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Abstract

Observations from a one-person submersible ("Wasp") in
fall, 1982, revealed a persistent aggregation of non-migrating, Stage V copepodites of Calanus pacificus californicus Brodsky in a band 20 • 3 m thick at a depth of
450m, about 100m above the bottom of the Santa
Barbara Basin, California. Copepod abundances, calculated
from nearest-neighbor distances measured directly from
the submersible, yielded maximum densities of 26• 106
copepodites m % Quiescent behavior, low laminarinase
activity, low protein content, high lipid content and evidence of low excretion rate all suggest that these copepodites were in a state of diapause. Diapausing C. pacificus californicus at other locations along the eastern Pacific
coast were also captured in discrete depth plankton tows.
Both the submersible observations and the net collections
suggest that the dense aggregation of diapausing copepods
we observed in the Santa Barbara Basin was a phenomenon associated with seasonal upwelling cycles, and that
such aggregations occur during non-upwelling periods
when food is scarce in surface waters. Numerous predators,
especially the deep sea smelt Leuroglossus stilbius, were
observed feeding upon the aggregated copepods; thus, in
contrast to the conventional picture of surface-dominated
food distribution, deep-water aggregations of C. pacificus
californicus may support the mesopelagic community
during periods of low food availability in surface waters.

Introduction

Traditionally, the mesopelagic zone of the ocean (200 to
1 000 m) is characterized as a food-poor habitat containing
a sparse and dispersed fauna, most of which migrate
vertically into richer surface waters at night and feed
(Pearcy etal., 1977). However, while investigating the
biology of midwater animals off California in situ from a
one-person submersible ("Wasp"), we repeatedly encoun-

tered an extremely dense, persistent and widespread aggregation of non-migrating copepods at mesopelagic depths.
Such dense aggregations may significantly affect the ecology
of mesopelagic communities in continental slope waters.
Herein, we report one of the highest densities of zooplankton
ever recorded in the mesopelagic zone, the first direct observations of the abundance and behavior of predators associated with mesopelagic aggregations of zooplankton,
and the first in situ observations of the vertical distribution
and abundance of resting (diapausing) Stage V copepodites
of the family Calanidae, marine copepods which commonly dominate the zooplankton biomass in mid-to-high
latitudes during seasonal diatom blooms.
Materials and methods

Field methods
We discovered and sampled a dense aggregation of the
calanoid copepod Calanus pacificus californicus Brodsky,
and its associated predators in the Santa Barbara Basin,
California (34~
:120~
(Fig. 1) while conducting studies on the biology of midwater animals using
a one-person submersible ("Wasp") (Fig. 2). Six scientists
were trained to pilot the submersible to depths of 600 m.
The 1 atm, tethered, self-propelled vehicle was deployed
from a ship anchored near the center of the Santa Barbara
Basin on a single-point mooring line 1 800 m long. Thus,
as the wind shifted, the ship moved through an arc almost
1.5 km in diameter. Depending upon the ship's location
along this arc, bottom depth varied from 515 to 542 m. We
descended deep enough to encounter the copepod aggregation on 10 Of 33 dives between 24 September and
9October, 1982. Three of these dives were made at
midmorning, 4 in midafternoon, 1 at dusk and 2 at midnight.
While within the copepod aggregation, we used a
centimeter ruler marked on one claw of the submersible to
make 10 to 15 replicate measurements of the distance between individual copepods (nearest-neighbor distance)
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Fig. 1. Calanus pac~cus californieus. (A) Map of sampling locations (black dots) in Santa Barbara Basin and near Punta
Eugenia, Baja California, Mexico. (B) Abundance of adults and
Stage V copepodites (combined data) off Punta Eugenia, Baja
California, Mexico, between 0 and 140 m depth from May 2 to
7 1961, 5 wk prior to the 3-station transect of Fig. 4A. Circled dots
indicate location of transect. Mean number of adults in entire set
is 4.8+2.9 (95% confidence limit), range 0 to 15.7 m-S; Stage V
copepodite mean is 7.05 4-4.45 (95% confidence limit), range 0 to
43.3 m -~
within the uniformly dispersed aggregation. We then
calculated the abundance of copepods from a formula
based on the closest packing of spheres assuming isahedronic packing (Hamner and Carleton, 1979). We estimated the densities of predators associated with the
aggregation using nearest-neighbor distances obtained by
comparison of the distance between neighbors with the
length of the "Wasp" arm or the distance between the
opposing claws. Additional observations were made on

