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Abstract

Shelf edge canyons are well-known sites of enhanced biomass due to on-shore transport and
concentration of zooplankton along their axes, both of which contribute to the high densities of nekton
frequently found in these canyons. Using a combination of acoustics, trawling, and in situ observations
with a remotely operated vehicle (ROV), the distribution of pelagic and demersal biota within Pribilof
Canyon in the Bering Sea was examined in September of 1995 and 1997. Near-bottom acoustic scattering
patterns in the 38§ kHz data showed high concentrations of biomass beginning around the 180 m bottom
depth contour and continuing to about 220 m, which were presumed to be adult fish based on their target
strength distributions. The 120 kHz data also showed very strong scattering in the water column between
150 and 175m, which was absent from the 38 kHz data, and therefore attributed mainly to zooplankton.
The dominant taxa collected in bottom trawls and mid-water plankton tows were adult rockfishes (Pacific
ocean perch, Sebastes alutus) and euphausiids (Thysanoessa spp.), respectively. In situ videos revealed
dense aggregations of these rockfishes inhabiting a “forest of attached sea whips, Halipteris willemoesi,
during night deployments of the ROV, while areas with damaged sea whips had far fewer rockfish, and
areas without this biotic habitat structure had no rockfish. During the day, the rockfishes were seen above
the “forest”, where they were apparently feeding on dense swarms of euphausiids. It appears that these
rockfish utilize this predictable and abundant food resource in the canyon during the day and are associated
with the sea whip habitat at night during periods of inactivity. More research is needed on these slow-
growing biotic habitats and how fishing activities in the Bering Sea and elsewhere may impact these
habitats. © 2001 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Submarine canyons are a common feature of many of the world’s continental shelf breaks.
Owing to their abrupt and steep topography, these canyons often modify the downstream
circulation and increase shelf-slope exchange of water masses and nutrients (Klinck, 1996; Hickey,
1997). They are known to be areas of enhanced productivity due to topographically induced
upwelling along their axes (Freeland and Denman, 1982). Canyons also transport large quantities
of organic matter offshore through sediment flushing (Okey, 1997; Granata et al., 1999), thus
enriching the deep ocean (Rowe, 1971). These physical processes enrich canyon regions (Denman
and Powell, 1984), which may show enhanced concentrations of macrobenthos (Haedrich et al.,
1980; Sarda et al., 1994; Vetter and Dayton, 1998), micronekton (Cartes et al., 1994; Macquart-
Moulin and Patriti, 1996), demersal fishes (Stefanescu et al., 1994), and cetaceans (Kenney and
Winn, 1987; Schoenherr, 1991) relative to the slope as a whole.

Another mechanism by which accumulations of planktonic organisms occur in canyons
involves the interaction of diel vertical migration and onshore transport. In the case of large
offshore euphausiids normally found over deeper water, onshore advection of individuals near the
surface at night deposits them over bottom depths shallower than their normal daytime depths
(Isaacs and Schwartzlose, 1965; Koslow and Ota, 1981; Genin et al., 1988). This process may
deposit large aggregations of euphausiids near bottom at the upstream end of canyons (Koslow
and Ota, 1981; Greene et al., 1988), where they become easy prey for planktivorous fishes
(Mackas et al., 1997). In the North Pacific Ocean, rockfishes in the genus Sebastes often inhabit
the offshore edges of banks or canyons and are known to capitalize on these advected prey
resources (Isaacs and Schwartzlose, 1965; Pereyra et al., 1969; Brodeur and Pearcy, 1984; Chess
et al., 1988; Genin et al., 1988).

In 1994, a dense acoustic scattering of near-bottom fish was detected at the upstream end of the
Pribilof Canyon in the Bering Sea. Trawling through this acoustic sign revealed that it was
comprised almost entirely (>92% of total catch) of Pacific Ocean perch (Sebastes alutus). In this
paper, acoustic and trawl data collected from 1995 and 1997 are presented along with in situ
observations using remotely operated vehicle (ROV) videos that revealed a biogenic habitat
association between Pacific Ocean perch and pennatulaceans in Pribilof Canyon.

