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ABSTRACT

Demersal fishes were sampled at seven stations located inshore ofHeceta Bank, on Oregon's continen
tal shelf, over a 2-yr period with a 3-m beam trawl designed to catch small flatfishes. Two general
assemblages of fishes were recognized: a shallow water (74-102 m), sandy-bottom association where
Pacific sanddab, Citharichthys sordidus, was numerically the dominant species, and a deeper (148-195
m) assemblage, generally on mud, where the slender sole, Lyopsetta exilis, predominated. Rex sole,
Glyptocephalus zachirus, was usually the second most common species at all stations. Dover sole,
Microstomus pacificus, ranked fourth to sixth by numbers and composed the largest biomass (wet
preserved weight) at three stations. Species diversity was lowest at the shallowest station where
sediments were well-sorted, fine sands that contained only 0.1% organic carbon.

The biomass of all fishes captured ranged from 0.9 to 2.4 g m- 2. These values are low compared with
estimates made by others offOregon and Washington using commercial-sized otter trawls, presumably
because of avoidance of the small beam trawl by large fishes.

An analysis of variance of the catches of all fishes combined, of Dover, rex, and slender soles, and of
Pacific sanddab revealed few significant effects of sediment, depth or season. Sediment type had a
significant effect on the catches ofslender sole-largest catches were on a clayey-silt bottom. Catches of
sanddab were inversely related to depth of water. Depth-season interactions were significant for all
species combined and for rex and Dover soles, numbers were higher at the deepwater stations during
winter than summer, indicating seasonal bathymetric movements. Annual variations were marked
total catches and catches of most species were larger for unknown reasons during 1968 and 1969 than
1970.

Based on length-frequency data, age-group 0 «50 mm standard length) rex sole were found in high
proportions at the deepest stations on the outer edge of the continental shelf. Small sanddab «70 mm)
composed a larger proportion of the catch by numbers on sandy silt than on sand where larger fish
predominated.

Both sediment type and depth of water have been
correlated with the abundance and species com
position of benthic animals. According to Thorson
(1957), the physical and chemical composition of
sediments may be the main factor in determining
the general pattern of distributions of infaunal
and epifaunal invertebrates on the level sea floor.
Direct influence of bottom type on demersal fishes
may be less than on infauna and epifauna, but
sediments may affect flshes indirectly by influenc
i,ng the composition and abundance of available
benthic food. Depth of water has frequently been
related to faunal changes of both benthic inverte
brates and vertebrates across the continental shelf
and slope (Sanders and Hessler 1969; Alton 1972;
Haedrich et al. 1975), In some studies, these
faunal changes were related to concomittant
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changes in both sediment type and depth (Day and
Pearcy 1968).

The influence of depth and sediments on the
distribution of the benthos, however, is difficult to
separate because these factors are usually closely
correlated. Sediment texture generally decreases
with increasing depth ofwater. Small particles are
transported from regions of high energy waves
and currents into deep, low energy sedimentary
environments, while coarse sediments, such as
sands, generally are deposited close to their conti
nental source in shallow water.

This study is an attempt to analyze the relation
ships between sediment and depth on the species
composition ofbenthic fishes and the abundance of
small flatfishes in a localized region, mainly in
shore of Heceta Bank along the continental shelf
ofOregon. The bathymetry and sediments are var
iable in this region (Figure 1). This is an important
factor in this study because the resulting sediment
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FIGURE I.-Locations of the seven sta- ~
tions (numbered) off the central Oregon
continental shelf that were selected for
this study,
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types are diverse and do not necessarily grade
regularly from coarse sand on the inner shelf to
finer sediments with increased depth (Kulm et al.
1975), Because ofthis heterogeno,us distribution of
sediments, a natural experiment can be designed
to differentiate between possible effects of depth
and sediment type, Seven stations were selected in
an attempt to provide different sediment types at
the same depth and the same sediment types at
different depths, The region inshore of Heceta
Bank produces large commercial catches of
flatfishes, such as Dover sole, rex sole, English
sole, and Pacific sanddab (Demory et aJ.2).
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METHODS

The sediment types for the stations were charac
terized by the percent sand, silt, and clay, percent
of organic carbon and median particle size by Ber
trand (1971) and Gunther (1972) (Table 1). A
Phleger multiple corer was used to sample sedi
ments. Initially sediments were sampled at the
apices of a triangle (sides = 1 n,mi.) and at each

2Demory, R. 1., M. J. Hosie, N. Ten Eyck, and B. O.
Forsberg. 1976. Marine resource surveys on the continental
shelf off Oregon, 1971-74. Oreg. Dep. Fish Wild\. Rep., 49 p.
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TABLE I.-Average sediment texture, percent organic carbon,'
and median particle size" at the seven stations off Oregon (from
Bertrand 1971). Stations are arranged according to depth.

