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Factors influencing the selection of food by Dover sole were

investigated by analyzing stomach contents of fish and serially

sectioned box core samples for benthic invertebrates. Samples were

taken in two areas of high Dover sole abundance on the central

Oregon continental shelf (SG 29: 119 m, SG 10: 426 m) in July, 1976.

Thirty-five principal prey taxa (taxa occurring in at least 10% of

stomachs containing food) were identified from fish sampled at 119 m.

Twenty-five principal taxa were found at 426 m. Relative abundances

of prey taxa in stomachs and box core samples were compared using

the Ivlev index of electivity for each principal taxon and chi square

tests.

At both locations, polychaetes and ophiuroids were more

important than molluscs and crustaceans as food in terms of fre-

quency of occurrence, weight and numbers. Polychaetes and ophiu-

roids were generally positively selected at both locations, i.e., they
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were more common in fish stomachs than in box core samples.

Molluscs were generally negatively selected at both locations.

Crustaceans were positively selected at 426 in, and were consumed

non-selectively at 119 in. The box core samples may, however,

underestimate crustaceans and hence give artificially higher values

of electivity.

An iterative chi-square test, based on differences in frequency

of occurrence of prey items consumed by predators belonging to

different length intervals, was used to determine the dependency of

diet on fish size. Fish were divided into two size groups (feeding

stanzas) which differed significantly in frequency of occurrence of a

prey species. Significant changes in occurrence with fish size

occurred for 27 of the principal prey taxa at 119 in and five of the

principal prey taxa at 426 in. These changes indicate that composi-

tion of fish diet varies with size.

Electivity indices for prey species which increased in frequency

with increased fish size were compared between feeding stanzas for

each prey. The larger the fish size at which frequency of a prey

increased, the larger the increase in electivity across the interval.

This implies increased selectivity by larger sized predators.

Body size of a prey taxon was positively correlated with fish

length at which frequency of that prey increased: larger fish con-

sumed large sized prey. However, successful capture of prey also



appeared to vary with size of predator: the mean depth of a prey

taxon within the sediment was positively correlated with the fish

length where a significant increase in prey frequency occurred. It

may be energetically advantageous for larger fish to extract a few

large prey from below two cm in the sediment as opposed to con-

sulning many small superficially occurring prey. Alternatively,

small fish may by physically unable to extract prey from deep within

the sediment.

Few size-related changes in diet were found at SC 10. Environ-

mental abundance of a preferred taxon, polychaetes, was lower at

SG 10 than SG 29, Therefore, Dover sole may change its feeding

strategy from a specialized predator whose feeding habits vary with

its body size to more of a generalist consuming more types of pre-

ferred prey regardless of prey size. Because vertical distribution

of prey within the sediment at SG 10 was shallower than at SG 29,

the advantage afforded large fish in removing deeply buried prey

may be eliminated.
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FEEDING SELECTIVITY OF THE DOVER SOLE
(Mic rostomus pac ifi.cus Lockington) OFF OREGON

INTRODUCTION

The understanding of trophic relationships within a community

is built on the understanding of the trophic roles of the community's

component species. In this study the community of interest is a deep

water continental shelf community off Oregon, and the component fis.h

species of interest is the Dover sole (Microstomuspacificus Locking-

ton). The objectives of this study are (1) to describe the food habits

of the Dover sole in an area of an active commercial fishery for this

species off Oregon, (2) to determine f the species is a selective

feeder, and (3) to determine how feeding habits are related to location

of fish capture, size of fish, and size and depth of prey in the sediment.

The Dover sole has been found from Northern Baja, California.,

to the Bering Sea, and from depths of 1100 m to the surface (Hart,

1973). Off Oregon, most Dover sole are found at depths greater than

100 ru on mud bottoms (Dernory et al., 1976). During the summer,

females are found at depths greater than 200 m, while males are

often found at depths of approximately 400 m (Demory, 1975). In the

winter, females join the males in deeper water to spawn (Westrheim

and Morgan, 1963). Most spawning occurs from December to

February (Hagerman, 1952). Larvae hatch approximately four



months after spawning. They have been found 50-110 km offshore

and remain pelagic for up to a year. They metamorphose at standard

lengths of 30-50 mm, when they settle on the outer continental shelf

and slope, usu.allyin January. and February of the year after they

were spawned (Pearcy et al. , 1977). They then move inshore in May

to depths. of 20-100 m (Demory, 1971). Larvae may delay metamor-

phosis and ett1ing if the.y are unable to find suitable bottom: large

(greater than 50 mm SL) larvae are found in the water column year-

round (Pearcy et al. , 1977). By age III, Dover sole off California

attain lengths of approximately 28 cm, after which females begin to

grow faster than males. Females off California reach maturity at

approximately 45 cm, males at 39 cm (Hagerman, 1952). The Dover

sole produces relatively few, large eggs when compared with other

Oregon pleuronectids (Pearcy et al. , 1977).

Dover sole make the largest contribution to total biomass of

flatfishes found off the coast of Oregon (Deniory et al. , 1976). Yet

the published literature on the trophic role of this species in deep-

water continental shelf assemblages is sparse: Hagerman (1952)

lists "stnaU bivalves,. .. scap,hopods, ... sipunculids, polychaetes

(Nereis sp.),.. . nernatodes, echinoids (sea urchins), ophiuroids

(brittle stars),.. . gastropods (Thais sp. ), . . [ and] at times,.

shrimp and other crustacean forms" as principal food sources off

California. Pearcy and Vanderploeg (1973) also list general



3

taxonomic groups preyed upon by the iJover sole off Oregon. Pearcy

and Hancock (in press), in a more detailed study, include a list of

35 common polychaete species or taxa., seven crustacean speciesor

taxa, nine molluscan species or taxa, and two echinoderm taxa from

Dover sole collected on the central Oregon continental shelf.

Although selectivity has long been considered an important

aspect in resource partitioning within and among species, few studies

have included a survey of available food items on which to base and

compare feeding habit descriptions of benthic fishes. Early work by

Steven (1930) described prey available and consumed by English

Channel demersal fishes. Later work by Jones (1952) related the

Cumberland coast bottom fauna and food of flatfishes. More

recently, Arntz (1977) has described the benthic food web of the

Western Baltic, including food selection by the two most common

demersal fish species found there (the cod, Gadus morhua; and the

dab, Limanda limanda). Levings (1974) investigated seasonal chan.ges

in feeding and particle selection by winter flounder (Pseudopleuro-

nectes americanus). Moore and Moore (1976) studied various factors

influencing the selection of food by the flounder, Platichthys flesus.

In North Pacific demersal communities, however, even the

qualitative aspects of selectivity and the role of selectivity in trophic

dynamics have yet to be estimated. This study will attempt to begin

this task.



METHODS AND MATERIALS

Sampling Program

Samples were taken on the central continental shelf off Oregon

on. June 20-24, 1976 during a cruise on R. V. Wecoma and on June

25-29, 1976 on the R. V. Cayuse. Two stations were selected for

sampling demersal fishes and benthic invertebrates (Fig. 1). These

locations were chosen because groundfish surveys by the Oregon

Department of Fish and Wildlife (Demory et al. , 1976) and logbook

catch statistics from the commercial fleet (Tyler, pers. comm. )

showed high concentrations of Dover sole at these areas. Moreover,

previous studies of sediment type and invertebrate fauna had been

completed near these stations (Bertrand, 1971; Gunther, 1972).

Station SG 29 (440 05. O'N, 124 35.0' W) was. located in Heceta

Swale, the region east of Heceta Bank. The mean sampling depth at

this station was 119 m; the sediment is silty sand (Maloney, 1965).

Station SC 10 (43° 49.3'N, 124° 50.O'W) was. located south of Heceta

Bank. The mean sampling depth was 426 m. The sediment is

glauconitic sand; however, sediment distribution is patchy in this

area (Bertrand, 1971). Additional site description is included in a

following section, Biology of Invertebrates.

The sampling scheme was designed to reduce large scale

spatial and temporal variability. Fishes and benthic invertebrates
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were sampled over a limited area and time interval (SG 29: 41. 16

km2., 44 hours; SG 10: 34.21 km2, 27 hours). At the center of the

station, a series of box cores was made to sample benthic infauna.

An epibenthic sled was used to sample epifauna at SG 29. During the

same sampling interval, beam trawl tows were made in the immedi-

ate area to sample Dover sole. Due to changing wind directions and

bottom topography, the tows were not regularly spaced over the area.

(Track lines are shown in Appendix I.)

The samplers chosen to measure abundance of infauna were two

box corers: a 0. 1 m2 Bourna box corer (Bouma, 1959) and a modified

0.25 rn2 Hessler-USNEL box corer (Hessler and Juniars, 1974). Box

corers provide the largest, deepest, and least disturbed sample of

consistent surface area when compared with other commonly used

sediment samplers (Word, 1976). The Hessler-IJSNEL box corer, a

redesign of Hessler and Jumars' 1974 version of a 0.25 m2 box corer,

is designed to reduce pressure waves which often blow away small

surface invertebrates before corer impact. In less than 45 minutes

of retrieval of the core, core samplers were extruded in 0. 1 m2

boxes and sectioned at 1 cm intervals for the first. 10 cm, 2 cm

intervals for the next 10 cm, and 4 cm intervals for the remainder of

the core. These sections were then washed onto a 1 mm aperture

sieve screen, This screen size allows meiobenthos and smaller

macrobenthos to pass through, but this fraction. of the infauna was
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assumed not to be important in the diets of juvenile and adult fishes.

The washed samples were preserved in 10% formaldehyde,

inadvertently unbuffe red,

Epifaunal samples were collected with a modified Woods Hole

Oceanographic Institute Epibenthic Sled (Hessler and Sanders, 1967).

The mesh size of the net used on the sampler was approximately

1. 0 mm. The sled was equipped with a timer-activated closing

device to prevent washing of the sample as the sampler was being

retrieved (Dickinson, 1977). Because biomass of epifaunal crusta-

ceans appeared insignificant in the diet of the Dover sole after initial

observations, the epibenthic sled samples were not used in this

study.

A beam trawl with an effective trawling width of 2. 72 n-i (Carey

and Heyomoto, 1972) and 3. 8 cm stretched mesh lined with 1. 3 cm

mesh netting was used to sample Dover sole. The trawl was towed

at three knots for 30 minutes per haul at SG 29, and 20 minutes at

SG 10, Odometer wheels were used to estimate distance towed on

bottom. Although area sampled can be calculated more accurately

with a beam than an otter trawl, the accuracy of odometer wheels

has been questioned (Carney, 1977; Carney and Carey, unpubl. ms.).

Moreover, large fishes may readily avoid the small beam trawl

(Pearcy, in press). All fishes and most invertebrates from beam

trawl tows were preserved in 20% (unbuffered) formaldehyde as soon



as possible after the trawl was brought aboard. The body cavity of

flatfishes longer than 12 cm and roundfishes were slit to allow rapid

formaldehyde penetration into the coelorn.

A total of four 0. 1 m2 box cores, eight 0.25 m2 box cores, four

epibenthic sled hauls and 15 successful beam trawl tows were made

at SG 29. At SG 10, nine 0. 1 m2 box cores and 10 successful beam

trawl tows were made. Epibenthic sled hauls were omitted at this

station, since beam trawl tows showed the bottom thickly covered

with ophiuroids.

Laboratory Methods

Invertebrates taken from box cores were transferred to 70%

isopropyl alcohol. Samples were sorted into major taxa., and

identified to species whenever possible.

Dover sole were measured (standard length), and heads and

digestive tracts (stomach and intestine) were removed and transferred

to 70% isopropyl alcohol. One hundred ninety-two stomachs from

SG 29 and 66 stomachs from SG 10 were processed.

Stomach contents were washed into Petri dishes for sorting

into phyla, and identified to species whenever possible. Lengths of

food items were measured as an estimate of volume for a prey

species. Ophiuroids occurred often as pieces. A single measure-

ment of ophiuroid volume per stomach was made in this case. Most
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of the stomach contents were recognizable at the class or order

level. Criteria for identification of imperfect specimens at family

or genus level are included in Appendix U.

State of digestion of each prey item was recorded by taxono-

mists (K. Jefferts, M. Richardson, J. Dickinson, the author) as

prey condition of good, fair, or poor. Stomach fullness was esti-

mated from prey numbers and sizes for a given sized predator.

Dry weights of prey items were estimated using conversion

factors. Shells were removed from molluscs before drying. Massive

paleal setae were removed from the polychaete Pectinaria californi-

sis. Posterior scutes were removed from the polychaete Ste rnaspis

fossor, Polychaetes were cleaned of tubes and debris as thoroughly

as possible. Individual prey items of known lengths were combined

to produce a more easily weighed sample, were dried for 36 hours at

65 O c, and weighed using a Cahn electrobalance. For large prey

items, a Mettler balance was used. In the case of polychaetes,

aplacophorans, and scaphopods the total weight was divided by the

total of lengths to produce a mg/cm conversion factor. In the case

of T1non-cylindricai" polychaetes (Sternaspis fossor), gastropods,

pelecypods, amphipods and cumaceans; samples of different sized

individuals were weighed, and a regression curve fitted to the re-

suiting set of length-weight points. For each prey taxon, a minimum

of 10% of the organisms consumed or 20 individuals (whichever was
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less) was dried and weighed. Conversion factors are included in

Appendix III. A large degree of confidence should notbe invested in

these conversion factors; although material qf the best condition

was chosen, the specimens were subject to preservation in formalde-

hyde and alcohol before weighing, as well as preliminary digestion

before preservation. Formaldehyde and particularly alcohol are

known to leach out organic materials from biological specimens and

to reduce the weight of the organisms (Thorson, 1957; Howmiller,

1972). One must also assume that the random sample selected for

weighing was representative of the entire taxon. However, these

estimations should be adequate for estimating the relative importance

of prey taxa biomass within orders of magnitude for fish from a
4

small area and over a small period of time.

Data were processed using .the CDC 3300 and CDC CYBER

computer systems of Oregon State University. Computer programs

were written by Dr. A. V. Tyler or the author.
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RESULTS

Biology of Invertebrates SampLed 1

SG 29 is at 119 rn depth; the sediment is silty sand (Maloney,

1965). One hundred and fifty-four diiferent species ortaxa were

identified in the 19 cores taken at this station (Table 1). An overall

density of 1352 individuals/rn2 was found. Polychaetes were most

abundant numerically, contributing 66% of the total numbers.

