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Fig. 2. Proportion of each taxonomic group (based on the no. of individuals per square meter) within each ecological zone during the day and
night of 2007 and 2008. A higher proportion of animals occurred in the oxyclines and OMZ core during the day compared with the night during
both years for many taxa (representation by depth zone is available in Supplementary data, Fig. S2).

during both years (Fig. 1; Supplementary data, Table SI).
Although the lower water column (150—1000 m) had less
total abundance, it was the habitat for a diverse and struc-
tured population of macroplankton and micronekton and
was the daytime location of a number of diel vertical
migrators. Despite differences in total abundance, the
taxonomic composition of the upper and middle water
column (0—550 m) was similar day and night and between
years (Supplementary data, Fig. S1).However, the lower
water column (550—1000 m) was comprised of a distinctly
different and more diverse set of taxa compared with shal-
lower depths, with a greater evenness among groups.

Upper water column
The thermocline (20—-30 m) was the region with the
greatest abundance of animals in both years. As such, a

large proportion of the total depth integrated abundance
for all taxa in the upper water column (0—150 m, no. of
individuals per square meter) was aggregated in the top
30 m during both the day (~50% in both years) and
night (~65% in both years; Table IV; Fig. 3A). This
depth region was usually the DMA for all groups during
the night except Stomiiformes fish and lophogastrids.

DVM in the UO

In spite of the pronounced OMZ, there was observable
DVM during both years into the UO and the OM during
the day. In 2007, the daytime DVM layer was less pro-
nounced, with only ~3.5 times as many individuals at
midwater depth (150—550 m) during the day as during
the night (Fig. 3B). Most of these individuals (~80%)
were found between 150 and 350 m. Euphausiids were
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Table 1V: Depth interval of maximum abundance (DMA; no. of individuals per cubic meter) and quartile depth of cumulative abundance from deep
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to shallow 1000—0 m (no. of indiiduals per square meter).
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SACEINBICI2IERY the most abundant with a large peak in numbers
between 250 and 300 m (Fig. 3B). Decapods contributed
o NGO OO0 © substantially between 200 and 300 m while other smaller
caagas geaeNgeyd aggregations of mysids (200—300 m), ostracods (200—
250 m), gastropods (150—250 m), lophogastrids, poly-
FVRNRAY 1 TOLIBOD = chaetes and chaetognaths (150200 m) also contributed

@ « © " to the daytime DVM layer in 2007.

In 2008, DVM was much greater, with ~10 times as
BIagRA2IAIGEYTT many individuals at 150—350 m during the day versus the
night. Groups that had been abundant migrators in 2007
were found at similar depths in 2008, with decapods, gas-

N = ©LO O =SN~NOQN = — — 0L . . . ©
PoNgNogaRyogge® tropods and ostracods in high abundance during the day
between 200 and 250 m, and chaectognaths at 150—
259532 1 $O52US2 200 m. In 2008, however, there were also substantial
-- e o N oo - numbers of doliolids and polychactes peaking from 150 to
200 m, while mysids had a subsurface daytime maximum
IATETRZI=TRAZCES between 150 and 200 m along with the misc. fish.
Amphipods and cuphausiids, which were numerically the
- most abundant diel vertical migrators, had broader depth
—CONNANN—ON®N O WM . . :
C2TYNTYEeYYBYEER ranges, with daytime peaks from 150 to 250 m for amphi-

pods and 150 to 300 m for euphausiids.

NS E2IIJNNLBNSS This pattern of distinct vertical zonation patterns for
e o ® A DVM was further borne out by abundance analyses at a
S higher taxonomic resolution, especially for euphausiids.
LQuuLoogu~L®S 5 E ol B When euphausiids were grouped by eye morphology,
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2 only two of the four types contributed to the strong DVM
o> patterns (Fig. 4). At the surface, there was a nonmigratory
FTOIT OHOMO O —OOMONOO . . . .
SR ZRIFGa=aTge ] 5 group comprised of Stylocherron spp. that maintained a
é numerically dominant epipelagic presence. Although
o8 192 O8I ERg ! ! &  type-1 and type-2 euphausiids were frequently found in
=~ Na @ 5N : this ML during both day and night, individuals from these
8 two groups were responsible for the euphausiid patterns of
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HOHOSOOE—BOOT OI 00 % euphausiids contributed significantly to the 2008 daytime
SERBINEIRIIIBRE |3 peak between 150 and 250 m with a further deep peak
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3 between 350 and 450 m, although type-2 (round-eyed)
[0} . . .