Station

22 7 23 15 6 2 8
Item 74 m 100 ml02 ml02 m148 m190 m195 m

Clay (%) 0.9 11.7 23.6 7.3 30.3 14.7 35.3
Silt(%) 0.4 22.1 48.1 8.6 66.6 16.8 62.1
Sand (%) 98.7 63.7 28.3 84.1 3.1 68.5 2.6
Organic C (%) 0.1 0.6 1.3 0.4 1.7 1.0 1.6
Median particle

size (Md<l» 1.88 4.20 6.01 2.99 6.85 4.62 7.22

'The percent organic carbon was estimated by the difference in weight
between total carbon and calcium carbonate carbon. Total carbon was deter
mined by dry combustion in a Leco induction furnace and measurement of the
evolved C02 in a Leco gas analyzer. Calcium carbonate was measured by
acidifying ground. dried sediment with 0.1 N HCI and measuring the CO,
evolved (Bertrand 1971). (Reference to trade names does not imply endorse
ment by the National Fisheries Service. NOAA.)

'Md<l> = <1>50' where <I> ~ -log,O end ° = diameter in millimeters. See
Inman (1952).

station at the center of the triangle. The upper 2
cm of the cores were analyzed. Sediment particle
size was measured by standard procedures
(Krumbein and Pettijohn 1938). The coarse sand
fractions were analyzed by the settling tube
method (Emery 1938). Particle size ofsediments in
the vicinity of each station was similar (Bertrand
1971). Sediments were also sampled at each sta
tion during each cruise. According to Gunther
(1972), seasonal variations of sediment grain size
parameters within stations were not significant,
but significantly different sediment types were
found among stations at about the same depths,
and fairly similar sediments occurred at different
depths.

Three station-pairs were identified that had
rather similar sediment characteristics but were
located at different depths (Table 1): 1) Stations 6
and 8 (148- and 195-m depth, respectively) had
highest percentages of clay and silt, lowest per
centages ofsand, and the highest organic carbon of
all stations; 2) Stations 22 and 15 (74 and 102 m)
had sandy sediments with low percentages of clay,
silt, and organic carbon; Station 22, however, was
almost entirely (99%) well-sorted beach sand; 3)

Stations 7 and 2 (100 and 190 m) had 60-70% sand
and intermediate percentages of clay and silt (12
22%) and organic carbon <0.6 and 1.0%). Station 2
had a thin overlying layer ofsilt that was absent at
Station 7 (Roush 1970); 4) Station 23 located at
102-m depth, about the same as Stations 7 and 15,
was intermediate in sediment texture and organic
carbon between stations 7 and 2 and 6 and 8. Thus,
stations were recognized with three different
types ofsediment at about 100 m and two different
types at 190-195 m. These sediment types agree
with three types recognized by Kulm et al. (1975)

for the continental shelfoff Oregon: 1) well-sorted
detrital sands (former beach sands) with a high
quartz content mainly on the inner shelf; 2) patchy
mud facies largely at midshelfdepths and concen
trated near large rivers; and 3) mixed sand and
mud between the sandy facies and the outer edge
of the shelf. Glauconite, the principal authigenic
constituent ofshelfsands, occurs around the rocky
outcrops such as Heceta Bank and along the outer
edge of the continental shelf.

Fishes were collected in beam trawls 3 m or 2.7
m wide and 76 em high at the same seven stations
on the central Oregon continental shelf(Figure 1).

This net has a small mesh size (I3-mm stretch
measure) and mouth opening and therefore
caught mainly small species and juveniles of most
commerical species. A total of 115 tows were made
on nine Cruises between August 1968 and August
1970. Trawls were made during daylight hours.
Each station was sampled during the four seasons
of each year. The trawl was streamed at a ship
speed of 3.7 kmlh (2 kn), and descended at 30 m
wire/min until a scope of 1:4 was achieved, towed
for about 15 min (mean, 16 min, SD 5.3), and then
retrieved at 30 m wire/min. Two beam trawl tows
were made at each station during each cruise with
standardized trawling procedures by the same
personnel.

An odometer wheel was mounted outside ofeach
skid to provide estimates of the distance trawled
over the bottom. Area sampled was calculated
from the circumference of the odometer wheels,
the number of revolutions recorded on odometer
counters, and the distance between the skids (see
Carey and Heyamoto 1972).

The two odometer readings for a tow were usu
ally similar. Where they differed, I used the high
est reading and assumed that slippage of the
wheel in sediments or jamming by sea pens, etc.
caused the low reading. Rigid stops were mounted
on the skid frame to prevent turning of the wheels
until they contacted the bottom.

