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VERTICAL DISTRIBUTION PATTERNS IN A SUBARCTIC
PACIFIC ZOOPLANKTON COMMUNITY

INTRODUCTION

Hutchinson (1952) has discﬁssed the concept of structure in
relation to the physical and biological worlds. In particular, ''the
structure which results from the distributions of organisms in, or
from their interactions with, their environments will be called
pattern''. In particular the present study deals with the recurrence
of similar distributions among different organisms in the same
environment. Itis in this sense of recurrence that the word pattern
will be used.

An attempt has been made to define recurrent patterns of
vertical distribution and migration within a community of zooplankton.
The elucidation of such patterns is a necessary step in the under-
standing of the dynamics of such a community. A further attempt
has been made to deal with possible influences of hydrographic
structure in the shaping of such distributions.

Vertical distributions and migrations among zooplankton have
been studied previously by numerous authors. Bainbridge (1961)
has reviewed and discussed the generalized patterns and variations
encountered in migrations among the Crustacea. He deals exten-

sively with probable mechanisms, and controlling and orienting



factors. Banse (1964) has reviewed the factors affecting vertical
distributions and migrations among the marine zooplankton. Vinogra-

dov (1968) in his monograph The Vertical Distribution of the Oceanic

Zooplankton deals exhaustively with the history of such studies,

sampling techniques and biomass distributions. His compilation of
the available information by region (Polar, Temperate, Tropical, and
Antarctic) plus his comparison of the features of each region is a
major contribution to the understanding of oceanic vertical
distributions.

Other reviews of vertical distribution and migration include
Russell (1927), Kikuchi (1930), and Cushing (1951), whose works are

dealt with in the above mentioned reviews.,

Physical Environment

location

Ocean Station "P'" (Lat. 50°N, Long. 145°W) lies approximately
500 nautical miles west of the northern tip of Vancouver Island. A
ship is maintained on station by the Department of Transport of
Canada. Oceanographic observations have been collected there on a
regular basis since 1952.

Figure 1 shows the location of Station '""P'" in relation to the
major current systems and water masses in the North Pacific. Lying

in the broad boundary between the West Wind Drift and the Subarctic
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Current, Station "P' is situated south of the Alaskan Gyre, the shear
zone between the Alaskan Stream and the Subarctic Current. The
""Alaskan Dome'' lies in the center of this counter-clockwise circula-
tion and is characterized by having water of relatively higher salinity
and lower oxygen and temperature than surrounding areas.

To the south of Station ''P'' lies the Subarctic Boundary,
separating the Subarctic Water Mass from the Subtropical Water
Mass to the south. Station '"P'" therefore, lies well within the Sub-
arctic Water Mass, lying between the Alaskan Dome water to the

north and Subtropical water to the south.
Hydrography

The Subarctic Pacific is effectively defined by the vertical
structure of the water, primarily in terms of salinity (Uda, 1963),
This structure consists of three zones: The upper seasonal zone
(0-100 meters), the main halocline (100-200 m), and the lower zone
(below 200 m). Figure 2 shows these zones and their seasonal
changes.

The upper zone, characterized by relatively low salinity
(32.7%0) is subject to pronounced seasonal heating. As Figure 2
shows, this is the area of the seasonal thermocline during the summer.
in winter, strong wind mixing creates near isothermal and isohaline

conditions in this upper zone. Oxygen concentrations follow a similar
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seasonal pattern. In summer there is a marked oxygen maximum at
a depth of 30-50 m. This presumably arises from phytoplankton pro-
duction. In winter, oxygen is well mixed in the upper zone.

The permanent halocline is characterized by a decrease of
approximately 1%o salinity between 100 and 200 meters. Oxygen has
a similar decrease, reaching levels of 0.3 mg at/l at 200 meters,
from values of 0.6 mg at/l in the upper zone. In the halocline, to a
depth of about 150 meters, there exists a slight positive thermocline.
Below this depth, temperature decreases slowly, reaching 2°C at
2000 meters.

The lower zone is characterized by gradually increasing
salinity, and decreasing temperature and oxygenklevels, Oxygen
reaches a minimum of 0.05 mg at/l1 between 500 and 1000 meters.
Below this there is a gradual increase to 0.3 mg at/l near the sea
floor.