Fig. 2. Submersible ("Wasp") used by us for direct collection and
observation of midwater animals. This one-person, 1 atm, tethered
submersible has a self-contained life-support system, mechanically
operated, articulating arms and manipulators, Thrustors for
effecting 3-dimensional movement at velocities up to 1.5 knots,
3600 visibility, and a depth capability of 600 m. Designed for
work in the water column, this submersible proved to be an unobtrusive and maneuverable vehicle for the study of mesopelagic
animals in situ
each dive of the behavior of the copepods and of predators
associated with the aggregation.
We collected copepods and other plankton within the
aggregation with a suction sampler and a 6-liter Van Dorn
bottle deployed by the "Wasp" claws. Copepods from the
aggregation and mixed species of copepods collected with
a vertically towed meter net (333 ffm mesh size) in the
upper 200 m of the water column were frozen for later
chemical analysis.
We obtained depth profiles of temperature, salinity
and dissolved oxygen with standard hydrocasts from the
surface. Water samples were collected from the submersible
directly above, below and within the copepod aggregation
and were also analyzed for salinity, oxygen and ammonia.
We measured salinity with a Plessey 62-30N salinometer.
Dissolved oxygen and ammonia (analyzed as an indicator
of excretion) were determined according to Strickland and
Parsons (1972).
Additional field data on the vertical distribution of
Calanus pacificus californicus were obtained along a 3station transect across the annual spring upwelling plume
during May and June, 1961, off Punta Eugenia, Baja California, Mexico (Fig. 1). The stations sampled were part of
a sampling grid of the California Current region established
by the California Cooperative Oceanic Fisheries Investiga-
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tions program (CalCOFI), and bear CalCOFI station
numbers. A distance of 64 km separated the two offshore
stations, Stations 120.60 and 120.50; 32 km separated Station 120.50 from the ncarshore Station 120.45. Abundances
were estimated at each station in May from standard
oblique tows taken with a 1 m net, as described by Smith
(1971). Five weeks later, in June, discrete depth samples
were taken at each station. In June, day sampling occurred
from 09.00 to about 15.00 hrs, night sampling from 21.00
to about 03.00 hrs, local time. Stations 120.60 and 120.45
were sampled during continuous 48-h periods, Station
120.50 during a continuous 24h period, Samples were
taken with 1 m opening-closing nets as described by
Brinton (1967). Nets were towed horizontally at depth for
30 min. Sampling depths were determined trigonometrically. Abundances of C. pac~cus caliJbrnicus were estimated from counts of 2% aliquots removed volumetrically
and examined at 16 • magnification.
Chemical analysis
Frozen samples of copepods collected by the submersible
and by meter net in the Santa Barbara Basin were later
analyzed for laminarinase, protein and lipid content.
Laminarinase is a digestive enzyme found in all actively
feeding herbivorous copepods. The frozen net samples
used for laminarinase and protein assays were thawed and
sorted into replicate groups of either Calanus pacificus
californicus Stage V copepodites or mixed calanoids. Samples collected from the aggregation by the submersible
contained only Stage V C. pacificus caIifornicus. Each
group was weighed and immediately homogenized into a
small volume (0.5 to 2 ml) of 0.25 M succinate buffer,
pH 5.08 (made isotonic with seawater by adding NaC1).
Aliquots of the resulting homogenates were analyzed for
laminarinase activity using the method of Cox (1981) and
for protein using the method of Lowry etal. (1951) with
bovine serum albumin as standard.
Frozen net samples of mixed calanoids and of Calanus
pacificus californicus collected by the submersible from the
aggregation were thawed and analyzed gravimetrically for
lipid content by extraction in 2:1 chloroform:methanol, as
described in Lee and ttirota (1973). Wet and dry weight
relationships for C pacificus californicus were obtained by
weighing individual copepods on a Cahn electrobalance to
the nearest 0.1 ~g, drying at 80~ for 4h, and then
reweighing.

