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Abstract 
Stratified bongo net samples taken at depths between 0 and 500 m at Ocean Station “P” 

in the subarctic Pacific in early July 1971 have been analyzed to determine the vertical 
structure of the zooplankton community. Distributions for 99 categories of animals have 
been grouped by factor analysis into five basic patterns: surface dwellers, a bimodal sub- 
surface pattern, and three patterns of deep-dwelling forms with progressively deeper upper 
limits. Diurnal vertical migration was restricted to a very small fraction of the species 
present, primarily those previously described as strong migrators. The upward migration 
of some of these species stopped in the thermocline between 25 and 100 m. The minimum 
of biomass density found between 75 and 200 m by earlier workers was confirmed, and a 
similar minimunl was found in the distribution of a number of species. 

“Pattern” is used in ecology to denote 
any recurring spatial arrangement of or- 
ganisms within their environments ( Elton 
1966; Hutchinson 1952). A common pat- 
tern may be found in several distributions 
determined for a single species, or a set of 
species may be found to have a common 
pattern of spatial arrangement, We have 
looked for patterns in the vertical distribu- 
tion and diel migration of oceanic zoo- 
plankton at Ocean Station “P” in the sub- 
arctic Pacific. We have found that there 
is indeed a small set of arrangements to 
which each of a large number oE species 
can be assigned. These patterns are pre- 
sented here with a discussion of their possi- 
ble causes and significance. 

We undertook this study because accu- 
rate knowledge of the vertical distribution 
of the planktonic community is an impor- 
tant requisite for understanding oceanic 
ecosystem dynamics. 

Ocean Station “P” in the Gulf of Alaska 
(50”N, 145”W) was chosen for our initial 
work because a great deal is known about 
hydrographic conditions, primary produc- 
tion, and seasonal and annual changes in 
zooplankton biomass, and because the 
faunal diversity of the subarctic Pacific is 
low enough that a large proportion of the 
species present could be studied. 

l This project was made possible by National 
Scicncc Foundation grant GA-28902 to Oregon 
State University. 

Review of hydrography and faunistics 

Oceanographic observations have been 
collected at Ocean Station “P” since 1952. 
The hydrography of the subarctic Pacific 
has been reviewed by Uda (1963) and by 
Dodimead et al. ( 1963). A short summary 
is provided by Tabata ( 1965) together with 
a report on seasonal and annual variations 
in conditions at Station “P” itself. The tem- 
perature, salinity, and oxygen distributions 
(Fig. 1) found during our visit to Station 
“P” in late June-early July 1971 are typical 
for the summer period. The water column 
is divided into three main zones: the up- 
per seasonal zone (O-100 m), the main 
halocline ( 100-200 m), and a lower zone 
(below 200 m), In the upper zone there 
is pronounced seasonal heating, which 
leads to a warm mixed layer with a usual 
annual maximum temperature of 13 to 
14°C (Tabata 1965). The seasonal thermo- 
cline varies in depth and extent during the 
summer, but it is always within the upper 
100 m, and usually is below 25 m. Decay 
of the seasonal thermocline requires the 
entire winter, becoming complete in March 
as indicated by the dashed lint in Fig. 1 
(Dodimead et al. 1963). 

Salinity and oxygen concentration both 
vary during the year in the seasonal zone. 
However, salinity rarely leaves a range 
from 32.6 to 33.0%~ and oxygen concentra- 
tion is usually between 6.4 and 7.5 ml 
liter-l (Tabata 1965). There are sizable 
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Fig. 1. Temperature, salinity, and oxygen profiles at Ocean Station “P” in early July 1971. 
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Fig. 2. The mean annual cycle of zooplankton biomass above 150-m depth at Ocean Station “P” 
( from LeBrasseur 1965 ) . 

nonseasonal variations in salinity, the fre- 
quencies and causes of which are not yet 
certain, Nonseasonal changes of oxygen 
concentration extend to depths below 300 
m and amount in some instances to more 
than a doubling in the low oxygen content 
(Tabata 1965). 

Ocean Station “P” lies in the southeast- 
cm edge of the Alaska Gyre, and its hydro- 
graphic character is only slightly divergent 
from that of the so-called Alaska Gyre 
“Dome” (Tully and Dodimead 1957) sev- 
eral hundred kilometers to the northwest. 
Occasionally conditions at Station “P” take 
on some of the aspects of the Subarctic- 
Central Transition Zone, for example, in 
the summers of 1958 and 1959 (Tabata 
1965)) but there was no sign of this during 
our visit in 1971 (see Fig. 1) . 

The subarctic Pacific north of about 45” 
N forms a faunal as well as a hydrographic 
domain (see McGowan 1971; Johnson and 
Brinton 1963; Beklemishev 1967). Many 
species of animals are distributed through- 
out the arca but are not found south of 
about 40”N. Some of these species extend 

their range outside the subarctic domain in 
the California Current, for example, Lima- 
cina helicina and Euphausia pacifica; 
others do not, for example, Calanus cris- 
tatus and Sagitta eZegans. Few, if any, spe- 
cies of the upper depths are common to the 
subarctic and the central North Pacific be- 
low about 40”N. In the lower zone there 
is a greater degree of commonality, but this 
is not yet quantifiable. We feel therefore 
that the wide distribution of the species 
found at Station “P” gives our study more 
than local significance: that it contributes 
to the general knowledge of subarctic com- 
munity structure. 