2. Methods
2.1. Study site

Surveys were conducted at the head of Pribilof Canyon, a large canyon situated at the outer edge
of the Bering Sea continental shelf some 370 km from the Aleutian Island Chain and approximately
40 km south of St. George Island, the southernmost of the Pribilof Islands (Fig. 1). The Pribilof sea
valley begins at a depth of 130 m and drops off to a maximum depth of 3200 m (Carlson and Karl,
1988), with the main incision of the canyon cutting from 100 to 1000 m into the slope (Kotenov,
1965). The upper part of the canyon is bifurcated (Fig. 1), forming a trough 90 km long and 30 km
wide parallel to the continental margin (Scholl et al., 1970). The total canyon volume is 1300 km?,
which classifies it among the largest canyons in the world (Carlson and Karl, 1988).
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Fig. 1. Physiographic plot of Pribilof Canyon looking onto the shelf showing the study area (arrow) relative to the
Pribilof Islands (modified from Scholl et al., 1970).

Results from hydrographic surveys, satellite track buoys and moored current meters in the
vicinity of Pribilof Canyon suggest the presence of two circulation features: the Bering Slope
Current (Schumacher and Reed, 1992) and a flow over the outer continental shelf (Schumacher
and Stabeno, 1998). The Bering Slope Current is most marked in the upper 300 m of the water
column, flowing along isobaths generally toward the northwest at speeds of 0.1-0.2ms™'. The
increased speed of the outer shelf current apparently results from the marked decrease in width of
the outer shelf (from ~160km to less than 30 km) in the canyon area. Satellite-tracked buoy
trajectories support the existence of this stronger flow. Exchange of slope water onto the shelf
occurs in the vicinity of Pribilof Canyon. Interaction of tidal currents with canyon topography
results in rectified onshore flow, and the acceleration of the outer slope current appears to draw
deeper nutrient-rich water up onto the outer shelf (Stabeno et al., 1999).

2.2. Field sampling

The observations reported here were part of a multi-disciplinary study of biophysical
interactions between fish and zooplankton in the area of the Pribilof Islands (Brodeur et al., 1997).
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Cruises were conducted during 9-26 September, 1995, and 8-18 September, 1997 and a broad
suite of physical and biological measurements were made in the Pribilof Canyon area (Table 1;
Fig. 2) from the NOAA vessels Miller Freeman and Surveyor working in tandem.

In situ water temperatures and light levels were recorded at several stations within the canyon
(Table 1). Conductivity-temperature-depth (CTD) casts were taken using a Sea-Bird SEE-9
system and light and light measurements were made with an IL1700 Research Radiometer
(International Light, Newburyport, MA).

2.3. ROV deployments

Underwater observations in the Pribilof Canyon were made using video cameras mounted on a
Deep Ocean Engineering Super Phantom II ROV deployed from the Miller Freeman. Most
surveys were done with a color CCD video camera (Hitachi Model HV-C20) with the viewing area
illuminated by two confocal 250 W tungsten—halogen lights mounted externally on the vehicle.
These lights were dimmed to about 75% of full power to minimize the backscatter from biogenic

Table 1

Operations carried out in Pribilof Canyon region in 1995 and 1997. The first station conducted in 1995 (S80) was done
by the ship Surveyor. All other stations were done by the Miller Freeman. Bottom depth is the maximum depth
encountered during the operation

Station No. Haul Date Time Latitude Longitude Bottom Operation
No. (ADT) °N ‘W depth (m)

1995
S80 1 16-September 19:17 56.28 169.44 246 CTD
29 1 16-September 20:06 56.30 169.44 203 ROV
29 2 16-September 22:41 56.29 169.47 215 Bottom trawl
29 4 17-September 0:58 56.29 169.45 214 Methot trawl
29 6 17-September 3:44 56.29 169.46 211 ROV
30 1 17-September 5:06 56.28 169.44 240 Acoustic transect
56 1 23-September 8:02 56.28 169.43 236 Bottom trawl
57 1 23-September 9:14 56.28 169.44 230 Acoustic transect
59 1 23-September 19:47 56.31 169.68 209 ROV
59 2 23-September 21:59 56.31 169.68 200 Bottom trawl
60 1 24-September 2:41 56.28 169.60 184 ROV
60 3 24-September 5:40 56.28 169.60 205 Bottom trawl
61 2 24-September 14:16 56.29 169.30 197 ROV
1997

