1y inhabits water of _O.~o C to +4.00 C. infrequent1y 

up to 7.00 C, and sa1inities most1y 10wer than 34.0%0 (Van der 

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

perature range of 2.00 C to 16.00 C in the Gulf of Maine 

(Bigelow. 1926). It has been reported from water of 0.90 C 

and 6.00 C, but is Most abundant at temperatures above 3.00 C 

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

inhabits water salinities of 31.06%0 te 36.0%0 (Bigelow, 1926) 

and this agrees rather well with the lowest limit of 30.0%oto 

Jl.0 %0 found by Paulsen (1909) (Ci ted by Van der Spoe1, 1967). 

Bary (1963) noted that §. retroversa. infrequently, was found 

below salinities of 314-.9%0. 

Because of these distinct environmental tolerances, 

S. he1icina and S. retroversa have been used as indicators - -
of certain water masses. §. he1ieina, on one hand.is 

eharaeteristie of Arctie water. It indieates Aretie water 

entering the northern North Sea (Russel, 1939) and the Gulf 

of Maine (Bigelow, 1926). §. retroversa, on the other hand, 

has been eonsidered as an indieator of both Atlantic (Tesch, 

1946) and the northern North Sea waters (Russel, 1939 and 

Fraser, 1965). Its existence in the southern North Sea 

(Russel, 1939) and in the western Baltie (Fraser, 1965) 

indicates an inflow trom the northern North Sea to these 

regions. Bige10w (1926) described !. retroversa, in the 
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Gulf or Maine, as a permanent pelagie inhabitant whose 

numbers depended on local reproduction and not on immi

gration from elsewhere. However, Redfield (1939) noted 

that ~. 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 §. retroversa is 

abundant in a particular area, the chances are that §. h!!i

cina will be rare or absent. This fact is borne out by 

previous literature reports. Kerswill (19~O) noted re

markably large numbers of ~. retroversa during the summer 

at stations south of Miquelon and in the southern part of 

the Gulf of St. Lawrence, at the same time, ~. helicina 

was absent in those regions. Further confirmation is 

obtained trom a table given by Kramp (1961) in which great 

differences between the simultaneous abundance of §. 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 se as around the North Pole (Pelseneer 

1~~7 and Mileikovsky, 1970) and i8 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 (19~2) at several localities between Hebron in 

Labrador and the Clyde River in the northern part of Baf

fin Island. Kerswill (1940) noted that Q. 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 Q. limacina in spring and 

early summer east of Newfoundland. Odhner (1907) and Kramp 

(1961) reported Q. limacina in west Greenland waters. The 

range of this species extends southerly along the Atlantic 

coast of North America to Cape Hatteras (350 N) (Kramp, 1961 
• 

and Mileikovsky, 1970). 

Q. limacina usually co-occurs with either §. helicina 

or §. retroversa, or both. This May be explained by the 

fact that Spiratella represents the exclusive prey of adult 

Clione (Ussing. 193~, Lalli,1967 and 1970, Mileikovsky, 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. 

~ost 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 

tbree days later. 
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Li ttle information has been publif,hed on the breeding 

seasons of Spiratella helicina. However, Paranjape (1968) 

rt::ported that spa\'ming of .2. 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 .2. helicina in the Antarctic Ocean occurred in 

December through Feb~uary. which is the summer period in 

this area. The newly hatched larvae of .2. helicina described 

by Paranjape (196~) had symmetrical shells. The anterior 

body region of .2. helicina veligers is surrounded by a velum. 

As the shell increases in diameter. two 1appets develop from 

the sides of the foot forming the wingsl these grow relatively 

quickly whi1e the velum dwindles. In larger and older indi

viduals. the velum disappears entire1y 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 .2. retroversa have been 

observed during Most of the year (Lebour. 1932). Hsiao (1939, 

a & b) discovered that spawning in the Gulf of Maine began in 

April and Z,:ay and continued until the fa11, wi th r.'!ay be ing 

the Most important breeding periode In the North Atlantic 

(520 "5' N. 350 30' W). Chen and Bé (1964) found that Juvenile 

§. retroversa tirst appeared in ~~rch and April and reached 

maxiJ:lum concentrations between fl:ay and September. The Develop

mental stages of .2. retroversa are generally simi1ar to those 
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of §. helieina. However, the Cap-like ~:~inisti&ll:' shell 

of §. retroversa apparently develops after hatehing instead 

of before (Lebour, 1932). Moreover, the stage at which the 

two wing lappets develop from the sides of the foot takes 

place in §. retroversa at 0.32 mm. shell diameter (Lebour, 

1932) • 

Mileikovsky (1970) recently summarized the available 

data on the breeding of Clione limaeina in the Atlantic and 

Pacifie Oceans. He stated that the breeding season of Q. 

limaeina differed from one region to another. However, the 

Most intensive spavming is said to be eorrelated with the 

spring/summer period of annual heating of the local waters, 

and that the highest larval abundanee parallelled maximum 

growth of phytoplankton which served as food for veligers. 

Newly hatched Q. lirnaeina were described by Lebour (1931). 

they also have a symmetrieal shell and a well developed, 

bilobed velum. The Clione veliger casts off the shell when 

it is about 0.2~ mm. long and beeornes a polytroehous larva 

with three ciliary rings. The polytrochous larva has an 

anterior eiliary 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 ldiIeb-'-ot '-lM. Ubèy..AS 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 un'tll 1 t occupies only the lIli4dle: part of the body. 
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General Descrintion of the Gulf of st. Lawrence 

A brief physical and geographical description of the 

Gulf of St. Lawrence (Fig. 1) is included here because of 

its relevanceto the present research. A more complete re

view of the past research on the water circulation in the 

Gulf of St. Lavœence, has been presented by EI-Sabh, Forrester 

and Johannessen (1969), MOst of the fOllowing literature has 

been abstracted from this reference. 

The Gulf of St. Lavœence is 214 x 103 Km2 in area 

(Forrester and Vandall, 196t:i). 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 Ne\'lfoundland 

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 sha110wer areas c10ser to 

the Strai t. The r,!agdalen 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 

atudies of circulation in Cabot Strait. U.ore recently, 

Mc Gregor (1956) ahowed that water circulation in Cabot Strait 

la characterized mainly by an outflowing current along the 

cape Breton aide 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-

10\'1s 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 a10ng the 

outer coast of Nova Scotia. This latter drift deve10ps 

maxima11y during the spring, breaks down during the summer 

and forms again to a 1esser extent in the fa11 (Bumpus and 

Lauzier, 1965). 

A1though the present study is concerned with the water 

circulation in al1 parts of the Esquiman Channel, information 

will be cited on1y from the Strait of Belle Isle which has 

been best studied. This information a1so a110ws a better 

interpretation of the water circulation in the Esquiman 

Channel as a who1e. The water circulation in the Strait of 

Belle Isle has been investigated by Dawson (1907), Huntsman, 

Bai1ey and Hachey (1954), Bai1ey (1958), and Farquharson and 

Bai1ey (1966). They reported an inward rnovement of Labrador 

coasta1 water on the Labrador side, and an outf1ow of Gulf 

water on the Newfoundland side. On some occasions a strong 

outf1ow through the Strait was observed to 1ast for severa1 

days. or even weeks. whi1e at other times a strong inf10w 

dominated 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 s~mer, 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 are as of interest, 

1. Geographie distribution patterns of Spiratella helicina, 

Spiratella retroversa and Clione limacina within the 

Gulf of St. Lawrence. 

2. 

J. 

Regions and debrees of co-occurrence of §. helicina and 

§. retroversa on a seasonal basis. 

Seasonal changes in the sizes of both §. helicina and 

§. retroversa. 
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4. Relationships of Spiratella and Clione distributions 

and abundances. 

5. An analysis of the various developmental stages of 

Q. limacina. 
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CHA PTE R II 

~ÂTERIALS AND bŒTHODS 

Collection of Samples 

As a pare of 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 oceanographie cruises were made !rom 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 trom 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 

&amples were collected during cruise J, are shown in Fig. 1. 
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The present study deals with samples taken from 

oblique plankton tows made during the various cruises. 

AlI the oblique tows were taken from bottom to surface, 

and their operations lasted from 5 to 25 minutes. Although 

individual oblique tows usual1y 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 number 

"6" mesh, were used at each station. Both ne~s had mouth 

diameters of 0.5 m. The volume of filtered water was com

puted for every tow, making it possible to de termine the 

number of pteropods per unit volume of water. 

The number "6" net, of the smaller mesh size, did not 

colle ct specimens of Spiratel1a smaller than 0.20 mm. shell 

diameter or of Clione smal1er than 0.44 mm. in length. A 

smaller mesh size, therefore, should have been used. Ptero

pods collected by the number "0" 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 f.ieasuring 

After collection, al1 p1ankton samp1es 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 

pre vent dissolution of the shells, while 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 Q. limacina, 

no subsampling 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 ~. retroversa 

were measured with the shell apertures facing the observer 

while those of 2. 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 ~ost accurately indicates the weight, and 

presumably age, of Spiratella. 
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(a) (W 

(c) 

Fl~. 2. (a) Lateral view of S~iratella helicina. 
(b) Umbilicus view of §. helicina. 
(c) Lateral view of §. retroversa. 
D ~easured shell diameter. 
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The total length of Q. limacina VIas 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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CHA P TE R 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 regionc of four stations each. The remaining eight 

stations ware treated individually in the analysis. The 

basis on which regions were selected was purely geographical. 