The effectiveness of odometer wheels to esti
mate distance traversed by the beam trawl on the
bottom has been assessed by Carney and Carey.3
They recognized slippage of the wheels in the sed
iment and failure of the footrope to effectively tend
the bottom at all times as possible errors in
measuring actual areas sampled. For these

"Carney, R. S., and A. G. Carey, Jr. A report on the effective
ness ofmetering wheels for measurement of the area sampled by
beam trawls. Unpubl. manuscr., 17 p.
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reasons, catch per tow was used as a supplemen
tary estimate of abundance in addition to catch per
square meter derived from odometer readings.

All fishes were preserved with 10% buffered
Formalin4 at sea, and identified, measured (stan
dard length, SLl and weighed (wet preserved
weight) ashore.

RESULTS AND DISCUSSION

Fish Assemblages

The rank order of abundance of the 10 most
common species are shown in Table 2. Pacific
sanddab, Citharichthys sordidus, was the numeri
cal dominant at the four shallowest (74-102 m)
stations where it composed 25-86% of the total

4Reference to trade names does not imply endorsement by the
National Marine Fisheries Service. NOAA.
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number of fishes captured. At the three deepest
(148-195 m) stations, slender sole, Lyopsetta exilis,
ranked first in abundance where it composed
38-42% of the number of fishes collected. Rex sole,
Glyptocephalus zachirus, ranked second in abun
dance at all stations (except at Station 6 where it
was third). The high rank of rex sole at all stations
corroborates Hosie's 5 observation that rex sole is
probably the most widely distributed sole on the
continental shelf and upper slope off Oregon, oc
cupying a large bathymetric range with diverse
sediments. Dover sole, Microstomus pacificus,
ranked fourth at the four inshore stations and fifth
or sixth at the deeper stations.

Demory's (1971) study off northern Oregon and
southern Washington showed that these flatfishes
were most abundant at the following depths:

5Hosie, M. J. 1976. The rex sole. Inf. Rep. 76-2, Oreg. Dep.
Fish Wild\., 5 p.

TABLE 2.-Ranks of the 10 most numerically abundant fishes at each of the seven stations, and the presence
(+) of these species at other stations if they did not rank among the top 10. Absence of either a number or (+)

indicates that a species was not captured at that station.

Station

22 7 23 15 6 2 8
Item 74 m 100m 102 m 102 m 148 m 190 m 195 m

Citharichthys sordidus 1 1 1 1 6 .. 4
Glyptocephalus zachirus 2 2 2 2 3 2 2
Microstomus pacificus 4 4 4 4 5 6 6
Lyopsetta exilis 8 5 6 6 1 1 1
Lycodopsis pacificus + 3 3 10 2 8 3
Xeneretmus latifrons + " + 4 3 7
Cymatogaster aggregata 5 6 7 3 +
Parophrys vetulus 3 10 8 5 +
Sebastes juveniles 5 5
Eopsetta jordan! 6 9 + + + +
Sebastes cramer; 7 5 + 9 10 10
Asterotheca pentacanthus + + 4
Paroelinus rothrocki 8 9 + + 8
Thaleichthys paci/icus 9 + + + 7 +
Allosmerus e/angatus 7
Icelinus borealis 7
Mer/ueeius productus + + + 8 + +
Sebastes elongatus + + 9
Radulinus asprellus + + 8 +
Sebastes diploproa 9 +
Engraulis mordax + + 9 +
Eptatretus stoutii + + + 10 10 +
Microgadus proximus 10 + + + +
Citharichthys stigmaeus 10 +

Dominance and diverSity information

No. tows 15 15 16 15 17 18 16
No. fish 776 1,921 1,161 1,357 2,175 732 1,091
Percent of no. made up

by dominant sp. 86 45 25 53 41 38 42
No. spp. 19 25 24 24 34 35 34
Diversity (H e) 0.70 1.62 2.16 1.66 1.77 2.47 2.00

Number and biomass of fishes captured per square meter'

All species (no.ll 00 m') 1.7 4.0 30 2.4 4.0 1.4 1.6
(g/m') 1.2 2.2 1.4 1.1 2.0 0.9 1.2
(g/m' (TS)) 1.2 2.3 1.5 1.7 2.4 0.9 2.0

Dover sole (g/10 m') 0.2 5.1 3.7 1.4 3.0 2.6 2.8
Rex sale (gilD m') 2.2 3.2 2.0 2.4 2.3 0.2 2.0
Slender sole (g/1 0 m') <0.1 0.7 0.8 <0.1 5.2 0.8 2.5
Pacific sanddab (g/10 m') 9.8 5.8 2.3 6.6 0.6 <0.1 0.4

'Based on odometer readings and based on estimates of distance trawled from times and ship's speed (TS).
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Pacific sanddab, 37 to 90 m; slender sole, 90 to 183
m; small (.;180 mm TL) rex sole, 55 to 183 m; and
small (';180 mm TL) Dover sole, 55 to 150 m.
Therefore the stations sampled in my study were
not shallow enough to include all of the major
depth range inhabited by Pacific sanddab, rex sole,
or Dover sole. Furthermore, large Dover and rex
soles are known to be distributed in deeper waters
of the upper continental slope off Oregon (Demory
1971; Hosie see footnote 5; Demory6), regions un
sampled in this study.