The seasonal cycle of biotic production 
phenomena in the eastern subarctic Pacific 
has been discussed by Parsons et al. ( 1966). 
By a reasonable (if not well substantiated) 
model, they propose that the spring bloom 
starts in February or March around the 
perimeter of the Gulf of Alaska and pro- 
ceeds toward the center. Ocean Station “P” 
is reached in late April or May. In the 
central areas the spring bloom is never 
represented by an increase in standing 
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stock (Parsons 1965) : when productivity 
accelerates, the dominant herbivorous 
copepods, which have annual life cycles 
(primarily Calanus plumchrus and C. cris- 
tatus), are at ravenous early copepodite 
stages and hold the plant biomass nearly 
constant. The main biomass increase of the 
spring bloom period thus occurs in the sec- 
ond trophic level. Figure 2 (from figure 
10, LeBrasseur 1965) shows the mean an- 
nual cycle of zooplankton biomass above 
150-m depth. The period of our visit to 
the area (shaded column in Fig. 2) is 
clearly past the usual annual peak of sur- 
face biomass. The decline in herbivore bio- 
mass in late summer must be attributed to 
predation and to an ontogenetic descent to 
deeper layers, particularly by C. &status 
and C. plumchrus (see Vinogradov and 
Arashkevich 1969). All of this implies that 
our results represent only one phase of a 
cycle of important seasonal changes. 

Previous data on the vertical distribution 
of zooplankton biomass at Ocean Station 
“P,” from overlapping vertical hauls with 
an open net, were reported by McAllister 
( 1961). He found a persistent hiatus in 
the vertical distribution of biomass in the 
halocline. Peaks above and below the halo- 
Cline, at 50 m and at 200300 m, were usu- 
ally in excess of 60-g wet weight per 1,000 
m3. His data on diurnal vertical migration 
of zooplankton at Station “P” are inconclu- 
sive. 

Vinogradov ( 1968) has summarized 
Soviet studies of the vertical distribution of 
zooplankton in the Western Subarctic Do- 
main (definition of Dodimead et al. 1963). 
This western region has a more extreme 
temperature minimum ( <3.5”C) below 
the upper seasonal zone than does the east- 
ern subarctic Pacific, The plankton of the 
area is typified by strong ontogenetic mi- 
grations of the principal herbivorous cope- 
pods : C. plumchrus, C. cristatus, and 
EucaZanus bun@. In all seasons, the halo- 
Cline-temperature minimum zone is a mini- 
mum in the biomass distribution of the 
zooplankton. “Eastward the cold intermc- 
diate layer tapers and finally disappears, 
At the same time there is a corresponding 

change in the vertical distribution of the 
plankton-the density minimum at the 
depth of the cold layer becomes less pro- 
nounced and gradually vanishes.” ( Bogo- 
rov and Vinogradov citecl in Vinogradov 
1968, p. 52.) It is clear from McAllister’s 
( 1961) work, and from ours ( below), that 
the tapering of the plankton density mini- 
mum is not complete at 145”W. Species 
listed by Vinogradov (1968) as important 
diel vertical migrators in the Western Do- 
main are Metridia pacifica, Pleuromamma 
scutullata, and Candacia columbiae. Vino- 
gradov noted, however (p. 59), “most of 
the plankton of the North Pacific shows 
only a moderate migration intensity, since 
relatively large amounts of plankton re- 
main in surface layers throughout the 24- 
hour period even in autumn” (North Pa- 
cific here means the Bering Sea and 
Kurile-Kamchatka area), 

We thank W. G. Pearcy, T. C. Moore, 
and H. Curl, Jr., for discussions about 
methods and results, and everyone who 
helped with the sampling at sea, particu- 
larly N. Kuster. J, Dickinson identified the 
amphipods. 

Methods 

Vertically stratified zooplankton samples 
and hydrographic data were taken from RV 
Yaquina for 4.5 days starting 1 July 1971. 
All net tows and hydrocasts were made in 
the rectangle between 49”51’N and 50’00’ 
N and between 144”45’W and 145’24’W 
( 17 X 50 km). At dusk and dawn of each 
day hydrocasts and expendable bathyther- 
mograph casts were made to provide tem- 
perature, salinity, and oxygen profiles. Net 
tows were made continuously during the 
rest of the day and night, 

The nets used were 70-cm opening-clos- 
ing nets designed by McGowan and Brown 
(1966). They were equipped with white 
0.333-mm or 0.183-mm mesh cylinder-cones 
designed by the “green water” criteria of 
Smith et al. (1968). All tows filtered about 
200 m3 of water, which produced between 
0.25 and 1 liter of fresh, drained plankton, 
depending on depth of haul. 

Eight intended depths were sampled at 
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Table 1. Sample infornaation. 