The selected regions \'lere given the letters A, B, C and D, 

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

Region A encompasses stations 1. 2, :3 and 4-

Region B " Il 5. 6, 7 and 8 

Region C " Il 21. 22. 23 and 24-

Region D " Il 25, 26. 27 and 2~ 

More 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 

tille. 
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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 éurrents. 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 H 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 ~cGill University's digital computer. model IBM 360/75. The 

programs were written in FORTRAN IV which was thought to be most 

suitable for the type of computational operations used in the 

analysis. 
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Groupin~ of Data 

Data on Spiratella sizes were grouped, as this leads 

to a more cohesive and smooth-looking distribution. The 

selected class interva1, and hence the number of classes, 

influences the precision of determining the statistical 

parameters. The 1arger the c1ass interval, i.e., fewer 

number of intervals, the 1ess accurate will be the numerical 

results. 

Because of the ~arge 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 ama11 class 

intervals (0.05 mm.) were chosen for the shel1 diameters of 

Spirate11a. This caused the number of classes, for a par

t~eular sample, to be very large. Numbers of classes as 

large ao 75 were attained. 

Combinat ion 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 trom 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 tV/O 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 \'las the upper limit 

of the last class interval in the given data. 

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

the total number 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 fil tered water to a 

volume of 100 m3• It also should be noted that, in general, 

the frequency distribution given to the pro gram represented 

a kno~n fraction of the collected sample. The first step in 

the statistical process was. therefore, to normalize the two 

given frequency distributions, F1 and P2 • to a water volUJ:'le 

of 100 m3• This was achieved by multiplying the individual 

entries of Fi and F2 by the ratio of Zl and Z2 to the actual 

number of specinens in the gi ven samples. 

Thereafter. subroutine WEZZ~~ performed a selection 

technique in which it compared the corresponding entries of 

the corrected Fl and F2 (now called Xland X2). The larger 
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of the tV/O 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 

size distributions of Spiratella from number "0" and number 

-6" nets accurately representeda combined frequency distribution. 

-Completion of subroutine \iEZZAH resulted in the samples 

from each stati~n being represented by a frequency distribution 

in which the Spiratella shell diameter was the statistical 

variate. The second step was to suro the samples from stations 

of a selected region, forming one regional frequency distri

bution. Subroutine SOHEIR (APPENDIXII) 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 Fl and F2 • The smaller of 

the two entries was asstgned to represent the lower limit 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 Pl and F2 -

Determination of Statistical Parameters 

The tabulation o~ the new data and pictorial representa

tion in terms of a histogram, as in Fig. J, 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 l provides the basis of 

this characterization. The statistical measures, elaborated 

on in APPENDIX l 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 atudy. 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 

&ample was taken for biomass analysis bafore 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 cruise 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 !rom 

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 eariier sections of this texte 
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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 process of determining 

standard deviations and the shape factors G1 and G2 • However, 

this is justified by the relatively large amount of data. 
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CHA PTE R IV 

RESULTS 

Soiratella in the Gulf of St. Lawrence 

Population Density Distribution 

Results obtained by means of the techniques of 

CHAFTERS 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 

Soiratella in the Gulf. 

In fl~ay, 1969, (Cruise I), ~. helicina was very abundarit 

(281 per 100 m3) whereas S. retroversa was less so at ôtati~n 

6 in the Esquiman Channel. The northerly located station 9 

showed, however, equally large populations of the two species. 

In the I .. :agdalen Shallows, station 22 showed a relatively high 

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

stations. 

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

rare except at station 5 in the Esquiman Channel. At the 

same tiae. ~. helicina was present in very high numbers at 

station 1 in Cabot Strait, stations S, 6 and 8 in the Esquiman 
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TABLE l DISTRIBUTION PATTERN AND SIZE OF SPIRATELLA HELICINA IN THE GULF OF ST, LAWRENCE 

Cruiae 
Date 

Station 

1 
2 , 
4 

i 
7 
8 
9 

10 
11 
12 
20 
21 
22 

~~ 
25 
26 
27 
28 
29 
30 
31 

(MAY-NOVEMBER, 1969) 

1 II III IV 
1/5 - 21/5 )1/5 -14/6 21/6 - 4/7 15/7 - 25/7 

T M T M T M T M 

3.0 0.640 245.0 1.2ê4 5.0 1·t58 0.0 0.000 
10.0 0.864 22.0 0.9 7 1.0 O. 00 27.0 1.437 
15.0 0.88, 5'.0 1.201 14.0 0.776 8,,0 0.919 - - 44.0 0.988 0.0 0.000 15.0 0.600 - - '11.0 0.786 88.0 0.978 62.0 0.751 

281.0 0.543 398.0 0.858 157.0 0.723 0.0 0.000 - - 33.0 1.126 175.0 0.809 14.0 0.846 - - 26§.0 0.764 148.0 0.683 37.0 0.837 
333.4 0.459 42 .7 0.881 51.9 1.316 0.0 0.000 
22.6 0.361 348.8 0.778 )4.6 0.774 15.4 0.844 - - - - 61.2 1.059 5.6 0.840 
69.9 0.431 10.5 0.606 2.0 0.950 9.2 0.667 
0.0 0.000 1.0 1.700 0.0 0.000 0.0 0.000 
2.6 0.487 - - - - 0.0 0.000 

136.7 0.904 - - - - 0.0 0.000 
0.0 0.000 - - - - 0.0 0.000 - - - - - - 0.0 0.000 - - 6.3 1.340 17.0 0.794 - -- - 2.8 0.800 5.7 1.175 - -- - 35.2 1.019 - - - -- - 45.S 1.253 - - - -- - - - 1.0 0.619 - -- - - - 1.5 1.050 - -- - - - 6.3 0.971 - -

T = Total number of ~. he1icina/l00 m3• 
M = Mean shell diameter in mm. 

V 
30L7 -12/8 

T M 

0.0 0.000 
1.0 1.225 

13.0 0.431 
5.0 1.150 
0.0 0.000 

17.0 0.814 
6°.0 0.590 - -

40.4 0.901 
24.9 0.833 
0.0 0.000 
0.6 0.700 
0.0 0.000 - -- -- -- -
0.0 0.000 
6.1 0.830 
3.2 0.934 
2.8 0.471 - -- -- -

VI VII 
18/8 - 30/8 9/9 - 26/9 

T M T M 

6.0 0.412 0,0 0,000 
3.0 0.675 1,0 0.750 
0.1 0,800 2.0 1.300 
4.0 0.650 0.0 0.000 
9,0 0.733 0,0 0,000 
0.0 0.000 0.0 0.000 
4.0 0.683 0.0 0.000 

85.0 0,342 366,6 0.414 
8,1 0.800 0,0 0.000 
6.9 0.812 0.0 0.000 
0.0 0.000 - -
0.0 0.000 0.0 0,000 
0.0 0.000 0.0 0.000 
- - 0.0 0.000 - - 2.0 1.050 - - 0.0 0.000 
- - 0.0 0.000 

1.4 0.550 - -
0.0 0.000 - -- - 1.0 0.950 - - - -
0.0 0.000 - -
4.6 0.625 0.0 0.000 
0.0 0.000 0.0 0.000 

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

J * 
14/11 - 23/11 

T M 

0,0 0.000 - -- -
2.3 0.500 
0.0 0.000 
- -- -24.6 0.486 - --- -
- -- -
5.6 0.300 
0.0 0.000 
- -

0.0 0.000 
0.0 0.000 
5.7 0.430 
0.0 0.000 
- -- -
1.6 0.617 - -

- -- -

Il 
C 



TABLE 2 

Cruise 

Date 

Station 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
20 
21 
22 
~, 
25 
26 
27 
28 
29 
30 
31 
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DISTRIBUTION PATTERN AND SIZE OF SPlRATELLA RETROVERSA IN THE GULF OF ST. LAWRENCE 
(May-NOVEMBER. 1969) 

l II III IV V VI VII J * 
7/5 - 21/5 31/5 - 14/6 21/6 - 4/7 15/7 - 25/7 30/7 - 12/8 18/8 - 30/8 9/9 - 26/9 14/11 - 23/11 

T M 

5.1 0.743 
5.7 0.823 

19.6 1.131 - -- -
77.0 0.539 - -- -

270.2 0.388 
23.0 0.731 
0.0 0.000 
0.0 0.000 
4.3 0.849 
0.8 0.450 

11.2 0.500 
7.4 0.550 - -- -- -- -- -- -- -- -

T lti T M T M T fil T M T M 

0.0 0.000 1.6 1.050 17.0 0.559 7.1 0.726 239.9 0.623 30101.6 0.429 
12.2 0.974 5.0 0.925 546.4 0.395. 12.4 0.473 120.3 0.443 96.6 0,526 
34.3 0.910 3.5 0.775 13.1 0.607 36.0 0.438 75.0 0.536 268.0 0.595 4.7 1.373 0.0 0.000 385.2 0.395 77.8 0.620 15.8 0.652 401.3 0,462 

112.7 0.594 0.0 0.000 0.8 0.250 0.0 0.000 47.6 0.442 0.0 0,000 
19., 1.089 0.0 0.000 0.0 0.000 0.0 0.000 6.5 1.065 1.3 0,700 
10. 1.128 0.6 C.550 0.5 1.200 0.0 0.000 4.7 0.450 1,0 0.700 
2.7 0.750 1.0 0.550 0.0 0.000 - - 19.0 0.362 36,3 0.422 64.4 0.557 10.7 0.788 0.0 0.000 0.0 0.000 0.0 0.000 17,0 0.479 21.8 0.550 4.2 1.057 0.0 0.000 2.3 0.924 0.0 0.000 0,0 0,000 - - 10.7 0.746 4.3 1.150 6.6 0.817 12.7 0.350 - -1.1 0.675 0.0 0.000 0.0 0.000 1.5 0.500 0.0 0.000 0,0 0.000 
0.0 0.000 0.0 0.000 0.0 0.000 0.0 0.000 4.7 0.700 0.0 0.000 - - - - 185.6 0.826 - - - - 181.6 0.504 - - - - 73.8 0.780 - - - - 8904.5 0.331 - - - - 128.8 0.990 - - - - 12678.1 0.367 - - - . - 958.5 0.692 - - - - 589.8 0.649 
0.0 0.000 4.5 0.867 - - 0.0 0.000 0.0 0.000 - -25.4 0.650 0.0 0.000 - - 19.1 0.727 0.0 0.000 - -0.0 0.000 - - - - 65.9 0.593 - - 3.2 0.802 

14.2 0.550 - - - - 127.1 1.045 - - - -- - 2.3 0.800 - - - - 10.5 1.023 - -- - 1.9 0.910 - - - - 10.2 0.553 566.8 0.522 - - 18.8 0.440 - - - - 63.7 0.927 107.7 0.558 

T = Total number of S. retroversa/l00 m3• 
t.1 = r,:ean shell diarneter in rn.'Il. 
* Supplementary cruise. stations approximated to nearest I.B.P. stations. 
- no collection was taken. 