1 1 9-September 13:31 56.28 169.44 256 CTD

1 2 9-September 14:23 56.28 169.44 246 CTD
10 2 10-September 3:59 56.28 169.44 264 Acoustic transect
14 1 10-September 13:46 56.28 169.44 257 Acoustic transect
15 1 10-September 15:22 56.28 169.43 243 ROV
15 2 10-September 17:47 56.28 169.43 248 Bottom trawl
15 3 10-September 21:41 56.28 169.43 234 ROV
16 1 11-September 0:41 56.28 169.47 234 Methot trawl
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Fig. 2. Locations of ROV deployments (circles), bottom trawls (squares), Methot trawls (triangles) and acoustic
transects (dashed lines) in Priblilof Canyon during September 1995 and 1997. Also shown are acoustic transect lines A
and B shown in Figs. 4a and b, respectively.

particulate matter in the water column. A silicon intensifier target low-light level black and white
camera (Osprey OE1323), which provided a 110° field of view, was used to initially survey each
site. In addition, still photos were taken in 1997 using a submersible camera (Benthos Model 3782)
and strobe on the ROV.

The ROV was lowered from the vessel using a 300 m umbilical cord while the vessel maintained
a constant heading using its bow thrusters. A 108 kg down weight was attached 25 m from the end
of the umbilical cord to provide stability and reduce the angle of drift of the ROV away from the
vessel. The ROV was generally propelled at slow speed to keep it in front of the down weight and
the speed over ground was less than 1 knot (<1.6kmh™") for all deployments in the canyon.
Video images were viewed in real time at an on-deck console that allowed the operator to
maneuver the vehicle and control the cameras and lights. The depth of ROV was annotated onto
the tape by observers throughout the deployment. Recordings were made on two Hi-8 VHS tape
decks and identification of organisms and characterization of habitats were made during
playback.

2.4. Acoustic transects

Acoustic backscatter data were collected along transects radiating from the Pribilof Islands,
including one transect south of St. George Island which bisected the canyon, to quantify midwater
and bottom acoustic sign (see Swartzman et al., 1999a, b, for detailed collection and analytical
methodology). A Simrad EK-500 echosounder, equipped with calibrated split-beam 38 and
120 kHz transducers (7° beam width), provided estimates of echo integration and target strength,
which is indicative of the approximate size of the scatterers. The transducers were mounted in the
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centerboard of the ship at a depth of 10 m. The system was calibrated before the survey using a
copper ball of known acoustic properties suspended below the ship. Shorter acoustic transects
were also conducted across the axis of the canyon to determine the east-west extent of the
echosign (Fig. 2). The position at the start and end of each transect was recorded using GPS.

Mean backscattering area per square nautical mile (nm) of sea surface (S4) was calculated for
each 5m depth interval [units in m*nm~?] as follows:

z=r
Sa= dmrg 1852 / S, dz,
z=r]

where z is the depth, ry is the reference range for backscattering strength (1 m), ; and r, are the
top and bottom of the 5m depth intervals which ranged from 10 to 250 m, and S, is the volume
backscattering strength.

2.5. Net tows

Short (< 1h) bottom tows were made in areas of substantial near-bottom acoustic backscatter
and along several of the ROV transects using a nylon Nor’eastern bottom trawl with 1.5m x 2.1 m
steel doors fished with roller gear. The mesh size varied from 13 cm in the forward part of the net
to 8.9cm in the codend, which was also equipped with a 3.2 cm liner. The mean effective path
width of this trawl was estimated to be 13.4 m with a mean vertical opening of 9.2 m. The entire
catch was processed aboard deck and numbers and weights of all taxa were recorded. Length
measurements were made to the nearest centimeter on all fish species. Subsamples of rockfish were
frozen and transported to shore for later laboratory processing. Number and biomass per km?
were then estimated for all taxa using the area-swept method.