Local Estimated Volume 
Date 

2 Jul 
2 Jul 
2 Jul 
2 Jul 
2 Jul 
2 Jul 
2 Jul 
2 Jul 
2 Jul 

3 Jul 
3 Jul 
3 Jul 
3 Jul 
3 Jul 
3 Jul 
3 Jul 
3 Jul 
3 Jul 

time depth filtered 
(ml (m”) 

1140Da2 serzesO-l(J 216 
1055 21 
1055 43 
1055 66 
1528 98 
1237 218 
1237 322 
1237 417 
1237 502 

1230 O-10 
0740 27 
0740 56 
1106 72 
0740 101 
0952 210 
0952 312 
0952 407 
0952 507 

200 
200 
200 
200 
200 
200 
200 
200 

210 
212 
200 
153 
220 
200 
153 
200 
220 

2 Jul 
2 Jul 
2 Jul 
2 Jul 
2 Jul 
2 Jul 
2 Jul 
2 Jul 
5 Jul 

4 Jul 
3 Jul 
3 Jul 
2 Jul 
3 Jul 
2 Jul 
3 Jul 
3 Jul 

Night series 

2238 O-10 162 
0107 23 189 
2151 47 200 
2151 72 200 
2151 98 200 
2325 212 200 
2325 311 200 
2325 397 200 
0041 558 230 

0122 O-10 210 
2114 22 153 
2114 49 179 
0107 74 200 
2114 99 200 
2251 198 200 
2258 314 200 
2258 414 153 

3 Jul 2258 510 200 

2.0 knots by horizontal tows: 500, 400, 300, 
200, 100, 75, 50, and 25 m. The top level 
from 10 to 0 m was always sampled 
obliquely. Actual depths were determined 
after the tow from a Benthos Corporation 
depth recorder attached below the deepest 
net. Sampling was done in flights of four 
nets, the lo- to O-m tow being taken while 
the nets were cleaned and reassembled be- 
tween shallow and deep flights. A com- 
plctc series of nine depths required about 
4.5 h. Since night was about 6 h long, only 
a single night series could be taken on any 
one date. 

We have only been able to study com- 
pletely a subset of the samples taken. 
Larger forms were as well represented in 
the samples taken with 0.183-mm mesh as 

in those taken with 0.333-mm mesh. There- 
fort, only the finer mesh samples have been 
counted. Two complete night and two 
complete day series have been analyzed 
( Table 1). Displacement volumes were 
measured by draining the sample in a mesh 
sock and then resuspending the animals in 
a graduated cylinder of preservative. Sub- 
sampling was by piston pipette for very 
small forms like Oithona similis and by 
Folsom splitter for larger, numerically less 
abundant, forms. Subsample size was pro- 
grcssively increased until the actual counts 
for each form reached 30 individuals or the 
total subsample count reached about 2,500 
individuals. Numerical abundances of all 
species of copepods, ostracods, euphausiids, 
amphipods, chaetognaths, salps, and medu- 
sae have been estimated, typically with 
separate estimates for females, males, and 
immature stages : a total of 184 categories. 

Abundance estimates for all species were 
converted to No./100 m3 and plotted on a 
logarithmic scale against a linear depth 
scale (Figs. 3-9). Geometric means for 
night and for day estimates at each depth 
are connected in these graphs by lines. 
These graphs are the basic data presenta- 
tion. A complete data set for all of the spe- 
cies studied (Marlowe and Miller 1974) can 
be obtained from C.B.M. 

Patterns of vertical distribution and mi- 
gration common to large sets of species 
were initially determined by grouping to- 
gether graphs with similar patterns. Simi- 
larity was subjectively determined. Each 
of us working independently arrived at 
similar, but not identical groupings. This 
clearly resulted from different preconcep- 
tions about vertical distribution and about 
the meaning of sample-to-sample variabil- 
ity. Therefore, we took recourse to a mul- 
tivariate ordination technique : factor anal- 
ysis with varimax rotation of factor axes 
( Rohlf and Sokal 1962; Seal 1964; Cassie 
1972). This gave groupings largely similar 
to our subjective results. The use of factor 
analysis as a grouping procedure in vertical 
distribution studies was introduced by 
Angel and Fasham ( 1973). Some differ- 
ences from their procedure are introduced 
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Table 2. An example of the grouping procedure based on varimax factor loadin@ Species in Pat- 
tern I are placed in subgroups. 

Varimax factor loadings 

Category Factor 1 2 3 4 5 Group 

Oncaea borealis females 0.93 -0.21 0.04 -0.12 -0.20 
Eucalanus bungii stage v females 0.92 -0.20 0.10 -0.17 -0.13 
Foraminifera 0.91 -0.34 0.08 -0.12 -0.05 
EucaZanus bungii males 0.89 -0.26 0.12 -0.20 -0.20 
Eukrohnia hamata stage E 0.89 -0.33 0.08 -0.15 -0.12 
Oithona simiZis copepodlkes 0.87 -0.39 0.12 -0.14 -0.09 
Oithona simiZio females 0.80 -0.51 0.14 -0.15 -0.11 
PseudocaZanus sp. females 0.80 -0.46 0.11 -0.18 -0.23 I-I' 
Medusae 0.77 -0.17 -0.03 -0.43 -0.11 
EucaZanuo bungii stage v males 0.77 -0.31 -0.09 -0.17 -0.19 
CaZanus pZurnchrus stage v 0.77 -0.42 0.19 -0.17 -0.09 
Calanus pacificus stage V 0.76 -0.26 0.24 -0.20 -0.34 
Limacina heZicina 0.75 -0.57 0.09 -0.15 -0.13 
OikopZeura 0.73 -0.33 0.20 -0.13 -0.16 
Oithona sim-iZis males 0.65 -0.60 0.19 -0.13 -0.09 
Parathemisto pacifica 0.64 -0.25 -0.06 -0.26 -0.19 
Thysanoessa Zongipes 0.62 -0.59 0.00 -0.27 -0.19 
PseudocaZanus sp. copepodites 0.59 -0.49 0.15 -0.17 -0.46 
------------------------------------------------ 
Calanus plumchrus stage I 0.34 -0.83 0.26 -0.03 -0.13 
CaZanus pZu.mchrus stage II 0.34 -0.81 0.22 -0.33 -0.08 
CaZanus pZumchrus stage III 0.49 -0.75 0.15 -0.20 -0.25 I-II' 
CaZanuuo pacificus females 0.26 -0.68 0.29 -0.18 -0.40 
CaZanus plwnchrus stage IV 0.58 -0.65 0.18 -0.17 -0.19 
------------------------------------------------ 
Acartia Zongiremis males 0.09 -0.38 0.90 -0.13 '-0.13 I-III' 
--------------------________________I___-------- 
Euphausia pacifica 0.34 -0.35 0.20 -0.81 -0.16 I-Iv* 
------------------------------------------------ 
CaZanus pacificus males 0.40 -0.48 0.22 -0.22 -0.69 I-V' 