T M 

457,2 0.57: - -- -
179,7 0.535 

24,2 1,045 
- -- -

152,4 0.904 
- -- -- -- -- -

1395.5 0.873 
2078.3 0.680 

- -
24630.5 0.856 

101.1 0.868 
44.8 0.632 
55.0 0.768 - -- -

296.7 0,826 - -
, 
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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 IV), S. helicina was 

moderately abundant in the Gulf, while ~. retroversa popu

lation densities were high in both Cabot Strait and the 

Magdalen Shallows Y/aters. 

In ear~y August, 1969, (Cruise V), small numbers of 

§. retroversa were present in Cabot Strait. The largest 

populations were in the central area of the Gulf (stations 

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

the whole Gulf. 

Late in August, 1969, (Cruise VI), §. retroversa was 

still relatively abundant especially in Cabot Strait, while 

§. helicina remained scarce at all localities. 

§. retroversa was maximally abundant in late September, 

1969, (Cruise VII). Populations as high as J0101 individuals 

per 100 oJ or ~~ter were recorded in Cabot Strait and as hi~h 

as 12678 per 100 mJ in the ":agdalen Shallows. IIleanwhile, 

§. helicina was rare throuehout 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 Strai t and the ~îagdalen ShalloVis. 

Regional and Seasonal Population Distribution 

The seasonal population distributions of Spiratella 

in the four assigned regions Viere 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. §. retroversa, on the other hand, appeared in 

small numbers during rt~ay and June. However, in July through 

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

became abundant and attained peak numbers in September. 

In the Esquiman Channel, represented by region B, §. 

helicina exhibited population densities as high as 260 per 

100 m3 in J.~ay and June. Smaller 1X'J)ulations (less than 100 

per 100 m3). however, were recorded until November with a 

crest of 91.7 per 100 m3 in September. ~. retroversa, mean

"'hile, appeared in i.:ay wi th a population densi ty of 4l,. 4 per 

100 m3• A noticeable decrease in the population density was 
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Date 

7/5-21/5 

31/5-14/6 

21/6-4/7 

15/7-25/7 

)0/7-12/8 

18/8-)0/8 

9/9-26/9 

14/11-2)/11 
--

---

POPULATION DISTRIBUTION OF SPIRATELLA HELICINA AND SPIRATELLA RETROVERSA 
REGIONS A. B. C. AND D. (MAY-NOVEMBER. 1969) 

Total Number /100 m3 
A B C 

Crulse s. s. s. s. S. S. S. 
helicina retroversa 1\êlicina retroversa helicina retroversa helicina 

l 9.7 10.1 281.0 77.0 46.4 6.5 --
II 91.5 12.8 251.5 36.3 -- -- 22.5 

III 5.0 2.6 142.0 0.4 -- -- 11.4 

IV 12.5 240.5 28.2 0.3 0.0 336.7 --
V 5.0 )3.) 7.1 0.0 -- -- 4.2 

VI ).) 112.8 24.5 19.5 -- -- 1.4 

VII 0.5 7716.9 91.7 9.7 0.5 5588.5 1.0 

J 0.0 457.2 24.6 152.4 1.9 9368.1 1.9 

~ 

~ 

D 
S. 
retroversa 

--
9.9 

2.3 

--
5).0 

0.0 

3.2 

67.0 
--~ 

no collection was taken 

, 

i 
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noticed thereafter. This was followed by an increase which 

finally reached a value of 152.4 specimens per 100 m3 by 

November. 

In the l~'iagdalen Shallows t region Ct 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) • 

.§. helicina, in the Mean time, was very rare except in rv:ay 

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. .§. retroversa also had relatively small popu

lations with two peaks of 53.0 per 100 m3 in late July and 

67.0 per 100 m3 in November. 

Figure 4 gives a general view of the population densi

ties distribution of Spiratella species in the Gulf. Figures 

S, 6, 7 and 8 show this distribution for regions A, Bt C, and 

D, respectively. rtero::od s;ecies are known to be epipelagic. 

Nad vertical hauls been counted , the numbers o~ pteropods 

under a s~uare meter of Nater surface may have been calculated, 

rather than per cubic meter,and thus the population density 

comparisons tram stations or regions of different depths msy 

not have ~ee~ stbtisticalJy 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 highestpopulation 

concentration of early June. ~. 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 ~. 

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 periode §. retroversa. on the other hand. 
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TABLE 4 

STATISTICAL PAR~ŒTERS CALCULATED FROM SPIRATELLA HELICINA 

DATA (MAY - NOVEMBER. 1969) 
REGION A 
Cruise l II III IV V VI 

DATE 
7(5 .31/5 21/0 15/7 .30/7 1t1/ti 
to to to to to to 

21/5 14/6 4/7 ~517 12/8 .30/8 
Para-
meters 

T 9.70 91.50 5.00 12.50 5.00 .3.30 
M 0.85 1.22 1.00 1.12 0.71 0.60 
S 0.23 0.37 0.62 0.70 0.47 0.22 
Gl 0.06 0.50 1.70 0.80 0.86 -0.40 

~ -0.90 1.40 2.30 -0.07 -0.43 -1.40 
0.90 1.40 0.60 2.60 1.60 0 • .30 

REGION B 
~ara-
meters 

T 281.00 251.00 311-2.00 28.20 7.70 24.50 
t.1 
S 
G1 

~~ 

0.54 0.82 0.78 0.80 0.78 0.40 
0.16 0.25 0.35 0.48 0.16 0.15 
2.50 2.80 1.90 4.00 -1.50 1.50 
7.37 16.30 4.80 18.30 1.92 1.20 
0.45 0.65 0.60 0.65 0.80 0.30 

T = Total number of s. helicina /100 m3• 

M = Mean shell diameter in mm. 

S = Standard deviation in mm. 

G1 and G2 = Shape factors. 

rw = Mode in mm. 

VII J 
9(9 14(11 

~/9 to 
26 23/11 

1.50 0.0 
11.68 -
0.92 -

-1.04 -
-1.86 -
1.70 -

91.60 24.60 
0.41 0.49 
0.07 0.16 
3.40 -0.30 

21.30 -1 • .50 
0.40 0.55 
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TABLE 5 

STATISTICAL PARAMETERS CALCULATED FROM SPIRATELLA RETROVERSA 
DATA (MAY-NOVEr~BER, 1969) 

REGION A 

Cruise l II III IV V VI VII J 
715 31/5 21/6 15/7 30/7 18/8 9/9 14/11 

Date to to to to to to to to 
21/5 14/6 4/7 25/7 12/8 30/8 26/9 23/11 

Para-
meter 

T 10.10 12.80 2.60 240.50 33.30 112.80 7716.90 457.20 
Ni 1.01 0.97 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 B 

T 70.70 36.30 0.40 0~30 0.30 19.50 9.70 152.40 
M 0.54 0.70 0.55 0.66 0.75 0.48 0.44 0.90 
S 0.24 0.35 0.00 0.46 0.00 0.20 0.17 0.36 
G1 3.80 1.90 1.00 0.47 0.00 1.98 1.10 0.00 

~ 17.90 3.50 -2.00 -1.80 0.00 3.80 -0.46 -0.95 
0.40 0.50 0.45 1.10 0.75 0.40 0.30 1.15 

REGION C 

T 6.50 - - 336.70 - - 5588.00 9368.00 
M 0.52 - - 0.74 - - 0.36 0.84 
s 0.05 - - 0.21 - - 0.13 0.30 
G1 -0.02 - - 0.31 - - 2.78 -0.20 
G2 -1.17 - - 0.06 - - 8.39 -0.51 
MD 0.45 - - 0.70 - - 0.30 0.90 

REGION D 

T - 9.90 2.30 - 53.00 - 3.20 66.90 
rI. - 0.61 0.87 - 0.88 - 0.80 0.79 
S - 0.46 0.80 - 0.31 - 0.10 0.26 
G1 - 2.55 0.11 - -0.10 - -0.01 0.33 
G2 - 5.78 ~1.50 - -1.04 - -1.24 -0.56 
MD - 0.40 1.90 - 1.15 - 0.80 0.65 

- no collection was taken. 

Por 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 §. helicina, found at station 22 in 

May, had a Mean shell diameter of 0.90 mm. In May, the 

small concentration of ~. 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.)6 mm.) followed by very large concentrations of 

relatively large individuals (0.84 mm.) in November. 

In the Central Gulf, Region D(2). the few §. helicina 

observed in June and July had comparatively large shell dia

meters (0.80 - 1.)0 mm.). §. 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. 

Figures 9 and 10 show the variations in the mean shell 

diameters of §. helicina and §. retroversa throughout the 

study periode The limits of dispersion, expressed by the 

corresponding standard deviation are also sho~n for each mean 
value. 

(1 ) r;o collection was taten in the Magdalen Shallows area 
for Cruises II. III. V and VI. 

(2) No collection was taten in region D for Cruises 1. 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. In general. it is not 

proper to rely on the mean value alone to de scribe a par

ticular observation. and other measuring parameters should 

be used. A more comprehensive description of distributions 

was achieved by determining the standard deviation "sn and 

shape factors Gl and G2' described in CHAPTER III and 

APPENDIX 1. 