Tabata (1965) has reviewed the non-seasonal variability of

hydrographic factors in the Subarctic Pacific.
Zoogeography

The North Pacific from the Aleutians north through the Bering
Sea, west to the Kuroshio, east into the Gulf of Alaska, and south to
approximately 40°N lat. has been recognized by various authors as a

separate zoogeographic domain. Brodskii (1957), using the Calanoid



copepod fauna, sebarated this area as having a distinctive faunal
assemblage. Johnson and Brinton (1963) using euphausiids,
Beklemishev (1967) using copepods, McGowan and Fager (1971)
using additional information on phytoplankton and nekton have all
characterized the Subarctic region as zoogeographically distinct.
Ocean Station ""P' falls well within this region. All of the works
mentioned above deal with the fauna in the upper waters (above 200-
300 meters). The zoogeographic affinities of the deeper fauna are

not yet clear.
Previous Biological Work

Vinogradov (1968), primarily using information from the
Western Subarctic, has described the seasonal and diurnal migrations
of the major biomass components, along with their seasonal vertical
distributions. Little work has been done in the eastern regions.

Using information from Station "P'" and elsewhere, Parsons
et al. (1966) have described the onset of the spring phytoplankton
bloom in the Subarctic Pacific. They have hypothesized that the
small standing stock of phytoplankton, in spite of the high primary
productivity reported by McAllister et al. (1960), is the result of
intense herbivore grazing.

McAllister (1961) has reported on the seasonal vertical dis-

tribution of biomass at Station ""P!"., His results have shown a



consistently low biomass associated with the permanent halocline.
LeBrasseur (1965) has described the mean annual cycle of zoo-
plankton biomass in the upper 150 meters. His results show an
increase beginning in mid-March, a prominent peak in early May,
followed by a slow decline through the summer. Vinogradov (1968)
has suggested that a portion of the spring peak is due to the ontogenic
migrations of the young copepodite stages of the major mass species

(i.e., Calanus cristatus and Calanus plumchrus) from their over-

wintering depths. It is presumably these animals which are grazing
the phytoplankton biomass down.,

This thesis then falls within a small time segment of important
seasonal biotic and hydrographic cycles. Along with future vertical
distribution work, it will help elucidate possible interrelations

between hydrographic and biological phenomena.



METHODS AND MATERIALS

Field Methods

The samples used in this study were collected over a four day
period (July 2-July 5, 1971) at Station ""P'", Fourteen series of tows
were taken. KEach series consisted of eight horizontal tows taken in
two sections of four simultaneously fishing nets. In addition a single
oblique tow in the upper ten meters was included in each series.
Target depths for the first section were 25 m, 50 m, 75 m, and 100 m.
Target depths for the second section were 200 m, 300 m, 400 m, and
500 m. Opening closing bongo nets (Brown and McGowan, 1966) were
used for all tows. Nets were opened at depth by messenger and
closed by a volume metering device. All horizontal tows were set
to filter two hundred cubic meters of water. For the ten meter
oblique tows, volume was estimated by a TSK flow meter mounted in
one of the frame mouths. Each net frame was rigged with two nets,
one of 0.183 mm Nitex and the other of 0.333 mm Nitex. Depth
estimation was done by wire angle and meters of wire between nets
calculations. These were checked against a Benthos (TM) time-
depth recorder placed just below the deepest net.

All samples were preserved immediately in ten percent
buffered sea water formalin.

Hydrographic data were collected by hydrographic casts.
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Bottles were placed at standard depths to 600 meters. Expendable
bathythermograph records were taken simultaneously. Temperature,
salinity and oxygen measurements were made using reversing ther-
mometers, an inductive salinometer and the Winkler method respec-

tively. Casts were made twice daily.
Laboratory Methods

For this study, only the samples taken with the 0.183 mm mesh
were used. Because of the large number of tiny animals and the
large sample volumes, a two part subsampling scheme was devised
for abundance estimates. Samples were first divided in a Folsom
Plankton Sample Splitter until a fraction was obtained in which the
larger animals gave counts of twenty-five or more individuals per
taxonomic category, and the total subsample count ranged between
four and seven hundred. All organisms in this fraction were then
- identified except the smallest calanoid and cyclopoid copepods, and
foraminifera. Abundances of the latter three groups were estimated
by the dilution of a sample split and the counting of multiple Stemple
Pipette aliquots. Categories of these smaller forms were counted
until a minimum of fifty individuals had been enumerated in each
category or a minimum of three hundred total individuals had been
counted.