Macrozooplankton and micronekton were collected in 1995 and 1997 using a 5m? Methot mid-
water trawl with 3 mm x 2 mm oval mesh in the body and 1 mm mesh in the codend. The net was
fished obliquely to within 10 m of the bottom to obtain depth-integrated abundance estimates of
zooplankton and fish (Brodeur et al., 1997). The depth of tow was monitored using a SCANMAR
acoustic sensor on the frame of the trawl and volume filtered was estimated by mounting
flowmeters in the center of the frame. Since euphausiids and other micronekton are known to
exhibit significantly lower daytime densities with this gear (e.g., Sugisaki et al., 1998), I examined
only the night samples collected in the Pribilof Canyon area in this analysis.

2.6. Laboratory analysis

Methot collections were sorted into major taxonomic categories in the laboratory and fish,
euphausiids and chaetognaths were identified to species. Raw counts were converted to numbers
per 1000 m>. Stomach contents of Pacific Ocean perch were analyzed in the laboratory. Because of
the closed nature of rockfish swimbladder and the great depth from which they were collected,
many of the stomachs that were brought back to the lab were empty and believed to be
regurgitated. The stomachs containing food were examined under a dissecting microscope and the
contents were identified to the lowest possible taxon. Otoliths of a representative subsample of
Pacific Ocean perch were removed at sea for age determination in the laboratory by two
experienced readers at the Alaska Fisheries Science Center using the break and burn technique.
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3. Results
3.1. ROV deployments

ROV deployments were made in the vicinity of the canyon in both years and at different times
of the day (Table 1). Transects were made both perpendicular and parallel to isobaths. On several
descents to the bottom, the ROV passed through layers of squid (Berryteuthis sp.) and dense
aggregations of euphausiids. The bottom generally was composed of compacted mud and silt.
Occasionally rocks and small boulders were present but the bottom generally contained little
geologic relief. However, in five out of seven of the deployments in the canyon, the ROV passed
through areas containing dense aggregations of 1-2m high sea whips (Halipteris willemoesi)
evenly spaced about 2m apart. During nighttime observations, hundreds of rockfishes (mainly
Pacific Ocean perch) were seen inside the sea whip “forest” (Fig. 3). These rockfish were all
oriented in the same direction (generally facing into the current) and were also evenly dispersed
with approximately 3—4 m between adjacent fish. The rockfish appeared to be in a resting state and
did not move until the ROV approached within a few meters. The sea whips and associated
rockfish were observed over the depth interval of 185-240m, but the highest densities (> 30
fishmin ') were recorded around 198 m. Other fishes were occasionally seen within the sea whip
habitat, including arrowtooth flounders (Atheresthes stomias), sawback poachers (Leptagonus
frenatus), and big skates (Raja binoculata), but none seemed to be consistently associated with this
habitat as the rockfish. Several large areas contained numerous sea whips that were no longer
upright and had much lower rockfish densities (<2 fishmin™").

During the day, the Pacific Ocean perch were more active and in some cases were seen milling
above the forest, presumably feeding on the euphausiids. In the two canyon deployments in which

Fig. 3. Photograph of several adult Pacific Ocean perch inside sea whip “‘forest”. The slanting vertical lines are the
center portions of sea whips which are around 2m high.
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no sea whips were observed (depth range 181-224m), there were also no Pacific Ocean perch
observed, although many other bottom fishes such as Pacific cod (Gadus macrocephalus),
arrowtooth flounders, and sawback poachers were observed. These were the easternmost and
shallowest of the deployments, and apparently missed the main sea whip habitat, which appeared
to be mainly in the central and western flank of the canyon. In addition to the sea whips, the most
obvious invertebrate macrofauna observed in the canyon were king crabs (Paralithodes spp.),
large anenomes (Metridium giganteum and Urticina spp.) and large basket stars (Gorgonocephalus
eucremis). Most of the basket stars had their arms extended indicating that they were actively
feeding.

3.2. Acoustic transects

Transects along the shelf break (ca. 210m) and those that crossed the axis of the canyon both
showed substantial near-bottom aggregations of large scatterers at the upper edge of the canyon
(Fig. 4). These large scatterers extended generally less than 10 m off bottom and were present in
both the 38 and 120 kHz images. In addition, the 120 kHz echograms contained a dense layer of
smaller scatterers above the larger ones that at times extended down to and overlapped the
vertical distribution of the large scatterers (Fig. 4a), but was restricted to mid-water when it
crossed the canyon axis (Fig. 4b).