Molluscs were the second most abundant (29% of the numerical, total),

followed by crustaceans (5%), echinoderrns (0.1%) and other mis-

ceUaneous taxa (0.2%). The molluscs were primarily represented

by pelecypods, and secondarily by scaphopods and gastropods.. Most

of the crustacea sampled were amphipods, or secondarily-, cumaceans.

However, the box corer is not an effective sampler of epifaunal

crustaceans (Word, 1976).

The single most abundant species was the pelecypod AdorLtor-

hina cyclia (Table 2), followed by the polychaete taxori Maldanidae..

Other especially abundant taxa among polychaetes included Myriochele

oculata and Dec amastus gracilts. Numerically common moLluscan

taxa included the pelecypod .Axinopsida serricata and the scaphopod

Dentalium rectius, and secondarily Macon-ia carlottensis and

elimata. Eduorella pacifica was the most abundant curnacean;

Heterophoxus oculatus was the most abundant arnphipod.

1Data for this section provided by Marine Benthic Ecology Group.



Table 1. Composition of Box Core Samples by Major Taxa.

Percentage Percentage
SC 29 Composition Sc 10 CompositiOn Bertrand, 1971

Depth 119 m 426 in

Number of cores 19 8

(0.063 n12 effective
sampling area)

Number of species 154 97

Number of individuals/rn2 1352.5 (n= 1619) 1476.2 (n=744) [343J*

Number of polychaetes/n12 886.4 (66. 5%) 396.8 (26. 9%) [30. 1%]

(2nd % of total numerical
abundance)

Number of molluscs/ni2 338.5 (28.7%) 928.6 (62. 9%)

Pelecypods 296.6 (21.9%) 861.1 (58. 3%) [59.2%]

Gastropods 14.2 (1.0) 7.9 (0.5) [1.2]
Scaphopods 66.0 (4.9) 45.6 (3.1) (1.2]
Aplacophorans 8.4 (10.6) 13.9 (0.9) (0]

Other 3.3 (0.2)

Numberofcmstacea/m2 73.5 (5.4%) 61.5 (4.2%) [4.4%]

Amphipods 45.9 (3.4%) - 45.6 (3. 1%)

Cumaceans 25.9 (1.9) 15.9 (1. 1)

Other 1.7 (0.1)

Number of echinodernisf in2 0. 8 (<. 1%) 51.6 (3. 5%) [2. 3%]

Ophiuroids 0.8 ((. 1%) 47.6 3. 2%)

Number of miscellaneous 3. 3 (0.2%) 9. 6 (2. 0%) [0 9%]

*Square brackets indicate values found by Bertrand (1971) for the same location.
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Table 2. SG 29: Numerical Abundance and Depth of Invertebrates in Box Core Samples

Numerical
Abundance

Mean Depth
in Sedhnent

cm

Standard
Deviation

cm
Range

cm

Polychaeta

Maldanidae 138 4, 31 2.89 0-18
Myriochele oculata 133 1.91 1.69 0-18
Decamastus gracilis 94 6. 15 2.87 0-18
piochaetopteruscostaruni 50 8.05 5.71 0-28

Lu2nbrtheris latreiljj 49 4. 10 2.75 0-18
Spiophanes berkeleyorum 4 2.52 1.85 0-8
Aricidea neosuecica 43 2.92 1.45 0-6
Rhodinebirtorguata 43 3,53 3.69 0-24
'4yriochele heeri 27 1,87 1.50 0-6
Ninoe gennnea 27 6.41 2.56 2-18

yceracapitata 26 6.02 2.66 1-16

Lumbrineris sp. 23 4.72 3. 17 0-14
Aricidea ramosa 22 4.22 1.80 1-10
Sternaspis fossor 20 4.15 1.87 0-8
TerebeUidesstroemjj 20 4. 47 3.81 0-16
Nothriairidescens 19 4.03 1.84 0-7
Prionospio malmgreni 18 2.88 2.45 0-9

18 7.23 3.75 0-16
Cossurasp. 13 6.31 2.36 3-12

Heteroxnastijs filobrauchus 13 7. 88 3.58 2-16
Pista cristata 13 4. 65 2.64 0-10
Tharyx inonilaris 13 S. 63 2.89 2-12
Polydora neocardalia 11 10. 27 5.40 1-20
Magelona longicornis 10 72 2.44 4-10
Bradavillosa 8 5.62 1.55 3-9
Aricidea sp. 1 7 3.78 1.80 1-7

Laonicecirrata 7 9. 14 3.98 4-16
Lumbrineris liniacola 7 7. 14 4.71 3-18
Lunibrineris 7 3.21 1.50 1-6
Aricideasp. 2 6 4.00 1.76 1-6
Neteis sp. 1 6 15.42 8.52 1-28
Polydora ociaiis 6 0.67 0 41
Tauberia oculata 6 4.83 1.03 3-7

Antionellamacroiepida 5 4.10 3.43 1-10

Apistobranchus omatns 5 1.90 1.34 0-4
Nepthys comuta franciscanum 5 1 90 1.94 0-5
Euchonehancocki 4 2.25 2.36 0-6
G1ycinde, 4 5.12 5.31 1-14

Glycinde sp. 1 4 8.75 8.09 0-20
Maldaneglebifex 4 2.00 1.29 0-4
Mediomastus califomiensis 4 4.50 2.83 0-7
Melinna cristata 4 2. 75 2.06 0-5
Pectinaria californiensis 4 5.25 2.75 2-9



Table 2 (Continued)

Numerical Mean Depth Standard
abundance in Sediment Deviation

cm

Harmothoe sp. 1 3 9.50
Nephthys ferruginea 3 2. 50
Onuphis sp. 1 3 3. 83

Oweniacollaris 3 0.83
Paaprionospiopnata 3 2.50
Pherusa papillata 3 0.50
Tharyx niultifilis 3 5. 50
Eunoe sp. 2 9.75
Goniadabrunnea 2 14.00
Maldane sarsi 2 1. 5
Nephtys punctata 2 9. 75
Notomastus hemipodus 2 15. 0
Podarkeopsisbrevipalpa 2 7.0
Polydorasp. 2 18.0

fi1icornis 2 3.5
yphosy11is aciculata 2 2.0

Amaenaoccidentalis 1 20-24
flperfecta 1 2-3

Ampharete acutifrons 1 4-5
Anaitides groenlandica 1 2-3

itides sp. 1 1 0-1
Anaitides sp. I 0-1
Anobothru gracilis 1 0-1
Aricidea sp. 3 1 3-4
Artacama conferi 1 2-3
Asabellides lineata 1 2-3
Asychissp. 1 1 0-1
Cirrophorus aciculatus 1 4-5
Eunoe depressa 1 4-5
Exogene lourei 1 2-3
Glycera branchipoda 1 8-9
Glycinde polygnatha 1 4-5
ip1osco1opIos elongatus 1 5-6
Lunibrineris bicirrata 1 5-6
Lunibrineris lagunae 1 3-4
Minuspio cirrifera 1 6-7
Pholoe lnjnuta 1 0-1
Pistafasciata 1 4-5

1 5-6
Polycirrus perplexus 1 1-2

ydorabrachycepha1a 1 16-18
Praxietla affinis pacifica 1 3-4
Schistomeringos annulata 1 4-5
Tharyx ap. 1 1 01
Tharyx tesselata 1 4-5
Travisia foetida 1 20-24

cm

8.35
2.0
2.52
0.58
2.0
0
2.64

13.08
4.24
0

10.25
5.66
0,71
1.41
4.24
0.71

Range
crri

0-18
0-s
1-7
0-2
0-5
0_I
3-9
0-20

10-18
1-2
2-18

10-20
6-8

16-20
0-6
1-3

13a
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Table 2. (Continued)

Numerical MeanDepth Standard
Abundance in Sediment Deviation Range

cm cm cm

Crustacea

Cumacea Eudorella pacifica 29 1.81 2.07 0-9
Diastylis parapinulosa 1 0. 5 0 0-1

Diasty1isp1ucida 1 0. 5 0 0-1

Ainphipoda: Heterophoxus oculatus 17 3.97 4. 12 0-18

Ampelisca macrocephala 11 1.41 1.44 0-6
Protomedeiaprudens 6 1.17 1.21 0-4
Westwoodilla caecula 5 0.2 0.27
Bathymedon pumilis 3 0. 83 0.58 0-2

Lisfriella aThina 2 3.5 0 34
Listriella goleta 2 1.5 1.4 0-3

Photis sp. 2 0.5 0 0-1
Ampelisca hancocki 1 1. 5 0 1-2

Ainpelisca sp. 1 1. 5 0 0-1

Pardaliscefla yaguina 1 13.0 0 12-14

Photis brevipes 1 0. 5 0 0-1
Photjs conchicola 1 3.5 0 3-4
Pleusymtes coguilla 1 6. 5 0 6-7

ynche1idium shoexnakeri 1 0.0 0 0

Decapoda 2 4.0 4.95 0-8

Moflusca

Pelecypoda: (unidentified) 9 3. 78 3.68 0-15

Adontorhina cyclia 156 1.41 1.25 0-18

Axinopsida serricata 80 1. 63 1.31 0-7

Macoma carlottensis 51 2. 94 2.53 0-12

Macoma elimata 20 3.07 2.74 0-14
Huxleyia munita 15 1.57 1.22 0-6

Macoma sp. 8 1.0 1.07 0-4

Odostemia sp. 3 0. 5 0 0-1

Ada castrensis 2 2.0 2. 1 0-4

Compsomyax subdiapheta 2 1.0 0.70 0-2
Thyasiragouldii 2 2.0 0.70 1-3
Cardiomya oldroydi 1 0.5 0 0.-i

Macoina moesta alaskana 1 3. 5 0 3-4

Nuculana sp. 1 5. 5 0 5-6

Adontorhinasp. 1 3.5 0 3-4

Thracia curta 1 4. 5 0 4-5
Yoldiaspp. 2 6.5 0 6-7

Castropoda: (unidentified) 6 2.67 147 1-5
Polinices pal].idus 4 2.50 2. 16 0-6
Propebela fidicula 3 1. 5 1.73 0-4
Mitrella gouldii 2 3. S 4.24 0-7
Plicifusus sp. 1 1 5 0 1-2
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Table 2. (Continued)

Numerical MeanDepth Standard
Abundance in Sediment Deviation Range

cm cm cm

Trophon p. 1 0. 5 0 0-1
Cylicima attonsa 4 0. 75 0. S 0-2

Scaphopoda: (unidentified) 11 6. 64 2.63 2-12
Dentalium rectius 68 4. 87 2.02 0-9

Aplacophora: 10 6.35 3.70 2-12

Misc eli an eous

Ophiuroidea 1 3.5 0 3-4
Echiuroidea 1 0.5 0 0-1
Phoronida 2 2.5 0 2-3
Syphozoa 1 1.5 0 1-2
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Table 2 also. includes the mean depth in the core at which. the

taxon was found, the standard deviation of this mean, and the total

depth range over which the taxon was found. Large variability in

vertical distribution is reflected by the size of the standard deviation

as well as the range.

SG 10, a station at 426 m of glauconite sand sediments, had

been sampled on previous cruises (Bertrand, 1971). In this survey,

97 species or taxa were identified in the eight cores taken (Table 1).

The density of individuals/rn2 was higher at this station than SG 29:

1476/rn2 (vs 1352/rn2), and molluscs were more abundant than poly-

chaetes. Polychaetes comprised 27% of the numerical abundance;

molluscs comprised 63%. The increased density relative to SG 29

was due primarily to an increase in the number of pelecypods. The

number of ophiuroids and members of miscellaneous taxa was.larger

at SG 10. A high ophiuroid density was most dramatically reflected

by beam trawl contents; the cod-end would fill with ophiuroids in

many hauls.

The three most abundant species were pelecypods: Crenella

decussata, Huxleyia munita, and Odontogena borealis (Table 3).

Also abundant among molluscs was the scaphopod. Dentalium dalli.

Among polychaetes, the three most abundant taxa were Mediornastus

californiensis, the Maldanidae, and .Aricidea neosuecica. Other

taxa., along with the mean depth of o.ccurrence of the taxon in the



15

core are included in Table 3.

This survey showed a higher density of individuals/rn2 than

Bertrand's (1971) study: 14Th/rn2 vs. 343/rn2. However, the

relative abundance of the major taxa are quite similar (Table 1). The

difference may be explained by the samplers used. Penetration depth

of a box corer is considerably deeper than the Smith McIntyre grab

used by Bertrand. Box core samples would therefore contain greater

numbers of animals/rn2 (Smith and Howard, 1972). Bertrand's

samples were also taken at a mean water depth 34 m deeper than the

mean depth for this study. Alternatively, the variation may be due

to annual or seasonal effects. The similarity in relative abundances

of major taxa does indicate that the difference is not due to patches

of high density of single taxa. Four of the most abundant molluscan

and echinoderm species were common to the two surveys: H.

munita, C. decussata, 0. borealis, and Ophiu.ra sarsii. Several

other genera and less common species also occurred in both

samples.

Pearcy and Hancock (in press) have observed a direct relation-

ship between average polychaete biomass at a station and average

IDover sole biomass at that location. The relationship appears to at

least exist qualitatively in this study as well. At SG 29, 221 Dover

sole were caught per approximately 56897 m2 trawled, or 39 fish per

104m2. Polychaete density at SG 29 was estimated at 886.4
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Table 3. SC 10: Numerical Abundance and Depth of Invertebrates in Box Core Samples

Numerical MeanDepth Standard
Abundance in Sediment Deviation Range

cm cm cm

Polych aeta

Mediomastus californiensis 43 3. 15 1.28 0-7
Maldanidae 26 2.38 1.63 0-8.5
Aricidea neosuecica 20 2.95 2.74 0-6
Glycera capitata 10 4.8 2.06 2-10
Terebellides sfroelnii 10 2.0 2.07 0-8
Terebellidae 9 2.83 1.41 0-5
Amparetidae 7 1.64 0.69 0-3
Myriochele heeri 7 1.64 0.90 0-3
Myriocheleoculata 7 1.21 0.75 0-3
.Artacama conferi 5 2.50 3.39 0-9
Phyllochaetopterus lirnicolus 5 3.9 2. 61 2-9
Nothnia ividescens 4 3. 25 0.5 2-4
Pectinariaca 4 1.75 0.5 1-3
Sternaspis fossor 4 3. 5 2.58 0-7
Decamastus gracilis 3 4.5 2.0 2-7
Pholoeminuta 3 2.83 1.52 1-5
Glycinde sp. 1 2 2.5 1.41 1-4
Laonice cin'ata 2 1. 5 0 1-2
Praxiella affinis pacifica 2 1.5 0 1-2
Spionidae 2 4.0 0.7 3-5
Streblosoma crassibranchia 2 2.5 1.41 1-4
Apistobranchus ornatus 1 5. 5 0 5-6
Aricideasp. 1 1 0.5 0 0-1.