The ranks of the dominant species as well as the
presence of other species implies a shallow water
(74-102 m) and a deepwater (148-195 m) as
semblage of fishes. Cymatogaster aggregata and
Parophrys vetulus ranked within the top 10
species at the shallowest Stations 22,7,23, and 15
but not at deep Stations 6, 2, and 8 where they
were usually absent. Xeneretmus latifrons and
Sebastes juveniles, on the other hand, were only
abundant at the deep stations.

Similarity among the stations was calculated as

s
~ PliP2i

SIMI = _i=_1 _

where S is the number of species present at both
stations; P Ii is the proportion ofthe ith species at
one station; P 2i is the proportion of the ith species
at a second station; and (Sd 1 ) (Sd 2) is the product
of the square roots of estimators of Simpson's di
versity index for Stations 1 and 2. This measure of
similarity was used because it is analogous to a
correlation coefficient, relates closely to Simpson's
measure of concentration, and has maximum and
minimum values of 1 and 0 (McIntire and Moore
1977).

Two assemblages of fishes, a deep and a shallow
one, were evident based on high similarity in the
species composition among the three deepest sta
tions (2, 6, 8) and among three of the four shallow
stations (15, 22, 7) (Table 3). Similarity between
stations of each of these two groups varied from
0.85 to 0.95. Station 23, another station at about
100 m (like Stations 7 and 15) also had a fairly
high similarity with the other shallow water sta
tions. It was similar to Station 7 (0.92 m) but less
similar to Stations 15 and 22 (0.77 and 0.65 m).
The benthic environment of Station 23 differed

~Demo7' R. L. 1975. The Dover sale. Oreg. Dep. Fish
WIld!. In . Rep. 75-4, 4 p.

TABLE 3.-Indices of similarity (SIMI) for the species composi-
tion of fishes among each of the seven stations. Stations are
arranged by depth.

Station

Station 22 7 15 23 6

Shallow:
22
7 086

15 0.94 0.93
23 0.65 0.92 0.77

Deep:
6 0.05 0.33 0.14 0.57
2 0.04 0.26 013 0.38 0.85
8 0.18 0.45 0.29 0.58 0.91 0.95

from the other three shallow stations in that it had
more than twice the percentage of clay and silt
found at Station 22, 7, or 15, where sand was the
major sediment component.

Ba&ed on sediment composition two of the three
station pairs were very similar (Table 3); Stations
22 and 15 (SIMI = 0.94), and Stations 6 and 8
(SIMI = 0.911. Stations 7 and 2, another station
pair, at 100 and 190 m, had a similarity of only
0.26. This disparity may be explained by the thin
layer of silt overlying a predominantly sandy sed
iment at Station 2. For epifaunal organisms the
sediment type at this station may have been more
similar to that at Stations 6 and 8 than any other
stations. This may explain why Station 2 is so
similar in species composition to Stations 6 and 8.
However Station 7 showed high similarity (0.92
0.93) with Stations 15 and 23, stations with differ
ent sediment types but both at the same depth.
Thus clear separation of the effects of depth and
sediment was not always possible. Nevertheless
the most consistent and obvious assemblages were
correlated with depth. Stations of different sedi
ment types had high similarity within the shallow
water assemblage.

These results agree with those of Day and
Pearcy (1968) who studied the distribution of de
mersal fishes from 40 to 1,829 m along a transect
just north of Heceta Bank. They delineated a
species association at depths of 42-73 m on sandy
sediments with Pacific sanddab as the dominant
species and an association at 119-199 m on silty
sand sediments where slender sole predominated.
Because the same species associations sometimes
were found on different sediment types, they felt
that factors other than sediment texture may gov
ern the distribution of fish assemblages.

