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ABSTRACT 

The distribution, 1ife history and systematics of Parathemisto 

gaudichaudi (forms bispinosa and compressa) and Parathemisto abyssorum 

in the Gulf of St. Lawrence were investigated, using material co11ected 

between ~~y and September of 1969. g. abyssorum is the dominant 

pelagie amphipod inside the Gulf. The highest concentration of this 

species and of both forros of g. gaudichaudi is in the central and eastern 

Gulf; their distribution is 1argely dependent on the current system. 

g. abyssorum appears to show a one-year life cycle in which the adults 

die after spawning in the spring. f. gaudichaudi also spawns largely 

in the spring but it is not certain whether these adults also die after 

liberating their young. The rnorphology of form bispinosa, forro 

comnressa and f. abvssorum was examined, and it is possible that the 

differences between bisoonsa and comoressa are significant enough to 

~arrant thcir separation as species. 
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1. GENERAL INTRODUCTION 

a. The Project. 

1 

A series of cruises, organized for the purpose of examining 

production in the Gulf of St. Lawrence, was initiated by the Canadian 

Committee of the International Biological Programme, directed by 

Dr. D.M. Steven. Collections made between the months of ~~y and 

September in 1969 have provided the material that was used in this 

investigation. 

The zooplankton community serves as the important link between 

primary and fish production and among its conspicuous members in the 

Gulf are the calanoid and cyclopoid copepods, the euphausids and the 

hyperiid amphipods. Of the latter, most or all of which are 

voracious carnivores and of considerable significance in the economy 

of the Gulf, the genus Parathemisto constitutes the largest 

proportion, and the distribution of its various species is examined 

here. Growth and life cycles are also described within the 

limitations of the samples. 

The systematics of the genus Parathemisto have been in a 

state of confusion sincc its initial discovery and description by 

Guérin in 1825. Causing oost of the trouble is the species 

gaudichaudi with its two foros cooorcssa and bispinosa, and this 

problcc is considered in the final sections of this study. 
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b. The Study Area 

Between latitudes 46°N and 52=N lies the shallow inland sea of 

the Gulf of St. Lawrence, a body of \olater occupying an area of 214 x 103 

sq km (Forrester and Vandall, 1968). The Gulf is shown in Figure l. 

Stretching from the edge of the Continental Shelf to the mouth 

of the Saguenay River is the Laurentian Channel which, along with its 

branch, the Esquiman Channel, forros a conspicuous feature of the Gulf. 

Also important is the establishment during the late spring and summer 

months of a three-layer system of water masses consisting of a warm 

surface layer extending to a depth of about 40 m, an intermediate cold 

layer from about 40 to 225 m, and a deep warm layer from 225 m to the 

bottom (Forrester, 1964). During the winter, the two upper layers 

mix and form a single cold layer which th en overlies the permanent warm 

layer at the bottom. forrester (1964) calculated the mean summer 

temperatures to be 9.2=C for the surface layer, 1.4°C for the inter

mediate layer, and 4.6°C for the deep layer. 

The principal connections of the Gu!f with the Atlantic Ocean 

are Cabot Strait and the Strait of Belle Isle. Through the latter 

there is an intermittent inflow of Labrador Current water and an 

outflow of Gulf water along the ~~~foundland coast. The net transport, 

however, is negligible (Huntsman, Bailey and Hachey, 1954). Cabot 

Strait is the main door to the open ocean. Its circulation is 

characterized by a weak im.ara surface f10" ... of .... ater on the !.e· ... foundland 

sidè and a strong out' ... ard surf.. ... ce flO" ... on the Cape Bn:ton sicié (!'~cGrégor, 

1956) . The net f10" ... is out' ... ard as .... ould be expccteè duc to the 
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progressive drainage into the Gulf from the St. Lawrence and other 

small rivers. 
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II. HATERIALS AND HETHODS 

a. Sampling. 

The material for this study was collected during the late 

spring and summer of 1969 on the cruises of the "Ambrose Foote ", 

chartered by the Gulf of St. Lawrence project of the International 

Biological Programme. Altogether there were 31 stations in the 

Gulf, the locations of which are given in Appendix 1. The 

stations are also shawn in Figure 2. Collections were made between 

Hay 7 and September 24 - excluding a short eighth cruise which was 

held after that date and is not considered in this study. Not every 

station was visited on each cruise and alternations were made between 

21-24, 25-28, and 25-26 together with 29-31. Appendix II lists the 

schedule with the dates of each cruise and the stations sampled, and 

Appendix III gives the depths of each oblique sample. 

Oblique and horizontal tows were taken at each station using 

1/2 meter nylon nets of mesh size8 0, 6 and 20. Closing nets were 

used for the horizontal tows. Collections were generally between 

10 and 20 minutes duration and flowmeters were attached to record 

the volume of water filtered by the net. A Time Depth Recorder 

provided information on the depths sampled by each taw, and a 

Bathythermograph supplied a continuous temperature-depth rcading. 

b. Trcatrr~nt of the SaO?lcs. 

The: matcrial for this study · .. ·as tai-:e:n fror.l the oblique: 

no. 0 samples c::-:ccpt in a very fe-.. • r?s!::s in · .. ·hich it ... ·as not available:. 
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In these instances the no. 6 sample was substituted. The composition 

of pelagic amphipods proved very similar from both nets. The 

horizontal tows from stations 5-8 were briefly examined as weIl, but 

the information for both the life cycles and horizontal distributions 

was gathered only from the oblique tows. The material had previously 

been subsampled, leaving a 3/4 or 1/2 sample to be examined. 

Occasionally, when the number of amphipods was unusually high, it was 

again subsampled by the author. AlI the figures quoted in this 

paper pertaining to X. abyssorum (Boeck) and X. gaudichaudi (Guérin) 

are corrected to represent complete samples. 

AlI the animaIs were counted, sexed and measured. ~leasurements 

were to the nearest tenth of a millimeter along the dorsal line from 

the head to the tip of the third pair of uropods. Nature females 

were distinguished by the presence of brood lamellae as large as, or 

larger than, the gill plates. There was only a small number of 

males, and their maturity was ascertained by the development of the 

long antennae. 

Nodal lengths were used in the calculation of growth rates. 

For the determination of horizontal distributions, the number of 

animaIs was corrected to individuals per 100 cu m. 

The gut content analysis ... ·as carried out on animaIs collectéd 

in the Gulf, but the information concerning thé féeding habits of 

Parathe:nisto abvssoruo ... ·as gained froï:l expcriCléntal ... ·or;.: at the: Log:; 

nay ~'!arinc Station in St. John's, :'c-. ..roundlanè. 

collected '.olth a no. 0 net and ::.aintainéQ in the laborator:: .... hieh · .. ·as 



8 

equipped with running sea water. 

R. gaudichaudi is comprised of two forms, form bispinosa 

and form compressa. Foremost among the characters by which 

bispinosa, compressa and g. abyssorum are taxonomically separated 

are the length of the fifth peraeopod (P5) relative to the sixth 

and seventh (P6, P7), and the shape of the fifth joint of 

peraeopods 3 and 4 (P3, P4). Peraeopods 5, 6 and 7 of 

R. abyssorum are approximately equal in length and the margins of 

joint 5 of P3 and P4 are almost parallel. On the other hand, in 

both forms of g. gaudichaudi, the length of P5 is distinctly 

greater than that of P6 and P7, and the margins of the fifth joint 

of p3 and P4 are expanded. Forms bispinosa and compressa differ 

a great deal in the length of PS -- that of the former being much 

greater -- and in the degree to which the margins of the fifth 

joint on P3 and P4 depart from parallelism -- those of bispinosa 

being further expanded. 

Consequently, the following ratios were measured, both for 

fcroales over 8 mm and for individuals betwcen 4 and 7 mm: 

1) The length ratio of the fifth joint of PS to the 

fifth joint of P6. 

2) The length ratio of the si:-:th joint of P5 to the 

sixth joint of p6. 

3) The length ratio oi thé fifth joint of P5 to thé 

body (as oeasured froc the head to the, ti? of thé 

uropods) . 
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4) The length/width ratio of the fifth joint of P4. 

Frequency distributions were then prepared, each distribution 

based on the measurements of 50 individuals, and the statistic which 

was applied to them involves the determination of the degree of 

intergradation, or convergence, between forms. It is expressed as 

the average percentage of the area of overlap relative to the 

entire curve for each of the two forms whose affinities are being 

examined (Ginsberg, 1938). For example, if 14% of compressa and 6% 

of E. abyssorum were in the area of overlap, then the degree of 

convergence between them would be 10%. In the case of one pair of 

frequency distributions (see bispinosa and compressa, Figure 17), 

an intergradation value could not be calculated. At-test was 

applied to the means of the distributions in question and to 

another pair of distributions (see compressa and E. abyssorum, 

Figure 17) and from the results the intergradation value was 

estimated (see Table 8). 



III. RESULTS 

PART A. SYNOPSIS OF THE HYPERIIDS COLLECTED 

a. Parathemisto libellula (Lichtenstein) 

syn. Themisto libellula C'landt) 

10 

Only three immature specimens were obtained from the samples 

which l examined, and each of these was taken from station 8, in 

waters influenced by the Labrador Current. One individual was 

recorded from a depth of 90-100 m on June 6 about 9:30 am and the 

remaining two on June 25 at approximately 9:45 am from a depth of 

100 m. Dunbar (1954) describes Parathemisto libellula as both an 

arctic and subarctic species, but more dominant in the former. ln 

Folio 6 of the "SeriaI Atlas of the Narine Environment" (1964), 

Dunbar cites the Strait of Belle Isle as its southernmost limit. 

The specimens l have examined probably represent a few "stragg lers" 

of that portion of the population carried into the Strait in the 

cold Labrador Current. The species appears to be absent in the 

Gulf proper, an observation confirming the findings of Huntsman 

(unpublished ~Œ quoted in Bousfield, 1951). 

The animaIs that were found were recorded early in the 

morning in the deeper water of the Strait of Belle Isle. Both 

Bousfield (1951) and Dunbar (1946), ho.-ever, have located 

Parathemisto libellula in surface water during the day_ 

Furthcroore, Dunbar (1946) also found evidence to suggest that as 

the light beco:nes stronger in late spri~g and SU=:;ér, ::hi.:: specli.::s 

is found increasingly close to the surface. Since it .as not 
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collected after June, it is probable that the surface waters had 

become too warm by that time. 

b. Hyperorche medusarum (Kr~yer) 

Altogether, eight specimens of Hyperoche medusarum were 

collected from stations across the Strait of Belle Isle. Taken 

from shallow horizontal tows were three immature individuals, one 

of which was from a depth of 19 m at station 8 about 7:30 pm on 

June 5, and two of which were from a depth of 25 m at station 5 on 

August 21 about 9:30 am. These few observations are in agreement 

with Bousfield (1951), who has stated that Hyperoche medusarum is 

generally found near the surface. Of five individuals collected 

in oblique tows, one mature male and one mature female were taken 

from station 8 on June 25 and three immature specimens were 

recorded from station 5, one on July 17 and two on August 2. 