For the sake of illustration, ,the seasonal changes of 

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

this purpose. In the first cruise where the Mean shell 

diameter was 0.52 mm., 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 G1 (0.02) denotes an almost perfect symmetry 

about the 0.52 mm. Mean diameter. Furthermore, the negative 

value of G2 (-1.17) although not appreciably large, empha

sizes the concentration of shell diameters about the Mean. 

ln the tour th cruise{l~the shell Mean diameter was 

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

(l)tio samples were collected trom cruises II. III, V. VI, 
trom Region C. 
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noticeable dispersion of results about the Mean. The low 

value of Gl(0.31). shows symmetry of distribution. The 

extremely small value of G2 • together with G1 • implies the 

normality of the observation. 

In the seventh cruise(l~ the Mean shell diameter was 

0.36 mm. The large positive value of G2 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). Gl' 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 Gl and G2 

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 S. 

The particular importance of the cumulative distribution 

plot is illustrated in APPENDIX 1. Figure 11 demonstrates 

the applicability of this plot to the data of Table S. It 

Y~s possible from the cumulative distributions, printed re

sults of which are sho\'m in APPENDIX II, to derive information 

about the concentration of specimen numbers in the various size 

groups. 

(l)No samples were collected from cruises II. III. V. VI from 
Region C. 
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§. retroversa, the more common thecosome in the 

Gulf of St. Lawrence, \'las classified into size groups. 

These size groups were assigned in accordance with the 

findings of Lebour (19J2) who noted that S. retroversa 

larva, wi th the tV/O wings lappets developing from the sides 

of the foot, measured 0.J2 mm. shell diameter. and Hsiao 

(l9J9 b) who related S. retroversa size to stagesof sexual 

development as followsl 

Group 1. Specimens less than 0.60 mm. shell diameter; 

the gonad is sexually undifferentiated. 

Group 2. Specimens of shell diameter between 0.60 and 

0.85 mm.; the male reproductive cells are 

developing. 

Group J. Pure male gonadJ sizes range from 0.85 to 

1.1 mm. shell diameter. 

Group 4. Shell diameters of 1.2 to 1.8 mm.J a high pro

portion of these specimens are functioning males. 

Among larger animals. the functional hermaphro

ditic and functional female phases replace the 

male phase. 

Group Sa Specimens more than 1.5 mm. in shell diameterJ 

proportion of female reproductive cells in the 

ovotestis is ~reater than male cells. 

Using the cumulative frequency distributions. percentage 

concentrations of the above size groups are shown in Table 6 
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TABLE 6 SIZE GROUPINq OF THE POPULA!IDN OF ~ RETROVERSA~ REGIONS A AND C 

CABOT STRAIT (REGION A) 

Total Percentage Concentrations 
Date pruise /100 

m3 <-3 mm .3-.6 mm .6-.85 mm .85-1.1 mm 1.2-1.8 mm >1.5 mm 

~/5-21/5 l 10.1 3.4 23.6 16.0 14.0 43.0 7.0 
31/S-1~6 II 12.8 0.0 20.0 48.0 10.0 22.0 18.0 
~1/6-4 7 III 2.6 0.0 30.0 21.0 28.0 21.0 6.0 
15/1-25/1 IV 240.5 49.0 45.0 5.0 1.0 0.0 0.0 
30/1-12/8 V 36.~ 11.0 52.0 28.0 9.0 0.0 0.0 
1%8-3%8 VI 112. 23. 0 36.0 29.0 12.0 0.0 0.0 
9, 9-26 9 VII 1116.9 30.0 51.0 8.0 5.0 0.0 0.0 
14/11-23/11 J 451.2 21.0 :31.0 31.0 11.0 0.0 0.0 

MAGDALEN SHALLO\'lS (REGION C) 

~/5-21/5 l 6.5 2.0 98.0 0.0 0.0 0.0 0.0 
15/1-25/7 IV 336.7 1.9 25.4 SO.O 21.0 2.3 0.0 
9/9-26/9 VII 5558.0 66.8 26.1 4.0 1.9 0.1 0.0 
14/11-23/11 J 9368.0 7.0 14.8 33.0 35.3 10.4 1.1 

- -- _._- ----

1 

.(::" 
\0 



-
.) 

- ,50 -

/ 

for Cabot Strai t and the r"~agdalen Shallo\'ls 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 l 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. Lavœence. 

Clione l jmacina in the Gulf of St. La.wrence 

Population Density Distribution 

Althoue;h relatively feVl 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 periode 

ThrouGhout the eight cruises, the large st populations 

of ~. limacina were found within the Esquiman Channel and in 

Cabot Strait. Stations 7 and 8 (Fir;. 1) on the west side of 

the Esquiman Channel. yielded. on the average. :nore than 90,; 
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TABLE 7 

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

Numbers per 100 m) SEiratella 
.Q.ll.m- ~.Wù: ~.w..- S12;u:a- . . 

Cruise Stn. Date acina ici~ rover!iiil tella CliQoe 

II 

III 

IV 

V 

VI 

VII 

J 

3 June 1 0.91 53.0 34.3 87.3 96.46 
4 June 2 1.27 44.0 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 64.4 493.1 84.73 

12 June 8 0.51 10.5 1.1 11.6 22.75 . 
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 

4 JUly 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 7.3.8 73.8 46.1.3 

4 July .31 1.81 5.0 77.8 82.8 45.75 

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 

1 Sep. ~, 95.24 0.0 30101.6 30101.6 316.06 
4 Sep. 3.70 0.0 401.3 401.3 108.46 

* 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. lirnacina in the Channel. 

This agrees with the findings of Kerswill (1940). .Q.. lirna

cina was especially abundant in the Esquirnan Channel during 

June and July. It Vias rare in August and September, but 

increased in numbers by November, particularly along the 

western coast of the Channel. 

In Cabot Strait, the .Q.. limacina population density 

reached its peak between June and August at localities closer 

to the Newfoundland coast, narnely stations 3 and 4. Q. lima

cina was remarkably abundant late in Septernber 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. Lavœence 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 .Q.. limacina, S. 

helicina and S. retroversa at various stations and for succes

sive cruises. The ratio between the Soiratella population 

combined S. helicina and S. retroversa numbers and that of - -
Clione rant:ed between 14.7 and 316 \Vith an average value of 98. 

Two typical cases were chosen to illustrate pictorially 

the comparative seasonal variations in the populations of Q. 

limacina, 2- helicina and ~. retroversa. FibUres 12 and 1) 
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demonstrate the results obtained for station 4 of Cabot 

Strait and station 8 of the Esquiman Channel, respectively. 

Develonmental sta~es 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. 

Q. limacina collected Vias 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 weIl 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 11 The larva has three ciliary rings encircling 

the head, the mid-body and the posterior end. The digestive 

gland occupies the entire pos~er.ior;the wings are short and 

little developed. This stage averaged 0.58 ~m. in length. 

Stage 21 The larva has essentially the same features 

as stage 1. but the wings are sli~htly more developed and the 

body size i8 larger, average length being 1.06 mm. 
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Developmental stages of Clione ltmacina in the Gulf of 
St. Lawrence. 

ACR, anterior ciliary ringi HCR, mid-ciliary ring; 
PCR, posterior cUiary ring; n, foot lobe; 
DG, d1aeative gland; W, ving; P,penia. 

] - 0.5 _. 
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TABLE 8 

DEVELop~mNTAL STAGES OF CLIONE LIMACINA 

IN THE GULF OF ST. LAWRENCE 

Average M~nimum Maxl.mum 
Stages Length Length Length 

in mm. in mm. in mm. 

1 0.58 0.44 0.88 

2 1.06 0.69 2.25 

3 2.21 1.44 3.13 

4 2.80 2.19 4.06 

5 * 4.80 3.13 6.19 

6 2.84 2.44 3.38 

1 16.61 1.00 28.00 

* AlI specimens were collected on 18 November 
trom the Most western station 8 of the 
Esquiman Channel. 
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Stage)1 The \'Tines are weIl developed. The anterior 

ciliary ring is rudimentary or has completely disappeared, 

while the Mid and posterior ciliary rings are still present. 

The digestive gland May still occupy MOSt of"the body or is 

slightly retracted as the body increases in length. The 

average length of this stage is 2.21 mm. 

Stage 41 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 51 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 

coll~cted from a single tow at station 8 of the Esquiman 

Channel on November 18th. 

stage 61 AlI three ciliary rings are now entirely 

absent. the wings are weIl developed and the penis was 

everted at the right side in some specimens. An average 

length of 2.84 mm. was recorded for this stage. 

stage 11 This stage is represented by the adulte A 

typical adult Clione has no ciliary rings. its wings aIe 

weIl developed and the digestive gland occupies only the 
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most anterior part of the body. The average length of 

adults \'las 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 where 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 10\'1 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. Q. limacina of 

stage 3, accompanied by those of stage 6, appeared in Sept

ember with the latter being less abundant. 