Axiothelia rubrocincta 1 1.5 0 1-2
Brada pleuribranchiata 1 0. 5 0 04
Chaetozone gracilis 1 3. 5 0 34
Cossura sp. 1 3. 5 0 3-4
Glycinde sp. 1 2.5 0 2-3
Glyphanostornum pallescens 1 0.5 0 0-1
Ilyphagus sp. 1 0. 5 0 0-1
Lumbrineris sp. 1 1 3.5 0 3-4
Lumbrineris sp. 1 1.5 0 1-2
Maldane glebifex 1 4.5 0 4-5
Minusplo cirrifera 1 2.5 0 2-3
Nephtyspunctata 1 11.0 0 10-12

Ophelina acuminata 1 4.5 0 4-5
Pectinaria californiensis 1 2.5 0 2-3
Pilargis berlceleyae 1 4. 5 0 4-5
Pod arkeopsis breyipalpa 1 3. 5 0 34
Saxnytha sexcirrata 1 0.5 0 01
Scalibregina inflatuxn 1 2. 5 0 2-3
Tauberia oculata 1 3.5 0 34
Tharyx monilaris 1 4.5 0 45
Travisia brevis 1 7. 5 0 7-8
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Table 3. (Continued)

Numerical Mean Depth Standard
Abundance in Sediment Deviation Range

cm cm cm

Crustacea

Amphipoda: Harpiniopsis excavata 4 2.0 1.73 0-5
Heterophoxus ocu1tus 3 2. 17 0.58 1-3
Oediceropis elsula 3 1.5 0 1-2
Pardaliscefla yaguina 3 1.33 1.53 0-4
Ampelisca macrocephala 2 1.5 0 1-2
Byblis thyabilis 2 4. 5 4.24 1-8
Liljeborgiacota 2 2.5 1.41 1...4

Byblisveleronis 1 1.5 0 1-2
Hippomedontenax 1 0. 5 0 0-1
Pardaliscella synimetrica 1 2.5 0 2-3
Lysianasidae 1 0.5 0 0-1

Cumacea: Diastylis umatillensis 5 0.5 0 0-1
Campylaspisglobosa 2 0.5 0 0-1
Canipylaspis rubromaculata 1 2. 5 0 2-3

Mollusca

Pelecypoda: (unidentified) 3 2. 83 3.21 0-7
Pelecypoda sp. 3 24 1.83 2.08 0-8
Pelecypoda sp. 5 9 0 94 0. 88 0-3
Crenella decussata 186 3. 26 2,65 0-19
Huxleyia munita 115 1.51 1.18 0-7
Odontogena borealis 73 1.49 1.88 0-10
Yoldia spp. 5 2. 5 3.39 0-9
Adontorhina cyclia 3 1. 17 1.15 0-3
Casthomya oldroydi 3 1.17 0.58 0-2
Nuculatenuis 3 2.17 2.08 0-5
Thyasira gouldil 3 2. 17 0.58 1-3
Maeoxnasp. 2 1.5 1.41 0-3
Axiuopsida erricata 1 0.5 0 0-1
Macoma moesta 1 2. 5 0 2-3
Macoma carlottensis 1 1. 5 0 1-2
Leiomyasp. 1 0.5 0 0-1
Tornburchus sp. 1 0.5 0 0-1

Gastropoda: (unidentified) 1 5.5 0 5-6
Gastropod sp. 4 1 1.5 0 1-2
Tuthonhlla aurantia 2 1.5 0 1-2
Solariellasp. 1 2.5 0 2-3

Scaphopoda:
Deiitalium dalli 23 0.80 0.47 0-2

Aplacophora: 7 1.93 1.51 0-4
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Table 3. (Continued)

Numerical
Abundance

Mean Depth
in Sediment

cm

Standard
Deviation

cm
Range

can

Echinoderan ata

Allocentrotus fragilis 2 0. 5 0 0-1
.Amphiodia urdca 1 4.5 0 4-.5

phiop1usmacraspis 3 7.83 2.08 5-10
Ophiura sarsii 18 0.83 0.69 0-3
Ophiuroidea 2 3. 5 2.83 1-6

Miscellaneous

Nematoda 10 1 9 0.52 1-3
Sipunculida 1 3. 5 0 3-4
Nemertinea 7 2.64 1.21 0-5
Enteropneusta 1 13.0 0 12-14

Li
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individuals per m2. .At SG 10, 114 fish were caught per approximately

49047 m2 trawled or 23 fish per iøm2. Polychaete density at SG 10

was estimated at 396. 8 individuals per ma.

Some biological characteristics of major invertebrate taxa are

summarized in Table 4. Among polychaetes, there are a variety of

feeding strategies, including surface and subsurface deposit feeding

as well as scavenging; and a variety of tube and burrow types. Taxa

are about evenly divided between surface and subsurface feeders.

The majority of the polychaete taxa are motile. Among molluscs,

feeding strategies include filter-feeding (Pelecypoda), burrowing

carnivory (Sc aphopoda), and burrowing deposit feeding (Apiac ophora).

All these taxa are capable of bu.rrowing. Among crustacea, few taxa

are tubed with the exception of some species of the ampeliscid

gammarid amphipods, according to Light1s Manual (1975). The

Melphidippidae are filter feeding amphipods which use antennae and

thoracic appendages while lying on their "backs" (Barnes, 1968).

The Ophiuroidea have been described by Barnes (1968) as capable of

filter feeding with arms, deposit feeding, and scavenging. Bottom

photographs (taken on previous cruises) show ophiuroid arms ex-

tended along the sediment surface, while the central disc remains

buried. The arms have been observed by divers to move slowly

over the sediment surface, presumably while feeding (Howard Jones,

pers. Comm.).



Table 4. Biological Chnracteristics of Selected Benthic Taxa.

Feeding
Locale Motility Tube Other

Polychaeta

Ampharetidae Si S thin tentaculate, deposit feeding
Apistobr anchidae: Apistobranchus ornatus S D loose burrow tentaculate, deposit feeding
Capitellidae: Decamartus gracili.s SS M loose burrow burrowing, deposit feeding
Cirratulidae: sp. S D or S loose burrow tentaculate
Cossuridae: Cossura sp. SS M none burrowing, deposit feeding
Glyceridae: Glycera sp. SS M none burrowing

Glycinde sp. SS M none burrowing
Lumbdneridae: Lumbrineris ap. SS M none burrowing, jawed (may be deposit feeding)

Ninoe gerrimea SS M none burrowing, jawed (may be deposit feeding)
Maldnidae SS S present burrowing, evenible proboscis
Nphtyidae: Nephtys sp. S M none burrowing, may be jawed
Onuphidae: Nothria sp. S S or D thin jawed, deposit feeding or scavenging
Opheliidae: Travisia sp. S M loose burrow burrowing
Oweniidae: Myriochele sp. ss S narrow burrowing, eversible proboscis
Paraouidae Aedicira antennata SS M none burrowing, deposit feeding

Aricidea rarnosa SS M none burrowing, deposit feeding
Paraonisilis SS M none burrowing, deposit feeding

Pectinaridae: Pectinana sp. SS M thin burrowing, deposit feeding
Phyllodocidae: Anaitides groenlandica S M none carnivorous, predatory
Sigalionidae S M none carnivorous, predatory
Spiomdae: Prionospio sp. S D loose tube tentaculate, deposit feeding

Spiophanes sp. S D sandy tentaculate, deposit feeding



Table 4. (Continued)

Feeding
Locale Motility Tube Other

Stemaspidae: Sternaspis fossor SS M none deposit
Terebe11idae Pista sp. S S thick mud tentaculate, deposit feeding

Terebellides stroemii S S present tentaculate, deposit feeding

Mollusca

Pelecypoda S D shelled filter-feeding
Scaphopoda S, SS B shelled tentaculate, burrowing carnivorous
Aplacophora SS D calcareous spicules burrowing, deposit feeding

Crustacea

Cumacea: Campylaspis sp. S M none burrowing (head exposed)
Eudorefla pacifica S lvi none burrowing (head exposed)

Amphipoda: Ampeliscidae S M partially inserted filter or deposit feeding
in mud bottom

Dexaminidae S M (present?)
Melphidippidae S M none filters with antennae, thoracic appendage
Phoxocephalidae S M none burrowing
Stenothoidae S M none
Synopiidae S M none

Ophiuroidea S D none filter, deposit, scavenging

Feeding locale: S = surface, SS = subsurface

Motility: M motile, B = c:scrtely motile, S sessile

Sources: Jumars and Fanchald, 1977 (P3lychaeta)
H. Jones, C. i1yard, K. Jefferts, pers. Comm. (Polychaeta)
C. Bilyard, pel-s. Comm. (Scaphopoda)
Barnes, 1968 (Cusnacea, A mphipoda, 0 phiuroidea, M ollusca)
Smith and Carlson, eds., 1975 (Amphipoda) I-
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At both stations there was no clear relation between body size

(as reflected by a weight conversion factor of mg/cm) and mean

depth at which the taxon was found in the sediment. Nor does this

relation seem to exist within a taxon (e. g., molluscs) or biological

type (e.g., burrowers) (Table 4, Figures 2-5).

In Figure 2, the mean depth of a taxon within the sediment is

plotted against an index of prey body size (mg/cm length) for taxa

which occurred at SG 29. These taxa included "linear" polychaetes.

In Figure 3, the mean depth of a taxon within the sediment is plotted

against the mean weight per individual for taxa in which body weight

is not a linear function of length, e, g. molluscs (SQ 9). Figures 4

and 5 contain analogous information from SG 10. None of these

figures reveal a clear relationship between body size and depth at

which a taxon is found in the sediment, although larger bodied taxa

were rarely found at depths shallower than 4cm at SG 29.

If a uniform burrowing reaction occurred in response to dis-

turbance by coring and slicing, one would expect small-bodied

organisms to appear closer to the surfate than large-bodied ones,

since retraction strength is often related to body size (Trueman and

.Ansell, 1969). This did not occur in the case of the polychaetes

sampled. One possible anomaly in distribution which may have

resulted from core processing occured inthe case of the scaphopods.

Members of this taxon are usually found near the surface, since a
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hole in the top of the shell must be exposed for water to circulate

through the mantle as part of the respiratory process (Barnes, 1968).

The mean depth of occurrence of scaphopoda at SC 29 was 5 cm below

the sediment surface: unless the organisms are extremely long Or

have adapted to low oxygen levels, this distribution may be an

artifact. Other similar artifacts may be uncovered for other taxa,

e.. g., burrowing clams.

Vertical distribution of infauna was generally shallower at

SG 1.0 than SG 29. The grand mean depth (mean of mean depth distri-

butions for al.l species) was significantly shallower at SO 10 than

SG 29 (z .- 4, 12, p < 0.01). The mean depth of species common to

both locations was usually shallower at SG 10. The differences were

usually not statistically significant, however, perhaps because sample

sizes at SG 10 were smaller.

Feeding Habits of Dover Sole

The diet of Dover sole taken at both stations near Heceta Bank

consisted primarily of ophiuroids and polychaetes, secondarily of

molluscs and crustaceans, and occasionally of members of various

other taxa, A relatively low percentage of empty stomachs was found

at both locations. At SO 29, 14 out of 202 stomachs, or 6.9%, were

empty. At SG 10, 8 out of 63 stomachs examined, or 12. 7%, were

empty. These values are generally lower than those found b.y Pearcy





Table 5. Estimation of Ash-free Diy Weights 8ased on Dry Weights; Conversion factors used for Estimations

Polychaeta

Ophiuroid ea

Mollusca

Crustac ea

SG 29
Percentage of Total Percentage of Total

Dry Weight Ash-free
Dry Weight

SG 10
Percentage of Total Percentage of Total

Dry Weight Ash-free
1

Dry Weight

22. 3% 42, 7% 3.6% 10. 5%

(2583.4mg) (2066.7mg) (268.1 mg) (214.5 mg)

70.8% 41.4% 94.6% 84.0%
(8204.3mg) (2001. 8 mg) (703S. 9 mg) (1716.8 mg)

6.0% 14.5% 1.0% 3.5%
(700.4mg) (700.4mg) (71.9mg) (71.9mg)

0,9% 1.5% 0.8% 2.1%
(l03.Omng) (72.2mg) (60.8mg) (42.5mg)

Polychaeta: Dry weight 0. 20 wet weight (Tyler, 1973)
Ash-free dry weight = 0. 16 wet weight (Richardson etal., 1977)
Ash-free dry weight = 0.80 dry weight

Ophiuroidea: Ash-free dry weight = 0.24 dry weight (Ruff, pers. cam.)
Mollusca: Compatible shell free estimates not available

Assume most ash-removed with shell
Ash-free dry weight = shell free dry weight

Crustacca: Dry weight 0. 20 wet weight (Tyler, 1973)
Ash-free dry weight = 0. 140 wet weight tØ, 041 (Richardson et aL., 1977)
Ash-free dry weight 0.70 dry weight
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taken at SG 29 and SG 10, respectively; and comprised 83. 6% and

55.. 9% of all prey items on a numerical basis (ophiuroids excluded).

Polychaetes were the second most important prey on a dry weight

basis after ophiuroids (SG 29, 22. 3%; SG 10, 3. 6%); after approxi-

mate conversion to ash-free dry weight, polychaetes were equal

(SG 2.9, 42. 7%) or second (SG 10, 10. 5%) in importance to ophiuroids.

(Table 5).

The three families which together contributed more than 45%

of the total polychaete dry weight were common to both stations: the

Glyceridae, Pectinaridae, and Terebellidae each represented at least

10% of the total polychaete dry weight. At SG 10., the Goniadidae also

accounted for more than 10% of dry weight (Table 6). When consider-

ed in terms of frequency of occurrence or numerical dominance, few

families were conistently important from station to station (Table 6).