Dunbar (1954) describes this species as arctic, subarctic 

and boreal. Stephensen (1942) found it largely between SOoN and 

70'N in the Atlantic, although it may penetrate as far south as the 

Gulf of ~~ine (Bigelow, 1926). Although 1 fai1ed to find Hyperoche 

medusarum within the Gulf proper, Shoemaker (1930), in his e:-:amination 

of the material from the 1917 Cheticamp Expedition, did report its 

presence in the southwestern part of the Gulf. 

c. Hyoeria galba C'~ontague) 

One oa turc f ec.a le .as co llec teè by an ob l ique to-.. · a t 5 ta t ion 

2 on July 7. Predo::Jinantly subarctic, but ar:tic as · ... (:11 (Dunbar, 
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1954), Hyperia galba was reported by Bigelow (1926) to be present 

but scarce in the Gulf of ~œine. It has a1so been reported by 

Huntsman (unpublished MS quoted in Bousfield, 1951) off the outer 

coast of Nova Scotia and within the Gulf of St. Lawrence. 

d. Parathemisto gaudichaudi (Guérin) 

form compressa (Goës) 

A total of 1182 specimens of compressa larger than 4 mm were 

taken from the obliqu2 tows examined. Although this form is 

present throughout most of the Gulf, it is particularly abundant in 

the central and eastern sections, but notably rare in the areas of 

the St. Lawrence Estuary and the Magdalen Shallows. The distribution 

of this hyperiid as weIl as that of bispinosa and Parathemisto 

abyssorum will be discussed in greater detail in another section. 

c. Parathemisto gaudichaudi (Guérin) 

form bispinosa (Boeck) 

Althogethcr, 205 individuals over 4 mm were collected from the 

oblique tows. Like the compressa form, it is very rare at stations 

13 through 24. It is relativcly abundant in the southeastern part 

of the Gulf. 

Individuals undcr 4 mm, of which there · .. ·ere 755, were idéntified 

only as gaudichaudi and not spécified to bisoinosa or comoressa. 



f. Parathemisto abyssorum (Boeck) 

syn. Parathemisto oblivia (Kr~yer) 

13 

Gulf . 

This species is by far the most abundant hyperiid in the 

Approximately 4000 individuals, representing aIl stages, 

were taken by the oblique no. 0 tows, as compared with a total of 

only 2142 specimens of bath forms and aIl stages of Parathemisto 

gaudichaudi. Furthermore, this species is weIl represented in aIl 

parts of the Gulf except the Magdalen Shallows. 

PART B. DISTRIBUTION 

Parathemisto gaudichaudi is a conspicuous constituent of the 

plankton, occurring frequently in the colder waters of both 

hemispheres (Kane, 196~). In the northern hemisphere, Dunbar (1964) 

describes this species as generally subarctic. Sars (1895) found it 

both in Davis Strait and in the waters off Spitzbergen and East 

Greenland, and Stephensen (1933 and 1940) reported it in Davis Strait 

and in shallow Icelandic waters. f. gaudichaudi has also been 

described from Ungava Bay (Dunbar, 1954), Hudson Strait (Dunbar, 1964) 

and northern Foxe Basin (Grainger, 1962). Ât 10wer latitudes, Pinhey 

(1927), Shoemaker (1930) and Bousfield (1951) have reported 

f. gaudichaudi in the Gulf of St. Lawrence and in the offshore waters 

of Newfound1and. Bigelow (1926) has described it as the oost widely 

distributed hyperiid in the offshore waters of the Gulf of !·1ainé. 

On the European side of thé Atlantic, it has been described froc 

Icc1and, the British Isles, Greenland and the Bay of Biscay (Stéphénscn, 

1923, 192.'0, 19!.2J. Iattersall (1906) has reportcd this species off 
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the coast of Ire1and, and Le Danois (1921) gives records of it off the 

coast of France. In the southern Atlantic, it is present in both the 

Antarctic and Subantarctic (Kane, 1966). 

A1though the distributions of bispinosa and compressa are 

approximate1y paralle1 (Stephensen, 1924; Bousfie1d, 1951; others), 

a number of differences in their niches have been reported. Bige low 

(1926) observed in the Gulf of Maine that bispinosa is genera1ly found 

in deeper waters than compressa and is the more oceanic of the two, 

having been ta ken more frequent1y in deep offshore hau1s. Barnard 

(1932) a1so found that bispinosa is more numerous in the open ocean of 

the southern hemisphere and Tesch (1911) has reported that it is the 

more oceanic on the eastern side of the Atlantic as weIl. Fina11y, 

Barnard (1932) and Kane (1966) have both found that bispinosa tends 

ta inhabit slight1y higher latitudes than compressa. From 33<S to 

72"S in the Southern Atlantic, the proportion of bispinosa increases 

from 9% ta 75% (Kane, 1966). 

Parathemisto abyssorum is present throughout bath arc tic and 

subarctic waters (Dunbar, 1954) and Sche11enberg (1927) reported it 

as far south as 45'N. It is apparently absent in the Southern 

Atlantic however (Kane, 1966). It was collected bl' Barnard (1959) 

fror:1 vertical tows in the upper 200 m of the Central Arctic Basin, 

by Stc?hensen (1923 and 1942) off Spitzbergen, in the waters off 

Grt::enland and in the Barents Sea and by Grainger (1962, 1965) in 

Fo:-:e Basin, Acundsen Gulf and !·!'Clure Strait. Dunbar (1954, 196t..) 
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has found this species in Ungava Bay, Baffin Bay and Disco Bayas 

well as in Hudson Strait, northern Hudson Bay and off the Labrador 

coast. Shen (1966) provides additional records in the Northwest 

Atlantic. Further south, Pinhey (1927), Shoemaker (1930) and 

Bousfield (1951) have described f. abyssorum from the Gulf of St. 

Lawrence, and Bigelow (1926) has recorded its presence in minor 

quantities from the Gulf of Maine. According to the same worker, 

f. abyssorum is more abundant in the Northeast Atlantic and Stephensen 

(1929, 1942) has reported it in the Norwegian Sea and in the waters 

around Iceland and Greenland. 

Although at higher latitudes this species is encountered in 

both deep and sha110w water (Dunbar, 1964), at lower latitudes it is 

normally found in deep water (Bousfie1d, 1951). 

a. The Distribution of Parathemisto abyssorum in the 

Gulf of St. Lawrence. 

Of the various hyperiids found in the Gulf, f. abyssorum is 

not only the most abundant, it is also the most widely distributed. 

There is, however, a zone of maximum concentration south of Anticosti 

Island and ta the northeast of it. This is apparent both in Figures 

3 and 4 and in Table l, aIl of which represent distributions averaged 

over the seven cruises for each station. Organisms larger than 4 mm 

are equally distributed across Cabot Strait, but in the Strait of 

Belle Isle, .... here they arc core abundant, there is a greater nur..ber at 

the r....o èeeper stations, naœly 6 and Î. rne scaller individuals ar<: 



Figure J. Parathemisto abyssorum. The distribution of individua1s 

greatcr than or equa1 to 4.1 mm. The quantities 

n'present the catch converted to numbers per 100 cu m 

and avcraged during the period covered by the sevcn 

enlises. 
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Figure 4. Paratheruisto abyssoruru. The averaged distribution 

per 100 cu ru of individuals less than or equal to 

4.0 ITan. See Figure 3 for code. 
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Table 1. The distribution of E. abyssorum in the Gulf of St. 

La\olrence. Their numbers have been corrected to 

represent complete samp1es per 100 cu m and averaged. 

Station Number f. abyssorum Number f. abyssorum 
greater than or 1ess than or equa 1 
equa1 to 4.1 mm to 4.0 mm 

1 2.565 1.826 
2 5.728 11.451 
3 4.785 94.102 
4 8.475 .572 
5 4.035 1.006 
6 Il. 550 .754 
7 21. 554 1.440 
8 8.357 .359 
9 1.464 .406 

10 17.778 10.196 
11 Il. 790 134.571 
12 2.053 4.048 
13 4.893 3.944 
14 8.228 2.410 
15 2.233 .713 
16 1.197 .259 
17 10.728 1.305 
18 22.147 4.475 
19 Il. 725 .169 
20 2.778 6.878 
21 3.983 0 
22 .417 1.667 
23 0 0 
24 0 0 
25 11. 717 1.923 
26 77.339 22.229 
27 61. 779 7.453 
28 8.217 22.252 
29 7.696 0 
30 13.105 1. 429 
31 6.076 2.604 
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simi1ar1y distributed, except that they occur in Cabot Strait in 

1arger numbers than in the Strait of Belle Isle. 

The organism is concentrated for the most part in the deeper 

parts of the Gulf (notab1y stations 18, 26 and 27) and is conspicuously 

rare in the Magdalen Shal1ows. 

The majority, both adults and juveni1es, were co11ected inside 

the Gulf of St. Lawrence proper rather than in the straits. This 

indicates the existence of a local self-sustaining population, a1though 

their presence in both Cabot Strait and in the Strait of Belle Isle 

shows that both entrances do act as a source of recruitment to sorne 

extent. Bousfield (1951) has shown that g. abyssorum is widely 

distributed and is indeed the dominant pelagie amphipod in the Strait 

of Belle Isle, hypothesizing that this cold water species succeeds in 

breeding in the Gulf of St. Lawrence by exploiting the intermediate 

cold layer that exists throughout the year. Figure 4 shows that this 

species does in fact breed successfully inside the Gulf, a1though 

relatively few juveniles were collected from stations 5-8. Appendices 

IV and V give the cruise by cruise distributions of 1. abyssorum 

respective1y greater than, and 1ess than, 4 mm. The peak é1bundance of 

this species occurs in the spring and coincides thus with the period of 

maximum spawning. 

b. The Distribution of Parathenisto gaudichaudi in the 

Gulf of St. Lawrence 

In this section only, unless othér-""i.5e stated, the tC!r~ 

bisoinosa and co~ressa refcr to individuals largC!r than 4 ==, ~héréas 
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the term R. gaudichaudi refers to those specimens of both forros under 

this length. The numbers of individuals of compressa, bispinosa and 

1. gaudichaudi that were collected on each cruise are given in 

Appendices VI, VII, and VIII respectively and Figures 5, 6, and 7 

illustrate the collections averaged over the entire period, with the 

exact figures shawn in Table 2. 

As in the case of R. abyssorum, there seems to be a local 

resident population concentrated in the central and eastern Gulf 

with most of the breeding in these same areas. This applies 

largely to compressa, for bispinosa does not appear to be very 

successful in the Gulf of St. Lawrence. Only 316 of the latter 

were collected, compared with 1039 of the former. As with 

R. abyssorum, both forms ar'o rare in the Nagdalen Shallaws. Both 

also reach a peak abundance during the spring spawning period. 

c. Relations to Currents. 