in our work, which will be clear from the 
following details. 

Ninety-nine categories were selected for 
grouping analysis according to two sets of 
criteria. First, no category was used which 
both was taxonomically indefinite and in- 
cluded many diverse forms. For example, 
the category “naupliar larvae” was cx- 
eluded. Categories like “medusae” and 
‘foraminifera” were included because they 
were nearly all of one specific type. Second, 
only those categories occurring in three 
samples or more at a density exceeding 5 
100 mm3 were included. This left out some 
of the rarer forms and those confined to the 
deepest levels of our sampling. Our sam- 
ples do not represent their vertical distri- 
bution adequately. 

A transformation was made of the data 
for use in the analysis: 

yi,,j = 
lOg( Xi,j + 1) 

8H 

E wxi,j + 1) ’ 

where xi,j is the estimated density of the i 
species in the i sample. All 36 samples pre- 
sented on the graphs entered the analyses 
separately. This transformation was chosen 
as analogous to our subjective groupings of 
graphs plotted on logarithmic scales. 

In the factor analysis procedure, after 
varimax rotation, those species were 
grouped that had their highest loading on 
the same factor. Then factor analysis was 
repeated group-by-group to give sub- 
groups. Thus a “nested” factor analysis 
wcas performed, following a suggestion in 
Rohlf and Sokal (1962). This procedure 
was stopped after the second or third cycle 
when it seemed subjectively unlikely that 
further subdivision would be meaningful. 
Some categories ( 11%) had medium-sized 
loadings on two factors in the original anal- 
ysis: those species were entered with both 
groups in the next cycle of the analysis. 

As an example of this procedure, the sec- 
ond analysis cycle for group I is presented 
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Table 3. Dentlrogram for pattern I, categories with maximum abundance near the surface. 

Medusae I” -----I 
Thysanoessa Zongipes Brandt 

-I Eucalanus bungii Gieshrecht stage V males* II" 

Pseudocalanus SP. females 
Pseudoca2anu.s sp. copepodites 
Calanus pacificus Brodskii staqe V 

Parathemisto paci fica Bowman IV" 

.Oithona similis Claus females I 
Oithona simiZis males 
Oithona simiZis copepodites 
Limacina heZicina Phipps 
Calanus pZumchrus Marukawa stage v 

V" 
I' 

Metridia pacifica Brodskii copepodites 
EUealanUS bungii Giesbrecht stage V females 
Eucalanus bungii males 
Oneaea boreaZis G.O. Sars females 
Eukrohnia hamata Mobius stage I 
Foraminifera 

OikopZeura 

Calanus pacificus Brodskii females 
Calanus pZumchrus Marukawa stage IV 
Calanus plwnchrus stage III 
Calanus pZwnchrus stage II 
Calanus pZumehrus stage I 

VII" --.I 

II' 

Acartia Zongiremis Lilljeborq males III' 

Euphausia pacifica nansen IV' 

* 
Indicates categories that loaded most heavily with another factor in the first round of the 
nested analysis, but which had a medium-sized loading on factor I as well. 

in Table 2. Group I had the highest load- 
ings on varimax factor I in the first factor 
analysis, In Table 2 the species have been 
ordered according to their loadings in the 
second cycle of analysis, those most highly 
loaded on factor I’ being at the top, and so 
on. The subgroups defined are denoted by 
dashed lines across the table. Subgroups 
II’-V’ are sufficiently refined, but sub- 
group I’ has been reanalyzed and new sub- 
subgroups defined. This third grouping ex- 

tracted most of the subjectively important 
differences, so the process was stopped. 
The results are presented as a dendrogram 
(see Table 3), but the stem lengths have 
no quantitative meaning as they frequently 
do in numerical taxonomy. We have pre- 
sented no factor loading or communality 
values in our results, as did Angel and Fa- 
sham ( 1973), because we feel they have 
no ecological significance. 