This indicates significant differences in food habits between the two

stations. Members of the Paraonidae and Capitellidae occurred in

samples from both stations. Members of the Lumbrineridae,

Oweniidae, and Spionidae were found more frequently in samples

from SG 2.9 than SG 10. Nephtyd polychaetes were found more often

in samples from S.G 10 than SG 29 (Table 6).

In this study, species (Or taxa) which occurred in more than

10% of the stomachs were defined as principal prey. At SC 29, 27

polychaete species or taxa met this criterion, accounting for 91.4%



Table 6. Frequency of Occurrence of Polychaete Families in Dover sole, and Percentage Composition
of Poiychaetes Found in Stomachs on Numerical and Dry Weight Bases at SC 29 and SC 10

Fxni1y Percent Frequency Percentage of Percentage of

of Occurrence Numerical Total Total Dry Weight

__________________ of Polychaetes of Polychaetes
SC SC SC SG SC SG

29 10 29 10 29 10

Ampharetidae 19. 1% 34.3% 2.0% 8. 5% 1.5% 2. 5%
Apistobranchidae 18. 1 1.8 1. 3 0. 2 0. 1 0. 1
Arenicolidac 0.5 0.0 0. 1 0.0 < 0. 1 0. 1
Capitellidae 52.7 30.9 7.7 7.6 1.8 1.7
Cbaetopteridae 2.7 0.0 < 0.1 0.0 < 0.1 0.0
Cirratulidae 26. 1 18.2 2. 1 5.0 0.6 1. 6
Cossuridae 33.5 0.0 4.4 0.0 0.2 0. 0
Flabelligeridae 5.9 3.6 0. 4 0. 9 3.6 2.4
Clyceridae 43.6 18.2 3. 7 4. 0 11. 3 14. 1
Goniadidae 3. 2 14.5 0. 2 1. 2 0.8 6. 5
Lumbrineridae 81.4 23.6 19. 2 4. 3 4.5 1. 6

Magelonidae 6.4 5.5 0. 3 0.7 0.4 1. 0

Maldanidae 39.9 21.8 4. 3 4. 0 4.5 3. 2

N ephtyidae 34.6 60.0 3. 4 24. 6 0.5 2. 8
Nereidae 1.1 0,0 <0.1 0.0 <0.1 0.0
Onuphidae 13.8 3, 6 0.9 0.7 3.7 0. 5

Opheliidae 1.6 25.5 < 0. 1 5. 2 0.5 7.4
Orbinhidae 4. 3 0.0 0.2 0. 0 < 0. 1 0. 0
Oweniidae 56.9 14.5 8.8 1.7 0.8 0. 1

Paraonidae 78.7 45.5 24. 1 14.7 4.0 5.5
Pectinaricjae 11.7 18.2 1. 1 3. 1 20. 9 29.2
Phyllodocidae 17.0 7. 3 1. 1 2. 8 0. 1 0. 6

Polynoidae 0.5 0.0 < 0.1 0.0 <0.1 0.0
Sabellidae 0.5 3.6 < 0. 1 0.5 < 0. 1 0. 1
Sigalionidae 23.9 29.1 1.6 4. 0 0.3 2.6
Sphaerodoridae 0.5 0.0 < 0.1 0.0 < 0.1 0.0
Spionidae 51.6 9. 1 5. 9 1,4 4.7 1.4
Sternaspidae 32.4 5.5 2. 1 0. 9 12. 1 4. 5

Syllidae 6.9 7.3 0,3 0.7 <0.1 0.0
Terebellidae 31.9 16.4 3,8 3. 1 22.7 10.5
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of polychaetes numerically and 80. 8% of polychaete dry weight.

Table 7 lists the principal polychaete taxa and the frequency of

occurrence of the taxon, percentage of the total numerical abundance

of polychaetes and its percentage of the total dry weight of pol.y-

chaetes consumed. Species contributing substantially to total dry

weight included Pe ctinaria c aliforniensis (Pectinaridae), 13. 2%;

Pista disjuncta (Terebel1idae, 13. 0%; Glycera capi.tata (Glyceridae),

5.6%; and Sternaspis fossor (Sternaspidae), 5.2%. Frequency of

occurrence of these species ranged from 11. 6% (Pectinaria califor-

niensis) to 32.4% (Sternaspis fossor). Other species occurred more

frequently in higher numbers but lower biornass: Lumbrineris

latreilli occurred more frequently than any other prey species at

this station (79.3% of stomachs), and represented the greatest

abundance of a single species, accounting for 15. 3% of the total

numerical abundance of all prey species observed at this station..

Yet this species accounted for only 3. 8% of the total dry weight.

In the same category were Aedicira antennata and Aricidea ramosa,

both belonging to the Paraonidae. These polychaetes occurred in

61. 7% and 56.4% of the stomachs, respectively; represented 8.9%

and 8.4% of the total numerical abundance; and contributed only

2. 7% and 1. 1% of the total dry weight, respectively. Dec amastus

gracilis (Capitellidae) occurred in 52. 7% of stomachs, as 6.5%

of the numerical total, and as 1. 7% of the total weight.
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Table 7. SC 29 Prey Composition by Principal Prey Taxon, Polychaeta

Species or Taxon Percent
Frequency of
Occurrence

Percentage of Percentage of
Numerical Total Total Dry Weight
of Polychaetes of Polychaetes

Lumbrineris latreilli (Lumbrineridae) 79.3% 18.3% 5.0%
Aedicira antennata (Paraonidae) 61.7 10.6 3.6
Aricidea ramosa (Paraonidae) 56. 4 10. 1 1.4
Decamastus gracilis (Capitellidae) 52.7 7.6 2.3
Myriocheleoculata (Oweniidae) 46.3 6.0 0.7
Maldanidae 37.2 3.8 4.3
Sternaspis fossor (Sternaspidae) 32.4 2. 1 6.8
Cossura sp. (Cossuridae) 335 4 3 0.3

(Nephtyidae) 29. 3 3. 1 0.3
Paraonis raci1is (Paraonidae) 28.7 2.6 0.2
Glycera capitata (Glyceridae) 26. 6 2.0 7. 3

Myriochele heeri (Oweniidae) 25.0 2.2 0.3
Sigalionidae 23. 9 1.6 0.2
G1ycindepcta (Glyceridae) 22.9 1.6 1.9

Prionospio sp. (Spionidae) 22.8 1.6 0.7
Pista disjuncta (Terebellidae) 22.3 2.8 17.0

Spiophanes berkeleyorum (Spionida) 18. 1 1. 8 0. 6

Apistobranthus ornatns (Apistobrancbidae) 18. 1 1. 3 0. 2

Tharyx sp. (Cirratulidae) 16.5 1. 3 0. 3

Ampharetidae 14.9 1.6 0.5

Anaitides groenlandica (Phyllodocidae) 13. 3 0.7 0. 1

NothriaeleganOnuphidae) 12.8 0.8 3.9

Pectinaria californiensis (Pectjnarjdae) 11.6 1. 1 17. 3

Terebellides stroemii (Teiebellidae) 10.6 0.7 4.8
Spioanes sp. (Spionidae) 10. 6 1. 3 0. 1

Ninoe geuimea(Liimbrineridae) 10.1 0.5 0.7
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These high abundance-low biornass species are all sub-surface

deposit feeders, without tubes, some inhabiting loose burrows (D.

gracilis), or figalleriest! of burrows (L. latreilli). (See Jumars and

Fauchald, 1977 and Table 4). Less important tubeless taxa included

Cossura sp. (Cossuridae), Nephtys sp. (Nephtyidae), and Parsonis

gracilis (Paraonidae). All occurred frequently (33.5-28.7%) and

contributed between 2.2-3.6% of the numerical total but 0.2-0.1% of

the total dry weight.

The frequency of occurrence of some tube-dwelling polychaetes

was also high. Myriochele oculata was numerically important. It

occurred in 46. 3% of stomachs as 5.0% of the numerical total and

0.5% of dry weight total. The Maldanidae were present in 37.2% of

stomachs as 3.2% of the numerical total, and 3.3% of the total

weight. Both these taxa are tubed, and feed below the surface

(Jurnars and Fauchald, 1977). The remaining principal polychaetes

contributed less than 1.5% each to the numerical total, and most con-

tributed less than 0.5% to the total dry weight (although occurring in

greater than 10% of the stomachs). The exceptions included

Glycinde picta (Glyceridae) (1.4% of total dry weight), Nothria

elegans (Onuphidae) (3. 0%) and Terebellides stroemii (Terebeliidae)

(3.7%),

At SO 10, Pectinaria californiensis was again the most

important species on a weight basis (14. 6% of the total dry weight,
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ophiuroids excluded), occurring at low frequency (18.2%) and in low

numbers (1. 7%) of the numerical total of food items (Table 8). Also

important on a biotnass basis was Travisia foetida (Opheliidae). con-

tributing 5.4% of the total dry weight, 2. 7% of the total numerical

abundance, and occurring in 25. 5% of fish. Glycinde picta (Glyceri-

dae), although not occurring often (16. 3% of stomachs), contributed

3. 5% of the total dry weight (and 1. 3% of the nurne rical total). The

most frequently occurring and numerically most abundant taxa. again

were tubeless polychaetes of low combined biornass: Nephtys sp.

(Nephtyidae), Aedicira antennata (Paraonidae), and Decamastus

gracilis (Capitellidae). At this station, Nephtys sp. was the most

frequently occurring species (60. 6%) instead of Lumbrineris latreilli.

Aedicira antennata occurred often enough (40. 0%) to contribute 4. 3%

of the total dry weight (as well as 7. 3% of the numerical total).

Decamastus gracilis was the third most frequently

occurring (30. 0%) and third most abundant polychaete numerically

(4.0% of the total number of items) but only two polychaete species

contributed less to the total dry weight. The contribution by a taxon

to numerical abundance was generally greater than the contribution

to total biomass consumed for the remaining principal polychaete

taxa.

The relative importance of molluscs and crustaceans in the diet

appeared to vary with location, although the importance of both taxa



Table 8. Sc 10: Prey Composition by Principal Prey Taon, Polychaeta

Species or Taxon Percent Percentage of Percentage of
Frequency of Numerical Total Total Dry Weight
Occurrence of Polychaetes of P1ychaetes

Neplity p. (Nephtyidae) 60.3% 24. 1% 3.2%

Aedicira antennata (Paraonidae) 40.0 13.0 6.5

Decamastus gracilis (Capitellidae) 30.9 7, 2 1. 8

Sigaionidae 29.1 3.9 2. 0

Ampharetidae 28.6 6. 3 2. 2

Travisia foetida (Opheliidae) 25. S 4. 9 8. 1

Lumbrineris latreilli (Luinbrineridae) 23. 6 3.9 0.9

Pectinaria californiensis (Pectinaridae) 18.2 3.0 21.8

Maldanidae 18.2 3.5 2.7

clycindepicta(Glyceridae} 16.3 2.3 4.6

Tharyx multifilis(Cirratulidae) 10.7 2.1 0.4
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with respect to polychaetes Or ophiuroids was low. At SO 10,

crustaceans occurred more frequently than molluscs, and represented

a larger proportion of individual prey than molluscs, On a weight

basis, however, molluscs were slightly more important.

Within the Mollusca, pelecypods were the most important

moilusc consumed at both locations. Scaphopods and aplacophorans

were about equal in importance in the diet at both locations. Gastro-

pods were second in importance after pelecypods at SG 10., but less

important than scaphopods and aplacophorans at SG 2.9. The taxono-

mic composition of molluscs consumed is shown in Tables 9 and 10.

Identifiable pelecypods consumed at SG 29 consisted primarily of

Macorna sp. which dominated the pelecypods on a biomass basis, and

'A -type" pele cypods (Axinopsid.a s e r nc ata, .Adontorhina cyclia,

Thyasira sp.) which dominated the pelecypods numerically. Identi-

fiable pelecypods eaten at SG 10 consisted of Crenella decussata,

Huxleyia munita, and Odontogena borealis. The high biomass of

non-principal pelecypods at SO 10 was contributed by three large

specimens of Yoldiella ap. Pteropods also occurred in some

stomachs at SO 10. Scaphopods and aplacophorans occurred at

frequencies greater than 10% at both stations (Tables 9, 10).

Within the crustacea, amphipods were most important on the

basis of frequency of occurrence, numbers and weight, followed b.y

cumaceans and miscellaneous crustaceans (Tables 11, 12). The



Table 9. SC 29 Prey Composition by Family and Principal Prey Taxon, Mollusca

Taxon

All gasfropoda

All pelecypoda

Non'principal pelecypod taxa

Unid. pelecypoda

Macoma sp.

"A-type pelecypods

S caphopod a

Aplacophora

Percent Frequency Percentage of Numerical Percentage of Total
01 Occurrence Total of Molluscs Dry Weight

of Molluscs

8.0% 4.5% 5. 3°/i

61.2 79.5 84.6

9.6% 6.5% 11.6%

49.5 19.9 20.0

25.5 17.6 51.1

38.3 35.5 1.9

12,2 7.5 5.7

16.9 8.1 3.7

Ui



Table 10. SC 10: Prey Composition by Family and Principal Prey Taxon Mollusca

Taxon Percent Frequency Percentage of Numerical Percentage of Total
of Occurrence Total of Molluscs Dry Weight

of Molluscs

All gasn'opoda 20. 0% 14.8% 27. 9%

Non-principal gastropod taxa 16. 4 7. 8 16.9

Thecosomata 10.7 6.9 11.0

All pelecypoda S0.9 64 3 54. 2

Non-principal pelecypod taxa 7. 3 3.5 33.9

Odontogena borealis 12. S 6. 9 1.3

Hux leyia nlunita 12. S 9. 6 2. 1

Crenella decussata 17.9 21.7 4.2

lJnid. pelecypoda 28. 6 22. 6 12.6

Scaphopoda 16.4 9.6 9. 5

Aplacophora 14.5 11. 3 8. 5
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category of miscellaneous crustaceans included copepods, ostracods,

mysids, shrimps, and euphausilds. The large weight for this group.

was from a few large mysids, shrimps, and euphausiids. The

principal cumacean and amphipod species for stations SG 29 and

SG 10 are listed in Tables 11 and 12 along with the percent frequenc.y

of occurrence, percentage of numerical total of crustaceans and

percentage of dry weight total of crustaceans contributed by each

t axon.