Diversity

The number of species of fishes collected was

633



highest (34-35) at the deep stations, intermediate
(24-25) at the 100-m stations and lowest (19) at the
shallow station (Table 2Bl. Species diversity cal
culated by the information function (Shannon and
Weaver 1963):

varied between 0.7 and 2.5 at the seven stations.
Diversity was lowest at the shallow, sand station
where sanddab composed 86% of the catch. Diver
sity was highest at Station 2, which had the
largest number of species, and next highest at
Station 23, where the dominant species composed
only 23% of the total number of fishes. Since the
number of species was similar among the three
100-102 m stations or the three deep (148-195 m)
stations, differences in diversity within these two
groups are due to variations in the evenness of the
proportions of the various species.

The values of diversity are similar to those
found by others for demersal fish communities.
Margalef (1968) reported that diversity (H) ofbot
tom fishes trawled off the Spanish Mediterranean
ranged from 1.0 to 2.4. Haedrich and Haedrich
(1974) calculated H = 0.7-1.7 for demersal fishes
of Block Island Sound [from the data of Merriman
and Warfel (1948) and Richards (1963)], and
H = 1.6-1.8 for bottom fishes on the continental
slope off southern New England. Haedrich et a1.
(1975) give a value for H of 1.9 for 141-285 m on
the continental slope south of New England.

Biomass Estimates

Based on odometer estimates of distance
trawled, numbers varied from 1.4 to 4.0/100 m 2 ,

and biomass ranged from 0.9 to 2.2 g m- 2 (Table
2). Estimates of the biomass of fishes based on
ships's speed (3,700 m h -1), average trawling times
on the bottom (16 min) and the width of the beam
trawl are in agreement with the estimates that
used odometer readings.

The biomass of the four common flatfishes at
each station shows that the Pacific sanddab com
posed nearly all the biomass at Station 22 and also
had the largest biomass at Stations 7 and 15.
Dover sole predominated in catches at Stations 23,
2, and 8, and slender sole was the dominant fish at
Station 6. These trends are similar to those noted
earlier for species numbers (Table 2).

Catches of demersal fishes with the small beam
trawl at these seven stations are low compared
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with other estimates made with commercial-sized
otter trawls off Oregon and Washington. On the
basis of surveys using an otter trawl with a 23-m
footrope with g.g-cm mesh (estimated to have a
9-m horizontal and a 1.5-m vertical mouth open
ing), Demory and Hosie7 calculated that the aver
age biomass of fishes on the continental shelf of
Oregon was 19 g m-2 in 1971-72 and 16 g m-2 in
1973-74. Barss et al.B employed similar methods to
estimate a standing stock of trawlable fishes on
the continental shelf and upper slope (18-549 m) of
Washington of about 15 g m-2 . In both of these
studies, a large portion of the catch consisted of
rockfishes, Sebastes spp., Pacific hake, Merluccius
productus, other roundfishes, skates, and other
elasmobranchs. The average biomass of flatfishes,
the type of fishes that their trawl was designed to
catch, was 5.7 and 5.4 g m -2 for 1971-72 and
1973-74, respectively, offOregon and 9.0 and 7.5 g
m-2 for 1975 and 1976 off Washington. Alverson
et al. (1964), also using large otter trawls (28-m
footrope) with large (ll-cm) mesh, provided data
from which a biomass of 8.0 g m- 2 for demersal
fish and 3.1 g m-2 for flatfishes can be estimated
for the continental shelf of Oregon and
Washington. Our estimates are also low compared
with the values given by Oviatt and Nixon (1973)
for New England waters.

Although all these values are approximations
dependent on the accuracy of estimates of actual
distance trawled and the effective mouth area, the
otter trawl catches are several times larger than
my beam trawl estimates. Nektobenthic fishes,
such as hake and rockfishes, as weI! as large de
mersal flatfishes and skates are poorly sampled
with the beam trawl because they are not avail
able to the net or they avoid the trawl (see also Day
and Pearcy 1968). Thus, retention of smaI! species
of fishes and juveniles oflarge species by the beam
trawl, fishes that may escape through the meshes
ofthe larger nets, do not compensate for fishes that
avoid the beam trawl or nektobenthic species that
range above the bottom.

Kuipers (1975) estimated that the catch ef
ficiency of a 2-m beam trawl decreased exponen
tially with increasing length of plaice,
Pleuronectes platessa, from approximately 100%

7Demory, R. L., and M. J. Hosie. 1975. Resource surveys on
the continental shelf of Oregon. Fish Comm. Oreg., Annu.
Rep., 9 p.

8Barss, W. H., R. L. Demory, and N. Ten Eyck. 1977. Ma
rine resource surveys on the continental shelfand upper slope off
Washington, 1975-76. Oreg. Dep. Fish Wildl. Rep., 34 p.
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for plaice under 7 em to 15-30% for plaice over 15
em. Riley and Corlett (1965) and Edwards and
Steele (1968) estimated catch efficiencies of 57o/c
and <45% for O-group plaice in 2-m and 4-m beam
trawls, respectively. In this study, the 3-m beam
trawl caught about one-fourth the biomass of
flatfishes per square meter caught by Demory and
Hosie (see footnote 7) off Oregon, indicating a low
catch efficiency.