Neither the distribution of R. abyssorum nor that of 

R. gaudichaudi (al1 stages) is correlated with the areas of maximum 

primary production in the Gulf which is in the northwest section 

(Steven, 1971). Instead, the distributions appear to depend on the 

surface current systec in the straits and inside the Gulf. l have 

said that both f. abyssoruc and f. gaudichaudi are concentrated in 

the central and castern sections of the Gulf surrounding Anticosti 

Island. This area coincides 2??roxir::a.tely · ... ith the central t:yn: of 

the Gulf into which [ced the surface currents fro= both Cabot Strait 



Figure 5. Parathemlsto saudichaudi, form compressa. The 

averaged distribution per 100 cu m of indlvidua1s 

grentcr than or equa1 to 4.1 mm. 

(or the code. 

See Figure 3 
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Fig\lre 6. Pnrnthemisto gnudichnudi, [orm bispinosa. The 

nverngcd distribution per 100 cu m of individuals 

grcn ter thlln or cqua l ta 4. 1 nml. 

for the code. 

Sec Figure 3 
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Figure 7. Pnrnthcmisto gaudichaudi (bath forms). The 

nvcrnged distribution per 100 cu rn of individuols 

less thon or cquol ta 4.0 mm. 

the code. 

See Figure 3 for 
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Table 2. 

Station 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
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The distribution in the Gulf of St. La",rence of 

R. gaudichaudi 1essthan or equa1 to 4.0 mm and of 

forms compressa and bispinosa greater than or 

equal to 4.1 mm. 

f. gaudichaudi 
less than or 

equa1 to 4.0 mm 

5.515 
1.415 
1.494 
1.535 
o 

.369 
o 
o 

10.042 
.604 

87.835 
.104 

o 
o 
o 
o 
o 

.215 
o 
3.486 
o 
3.535 
o 

13.274 
.127 

7.309 
13.918 
13.015 
53.508 
16.850 
57.321 

form bispinosa 
greater than or 
equa1 to 4.1 mm 

6.816 
1.618 
4.793 
3.879 

.437 

.627 

.381 
o 

.851 

.115 
o 
o 
o 
o 

.124 

.058 
o 
o 

.156 
o 
o 
o 
o 
o 

.194 
1. 255 

.651 
5.505 
2.423 

19.243 
ï . 718 

form compressa 
greater than or 
equal to 4.1 mm 

7.814 
4.994 
5.081 

14.186 
3.767 
4.275 
4.802 
3.964 
3.386 
4.959 

13.839 
.490 
.234 
.331 
.080 
.058 
.108 

1. 785 
.570 
.482 

o 
3.716 
1. 150 
1.031 
1.634 

14.484 
11.157 
6.606 

18.554 
15.902 
18. ï20 
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and the Strait of Belle Isle~ At the same time, the currents are 

directed away from the }~gdalen Shallows where both species are rare. 

The Shallows are fed instead by currents from the estuary (El-Sabh, 

Forrester and Johannessen, 1969). 

The results indicate that bispinosa is insignificant in the 

Gulf . Bousfield (1951) also encountered this form only rarely in 

the Strait of Belle Isle a1though it was widely distributed in the 

offshore waters of Newfoundland. Pinhey (1927) a1so reported that 

the proportion of bispinosa to compressa in the offshore waters of 

Newfound1and was 3 to 1. Applying Bigelow's observation in 1926 

that bispinosa is more oceanic than compressa, Bousfield (1951) 

related the minor importance of the former in the Strait to its 

sporadic presence in the coastal waters off Labrador, the result of 

which is that very few are swept into the Strait via the Labrador 

Current. Compressa, on the other hand, is found more regularly in 

the coastal regions and is consequently carried into the Strait in 

greater numbers. 

Both forros enter Cabot Strait. As a result of its dual 

source compressa is evenly distributed over most of the eastern Gulf, 

as is f. abyssorum, whereas bispinosa is concentrated more in the 

southeast sections near Cabot Strait with very few at the northern 

stations 9, 10 and Il. 

The ratio of abvssoruo, cocnressa and bispinosa is appro:-:ir:-.ately 

6: 3: 1. Is the relative significance of the three then duc to a varying 

tolcrancc of conditions inside the Gulf, or only a reflection of the 
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proportion in which they are carried into the Gulf? As Redfield 

and Beale (1940) have pointed out, the answer to this question can 

be determined by a comparison of the ratio inside the area studied 

and in the entry sites. If a varying tolerance is involved, th en 

it will be reflected by a change in the ratio, whereas, if the 

animaIs are introduced in this same proportion, it will be reflected 

by a ratio that remains fairly constant as the amphipods invade 

deeper into the Gulf. The inflow through the straits is covered 

largely by stations 3, 4, 7 and 8. The ratios both from the areas 

of inflow as determined by the combined averages, and from the 

combined stations 9-12 and 25-31 inside the Gulf, were determined 

using only individuals greater than 4 mm. 

The ratio of f. abyssorum to compressa is 1.54 to l in the 

straits and approximately 2 to 1 inside the Gulf. Therefore, the 

superiority of f. abyssorum in the Gulf of St. Lawrence is due only 

partially to its introduction in greater numbers. The proportion 

of this species also increases further inside the Gulf and either 

greater tolerance to Gulf conditions or greater breeding success, or 

both may contribute to this. The ratio of compressa to bispinosa 

remains fairly constant from the straits into the Gulf, indicating 

that fcw bispinosa are carried into the Gulf, for reasons already 

presentcd. The ratio is 3.09ï to l in the straits in favour of 

coooressa and 2.891 to 1 inside the Gulf, again in favour of the saWé 

foro. 
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PART C. LIFE CYCLES AND GRCY,olTH RATES 

As a rule, organisms from high latitudes generally exhibit 

slower growth and consequently, greater longevity than their 

counterparts at lower latitudes, a pattern frequently resulting in 

a two-phase or ev en a polyphase breeding cycle. For example, Dunbar 

(1946) has reported a two-phase cycle for Parathemisto libellula in 

Baffin Island coastal waters with three generations co-existing during 

the reproductive season. Whatever the causes for such patterns in 

polar regions, they probably counteract the effects of slow growth and 

ensure a large population (Dunbar, 1941). 

At lower latitudes, however, animaIs tend to grow faster and 

have a shorter life cycle. The two-phase and polyphase breeding 

patterns do not generally occur in warmer tempera te waters (Dunbar, 

1941) and simpler, one-phase, non-overlapping patterns are expected to 

predominate. This is, for example, the case with Sagitta elegans on 

the Atlantic coast of North America (Redfield and Beale, 1940). The 

species is believed to produce one brood per year in the Gulf of ?~ine 

and in the Gulf of St. Lawrence (Huntsman and Reid, 1921) but the same 

animal has a two-year cycle in the Canadian Eastern Arctic (Dunbar, 1941). 

Bogorov (1940) has investigated the breeding pattern of 

Parathemisto abyssorum in the Barents Sea, and the usual high latitudc 

cycle was reported. The present study provides its lHe history in the 

Gu li oi St. Lawrence. Paratheoisto gaudichaudi appears core: sporadica Il:. 

in the Gulf, but as ouch as possible of its lUc cycle is c:-:aoined. 

It is assu~d for this investigation that the Gulf of St. La~rencc 
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has a faunistic entity largely of its <n·m and that the inflow of 

water is not sufficient to carry in organisms from a different 

population in numbers large enough ta distort the size-frequency 

curves. In fact, the flow through Belle Isle Strait has been 

reported to be small indeed (Huntsman, Bailey and Hachey, 1954) 

and the net flow through Cabot Strait is outwards (McGregor, 1956). 

Figures 3-7 also show that a majority of the animaIs are inside the 

Gulf itself and not in the areas of inflow. 

a. parathemisto abyssorum 

Life cycle. 

Size-frequency curves were prepared for each cruise and the 

results are shawn in Figure 8. The raw data, corrected to represent 

complete samples, are given in Table 3 of the text. It is clear 

from the bimodal distributions in Figures 8a, 8b and 8c that two 

distinct age groups are present in the Gulf during the spring and 

early summer. The individuals under the left curve represent 

juveniles and those under the right curve, the parent generation 

presumably yet to spawn. This bimodality disappears in late summer 

as the juveniles become older and the mature adults disappear from 

the plankton. 

Judging frot:} the increase in codaI length from the first to 

the second cruise, the young grow fron about 1.1-2.0 to 4.1-5.0 C:J in 

appro:doa te ly t'.·o or three ;.-eeks. inerefore, the total absence 

during the first cruise of any inèiviciuals 4.1-5.0 r:= (or, for that 



Figure 8. The size-frequency distribution of 

1. abyssorum. 
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Table 3. 

Sizes (mm) 

1.1-2.0 

2.1-3.0 

3.1-4.0 

4.1-5.0 

5.1-6.0 

6.1-7.0 

7.1-8.0 

8.1-9.0 

9.1-10.0 

10.1-11.0 

11.1-12.0 

12.1-13.0 

13.1-14.0 

14.1-15.0 

15.1-16.0 

30 

The size-frequency distribution of Parathemisto abyssorum 

for each of the seven cruises. The collections had been 

previous1y subsamp1ed and the numbers of individua1s have 

been corrected to represent complete samples. 

Cruise 

1 2 3 4 5 6 7 

760.67 9.33 8 17.33 9.33 2.67 0 

423.33 147.33 8 17.33 18.67 4 4 

9.33 186.67 22.67 16 10.67 0 0 

0 251. 33 34.67 6.67 46.67 4 1.33 

0 132 89.33 25.33 20 2.67 4 

0 92 117.33 64 22.67 6.67 4 

0 4 82.67 102.67 52 21.33 18.67 

0 0 24 161. 67 94.67 40 60 

0 2.67 2.67 78.67 144 78.67 170.67 

6.66 13.33 1. 33 4 61.33 66.67 135.33 

8 16.67 8 5.33 2.67 4 12 

5.33 9.33 10.67 2.67 5.33 0 1. 33 

1. 33 4 9.33 0 2.67 4 4 

1. 33 1. 33 0 0 2.67 1. 33 1. 33 

0 0 0 0 2.67 0 0 
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matter, of aIl individuals of intermediate lengths) makes it clear 

that the large spawning in early Nay is, in fact, the first spawning 

of the mature population. Figure 8 also shows that there is a 

continuous recruitrnent of young throughout the summer months, although 

on a very much smaller scale than during ~~y. Furthermore, the small 

number of adults indicates that they die after spawning. At any rate, 

if this were not the case, and the adults did in fact survive to breed 

a second time, this would have resulted in a trimodal curve during the 

reproductive season. No mature adults remain by the time of the 

sixth cruise, and consequently no recently liberated young were collected 

during the seventh cruise. Bousfield (1951) however, did record 

juvenile and immature Parathemisto abyssorum in the Strait of Belle 

Isle as late as August and September. 