Results
During the 10 submersible dives to the bottom of the
Santa Barbara Basin we repeatedly encountered a dense
aggregation of copepods, virtually all of which were
Stage V copepodites of Calanus pacificus californicus
Brodsky. The copepods were about 2.5 mm long and were
uniformly dispersed throughout the aggregation. The aggregation occurred at a mean depth of 453 • 16 m on all
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10 dives, both day and night. The aggregation had a mean
thickness of 20_+3 m. The minimum nearest-neighbor
distance we measured was 4 mm, yielding a maximum
density of 26.5 x 106 copepods m -3 ! The mean maximum
abundance observed over all 10 dives was 14.0_+ 11.0 x 10~
copepods m -3. Within 10 m above and below the aggregation, copepod abundance diminished to less than 500
copepods m -3.
Calanus pacificus californicus, the morphologically distinct taxon described by Brodsky (1965), is endemic to
and the only member of the genus Calanus found in the
California Current region between central California and
the Gulf of California (Fleminger, 1964; Brinton et al., in
press). Previous records of C. finmarchicus, C. helgolandicus, and C. pacificus from the California Current region
are, in general, attributable to C. pacificus californicus.
Fig. 3 illustrates the variation in abundance with
depth of Calanus pacificus californicus on three of the
dives. The Santa Barbara Basin is bowl-shaped, with a sill
depth at about 470 m (Emery and Hulsemann, 1962). Although the copepod aggregation was always found just
above the sill depth, its vertical location could not be correlated with any sharp discontinuities of temperature,
salinity, or dissolved oxygen (Fig. 3). However, water
samples of dissolved oxygen taken by "Wasp" in and just
below the aggregation demonstrate that the copepods were
residing within the zone of lowest oxygen concentration in
the Basin (0.2 ml O~ 1-1) both within and just below the
aggregation).
Ammonia concentrations in seawater from within the
aggregation averaged 0.65 + 0.05/~g-at 1-1, slightly higher
than the 0.57+0.06~g-atl -~ found directly above the
aggregation and the 0.58 _+0.02 ktg-at 1-~ directly below it.
However, this difference was not statistically significant
(P>0.2) as determined with analysis of variance. The
absence of elevated ammonia concentrations within the
aggregation indicates that excretion, and thus metabolism,
of the copepodites was low.
We encountered the aggregation throughout the 1.5 km
diam arc made by the ship around its mooring, suggesting
that the aggregation occurred as a continuous layer,
occupying the entire Santa Barbara Basin at the sill depth.
Copepods within the aggregation were quiescent. They did
not appear to respond to the lights of the submersible and
rarely swam actively when disturbed by contact with the
submersible or by turbulence produced by it. The mean
wet weight of copepods within the aggregation was
0.505+_0.065mg copepodite -1. Mean dry weight was
0.163 __+0.021 mg copepodite -1.
Stage V copepodites of Calanus pacificus californicus
captured within the deep aggregation exhibited a much
lower laminarinase activity than either copepodites of the
same species or mixed groups of adult and larval calanoids
obtained in the upper 200m (Table 1). Laminarinase
activity in C.pacificus californicus directly reflects the
amount of phytoplankton in its diet (Cox and Willason,
1981), varying from approximately 700 to 1 000 #g glucose
m i n - l g - l w e t w t in well-fed copepods (Hassett and
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Fig. 3. Calanus pacificus californicus, Depth profiles of temperature, salinity and dissolved oxygen (as measured from hydrocasts) and copepod abundances (as measured from the submersible
on three dives)in the Santa Barbara Basin,Californiaduring 1982.Open
circles, continuous line= 10,00 hrs, 2 October 1982; filled circles,
dashed line=12.30 hrs, 1 October 1982; triangle, continuous
line = 22.00 hrs, 3 October 1982

Landry, 1982) to a constitutive level of about 41/~g glucose
min-X g-1 wet wt in individuals starved for 4 to 6 d (Cox
and Willason, 1981). The laminarinase activity of C pacificus californicus obtained from the deep aggregation (19 ktg
glucose rain -1 g-1 wet wt) is indicative of an extended
period of starvation. In contrast, copepodites of C. pacificus californicus captured in the upper 200 m had a
laminarinase activity indicative of moderate feeding success (266/~g glucose min -1 g-~ wet wt: cf. Cox and Willason, 1981; Cox etal., 1983), and the enzyme activity of
mixed calanoids (633 #g glucose min -1 g-1 wet wt) is comparable to the highest values present in the literature
(Hasset and Landry, 1982; Cox et al., 1983). It is clear that
phytoplankton food was available in the euphotic zone at
the time that C. pacificus californicus was observed in deep
aggregation. It is unclear whether that food was sufficient
to maintain a positive carbon balance in C. paeificus californicus (cf. Mullin and Brooks, 1976; Cox et al., 1983), although feeding levels in the mixed calanoids suggest a
substantial phytoplankton standing crop.