Based on the mean acoustic backscatter from 4 inshore-offshore transects (2 each year) in the
central and western part of the canyon for the 10 m above the bottom (38 kHz) and the layer
between 150 and 175m (120 kHz), these aggregations mainly occurred over a very narrow bottom
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Fig. 4. Acoustic transect showing backscatter signals (a) along the 210-220 m isobath and (b) across the northwest end
(Fig. 2) of Pribilof Canyon on 23 September 1995 for 38 kHz (left panel) and 120 kHz (right panel). The top part of each
panel shows the water column from 100 m to the bottom or 250 m. The bottom part of each panel is an expanded view
of the 10 m of the water column right above bottom. The time of day is shown at the top of the panel. To the right is the
distribution of temperature with depth measured from a nearby CTD cast.
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depth range. High acoustic backscatter first became apparent around 180 m depth, peaked around
200 m, and declined after 220 m at both frequencies (Fig. 5). The mean areal backscatter at the
200 m isobath was 2233 and 59,443 m”nm 2 for these depth strata using 38 and 120kHz data,

C— 38 kHz
120 kHz

10000 -

1000 -

S, Value (m? nm?)

100 4

Bottom Depth (m)

Fig. 5. Acoustical backscatter (S,) from the EK-500 for the 10 m directly above bottom (38 kHz) and the layer between
150 and 175 m in the water column (120 kHz) by 10 m bottom depth intervals. Data are averaged by depth bin for four
transects (two each in 1995 and 1997) in the northwest part of the canyon. Note that the ordinate scale is logarithmic.

Table 2

Fish catches (density and biomass) from bottom trawls ranked in order of decreasing mean density for 1995 and 1997.
Shown only are the species which made up greater than 0.1 of the numerical catch. The 1995 data represent the mean of

four tows

Common name

Scientific name

1995 (n=4)

1997 (n=1)

No./km? (%)

Kg/km? (%)

No./km? (%)

Kg/km?® (%)

Pacific Ocean perch

Sebastes alutus

Arrowtooth flounder Atheresthes stomias

Pacific cod
Darkfin sculpin
Sturgeon poacher
Spectacled sculpin
Sawback poacher
Alaska ronquil
Big skate

Sablefish

Flathead sole
Prowfish

Rex sole

Pacific sleeper shark
Dusky rockfish
Sharpchin rockfish

Gadus macrocephalus
Malacocottus zonurus
Podothecus acipenserinus
Triglops scepticus
Leptagonus frenatus
Bathymaster caeruleofasciatus
Raja binoculata
Anoplopoma fimbria
Hippoglossoides elassodon
Zaprora silenus

Errex zachirus

Sommniosus pacificus
Sebastes ciliatus

Sebastes zacentrus

Total catch

1106.2
100.0
17.4
10.3
8.7
3.3
2.3
2.3
1.8
1.3
1.0
1.0
1.0
0.8
0.8

1229.5

87.7 793.5
79 1521
1.4 67.0
0.8 4.5
0.7 0.2
0.3 0.3
0.2 0.1
0.2 0.5
0.1 195
0.1 2.5
0.1 0.5
0.1 5.7
0.1 0.4
0.1 427
0.1 1.2

100.0 1104.6

71.8 366.7
13.8 1264
6.1 46.8
04 —
<0.1 —
<0.1 —
<0.1 449.2
<0.1 —
1.8 —
02 —
<0.1 514
0.5 —
<0.1 19.2
39 —
0.1 —
— 1.1

100.0 1060.8

34.6 288.1
11.9 178.7
4.4 141.2

0.1 22

100.0 669.7

43.0
26.7
21.1

| o |
[ee]

3.5

2.6

100.0
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Fig. 6. Distribution of 38 kHz target strengths in the 10 m directly above bottom for 1995 (top) and 1997 (bottom).
Shown also is the mean overall target strength by year.

respectively. Mean backscatter for two transects over similar bottom depth ranges in the
easternmost head of Pribilof Canyon (Fig. 2) was 63.6 (£ 11.3 SE) and 79.3 (£ 10.4) m? nm > for
these two frequencies, respectively.