Miscellaneous taxa which occurred rarely included the Entero-

pneusta, Nematoda, Holothuroidea, Echi.noide a, For aminifer a,

Pennatulacea, and Nemertea.

In summary, Dover sole in this region fed most often on

polychaetes, although a surprisingly large proportion of the diet con-

sisted of ophiuroids. The largest proportion of polychaete biomass

consumed was derived from Pectinaria californiensis and members of

the families Glyceridae, Terebellidae, Sternaspidae (SG 29 only), and

Goniadidae (SC 10 only). Most frequently consumed polychaete

species were generally smaller bodied (see weight conversion

section), including lumbrinerid (primarily at SC 29), nephtyd (pri-

manly at SG 10), paraonid, and capitellid polychaetes. Molluscs

and crustaceans were subordinate to polychaetes and ophiuroids in

importance. Pelecypods were the most frequently consumed

molluscs, constituting most of the mollusc biomass eaten. Among
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Table ii, SC 29 Prey Composition by Major Taxonomic Group and Principal Prey Taxon, Crustacea

Taxon Percent Frequency Percentage of Numerical Percentage of Total
of Occurrence Total of Crustacea Dry Weight of

Crustacea

Miscellaneous Crustacea 15. 3% 11. 8% 59.2%
Ostracoda 0.5 0.4 < 0. 1
Copepoda 5.8 5.1 < 0.1
Malacostroca: Minor

Peracarida 2.1 1.5 2.7
Malacostraca: Eucarida 6.9 4.8 56.4

Cumacea 26, 6 25.0 10. 1
Eudorella pacifica 22.9 21.7 9. 1
Non-principal Cuniacea 5, 3 3. 3 1.0

Amphipoda 48. 9 62. 9 30. 6
Ampeliscidae 10. 1 7. 7 6. 6
Aoridae 1. 1 0.7 < 0. 1
Argisseridae 0.5 0.4 < 0. 1
Corophidae 0.5 0.4 <0.1
Isaeidae 6.9 4.8 0.9
Lilj eborgiidae 0.5 0.4 < 0. 1
Oedicerotidae 74 5, 1 1.6
Pardaliscidae 1.6 1.1 0.2
Phoxacephalidae 33. 0 34. 5 19. 8

Harpiniopsis excavata 16.5 15.8 9.9
Harpiniens 12. 8 11.8 3. 1

Other Phoxocephalidae 8. 5 7.0 6.8
Pleustidae 0.5 0.4 < 0. 1
Podoceridae 0,5 0.4 < 0. 1
Stenothoidae 3.2 4.0 0. 6
Synopiidae 0.5 0.4 0, 7

Caprellidae 1.6 1. 1 0. 1
Unidentified 2.6 1.8 (pieces)
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Table 12. SC 10 Prey Composition by Major Taxonornic Group and Principal Prey Taxon, Crustacea

Taxon Percent Frequency Percentage of Numerical Percentage of Total
of Occurrence Total of rustacea Dry Weight of

Crustace a

Miscellaneous Crustacea 18. 2% 7. 5% 24, 0
OsU'acoda 1.8 0,5 < 0. 1
Malacostr acaMinor

Pericarida 10.9 4.0 4.4
Malacostraca:Eucarida 1.8 3.0 19.6

Cumacea 47. 3 20, 4 29, 8
CampylaspisE 32.1 10.4 11. 1

CampylaspisF 10.1 3.0 2.9
Non-principal Cumacea 20,0 7.0 15.7

Amphipoda 76.4 72. 1 46. 4
Ampeliscidae 20.0 17.9 17.4

Axnpelisca
macrocephala 16. 1 8.4 8.5

Other Ampeliscidae 16.4 9.4 8.8
Aoridae 1.8 2,5 0.4
Dexaminldac 12,7 5.0 1. 1

)examonlca raducans 10.7 4.5 1,0
Other Dexanilnldae 18 0.5 0, 1

Euilrldae 5.4 1.5 0 2
Ipaeld*e 3,6 1,5 0.6
Lepechlnellldae 1.8 0.5 < 0. 1

Liljeborglldae 7.3 2.0 1.0
Lylanusldae 10.9 6.5 2. 6

Melphldlppldae 25.0 8.4 7.6
Me1phldIpp amorlta 25.0 8. 4 7,6

Oedlcerotidae 1,4 4.0 1. 1
Pardallscfdae 1,4 1.0 0. 1

Phoxocephalldae 14. 5 4 S 4. 0

Stenothoidae 18.2 6.0 0.2
16.1 5.0 0.1

Other Stenothoida 1. 8 1. 0 < 0. 1

Stegocephalldac 1.8 0.5 < 0. 1
Synopftdae 18.2 6.5 8. 9

Nicipe tumida 16. 1 5,5 8.7
Other Synopildac , 6 1.0 0. 1

Caprellidac 3.6 4. 0 0.7
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crustaceans, amphipods occurred more frequently and in larger

numbers than cumaceans. At the deeper locations (SG 10), crusta-

ceans were consumed more often than molluscs and a more diverse

amphipod fauna appeared in stomachs. At SG 29, 34 principal prey

species (which occurred in more than 10% of the stomachs examined

at a station) accounted for 79. 3% of the total dry weight and 87, 4% of

the total numerical abundance of observed food items (ophiuroids

excluded). At SG 10, 25 principal prey species accounted for 51.2%

of the total dry weight and 66.4% of the total numerical abundance of

food ite m8 (ophiu.roids excluded).

Changes in Diet with Predator Length

A chi square test (Tyler, 1969) was used to determine the de-

pendency of diet on fish size, based on differences in frequency of

occurrence of prey items consumed by predators belonging to differ-

ent length intervals. Presence or absence of prey in a fish's

stomach was related to fish size using 2 x n contingency tables,

where n equalled the number of size intervals being compared.

Initially the range of fish size was stratified into 3 cm groups. The

first test was calculated on the first two cells (length strata). The

second test was calculated on the first three cells and so on, until

the entire 2 x n table was tested for a principal prey species. For

example, fish size at SG 29 ranged from 11 cm to 42 cm. For each
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principal prey species, prey presence was first compared between

fishes 11-13 cm long and 14-16 cm long. The second test compared

frequency of occurrence of a prey species among strata of 11-13 cm,

14-16 cm, and 17-19 cm. Testing continued until all eleven strata

were compared in a 2 x 11 contingency table. After the entire 2 x n

table was tested based on 3 cm strata, the length range was re-

stratified into 4 cm strata, and another series of 2 x 2 to 2 -x n

contingency tables were tested. This process was repeated for 5 cm

strata, etc., until the entire range of fish size was cove red by a

single large stratum (here, 32 cm), when the process was termin-

ated. The chi square valu.es were then reviewed to observe th

intervals over which heterogeneity.increased the most for a prey

species, and a point (or length range) was determined which divided

the entire length range into regions which were maximally hetero-

geneous -with respect to one another. Additional explanation is found

in Fisheries Research Board of Canada Technical Report No. 121

(Tyler, 1969).

Tables 13 and 14 show at what predator length the frequency of

occurrence of a given prey species increased or decreased signifi-

cantly. The chi square tests showed several size-related variations

in the diet of the Dover sole taken at SG 29 and nearly none in the

diet of sole taken at SG 10.

At SG 29 the diet of smallest (11.0-20.5 cm) fish included
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Table 13. SG 29: Dover Sole Lengths at which Frequency of Occurrence of Principal Prey Taxa
Changed Significantly

Principal Prey Taxon Fish Length at which
Frequency of Occurrence

of Taxon Increased

Polyc]iaeta
Apistobranchidae: Apistobranchis onnatus 21 cm

Capitellidae: Decan1actus graciiis 29 cm

Cossuridae: Cossur. sp 29 cm

Glyceridae: Glycera capitata 37 Clii

Lumbrineridae: Ninoe geniniea 32 cm

M aldanidae 33 cm

Onuphidae: Nothria 35 cm

Paraonidae: Aedicira antennata 24 cm

Anicidea ramosa 21 cm

Paraonis gracilis 21 cm

Pectunaridae: Pectinaria californiensis 34cm

Phyllodocidae: Anaitides groenlandica 29 cm

Slgalionidae 24 cm

Spionidae: Spiophanes berkeleyoruxn 27 cm

Spiophane sp. 26 cm

Sternaspidae: fossor 21 cm

Terebellidae: Pista disjuncta 35 cm

Terebellides stroemil 28 cm

Mollusca

Scaphopoda 28 cm

Ophiuroidea 28 cm
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Table 13. (Continued)

Principal Prey Taxon FishLegth at which
Frequency of Occurrence

of Taxon Decreased

Polychaeta

Ampharetidae 31 cm

Nephtyidae: Nephtys sp. 33cm

Oweniidae Myriochele heeri 33 cm

Myriochele oculata 33 cm

Mollusca

"A-type' pelecypods 33 cm

Crustacea

Ainphlpoda: Harpiniopsis fulgens 36 cm

Cumacea: £udorella pacif.%ca 35 cm

Principal Prey Taxon which did not Significantly Changein Frequency of Occurrence over
Range of Fish Lengths

Polych aeta

Cirratulidae: Tharyx sp,

Clyceidae Glycinde

Lumbrineridaet Ijmbrineris latreilli

Spionidae PriOnospio sp.

Mollusca

Aplacophora

Pelecypoda (unid.)

Pelecypoda: Macoma ap.

Crustac e a

Amphipoda: Harpiniopsis excavata
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Table 14.SG 10: Dover sole Lengths at which Frequency of Occurrence of Principal Prey Taxa
Changed Significantly

Principal Prey Taxon FishLength at which
Frequency of Occurrence

Increased

Polychaeta
Glyceridae: Glycinde 28-29cm

Mollusca
Aplacophora 26-27 cm
Pelecypoda: Odontogena borealis 25-32 cm

Crustacea
Ansphipoda: Meiphidippa arnorita 32 cm

Ophiuroidea 30-32 cm

Principal Prey Taxon Fish Length at which
Frequency of Occurrence

Decreased

Crustacea
Amphipoda: Nicipe tumida 33 cm

Mepa sp. -33 cm

Principal Prey Taxa which did not Significantly Change in Frequency of Occurrence over
Range of Fish Lengths

Polychaeta
Ampharetidae
Capitellidae: Decamastus1is
Cirratulidae: Tharyx n,ultifilis
Lumbrinerid ae: Ij.smbriieris latrejili
Maldanid ae
Nephtyidae: Nephtys sp.
Ophelidae: Travisia foetida
Paraonidae: Aedicira antennata
Pectinaridae: Pectinaria californiesuis
Sigalioriidae
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Tab1e 1.4. (Continued)

Mollusca
Pelecypoda (unid.)
Pelecypoda: Creie1la decussata

Huxleyia riunita

Pteropoda
Scaphopoda

Crustac ea
Amphipoda Ainpelisca niacrocephala
Cumacea: Canipy1aspi, E

Campy1aspiF
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burrowing motile forms such as Lumbrineris latreilli, Nephtys sp.,

and the paraonid worms (Aedicira antennata, Aricidea ramosa, and

Paraonis g.racilis); tubed burrowing forms such as Myriochele

oculata and Myriochele heeri; as well as tubed tentacu.late polychaetes

(e.g. Arnpharetidae) and amphipods (Harpiniopsis fulgens). The

small NA-type" pelecypods (Axinopsida serricata or Adontorhina

cyclia) and cumaceans (Eudorella pacifica) also occurred frequently

in this size category. The frequency of occurrence of the paraonids

(A. antennata, A. ramosa, P. gracilis) and the sternaspid polychaete

Ste rnaspis fossor, all burrowing motile polychaetes, increased

significantly in fishes 21 cm o.rlonger (Table 13). Figures 6 through

10 illustrate the change in frequency of occurrence of these species

with fish length.

In fishes between 27-29 cm. long, sessile and discretely motile

surface -feeding taxa (Te rebellides stroe mu, Spiophane s berkeley -

orum, Spiophanes sp., Scaphopoda, Ophiuroidea), often tentacuiate;

as well as motile, subsurface feeding taxa (Cossura ap., Decamastus

gracilis) began to occur significantly more often (Fig. 6, 7). Species

which occurred significantly more often in larger (32-37 cm)fi8h

still represented a mixture of feeding and tube types (Fig. 8). Tubed

subsurface feeders included Pectinaria californiensis (with a

brittle tube), and members of the Maldanidae. Surface.feeders with

thick'.walled tubes were represented by Pista disjuncta, a tentacu.late
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feeder. Another surface feeder, Nothri.a elegans, has a thin-walled

tube and is jawed rather than tentaculate.

Over approximately the same length interval (3 1-36 cm),

certain species began to occur significantly less frequently. These

included two crustaceans, Eudoreila pacifica (Curriacea) and Harpini-

opsis fulgens (Amphipoda); a pelecypod type (Axinopsida serricata-

Adontorhina cyclia); and two polychaete types, the Ampharetidae and

Nephtys sp. (Fig. 9).

Some taxa showed no statistically significant difference in

frequency of occurrence over the entire range of fish sizes sampled.

Lumbrineris latreilli, a tubeless polychaete, occurred at uniformly

high frequencies in diets of fishes within the size range sampled.

Unidentifiable pelecypods, Macorna sp. (a relatively large -bodied

pelecypod genus), and aplacophorans (aberrent molluscs with

elongated bodies covered by calcareous spicules) also showed no

significant change in frequency of occurrence in the diet with size of

fish. One tubeless, large-bodied polychaete species (Glycinde picta)

and two small-bodied tentaculate polychaete taxa (Prionospio sp.

and Tharyx sp.) occurred at statistically equal frequencies in the

diets of fish of all sizes sampled, as did an arnphipod species,

Harpiniopsis excavata (Fig. 10).

Figures 6 through 10 reveal five types of prey frequency

patterns over the size range of fish sampled. The first prey
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frequency pattern, typified by the polychaete Decarnastus jracilis

(Fig. 6) reflects prey which occurred at low frequencies in diets of

small size fish, at increasing frequency in diets of intermediate sized

fish, and which remained approximately constant at that same Ire-

quency in the diets of large sized fish. Other taxa for which this

pattern existed include the Ophiuroidea, Spiophanes berkeleyorurn,

the Sigalionidae, Ninoe g-1mea, Spiophanes sp., and the Scaphopoda.