Protein content of StageV copepodites of Calanus
pacificus californicus was not significantly different between individuals captured in the deep aggregation, or in
the upper 200 m (Table 1). Values were decidedly in the
low end of the range previously observed for C. pacifieus
californicus (approximately 4.9 to 10.7% of wet weight;
Cox etaI., 1983). Mixed calanoids from the upper
200 m showed a slightly higher protein content than the
other two groups (6.9% of wet weight). Protein content is
generally considered to be a good indication of long:term
feeding history (over a period 6f weeks; Childress, 1977)
and indicates that the C. paciJTcus californicus from both
shallow and deep collections had marginal feeding success
when integrated over the weeks preceding this study.
Calanus pacificus californicus within the aggregation
had a high lipid content relative to mixed calanoids from
surface waters, averaging 63.4% of dry weight (Table 1).
High lipid content has been associated with '~
ing" and energy storage in several species of calanoid
copepods (Lee et al., 1972; Lee and Hirota, 1973; Hirche,
1983).
We observed numerous predators associated with the
aggregation. The most abundant was the deep sea smelt
Leuroglossus stilbius, which occurred at densities of 2.5 ___
1.4 fish m -3 (as determined by nearest-neighbor distances)
and fed actively upon the copepods, The physonect siphonophore Apolemia sp. occurred at lengths up to 6 m and
densities o f 0.02 + 0.02 individuals m -3 within and directly
above the aggregation. It captured innumerable copepods
in a curtain of tentacles extending 30 to 50 cm from the
main stem. Unidentified medusae (0.064 individuals m -3)
and lobate ctenophores (0.052_+0.017 individuals m -3)
were also observed occasionally within the aggregation.
Abundance of L. stilbius and invertebrate predators was
higher in the 50 to 200 m above the aggregation than in
the aggregation itself. Directly below the aggregation and
below the sill depth all invertebrate plankton disappeared
and L. stilbius densities dropped to 0.05 fish m-L
An ostracod, Conchaechia sp., co-occurred with the
copepods at a density of 0.8 + 0.25 individuals m-L Unlike
the torpid copepods however, the ostracods were active.
With the submersible's lights extinguished and the pilot

Table 1. Calanus pacificus californicus (Cpc) and other calanoid species. Mean (• SD) laminarinase
activity and protein and lipid content of copepods from surface waters and from the mesopelagic
copepod aggregation. Copepods from surface waters were collected with vertical meter net-hauls from
200 m to the surface. All copepods from the deep aggregation were collected in situ from a one-person
submersible ("Wasp"). Numbers in parentheses are numbers of replicates analyzed, followed by number of copepods in each replicate
Sample

Laminarinase activity
~ug glucose rain -1 g-1 wet wt)

Protein
(% wet wt)

Lipid
(% dry wt)

All calanoids;
surface waters
Stage V copepodites
of Cpc, surface waters
Stage V copepodites
of Cpc, deep aggregation

633 • 41
(3, 35-50)
266 • 106
(8, 3-12)
19• 25
(6, 8-15)

6.9 • 0.9
(3, 35-50)
4.1 • 1.0
(3, 3-12)
4.7 • 1.2
(6, 8-15)

39.1• 3.2
(2, 500)
no data
63.4 • 1.7
(5, 50)
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upwelling season and then diapause in deep water throughout the late summer and fall when surface food resources
are reduced. A 3-station transect that crossed the annual
spring upwelling-plume off Baja California, Mexico, also
illustrates this phenomenon (Fig. 4). Stage V copepodites
of C. pacificus californicus dominated the catch at all
stations. Highest concentrations appeared in the two offshore stations at about 300 m (Fig. 4 A) and comparison of
day and night catches indicates no vertical migration. The
surface waters (to about 50 m) at the offshore stations was
quite warm, > 17~ (Fig. 4B), and contained an assemblage of subtropical copepod species. The innermost station of the transect was located within a plume of recently
upwelled water. At this station, the core of the C. pacificus
californicus population was found above 50 m and showed
a typical pattern of shallow, diel, vertical migration. Five
weeks earlier, the > 17 ~ water was about 100 km to the
west of the most offshore station and the bulk of the
C. pacijqcus californicus population occurred between the
surface and 140 m (Fig. 1 B). As in the Santa Barbara
Basin, the vertical distribution of C. pacificus californicus
off Baja California showed no correlation with discontinuities of temperature, salinity, or oxygen (Fig. 4 B).
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Fig. 4. Calanus pacij'icus californicus. (A) Abundance of Stage V
copepodites in vertically stratified samples collected at a 3-station
transect off Punta Eugenia, Baja California, Mexico in June, 1961;
horizontal bars represent percentage of Stage V copepodites at
sampling depths; number adjacent to largest percentage is abundance m -~ at that depth; circles indicate sampled depths lacking
Stage V copepodites. (B) Depth profiles of temperature, salinity,
and oxygen at the 3-station transect of (A). Measurements obtained from standard Nansen-bottle casts
dark-adapted, the aggregation was dark except for occasional point-sources of fight. Subsequent observations
under red light at the surface revealed that the sole source
of the bioluminescence was this ostracod.
Seasonal submergence of Stage V copepodites to
depths > 250 m followed by diapause until the onset of
the next annual diatom bloom, has been reported for
several species of Calanidae, and seems to be associated
with periods of scarcity of appropriate food in surface
waters (Marshall and Orr, 1955; Binet and Suisse de Sainte
Claire, 1975; Petit and Courties, 1976). We suggest that
Calanus pacijqcus californicus exhibits similar behavior.
Seasonal upwelfing occurs along the coast of California in
late winter and spring. C. pacificus californicus may feed
and reproduce in food-enriched surface waters during the