Parathemisto abyssorum then is believed to adhere within 

the Gulf to a simple one-year life cycle in which the young are 

liberated from the brood pouch in spring by a generation destined to die 

after spawning. The juveniles grow rapidly during the spring and summer, 

but overwinter in an immature condition, not attaining sexual maturity 

until late .... ·inter or spring at which time they too will spawn and die. 

All but one of the large individuals under the right curve of Figure 8a, 

rcpresenting the first cruise, are mature, but the ratio of mature to 

ir.;oature individuals decreases over the SUO!:lCr until finall)' in late 

August and September, cven the largest spccir:-..c:ns arc still i::=.att;ré. 

Table ~ illustratés this. 



32 

Table 4. The proportion of mature individua1s of Parathemisto 

l 

2 

3 

4 

5 

6 

7 

abyssorum during each cruise. 

Cruise 

(Hay 7-21) 

(June 1-14) 

(June 21-Ju1y 4) 

(July 15-26) 

(Ju1y 30-August 

(August 18-30) 

(September 9-24) 

12 ) 

% Parathemisto abyssorum 
over 10.1 mm that are 
mature 

94.10 

88.10 

81.80 

50.00 

18.98 

o 

o 
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In contrast with this simple one-year pattern, Bogorov (1940), 

studying Parathemisto abyssorum in the Barents Sea, concluded that the 

animal has a life span of two years. He found large numbers of 

juveniles during the summer. From Septemberto May, adults were 

present, presumably breeding in the spring. 

its life cycle in the Gulf of St. Lawrence. 

This much also describes 

Bogorov, however, found 

med~ùm-sized individuals in his samples throughout the year, forming a 

third mode. 

It must be mentioned that although spawning accounts for most 

of the spring reduction of the adult population in the Gulf, there is 

probably also a large 1055 over the winter. More problematic is the 

issue of net avoidance by larger individuals. It must be assumed in 

a study such as this that all segments of the population are equally 

sampled. Since great numbers of immature specimens as large as 

10.1-11.0 mm were collected during the last few cruises, the assumption 

is probably a safe one. 

Growth 

The young are apparently liberated in May at a length of about 

1. 1-2.0 ~ and by early August, the modal 1ength has increased to 

9.1-10.0 mm. According to Figure 9, growth appears to be greatest 

in spring immediate1y after spawning and àuring the early summer. By 

1ate sumoer, the modal length of 9.1-10.0 ~ is reached after which 

thé gro;.;th curve flattens out. Although the ~dal length re~2ins 

the sace during the last three cruises, an increasing nuoDer of 



Figure 9. The growth rate of g. abyssorum. 
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individuals attains that length. The parent generation of spring 

may be assumed to represent the immature population of the previous 

autumn, thereby indicating an increase in the modal length from 

9.1-10.0 to Il.1-12.0 mm over the winter. The low growth rate 

during the autumn and winter is probably due to the energy expense 

required for the graduaI maturation that takes place over this 

period. As has been reported for Parathemisto gaudichaudi by 

Kane (1963), the sexual maturity of Parathemisto abyssorum does 

not seem to correlate entirely with the size of the animal. 

Instead, it seems to be dictated by the progression of the seasons, 

and an individual of 10 mm that is collected in spring will probably 

be mature, whereas an individual of the same length collected in the 

fall will probably be immature. 

b. Parathemisto gaudichaudi 

Because neither form of Parathemisto gaudichaudi is abundant 

in the Gulf, it is difficult te contruct and interpret size-

frequency distributions for each of them. The low number of animaIs 

taken during eaeh cruise results in curves whieh show little 

oeaningful progression or consistency. Chi squares, applied to thé 

distributions of the two forrns were not significant. Therefore, the 

numbers of comoressa and bispinosa were eoobined to produee thé 

distributions that are sh~'n in both Figures 10 and Table 5. 

Appendices IX and X give the se para te distributions, o~itting 2ni~ls 

under ~ ~ ~hich ~cre identifieè only as gaudichaudi. 



Figure 10. The size-frequency distribution of 

f. gaudichaudi. The degree of maturity is 

not shawn in these histograms. 
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Table 5. 

Sizes (mm) 

1.1-2.0 

2.1-3.0 

3.1-4.0 

4.1-5.0 

5.1-6.0 

6.1-7.0 

7.1-8.0 

8.1-9.0 

9.1-10.0 

10.1-11.0 

11.1-12.0 

12.1-13.0 

13.1-14.0 

14.1-15.0 

15.1-16.0 

16.1-17.0 

li .1-18.0 

18.1-19.0 

19.1-20.0 

20.1-21.0 

21.1-22.0 

37 

The size-frequency distribution of Parathemisto gaudichaudi 

from each of the seven cruises. The quantities of anima1s 

have been corrected to represent complete samp1es. 

1 

233.3 

112 

26.67 

6 

8 

1.33 

1.33 

o 

1.33 

4 

4 

9.33 

o 

o 

1.33 

o 

1.33 

o 

o 

o 

o 

2 

4 

8 

13.33 

12 

64 

12 

36 

25.34 

41.34 

40.67 

25.33 

6.67 

6.63 

5.34 

13.33 

2.67 

o 

5.3 

o 

5.34 

2.6ï 

3 

o 

8 

13.33 

21.33 

36 

48 

42.67 

42.66 

41.34 

29.34 

22.67 

57.33 

25.33 

29.34 

10.67 

o 

4 

2.67 

2.67 

o 

o 

Cruise 

4 

9.33 

20 

10.67 

16 

10.66 

12 

13.34 

25.33 

29.33 

37.33 

32 

33.34 

30.67 

14.67 

8 

18.67 

10.33 

2.67 

2.6i 

2.67 

o 

5 

8 

32 

60 

10.67 

25.34 

12 

6.66 

9.33 

20 

13.33 

6.67 

13 .33 

6.67 

2.67 

8 

2.66 

o 

o 

o 

o 

o 

6 

36 

56 

30.67 

28 

25.34 

12 

12 

5.34 

4 

4 

9.33 

4 

10.66 

12 

1. 33 

4 

o 

o 

o 

o 

o 

7 

8 

29.33 

6.36 

44 

40 

16 

12 

2.67 

4 

6.6 

9.34 

9.33 

5.33 

8 

6.66 

o 

o 

o 

o 

o 

o 
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It is quite clear from the results that the young are released 

throughout the spring and summer and even into September, although by 

far the greatest amount are liberated during the first cruise in Nay. 

In slight contrast to this, Bigelow (1926) reported that within the 

Gulf of l~ine, most of the breeding occurs in the summer. Bousfie Id 

(1951) found the same thing in the Strait of Belle Isle, but his 

samples covered only the months of July to September and he, therefore, 

cannot eliminate spring as the chief breeding season. 

Studying the life history of the same species in the OC-20 c E 

sector of the Southern Atlantic Ocean, Kane (1966) reported a cycle 

similar to that which occurs in the Gulf of St. Lawrence. She 

found a large number of juveniles during the months of September and 

December and of immature specimens in ~~rch. The juveniles were 

3-6 mm and consisted mainly of post-brood specimens, and so spawning 

appears to occur mainly in the spring months. There is also a 

protracted liberation of young during the early summer. During the 

winter, most of the animaIs were immature, but by late winter, 80.4% 

of the catch were mature, and presumably ready to spawn. 

During the first cruise in the Gulf, 83.5% of the females over 

10.1 mm were mature, but by the last cruise, 75% were immature. The 

decrease in mature females suggests that they die after spawning, 

although soce oature anioals do, in fact, survive and probably produce 

young la ter in the fall or in the subsequent spring. This contrasts 

with the life cycle oi Paratheoisto abvssoru~ in which virtually no 

::-.ature aniaals are left in the Gulf by the tiO(: of the sb:th and 
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seventh cruises. 

Another explanation for the presence of large, immature 

individuals during the late summer and autumn is offered by Kane 

(1963), who studied the development of Parathemisto gaudichaudi 

and observed that a number of mature animaIs with full brood 

pouches were developing a second series of oocytes. This suggests 

that after spawning they will becorne temporarily immature, but will 

eventually produce a second brood either in the fall or in the 

subsequent spring. The absence of bimodality in the size-frequency 

curves and the hint of a blurred trimodality (see Figure 10), 

especially during the first three cruises ,,,hen it would be most 

expected, suggests that this may be the case with sorne of the 

animaIs of this species in the Gulf. 

PART D. FEEDING 

Little work has been done concerning the feeding habits of 

Parathemisto or, for that matter, of any of the pelagie amphipods. 

Parathemisto is generally believed to be either carnivorous or 

omnivorous and the work that has been done to date confirms this. 

Dunbar (1946) examined the gut contents of R. 1ibel1ula and 

identified remnants of copepods, ostraeods and other crustaeea, 

inc1uding ocrnbers of its ~·n genus. ~i11iaoson (1950) observed 

f. graeilipes feeding on a fish 1arva, and Kane's ~ork in 1962 with 

this saroe speeies a1so indieates that it is hign1y earnivorous and 

r:.ay oe eannibalistie as ... ·e11. r.: ..... en the ne~ly hatenee appear to he 
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voracious carnivores; Conover (1960) observed the young of 

compressa swarming over a piece of dead euphausid. 

a. Results. 

At Logy Bay, Newfoundland, l observed the feeding habits 

of young 1. abyssorum, aIl of which were under 5 mm. As workers 

have reported for other species of this genus, 1. abyssorum is 

carnivorous, even in its early stages. Although the animaIs did 

not feed initially, they eventually accepted Artemia larvae, 

copepods, and occasionally fish larvae. They could be quite 

voracious at times. During the early stages of the experiments 

when forceps feeding was necessary, one individual ingested 48 

Artemia larvae in just over an hour. 

The actual feeding behaviour of 1. abyssorum proved to be 

5imilar to that reported by Kane (1962) for 1. gracilipes. The 

pleopods were never observed to handle the prey. Generally the 

prey organism is initially taken up by peraeopods 5-7, and then 

passed forward to the gnathopods which hold it against the 

mouthparts for mastication. Occasionally, as Bigelow (1926) 

also reported for different species of Parathemisto, the prey is 

swallow'ed ~hole. 