In all cases all organisms were identified to the most accurate
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taxonomic grouping possible. Almost all euphausiids, chaetognaths,
ostracods and copepods were identified to specific level, many to life
history stage. For this purpose, standard taxonomic references were
used. It was not possible to give specific or generic names to all
animals. Obviously different types were assigned alphabetic letters
as identifiers, Remaining animals were placed in general descriptive
categories e.g. Immature Ostracods.

A total of four complete series (36 samples) were analyzed for
this study, two day series and two night series. Due to various net
failures, no series was complete in itself. For this reason it has
been necessary to substitute other samples taken at the appropriate
depths and light conditions, but at different times. Table 1 contains
a list of the samples used, their exact depths, dates, solar times, and
volumes filtered.

All data were punched on computer cards. Calculations and
plots of abundance vs. depth were made by computer using programs

written by Charles B. Miller.
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Table 1. Sample Information

DAY SERIES
Solar
Sample No. Date Time Target Z Estim. Z Vol. Filtered
6C 0-10m 2 July 1140  0-10m 0-10m 216 mg
6A 25m 2 July 1055 25m 2lm 200 m,
6A 50m 2 July 1055 50m 43m 200 my
6A 75m 2 July 1055 75m 66m 200 m_
8A 100m 2 July 1528 100m 98m 200 m.
6B 200m 2 July 1237 200m 218m 200 rn3
6B 300m 2 July 1237 300m 322m 200 m
6B 400m 2 July 1237 400m 417m 200 m
6B 500m 2 July 1237 500m 502m 200 m
11C*' 0-10m 3 July 1230 0-10m 0-10m 201 mg
11A 25m 3 July 0740 25m 27m 2212 m;
11A 50m 3 July 0740 50m 56m 200 m
12A 75m 3 July 1106 75m 72m 153 m_
11A 100m 3 July 0740 100m 10lm 220 m;
11B 200m 3 July 0952 200m 210m 200 m3
11B 300m 3 July 0952 300m 312m 153 rn3
11B 400m 3 July 0952  400m 407m 200 mg
11B 500m 3 July 0952 500m 507m 220 m
NIGHT SERIES

3C 0-10m 2 July 2238 0-10m 0-10m 162 mg
4A 25m 2 July 0107 25m 23m 189 m
3A 50m 2 July 2151 50m 47m 200 m3
3A 75m 2 July 2151 T5m 72m 200 m3
3A 100m 2 July 2151 100m 98m 200 m3
3B 200m 2 July 2325 200m 212m 200 rn3
3B 300m 2 July 2325 300m 311m 200 m
3B 400m 2 July 2325 400m 397Tm 200 m
19F 500m 5 July 0041 500m 558m 200 m
14C 0-10m 4 July 0122  0-10m 0-10m 210 mg
14A 25m 3 July 2114 25m 22m 153 rn3
14A 50m 3 July 2114 50m 49m 179 m
4A 75m 2 July 0107 75m 74m 200 m3
14A 100m 3 July 2114 100m 99m 200 m,
9B 200m 2 July 2251 200m 198m 200 m
14B 300m 3 July 2258 300m 314m 200 m
14B 400m 3 July 2258 400m 414m 153 m.
14B 500m 3 July 2258 500m 510m 200 m
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RESULTS

A total of 184 categories were identified and counted. Not all
categories were abundant enough for analysis. For the purpose of
this thesis, those categories which were not present in 2 minimum of
four of the analyzed samples or which had counts of less than ten
total individuals were not further analyzed. This was done because
abundance estimates for these animals were inadequate.