° ° ° %  were numerically dominant and found at a daytime depth
[cNololNoNeoNol NclololololoNoNe) © . .
CRRORORQGOLEOB OB |5 range from 200 to 250 m. In 2007, a similar pattern was
BRRERS|BRIKSBBERBT B present, with the type-1 euphausiids having two daytime

‘—g abundance peaks in midwater, this time in the same depth
oo o o8 strata as the greater abundance peak of the type-2 euphau-
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coocococowooooocooo |& the myctophid fish based on their developmental stage
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2 and size (Fig. 5). Pre-flexion individuals, found only in
3 2007, were observed exclusively in the upper water
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Fig. 3. Day (grey) and night (black) distributions of various taxa during 2007 (solid) and 2008 (dashed) in the standard depth categories of upper
(A: 0—150 m) middle (B: 150—550 m) and lower water column (C: 550—1000 m). Note the different abundance (no. of individuals 1000 m73)

scales within and between figures.

(>22 mm), were completely absent from the surface
waters during the day, and found predominantly in the
surface during the night during both years.

T he oxygen minimum zone core
The OM, defined as the region where oxygen levels were
<1.8 uM Oy, was found from 350 to 550 m during 2007

and 300 to 500 m in 2008. In this zone, there were
daytime layers of euphausiids and myctophids in both
years (Fig. 3B). Occasionally, there were also high dens-
ities of other groups, such as a daytime peak in salps
between 300 and 400 m and in mysids and polychaetes
between 400 and 450 m in 2007 and a nighttime salp
layer between 400 and 450 m in 2008.
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Fig. 3. Continued

The lower oxycline

There was a unique community (termed the “lower
oxycline community” Wishner e al., 2013) in and below
the OMZ that consisted of, in decreasing abundance,
Stomiiformes fish (almost exclusively made up of
Cyclothone spp.), polychaetes, decapods, ostracods, dolio-
lids, myctophids, salps and amphipods (Fig. 3C). In 2007,
there were less strongly defined peaks of these taxa below
the OM, with the LO community being somewhat more

10

spread out through the lower water column during both
the day and night. In contrast, the LO community was
much more localized in 2008, with ~60% of the lower
water column depth integrated abundances (550—
1000 m, no. of individuals per square meter) being
found between 575 and 600 m during the day. This
pronounced peak consisted of decapods, amphipods,
Stomiiformes and myctophid fish, salps, polychaetes
and ostracods. During the night in 2008, only the
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Fig. 3. Continued

decapods and Stomiiformes fish remained concentrated
in this layer.

The suboxycline

The SO region (below 750 m) had a distinct taxonomic
profile, made up of persistent populations of chaetognaths,
euphausiids (B. amblyops), decapods (predominantly Gennadas
spp- and Caridean shrimp), Stomiiformes (hatchetfish
and Cyclothone spp.), lophogastrids, salps, doliolids and
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mysids (Fig. 3C). At this depth, where oxygen levels
began to increase, there was an influx of new taxa and a
greater taxonomic evenness as indicated by the propor-
tionate composition of taxa (Supplementary data,

Fig, S1).

Analysis

Clusters from Bray—Curtis analyses using taxa abun-
dances from each net were arbitrarily defined to produce
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Fig. 4. Day (grey) and night (black) distributions of euphausiids during 2007 (solid) and 2008 (dashed). Note the different abundance (no. of
individuals 1000 m~?) scales and the difference in vertical habitat use among and within the groups.