The length-frequency distributions of Pacific
sanddab and rex sole caught in the beam trawl are
compared in Figure 2 with those caught in two
larger otter trawls with large-sized mesh by Dem
ory and Robinson9 off Oregon. The small-meshed
beam trawl retained appreciably smaller indi
viduals than the otter trawls, verifying that it was
most effective in capturing small flatfishes and
that large fishes effectively a voided this small net.

The disparity between the estimates of abun
dance by otter trawls and the beam trawl may be
magnified by the effects of otter doors, bridles, and
towing cables. The bridles from the otter doors to
the net (sweeplines and dandy lines) in combina
tion with the wake from the doors can herd fishes
into the net from a wide area in front of the trawl,
thereby increasing the effective mouth opening
(Loverich10). Thus the abundance estimates cited

9Demory,R. L., andJ. G. Robinson. 1973. Resource surveys
on the continental shelf off Oregon. Fish. Comm. Oreg., Annu.
Rep., 18 p.

,oLoverich, G. 1975. Trawl nets evaluated by expert.
Fisherman's News, Sept. 1975 and pers. commun.
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FIGURE 2.-Comparison of length·frequency distributions of (A)
rex sole and (B) Pacific sanddab captured in the beam trawl (BTl
with 13-mm mesh with those captured by Demory and Robinson
(see footnote g) in 3'h·in (8g·mm) mesh and 2'h-in (64-mm) mesh
otter trawls on the continental shelfoffOregon in 1971 and 1972.

above that are based on the horizontal spread of
otter trawl nets are probably too large. The towing
cable of the beam trawl, on the other hand, drags
on the bottom immediately in front of the trawl
and therefore may frighten fishes away from the
net tow path. Size-dependent responses offishes to
the bottom disturbances created by trawl doors,
bridles, and cables may contribute to the differ
ences found in size of fishes captured by the two
types of trawls. Large fishes, with better swim
ming capabilities, may be herded more effectively
by otter trawl bridles than small fishes. Large
fishes may also rapidly swim away from the tow
ing cable of the beam trawl.

Environmental Effects

An analysis of variance, using a linear model
with depth as a continuous variable and sediment,
season, and year as indicator variables, was com
pleted on the un transformed data for numbers and
weight of fishes per square meter and numbers
and weight per tow. Sediment was classified as
four types based on the percent of sand (2-4, 28,
63-69, 84-99%). Trawls were combined into two
seasons, October-April (winter), and May
September (summer). Levels of significance,
P<0.05 and P<O.Ol, are shown in Table 4. Be
cause of the large number oftests, only effects with
P<O.Ol are considered significant, although
P<0.05 are shown to provide indications of possi
ble trends. Effects with P<0.05will only be dis
cussed if they reinforce an effect of P <0.01, or if
two effects of P <0.05 were found in the same
species-effect category.

Sediment Effects

The number and biomass of slender sole caught
per tow appeared to be affected by sediment type
(Table 4). This is curious because this species is
primarily a pelagic feeder (Pearcy and Hancock
1978). Largest catches per tow were made at sta
tions with high percentages of clay and silt, and
lowest catches occurred on sandy sediments.
Based on sediment types (and stations), catches of
slender sole ranked as follows: 2-3% sand (6-8)
>63-69% sand (2-7) >28% sand (23) >84-99%
sand (22-15) (see also Table 2). The same trend
with sediments is indicated (P <0.05) for slender
sole weight per square meter, but because catches
per square meter were more variable or mean dif
ferences were less, differences were not significant
at P<O.Ol.
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TABLE 4.-Results of an analysis of variance (ANOVA) of the numbers and weights of fishes caught per square meter or
per tow'; * indicates P<O.05; ** P<O.Ol. R2 (coefficients of determination) values are given below.

All species Rex sale Dover sale Slender sale Pacific sanddab

~ ~. ~. ~. ~ ~. ~. M ~ ~.--- ---
Item dfm2T~m2fuwm2fuwm2Towm2T~m2Towm2Towm2T~m2Towm2Tow

Year 2
Sediments 3
Seasons 1
Sediment . season 3
Depth 1
Depth season 1
Error 95
Total 106
R' (tow) 0.18 0.20 0.23 0.16 0.17 0.16 0.36 0.33 0.28 0.34
R' (m') 0.39 051 047 040 046 043 0.24 0.28 0.36 0.37

lAn ANOVA using a square root transformation for the data on all spe.cies combined per tow and per square meter gave similar ~ignificanceeffects.
The ANOVA was unbalanced because of unequal numbers of observations per station. season. depth. etc. Effects were tested uSing the extra sum of
squares principle (Searle 1971).