For the 104 categories analyzed, abundance estimates per
100 m3 were plotted on a log scale vs. depth on a linear scale. The
geometric means for day and night abundances are shown with solid
lines. Figures 3 through 7 show examples of these graphs. The
entire body of the raw data is given in Appendix 11.

Patterns of vertical migration and ab&i.'i‘;iance were then
determined by subjectively grouping together graphs with similar
distributions. The patterns presented here are the result of this

subjective grouping effort.
Migrational Patterns

Migration was determined using Brinton's (1969) criteria of the
disappearance of a deep day mode at night with the appearance of an
upper mode at night. This allows one to distinguish vertical migra-

tion from light aided avoidance.
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Two migrational patterns were distinguishable. In Pattern 1,
the animals exhibit a deepi day mode at 300 to 400 meters. At night,
the major mode is located in the upper 75 meters as shown by Calanus
cristatus in Figure 3a. Appendix I contains the plots of the other 4

members of this pattern.

Pattern 2 is demonstrated in Figure 3b by Gaetanus simplex

females. Here the deep day mode, located below 300 meters,
migrates, but never above 50 meters. The other animal exhibiting

this pattern is shown in Appendix 2. !

Vertical Distribution Patterns of Non-Migrators

Analysis of the distributions of the non-migratory animals
reveals the following patterns:

Animals of Pattern A, shown by Limacina helicina in Figure 4a,

are most abundant in the first sample (0-10 m) and decrease expo-
nentially or faster with depth. A total of 23 categories are included
in this pattern. Figures showing their distributions are contained
in Appendix 3..

Patterns B and C are closely allied to Pattern A. The animals
of Pattern B differ from those of Pattern A in that they do not, or
only rarely occur in the 0-10 meter samples. As seen in Figure 4b

of Oncaea borealis females and in the figures in Appendix 4, these

animals' peak abundances are above 100 meters and show a rapid
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decrease with depth, similar to those in Pattern A. They do however
seem to avoid the surface layer, Animals in Pattern C, like those in
the preceding two patterns, differ in that they are absent in both

the 0-10 and 25 meter samples. Oithona spinirostris females (Figure

5a) exhibit this pattern along with the 9 categories whose distributions
are shown in Appendix 5.

The fourth pattern, Pattern D, is exhibited by only four taxa.

Figure 5b of Racovitzanus pacificus females shows that these animals

major mode of abundance occurs in the 100 meter samples and that
they are absent above 75 meters and below 300 meters. Appendix 6
contains the figures for the three other animals exhibiting this type of
distribution,

The remaining patterns are all characterized by having deep
modes of distribution.

Pattern E is characterized by having the major mode of
abundance in the 200 meter sample, with a gradual decrease of
abundance with increasing depth, Salp Type A's distribution (Figure
6a) exemplifies this pattern, which is shared by the four other taxa
whose distributions appear in Appendix 7.

Pattern F applies to animals that live entirely below 300
meters, with some living only below 400 meters. The distributions

of Oncaea media hymena males and Eukrohnia bathypelagica (Figures

6b and 7a) show this pattern. The distributions of the 17 other
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animals of this type are shown in Appendix 8.
The final pattern, Pattern G, is almost identical to Pattern F
except that these animals were occasionally caught in small numbers

at more shoal depths, even in the upper 100 meters, Oncaea media

hymena females (Figure 7b) exhibit this pattern, which is shared by
the fifteen categories whose distributions appear in Appendix 9.
There remain eight categories whose distributions do not fit
into any of the above patterns. Many of these animals are character-
ized by either bimodal distributions or distributions‘ which show no
apparent change of abundance with depth. Graphs for these species

appear in Appendix 10.
Hydrographic Results

The results of typical hydrographic casts during the sampling
period are shown in Figure 8a, b, and c. Variation among casts
was negligible. Comparison of these results with the Figure 3 from
Uda (1966) show that a typical summer hydrographic condition

existed at the time of sampling.
Correlation of Hydrographic Features and Distributional Patterns

An examination of the described migrational and distributional
patterns in relation to the observed hydrographic structure leads to

some striking correlations.
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While the animals in the first migration pattern appear
uninfluenced by hydrographic features, those of the second appear
to have migrated into the thermocline and stopped.