11 meaningful groups at 40% similarity and above. MDS  ecological zone, placing the lower water column nets in a
plots captured these patterns of compositional similarity, —separate group from the upper and midwater nets during
and supported the a priori grouping of taxa by depth and  both years (Fig. 6). A Pearson correlation further

12

9T0Z ‘g Isnbny uo Aloeioge] uosindold Jer e /Hio'sfeuinolpioxo pjue|d;/:dny woly pepeojumod


http://plankt.oxfordjournals.org/

A.E. MAAS ETAL.

Myctophid pre-flexion
No. of individuals 1000 m™

Myctophid < 22 mm
No. of individuals 1000 m™

FINE-SCALE VERTICAL DISTRIBUTION OF MACROPLANKTON AND MICRONEKTON IN THE ETNP

Myctophid > 25 mm
No. of individuals 1000 m™

1 10 100 1000 10000 1 10 100 1000 10000 1 10 100 1000
G 1 L 1 G | 1 1 1 ] 0 1 1 ]
:% . ] e
. :_'_“:_:-=——0h 2 —
mmmm AT Solid max = 1903
200 2001 Dashed max = 4025 200-
=
© 400 4001 4001
| =
—
o
=
Q— = -
[}
© 600 600 600+
o
i} [
800 8001 8001 .
1000 1000- 1000-

Fig. 5. Day (grey) and night (black) distributions of pre- and post-flexion myctophid fish during 2007 (solid) and 2008 (dashed). Abundance scales
are logarithmic and differ between years (no. of individuals 1000 m~?). Note the ontogenetic differences in vertical habitat use and the high

proportion of individuals in the upper water column.

suggested that the divisions among groups were strongly
correlated (—0.6 < R > 0.6) with the a priori physical
factors used to define the ecological zones (depth, tem-
perature and oxygen; statistics in Supplementary data,
Table SII). SIMPER analyses of similarity within eco-
logical zone groups suggested that the ML and SO were
more homogeneous environments, with ~60% similarity
in the patterns of abundance, while the OM was a more
heterogeneous environment with >33% similarity in
patterns of abundance (Table V). Further SIMPER and
ANOSIM analyses showed that there was 90—60% dis-
similarity among the ecological zones and highlighted
their unique communities and abundances (see
Supplementary data, Table SIII for taxon contributions
to similarity and dissimilarity). Using only the depth
factor, similar patterns emerged, but there was less simi-
larity within depths.

Unlike ecological zone and depth factors, analysis of
abundance patterns based on year and day/night factors
showed no significant differences (Table V). The lack of
significant differences between the day and night nets
may be attributable to the broad taxonomic groups and
the zonal patterns of DVM. When a two-way SIMPER
analysis of day/night and ecological zone was applied,
the similarities and differences doubled in percentage,
but remained insignificant.

13

No single variable was strongly predictive of commu-
nity composition (BEST-ENV analysis). The vertical pro-
files were relatively consistent between the 2 years, with
the thermocline, OMZ and LO at similar depths. Depth
correlated strongly with temperature and oxygen across
the dataset and was the best predictor of community
makeup when considering the 0—1000-m water column
(R=0.503). An analysis of the combined upper and
middle water column (0—550; the range inclusive of
much of the DVM) revealed that depth remained the best
predictor of abundances (R = 0.632). When analyzed
separately by time of day, depth remained the best factor
to predict net composition similarity for both the day
(R=0.704) and night (R = 0.679) in the upper water
column (0—550 m). The lower water column samples
(550—1000 m) were best correlated with temperature
(R=10.372).