The second prey frequency pattern describes taxa which occurred at

relatively high frequency in diets of small sized fish, and occurred at

decreased frequency in diets of intermediate and large-sized fish,

e. g., Myriochele oculata, Myriochele been, Harpiniopsis fulgens,

and the Ampharetidae (Fig. 9). The third prey frequency pattern is

depicted by a hump-shaped curve, in which case a prey taxon occurred

at low frequencies in diets of small and large-sized fish, but at rela-

tively high frequencies in diets of intermediate sized fish (Figs. 6, 7).

Many principal pre.y taxa belong to this c%tegory, including

Aricidea ramosa, Sternaspis fossor, Paraonisgra.cilis, .Apisto-

branchus ornatus, Cossura sp., Anaitides groenlandica, and Tere-

bellides stroemii. The fourth prey frequency pattern reflects in-

creasing prey frequency with increasing fish size (Fig. 8). Prey

taxa following this pattern included the Maldariidae, Pectinaria

californiensis, Glycera capitata, Pista disjuncta, and Nothria

elegans. The fifth prey frequency pattern includes prey whose
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frequency of occurrence in diets did not change significantly over the

entire size range of fish sampled, e. g., Lumbrineris latreilli, the

Pelecypoda, Prionospio sp.,, and Tharyx sp. (Fig.. 10). Some of

these taxa followed the shape of prey frequency patterns previously

described, although the diffe rence inprey frequency with fish size may

not be statistically significant. For uxample, the frequency of

occurrence of Glycinde picta followed a hump-shaped pattern, as did

Harpiniopsis excavata. Macoma sp. followed the first prey frequency

pattern described.. This, from these five types of prey frequency

patterns, prey taxa could be categorized by common patterns of

size-related predation.

At SG 10, 19 out of the 26 principal prey species showed no

significant change in frequency of occurrence over the range of fish

sampled (Table 14), Occurrence of two amphipod taxa decreased

significantly in fish 32-33 cm or larger Nicipe tumida, and Metopa

sp. Five taxa showed a significant increase over some interval of

the length range of predators. The frequency of occurrence of

Meiphidippa amorita, an amphipod, increased significantly in fishes

32 cm or longer. In the case of the four remaining taxa, the series

of chi square tests did not resolve the length division point which

produced maximum heterogeneity in feeding habits further than an

interval: GJ.ycinde picta, a polychaete, (a tubeless, subsurface

deposit feeder) began to increase in frequency in fish 28-29 cm or
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longer. Odontogena borealis, a small bivalve, began increasing over

the 25-32 cm fish size interval. Aplacophorans increased in fre-

quency in 2.6-27 cm fish and longer; Ophiuroidea increased in the

30-32 cm interval.

Selectivity

In the study of community structure, selectivity is an important

component to be considered. A prey taxon can be defined as posi-

tively selected when its relative abundance among items consumed is

greater than its relative abundance in the environment. Conversely,

a taxon can be defined as negatively selected when its relative abun-

dance in the environment is greater than its relative abundance in

the diet.

Several methods have been used to describe pre.y selectivity:

Ivlev (1961) defined an index of electivity, E, as

(r.-p.)
E (r.+p.)

where r. percentag.e of ration comprised by a given prey taxon 1

= percentage of food complex in environment comprised by

prey taxon i

Values of E may range from -1.00 to +1.00. If E is positive, the

prey taxon is preferred; if E is negative, the taxon is to some degree

avoided. Although this index is widely used, no statistical
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significance can be attached to an E value to insure that differences

from E = U are real,

An index from which statistical inferences can be drawn is the

odds ratio (Fleiss, 1073).

p1q2

p2 q1

where p1 percentage of ration comprised by a given prey taxon

q1 percentage of ration comprised by other prey

taxa

p2 percentage of food complex in environment comprised

by given taxon

q2 = percentage of food complex in environment comprised by

other taxa

The null hypothesis to be tested is that the relative abundances of a

given prey taxon in both stomach and environment are equal, i, e.,

or
q1 q2

p1q2
=

p2 q

To produce a statistically testable quantity, L is defined as the

natural log of G, which is normally distributed with a mean of zero

and a standard errort
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S.E.(L) 1
+

1

n1p1q1

where n1 total number of organisms found in stomachs

= total number of organisms found in environment

and p1, q1,.. p2, and q are defined as before. The new redefined

null hypothesis

H: L ln() 0
0

can be tested using the z score for the standard normal distribution:

-Lz observed expected
S.E.(L)

where L = 0.expected

The odds ratio is not often used because it is unwieldly and in-

consistent. It ranges from + °° to zero. In the absence of any

selectivity (positive or negative.) it takes the value of 1 rather than

zero. Thus, positive selectivity is expressed by values between +1

and + 'X
, and negative selectivity by values between 0 and +1. If the

ratios of a prey taxon in stomach and environment were inverted, the

result would not be the same value with a negative sign., but a positive

sign differing by several orders of magnitude. Ivlev (1961) rejected

an index with these same properties (used ftrst b.y Shorygin),

developing the index E to replace it.

The most satisfactory solution seems to lie in the use of a chi-

square test. A null hypothesis, that the relative abundance of the
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taxon among items consumed is dependent on the relative abundance

of the taxon in the environment (non-selectivity), can be rejected

using a chi-square test on a 2 x 2 contingency table. Although a chi-

square test will reveal if proportions are statistically unequal, it

cannot distinguish the direction of the difference, i.e. , positive or

negative selection. Thus a second descriptive statistic, preferably

Ivlevs E (for ease in interpretation and comparison) must be used to

determine whether selection is positive or negative. A comparison.

of the odds ratio, L, E and chi-square tests are presented in an

example in Table 15.

Table 16 summarizes overall trends in selectivity by major

taxa for all fishes combined by station. Ophiuroids were the most

highly selected food taxon at SG 29. The calculations of electivity

indices and chi-square values for this taxon were based on number

of occurrences rather than number of individuals consumed, and

underestimated the importance of ophiuroids. Ophiuroids were re-

moved from the data sets for subsequent calculations so that estirna-

tions for other taxa were unbiased by this representation Poly-

chaetes were selected food of fish at both locations. Chi-square

values were larger for polychaetes than any other positively

selected taxon. Molluscs, especially pelecypods and

scaphopods, were the least often selected food at both locations.

Aplacophoran molluscs, however, were neither significantly selected



Table 15. An Example of the Comparison of Chi.-square, Odds Ratio, and Tvlev Index of Electivity (F) as Selectivity Statistics

Terebellides stroemii (Polychaete)

NumberT. slxoemii

Number other taxa

Total number

In fish less than 28 cm
Fish Box Corer

4 20

1913 1641

1917 1661

In fish greater than or eua1 to 28 cm
Fish Box Corer

23 20

2480 1641

2503 1661

1917 p2 1661 p1 2503 p2 1661

1913 1641 2480 1641q1; q2=j q1= q21661

p1 p2

E =-0.70 E-0.13
p1 +p2

0=- =0172 0=0.76
p2q1

L=lnO r-1.762 L'0.27

S. E.(L)9.\/ 1. 1
= 0.549

S. E. (L) = 0. 307

n1p1q1 =22

L-0 =3.212 001 0888NS

S. E. (L)
2 2 NS

x = 13.23 p <0.01 x = 0,79

-J
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Table 16. Summary of Selectivity Considered by Major Taxa at Stations SG 29 and SC 10 for Dover
sole of all Sizes

I
Tacon Ivlev index of Cl-il-square Significance

Electivity Value

SG 29

Polychaeta 0.13 243. 451

Mollusca

Pelecypoda -0.49 248.739

Gastropoda -0.43 6.015 **

Scaphopoda -0.75 112.448

Aplacophora 0.09 0.105 NS

Crustacea

Axnphipoda 0.08 0.839 NS

Cumacea -0. 10 0.766

Ophluroidea 0.92 40.724

SC 10

Polychaeta 0.33 117. 446

Mollusca

Pelecypoda -0.72 425.683

Gastropoda 0.50 4.061 *

Scaphopoda -0. 39 4.602 *

Aplacophora 0.28 1.039 NS

Crustac ea

Amphipoda 0.69 79. 629 ***

Cumacea 0.67 20.771

Ophiuroidea 0.25 3.764 NS

= Significant at 99. 9% confidence level

** = Significant at 99% confidence level

= Significant at 95% confidence level



59

nor rejected. At SG 29, the numerical proportions of crustaceans

(arnphipods and cumaceans) in stomachs and box core samples were

nearly equal. At SG 10, however, these crustaceans appeared highly

selected.

The positive selection of gastropods at SG 10 gives rise to an

important point: merely because a taxon is positively selected does

not mean it may play an especially important role in diet. Frequency

of occurrence, biomass contribution, and numerical abundance of

gastropods in diets of fishes at SG 10 were small compared to other

taxa. Yet this taxon was positively selected, according to these

figures.. Conversely, even though a taxon is negatively selected, it

may still play an important role in diets.

Tables 17 and 18 present indices of electivity, chi-square values,

and the significance of these values for each principal prey taxon. For

a prey taxon which does not occur at statistically equal frequency over

the entire size range of predators, a set of values is given for each

size interval over which frequency of occurrence of the prey taxon is

homogeneous. The intervals were based on the previously calculated

lengths at which frequency of occurrence changed igniicantly

(Tables 13, 14). For example, in the case of ampharetid polychaetes

at SG 29, it was found that the frequency of occurrence of this prey

was significantly lower in fishes equal to or longer than 31 cm.

Thus, all fishes less than 31 cm provided the basis for a comparison



Table 17. SC 29. Changes in Selectivity with Fish Size Considered by Principal Prey Tax. Range of fish size is divided to maximize heterogeneity
between size intervals for each principal prey taxon as described in text.

Taxon For fish Ivlev Chi-square Significance For fish lvlev Chi-square Significance
less than index of Value

greater than index of Valueor equal to
length electivity length electivity

Polychaeta
Ampharetidae1 31 cm
Apistobr anchidae: Apistobranchus

ornatus 21

Capitellidae:Decasnastus gracilis 29
Cirratulidae:Tharyx sp. 2

Cossuridae:Cossura sp. 29

Glyceridae:Glycera cpt! 37

Glycinda picta
Lumbrinerid ae: Lumbrineris latreilli

Ninoe gmmea 32

Maldanidae1 33

Nephtyidae:Nephtys sp. 33

Onuphidae:Nothria sp. 35

Oweniidae:Myriochele_been 33
Myriochele oculata 33

Paraori.idae.Aethcira antennata4 24
Aricidearamosa 21

Paraonis gracilis4 21
Pectinaridae:Pectinaria californiensis 34

Phyllodocidae:Anaitides groenlandica5 29
Sigahonidae1 24
Spionidae: Prionospio sp 2

Spiophanes sp. 2 26
Spiophanes berkeleyomrn 27

Stern spidaeStemapis fossor 21
Terebellidae:Pista sp. 35

Terebellides stroemii 28

0.45 .8. 646 31cm -0.33 2.060 NS

-0.10 0.243 NS 21 0.59 7.286 **

-0.05 1.957 NS 29 0. 15 2.086 NS

11 -0.13 3.034 NS

0.52 11.762 29 0.72 42.421
-0.12 1.781 NS 37 0.55 18.297

11 0.69 11.073
11 0.68 149.112

-0.76 33.946 32 -0.20 1.858 NS

-0.64 206. 469 -. 33 -0. 18 12. 331

0.67 25. 046 33 0.54 7.781 **
-0.62 17.607 *** 35 0.50 10.411
0.15 .540 NS 33 -0.48 5.548 *

-0.17 17, 364 *** 33 -0. 60 37. 979

0.66 22. 164 *** 21 0.73 86.711
0.42 15. 575 *** 21 0.60 179. 784

-0.38 0.851 NS 34 0.91 59.486
0.28 0.127 NS 29 0.66 5.983 *

0.77 2.343 NS 24 0.93 21.043
11 0.12 0.144 NS

-0.35 9. 185 *** 26 0. 08 0. 129 NS

-0.47 17.738 *** 27 -0. 19 5.501 *

-.0.42 3.133 NS 21 0.22 1.613 NS

0.19 0.625 NS 35 0.79 66. 159
-0.70 13. 772 *e'* 28 -0. 13 1. 18 NS



Table 17. (Continued)

Taxon For fish
less than
length

Ivlev
index of
electivity

Chi-square
Value

Significance For fish Ivlev
greater index of
than length electivity

Chi-square
Value

Significance

Mollusca
Pelecypoda (unid., non-principal) 11 -0. 81 668. 332

"A-type'8 33 -0.55 195.445 33 -0. 95 137. 863
2Macoma sp. 11 -0.47 50.222

Scaphopoda 28 -0.86 80. 797 28 -0.68 70. 064
Aplacophora 11 0.09 0.002 NS

Crustacea
CurnaceaEudorella pacifica 35 -0.07 0.859 NS 35 -0. 72 8.243
Ainphipoda:l-laroinioosiS excavata9 11

1-larpiniopsis fulgens9 36 0. 38 6.935 ** 36 -0.01 0. 001 NS

Ophiuroidea10 28 0. 92 37. 430 28 0.93 41. 757

Significance: *** p <0. 001
** p <0. 01
* p<0.0s

1
2A11 members of family pooled
3A11 members of genus pooled
4Members of 2 species pooled based on taxonomic uncertainty
5No members of this genus present in box core, value for Paraonis gracilis represents all Paraonidae
6A11 members of genus pooled (species identifications tentative)
7All members of genus pooled because of taxonomic uncertainty
All non-principal or unidentifiab].e pelecypods found in fish compared with all pelecypods found in box core
Axinopsida serricata and Adontorhina cyclia pooled
No members of this genus present in box cores, value -forHarpiniopsis fulgens represents all Phoxocephalidae, pooled

°Based on frequency of occurrence in fish compared with numbers of ophiuroids found in box core



Table 18. SC 10: Changes in Selectivity with Fish Size Considered by Principal Prey Taxon. Range of fish size is divided to naxiznize heterogeneity
between size intervals for each principal prey taxon as described in text.