The gut contents of coooressa and bispinosa were analyzed 

spccifically in order to deterrnine ~hether the two foros differ 

in their food habits. Such a differcnce would be cxpectcd because 

of the exaggerated length of P5 of bisoinosa -- a leg involvcd in 
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Table 6. Gut contents of compressa 

No. Gut contents 

1 Crustacea reumants (copepods) 

2 Crustacea remnants (copepods) 

3 Crustacea remnants (copepods) ; unidentifiab1e organic 

material (UOH) 

4 Crustacea remnants (copepods); UOH 

5 Crustacea remnants (copepods, euphausids); UOH 

6 Crustacea remnants (copepods) 

7 Crustacea remnants (copepods) ; um! 

8 Crustacea remnants (copepods); UOM 

9 Crustacea remnants (copepods) ; UOM 

10 Crustacea remnants; UOH 

11 UOH 

12 UOH 

13 Crustacea remnants (copepods); UON 

14 Crustacea remnants (copepods) ; L'm! 

15 Crustacea remnants; ua!'! 

16 Crustacea remnants; UO;'! 

17 Crustacea remnants (euphausids); L'ml 

18 Crustacea rernnants (copepods) ; t:0!'[ 

19 Crustacea rccnants (cupnaus ids); cm! 

20 Crustacea recnants (euphausids); L'ml 
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Table 7. Gut contents of bispinosa. 

No. Gut contents 

1 Crustacea remnants (copepods) 

2 Crustacea remnants (copepods) 

3 Crustacea remnants (copepods) 

4 Crustacea remnants (copepods) ; unidentifiable organic 

material (UOH) 

5 Crustacea remnants (copepods) ; UOH 

6 Crustacea remnants (copepods) ; UOH 

7 Crustacea remnants (copepods); UOH 

8 UOM 

9 Crustacea remnants (copepods) ; UOM 

10 Crustacea remnants (copepods) ; UON 

11 UOM 

12 UOH 

13 Crustacea remnants; VOM 

14 Crustacea remnants (copepods) 

15 Crustacea remnants; UO:! 

16 Crustacea remnants (copepods) 

17 Crustacea rernnants (copepods) ; uœ·{ 

18 Crustacea remnants (copepods) 

19 Crustacea reC'lants; CO~': 

20 Crustacea ::-emnants (copepods); cœ·( 
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prey capture. However, the resu 1 ts, shovm in Tab les 6 and 7, g ive 

no evidence of this. Unidentifiable organic material, believed to 

represent soft parts of prey, was found in most of the specimens. 

Of the 20 stomachs examined from each form, all but three of the 

bispinosa and all but two of the compressa had crustacea remains in 

their guts. }los t of these were copepod appendages. Euphausid 

remnants were found in the guts of four of the compressa. In 

general, however, the gut contents were very similar, although sorne 

of the soft material which remained unidentified might have provided 

some information to explain the function of the increased 1ength of 

P5 of bispinosa. 

PART E. SYSTEMATICS 

The present genus Parathemisto was original1y described as 

Themisto in 1825 by Guérin, a narne subsequently changed to 

Euthemisto in 1887 by Bova11ius because the name Themisto had been 

given to a nudibranch in 1815 (Kane, 1966). About the same time, 

Bocck (1870) dcscribed a separa te genus Parathemisto. ln 1924, 

Stephensen united Euthemisto and Parathemisto to create the genus 

Themisto, later corrected to Parathemisto by Barnard in 1930. 

Within this genus, the species f. gaudichaudi has, above 

aIl others, provided systematists with problems since its initial 

identification by Guérin (1825). Early workers (Goës, 1865; 

Boeck, 1870; Sars, 1895; Stebbing, 1888; l,"osscler, 1901; 

Bigcl~ft, 1926) had divided f. gaudichaudi into t~o separa te species, 
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namely 1. compressa and 1. bispinosa, but 1ater authors (Stephensen, 

1924; Mogk, 1927; Barnard, 1930, 1932; Dunbar, 1954; Hur1ey, 1955, 

1960; B~Nman, 1960) consider them one species, referring to them 

generally as subspecies or "morphs". Stephensen (1924) and 1ater 

Mogk (1927), Barnard (1930, 1932) and Shen (1966) described an 

intermediate form between 1. bispinosa and 1. compressa which cou1d 

not be c1ear1y ascribed to either species. Stephensen conc1uded 

that previous authors who had considered these forms separate had 

been dea1ing, in fact, with extremes of the same species and he 

subsequent1y combined them ta once again form the species 

1. gaudichaudi. It seems incorrect, however, to conclude that simp1y 

because "intermediate forros" exist, that the "extremes" do not 

represent different species, especia11y wh en the former are only a 

relative1y smal1 percentage of the latter. l shall attempt to show, 

therefore, that such "intermediate forros" exist even between species 

long accepted as valid. 

a. Results 

With on1y one exception of the 1ength/width ratio of the fifth 

joint of P4 for individuals 4-7 mm, the degrec of convergence is 

greater between compressa and E. abyssorum than bet:\.leen compressa and 

bispinosa for both the larger and sca1ler specimens. The: greatest 

differences betw"een conpressa and bispinosa involve the fifth leg, 

the character enphasized by 5te?hensen (1924) • ... hen he co:::hined the 

t .... o. The frequency distributions for each character e;.:a::ïined arc 

sho-."n in Figures 11-18 and the intergraèation values arc: given in 



F l.gure 11. The frequency distribution of the length ratio 

of joint 5, P5 to joint 5, p6 for females over 

8 nm). 
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Figure 12. The (rcqucncy distribution of the length ratio 

of Joint 6, PS to joint 6, P6 for fernales over 

8 nun. See Figure 11 for the code. 
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Figure U. The frcquency distribution of the lengthh~idth 

ratio of joint 5, P4 [or fcmales ovcr 8 mm. 

See Figure Il for the code. 
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F lHure 14. The frcqucncy distribution of the length ratio 

of joint 5, P5 to the body for fcmalcs ovcr 

8 nIDl. See Figure Il for the code. 
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Figure 15. TllC frcqucncy distribution of the length ratio 

of joint 5, P5 ta joint 5, P6 for individua1s 

4-7 mm. Sec Figure Il for the code. 
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Figure 16. The frequency distribution of the length ratio 

of Joint 6, PS ta joint 6, P6 for individuals 

4-7 nm). Sec Figure 11 for the code. 
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F ig\lr\.~ 17. The frequency distribution of tl-c length / \vidth 

ratio o( joint S, P4 (or individuals 4-7 nID). 

See Figure 11 (or the code. 
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F iglln~ 18. The freqllency distribution of the length ratio 

of joint 5, P5 to the body for individuals 

4-7 mm. See Figure 11 for the code. 
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Table 8. 

As ~~yr (1964) points out, one of the major problems with 

morphological taxonomy is the difficulty in delimiting species 

from either subspecies or genera. Ginsberg (1938) offered 10% 

as the ~2ximum convergence of a key character between two species. 

If this delimitation is accepted, then compressa and f. abyssorum 

would be considered as subspecies in two out of eight of the 

comparisons, whereas compressa and bispinosa would be considered 

as separate species in aIl but one of the comparisons. However, 

Ginsberg's definitions were arbitrary, and l would therefore 

hesitate to question the validity of the taxonomic separation of 

compressa and f. abyssorum as separa te species. The larger 

divergence of compressa and bispinosa still requires an 

explanation however. 

b. Discussion 

An important factor to consider is the validity of using 

morphology as a basis for classification. Since it becomes 

highly impractical to define every species by an established 

reproductive isolation, workers must therefore resort to 

morphological grounds upon which to construct their classifications. 

Until recently, the judgements of affinity between groups of 

organisos were subjective and therefore quite variable froc one 

~orker to the next. Today, ho-. .. ever, this subjectivity is beginning 

to he rcplaced by a relatively objective syste::! of nU:::A:rical ta:·:ono= .... , 



Table 8. Intergradation values 

(orm compressa vs f. abyssorum form compressa, vs form bispinosa 

4~7nun females over 8 nun 4-7nun f emales over 8 nun 

.ll '), p')/Jl 5, Po ln. 10/. 3% 87. 

.Il 6, l'S/Jt 6, 1'6 147. 11% S'%, 57. 

.1 t '), 1'5/body length 20'%. 11 /. 3/. 10/0 

Pl., lt'ngthh ... illlh 181'. 8'r. over 18/."( 8'r. 

,'; Tlw intt'rgrndntion values could not be calculated from the frequency distributions in 

lhi~ cnsl'. At-test was carried out instead between the means of these frequency 

di~trib\ltions nnd thosc (or the same character, between form compressa and f. abyssorum, 

1.-7 I11m. From the results of the two, it could be determined tha t the intcrgradation 

vnllll's for tlw distribution in question was over 187. (see text). 

V1 
~ 
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some methods of which are discussed by Boyce (1964). It is 

because Stephensen (1924) combined g. bispinosa and R. compressa 

on purely morphological grounds that 1 have also resorted to 

morphology to re-establish the two as separa te species, or at 

least to cast some doubts on their current classification. 

The greater divergence of compressa and bispinosa would not 

be expected if they were indeed one species. Furthermore, the 

"intermediate form" between compressa and R. abyssorum has never 

inspired anyone to suggest that these two species are in fact one, 

and it therefore does not seem proper that R. bispinosa and 

R. compressa should have been combined on these same grounds. 

It is generally believed that if two re lated species or two 

subspecies are sympatric, then, in order for them to successfully 

co-exist, they will have to be more dissimilar ecologically than 

if they were allopatric. Therefore, the results obtaincd would 

face possible discredit if compressa was sympatric only with 

bispinosa but allopatric in its relation to R. abyssorum, since 

then the greater divergence of bispinosa and compressa could be 

attributed to their sympatric existence and the similarities of 

the latter with R. abyssorum to their allopatry. The evidence 

drawn from the oblique samples, howevcr, points to very similar 

horizontal distributions for aIl three. further~~re, the fe~ 

horizontal tO"w'S that · .... cre e:·:aoined iroo the Strait of 3elle Isle 

contained aIl threc fairly o!ten, indicating that their vertical 

distributions in the Gulf are not too èissi=ilar. ln any caSé, 
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the actual individuals of comoressa and E. abyssorum that \·lere 

examined were from the same stations in the Strait of Belle Isle, 

\olhereas the specimens of bispinosa were from the central Gulf. 

If bispinosa and compressa are generally sympatric, as 

they seem to be in the Gulf, it is difficult to understand how 

they can maintain their morphological integrity unless they are 

in fact two species and consequently do not interbreed. 

Alternatively, however, Nicholson (unpub1ished MS quoted by Kane, 

1966) postulated a sex-linked factor that may genetically 

de termine the two forms, indicating that the two are in fact 

part of a polymorphie system. His work has not been fol1owed up, 

but if the ratio between the two forms proved to be constant from 

one station to the next, it would offer sorne support for this idea. 

The ratio in the Gulf varied, however, but this fails to disprove 

his hypothesis since differentia1 tolerances of the two forms may 

alter the ratio in different areas of the Gulf. 