Discussion

Quiescent behavior, low laminarinase activity, low protein
content, lipid storage and evidence of low excretion all indicate that the Calanus pacificus californicus we observed
within the deep aggregation were in a state of diapause.
Diapause is known for several species of Calanidae including Calanus finmarchicus (Hirche, 1983), Calanus hyperboreus (Conover, 1962), Calanus cistatus (Omori, 1970),
Calanus plumchrus (Fulton, 1973), Calanus helgolandicus
(Hirche, 1983), Calanoides acutus (Andrews, 1966) and
Calanoides carinatus (Binet and Snisse de Sainte Claire,
1975). Diapause is usually associated with seasonal scarcity
of food in surface waters. Diapause at depth by C. carinatus has also been associated with annual upwelling cycles
off the coast of Africa. Early developmental stages of this
species inhabit upwelled surface waters of the Guinea
Current and adjacent waters. At the end of the upwelling
season, Stage V copepodites descend to below 500 m and
remain there until the onset of the next upwelling. Current
patterns at the depth of diapause have been found to flow
toward or parallel to the coast and thereby act to conserve
the resting Stage V copepodites within the regions of
seasonaI diatom blooms (Binet and Suisse de Sainte
Claire, 1975; Petit and Courties, 1976).
Our evidence from the Santa Barbara Basin and waters
off B~ija California, Mexico, suggest that Calanuspacijqcus
californicus also diapauses in response to seasonal upwelling cycles along the coast of California. C. pac~cus
californicus resides in surface waters during seasonal upwelling in winter and early spring. Following upwelling,
Stage V copepodites descend to depth and remain there
during late summer and fall, the period of our sampling in
the Santa Barbara Basin.
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Our direct observations of diapausing copepods yielded
abundances two to five orders of magnitude greater than
those previously determined for this species from standard
net sampling from ships. For example, the abundance of
Calanus pacificus californicus in net tows obtained off Baja
California (adults and Stage V copepodites together not
exceeding 500 m -s) is of the same order of magnitude in
both the diapausing layer and active populations above
150 m. Similar abundances have been reported for C. pacificus californicus off Baja California (Longhurst, 1967), for
Calanus helgolandicus in the western Mediterranean Sea
(Vives, 1978) and for Calanusfinmarchicus in the Norwegian Sea (Ostvedt, 1955), and about one order of magnitude higher for Calanoides carinatus off West Africa (Binet
and Suisse de Sainte Claire, 1975).
Several explanations may account for the extremely
high abundances of diapausing copepodites we observed in the Santa Barbara Basin relative to previous
studies: (1) Although the Santa Barbara Basin has been
sampled extensively for decades, the occurrence of a
dense, seasonal aggregation of copepods has gone undetected by standard net sampling from ships. The narrow
vertical extent of the aggregation we observed in situ, only
20 m, suggests that it may be difficult to intercept such
localized aggregations using blind sampling from the surface. Thus, previous net sampling probably missed this
phenomenon (see Omori and Hamner, 1982). (2) The
topography and water chemistry of the Santa Barbara
Basin may result in the concentration of diapausing
copepodites within a narrow vertical range producing
higher local densities than might occur in deeper basins or
the California Current. The Santa Barbara Basin becomes
nearly anoxic below the sill depth at 470 m. Both copepodites and other planktonic invertebrates ceased to occur
below this depth and fish abundance decreased radically.
Although dissolved oxygen within the aggregation did not
differ from that below the sill, other unmeasured physical
or chemical parameters associated with water movement
across the sill may restrict further descent of diapausing
copepodites. (3) Diapausing copepodites may generally
occur in lower densities further from shore. The Santa
Barbara Basin, a near-shore area noted for its high productivity and abundant planktonic community, may
generally support higher populations of copepods.
The persistence of a seasonal layer of readily available,
lipid-rich prey in the mesopelagic zone may alter the