The biomass of Pacific sanddab, on the other
hand, showed opposite trends (P<0.05) and was
large on sandy sediments and small on silt or clay
sediments (see also Day and Pearcy 1968; Barss et
al. see footnote 8>. Since the effect of sediment was
not significant for total fish catch by numbers or
weight sandy stations with low percent organic
carbon, apparently did not support a markedly
lower abundance of demersal fishes (Table 2). Al
though adult Dover sole show a strong preference
for mud or silt bottom (Barss et al. see footnote 8;
Demory see footnote 6), this trend was not appar
ent for the small Dover sole caught inshore of
Heceta Bank in this study.

A sediment-season effect was indicated for slen
der sale. They were caught in larger numbers per
tow and weight per square meter (P<0.05) at the
stations with a low percentage of sand (6-8) in the
winter than the summer.

Depth Effects

The slope of the regression between depth and
number and weight per tow of Pacific sanddab was
significant (P <0.01) and negative. Catches per
square meter on a number and weight basis gave
the same trends (P <0.05), Sanddab were most
abundant in shallow water. Weight of rex sole per
square meter and per tow and total fish numbers
and weight per tow also tended to decrease
(P<O.05) with depth.

Depth-season interactions were significant on a
square meter basis for all species combined
(number and weight) and for numbers of rex and
Dover soles. These effects were caused by appreci
ably larger catches in deep water in winter than
summer. Seasonal differences were small in shal
low water. This trend for lower catches on the

636

outer edge of the continental shelfduring summer
than winter was obvious for Pacific sanddab. They
were completely absent from the deep stations (2,
6, 8) during the summer but were present at all
stations during winter. Seasonal bathymetric
migrations, with spawning migrations into deep
water in the winter and return to relatively shal
low depths in the summer, have been described for
Dover sole and rex sole by Hagerman (1952),
Harry (1956), Alverson (1960), and Demory
(1971). Such movements could explain these
depth-season effects.

Seasons

No significant seasonal differences were de
tected, indicating little seasonal variation in
catches of these species when all stations are com
bined.

Year Effect

On the basis of numbers and weight per square
meter and per tow, more fishes were captured in
1969 and 1968 than in 1970 at all stations iFigure
3), This trend was significant (P <0.01) for all
species combined and for rex sole, Dover sole, and
Pacific sanddab. Year effects were also indicated
for slender sole (P<0.05L I have no cogent expla
nation for these large annual variations. They
could represent actual variations in abundance or
availability, due to natural events or increased
fishing activity, or to undetected changes in sam
pling efficiency. Dominant year classes have been
reported for these flatfishes off Oregon (Demory
and Robinson see footnote 9), which may contri
bute to these annual differences, though changes
in length-frequency distributions were not obvi
ous over this 2-yr period.
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FIGURE 3.-Variations in the total num
bers of fishes caught at each of the seven
stations, 1968-71. The two tows at each
station for each sampling period were av
eraged.
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and 195-m depth there was a distinct bimodal dis
tribution with peaks at 45 and 215 mm (Figure 4).
These differences imply that young-of-the-year

FIGURE 4.-Length-frequency data for rex sole at 100-102 m
stations (above) and 190-195 m stations (below).

Size-Frequency Distributions

Differences in length-frequency distributions
were sometimes obvious among the stations lo
cated at different depths or sediment types. For
example, the main length mode of rex sole at the
100- and 102-m stations was 125 mm, but at 190-

The amount of variability explained by the re
gression (R2) of all effects on catches ranged from
0.16 to 0.51 (Table 4). Values were larger for the
analysis based on catches per square meter than
catches per tow, except for slender sole. These low
values indicate that most of the variability was
not accounted for by the variables of sediment,
depth, year, and season. Large residual mean
squares indicate that sampling variability as
sociated with catches at individual stations is ap
preciable. Oviatt and Nixon (1973) completed a
multiple regression analysis of biomass and num
bers of benthic fishes in Narragansett Bay, R.I.,
with 14 environmental variables. Depth and sed
iment organic content contributed significantly to
the regression for total fish numbers and fish
biomass. But an R2 of only 0.21 was found. In both
of these studies, only a small fraction of the total
variability was explained by the environmental
factors included.
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ous seasons of the year during a 2-yr period. A
fine-meshed, 3-m beam trawl was used in order to
quantitatively sample small flatfishes. The sta
tions ranged from 74 to 195 m deep and had sedi
ment types ranging from nearly 100% sand to
clayey-silts with about 3% sand.