Other workers (Bigelow and Sears, 1939; Bousfielà, 1951) 

have observed that the eggs of foro bispinosa and form compressa are 

indistinguishable with respect to shape, colour and size and that 

the individua1s under 5 mm cou1d not be ascribed to one or the 

othër. Ha-cver, the eggs of R. abyssoruc have not yet becn examined 

in detai1 and they seem to bc not dissioilar to those of 

E. gaudichauèL Furthert:'..ore, individu.a1s of biscinosa t:'kasuring 

only 4 I::::l have bcen identificd .... ith case. If progress is to DC 

::-.adc in the propcr classification of bisoinosa and cocoressa 
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more work is highly desirable inthe direction begun by Nicholson 

and if possible this should include actual interbreeding experiments. 
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IV. Sm-n-l<\RY 

1. The genus Parathemisto in the Gulf of St. Lavlrence is examined. 

2. Its principal representatives in the Gulf are 1. abyssorum and 

the two forros of 1. gaudichaudi, compressa and bispinosa. Of 

these, 1. abyssorum is dominant. 

3. The concentration of these species in the central and eastern 

Gulf and their sporadic occurrence in the Magdalen Shallows 

result largely from the current system inside the Gulf. 

4. 1. abyssorum is believed to adhere te 3 simple one-year life 

cycle in which the parent generation dies after liberating its 

young in the spring. 

5. The majority of f. gaudichaudi aiso release their young in the 

spring. It is not certain however whether the adults die 

after spawning; the presence of imm2ture specimens as large as 

21 mm supports the hypothesis of Kane (1963) that the parent 

generation may become secondarily and temporarily immature after 

spawning. 

6. Comoressa, bispinosa and 1. abvssorum are carnivores, feeding 

r.iOstly on copepods. Artemia and sometioe fish larvae were 

also accepted by 1. abyssoruc in the laboratory. Euphausid 

rer...ains .,,-ere occasionally identifiee in the gut of CO!:loressa. 

ï. Fro::l the gut content analysis, it appears that ~he fe(:ding 

habits of cO::::Jressa ane bis:>inosa are very si=.ilar, 1(,avin6 
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the exaggerated length of the PS of the latter unexplained. 

8. ~lorphological evidence is presented to question the present 

classification of compressa and bispinosa as one species. 



60 

BIBLIOGRAPHY 

Barnard, J. L. 1959. Epipelagic and under-ice amphipoda of the 

Central Arctic Basin. Geophys. Res. Pape No. 63, Scientific 

Studies at Fletcher 's Ice Island, T-3, 1952-1955, 1: 115-152. 

Barnard, K.H. 1930. Crustacea. Part XI. Amphipoda. British 

Antarctic ("Terra Nova") Exped., 1910, Nat. Hist. Rep., Zoo 1. , 

8 (4): 307-454. 

Barnard, K. H. Amphipoda Discovery Reports, 5: 1-362. 

Bige low, H. B. 

1932. 

1926. P1ankton of the offshore waters of the Gulf 

of Naine. Bull. U.S. Bur. Fish., 40 (2): 1-509. 

Bige1ow, H.B. and N. Sears. 1939. Studies of the waters of the 

Continental She1f, Cape Cod to Chesapeake Bay, III. A 

volumetrie study of the zoop1ankton. 

70: 429-581. 

Mem. Mus. Comp. Zool., 

Boeck, A. 1870. Crustacea amphipoda borea1ia et arctica. 

Forh. Vidensk. Se1sk. Krist., 81-200. 

Bogorov, B. G. 1940. Longevity and eco10gica1 charactcristics of 

Thernisto abyssorum in the Barents Sea. Dok1. Akad. ~';auk. 

SSSR, 27 (1): 68-70. 

Boust ie1d, E. L. 

region. 

1951. Pelagie aophipods of the Belle Isle Strait 

J. Fish. Res. Bd. Canada, 8 (3): 134-163. 



61 

Bovallius, C. 1887. Systematical list of the amphipoda Hyperiidea. 

Bih. K. Svenska. VetenskAkad. Handl., Il (16). 

Bowman, T. E. 1960. The pe1agic amphipod genus Parathemisto 

(Hyperiidae: Hyperiidae) in the North Pacific and adjacent 

Arctic Ocean. Proc. U.S. Nat. Nus., 112 (3439): 343-397. 

Boyce, A. J. 1964. The value of some methods of nurnerical taxonomy 

with reference to hominoid classification. In: Phenetic and 

Phylogenetic Classification. Heywood, V.H. and J. }~Neill 

(eds.). The Systematics Association, 6: 47-65. 

Conover, R.J. 1960. The feeding behaviour and respiration of sorne 

marine planktonic crustacea. Biol. Bull., 119 (3): 399-415. 

Dunbar, H. J. 1941. 

Aurivillius. 

Dunbar, H. J. 1946. 

The breeding cycle in Sagitta elegans arctica 

Cano J. Res., 19: 258-266. 

On Themisto libellula in Baffin Island Coastal 

waters. J. Fish Res. Bd. Canada, 6 (6): 419-434. 

Dunbar, H. J. 1954. The amphipod Crustacea of Ungava Bay, Canadian 

Eastern Arctic. J. Fish. Res. Bd. Canada, Il (6): 709-798. 

Dunbar, H.J. 1964. Euphausids and pelagic amphipods, distribution 

in North Atlantic and Arctic waters. Ser. At!. Har. Envir., 

folio 6, pIs. 1-8. Aoer. Geogr. Soc. 

E1-Sabh, ~., W.S. Forrester and O.~. Johannessen. 1969. 

5ibliography and sooc aspects of physical oceanography in th" 

Gulf of St. La.rcncc. !'~rine Scü:nces Centre, !'~Gill L"nivérsit::, 

~'~ontrea 1, Canada. 



62 

Forrester, H.D. 1964. A quantitative temperature-salinity study 

of the Gulf of St. Lawrence. Bed. Inst. Oceanogr., Dartmouth, 

N.S., Canada. Unpubl. NS Report 64-11, 16 pp. 

Forrester, W.D. and P.E. Vandall, Jr. 1968. Ice volumes in the 

Gulf of St. Lawrence. Atlantic Oceanogr. Lab., Bed. Inst., 

Dartmouth, N.S., Canada. Unpubl. ~5 Report 68-7, 16 pp. 

Ginsberg, 1. 1938. Arithmetical definitions of a species, 

subspecies and race concept with a proposaI for a modified 

nomenclature containing a simple method for comparison of 

related populations. Zoologica, 23 (3): 252-286. 

Goës, A.T. 1865. Crustacea Amphipoda maris Spitzbergen alluentis 

cum speciebus aliis articis. Ofvers. K. VetenskAkad. Forh., 

8: 517-536. 

Grainger, E.H. 1962. Zooplankton of Foxe Basin in the Canadian 

Arctic. J. Fish Res. ~. Canada, 19 (3): 377-400. 

Grainger, E.H. 1965. Zooplankton from the Arctic Ocean and 

adjacent Canadian waters. J. Fish Res. Bd. Canada, 22 (2): 

543-564. 

Guérin, F.E. 1825. L'ropt?:re. Encylopédie ~~thodique, Hist. 

Nat., 10: 772. 

iiuntst:".an, A.G. and ~!.E. Reid. 1921. The success of reproduction 

in Sagitta elegans in the Bay of Fundy and the Gulf of St. 

La ... -rence. Trans. Roy. Cano Inst., 13 (2): 99-112. 



, 

63 

Huntsman, A.G., W.B. Bai1ey and H.B. Hachey. 1954. The genera1 

oceanography of the Strait of Belle Isle. 

Canada, 11 (3): 198-260. 

J. Fish. Red. Bd. 

Hur1ey, D.E. 1955. Pelagie amphipods of the sub-order Hyperiidea 

in New Zea1and waters. 1. Systematics. Trans. Roy. Soc. 

New Zea1and, 83 (1): 119-194. 

Hur1ey, D.E. 1960. Amphipoda Hyperiidea. Brit. Aust. N.Z. 

Antarctic Res. Exped. 1929-1931, Rep. Ser. B. (Zool. and Bot.), 

8 (5): 107-114. 

Kane, J.E. 1962. Observations on the mou1ting and feeding of a 

Hyperiid amphipod. Crustraceana, 6: 129-132. 

Kane, J.E. 1963. Stages in the ear1y deve10pment of Parathemisto 

gaudichaudi (Guér.) (Crustacea Amphipoda: Hyperiidea), the 

deve10pment of secondary sexua1 characters and of the ovary. 

Trans. Roy. Soc. New Zealand. 3 (5): 35-45. 

Kane. J.E. 1966. The distribution of Parathemisto gaudichaudi (Gu~r.) 

with observations on its life-history in the O· to 20 0 E sector of 

the Southern Ocean. Discovery Reports, 34: 165-197. 

Le Danois, Ed. 1921. Recherches sur le r~gime des Eaux Atlantiques 

au large des CÔtes de France et sur la biologie Thon Blanc en 

SerI~on . ~~otcs ~·!fm. Off. scient. tech. ?êch. l:1.arit., 9: 1-16. 

~·(ayr, E. 1964. Systeoatics and the: Origin 0: Specics fro::: thé 

.... ie.·?oint of a zoologist. Do':er ?cblications, ~;. 'i., 334 pp . 



64 

~1cGregor, D.G. 1956. Currents and transport in Cabot Strait. 

J. Fish. Res. Bd. Canada, 13 (3): 435-41 .. 8. 

Mogk, H. 1927. Verush einer Formana1yse bei Hyperiiden: III. 

lnt. Revue d. ges. Hydrobio1. u. Hydrogr., 17 (1-2): 65-98. 

Pinhey, K.F. 1927. Entomostraca of the Bellels1e Strait 

Expedition 1913 with notes on other p1anktonic species. 

Contr. Cano Biol. Fish., 3 (1~): 331-346. 

Redfie1d, A.C. and A. Bea1e. 1940. Factors determining the 

distribution of populations of chaetognaths in the Gulf of 

Naine. Biol. Bull., 79 (3): 459-487. 

Sars, G.O. 1895. An account of the Crustacea of Norway. Vol. 1. 

Amphipoda. Christiana and Copenhagen. 711 pp. plus plates. 

Schellenberg, A. 1927. Amphipoda des nordischen Plankton. 

Nord. Plank., 20: 589-722. 

Shen, Y. 1966. The distribution and morphological variation of 

certain euphausids and pelagie amphipods in tropical Northwest 

Atlantic and Canadian Arctic waters. Unpublished M.Sc. 

dissertation, HcGill University, !'\ontrea1, Canada. 

Shocmaker, C. R. 

of 1917. 

Stcbbing, T.R.R. 

1930. The amphipods of the Cheticamp Expedition 

Contr. Cano Eio1. Fish., 5 (10): 219-359. 

1888. Report on the acphipoda collected by 

E.!·LS. "Challenger" during the years 1873-1876. 

ChaIl. Exp., 29: 1-1737. 



65 

Stephensen. K. 1923. Crustacea Ha1acostraca, v. Amphipoda, 1. 

Danish Ingolf Expedition, 3 (8): 1-100. 

Stephensen, K. 1924. Hyperiidea-Amphipoda (pt. 2: Paraphronimidae, 

Hyperiidae, Daire11idae, Phronimidae, Anch10meridae). Rep. 