For fish greater Ivlev index of Chi-square Significance
than length e1ectiy value

Polychaeta
Ampharetidae 24 0.57 11.875

2Capitelldae:Decamatusls 24 -0.22 4, 777 *

Cirratulidae: Tharyx sp. 3 24 0.89 11. 436

Glyceridaend, sp. 28 0. 9 3.320 MS

Lumbrineridae:Lumbrineris sp. 24 0.77 8. 518

Maldanidae 24 -0.32 5.788 *

NephtyidaeNp. 24 0.98 91. 741

Opheliidae:Travisia sp. 24 0,91 15. 763

Paraonidae1 24 0.45 13.691

Pectinaridac: Pectinaria ca1jfornjensj 24 0.41 1.823 NS

Sigalionidae 24 0.68 6.778 **

Molluscs
Pelecypoda (unid , non-principal) 24 -.0.35 14. 176

Huxleyia Inunita 24 -0.84 110.067

Crenella decussata 24 -0.78 171, 609

Odontogena borealis 25 -0.81 61.853

Gastropa: pteropoda5 24

Scaphopoda 24 -0.39 5.516 *

Aplacophora 26 0.28 0.756 NS

Crustacea
5

Aniphipoda: M elphidippa aznorita
N icipe tumida5
M etpa sp.
Ampeiisca macrocephala 24 0.77 8.518

Cunlacea: Cainpylaspis sp. 24 0.79 14.800

Ophiuroidea 24 0.25 3.764 NS

All members of the same family pooled; 2Positive identification of species difficult for this species, pooled with_Mediomaswscaliforniensis; 3Species

not found in box core, calculation based on numbers of representatives of same genus; 4Species pooled with Pectinariabelgica; SNo representative of

genus in box core -no etectivity values calculated; 68ased on frequency of occurrence in fish compared with numbers of ophiuroids found in box core.
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of relative abundance of ampharetids in fish stomachs vs. box core

samples, since this size group represented a statistically homo-

geneous sample. All fish equal to or longer than 31 cm provided the

basis for a second comparison of relative abundance of ampharetids

in those stomachs vs. box core samples, since this size group re-

presented a second homogenous sample.

Among polychaetes at SG 29, the most highly selected prey

species were Glycinde picta and Lumbrineris latreilli (in fish of all

sizes, i.e., greater than 11 cm), Sigalionid.ae (in fishes of all sizes,

but especially those longer than 21 cm), Cos8ura sp. (in fishes longer

than 29 cm), Fectinaria californiensis (in fish longer than 34 cm),

and Pista disjuncta (in fishes longer than 35 cm) (Table 17). All

principal mollusc taxa were negatively selected, with the exception

of aplacophorans, which appeared to be neither significantly selected

nor ignored. The cumacean Eudorella pacifica was negatively

selected by fish longer than 34 cm. The phoxocephalid species

Harpiniopsis excavata and Harpiniopsis fulgens were not present in

box cores, indicating high selectivity by fish or inadequate box core

sampling. If values for all phoxocephalids were pooled, it appeared

that the family was selected positively by fishes less than 36 cm.

Changes in electivity related to fish size and prey taxa are

shown in Figures 11 through 13. Values of E, the Ivlev index of

electivity, were calculated for each principal prey taxon found at
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SG 2.9 within, three fish size intervals (11-2 1 cm, .22-31 cm, and

32 -42 cm). The pate'rns. of changes in electivity with fish size are

similar to the patterns found for changes in frequency of occurrence

of prey with fish size. Ln one pattern (Fig. 11), electivity of a prey

taxon was low by srnallfish, higher by intermediate fish, and re-

mained constant by large fish relative to intermediate values. . Taxa

belonging to this category included the polychaetesAnaitides groen-

landica, Sternaspis fossor, Prionospio sp.., Spiophanes sp., and

Terebellide's stroemii; . and the Scaphopoda. In the second pattern

(Fig. 11), electivity of prey taxa decreased with fish size. Taxa in

this category included the polychaetes Myriochele oculata., Myrio-

chele heeri, and the Ampharetidae; the phoxocephalid amphipods; the

cumacean Eudorella pacifica; and the A-type" pelecypods. In the

third category (Fig. 12), electivity was highest by inte'rmediate sized

fish, and lower for larger and smaller fish. Taxa following this

pattern included the polychaetes Cossura sp., Tharyx sp., and

Apistobranchus ornatus. In the fourth category (Fig. 11), electivity

increased with fish size. This pattern existed for the large-bodied

tubed polychaetes Pectinaria californiensis, Pista disjuncta, Nothria

elegans, and the Maldanidae; the large-bodied tubeless polychaete

Glycera capitata; two small-bodied tubeless polychaetes Decamastus

gracilis and Ninoc gemmea; and the aplacophoran molluscs. In the

fifth pattern (Fig. 13), electivity of a prey taxon did not change
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significantly with fish size. The p olychaete s Lurn.b rifle ris latreilli,

Glycindeta, the Paraoni.dae and the Sig.alioriidae followed this

pattern, as did the rnolluscan genus Macoma. Taxa belonging to

each category of electivity patterns were not necessarily identical

to taxa belonging to each analogous category of frequency of

occurrence patterns, since the index of electivity of a prey taxon

was based on proportion of numerical abundances. of the prey taxon

in the diet, rather than on frequency of occurrence.

Among polychaetes at SG 10, the most highly selected prey

taxa were Nephtys sp. and Tharyx sp. in fish of all sizes. No

specimens of Travsja foetid.a or Luxnbrineris latreilli were found in

the -core samples. The values shown in Table 18 were based o.n

pooling of the taxa at the generic level. Once again, all principal

mollus.can taxa were negatively se1ected with the exception of

aplacophorans (no significant selection) and pteropods, which were

not found in the core samples. If values for all cumaceans of genus

Carnpylasp.is were pooled., the taxon appeared positively selected.;

however, no specie-s common to fish and box core were found. In the

case of arnphipods, three of the four principal taxa were not repre-

sented in box core samples, The fourth, Ampelisca macro.cephala,

appeared positively selected based on these samples.

The positive correlation of prey size with predator body size

has been reviewed by Schoener (1971) and shown to exist.for certain
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fishes (Ivies', 1961; Ross, 1978). This relationship appeared to be

true for Dover sole at SG 29 as well. When an index of body size of

a prey taxon (weight in mg/length in cm) was plotted against fish

length at which that prey began to significantly increase in frequency,

a significant positive correlation was found (r 0.540, p < 0. 05)

(Fig. 14). Prey which decreased in frequency were generally small

bodied polychaetes, arnphipods, and cumaceans (Fig. 15). In the

case of prey which showed no significant change in frequency in fish

of different sizes (Fig. 16), some other criteria for inclusion in diet

may have been more important than size, e.g., ease of capture or

distribution patterns.

At SG 10, most prey occurred with the same frequency over

the entire size range of fish, The lack of significant variation in diet

with fish size may have been due to smaller size range of fish

sampled at this station (2.4-43 cm vs. 11-42 cm at SG 29), Avail-

ability of prey may have differed. Small prey may have been much

easier to capture at this station. Alternatively, the lack of variation

may perhaps have reflected change in feeding strategy between

locations from size-specific specialist to generalist within a food

type such as polychaetes, From Table 1, it can be seen that although

the total density of individuals/rn2 was higher at SG 10 than SG 29,

the density of polychaetes, a preferred taxon., had dropped from an

average of 886 individuals/rn2 at SG 29 to 397 individuals/rn2 at
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SG 10. A comparison of densities of most principal polychaeta taxa

(Table 19) showed densities at SG 10 either approximately equal to,

or more often, lower than densities at SG 29. The density of

ophiuroids, another positively selected taxon, increased from 0. 8

individuals/rn2 to 48 individuals/rn2. At the same time, the density

of pelecypod molluscs, a negatively selected (avoided) taxon, had

increased from 297 individuals/rn2 at SG 29 to 861 individuals/rn2 at

SG 10.

Therefore, in the face of decreased abundance of a preferred

taxon (e. g., polychaetes), the Dover sole appeared to change feeding

strategy from a specialized predator whose feeding habits varied

with its body size to a generalist who consumed all preferred prey

regardless of body size of the particular predator. Further evidence

for opportunistic feeding was suggested by the increased importance

of ophiuroids in the diet at SG 10, in conjunction with the increased

abundance of ophiuroids present in the environment (Table 1)..

To indirectly determine if the degree of selectivity was related.

to predator size, a plot was made based on information in Table 17..

Associated with each taxon was a fish length dividing the total fish

size range in (usually) two intervals. Within each interval, prey

frequency was statistically homogeneous, and so an Ivlev index of

electivity was calculated for each interval. The difference between

Ivlev indices across the interval was determined for each applicable
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Table 19. Comparison of Densities of Important Prey Taxa as Sampled by Box Corer at SG 29
and SG 10

Taxon Sc29
2

SG1O
2

(individuals/rn ) (individLlalS/ m )

Maldanidae 115. 3 51.6

Myriocheleoculata 111.1 13.9

Decamastus gracilis 78. 5 6.0

Scaphopoda 66.0 45.6
1

Macoina sp. 61.8 3.9
1

Lumbrineris latreilli 40. 9 3. 9

phanes berkeleyorum 38.4 0.0

Spiophanes sp. 38.
42 0.0

Aricideaneosuecica 35.9 39.7

Myriochele heeri 22.6 13.9

Ninoe gemmea 22.6 0.0

Glyceracapitata 21.7 19.8

Aricidearaniosa 18.4 0.0

Sternaspis fossor 16.7 7.9

Terebellides stroeznii 16.7 19.8

Nothria iridescens 15.9 7.9

Tharyx sp. 15.01 2.01

Prionospio sp. 15.01 0.0

Pistadisjuncta 12.51 0.0

Arnpharetidae 10.9 13.9

Cossurasp. 10.9 1.9

Nephtyssp. 751 j91

Apistobranchus omatns 4. 2 1.9

Glycindepicta 3.3
591

Pectinaria ealiforniensis 3.3 1.9

Anaitides groenlandica .8 0.0

Ophiuroidea .8 42.6

Travisia sp. 0.0 1.9

1Density based on pooled data at the level of genus, e.g. all Lumbrineris sp.
Density based on value for S. berkeleyorum
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prey taxon, and plotted against the fish length defining the interval

for that prey. For example, the Ivlev index of electivity of the poly-

chaete Glycera capitata for fishes less than 37 cm was -0. 12 (Table

17). For fishes 37cm or larger, the index of electivity rose to

0. 55; the difference equalled 0. 67, associated with a division point

of 37 cm. For the polychaete Decamastus g.racilis, the increase in

electivity was 0.20, when fihes less than 29 cm were compared with

fishes 29 cm or longer. Although the resulting relationship (Fig. 17)

may not be amenable to tests of statistical significance, a positive

trend exists. Prey which showed an increase in frequency in larger

fishes also showed a greater increase in electivity by these larger

fishes. Larger fishes at SG 29 may have been generally more

selective in their feeding habits than smaller fishes.

An additional criterion which may influence changes in

electivity with fish size may be the difference in pursuit and capture

success by larger vs. smaller fish. Many of the prey which were

important in the diets of large fish were also present in diets of

smaller fish, although the magnitude of this selection was not as

great as that by larger fish (Table 17). Some possible character-

istics of benthic prey which may have effected a differential success

in capture with size include prey mobility, concealing and protective

structures such as tubes, or depth in sediment at which prey is

commonly found.

______ 4
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Non-parametric ranking statistics were used to test the

possible effects of prey mobility, feeding method, and protective

structures (polychaete tubes) on size-related increases in pre.y

frequency. The rank for each prey was determined by the fish

length at which the prey showed a significant increase in frequency

(Table 13). For each test, prey were assigned to categories based

on characteristics summarized in Table 4. No difference between

summed ranks for each category (reflected by the test statistic)

implied that the distributions of different prey types (motile,

discretely motile or sessile, in this example) were the same over

all fish sizes at which any prey frequency increased; e. g. a prey

taxon which was found at higher frequency in fishes 21 cm or longer

was just as likely to be motile or sessile as one which was found at

higher frequencies in fish 35 cm or longer.

The results of these non-parametric tests are shown in

Table 20. There was no preponderance of any one motility type in

prey taxa frequent at either smaller or larger fish sizes. Feeding

locale, a possible indicator of exposure of a taxon to predation at

the sediment surface, was not significant in explaining size-related

variations in prey frequency. Feeding type, which is related to both

degree of exposure and degree of motility, also showed no trends

when ranked over fish lengths. The only statistically significant

relationship appeared when ranks for tubed polychaetes were



Table 20. Results of Non-parametric Tests of Effects of Prey Characteristics on Fish size Related Increases of Ptey Frequency. Prey are ranked by
fish size at which prey frequency increased.

Test Categories Value of Critical Value for
test statistic Significance1

Prey motility motile H = 0.0292 X2 5. 991 (dfr2)
discretely motile (NS)
sesile

Feeding mechanism tentaculate H = 3.5082 = 5. 991 (df =
burrowing (deposit feeder) (NS)
carnivorous (raptorial)

Protective structures tubed polychaetes = sg = 58 (n= 11, = 7)
untubed polychaetes (*11

Feeding locale surface U
573

U = 72 (n1 11, a2 = 9)
subsurface (NS)

1significant at 95 confidence level

H: result from Kruskal-WaJlis test (2 categories) (Sokal and Rohlf, 1969)

result from Wilcoxson two sample test(3 categories) (Sokal and Rohif, 1969)

-.31
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compared with ranks for untubed polychaetes. Tubed taxa generally

had a higher rank than untubed taxa. This implied that large fish

selected tubed more often than untubed polychaetes. However, three

of the four polychaete taxa which decreased in frequency inlarger fish

(Table 13) have tubes. Thus, the presence or absence of tubes.in

polychaetes did not appear to be such an important criterion for

variation in prey frequency with fish size.

The mean depth of a prey taxon within the sediment was signi-

ficantly related to fish size at which frequency of that prey increased

(Fig. 18, r = 0.542, p <0. 05), Prey which were important to

larger fishes were usually found deeper in the sediment. Prey

occurring frequently in smaller fish were found near the sediment

surface. Prey which occurred at statistically equal frequencies for

all sized fish were generally found within the top four centimeters of

the core sample. Lumbrineris latreilli occurred in high abundances

over its entire vertical range in the sediment, from 0-8 cm, and

occurred in high abundances over the entire range of fish sizes.

Prey which decreased in occurrence in larger fish were often con-

centrated near the surface, with a mean depth distribution of two

centimeters.

Although the relationship between depth of prey in sediment

and index of body size of prey was not significant (r 0.220, Fig. 2,

also Fig. 3), few large-bodied principal prey taxa had a mean depth
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in the sediment shallower than 4 cm. Larger fish may have been

more capable of feeding on animals found deep in the sediment than

small fish of the same species, Many of these deeper prey were

large bodied (Fig. 2.). Success in handling and swallowing may have

been dependent on force required to remove a prey item which may

be large-bodied, deeply burrowed, or both.