DISCUSSION

General population structure

Macroplankton and micronekton abundance data con-
tribute to a descriptive understanding of the community
structure of OMZ regions, and these results provide
greater vertical resolution for evaluating the pronounced
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Fig. 6. (A) A temperature (°C) and oxygen (M) plot showing the hydrographic parameters that define the ecological zones (abbreviations in Fig. 1)
of nets from both years during the day and night. Values are averages of MOCNESS sensor data across the net interval. These factors and the taxon
abundances (no. of individuals 1000 m ™) in each net were applied to form MDS plots from cluster analyses. Each point represents a net sample,
the axes are nondimensional and the distance between points indicates their compositional similarity. (B) Clusters of >40% similarity (colors and
shapes) are from Bray—Curtis analysis and are plotted with Pearson correlated normalized environmental vectors. This original 40% similarity plot
(expressed with ovals) is re-plotted with both the (C) ecological zones pictured in panel A with the day/night factor and the (D) depth zone (Deep,
Mid and Upper water column) with the year factor.

Table V- Analyses of environmental_factors measuring the similarity within (grey boxes) and dissimilarities

between (unboxed) groups were performed using ANOSIM and SIMPER lests.

Paired comparison of average similarity and dissimilarity by factor

Ecological zones Depth zones Day/night
Total R Total R Total R
0.647 ML UO-A uo-B oM LO SO 0.613 U M D 0.02 D N
ML 61.69 54.64 76.94 89.21 88.08 87.36 u 44.26 79.41 81.71 D 27.46 74.41
UO-A 43.66 72.0 84.04 82.13 78.56 M 29.74 79.81 N 24.64
uo-B 34.85 72.62 78.60 77.63 D 41.88 Total R: Years
oM 33.36 81.21 86.84 0.022 2007 2008
LO 43.35 64.16 2007 26.90 74.64
SO 59.82 2008 25.89

Total R values for ANOSIM analyses are shown and significance is reported when P< 0.01 (italics) and P < 0.001 (bold italics) for differences between
groups.

impact of OMZs on the distribution of pelagic animals  with the lowest densities found in the OM core. There
(Saltzman and Wishner, 1997a; Rapien, 2004; Ekau and  were, however, significant numbers of migrators above
Verheye, 2005; Criales-Hernandez et al., 2008; Escribano  and within this region during the daytime, primarily
et al., 2009). As expected, we saw a marked decrease euphausiids and myctophid fish. Finally, below the
in abundances with decreasing oxygen concentration, LO, where oxygen levels rose above 9 uM, the taxa
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changed to a richer community of typical bathypelagic
animals.

DVM (upper and middle water column,
0-550 m)

Portions of the abundant surface community made
DVMs into the hypoxic waters of the UO during the
daytime, as evidenced by secondary peaks in abundance
and an increased proportion of total abundance found
below the ML during the day. OMZ waters are, however,
known to reduce the depth to which many species
migrate (Wishner e al, 1998; Fernandez-Alamo and
Farber-Lorda, 2006). Compared with regions without
OMZs, there was a drop in the proportion of migrating
biomass, with a ratio of mean night:day biomass in the
upper 150 m of 1.1 for the ETNP (Wishner et al., 2013)1n
contrast to 2.5 at K2 off of Japan and 1.7 at ALOHA
near Hawaii (Steinberg ef al., 2008a). This indicated that
DVM for at least some macroplankton and micronekton
may be compressed, presumably to avoid hypoxic waters,
as has been shown for some higher trophic levels (Prince
and Goodyear, 2006; Prince e al., 2010; Koslow et al.,
2011) and in a meta-analysis of DVM acoustic backscat-
ter (Bianchi et al., 2013). Organisms which did migrate,
however, were found at similar depths regardless of the
oxygen concentration at depth (this analysis and Wishner
et al., 2013). It may be that the ecological pressures insti-
gating DVM, particularly seeking out low-light environ-
ments to achieve visual predator avoidance, have a
certain minimum depth to be worth the energetic ex-
penditure. Thus, in our study region, the proportion of
organisms physiologically capable of performing the
DVM may be smaller in comparison with other regions
in the Pacific, but those species which are adapted to low
oxygen consistently seek a similar depth of migration.