Fig. 3. Four cxamplcs of pattern I. A-Oithona similis Clans females; B-Eucalanus bungii Gics- 
brccht stage V female copepodites; C-Calanus plumchrus Marukawa stage IV copepodites; D-Para- 
themisto pacifica Bowman. O-data from first night; m-data from second night; O-data from first 
day; u-data from second day. The lines connect night means and day means bctwecn depths. 
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A) BITHEW SIMILIS FEMALES B) EUCALANUS BUNG11 FEMALE U’S 

NUMBER/100 CUBIC METERS NUMBER/IO0 CUBIC METERS 
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C) CALANUS PLUMCHRUS STAGE IV D) PARATHEMISTB PACIFICA 
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A) BNCAEA MEDIA HYMENA FEMALES B) MICRBCALANUS PUSILLUS FEMbLES 

NUMBER/100 CUBIC METERS NUMBER~IOO CUBIC METERS 
100 10’ 10’ 1D3 IO4 105 lo6 I@ IO’ I$ I$ IO4 10S 106 

a 

100 

200 

2 
z 

300 

400 

500 

Cl i¶NCtaEfi CEWIFERQ CWEPBDITES 0) HETERBRHABDIDAE SMALL CIJPEPIJDITES 

NUMBER/100 CUBIC METERS NUMBER~100 CUBIC METERS 
IO1 1D2 IO3 ID4 16 18 101 102 103 104 10s 106 
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Table 4. Denclrogram for pattern II, categories with maximum abundance near the bottom of the 
sampling range. 

IIType III" Calanus stage V 
Calanus eristatus Kr&yer stage V* 
MieroeaZanus pusi Zlus Sars females 
Euchaeta spp. copepodites 
Heterorhabdid "5x3" copepodites 
Unidentified salp 
Badiolarians 

jjII- 

Calanus pZumehrus Marukawa males 
Gaetanus spp. "4x3" copepodites 
Oncaea eonifera Giesbrecht copepodites 
Conchoceia skogsbergi Iles females 
Eurycopid (Asellota) Isopod 
Peobius meseres Heath 
Eukrohnia hamata Mobius stage II 

-l.IIl 

Microcalanus pusi Z&s Sars males 
SpinocaZanus spp. copepodites 
HaZoptiZus pseudooxyeephalus Brodskii - 

copepodites 
Oncaea media hymena Olson females III' 
Oneaea media hymena males 
Oncaea eonifera Giesbrecht males 
Oneaea sp. "A" females 
Oneaea spp. copepodites 

Heterorhabdidae - small copepodites 
Gaetanus spp. - small copepodites 
Amphipod eggs 

IV' 

Pleuromama seutuZZata Brodskii males V' 

Heterorhabdus tanneri Giesbrecht males VI' 

Conehoeeia skogsbergi Iles immatures 
Conehoeeia azata minor McHardy immatures 

VII' 

Gaetanus spp. "4x2" copepodites VIII' 

Gaidius cf. vatiabilis Brodskii females IX' 

II 

* 
Indicates categories that loaded most heavily with another factor in the first round of the 
nested analysis, but which had a medium-sized loading on factor II as well. 

Results 
A species-by-species description of the 

results would be of value to only a few 
readers for each species. Therefore, for 
general publication we have decided to 
emphasize the generalities that emerged. 
These are best expressed by the fact that 
most of the species are distributed accord- 
ing to one of a small number of patterns. 

The methods of identifying the patterns 
and grouping the species under them were 
discussed above. The patterns and their 
groups were as follows: 

Pattern I: The 0. sin&s pattern; most 
abundant at the surface or at 25 m, with 
exponentially fewer individuals at increas- 
ing depths. All of these categories are 
abundantly present in at least some of the 

Fig. 4. Four examples of pattern II. A-Oncaea media hymenu Olson females; B-Microca&znus 
pusillus Sars females; C-Oncnea conifera Giesbrecht copepodites; D-IIeterorhabdidae small copepo- 
dites. Symbols as in Fig. 3. 
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RACBUITtANUS PACIFICUS MALES 

NLltlBER~100 CUBIC METERS 
100 ld 102 103 104 IO5 106 

1 

Fig. 5. An example of the nonmigratory part 
of pattern III. Racovitxanus pacificus Esterly 
males. Symbols as in Fig. 3. 

10-0-m samples. Four examples represent- 
ing the most typical and most extreme 
members of this group of 26 categories are 
shown in Fig. 3. The dendrogram of rela- 
tionships between group members and the 

list of group members arc given in Table 
3. Typically, the most rapid decrease from 
the near-surface peak in abundance occurs 
in the upper seasonal zone or thermocline, 
and there is a change to a slower rate of 
decrease with depth at about 100 m. 

Pattern II: The Oncaea media hymena 
pattern; most abundant in the deepest sam- 
ples and tither absent from the upper lev- 
els or scattering upward from the main 
mass of the population to various degrees. 
Most of these categories continued to be 
abundant to much greater depths than are 
represented in the graphs, according to 
counts of single samples from 600 and 800 
m. Four examples representing the most 
typical and most extreme members of this 
group of 29 categories are shown in Fig. 4. 
The dendrogram of relationships and list 
of group members are given in Table 4. 

Pattern III: Here the factor analysis 
placed together two seemingly dissimilar 
patterns. First, P. scutullata females and 
Gaetanus cf. simplex females both made a 
clear and similar diurnal vertical migration, 
the upper extent of which was 75 or 100 m, 
that apparently was stopped by the ther- 
mocline. Second, four other categories 
were grouped here which have a single 
middepth peak (example in Fig. 5). The 
dendrogram of relationships and list of 
group members are given in Table 5. 