The vertical distribution patterns also show correlations with
hydrographic features. Animals of Patterns A, B, aﬁd C all have
their major abundances above the halocline. They differ in that
animals of Pattern A have their peak abundance in the warm iso-
thermal surface layer extending down 20 to 25 meters. Animals of
Pattern B and C apparently avoid this wind mixed surface layer but
still have their distributions primarily above the halocline.

Animals of Pattern D appear most abundant in the region of the
halocline.

The animals of the remaining three patters (E, F, and G) are
primarily or entirely restricted to levels below the halocline. The
variations in the upper depth distributions among these patterns do
not correlate with any observed hydrographic feature. It must be
noted that the animals of Pattern G are found in relatively small
numbers above the halocline, just as the animals of the primarily
upper zone distributions are found in small numbers below the halo-
cline. Just as the water structure can be divided into three zones,
so the distributions of animals can be roughly defined as above, in,

and below the halocline.
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CONCLUSIONS AND DISCUSSION

The fact that the patterns of distribution and migration described
above are based on replicate samples greatly reduces the chance that
they are accidental in nature. This is lacking in previous studies.

Three conclusions can be drawn from the above results. They
are: 1. At least in boreal waters, relatively few taxa perform
diurnal migration, 2. depth distributions among oceanic zooplankton
are, for the most part on the order of hundreds of meters, and 3. the
hydrographic structure, especially in colder waters may influence
migrational and distributional patterns. These conclusions, especially
the width of distribution and the apparent influence of hydrographic
features suggest that Banse (1964) is correct in calling for the
examination of hydrography in helping to determine sample place-
ment. It is certain that inadequate forethought was given to sample
placement in this study. In particular, no samples were taken within

the halocline.

Percentage of Migrators in a Community

Of the 104 taxonomic categories considered in this study, only
those in Patterns 1 and 2 demonstrated migration.

Bainbridge (1961) refers to the non-migration of species as
aberrant or anomalous. This view is not supported by the present

study. Banse (1964) considers the statement that "diurnal migration
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is the normal behaviour of pelagic animals''. In his review he
presents mixed evidence both supporting and rejecting this statement.
Previous studies dealing with large numbers of species of a given
community are rare and suffer from widely varying sampling
methods, data presentation (in some cases no data presented at all)
and interpretation of results. Table 2 presents a list of important
previous studies along with some pertinent information.

Esterly (1912) found evidence of migration in 16 of 19 species
of copepods studied off Southern California. Moore and O'Berry
(1957) have described 9 of 16 common copepods as migrators off the
Florida coast. The presentation of data does not allow critical
analysis of the interpretation in either study. Zalkina (1970) at 4°S
Latitude found, at most, only 4 instances of migration among 17
species of cyclopoid copepods. An analysis of Roe's papers (Roe,
1972a, b, c, d) on the calanoid copepods of the SOND Cruise off the
Canary Islands shows reasonably certain diurnal migration in 29 of
the 139 adequately abundant species, Angel's (1969) ostracod data
from the same cruise show 7 of 31 species migrating. Heinrich
(1957), studying copepods of tropical affinity in the zone of mixing
between subtropical and subarctic water in the western Pacific,
found 11 of 20 species migrating. Unfortunately, he gives the reader
only a statement to this effect.

All of the above work is from tropical or subtropical areas.



Author
Angel 1968

Angel 1969

Esterly 1912

Hansen 1951

Heinrich 1958

Marumo 1958

Moore and
O'Berry 1957

Petipa et al.
1960

Roe 1972a, b,
c,d

Zalkina 1970

Area

Atlantic
off Tunisia

Atlantic near
Azores

California
Current

Oslo Fjord

Western N.
Pacific

E. Subarctic
Pacific

Florida
Current

Black Sea

Atlantic off
Azores

W. Equatorial
Pacific

Table 2.