The taxa that performed DVM from epipelagic waters
into the UO consisted of euphausiids, amphipods, deca-
pods, ostracods, myctophid fish, chaetognaths and poly-
chaetes. This taxonomic resolution was useful to
differentiate patterns of vertical distribution and behav-
ior. In Wishner et al. (Wishner et al., 2013), the 2007
DVM daytime depth extended from 150 to 350 m based
on biomass samples. With taxonomic abundance data, it
is seen that there are subpeaks, comprised of discrete
overlapping taxa contributing to this feature.

The ability to explore these finer scale differences in
DVM peaks may help us understand broader scale pat-
terns in vertical distribution and hypoxia tolerance. For
example, there were consistent patterns in the peaks of
the crustacean vertical distribution, and as a result, the
hypoxia exposure of certain groups. Amphipod daytime
abundance was at a shallower, more oxygenated depth
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than decapods. The euphausiids had a broad daytime
distributional peak, but type-2 (round-eyed) euphausiids
had a single shallower, more oxygenated peak in distribu-
tion than type 1 (bilobed; Fig. 4). This is similar to the
results of Sameoto e/ al (Sameoto el al., 1987) who
reported high concentrations of adult euphausiids near
300-350 m during the day in the ETNP Brinton
(Brinton, 1979) also found a secondary peak of daytime
migrating cuphausiids between 200 and 400 m, while
Stylocherron  species and juveniles remained in surface
waters throughout the diel cycle, as in our study. In the
eastern tropical South Pacific, the site of another OMZ
with profound severity and extent, Escribano et al
(Escribano et al., 2009) found higher euphausiid abun-
dance, by about an order of magnitude, than in this
study. At their site, however, Euphausia spp. and
Nematoscelis megalops euphausiid populations migrated
from the surface to 200—400 m during the day, while
Stylocheiron affinis remained between 60 and 80 m, similar
to our observed distributional patterns.

In the OM core, we also observed diel vertical migra-
tory patterns for a few groups. The type-1 euphausiids
had a small DVM peak in abundance in the OM core
during both years, co-habiting this region with salps and
myctophid fish during the day. The presence of mycto-
phids at midwater depths was expected, but only a small
proportion of the population occurred in the lower and
midwater column at low oxygen (<2% of the abun-
dance), an unusually small amount for this mesopelagic
migratory group. Much of the myctophid population was
in the upper water column and consisted of a large
cohort of pre-flexion juveniles in 2007 and a portion of
the smaller-size class of post-flexion individuals during
both years. A similar absence of a resident myctophid
(Benthosema pterotum) at midwater depths in low oxygen
was observed by Dypvik and Kaartvedt (Dypvik and
Kaartvedt, 2013) in the Red Sea; this was attributed to
the combined physiological stresses of high temperature,
low oxygen and low food availability. Instead, individuals
in that study migrated very deep and were found below
the oxycline at 600—750 m. In the ETNP a deeper peak
may occur below our sampling depth. Alternately, mycto-
phid fish are good at avoiding nets (Kaartvedt et al.,
2012). Our daytime abundances of large post-flexion
myctophids were 50 and 56% lower than at night in
2007 and 2008, respectively, while small post-flexion
individuals were similar in abundance in 2007 but 48%
lower during the day versus the night in 2008. This
suggests that capture avoidance contributed to apparent
patterns of nonmigration in myctophids. Regardless, the
persistent peak (>20 individuals m~?) of the small-size
class of post-flexion individuals in the upper water
column (0—150), suggested that the oxygen and resource
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limited habitat associated with the OMZ in the ETNP
influenced the DVM of smaller younger individuals of
this generally mesopelagic group.