Pattern IV: The Eukrohnia bathypelagica 

Table 5. Dendrogram for pattern III, an apparently mixed group of vertical migrators that do not 
reach the surface, and miclwater forms. 

Racovitzanus pacificus Esterly males 
Aetideus spp. copepodites 

Oncaea conifera Giesbrecht females* 

PZeuromama scutuZZata Brodskii females 
C;aetanus cf. simplex Brodskii females 

Racovitzanus pacificus Esterly females 

Awtidius pacificus Brodskii females 

Unidentified Isopod of parasitic type 

* 
Indicates categories that loaded most heavily with another factor in the first round of the 
nested analysis, but which had a medium-sized loading with factor III as well. 
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0) EUKRBHNIA BATHYPELAGICA B) FJNCAE0 CDNIFERA FEMALES 

NUMBER/100 CUBIC METERS NUMBER/100 CUBIC METERS 
loo 10’ 102 103 104 105 106 1cP 10’ 102 103 104 16 106 

Fig. 6. Two examples of pattern IV. A-33Jcrohnia bathypelagica Alvarifio; B-Oncaea conifera 
Giesbrecht females. Symbols as in Fig. 3. 

pattern; a more extreme version of pattern the 9 categories included are listed in Ta- 
II, in which the absence from the upper blc 6. 
levels is more nearly complete. Examples 
of the group are represented in Fig. 6, and 

Pattern V: The Microcalanus pusillus co- 
pepodite pattern; most abundant at 50 or 

Table 6. Dendrogram for pattern IV, categories confined to the cleepest samples to an even greater 
extent than the species of group II. 

Metridia paeifiea Brodskii males 
Oneaea eonifera Giesbrecht females 
Oneaea sp. "A" females 
Conehoeeia aZata minor McHardy immaturos* 
Eukrohnia bathypeZagiea AlvariEo 

Isoehaeta ovalis Giesbrecht copepodites 
Isoehaeta ovaZis females 
Metridia eurtieauda Giesbrecht females 

Unidentified mysid 

Conshoeeia skogsbergi Iles immatures* 

Isoehaeta ovaZis Giesbrecht males 

* 

IV' 

i V' 

Indicates categories that loaded most heavily with another factor in the first round of the 
nested analysis, but which had a medium-sized loading on factor IV as well. 
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Table 7. Dendrogram for pattern V, categories with a basically bimodal distribution, having modes 
above 100 and below 200 m. 

Heterorhabdus tanneri Giesbrecht males* I' 

Barnacle eypris 
Calanus cristatus KrPyer stage V copepodites 

Metridia pacifica Brodskii females 
CaZanuo c&status Kr@ycr stage V 

Microcalanus pusiZZus Sars copepodites 
EucaZanus bun&i Giesbrecht females 
EucaZanus bung-ii stage V females* 
Eucakus bun&i stage V males 
EucaZanus bungii stage IV 
Eucalanus bungii small copepodites 
Sco~ecithrice~~a minor Brady females 
ScoZecithriceZZa spp. copepodites 
Oncaea boreaZis G.O. Sars females* 
Oithona spinirostris Claus copepodites 
Tomopteris sp. 
Gastropod larvae 

V' 

Siphonophore nectophore 

SeoZecithriceZZa minor Brady males 
Oithona spinirostris Claus females VI' 

2 

Conchoecia magna Claus females VII' 

M&rosette ZZa rosea Dana VIII' 

Conchoecia magna Claus males IX' 

Euphausiid furcillia X' 

* 
Indicates categories which loaded most heavily with another factor in the first round of the 
nested analysis, but which had a medium-sized loading on factor V as well. 

75 m and much less so at the surface, a 
minimum at 100 or 200 m and (usually) a 
secondary maximum at 300 or 400 m. Ex- 
amples representing the most typical and 
extreme members of this group of 21 cate- 
gories are shown in Fig. 7. The dendro- 
gram of relationships and list of group 
members are given in Table 7. This pattern 
can be viewed as a modification of pattern 
I, or as intermediate between patterns I 
and II. 

the vertical migrants discussed below. The 
other species were not present with suffi- 
cient frequency that their distributions can 
be considered reliably described. Only the 
abundance estimates for Amallothrix inor- 
nata females loaded most heavily on vari- 
max factor VIII, and hence it was not 
grouped with any other form. It clearly 
belongs to pattern III, and the reason the 
analysis did not place it there is unclear. 

Six additional species were grouped to- The factor analysis seemed to be very 
gether in pairs by the factor analysis. Their undiscerning about differences between 
names are given in Table 8. Sagitta elegans 
and C. columbiae copepodites are among 

night and day distributions. This is prob- 
ably because few species migrated verti- 

Fig. 7. Four examples of pattern V. A-Microcalanus pusillus Sars copepodites; B-Eucalanus bun- 
gii Giesbrecht stage V male copepodites; C-Oithona spinirostris Claus females; D-Conchoecia magna 
Claus females. Symbols as in Fig. 3. 
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Table 8. Species not included in larger groups Table 9. List of categories exhibiting diurnal 
by the first stage of the nested factor analysis. vertical migration. 

Candacia cohmbiae CampbeU. copepodites 
Cgphocaris chaZZengeri Stebbing t 

VI 
Categories which migrated into the upper 10 m. 