The target strength (TS) distributions for 38 kHz were similar for both years, although the
values were about 1.5dB higher in 1997, indicating larger scatterers were present that year
(Fig. 6). The target strengths obtained with the 120kHz were similar in both years (mean
TS=-75.1 and —76.0dB for 1995 and 1997, respectively), but were substantially lower than those
seen with the 38 kHz, suggesting that these scatterers were predominantly zooplankton.

3.3. Net tows

A diverse group of shelf and deepwater teleost and elasmobranch species were collected in the
five bottom trawls (Table 2). In 1995, Pacific Ocean perch was the dominant species both in terms
of number and biomass caught. The only other species comprising at least 5% of either the
number or biomass were arrowtooth flounder and Pacific cod. In the one tow taken in 1997,
Pacific Ocean perch was again the dominant species by weight but the smaller sawback poachers
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Table 3
Densities (number per 1000 m?) of macrozooplankton and micronekton collected in Methot tows in the Pribilof Canyon
region by year

1995 1997

Taxa Density % of total Density % of total
Cnidaria 13.0 3.7 25.9 1.5
Chaetognatha

Sagitta elegans 2.0 0.6 0.3 0.0

Eukrohnia hamata 1.3 0.4 — —
Hyperiidea 0.2 0.1 — —
Gammaridea 2.5 0.7 — —
Euphausiacea

Thysanoessa inermis 194.6 56.0 1124.1 63.5

Thysanoessa longipes 85.4 24.6 490.5 27.7

Thysanoessa raschii — — 51.1 2.9

Thysanoessa spinifera 22.1 6.4 61.3 3.5
Decapoda Natantia 1.0 0.3 — —
Osteichthyes

Theragra chalcogramma 22.7 6.5 16.3 0.9

Anoplopoma fimbria 0.9 0.3 — —

Hexagrammos decagrammus 0.8 0.2 0.2 0.0

Lumpenus maculatus — — 0.2 0.0

Atheresthes stomias 0.9 0.3 — —

Lepidopsetta bilineata — — 0.2 0.0
Total 347.3 100.0 1770.0 100.0

were more important numerically (Table 2). Other rockfish species (Sebastes spp.) were caught in
both years, but these made up a minor component of the total biomass. Many sea whips were also
collected in the trawls during both years, but these could not be quantitatively assessed due to loss
through the trawl meshes.

The catch of the Methot tows was dominated by euphausiids, which comprised 87.0 and 97.6%
of the total densities in 1995 and 1997, respectively (Table 3). Thysanoessa inermis was more than
twice as abundant as the next most important species, 7. longipes. Small cnidarian jellyfish were
the only other invertebrate taxa collected in moderate densities. Several juvenile fishes were
collected but, other than walleye pollock (Theragra chalcogramma), they were of negligible
importance.

The size distributions of Pacific Ocean perch caught in the bottom trawls were similar in both
years, although in 1997 slightly larger fish were caught (Fig. 7). These fish ranged in age from 8 to
15yr (median=11yr) and were all classified as mature adults. Out of the 306 fish examined for
stomach contents in both years, only 26 were found to contain food. Of these, 25 contained
mainly euphausiids, most of which were Thysanoessa inermis. The remaining stomach contained a
juvenile squid, Berryteuthis magister. A few other stomachs contained well-digested squid and fish
remains and could not be formally analyzed.
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Fig. 7. Size distribution of Pacific Ocean perch collected in four bottom trawls in 1995 (top) and one bottom trawl in
1997 (bottom). Shown also is the mean size by year.

3.4. Environmental conditions

Temperatures at the bottom generally varied between 4 and 5°C on all CTD deployments
(Fig. 4), which is typical of the offshelf waters at these depths (Stabeno et al., 1999). Ambient light
levels measured around 200 m in the canyon were very low both day and night (4.3 x 10~° and
6.2x 1077 pEs ' m~2, respectively), but were at or above threshold feeding levels of typical
planktivorous fishes (Ryer and Olla, 1999).