?tore 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 9 

POPULATION DISTRIBUTION, BY STAGES, OF CLIONE 

LIMACINA IN THE GULF OF ST. LAWRENCE 

Number of Clione / 100 m3 

Stn. Date Stage Stage Stage Stage Stage Stage 
1 2 3 4 5 6 

May 0.00 0.00 0.00 0.00 0.00 0.00 , June 1 0.00 0.33 0.58 0.00 0.00 0.00 
June 2 0.00 1.03 0.00 0.24 0.00 0.00 

·5 June 4 1.01 0.00 1.01 0.00 0.00 0.00 

7 June 5 0.00 0.00 0.00 0.00 0.00 0.00 
8 June 6 1.35 1.35 0.00 0.00 0.00 0.00 

9 June 7 5.82 0.00 0.00 0.00 0.00 0.00 
12 June 8 0.00 0.00 0.00 0.00 0.00 0.00 

7 Jun 24 0.00 1.26 0.00 0.00 0.00 0.00 
8 Jun 25 1.47 0.00 0.00 0.00 0.00 0.00 

4 Jul 16 1.21 2.43 0.00 0.00 0.00 0.00 
8 Jul 19 0.00 0.00 0.00 0.00 0.00 0.00 
22 Jul 25 0.00 0.00 0.00 1.6 0.00 0.00 

4 Jul 31 0.90 0.90 0.00 0.00 0.00 0.00 

1 Aug 17 0.00 1.56 0.00 0.00 0.00 0.00 

J Aug 19 0.00 2.36 0.00 0.00 0.00 0.00 

1 Sep 23 46.68 29.98 14.18 0.00 0.00 4.39 
4 Sep 24 3.70 0.00 0.00 0.00 0.00 0.00 

* Nov 18 0.46 0.69 0.23 0.00 2.76 0.00 

Sta~e 
7-

0.00 

0.00 
0.00 
0.00 
0.67 
0.00 
0.00 
0.51 

0.00 
0.00 

0.00 
2.51 
0.00 

0.00 

0.00 
0.00 

0.00 
0.00 

0.00 

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

DISCUSSION AND CONCLUSIONS 

The present study deals only with oblique tows taken 

trom 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 fllaine (Bigelow. 1926) 

and to about 50 m. depth in northezn European water (Faulsen. 

1910). Data on temperature and salinity variations for the 

20-80 m. depth zone in the Gulf of St. LaY~ence were obtained 

for the purpose of the following discussion. 

Abundance of Spiratella Related to Environmental 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 2.200 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"0. At Station 8 in the 

Esquiman Channel. large concentrations of ~. helicina were 

reported in September. The tempe rature and salinity ranged 
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correspondingly from 0.12 to 5.600 C and from 30.55 to 

32.48~o, respectively. 

Temperature and salinity of the Magdalen Shallows 

'~ water during September, when Spiratella retraversa was 

observed in large populations, ranged from 0.34 to 14.590 C 

and from 28.16 to 32.78~o, respectively. The corresponding 

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

in comparatively large numbers, were from 1.2 to 13.970 C 

and from 29.27 to J2.78~o, respectively. 

In conclusion, §. helicina in the Gulf of St. Lawrence 

ls 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 findlng that it also inhabits the estuary water 

of Hudson Bay (Kerswill, 1940). The temperature range in

habited by ~. retroversa in this st~dy, is consistent with 

that quoted in the literature. However. with regard ta water 

sa1inity, there is a contradiction between the pub1ished 

values and those observed in the present study.· Bary (1963) 

stated that high §. retroversa populations usually were found 

at salinities above 34.900/00' Chen and Bé (1964) indicated 

that ~. retroversa existed in abundance in water salinities 

of }4.75 - 35.00~o. BiBelow (1926) found this euryhaline 

species tolive in water of salinities ranging from 31.06 t~ 

J6.00~. However.~. 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 

Cooccurrence of Spiratella helicina and Spiratella 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 §. retroversa 

everywhere in the Gulf area were less dense than those of S. 

helicina during May and June. However. between July and 

November ~. retroversa displayed larger populations mainly 

in the waters of the ~agdalen Shallows(l) and Cabot Strait. 

with particularly high concentrations during September and 

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

(1 ) No samples were collected from the Magdalen Shallows for 
cruises II, III, V and VI. 
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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. 

Breeding 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 wereo 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 2. retroversa 

in the Gulf can be drawn. The very high population densi

ties of ~. retroversa in the Magdalen Shallows and Cabot 

Strait can be attributed to one of two factors, perhaps to a 

combinat ion of both. First, it May be rightly postulated 

that §. 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 

4, 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 high densities of S. retroversa 

larvae in the l'r1agdalen Shallows, accompanied by specimens 

of larger sizes (1.2 - 1.8 mm.) which are known to be 

sexually mature animaIs (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 might 

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. 

§. 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 §. helicina (less than 0.45 mm. in diameter) 

were found mainly in May 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 through 

the Strait of Belle Isle, being conveyed by the cold Labrador 

coastal water. The fact that the inflow water from Belle Isle 

~t continues westerly along the coast of Quebec may explain 

the existence of ~. helicina north of Anticosti Island. 

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

entered wi th the water inflov/. 
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Distribution Features of Clione 

Clione limacina was found mainly in the Esquiman 

Channel, north of Anticosti Island, and in Cabot Strait. 

More than 80% of Clione collected from the Esquiman 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 9 and 12 north of Anticosti Island. 

Specimens of Q. 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 accessory glands, were recorded in the Gulf. This 

p~ornenon, together with the distribution pattern, suggests 

that Q. lirnacina could have been conveyed into the Gulf by 

the inflowing 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 Sniratella 

?he frequentcooccurrence of Clione limacina and 

Spiratella is related to the fact that Spiratella represents 

the exclusive prey of Clione (Ussing, 1938. La1li. 1967 and 
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1970; lIli1eikovsky, 1970). Distribution patterns of C1ione 

and Spiratel1a have been provided by the studies of Kerswi11 

(1940), Dunbar (1942), Kie1horn (1952), Kramp (1961), Vane 

and Co1ebrook (1962), Chen and Bé (1964) and G10ver and Rob

inson (1966) •. The latter gave special attention to the joint 

occurrence of C1ione 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 periode 

Spiratella often has been reported to be more abundant 

than Clione, a phenomenon which again 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 Spirate1la 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. 

Q. 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 

t~e site occupied by the digestive gland. The following 

comparisons \Vere made between the results obtained in this 

study and the findings of Labour (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, thé Clione·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. Q. 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 IDID. 
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J. In the late stage 6, in which aIl the ciliary 

rings had disappeared, the wings were weIl 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 \Vas not fully mature, while those 

at Plymouth had a length of 12 mm. and were fully mature. 

It is not known, however, if Lebour made her measurements 

on preserved or live specimens. More credence could be 

given to the above discussion had this information been 

available, since Clione is knovm 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 weIl as its level of 

sexual maturity, is affected by the tempe rature regime. 

This was made evident by Pelseneer (1887) who mentioned that 

the arctic form of ~. limacina lost the anterior ciliary ring 
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at a length of 2 - J 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 ?25 and 3.12 mm., respect

ively. Arctic specimens of 15 ~~. long, found by Pelseneer, 

retained their posterior ciliary ring, while the largest 

similar specimen recorded in the Gulf was 6.19 mm. long. 

Suggestions for Future Work 

Areas of study relating to the present ~ork and re

quiring further investigation includea 

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 Ylork. 

2. The examination of plankton s~ples 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 wi~h smaller mesh sizes 

to collect the egg masses and early larval stages of pteropods. 

This should yield more accurate information about breeding of 

the three pteropod species in the Gulf of St. Lawrence. 



() 

- 71 -

. SUMJr'IARY 

1. The distributions and relative abundances of three 

pteropod species, Spiratella helicina, Spiratella 

retroversa and Clione limacina, were studied in the 

Gulf of st. Lavœence. 

2. Plankton samples were collected 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. 

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

ticularly abundant were Cabot Strai t, Jr.agdalen Shallows 

and the central Gulf. â. retroversa was relatively rare 

during j,lay and June and more abundant in July and August. 

It acquired its maximum population density in September 

and rlovember. 

5. The Esquiman Channel and the area north of Anticosti 

6. 

Island l'/ere the .. regions of maximum concentration 

of ~. ~elicina. The population of S. helicina was 

especially dense in June and iotay. 

S. helicina. less than 0.5 mm. shell diameter. were round -
in the Esquiman Channel and north of Anticosti Island 

during r.~ay and September. 
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7. Very high population densities of ~. retroversa larvae, 

accompanied by adults, were recorded in the Magdalen 

Shallo\'ls and Cabot Strait waters from July to November 

.with a peak of abundance in September and November. 

8. Specimens of C. limacina were classified morphologically 

into seven developmental stages and the seasonal distri

bution of these stages was studied. 

9. 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. 

10. The ranges of tempe rature and salinity, where ~. helicina 

was abundant, were from -0.89 to 6.600 C and from 30.45 to 

32.40'00' respectively. Corresponding values for ~. retro

versa were 0.34 to 14.590 C and 28.16 to 32.78"°. These 

figures were compared with those quoted in the literature. 

11. There was no evidence that ~. helicina and ~. retroversa 

concurrently acquired large and comparatively equal 

abundances in this study. This phenomenon was compared 

with published reports. 

12. Cooccurrence of Clione and Spiratella was investigated 

and compared with previous findings. 

1). Sizes and general morphology of the different develop

mental stages of Q. 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 .2. helicina and C. limacina 

populations are maintained by recruitrnent from the in

flow of Labrador coastal water. 
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APPENDIX l 

DETERMINATION OF STATISTICAL PARM~ETERS 

For a set of empirical data mi (i=1,2, ••• k). the 

fOllowing parameters were established to attempt a more 

adequate description of the data. 

Mean and rlode 

The Mean "M" and Mode "MD" are among the Most common 

measures of location of a set of observed data 
k 

Mal 1: fi mi 
T i=l 

wh~re mi = Mid value of the ith interval in mm. 

fi = frequency of the ith interval 
k T = ~ f. = total population 

.Ml 1. 1.= 

MD = max (f.) 
1. 

Standard Deviation 

(1) 

(2) 

The standard deviation is the Most common measure of 

dispersion and is given by 

() 

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

diameters. 

• 
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The parameters G1 and G2 were recommended to measure 

the skewness and kurtosis of a distribution, respectively. 

G1 =( .!.k f. (m. - M)3 / 1 f. ).:.. 53 
1=1 1 1 i=l 1 • 

(4) 

and 

A positive value of G1 indicates a skewed distribution 

to the left, while a negative Gl indicates ske\mess to the 

right. A G1 value of zero denotes symmetry. 