&zhaeta sp. adults ----J-VII 
Sagitta ma&ma (Conant) 

Sagitta elegans Verrill 
zEx &,ndacia coZw&iae Campbell females 

AmaZZothrix inornata Esterly females- VIII 

Metrridia pacifica Brodskii females 
Euphausia pacffica Hansen 
SagIt-La eZegans Vcrrill 

Categories with upper limits to their niqht 
distributions within the thermocline. 

tally, and therefore day-night differences 
had little effect in the determination of the 
lower order principal components. Inspec- 
tion of the distribution figures implies that 
eight categories may have been involved 
in migration, These divide into two groups: 
those which migrated into the upper 10 m, 
and those which only migrated into but 
not entirely through the thermocline. The 
categories in these groups are listed in Ta- 
ble 9 and examples are presented in Figs. 
8 and 9. 

Cu lams crisl-atus Kr@ycr stage V copepodites 
Cue tanus cf. sinipZex Brodskii females 
Cancjacia coZwnbiae Campbell 
Pleuronmma. scul-ullata Brodskii females 
Conchoecia magna Claus males 

limits reported in the literature ( Wiebe 
and Holland 1968), probably because of 
the protracted period during which the 
replicates were taken. Previous work on 
sampling variability refers to replicate se- 
ries taken much more quickly. 

Discussion 

The total biomass distribution is shown 
in Fig. 10. The minimum reported by Mc- 
Allister ( 1961) is clearly present, but its 
position is not pinpointed with great preci- 
sion. It is at or below 75 m and probably 
above 200 m. 

In addition to the results discussed above, 
sets of 9 samples from 100 m and 7 samples 
from 400 m have been counted to evaluate 
field sampling variability. Counts of the 
categories without zero values in the repli- 
cate series were subjected to an analysis of 
variance by a components of variance 
model after logarithmic transformation to 
give confidence limits for a single observa- 
tion (Winsor and Clarke 1940). Table 10 
presents the results, The multiplicative 
95% limits are about one order of magni- 
tude, and only differences of that order 
should be taken to represent effects other 
than sampling variability. This is in the 
upper range of values for such confidence 

These data have several advantages over 
those available previously. They are from 
an oceanic area. There is replication of 
both day and night data, and thus there is 
some knowledge of the variability associ- 
ated with the data, Most of the samples in 
each series are from the same day or night. 
Very fine netting has been used for all the 
sampling, and, therefore, very small animals 
have been considered, as well as the larger 
zooplankton. 

The conclusions we have drawn from the 
Ocean Station “P” daLta are the following: 

1. The vertical distributions of plank- 
tonic animals at Ocean Station “Y are not 
narrowly restricted: they generally encom- 
pass several hundred meters. Note that this 
does not include possible neustonic distri- 
butions, which were not studied. No con- 
firmation of the narrow layers reported 
from bathyscaphe observations (Bernard 
1958; P&r& 1958) and from Longhurst- 
Hardy recorder sampling (Longhurst 
1967) was found. This may be due partly 

Fig. 8. Distributions of four of the vertical migrators at Ocean Station “P.” A-Metridia pacifica 
Broclskii females; B-Euphausia pacifica Hansen; C -Sagitta elegans Verrill; D-Pleuromammu scutul- 
Data Brodskii females. Symbols as in Fig. 3. 
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Table 10. Results of components of variance type analysis of variance for haul variability data. 

Source of 
variation 

100-m series 
hauls 

sums of 
squares 

19.11 

degrees of 
freedom 

8 

mean 
squares 

2.389 

estimate of 

200; + Is2 
r 

species 98.45 19 5.181 90: + CT: 

interaction 17.64 152 0.116 2 
0 

r 

T/ii= 0.4793; (the standard deviation of a single haul) 

95% confidence limits for the mean 
given a single observation = 11.5 to 870% of the observation 

400-m series 
hauls 20.74 6 3.457 

species 50.94 24 2.122 

interaction 15.45 144 0.107 

%i= 0.4913;' (the standard deviation of a single haul) 

95% confidence limits for the mean = 1. g to g18" 
given a single observation . 0 

to the harsh criteria for differences in discussion of vertical distribution in the 
abundance to be considered significant, Western Domain of the subarctic, and with 
which are represented by plotting of the Banse’s (1964) compilation of earlier 
data on logarithmic scales. If the responses oceanic data in general. We think that a 
of animals to their own density depends on similar conclusion can be drawn from the 
a linear function of the density, then im- data of the SOND cruise to temperate ht- 
portant differences in density are made to lantic waters ( Angel 1969; Baker 1970; Fox- 
look insignificant by the semilog presenta- ton 1969, 1970a,b; Roe 1972a,h,c,cE), if hori- 
tion. We feel, however, that linear plots zontal variability comparable to that we 
would misrepresent the precision of our found is assumed to affect their data. All 
data, and that meaningful measures of den- but three of the strong vertical migrants 
sity several orders of magnitude below the are apparently stopped in their upward 
maximum for a category would disappear movement by the thermocline between 25 
altogether from linear plots. and 100 m. 

2. Upper and lower limits of species 
distributions occur at all depths, with the 
thcrmoclinc having more upper limits than 
.othcr zones (in groups III and V) . 