4. Discussion

Many in situ studies examining the habitat preferences of demersal fishes show that these fishes
are not randomly distributed but are often generally aggregated near some structure on the
bottom (Auster et al., 1995). In some instances, these structures can be of biogenic origin, such as
depressions or holes dug into the substrate (Able et al., 1982). In rockfishes of the genus Sebastes,
however, the majority of studies have revealed a dependence on hard bottom substrates, often
with substantial vertical relief (Richards, 1986, 1987; Pearcy et al., 1989; O’Connell and Carlile,
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1993; Krieger and Ito, 1999). Krieger (1992), however, found that adult Pacific Ocean perch were
more likely to inhabit flat, pebble substrate based on submersible observations off Southeast
Alaska. In ROV observations in other shelf and slope areas of the Bering Sea, Pacific Ocean perch
were occasionally found in other deepwater deployments outside the canyon, but these were for
the most part solitary individuals associated with large boulders (Busby and Brodeur, in prep.).

In this study, the highest densities of Pacific Ocean perch were found at the northwest edge of
the canyon based on both ROV observations and trawl collections, and were clearly associated
with the sea whip ‘forest’. Krieger (1992), in a photograph taken by submersible, also shows an
aggregation of adult Pacific Ocean perch near several sea whips in the Gulf of Alaska. Similar to
the present study, he found these fish to be evenly spaced and oriented into the current. This
utilization of the sea whip ‘forest’ by Pacific Ocean perch apparently satisfies some need by this
species to associate with a high-profile substrate in the absence of high relief rock substrates.

The high densities of vertebrate and invertebrate macrofauna in the canyon attest to the high
productivity in this area. In addition to the sea whips, the high densities of other filter-feeding
organisms such as anenomes and basket starfish suggest the presence of a substantial near-bottom
flow containing high concentrations of zooplankton. This flow is apparently quite consistent over
time to develop such a complex assemblage of sessile or slow-moving organisms. A cross section
of a calcareous axial rod in several sea whip specimens revealed up to 130 circulli (M. Wilson,
AFSC, personal communication). Presently, it is unknown whether these growth rings represent
annual growth rings, but other related deep-sea sessile invertebrates are known to have extended
life spans (Druffel et al., 1995).

It seems likely that the high densities of euphausiids found in the water column at the western
head of the canyon originate from deeper areas of the Bering Sea Basin and are advected up the
canyon by the prevailing currents. Most of the specimens found in the Methot mid-water tows
and stomach contents of Pacific Ocean perch were Thysanoessa inermis, a characteristic
euphausiid species of the outer shelf and basin of the Bering Sea (Smith, 1991; Sugisaki et al.,
1998; Stockwell et al., in press). These euphausiids then impinge on the bottom at the head of the
canyon as they attempt to migrate down to their normal daytime depths, similar to that observed
in other canyons (Mackas et al., 1997). Although no depth-discrete plankton tows were conducted
in this study area, other studies in the outer shelf region of the Pribilof Islands show higher
concentrations of euphausiids in the epibenthic layer than in the water column, especially during
the day (Coyle and Cooney, 1993; J. Napp, AFSC, unpublished data). An intense acoustic player
layer of the type shown here has been consistently observed at the head of the Pribilof Canyon,
but nowehere else, every year (1994-1999) that fall acoustic surveys have been conducted in this
area (G. Swartzman, University of Washington, personal communication).

The foraging behavior of most shelf rockfish appears to be highly opportunistic and they are
known to take advantage of oceanic mesopelagic prey that are advected onto the shelf near
canyons or offshore banks (Pereyra et al., 1969; Brodeur and Pearcy, 1984; Chess et al., 1988;
Genin et al., 1988). Information on the diet of Pacific Ocean perch in the Bering Sea is
fragmentary, perhaps due in part to the difficulty in obtaining non-inverted stomachs from
deep-water tows. Brodeur and Livingston (1988) found that of the 50 stomachs of this species
examined, only 19 contained food, with euphausiids and caridean shrimp dominating the diet.
Poltev (1999) found S. alutus on a seamount off the Kuril Islands were feeding mainly on
euphausiids (86.3% by volume) with smaller contributions by fish (4.6%) and squid (3.2%) during
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September 1997. These fish were not observed to undergo pronounced diel vertical migrations but
did feed exclusively during the daytime. Although the number of stomach samples available in the
present study was insufficient to elucidate the diel feeding cycle of Pacific Ocean perch in Pribilof
Canyon, it seems likely that they are feeding mainly during the day when their activity level is
higher and they are swimming above the ‘forest’. This was also the time when high densities of
euphausiids were seen in the ROV videos swarming in a layer just above the bottom.