LO and deep communities (550—1000 m)

Below the OM, where oxygen concentration began to
increase, we characterized a distinct LO community with
a peak in abundance. This persistent peak was observed
in earlier studies (Vinogradov and Voronina, 1961; Sameoto,
1986; Wishner et al., 1995), but the narrower depth ranges
of our sampling regime revealed that some of the macro-
plankton and micronekton associated with this phenom-
enon were aggregated quite densely, within a 25 m depth
interval at an oxygen concentration of 2 wuM (Wishner
et al., 2013). This assemblage, which during the daytime
in 2008 was ~60% of the lower water column abun-
dance, was comprised of myctophids, amphipods, salps,
ostracods, and most abundantly polychaetes, decapods
and Cyclothone spp. fish, in addition to the unique copepod
assemblage previously described at the LO (Wishner et al.,
2013). The layer was less distinct during 2007 and during
the night in 2008, although smaller abundance peaks of
similar taxonomic composition were spread out across a
larger depth range within the IO (75—100 m in vertical
extent). The LO peak was of a similar taxonomic compos-
ition to that found in the Arabian Sea in earlier work. In
that region, there was a strong consistent peak of Gyclothone
spp. and the decapod Gennadas sp. in association with the
oxygen threshold below the OM (Rapien, 2004). Below
the LO layer in the ETNP study, the community became
more taxonomically rich and varied, including salps,
myctophids, Stomiiformes fish, the specialized euphau-
sitd B. amblyops, Gennadas spp. and Caridean shrimp, chae-
tognaths, lophogastrids, doliolids and mysids.

Comparisons with other Pacific regions

Opverall abundances (0—1000 m, no. of individuals per
square meter) and organism concentration at any par-
ticular depth (no. of individuals per cubic meter) are diffi-
cult to compare with previous studies because of
differences in sample sorting methodology. In our study,
smaller size classes of some taxa were counted separately
along with copepods; those data are still being analyzed
(Table II). In macroplankton groups for which it was pos-
sible to make direct comparisons, there were higher
abundances of cuphausiids and salps compared with
other Pacific regions without OMZs such as time-series
stations K2 off Japan and ALOHA off Hawaii (Steinberg
et al., 2008a). There were similar abundances of deca-
pods, polychaetes, mysids and doliolids in comparison
with ALOHA and K2 in 2007, although a much higher
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abundance of decapods and polychaetes in 2008. As
described above, there was an impact of the pronounced
OMZ on the proportion and behavior of diel migratory
species in comparison with other Pacific regions.

Hydrographic parameters

One of the goals of this study was to disentangle the en-
vironmental parameters influencing the abundance and
community composition of the OMZ. However, since
temperature and oxygen concentration were both strong-
ly correlated with depth as a consequence of similar
hydrographic profiles during both years, it was not pos-
sible to 1solate these effects. The a priori ecological zones,
however, were effective in predicting community compos-
ition, with ecological groups clustered together statistical-
ly. Each ecological region, excluding the ML and UO-A,
was statistically distinct from all other regions of the water
column.

Sampling limitations
Historical sampling of midwater depths typically aver-
aged distributions over large vertical strata probably
because of lower biomass and an expectation of little dif-
ferentiation in midwater ecosystem niches. However, the
fine-scale layering and patchiness of mesopelagic distri-
butions, revealed by recent acoustic and vehicle observa-
tions and supported by our analysis, re-emphasizes the
need to carefully consider the dynamics of midwater dis-
tributions (Robison, 2004; Cheriton et al., 2007; Opdal
et al., 2008). Acoustic and optical analysis of near-surface
thin layers suggested that the thickness of these features
in the upper water column was ~1 m for zooplankton,
and that the shape of the gradient is potentially strongly
mediated by predator—prey interactions (Benoit-Bird
et al., 2009). In our study, much care was taken to correl-
ate discrete net sampling strata with hydrographic para-
meters using adaptive targeted sampling. Our results
suggest that a macroplankton and micronekton thin
layer exists at very low oxygen within the oxygen gradi-
ent of the LO. Even this fine-scale sampling, however,
covered a vertical range of 25 m. Whether these deeper
oxycline layers have a similar vertical extent and physic-
al/biological origin as surface thin layers can be tested
in the future by pairing net tows with an optical or
acoustic investigation, particularly as variations in the
vertical displacement caused by internal waves make
pinpointed localized net capture on a scale of <10m
difficult.