A positive G2 value indicates that the distribution is 

of the platykurtictype, while a negative G2 indicates that it 

is of the leptokuric type. A normal distribution would yield 

a zero value for G2. 

The above paramete~s were used to describe more precisely 

the variations of the 5piratella shell diameters for various 

localities and seasons. 

CUmulative Distributions 

The probability that the variable mi is less than or 

equal to a certain value m is referred to as the cumulative 

probability with a variate m. This means 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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A P PE NOl X II 

COMPUTER PROGRAI.JIS 

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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c 
C THE SUBROUTINE FORMS ONE (NORMALIZEO) DISTRIBUTION FROM THE 
C DISTRIBUTIONS OF TwO INDEPENDENT SAMPLES 
C 
C THE FIRST TWO ENTERIES OF THE VECTORS F1,FZ, AND FARE THEIR 
C LOWER AND UPPER BOUNDERIES RESPECTIVELV 
C NOTE: Fl AND FZ SHOULD HAVE ONE TO ONE CORRESPONDENCE 
C 

DIMENSION F1(1),FZ(1),F(SO) 
DIMENSION Xl(SO),XZ(SO) 
DO 2 I=b80 

Z F(J)=O.O 
C CAlCUlATE THE NO OF INTERVAlS 

N=(Fl(Z)-FlCl»/O.05)+O.Z 
C COMPUTE TIiE TOTAlS 

T1=0.0 
T2=0.0 
00 1 l=l,N 
t=l+2 
Tl=T1+Fl(I) 
T2=T2+FZ(I) 

1 CONTINUE 
WRITE (6,lO) T1,TZ 

20 FORMAT (1 TI,lFIO.3) 
00 6 l=l,N 
ImL+Z 
Xl(I):Fl(I)*ZI/Tl 
Xl(I)·FZer)*ZZ/TZ 
IF (XUn .CiE. XZ(l» F(I): xun 

6 IF (XI(I) .lE. XZ(I» F(I)=X2(I) 
F(l)-Fl(l) 
F(Z)=FlCZ) 
N:N+l 
WRITE (6,10) (F(I),I=l,Nl 

10 FORMAT (, F',6F9.3) 
CAlL DCF) 
RETURN 
ENO 
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Fm= F,(1) 
F(2)= F

2
(2) 

Calculate N 
& 

CYCLE= 0 

Calculate 

T, & T2 

x, (1)= Fl(1);r 
X2(2)= f2(1) Z 2 

CYCLE 

CYCLE+ 1 

o 

Pig. 15. Subroutine (WEZZAH) 

• 
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SUBROllTINE SOHEIR (FIIF2IF) 
C THE SU~ROUTINE SUM$ U~ TWO INDEPENDENT DISTRIBUTIONS Fl AND F2 
C TO FORM A UNIQUE DISTRBUTION F 
C 
C THE FIRST TWO ENTERIES OF THE VECTO~S FIIF2 OR FARE THEIR LOWER 
C AND UPPER 60UNDERIES RESPECTIVELY 
C 

DIMENSION Fl(1)IF2(11IF(1>IX(80)IV(80) 
DO 4 1=1180 

4 F( 1)=0.0 
A1=Fl(1) 
A=Al 
AZ=F2(1) 
Bl=Fl(2) 
B=Bl 
8Z=F2(Z) 
Nl=«Fl(Z)-F1(1»/.OS)+0.Z 
NZ=«F2e2)-F2(1»/.OS)+0.2 
IF CAZ .lT. Al) A=AZ 
IF e8Z .GT. B1> 8=B2 
N=(eB-A)/.05)+.2 
KA=ABS« AI-A2)/.05)+.2 
KB=A8Se( 81-02)/.05)+.2 
DO 1 J= liN 
IF (Al .LE. A2) GO TO 2 
IF (J .lE. KA) GO TO 5 
XeJ)=Fle2+J-KA) 
VeJ)·F2e2+J) 
IF (J .GT. N2) VeJ)=o.o 
IF (J .GT. eN1+KA» XeJ)=O.o 
GO TO 3 

5 XCJ)·O. 
'(J).F2e2+J) 
GO TO 3 

2 IF (J .lE. KA) GO TO 6 
VeJ)=F2(2+J-KA) 
XeJ)=FUJ+2) 
IF(J.GT. Nl) XeJ)=o.o 
IF eJ .GT. (NZ+KA» VeJ)=o.o 
GO TO 3 

6 V(J).O.O 
XeJ).FU2+J) 

3 FeZ+J)·x(~)+V(J) 

1 CONTINUf 
F Cl )-10 
FeZ)·e 
... ·N+2 
WRITE (6110) eF(I)II=lIN) 

10 FO~HAT (1 F ',6F 9.3) 
( . RE TURN 

ENI) 
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~ .... F(1)=f2(1) Fl (1) 

=0 

F(1)=F1( 1) F2 ( 1 ) 

Calculote 
N 

=0 

Fig. 16. Subroutlne (SOHEIR) 

C YC LE 
= 0 

CYCLE 
=CYCLE+l 
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SUBROUTINé ANIS(F) 

THIS SUBROUTINE COMPUTES IFOR A GIVEN DISTRIBUTIONITHE FOLLOWING: 
T=TOTAL POPULATION 1 A=THE MEAN 1 S=THE STANDARD DEVIATION, 
GI=MEASURE OF SKEWNESS 1 G2 zMEtSURE OF KURTOSIS 1 AMODE=MODE 
CF=GENERA~ED CUMULATIVE DISTRIBUTION 

***************************************** 
* * * ANALYSIS PREPARED BV * 
* SOHEIR EL-NAHAS * 
* * ***************************************** 

DIMENSION F(I)ICF(SO) 
COMPUTE TNE NUMBER OF INTERVALS 
N=C(FC2)-FCI»/.OS)+0.2 
CALCULATE THE TOTAL 
T=O.O 
DO 7 1 = 1, r~ 
T=T+F(I+2) 

FIRST MOMENT 

M-N+2 
A=O.O 
DO 2 I-I,N 
FI=I 
LzI+2 
A=A+FCL)*(FCI)+CFI-O.S)*O.OS) 
AzA/T 

C SECOND MOMENT 
C 

C 

V=O.O 
DO 3 J=l,t~ 
FI=I 
L-I+2 

3 V=V+FCl)*«FCI)+CFI-O.S).0.OS-A»**2 
·5 z SOR T CV/ T ) 

C Gl FROM THE THIRD MOMENT 
C 

c 
c 
c 

AH3=0.0 
DO 4 I=I,N 
FI=1 
L-I+2 

4 AM3=AH3+FCl).CF(1)+(FI-0.S).0.OS-A).*3 
GI-CA~3/T)/CS··3) 

G2 FROM THE FOURTH MOMENT 

A"4=0.0 
00 5 I=l,N 

• F 1-1 
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l=I+2 
AM4=AM4+F(L).(F(1)+(FI-0.S)·0.05-A>**4 
G2=«A~4/T)/CS**4»-3.0 

C GENERATE THE CUMULATIVE DISTRIBUTION 
Y=O.O 

C 

DO 8 I=lIN 
V=Y+F(I+2) 

8 CFfI)=(y/T)*lOO. 

C DETERMINE THE MOOE 
BIG =0.0 

c 

DO 9 l=llN 
l=1+2 
IF CFCl) .GE. BIG) GO TO 11 
GO TO 9 

11 BIG =F(ll 
11=1 

9 CONTINUE 
l=II-2 

FF=l 
AMODE =F(1)+CFF-0.5)*0.05 
NT=T 

C PRINT RESulTS 
C 

c 
C 

WRITE (6110) NTIAISIG1IG21AMODE 
10 FORMAT (' 'l'TOTAla'II6,' IMEAN='IF7.31' ,STANDARD DEVIATIONa', 

lF7.3/' Gl='IF8.41' G2=',F8.4,' MODE=',F7.3/) 

WRITE (6,20) (CFCI)II=l,N) 
20 FORMAT (' CUMULATIVE FREQUENCY ',6F8.3) 

SS=F(1)+O.025 

WRITE (6130) SS 
30 FORMAT (' START AT THE VALUE 'IF7.3) 

RETURN 
END 
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EXCERPTS OF COMPUTER RESULTS 

In the following pages, selected results, printed by 

digital computer, are shown. The results comprise the 

cumulative frequency distributions of §. 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,egion A 

CUMULATIVE FREOUENCY 
CUMULATIVE FREQUENCY 
CUMULATIVE FREOUENCY 
START AT THE VALUE 

CUMULATIVE FREOUENCY 
CUMULATIVE FREOUENCV 
CUMULATIVE FREQUENCV 
CUMULATIVE FREOUENCY 
CUMULATIVE FREOUENCY 
CUMULATIVE FREQUENCY 
CUMULATIVE FREQUENCV 
CUMULATIVE FREQUENCY 
CUMULATIVE FRëOUENCY 
CUMULATIVE FREQUENCY 
START AT THE VALUE 