It is not presently known what the predation impact of these large aggregations of rockfishes is
on the euphausiid biomass advected over them on a daily basis. Demersal rockfishes have been
shown to deplete populations of euphausiids advected over shallow banks off Southern California
during the day such that ‘gaps’ appear in the acoustic echograms (Genin et al., 1988, 1994).
Estimation of this predation impact by Pribilof Canyon rockfish on euphausiids will require more
precise abundance estimates of both predator and prey as well as daily ration estimates of Pacific
Ocean perch.

Although trawling and ROV deployments took place in a relatively small subarea of the
canyon, it appeared to be one of the main aggregation areas based on the densities of near-bottom
acoustic scatterers. It is highly probable that most of the acoustic sign observed near-bottom
around 200 m was due to rockfish. The only other species with a swimbladder that was collected in
any abundance in the trawls was Pacific cod, although their abundances were relatively low
compared to Pacific Ocean perch. Although no in situ target strength measurements exist for
Pacific Ocean perch, I applied Foote’s (1987) generic target strength (TS) to length (L)
relationship for physoclist fishes (TS =20 log L—67.5dB), which appears to be appropriate for
rockfishes in general (R. Kieser, Pacific Biological Station, DFO, Nanaimo, B.C. Canada,
personal communication), to the mean size of Pacific Ocean perch caught in the trawls. The
predicted TS from this relationship would be —36.88 and —35.42dB for 1995 and 1997,
respectively, reasonably close to the observed mean TS of —36.44 and —35.77dB for these two
years. More systematic acoustic surveys of the entire canyon region could yield more precise
estimates of the total rockfish population inhabiting this area.

Similarly, no target strength measurements exist for the dominant euphausiid species
(Thysanoessa inermis) collected in the Methot trawls, but the values taken with the 120kHz
echosounder are within the range expected for similar-sized euphausiids, based on theoretical
scattering models (Stanton, 1989; Miyashita et al., 1997; Simard and Lavoie, 1999). However,
other organisms that were caught in the Methot trawls, such as gelatinous zooplankton, could
also fall within this range of target strengths.

This study is the first to show the importance of the Pribilof Canyon in general and the sea whip
‘forest’ in particular as a distinctive habitat for adult Pacific Ocean perch in the Bering Sea. Past
attempts to define marine habitats of this species have relied on physical variables such as
temperature and depth (Scott, 1995). Although this may narrow the range of possible habitats
that could be occupied, the utilization of species such as Pacific Ocean perch of highly predictable
but dynamic food sources and relatively static physical features renders such simple classifications
inadequate.

The sea whips in this region may provide important structural habitat for Pacific Ocean perch
in an otherwise featureless environment. An important consideration in this habitat is the slow
growth rates and potential longevity of the sea whips providing this habitat. If they do indeed live
for extended periods of time, fishing operations that disturb the bottom and uproot the sea whips
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may have a lasting effect on the rockfish populations inhabiting this region that could be
potentially more detrimental than the direct effects of removing fish. The similar orientation of the
sea whips observed in the ROV videos that had been apparently knocked down and were lying on
the seabed suggests that fishing operations, including possibly some of my own trawl sampling,
could have uprooted them. The substantially lower densities of Pacific Ocean perch observed in
this perturbed habitat suggests that it is less preferred by this species compared to the undisturbed
“forest”. Destructive fishing methods have been widely observed to have major and long-lasting
effects on sessile benthic megafauna (Jennings and Kaiser, 1998; Freese et al., 1999). More
research needs to be done to determine the importance of areas such as Pribilof Canyon to Pacific
Ocean perch production in the Bering Sea, so that we may protect and allow restoration of these
utilized habitats for commercially and ecologically important species such as rockfishes.
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