Distribution patterns in our dataset were complicated
by the unique species-specific and ontogenetic patterns
embedded in the broad taxonomic groups of the study.
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In particular, differential patterns of migration were ex-
emplified by the distribution of euphausiid subgroups
and by myctophid fish. Other work performed on the
same set of cruises further described ontogenetic and
species-specific patterns of DVM for copepods and theco-
somatous pteropods (Maas et al., 2012b; Wishner et al.,
2013). Specific life history events such as molting, egg
laying or diapause can also modify diel migratory be-
havior (e.g. Endo and Yamano, 2006) and can be asso-
ciated with bimodal vertical distributions within species.
As a consequence, populations within a species may
have differences in both exposure and sensitivity to low
oxygen. As the oceans warm and regions of hypoxia
expand, it is important to understand environmental
constraints on these processes and implications for biotic
transfer of nutrients, such as nitrogenous waste or re-
spiratory and waste carbon (Burd et al., 2010; Robinson
et al., 2010). Higher resolution species and stage-specific
sampling of populations, incorporating physiological
and biogeochemical studies, are needed to quantify
changes in the carbon and nitrogen cycles. The patterns
in distribution and associated hydrography from this
study are important basic characterizations of OMZ
communities.

CONCLUSION

The fine-scale detail provided by our sampling strategy,
which focused on relatively narrow depth intervals near
changes in oxygen concentration, allowed us to describe
distinct communities associated with specific regions of
the water column of an OMZ in the ETNP. Community
composition was strongly correlated with depth, tempera-
ture and oxygen concentration, supporting our classifica-
tion of the water into ecological zones that were
comprised of distinct macrozooplankton and micronek-
ton communities.

The upper water column DVM community, which was
dominated by fish, amphipods, gastropods, euphausiids,
decapods, chaetognaths and polychaetes, migrated from
the ML down into the UO and OMZ core during the
day. Peak daytime abundances showed vertical segrega-
tion in the water column. Although the migratory macro-
plankton and micronekton in this region were less
abundant than in other Pacific open ocean sites, they per-
sisted at a similar daytime depth despite the severely
oxygen limited habitat (oxygen <10 wM). Euphausiids
and myctophids in particular were found in very low
oxygen environments during the day, and there was
evidence that their distributions were shaped by oxygen
limitation. Of particular interest, we characterized the
micronekton

macrozooplankton  and community

by
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associated with the secondary biomass peak (Wishner
et al., 2013) found at the LO (~600 m, ~2 uM oxygen).
This community consisted of a distinct group of taxa
including abundant cyclothone fish, Gennadas spp. and
other decapods, myctophids, polychaetes and amphi-
pods.

If OMZs expand, these unique populations of migra-
tors and OMZ residents that are highly adapted to ex-
tremely low oxygen concentrations, may expand their
ranges horizontally if they out-compete organisms that
have not undergone selection for such hypoxia tolerance.
The global diel vertical distribution of midwater animals
may, however, be limited by hypoxia (Bianchi et al,
2013). As OMZs become shallower, midwater animals
may be forced into more illuminated regions of the water
column where they may be more easily preyed on by
visual predators (Koslow et al., 2011; Stewart et al., 2013).
Repercussions for the re-distribution of biomass in the
water column and the effects of habitat compression on
fisheries and biogeochemical cycling are already being
explored (Prince et al., 2010; Bertrand et al., 2011; Seibel,
2011, Wishner et al, 2013). Characterizing the animals
that will encounter this expanding low oxygen ecosystem,
and understanding the limits of their physiology and dis-
tribution will provide insight into the ecosystems that will
evolve as climate change causes warming waters, ocean
acidification and expanding regions of hypoxia in the
open oceans. These changes, which are clearly of both
scientific and economic interest, require zooplankton dis-
tribution studies spanning more geographic and seasonal
variations, along with greater species-specific data and
environmental resolution.

SUPPLEMENTARY DATA

Supplementary data can be found online at http://plankt.
oxfordjournals.org,
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