structure and vertical migration patterns of the mesopelagic community. Active predation by fish and invertebrate
predators on this layer suggests that Calanuspacificus californicus may support some mesopelagic animals throughout periods of low food availability in surface waters. The
deep aggregation makes a substantial biomass available
for potential predators. Within the densest portion of the
aggregation (assuming a mean maximum abundance of
14X 106 copepodites m -3 and an average dry weight of
0.163 mg copepodite -1) approximately 2.3 kg dry animal
biomass m -3 would be available to predators. Such an
abundant, predictable and persistent food source at depth
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may alter vertical migration patterns of many predators.
Although during dives at dusk we regularly observed
Leuroglossus stilbius migrating upward, we also noted no
apparent difference in the abundance of predators associated with the aggregation during the day or night.
Additional research is needed to determine whether mesopelagic aggregations of diapausing copepodites might alter
the vertical migration patterns of predators seasonally.
Our results suggest at least two advantages to forming
diapausing aggregations in deep water - to reduce metabolic maintenance and to avoid many of their predators:
Copepodites overwintering at the lower temperatures
found at mesopelagic depths may have lower metabolic
rates and use stored lipids longer than if they diapaused in
warmer surface waters (see McLaren, 1963). Moreover, although we observed heavy predation on the aggregated
copepods by Leuroglossus stilbius and Apolemia sp., and
by several invertebrate predators, it is significant that
relatively few kinds of predator species were seen feeding
within the aggregation. The water column above the
aggregation contained a diverse and abundant fauna of
macrocrustaceans, coelenterates, ctenophores and fishes,
many of which are known predators on calanids. The
low-oxygen water below the aggregation was nearly
devoid of animals. The bulk of the population of all potential predators, including L. stilbius and Apolemia sp.,
occurred above the copepod layer. Thus, the aggregation
of diapausing copepods at mesopelagic depths directly
above an oxygen minimum zone appears to provide the
benefits associated with the lower ends of two environmental gradients; low temperature which may reduce
metabolism and low oxygen which may reduce predation.
Adaptation to mesopelagic and bathypelagic depths
also appears to be fundamental to the heritage of more
generalized calanids. It may be argued from the available
phylogenetic evidence that calanids evolved as colonizing
species via neoteny from a megacalanid-like ancestor
(Fleminger, in preparation); extant megacalanids are
among the largest calanoids and occur most frequently in
the vicinity of continental slopes at meso- and bathypelagic depths.
The one-person submersible ("Wasp") proved to be an
effective tool for quantitative determination of plankton
distributions and abundances. The use of direct observation in quantitative plankton research in the deep sea,
while still in its infancy, promises to yield information unobtainable from surface vessels. In the most recent and
thorough study, Mackie and Mills (1983) estimated nearestneighbor distances of deep-sea plankton from the "Pisces
IV" submersible using a formula based on hexagonal
packing of spheres. This formula, slightly more conservative than that of Hamner and Carleton (1979), yields a
maximum density of Calanus pacificus californicus in the
Santa Barbara Basin of 22x 106 copepodites m -3. Abundance estimates from "Pisces IV'' in Saanich Inlet, British
Columbia (a shallow basin with an oxycline similar to that
found in the Santa Barbara Basin) reveal dense aggregations of euphausiids directly above the oxycline of up to

A. L. Alldredge et al.: Copepod aggregation in the mesopelagic zone
10 000 m -3, in a band only 2 to 3 m thick. Also using a
submersible, Vinogradov and Shushkina (1982) observed
an aggregation of C. helgolandicus o f up to 4 200 copepods
m -3, in an area of low oxygen (0.34 ml 02 1-~) directly
above a hydrogen sulfide zone in the Black Sea. Thus,
aggregation of m a n y taxa of plankton m a y be a c o m m o n
p h e n o m e n o n associated with deep-sea basins and chemodines.
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