2. Stations were selected in an attempt to sepa
rate the effects of depth and sediment on the as
semblages of fishes and abundances of common
species. Three station-pairs were recognized that
had similar sediment types but were located at
different depths. Separation of sediment and
depth effects was complicated however by differ
ences in measured (and possibly unmeasured) fac
tors between station pairs.

3. Two general assemblages of fishes were re
cognized on the basis of species composition of
fishes by numbers, biomass per square meter of
dominant species, and similarity indices among
the seven stations. These were a shallow water
(74-102 m) assemblage dominated numerically by
Pacific sanddab, and a deepwater (148-195 m) as
semblage dominated by slender sole.

4. Species diversity (Hl varied between 1.6 and
2.5 except at the shallow, sand station where it
was only 0.7. Dominance was pronounced at this
station: 86'1f of all the individual fishes captured
were Pacific sanddab. The largest number of spe
cies (34 or 35) was recorded for the three deep
stations. These values of H are similar to others
for temperate, demersal fish communities.

5. Similarity indices of the species composition
offishes were high for two of the three station pairs
with similar sediments. However, indices were
also high among the four shallow stations ofdiffer
ing sediment types. Stations that were near each
other geographically were similar, indicating the
possibility of a proximity effect, but high similar
ity was also found among deep stations, one of
which was over 65 km from the others.

6. An analysis of variance of the number and
weight per square meter and per tow ofDover , rex,
and slender soles, Pacific sanddab, and all species
combined indicates some effects of sediments and
depth. Largest catches of slender sole were at the
clayey-silt station pair, and largest catches of
Pacific sanddab were on sandy sediments. Catches
of Pacific sanddab were significantly larger at the
shallow stations. Catches of rex sole and all
species combined also tended to decrease with in
creasing depth.

7. Differences in the length-frequency distribu
tions of Pacific sanddab and rex sole were corre-
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SUMMARY

1. Demersal fishes were sampled at seven sta
tions on Oregon's central continental shelfat vari-

~
W 0 t-==-,------,,----,------,,----=,,,,,,,,r---'Ii:!
w
ll.

«50 mm) and age-groups 111-V (200-250 mm) rex
sole (see Hosie and Horton 1977 for age-length
data) preferentially inhabit deep waters on the
outer edge of the continental shelf while inter
mediate sizes (75-150 mm) inhabit shallower wat
ers of the inner shelf. The peak of young-of-the
year rex sole at 200 m corroborates the conclusion
of Pearcy et al. (1977) about the depth of larval
settlement and the nursery ground for early
benthic life. They concluded that rex sole larvae
settle to the bottom mainly on the outer continen
tal shelfduring the winter when they are >50 mm
SL. Powles and Kohler (1970) and Markle (1975)
believed that the nursery grounds of Giyptocepha
ius cynogiossus are also in deep waters off the east
coast of the United States.

Small Pacific sanddab «70 mm) composed a
larger proportion ofthe catch at 102 m where sand
was 28% of the sediment (Station 23) than at 74
and 102 m where sand made up over 64% of the
sediment (Stations 22, 15) (Figure 5). Young
sanddab appear to inhabit deeper water with finer
sediments in early life and then aggregate on
sandy bottom areas in shallow water where they
often dominate the demersal fish fauna. Hence,
this trend of decreasing depth with increasing age
is similar to that found for rex sole.

FIGURE 5.-Length-frequency data for Pacific sanddab at sta
tions with 84-99% sand (above) and 28% sand (below),
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lated with depth or sediment type. Small sanddab
predominated on the silty-sand station, whereas
large sanddab preferred sandy sediments.
Young-of-the-year rex sole were concentrated on
the outer edge of the continental shelf( 190-195 m).

8. Catches were sometimes larger in the winter
than the summer, especially at the deep stations.
This trend, which was noted for all four flatfishes
and for all species combined, is probably the result
of seasonal bathymetric movements.

9. A pronounced decrease in the catches of most
species and total catch per square meter occurred
during the 2 yr of this study. Reasons for this
decline are unknown.

10. The biomass of benthic fishes ranged from
0.9 to 2.4 g m -2 at the seven stations. Biomass was
not appreciably lower at the pure sand stations,
which had about 0.1% organic carbon in the sedi
ment. This is related to the fact that the Pacific
sanddab, the predominant species at this station,
is a pelagic feeder (see Pearcy and Hancock 1978).

11. The weight of fishes per square meter
caught in the 3-m beam trawl was several times
lower than that estimated from larger otter trawls
with coarser meshes. Although the beam trawl
caught many small flatfishes, large fishes and
nektobenthic species effectively avoided this
small beam trawl, resulting in low biomass esti
mates.
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