CUMULATIVE FREOUENCV 
CUHULATIV~ FREOJENCY 
CUMULATIVE FRECJUENCY 
CUMULATIVE fKEQUENCY 
CUMULATIVE FREQUENCY 

cru ise 

6,436 
43,974 
84,566 

0.450 

12.209 
49.746 
84.566 

cru Îse Il 

0,135 
8.459 

.44.082 
50.362 
94,625 
96,952 
98,615 
99,470 
99,865 
99,865 

0.400 

0.6..,3 
12.814 
45.626 
50,362 
94,824 
97,627 
98,615 
99,605 
99,065 

100.000 

cruise III 

4.283 
79.383 
79.383 
87.950 
97.087 

36.779 
79.383 
79.383 
87.950 
97.087 

14,153 
49.746 
90.338 

1.481 
15.436 
45.626 
67.842 
95.809 
97.988 
98,835 
99,605 
99.865 

45.346 
79.383 
79 •. 383 
87.950 
97.087 

14,153 25.174 
61.353 71.046 
92.283 100.000 

3.743 
15.436 
46.501 
69.097 
96.111 
98.263 
98.835 
99,605 
99.865 

3.743 
17.035 
46.715 
77,918 
96.557 
98.263 
99,153 
99.605 
99.865 

35,531 
74.935 

6',151 
26,747 
49.242 
94,625 
96,557 
98.355 
99.336 
99,605 
99.865 

66.762 74.529 74.~?9 
79.383 79.383 79.383 
83.667 87.950 87.950 
92.233 97.087 97.087 
97.087 97.087 97.087 

~~~TT~~~~~~~--~~.~T-~r.M~r-~~&T~~~Mr~~~~~eO~--

o ATIVE F~EtUENCY 97.087 97.087 97.087 97.087 97.087 97.067 
CUMULATIVE FREQ~ErlCY 97.087 97.087 104.854 
START AT THE VALUE 0.550 

• 
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cru i se IV 

cur1UL AT 1 VE FREQIJENCY 10.484 10.484 
cur~ULAT 1 VE FREQUEt .. CY 11.559 12.800 
cur1ULAT IVE FRE(J'JENCY 51.684 66.315 
CUHULATIVE FREQUENCY 75.063 75.b83 
CUMULATIVE F RE 'JtJE NC y 76.303 76.923 
CUMULATIVE FRE\jdENCY 76.923 76.923 
CUMULATIVE Fj{EQiJENCY 77.544 78.784 
CUHULATIVE FREQLlENCY 99.510 100.130 
CUMULATIVE FREQUENCY 101.371 101.371 
CUMULATIVE F~EQUE~CY 101.371 101.371 
START AT THE VAI.UE 0.250 

• V cru Ise 

CUMULATIVE FREQUENCY ·7.701 34.654 
CUMULATIVE FREOl.lENCY 54.511 54.511 
CUHULATIVE FREQ'JENCY . 82.302 82.302 
CUMULATIVE FREOLIENCY 
CUMULATIVE FREQUENCY 
ST ART AT THE VALUE 

CUMULATIVE F~EQUENCY 
CUMULATIVE FREQJENCV 
CUMULATIVE FREQUEUCY 
START AT THE VALUE 

C~~ULATIVE FREQUENCY 
CUMULATIVE FREQ~ENCY 
CUMULATIVE FRE:.',JEf\CY 
CUMULATIVE FREOuE~CY 
CUMULATIVE FRECUEhCY 
START AT THE V~LUE 

88.366 88.366 
92.822 96.040 

0.250 

cruise VI 

23.485 
62.121 

107.576 
0.300 

23.485 
73.864 

c ruise VII 

25.000 
75.000 

100.000 
100.000 
100.000 

0.500 

25.000 
75.000 

100.000 
100.000 
100.000 

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 

35.22.7 
73.864 

25.000 
75.000 

100.000 
100.000 
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 

10.484 10.484 
45.251 51.063 
70.916 72.157 
76.303 76.303 
76.923 76.923 
77.544 77.544 
98.890. 98.890 

100.130 101.371 
101.371 

50.055 
78.452 
85.520 
88.366 
96.040 

46.970 
95.833 

101.371 

50.055 
82.302 
85.520 
88.366 

104.950 

62.121 
95.~~3 

• 

25.000 25.000 25.000 
75.000 .100.000 100.000 

100.000 100.000 100.000 
100.000 100.000 100.000 
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Region B 

CUMULATIVE FREQUENCY 
CUMUL·ATIVE FREQUENCV 
CUMULATIVE FREQUENCY 
CUMULATIVE FREQUENCV 
START AT THE VALUE 

cruise 1 

57.647 
91.373 
98,432 
99.608 

0.450 

61.961 
94.902 
.98.432 
99.608 

cruise Il 

77.64"' 
94,902 
99,216 

100,000 

77,647 
95".687 
99.216 

CUMULATIVE FREQUENCY 0,0 0,0 0.0 0~252 
CUMULATIVE FREQUENCV 10.507 24,640 41.653 57,880 
CUMULATIVE FREQUENCV 75,511 81,184 84.898 88.610 
CUMULATIVE FREQUENCY 94,906 95,696 97,032 97.032 
CUMULATIVE FREQUENCV 98.208 98.272 98.272 98,747 

. CUMULATIVE FREQUENCY 99.499 99.499 99.599 99.686 
CUMUL~TIVE FREQUENCY 99.718 99.718 99,718 99.718 

-j .... W1rTn"1~""L~AIr'Tr-,I,...,.VT'PE..-,.F."RrT"E ...... QrT1UM'"E",N..,..C-uY---;9...,9----, 7"r18"'6p:---r9,..,.9 .... ~7rr.Br-z:6:--"TI9m9~ • ...,7""D'8-r6---;9"""'9...,-s-6 
·~œ~~LATIVE FREQUENCY 99,786 99,818 99.818 99,818 

CUMULATIVE FREQUENCY 99,818 99.818 100.000 
START AT THE VALUE 0.300 

• III c rUlse 

CUMULATIVE FREQ~ENCY 0.319 0.319 1.011 2.713 
CUMULATIVE FREOJEt·,CY 18.769 27.735 38.740 47.517 
CUMULATIVE FRElj!JENCY 70.093 75.097 18.536 80.823 
CUMULATIVE FRE(:iJENCY 87.593 88.410 89.815 91·253 
CUMULATIVE FRE ",JEr~C y 94.662 94.941 95·592 96.545 
CUMULATIVE FP.E~JtJE~:CY 97.430 97.743 91.923 99.010 
CUMULATIVE F~EQUENCY 98.8~9 99.032 99.364 99.697 
CUMULATIVE FREQUENCY 99.697 99.691 99.844 99.844 
CUMULATIVE F~EQJ(HCY 100.176 
STARï AT TUE VI'.LUE 0.200 

• 

84.706 
97.255 
99.216 

89,020 
97.647 
99,608 

1.492 10.507 
67.460 67.460 
90.068 92.564 
97.666 97,994 
99.016 99.048 
99.718 99.718· 
99.786 99.786· 
99.7B6~9I78o 
99.818 99,818 

4.521 11.257 
57.716 63.629 
83.614 85.1 9 2 
92.410 92.919 
97·144 91.430 
98.383 98.530 
99.691 99.697 
99.844 99.844 
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CUMULATIVE FREQIJEN.C V 
CUf-tULATIVE FREQuENCV 
CUMULATIVE FREOUENCY 
CUMULATIVE F R E \J:J E t-.l C V 
CUMULATIVE FREQ:JENCY 
CUMULATIVE FRE'JUENCV 
CUMULATIVE FREQIJENCY 
CUMULATIVE FREQ~JtNCY 

CUMULATIVE FRE<.JJENCY 
CUMULATIVE FRE(~UEf\fCY 

CUMULATIVE FREQUENtV 
START AT THE vr.LUE 

CUMULATIVE FREQUENCV 
CUMULATIVE FREOUENCV 
CUMULATIVE FRE~UENCV 

.START AT THE VALUE 

CUMULATIVE FREQUE~CV 
CUMULATIVE FRECUENCY 
CUMULATIVE FREQU~NCV 
START AT THE VALUE 

CUMULATIVE F~EQUENCY 
CUMULATIVE FREO~ENCY 
STARl AT THE VALUE 
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. IV cruise 

2.744 2.744 2.744 
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 97.854 
97.854 97.854 97.854 
97.854 97.854 97.854 
97.854 97.854 97.854 
98.524 98.524 99.195 
99.195 99.195 99.195 

0.250 

cruise V 

4.701 4.701 ~ 4.701 
14.103 25.214 39.744 
95.726 100.000 104.273 

0.300 

cruise VII 

8.889 
98.889 

100.000 
0.300 

8.889 
98.889 

cruise J 

77.778 
98.889 

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 

9.091 
72.727 

0.250 

36.364 
72.127 

36.364 36.364 
90.909 100.000 

9.518 
67.647 
95.039 
96.129 
97.854 
97.854 
97.854 
97.854 
97.854 
99.195 

100.878 

4.70\ 
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 
98.88=1 

36.364 
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Spiratella ret royersa 

Region A 

. 
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cruise 

3.409 
27;182 
42.198 
57.490 
92.907 
98.295 

3.409 
32.709 
42.198 
66.700 
94.749 
98.295 

CUMULATIVE FREQUENCY 
CUMULATIVE FREQUENCY 
CUMULATIVE FREQUENCY 
~UMULATIVE FREQUENCY 
CUMULATIVE FREQUENCY 
CUMULATIVE FREQUENCY 
START AT THE VALUE 0.300 

5.806 
32.709 
45.883 
74.623 
94.749 

100.000 

. IV c ru Ise 

"CUMULATlVE FREQUENCY 
CUMULATIVE: FREOUENCY 
CUMULATIVE FREQUENCY 
'CUMUL AT 1 VE FREQUEtJCY 
CUMULATIVE FREûUENCY 
CUMULATIVE FREQUENCY 
CUMULATIVE FREQUENCY 
CUMULATIVE FREOUENCY 
CUMULATIVE FREQUENCY 
CUMULAT!VE FREQUENCY 
START AT THE VALUE . " 