Danish Oceanogr. Exped. 1908-1910 to the Mediterranean and 

adjacent seas, 2 (4): 71-149. 

Stephensen, K. 1929. Marine Crustacea: Amphipoda. Zoo1. Farves., 

23: 1-40. 

Stephensen, K. 1933. Amphipoda. The "Godthaab" Expedition 1928. 

Medd. om Gr~n1and, 79 (7): 1-88. 

Stephensen, K. 

1-3. 

Stephensen, K. 

1940. 

1942. 

~~rine Amphipoda. Zoology of Ice1and. 3 (26): 

The Amphipoda of North Norway and Spitzbergen 

with adjacent waters. Troms~ Nus. Skr., 3 (4): 363-526. 

Steven, D. H. 1971. (Unpub lished HS) International Bio10gica1 

rrogramme Study of the Gulf of St. Lawrence. IN: 2nd. Gulf of 

St. Lawrence Workshop, Bedford Inst., Dartmouth, N.S., Canada: 

146-159. 

Tattersa 11, \0;'. ~L 1906. Pe 1agic amphipoda of the Irish At lant ic 

Slope. Fisheries, Ire. Sci. lnvest., 4 (8): 1-39. 

Tcsch, J.J. 1911. Acphipoda. Bull. IriGést. Cons. ?ero. Int. 

::::.:plor. ~·~er. R~suœ planktoniquc, 2: lï6-193. 



66 

Vosseler, J. 1901. Die Amphipoden der Plankton-Expedition der 

Humboldt-Stiftung, 1889. Erg. P1ankton. Exped., 2, 129 pp. 

Williamson, D. 1. 1950. Note on Themisto gracilipes. Norman. 

Ann. Rep. ~~r. Biol. Sta. Port Erin, 62: 26. 



Station 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

APPENDIX l 

"ANBROSE FOOTE" STATION POSITIONS 

Longitude 

60'15'00" W 

59°57'35" W 

59°39'00" W 

59°25'30" W 

58°22'20" W 

58°41'45" W 

59°04'40" W 

59°29'00" W 

61°30'30" W 

61 °35 '00" W 

61"38'30"W 

63'23'30"W 

65" 37' 14" W 

65°34'00" W 

65"32'30" W 

65"32'25" W 

64'36'20" W 

63' 37 '40" ~. 

63'46'20" 1.' 

64'02'00" i.' 

67 

Latitude 

47"05'55" N 

47°14'35" N 

47°24'30" N 

47°34'43" N 

49°41 '30" N 

49'48'50" N 

50°03'40" N 

50° 11 '30" N 

49°55'15" N 

49'37'00" N 

49°19'30" N 

49°59'36" N 

50°06'40" N 

49°53'55" N 

49'40'05" N 

49 e 23 ' 30" ~; 

49"26 50" N 

49' 16' 12" !. 

49'04'45" ~; 

48'49'40" ~; 
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Appendix l - continued 

Stati.on Longitude Latitude 

21 63°20'55" W 48°01'45" N 

22 62°37'00" W 47°23'05" N 

23 62°00'00" W 46°37'00" N 

24 61°54'50" W 46°56'00" N 

25 62°55'33" W 48°53'05" N 

26 61°48'05" W 48° 58' 00" N 

27 61°30'20" W 48°29'00" N 

28 61 c 17' 00" W 48°01'20" N 

29 60°59'40" W 48°46'25" N 

30 60° 16 '40" W 48°40'15" N 

31 59°34'00" W 48°32'40" N 
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APPENDIX II 

CRUISES OF THE "MffiROSE FOOTE" 

Cruise No. 1 2 3 4 5 6 7 

Date Hay 7- June 1- June 31- Ju1y 15- Ju1y 30- Aug. 18- Sept. 9-
21 14 Ju1y 4 26 Aug. 12 30 24 

Stations 
examined 1 2 1 1 1 1 1 

2 3 2 2 2 2 2 

3 4 4 3 3 3 3 

5 5 5 4 4 4 4 

9 6 6 5 5 5 5 

10 7 7 6 6 6 6 

11 8 8 7 7 7 8 

12 9 9 8 9 8 9 

13 10 10 9 10 9 10 

14 12 11 10 11 10 12 

15 13 12 11 12 11 13 

18 14 13 12 13 12 14 

20 15 14 13 14 13 15 

21 16 15 15 15 14 16 

22 17 16 16 16 15 17 

23 18 17 17 17 16 18 

19 18 18 18 17 19 

20 19 19 19 18 20 

25 20 20 25 20 21 

26 25 21 26 25 22 

27 26 22 27 26 24 

28 29 23 28 29 

30 24 30 

31 31 
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APPENDIX III 

DEPTH OF SA1-1PLING 

Cruise/Station Samp1e Depth Cruise/Station Samp1e Depth 
no. no. (m) no. no. (m) 

1/1 002 X-J: II/15 170 250 

1/2 003 X II/16 176 312 

1/3 005 240 II/17 181 296 

1/5 010 75 II/18 188 220 

1/9 023 90 II/19 193 X 

1/10 030 250 II/20 199 120 

1/11 032 60 II/25 206 275 

1/12 035 125 II/26 213 63 

1/13 040 140 II/27 216 319 

1/14 045 125 II/28 222 49 

1/15 051 214 

1/18 059 225 Ill/i 227 153 

1/20 067 80 III/2 233 350 

1/21 074 45 IIl/4 245 315 

1/22 077 50 Ill/5 251 80 

1/23 084 45 III/6 256 165 

II1/7 262 250 
II/2 095 300 Ill/8 269 90 
II/3 104 450 III/9 277 51 
II/4 107 312 III/10 284 188 
II/5 120 81 III/Il 292 54 
n/6 125 184 IIl/12 299 100 
II/7 130 250 lIIIU 307 162 
II/8 137 143 1II/14 313 200 
II/9 142 55 lIl/15 320 208 
III 10 148 110 1 II/16 325 323 
II/12 155 115 IIl/17 JJ4 331 

III 13 158 150 II 1/18 353 187 

J l!/14 164 113 Ill/19 'J 1.-J_I 355 
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Appendix III - continued 

Cruise/Station Samp1e Depth Cruise/Station Samp1e Depth 
no. no. (m) no. no. (m) 

Ill/20 340 100 V/1 554 170 

III/25 360 250 V/2 560 380 

Ill/26 365 81 V/3 566 445 

III/29 370 175 V/4 572 270 

III/30 377 215 V/5 590 70 

III/31 382 84 V/6 584 140 

v/7 578 175 

IV/l 388 144 V/9 595 70 

IV/2 395 382 V/lO 600 240 

IV /3 400 418 V/lI 606 30 

IV/4 410 269 V/12 612 125 

IV/5 419 78 V/13 618 180 

IV /6 434 188 V/14 624 185 

IV/7 441 220 V/15 630 270 

IV /8 447 85 V /16 636 240 

IV/9 453 70 V/17 642 300 

IV/lO 458 270 V/18 648 250 

IV /11 463 75 V/19 654 340 

IV /12 469 113 V/20 660 135 

IV/13 475 125 V/25 666 340 

IV /15 490 250 \,/26 672 110 

IV/16 497 306 V/27 678 370 

IV/17 502 344 V/28 684 70 

IV /18 509 250 

1\' /19 518 338 '."I/1 690 150 

1\' /20 52!. 130 ':1/2 696 37(; 

l': /21 530 38 ':1/3 702 j 75 

1\'/22 537 6&. ~: l / !. 708 30(; 

1\'/23 543 ' . .... 1. n/5 720 75 

1'-; /24 5!.9 &.0 ". 1/6 ï'26 150 
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Aopendix III - continued 

Cruise/Station Samp1e Depth Cruise/Station Samp1e Depth 
no. no. (m) no. no. (m) 

Vl/7 738 228 Vn/12 875 125 

Vl/8 732 86 VII/13 881 162 

Vl/9 744 80 Vn/14 889 150 

VI/10 750 262 Vn/15 895 239 

VI/11 756 53 Vn/16 902 253 

Vl/12 762 113 VII/17 909 306 

VI/13 770 144 VII/18 916 263 

Vl/14 775 132 VII/19 922 262 

VI/15 779 298 VII/20 930 94 

VI/16 785 297 Vn/21 935 44 

VI/17 789 300 Vn/22 941 37 

Vl/18 795 231 VII/24 950 X 

VI/20 807 112 

VI/25 813 313 

Vl/26 818 81 

VI/29 824 135 

VI/30 830 219 

\' 1/31 836 69 

VII/1 955 153 

VII/2 961 413 

\" n /3 969 388 

VII/4 9i5 3r -) 

\OII/5 852 44 

\OIl/6 842 153 

\"1l/8 849 100 

\"II/9 864 41. 

\"1I/l0 869 268 

*uè?ths of tncsc sao?les .... crè not d'.°ailab1co 
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APPENDIX IV 

The distribution by station during each cruise of f· abyssorum 

greater th an or equa1 to 4.1 mm. The figures here and in 

Appendices V to VIII represent numbers per 100 cu m and have been 

corrected to represent complete samp1es. "X" is shawn if no 

samp1e was availab1e. 

Cruise 1 2 3 4 5 6 7 

Station 

1 1.51 X 0 6.98 3.37 0 3.53 

2 .51 7.90 9.73 6.54 5.23 5.37 4.82 

3 0 11.15 X 3.07 13.53 0 .96 

4 X 8.62 15.09 13.62 4.38 8.50 .64 

5 0 1.90 0 17.23 6.05 3.06 0 

6 X 4.81 7.14 X 16.86 Il.08 17.86 

7 X 7.30 9.23 53.49 21. 74 16.01 X 

8 X .90 7.49 4.20 X 29.20 0 

9 0 0 5.27 1. 39 3.59 0 0 

10 .81 5.54 24.38 25.17 18.4 0 50.15 

11 0 X 3.09 10.64 42.78 2.44 X 

12 0 1.02 .89 4.96 1.48 2.61 3.42 

13 0 7.68 0 l.1O 0 16.31 8.27 

14 .57 6.65 0 .', 12.10 1.48 13.74 

15 ') -0 
- • 1 ~ 2.45 .56 2.27 2.37 1. ï 1 ") I.e J._" 

~. 
16 . 1.11 0 1. 34 1. 58 2.45 - 1 • 1 • 
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Appendix IV - continued 

Cruise 1 2 3 4 5 6 7 

Station 

17 X 3.25 10.44 9.57 2.81 27.20 11.10 

18 1.34 6.29 7.64 39.49 29.42 34.55 36.30 

19 X 4.77 3.68 4.91 5.47 X 39.80 

20 0 6.01 "3.67 1.60 X 5.39 0 

21 0 X X 11.95 X X 0 

22 1. 25 X X 0 X X 0 

23 0 X X 0 X X X 

24 X X X 0 X X 0 

25 X 1. 55 26.08 X 6.08 13.16 X 

26 X 305.53 1. 26 X 2.57 0 X 

27 X 85.80 X X 37.76 X X 

28 X 12.03 X X 4.40 X X 

29 X X 12.65 X X 2.74 X 

30 X X 23.42 X X 2.79 X 

31 X X 12.15 X X 0 X 
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APPENDIX V 

The distribution by station during each cruise of f· ab:i:ssorum 

1ess th an or equa1 to 4.0 nnn. 