3. Extensive vertical migrations occur 
in less than 10% of the species present. This 
is in agreement with Vinogradov’s (1968) 

4. The highest number of species occurs 
at the lower limit of sampling, 500 m. This 
is partly a result of the fact that most forms 
with their peak abundance near the sur- 
face are still present in low abundance at 
400 or 500 m ( group I). However, it is 
mostly due to the large number of species 

Fig. 9. Distributions of four of the vertical migrators at Ocean Station “I’.” A-Gaetanus cf. sim- 
plex Brodskii females; B-Calanus cristatus Krglyer stage V copepodites; C-Conchoecia magna Claus 
malts; D-Canclucia columbine Campbell copepodites. Symbols as in Fig. 3. 
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Displacement Volume (ml/200m3) 

Fig. 10. Vertical distribution of biomass at 
Ocean Station “P.” 

with very wide ranges from depths below 
200 m down to depths below 500 and 
mostly below 800 m (groups II and IV). 
All of these forms are obviously adapted 
to living at temperatures below 4°C and 
oxygen concentrations less than 1 ml liter-l 
(see Fig. 1). 

5. A minimum of zooplankton density 
in the halocline-oxycline region is evident 
both in our biomass estimates and in the 
distribution of many categories, particu- 
larly subgroup V-V’. This subgroup in- 
cludes many life-cycle stages of E. bung%, 
which is said by Vinogradov (1968) to 
have a bimodal distribution about the 
“cold intermediate layer” in the western 
subarctic. Our data indicate that this pat- 
tern is shared among a large number of 
forms. Vinogradov and Arashkevich (1969) 
seem to suppose that the minimum is gen- -- 
erated by avoidance of the low temperature 

layer. At Ocean Station “I?” the tempera- 
ture minimum is not of sufficient intensity 
for this to be the case. We do not have any 
convincing hypotheses about how the bi- 
modal distribution arises. It does not make 
sense to suppose that the gradients in sa- 
linity (which only encompass 2s0) or oxy- 
gen concentration should be greatly more 
stressful than the region below 200 m of 
high salinity and constant, very low oxygen 
concentration. It might be that McLaren’s 
(1963) hypothesis about the advantage ac- 
cruing to carrying food to a low tempera- 
ture zone to assimilate it applies here. In 
this case it would be postulated that indi- 
viduals move between the two modes of 
the distribution. However, these advan- 
tages should apply as surely between 100 
and 200 m as they do below 200 m. A pos- 
sibility (suggested by H. Curl, Jr.) which 
has apparently not been previously con- 
sidered is that the coincidence of the nitrite 
maximum and the zooplankton minimum 
are related. Data from 155”W (Scripps 
Inst. Oceanogr. Ref. 67-5) show a nitrite 
maximum in excess of 0.64 pg-atom liter* 
at about 75 m between 45” and 50”N. It 
could be that animals are avoiding this 
toxic substance, The toxicity of nitrite to 
planktonic animals has not been proved, 
but its general toxicity in vertebrates is well 
documented (Wright and Davidson 1964). 

6. Out of a broad spectrum of possible 
vertical distribution patterns, very few ap- 
pear to be “selected” by species in the field. 
The exact range of geometrically different 
possibilities is impossible to determine. All 
sorts of skewed unimodal and variety of 
multimodal distributions can be imagined. 
It might be assumed a priori that the num- 
ber of patterns found would equal the 
number of species, if not the number 
of some more refined category. Yet, 
nearly all of the categories in our study fall 
into one of only five patterns that have only 
a few convincingly different variants. This 
implies that there arc only a few strategies 
of vertical distribution that prove success- 
ful, and that all species have acquired one 
of these in the evolutionary process. We 
will not speculate on this notion of strategy 
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or the merit of particular strategies until 
we have developed some similar sets of 
data from other oceanic regions. We must 
examine, however, the likelihood that the 
small number of patterns results from an 
artifact of sample spacing or from an in- 
trinsic property of the grouping procedure. 

The reality of our groups has been ex- 
amined by studying the following model: 
One hundred unimodal distributions were 
generated by randomly selecting a modal 
depth between 0 and 700 m and a standard 
deviation between 25 and 200 m. These 
were used to generate normal distributions 
of density as a function of depth. No allow- 
ance was made for possible skewness, kur- 
tosis, bimodality, or other likely feature. 
These distributions were truncated at the 
surface, and their subsurface integrals were 
set equal to 1.0. This created the equiva- 
lent 6f a randomly generated set of per- 
centage depth distributions. The relative 
density for each distribution at each of our 
actual sampling depths was entered in a 
factor analysis, in which the first five prin- 
cipal components were extracted. The first 
four components accounted for 98.8% of 
the variability in the model data, in con- 
trast to the real data, where 10 components 
accounted for only 85.9% of the variability 
for 99 species. The first four principal 
components resulted in four groups of 
model distributions. These are clearly 
clustered according to similarity of their 
modal depths; the differences in verti- 
cal dispersion of the distributions had no 
effect on the group assignment. This was 
also true of the first stage of the nested 
analysis of the real data: the first groups 
are distinguished primarily by modal depth, 
The second stage for both the real and the 
simulated data, however, was much more 
sensitive to shape differences, after the 
gross differences in modal depth had been 
removed. 

It seems to us from our experience with 
this model, that factor analysis would split 
up any set of vertical distributions into ap- 
parently reasonable groups, whether there 
were discontinuities within the set or not. 
Therefore, for the time being WC must sus- 

pcnd judgement about the significance of 
the patterns as “communities” or “strate- 
gies .” They are certainly a considerable 
convenience for communication. 
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