CUMULATIVE FREQUENCY 
CUt~ULAïIVE FRfQUENCY 
CUt1UL Ail VE FREOUENCY 
CUMULAi IVE FRE~UENCY 
START AT THE VALUE 

CUMULATIVE FREQUENCY 
CUMULATIVE FREOUENCY 
CUMULATIVE FRECUENCY 
CUMUL~TIVE FREQUENCY 
START AT THE VALUE 

1.066 16.688 
92.701 93.984 
98.371 98.405 
98.753 98.860 
98.934 98.934 
98.934 98.934 
98.934 98.934 
98.934 98.934 
98.934 98.934 
98.934 98.934 

0.200 

• crui se V 

0.679 11.356 
63.470 63.470 
89.768 91.384 
99.321 99.321 

0.250 

cruise VI 

1.732 
59.133 
86.433 
99.307 

0.250" 

22.621 
59.133 
92.901 

100.000 

48.801 
94.018 
98".458 
98.860 
98.934 
98.934 
98.934 
98.934 
98.934 

100.000 

11.356 
69.827 
94.778 

100.000 

29.551 
65.092 
95.661 

17.555 
34.413 
49.567 
74.623 
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 
98.934 
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' 
98.934 
98.934 
98.934 
98.934 
98.934 
98.934 

54.288 
89.7!l8 
99.321 

51.854 
86.433 
98.174 



o 

t 

( '. 

CUMULATIVE FREQUENCY 
CUMULATIVE FREQUENCV 
CUMULATiVE FREQUENCV 
CUMULATIVE FREQUENCY 
CUMULATIVE FREQUENCY 
START AT THE VALUE 

CUMULATIV~ FREQUENCV 
CUMULATIVE FREQUENCY 
CUMULATIVE FREQUENCY 
C~MUlATIVE FREQUENCY 
START AT THE VALUE 

9S 

cruise V Il 
: ' 

'1.191 
78.813 
91;005 
99.73& 
99.99& 

0.150 

3.574 
84.906 
94.&91 
99.893 

100.000 

cruise J 
.. .,.' 

0.952 
48.572 
88.571 
99.0'.8 

O.~OO 

&.667 
58.095 
88.571 

100.000 

, 

28.&53 
8&.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 
9&.070 
99.994 

31.429 
67.&19 
9&.190 

60.80l. 
69.701 
97.320 
99.996 

41.90S 
7&.191 
99.048 



(~) 

~ 

• • 
• • • t 

• 
1 

Region 

CUMULATIVE FREOUENCY 
CUMULATIVE FREQUENCY 
CUMULATIVE FREQUENCY 
CUMULATIVE FREOUENCY 
CUMULATIVE FREQUENCY 
CUMULATlVE FREQUENCY 
START AT THE VALUE 

Ir ATIVE FREQUENCY 
CUMULATIVE FREQUENCY 
CUMULATIVE FREQUENCY 
CUMULATiVE FREQUENCY 
CUMULA1IVE FREQUE~CV 
START AT THE VALUE 

CUHULA1IVE FREQUENCY 
SIART AT THE V~L~E 

CUMULATIVE FREQUENCY 
CUf-\UL AT 1 VE FREaUENCY 
CUMULATIVE FREQUENCY 
CUMULATIVE FREQUENCV 
START AT THE VALUE 

CUMULATIVE FREQUENCV 
CUMULATIVE FREaUENCV 
CUMULAT!VE FREQU~NCV 
CUMULAitVE FREQU~~CV 
START AT THE VALUE 

96 

B . 
c rUlse 

34.286 51.429 7-1.429 
90.000 ·91.429 91.429 
95.714 97.143 97.143 
98.571 98.571 98.571 
98.571 98.571 98.571 
98.571 98.571 100.000 

0.400 
\. 

. 
crulse Il 

• • 
52.831 63.668 
86.145 89.699 
90.581 91.059 
93.537 94.015 
98.336 98.336 

0.300 

cr ui se III 

100.000 
0.25--'1-

• crulse IV 

61.538 61.538 
61.538 61.538 
61.538 61.538 
61.538 100.000 

0.250 

cruise VI 

3.934 
90.132 
91.643 

100.000 
0.250 

25.527 
90.132 
91.643 

• 
69.511 
89.699 
91.535 
94.015 
98.740 

61.538 
61.538 
61.538 

25.527 
91.643 
91.643 

81.429 
91.429 
97.143 
98.571 
98.571 

• 
77.868 
89.699 
91.535 
94.419 

100.000 

61.538 
61.538 
61.538 

43.173 
91.643 
94.600 

81.429 
94.286 
97 ;143 
98.571 
98.571 

80.799 
89.699 
93.537 
97.858 

61.538 
61.538 
61.538 

66.527 
91.643 
97.300 

85.714 
95.714 
98.571 
98.571 
98.571 

• 
80.799 
90.581 
93.537 
98.336 

61.538 
61.538 
61.538 

74.396 
91.643 
97.300 



1 

(, 

, 

CUMULATI·VE FREQUENCY 
CUMULATJVE FREQUENCY 
START AT THE VALUE 

CUMULATIVE FREQUENCY 
CUMULATIVE FREQUENCY 
CUMULATIVE FREQUENCY 
CU"'ULA rIVE FREQUENCY 
CUMULATIVE FREOUENCY 
CUMULATIVE FREQUENCY 
START AT THE VALUE 

- 97 -

cruise VII 

42.228 
78.692 

0.300 

42.228 
78.692 

c rui se J 

1.099 5.495 
26.3/4 26.374 
45.055 45.055 
69.231 78.022 
97.802 97.802 
98.901 98.901 

0.250 

73.899 
84.650 

5.495 
31.868 
52.747 
89.011 
98.901 

100.000 

73.899 73.899 
95.207 100.000 

10.989 15.385 
38.462 40.659 
56.044 61.538 
90.110 90.110 
98.901 98.901 

70.692 

20.879 
45.055 
61.538 
96.703 
98.901 



- 98 ." 

(J Region C . 
c ru Ise 

CUMULATIVE FREQUENCY 27.404 50~437 88.483 100.000 
START AT THE VALUE 0,450 

c rui se IV 

CUMULATIVE FREQUENCV 0.693 1.505 1.985 1.985 3.407 4.927 
CU'''UL AT 1 VE FREQUENCV 20.727 27.095 27.296 34.863 45.203 60.149 
CUt1ULATIVE FREQUENCV 74.215 74.215 78.345 84.712 90.542 93.657 

'CUMUL"T IVE FRECUENCV 95.336 96.139 97.684 99.242 99.735 99.735 
CUMULATIVE FREQUENCV 99.735 100;000 
.START AT THE VALUE 0.200 

. ,cruise VII 

CUMULATIVE FREQUENCV 4.844 66.813 66.813 86.317 89.992 93.230 
CUMULATIVE FREQUENCV 93.558 93.556 94.118 95.757 97.479 -98.010 
CUMULATIVE FREQUENÇV 98.010 99.276 99.609 99.798 99.909 '99.909 

• CUMULATIVE FR~QUENCV 100.000 100.000 100.000 
1 

t . START AT THE VALUE 0.250 

t cru i se J 

CUMULA1IVE FREQUENCV 2.307 7.151 7.151 14.186 18.799 21.292 
CUMULATIVE FREOUENCV 21.810 21.810 23.987 31.862 31.394 45.281 
CUMULATIVE FREQUENCV 45.281 54.906 63.i79 12.413 80.552 80.5~2 
CUMULATIVE FREQUENCV 86.287 89.644 94.310 98.692 98.692 98.763 
CUMULATIVE FREQUENCV 98.834 98.9'04 98.904 98.904 100.000 
START AT THE VALUE 0.250 

(\ 



1 
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Region 0 
cruise Il 

CUr-1ULAT 1 VE FREQUENCV 
CUMULATIVE FREQUENCY 
CUMULATIVE FREQUENCV 
CUMULATIVE FREQUENCV 
CUMULATIVE FREQUENCV 
CUMULATIVE FREQUENCV 
CUMULATIVF. FREQUENCY 
START AT THE VALUE 

CUMULATIVE FREQUENCV. 
CUMULATIVE FREQUENCV 
CUMULATIVE FREQUENCV 
CUMULA'r 1 VE FREQUENCV 
CUMULATIVE FREOUENCY 
CUMULATIVE FREQUENCY 
START AT THE VALUE 

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

CUMULATIVE FREOUENCY 
CUMULATIVE FRE~UENCY 
START AT THE VALUE 

CUMULATIVE FREQUENCY 
CUJ4ULATIVE FREQUENCY 
CUMULA11VF FREOUtNCY 
CUMULA fi ve FREJ\JENCY 
CUMULAflVE FRE~U~NCY 
START AT THE VALUE 

7.127 14.254 
67.817 67.817 
85.746 85.746 
92.873 92.873 
92.073 92.873 
92.873 92.873 
92.873 92.873 

0.250 

. 
cruIs e III 

66.667 66.667 
66.667 66.667 
66.667 66.667 
66.667 66.667 
66.667 66.667 
66.667 66.667 

0.300 

cruise V. 

3.537 
21.643 
52.003 
86.983 

0.300 

3;537 
" 29.623 

35.627 
92.696 

cruise VII 
21.094 

100.000 
0.650 

cruise J 

0.572 3.816 
25.422 25.422 
65.499 67.582 
91.394 94.031 

100.000 
0&250 

14.254 
67.817 
92.873 
92.873 
92.073 
92.873 

100.000 

66.667 
66.66'7 
66.667 
66.667 
66.667 
66.667 

11.142 
34.011 
61.874 
93.734 

42.188 

3.816 
35.669 
73.428 
97.563 

46.437 
85.746 
92.873 
92.873 
92.873 
92.873 

66.667 
66.667 
66.6l?7 
66.667 
66.667 
~6.667 

14.889 
42.Q58 
71.010 
93.734 

60.690 67.817 
·85.746 85.746 
92.873 92.873 
92.873 92.873 
92.873 92.873 
92.873 92.873 

66.667 66.667 
66.667 66.6C,7 
66.667 66.6b7 , 
66.667 66.667 
66.667 66.667 

100.000 

18.209 21.643 
47.231 47.UJ.. 
71.010 77.595 
96.867 100.000 

63.281, 63.281 84.375 

3.816 7.646 14.329 
47.067 56.613 65.499 
71.190 85.579 85.519 
98.688 98.688 99.260 