Taxonomic Fraction Width of
Groups Migrators Distributions

Ostracods See remarks 100m or greater

Ostracods 7/31 Only 6 with ranges
less than 100m

Calanoid 16/19 All greater than

Copepods 100m

Calanoid See remarks Fjord only 40m
deep

Calanoid 11/20 10 of 20 with very

Copepods narrow ranges

Calanoid See remarks All with ranges

Copepods greater than 100m

chaetognaths

Calanoid 9/16 All with ranges

Copepods greater than 100m

Calanoid 2/11 Only 1 species with

Copepods a narrow range

Calanoid 29/139 Only 15 with distri-

Gopepods butions less than
100m

Cyclopoid 4/17 All with 100-200m

Copepods ranges

Remarks

Reinterpretation of
data shows no
migrators.

No samples in upper

Evidence for migra-
tion is primarily
increased nighttime
surface abundance.

Did not study verti-
cal migration.

Presents no data--
verbal statements

only.

Did not study
migration.

Data presented as
percentiles.

Descriptive presen-
tation of data.

No samples in upper
50m.

Data presented as
25-75% cores.

9¢
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Studies of large suites of species from temperate or high latitude
waters are rare. Banse (1964) quotes Bogorov (1948 from Bekleme-
shev, 1957) concerning the non-migration of the characteristic fauna
in the upper 100 meters in temperate water. However, the original
paper presents no data. Petipa et al. (1960) studying the dominant
species in the Black Sea, describe only 2 species of 11 as migrating.
Vinogradov (1968) has extensively reviewed vertical distributions and
migrations in all the major oceanic areas and observes that '"seasonal
migrations predominate in cold water regions, while diurnal migra-
tions predominate in the tropics'. Our results concur with this
statement. It should be pointed out that this coﬁclusion pertains only

to the smaller zooplankton, and not to the micronekton.
Width of Vertical Range

Observations made from bathyscaphs have shown apparent peaks
of abundance occurring in narrow layers (Banse, 1964). The nature
of these layers and their species composition are not known, The
present study indicates that most taxa have distributional ranges on
the order of hundreds of rﬁeters. There may, of course, be peaks
too narrow to be seen with the present sampling scheme, Most
categories, however, had distributions with major modes of babun—
dance and long tails, The ecological significance of these tails in

the vertical range of an animal is not clear. Various authors have
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described vertical distributions in terms of percent of the vertical
total of animals caught. Using particular percentiles (typically 25
and 75%) of the distribution of a population, they describe the position
of this population '"core''. Often, no mention is made of the position
or range of the remainder of the population. Typically, even these ‘
cores have ranges comparable to the ones found in this study.
Zalkina (1970) found ranges of 100 to 200 meters for the cores
between 25 and 75% of the cyclopoid populations she studied.

Roe's SOND data show only 10 or 15 species of the 212 studied
with vertical ranges less than 100 meters. These species were

shallow living forms, similar to Acartia longerimis males in this

study (Figure lb, Appendix 10). Similarly, Angel's (1969) ostracod
data indicate 25 or 31 species with rangesgr;eater than 100 meters.
Heinrich's (1958) diagrams indicate 10 of 20 species with daytime
ranges in the first 25 meters, and the remaining 10 with ranges of
100 meters or more. It is quite possible that the reader does not
see the full range, for his diagrams indicate ''the level occupvied by
the main portion of the population'”. It is also possible that these
animals are indeed restricted to the overlying subtropical water
described in his study. Petipa (1960) shows 8 of 9 species with wide
distributions. Marumo et al. (1958) shows similar results for 12
species of Subarctic Pacific zooplankton. Moore and O'Berry's

(1957) results concur. Vinogradov (1968) notes that only the extreme
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surface dwellers of the tropical oceans have narrowly restricted

ranges.
Influences of Hydrography on Distributions and Migrations

The correlation of distributional limits with strong hydro-
graphic gradients suggests possible limiting effects of these gradients
on the distributions and migratory movements of animals.

Bainbridge (1961) states that migration normally brings
animals right to the surface. In the present study two patterns
appear. Animals of Pattern 1 appear uninfluenced by the thermo-
cline, while the upward movement of those in Pattern 2 appears
limited somewhere near the base of the thermocline. Similar
results are suggested by previous authors.