Cruise 1 2 3 4 5 6 7 

Station 

1 8.28 X 0 1.40 0 0 1. 18 

2 74.46 5.026 0 0 0 .67 0 

3 51. 62 512.992 X 0 0 0 0 

4 X 2.352 1.08 0 0 0 0 

5 0 2.85 1.03 2.15 1.01 0 0 

6 X 2.75 0 X 1.02 0 0 

7 X 7.30 0 0 0 2.78 X 

8 X 1. 80 0 0 X 0 0 

9 0 .45 0 0 2.39 0 0 

10 63.67 5.54 0 0 .92 1. 24 0 

Il 628.47 X 0 30.14 9.36 4.88 X 

12 5.10 22.35 .89 0 0 0 0 

13 22.22 3.2 0 0 0 1. 36 .83 

14 1. 72 12.74 0 X 0 0 0 

15 3.72 .82 0 .45 0 0 0 

16 X 1.11 0 .45 0 0 0 

17 X 0 7.83 0 0 0 0 

18 28.81 2.52 0 0 0 0 0 

19 X .48 .37 0 0 l. 0 
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Appendix V - continued 

Cruise 1 2 3 4 5 6 7 

Station 

20 13.80 15.63 2.75 6.39 X 2.69 0 

21 0 X X 0 X X 0 

22 5 X X 0 X X 0 

23 0 X X 0 X X X 

24 X X X 0 X X 0 

25 X 3.88 3.82 X 0 0 X 

26 X 79.21 6.28 X 3.42 0 X 

27 X 11.0 X X 3.91 X X 

28 X 40.1 X X 4.40 X X 

29 X X 0 X X 0 X 

30 X X 1.46 X X 1.39 X 

31 X X 5.21 X X 0 X 
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APPE~lnx VI 

The distribution by station during each cruise of forro c0!!!Eressa 

greater than or equa1 ta 4.1 mm. 

Cruise 1 2 3 4 5 6 7 

Stati.on 

1 1.51 X 2.71 25.13 3.37 2.38 11.78 

2 1.02 18.46 1. 22 1.96 1.16 8.72 2.41 

3 3.48 7.87 X 12.26 .90 1.17 4.80 

4 X 36.06 36.65 3.59 5.6 0 3.19 

5 0 0 0 11.85 3.03 6.12 5.38 

6 X 0 1. 59 X 5.11 9.24 5.45 

7 X 10.94 0 6.84 4.83 1.39 X 

8 X 3.59 6.13 2.80 X 7.30 0 

9 0 0 5.27 1.39 0 2.14 14.90 

10 0 .79 7.42 3.36 5.52 7.43 10.20 

11 0 X 44.75 5.32 9.36 9.77 X 

12 0 2.54 .89 0 0 0 0 

13 0 .64 0 1.0 0 0 0 

14 .57 .55 0 X 0 0 .86 

15 0 0 .56 0 0 0 0 

16 X 0 .35 0 0 0 0 

17 X .65 0 0 0 0 0 

18 0 0 1. 21 1. 61 0 0 9.68 

19 X 0 0 .49 1. 56 X .80 
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Appendix VI - continued 

Cruise 1 2 3 4 5 6 7 

Station 

20 1. 97 0 .92 0 X 0 0 

21 0 X X 0 X X 0 

22 0 X X 3.19 X X 7.95 

23 0 X X 2.30 X X X 

24 X X X 2.06 X X 0 

25 X 0 .64 X 2.03 3.87 X 

26 X 45.26 7.54 X 5.14 0 X 

27 X 13.2 X X 9.11 X X 

28 X 0 X X 13.21 X X 

29 X X 31.62 X X 5.49 X 

30 X X 9.52 X X 22.29 X 

31 X X 3.47 X X 33.97 X 
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APPENDIX VII 

The distribution by station during each cruise of form bisEinosa 

greater than or equal to 4.1 mm. 

Cruise 1 2 3 4 5 6 7 

Station 

1 1. 51 X 0 27.92 6.74 1. 19 3.53 

2 0 1.42 4.86 1.31 .58 1.34 1. 81 

3 4.64 .66 X 19.42 0 1. 17 2.88 

4 X 5.49 12.94 3.59 .63 0 .64 

5 0 0 0 0 0 3.06 0 

6 X 0 0 X .51 1.85 .78 

7 X 0 0 0 1. 21 .70 X 

8 X 0 0 0 X 0 0 

9 0 0 0 ü 0 0 5.96 

10 .81 0 0 0 0 0 0 

11 0 X 0 0 0 0 X 

12 0 0 0 0 0 0 0 

13 0 0 0 0 0 0 0 

14 0 0 0 X 0 0 0 

15 .31 0 .56 0 0 0 0 

16 X 0 .35 0 0 0 0 

li . 0 0 0 0 0 0 

18 0 0 0 0 0 0 0 

19 X 0 0 0 . i8 i: 0 

20 0 0 0 0 X 0 0 
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Appendix VII - continued 

Cruise 1 2 3 4 5 6 7 

Station 

21 0 X X 0 X X 0 

22 0 X X 0 X X 0 

23 0 X X 0 X X X 

24 X X X 0 X X 0 

25 X 0 0 X 0 .77 X 

26 X 0 0 X 1.71 3.31 X 

27 X 0 X X 1.30 X X 

28 X 0 X X 11. 01 X X 

29 X X 2.10 X X 2.74 X 

30 X X 3.66 X X 34.83 X 

31 X X 6.94 X X 8.49 X 
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APPE~lnx VIII 

The distribution by station during each cruise ofR· gaudichaudi 

less than or equal to 4.0 mm. 

Cruise 1 2 3 4 5 6 7 

Station 

1 17.32 X 0 2.79 0 0 12.96 

2 4.08 .42 0 3.60 0 0 1. 81 

3 1. 74 1.31 X .61 0 0 2.40 

4 X .78 4.31 .50 0 1.7 1. 91 

5 0 0 0 0 0 0 7.17 

6 X 0 0 X 0 1. 85 0 

7 X 0 0 0 0 0 X 

8 X 0 0 0 X 0 0 

9 0 .45 0 0 0 4.29 65.56 

10 0 0 0 1. 68 0 0 2.55 

1.1 415.43 X 0 8.87 2.67 12.21 X 

12 .73 0 0 0 0 0 0 

13 0 0 0 0 0 0 0 

14 0 2.77 0 X 0 0 0 

15 0 0 0 0 0 0 0 

16 X 0 0 0 0 0 0 

li X 0 0 0 0 0 0 

18 0 0 0 0 0 1. 50 0 

10 .. , .t • 0 0 0 0 ;.: 0 

20 0 0 0 1. 60 . 0 je. '1 .. ~ • .J_ 
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Appendix VIII - continued 

Cruise 1 2 3 4 5 6 7 

Station 

21 0 X X 0 X X 0 

22 0 X X 0 X X 10.60 

23 0 X X 0 X X X 

24 0 X X 22.67 X X 3.88 

25 X 0 0 X .51 0 X 

26 X 11. 32 2.51 X 15.41 13.24 X 

27 X 4.40 X X 23.44 X X 

28 X 4.01 X X 22.02 X X 

29 X X 0 X X 107.01 X 

30 X X .73 X X 32.04 X 

31 X X 0 X X 114.64 X 
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APPENDIX IX 

The size-frequency distribution during each cruise for form 

compressa greater than or equa1 to 4.1 nnn. The numbers here 

and in Appendix X have been corrected to represent complete 

samp1es. 

Cruise 1 2 3 4 5 6 7 

Size (nnn) 

4.1-5.0 16 12 21. 33 16 5.3· 12 40 

5.1-6.0 2.67 62.67 22.67 9.33 10.67 10.67 30.67 

6.1-7.0 1.33 10.67 42.67 10.67 6.67 8 16 

7.1-8.0 1. 33 36 32 6.67 5.33 9.33 8 

8.1-9.0 0 22.67 29.33 17.33 5.33 2.67 2.67 

9.1-10.0 1. 33 30.67 34.67 21.33 16 1. 33 2.67 

10.1-11.0 2.67 38 26.67 20 12 1. 33 5.33 

11.1-12.0 1. 33 25.33 20 20 6.67 8 6.67 

12.1-13.0 5.33 6.67 49.33 26.67 13.33 4 9.33 

13. 1-14.0 0 6.67 20 10.67 6.67 9.33 5.33 

14.1-15.0 0 2.67 26.67 8 2.67 10.67 8 

15.1-16.0 0 13.33 10.67 5.33 6.67 l. 33 5.33 

16.1-17.0 0 2.67 0 10.67 1. 33 4 0 

17.1-18.0 0 0 4 2.33 0 0 0 

18.1-19.0 0 5.3 2.67 0 0 0 0 

19.1-20.0 0 0 0 0 0 0 0 

20.1-21.0 0 2.67 0 0 0 0 0 

21.1-22.0 0 2..67 0 0 0 0 0 
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APPEJ.';DIX X 

The size-frequency distribution during each cruise of form bisEinosa 

greater than or equa1 to 4.1 tmn. 

Cruise 1 2 3 4 5 6 7 

Size (tmn) 

4.1-5.0 0 0 0 0 5.33 16 4 

5.1-6.0 5.33 1. 33 13.33 1.33 14.67 14.67 9.33 

6.1-7.0 0 1.33 5.33 1. 33 5.33 4 0 

7.1-8.0 0 0 10.67 6.67 1. 33 2.67 4 

8.1-9.0 0 2.67 13.33 8 4 2.67 0 

9.1-10.0 0 10.67 6.67 8 4 2.67 1. 33 

10.1-11.0 1.33 2.67 2.67 17.33 1.33 2.67 1. 33 

11.1-12.0 2.67 0 2.67 12.0 0 1. 33 2.67 

12.1-13.0 4 0 8.0 6.67 0 0 0 

13.1-14.0 0 0 5.33 20 0 1.33 0 

14.1-15.0 0 2.67 2.67 6.67 0 1. 33 0 

15.1-16.0 1. 33 0 0 2.67 1. 33 0 1. 33 

16.';'-17.0 0 0 0 8 1. 33 0 0 

17 . 1-18.0 1. 33 0 0 8 0 0 0 

18.1-19.0 0 0 0 2.67 0 0 0 

19.1-20.0 0 0 2.67 2.67 0 0 0 

20.1-21.0 0 2.67 0 2.67 0 0 0 

21.1-22.0 0 0 0 0 0 0 0 