Heinrich (1958) describes one group of animals whose diurnal
migration is limited below 25 meters by overlying subtropical water
and another, living within this subtropical water, whose lower
daytime limit is set by the same interface. Petipa et al. (1960)
describe in general terms the apparent effects of the thermocline
on diurnal migration of two species complexes in the Black Sea.
Most migrators were limited to above or below the thermocline in
their movements. However, two species were apparently unaffected.
Of the 5 migrating species analyzed by Zalkira (1970), all appear to

be affected by the thermocline. Four species have the lower limits
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of their cores in or above the thermocline, with a fifth penetrating
just below it at its day depth, and rising within it at night. An
analysis of Angel's (1969) data shows that of 7 apparent migrators,
only two did not penetrate the deep, permanent thermocline from
below. Examination of Roe's (1971a) copepod data indicates only
two species limited by this thermocline, the rest passing through.
Vinogradov (1968) cites numerous examples of animals whose
diurnal migratory movements are apparently influenced by density
discontinuities similar to those present at Station '""P'', Studies of

Calanus finmarchicus (Gunnerus) by various authors (e.g. Clarke,

1934) in the Atlantic have shown that there appears to be variation
in the effects of thermoclines on its migratory movements from one
study to the next,

Just as migrations may apparently be influenced by hydrography,
so the distributions of non-migrators may also be affected. As
mentioned above, the results of this study can roughly be interpreted
as animals whose distributions are primarily above, in or below the
halocline. Vinogradov (1968) in describing the vertical structure
of the zooplankton community in the Eastern North Pacific has
reported similar groupings relative to the permanent halocline. He
points out that in boreal waters at a given time, species groups often
center above, in, or below discontinuities. Because of the seasonality

of these hydrographic features, the thickness of the various layers
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changes, and therefore the width of the animal distributions changes.
In winter, the prolonged periods of completely isothermal conditions
seem to prevent the establishment of groups of species in the surface
zone. With the cessation of winter storms, a seasonal thermocline
becomes established, and with it a grouping of animals centered
above the halocline. This grouping is very similar, both in species
composition and distribution to that reported in this study.

A reanalysis of Angel's (1968) ostracod data from off Tunisia
indicates patterns of distribution which are perhaps best interpreted
as distributional patterns above, in, and below the thermocline.

The evidence given in his work for vertical migration is inadequate.
Zalkina (1970) describes the vertical distribution of 12 non-migrating
species limited above the thermocline, and two limited below. No
species appears to be restricted to the thermocline itself. Hansen
(1951), studying 14 species of zooplankton, described four types of
distribution in Oslo fjord. Species were found which occurred only
above, only in, or below a discontinuity, along with a single species
whose distribution did not appear influenced by the hydrography. An
analysis of Angel's (1969) SOND data indicates five species which
live in the surface waters, and seven which live entirely below or
above the thermocline. Three species appear to live throughout the
water column. Roe's calanoid copepod data for the same cruise

present a different picture. There are only 23 species among 214
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whose distributions appear to correlate with hydrographic features.
The evidence from the literature then is somewhat mixed, but
it appears that hydrographic features may often act as boundaries
for the vertical ranges of planktonic animals, both migratory and
non-migratory.
In this study we have seen that the vertical distributions of
a large number of species of widely varying phylogenetic affinities
can be described in terms of relatively few patterns. The correla-
tions between these patterns and hydrographic features suggests
that these patterns are, in Hutchinson's (1964) sense, vectorial.
That is, that these distributions are determined by external factors.
It is suggested that planktonic vertical distributions may be the
result of a large number of species reading (exactly which parameters
remains unknown) a common environment and that it could be the
physical or chemical structure of this environment which determines

the vertical distributions of organisms.
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APPENDICES OF MIGRATIONAL AND DISTRIBUTIONAL PATTERNS

Explanation of abbreviations used

D. - Abundance of first day sample
D, - Abundance of second day sample

N. - Abundance of first night sample

Z

Abundance of second night sample
f. - female
m. - male

cop. - copepodite



Appendix 1

Figures of Vertical Migration Pattern 1
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Figures of Vertical Migration Pattern 2
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Figures of Vertical Distribution Pattern A
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