At SG 10, fewer prey taxa were observed to significantly

change in frequency of occurrence over the range of fish sizes

sampled (Table 14). The mean depth of a taxon within the sediment

was rarely deeper than 4 cm, and usually shallower than 3 cm re-

gardless of prey body size (Figs. 4,5), The depth range of all

invertebrates at this station was generally shallower than at SG 29.

When invertebrates were found at shallower depths, they may have

been more accessible to the entire size range of fish. Hence, avail-

ability may no longer have been a function of predator size and pre.y

depth in sediment.

In summary, no single clear-cut explanation for changes in

electivity of polychaetes with fish size can be offered. The pheno-

rnenon may have its roots in the behavior and physiological require-

ments of the fish: energetically, it may be more feasible for large

fish to extract fewer large prey from deep in the sediment, as

opposed to consuming the more abundant, smaller prey found near

the sediment surface. Alternatively, the change in electivity with
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fish size may be solely due to varying accessibility of prey to various

sized fish: although small fish attempt to capture larger prey, they

are less successful in exerting the force necessary to extract larger

prey from deep in the sediment than their larger counterparts.

The lack of change in electivity with fish size at SG 10 may

also be -considered in terms of these two explanations: At lower

densities of preferred prey type (polychaetes), larger fish energetic-

ally cannot afford to pass up any taxon belonging to the preferred

type, regardless of averge prey size. Stomach fullness was gene-rally

lower at SG 10 than at SG 29. (The alternative prey may have been of

lower caloric value (ophiuroids) or may possibly require longer

digestion times (shelled molluscs and ophiuroids). ) Alternatively,

because the depth of polychaete-s within the sediment is relatively

shallow, these prey may be equally accessible to fish of all sizes.



DISCUSSION

The fundamental features of feeding habits of Dover sole were

similar between the two stations sampled: polychaetes and ophiu-

roids played a more important role in the diet than molluscs and

crustaceans, despite the fact that polychaetes and ophiuroids were

not alway most abundant in box core samples. Moreover, the

species cmprising these major taxa changed with location. This is

not surprising, since one station was about 200 m deeper than the

other and 'ediments differed between stations. The mean depth of

benthic mcrofauna within the sediment was also deeper at SG 29

than SG Yet it appears that none of these environmental differ-

ences infhenced the composition of the diet when considered at the

level of mjor taxonomic groups.

Trerds in selectivity of major taxa were generally qualitatively

similar at both stations. For example, polychaetes were always

positively elected, occurring more often in the diet than in the

envi ronrneit. Mollusc s were usually negatively selected (avoided)

at both stations. (See Table 16). This general consistency of diet

between thse two locations in the face of varying abundances of

prey does rtot support a hypothesis of the Dover sole as a simple

opportunist'ic feeder. A simple opportunistic feeder would consume

available fcod items in proportions that occurred in the environment,



and the taxonomic composition of the stomach contents would be close

to the taxonomic composition of the environment. In the case of the

Dover sole, however, the percentage contribution of a major taxon in

the diet and in the environment (as reflected by box core samples)

was often different. Thus, the Dover sole can be termed a selective

feeder.

The biological basis for selective feeding may be: 1) an

energetic advantage based on maximum caloric value/gram of food

ingested, 2) morphological features of the digestive tract which

result in more efficient digestion of particular food types, i.e ,

maximum caloric value extracted per gram of food, or 3) other

environmental or behavioral qualities which make location or capture

of certain prey types energetically expensive. This last factor may

be important in the case of c.rustacea. Crustaceans were not major

components of the diet, perhaps because they were difficult to detect,

or the energy expended in their capture was greater than that derived

from their digestion.

Many polychaetes are soft-bodied, tubeless or within fragile

tubes, and hence easily digested. Polychaetes often have higher

caloric values (g cal/ g dry weight) than shell-free molluscs (Tyler,

1973). Shelled molluscs on the other hand, may be less efficiently

digested because animals are eaten intact. Because the shell is not

digested, digestion must take place slowly through the apertures of



the shell. Hence, molluscs would thus contribute fewer extractable

calories per volume consumed than polychaetes. Size of the most

abundant pelcypod species in fish and box core samples ranged

from 1-4 mm in diameter, which may have been too small to have been

cracked. However, a large mollusc may easily yield more calories/

item than a small polychaete if the shell were cracked or if large

siphons were exposed.

The relationship of digestive tract morphology to trends in diet

of flatfishes was reviewed by deGroot (1971). He categorized

Miciostomus pacificu.s as a polychaete-mollusc-(echinoderm) feeder,

characterized by a small esophagus and stomach and complicated

intestinal loop. According to deGroot, this adaptation is character-

istic of flatfishes which feed on polychaetes (relatively small-sized

prey when compared with shrimps or fish, for example) which are

often contaminated with indigestible items, e.g. polychaete tubes.

Relatively indigestible, low caloric ophiuroid arms were sur-

prisirigly abundant in the stomachs of Dover sole, Ash-free dry

weights of ophiuroids are approximately 25% of their dry weight,

whereas ash-free dry weights of polychaetes and crustacea are

approximately 70-80% of their dry weight (Table 5). The frequent

occurrence of ophiuroid arms in stomach may be due to "mistaken

identity" on the part of the fish. In dim light, the fish may mistake

a moving ophiuroid arm for a polychaete. Alternatively, ophiuroids



may be easy to capture and readily available. In any event, ophiuroids

may remain in the stomach longer than soft-bodied polychaetes, small

molluscs, or crustacea. Their arms were frequently tangled in a

bulky, inflexible mass which may move slowly through the digestive

tract. If a stomach contained only one or two items, ophiuroid arms

were usually present. Other types of food probably passed to the

intestine, and the stomach was empty, save for those ophiuroid

pieces. If a relatively longer "residence time" exists for ophiuroids

when compared with other prey taxa, the importance of ophiuroids

may easily be over-estimated.

When considered in greater taxonornic detail, two aspects of

Dover sole diet varied considerably between the two stations. First,

the prey species comprising the major food taxa changed with

location. This was also reflected by a change in species composition

of box core samples. Second, at SG 29, changes in frequencies of

many prey species in diets were related to fish size. Some prey

species which occurred often in smaller fish were rarer in larger-

sized fish, and vice versa. Certain prey species occurred more

frequently in fish belonging to particular size ranges (Table 13). At

SG 10, however, no such relationship seems to exist: most prey

species occurred at statistically equal frequencies over the entire

size range of fish sampled.

Prey body size was significantly correlated with size of fish



at which a prey begins to occur significantly more often at SG 29

(Figs. 14, l). Large fish are apparently more successful at cap-

turing large prey than small fish. Small fish may be limited to

smaller, slower-moving, or weaker prey by mouth size or body

strength. The number of large-sized prey species which increased

in frequency with fish size was greater than the number of small-

sized species which decreased with fish length. Thus, although

large-sized fish consume large-sized prey more often than smaller

fish, they also consume a larger range of prey sizes. These

predator-p re.y size relationships are consistent with those observed

by Schoener (1969) for Anolis lizards. As predator size increased,

average prey size increased. Ross (1978) reports that mean size

of prey increased with fish size for leopard sea robins (Prionotus

scitutis) longer then 90 mm.

Depth of prey in sediment is also significantly correlated with

size of fish at which a prey species begins to occur significantly

more often (SG 2.9: Fig. 18). At least two possible explanations for

the fish size-prey depth relationship are proposed. Although search

and handling times may be greater for deep-dwelling large prey than

the numerous small-bodied prey found near the surface, the large

fish may benefit from an "energy maximization" strategy (Schoener,

1971), in which predators feed to maximize energy intake per time

spent feeding. If an animal has a fixed amount of time to feed



(i.e. summer season), maximum energy intake may result in good

growth and energy storage, good condition, and fitnessis maximized

(Pyke et al., 1977). The other limiting case of the model Schoener

proposes is "time minimization," in which predators minimize the

amount of time spent feeding to fulfill energy requirements, and use

the remaining time for other activities (e. g. watching for predators).

The relationship between prey size and depth in the sediment

may also be relevant. Although prey depth and prey body size were

not correlated, the small-bodied prey found deep in the sediment

were usually not the same species which increased in frequency in

larger fish. Thus, large fish are physically capable of extracting

large-bodied, deeply buried prey from sediment while smaller fish

are not. Burrowing polychaetes are capable of generating consider-

able resistance to extraction. The polychaete Arenicola, for example,

can generate coelornic pressures of up to 200 cm of water in the

process of burrowing (Trueman and Ansell, 1969). Several adapta-

tions in palychaete burrowing systems (Trüemanand .Ansell, 1969)

may serve to thwart predation by smaller fish. Learning as well as

strength may be important in successful extraction of polychaetes.

Here again, the advantage would lie with larger, older fish.

In the light of these potential explanations for size-related

changes in diet at SG 29, why are no size-related changes in diet

observed at SG 10? Two possible explanations will be reviewed, o.ne
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involving energetics, the ot.her the depth characteristics of prey In

terms of energetics, one of the tenets of the theory of optimal diet

(he. diets maximizing net energy intake) is that specialization of

diet increases as food abundance increases on non-evolutionary time

scales (Pyke et al, , 1977). If size-related changes in diet can be

termed specialization, the energetic advantage arising from speciali-

zation may disappear as abundance of preferred food items decreases.

At SG 10, the abundance of polychaetes, a preferred food taxon, was

only 397 animals/rn2 compared to 886 animals/rn2 at SG 29. Also,

polychactes comprised 27% of the total number of organisms at

SG 10 vs. 67% at SG 29. Therefore, large fish may be forced to

consume any polychaete encountered, regardless of size and/or

location, to meet energetic requirements at SG 10.

The physical advantage afforded large fish in the exploitation

of prey buried deep in the sediments may also be eliminated at

SG 10. The distribution of prey species was shallower at SG 10 than

SG 29. When depths. of species common to both stations were corn-

pared, nearly all species were found closer to the surface at SG 10,

although the differences are often not statistically significant because

of small sample sizes at SG 10.

Differences in vertical distribution of prey between SG 29 and

SG 10 may be due to 1) lower density of infaunal species at SG 10, or,

more likely, 2) decreased thickness of the oxidized top layer of



sediments at SG 10. The case for the first explanation is not strong.

Peterson (1977) suggests that competition for space may determine

vertical distribution patterns of anImals. Lower densities of in-

faunal species at SG 10 may result in decreased competition for

space and thus shallower distribution. However, variation in the

thickness of the oxidized layer is probably more important in deter-

mining the vertical distribution, of infauna. As the rate of deposition

and decomposition of organic carbon increases, the thickness of the

oxidized layer of the sediment may decrease (Bonatti et al., 1971),

Gross et al. (1972) reported that organic carbon concentrations are

higher in sediments on the continental slope than on the shelf. Thus,

one would expect a thicker oxidized layer and consequently greater

vertical distribution of infauna at SG 29, an offshore shelf station

with relatively low organic carbon concentrations in sediment. At

SG 10, located in an area of presumably higher organic carbon con-

centration, the oxidized layer and infaunal vertical distribution

would be expected to be shallower than at SG 29.

Selectivity may be broken down into two inter-related, over-

lapping components: 1) availability of food, and 2) behavior of fish.

Availability has two components: the abundance of poteriia1 prey

within the environment; and their accessibility, or the physical

constraints placed on the predator in the exploitation of potential

prey. Likewise, behavior of fish may be subdivided into categories



of innate and learned behavior. Each of these categories will be dis-

cussed briefly in turn.

Abundance provides the basis for calculation of selectivity

indices. It should be defined in terms of prey size, caloric value,

and density as well as taxonomic composition. Several potential

effects of abundance on feeding habits and selectivity of the Dover

sole have been presented in the preceding pages.

Accessibility, as originally used by Ivlev (1961) pertained to

predator avoidance mechanisms employed by prey, such as the

development of shells or massive tubes, rapid escape reflexes, deep

burrows, or unpalatability. Ivlev (1961) observed that selectivity

decreased proportionally as prey were buried deeper in the sediment,

although the effects of depth of prey varied for each fish species.

Besides prey defense mechanisms, morphological features of the

predator may serve to narrow the range of potential prey. Mouth

structure often plays an important role in limiting capture to certain

types of prey (Yazdani, 1969).

Innate patterns of feeding behavior for a species can be termed

a "feeding template, ' if selection patterns remain constant from

location to location, or through time. These innate selection patterns

describe a potential feeding behavior, However, observed selection

patterns may vary depending on both components of availability. The

"feeding template" represents the heritable form of feeding behavior,
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which may have
"co-evolved'1

with anatomical characteristics such as

mouth or gut morphology.

Learned patterns of feeding behavior refer to individual varia-

tions in feeding behavior based on a predator's experience. Learned

patterns may include successful capture techniques, or recognition of

unpalatable or toxic species. Learned patterns may also include

integration of information about size and spatial distribution of

potential prey, patch choice, and search images. Griffiths (1975)

stated that a successful strategy of energy maximization requires

considerable time for learning, in order to assess the availability of

prey in the environment, and to respond to changes in availability.

Accessibility may be limited by the Dover sole's mouth morpho-

logy. Because the protrusion of the premaxillae (jaws) of the Dover

sole is limited (Yazdani, 1969; based on Microstomus kitt), the mouth

cannot be extended downward over prey. Microstomus kitt must

therefore arch the front of the body to bring the mouth down vertically

over the prey (Steven, 1930). This may make capture of swimming

crustacea difficult. Relative to other flatfishes the mouth of the

Microstomus is small (Yazdani, 1969), which may place an upper

limit on the prey size which can be captured by fish of a given length.

Learned behavior may explain why large fish generally have

higher levels of electivity than small fish for the same prey.

Although prey important to small fish are often consumed by large
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fish as well, large fish may have accumulated the information that

larger, more profitable alternatives are available (or accessible) to

increase their energy intake.

In general, the feeding habits of Dover soLe off Oregon were

similar to those of the lemon sole (Microstomus kitt) studied by Rae

(1956) off the Scottish coast. Polychaetes were also the most

important food source numerically and volumetrically for lemon sole.

Important polychaete families differed betweenthe to stations.

Rae listed serpulid and sabellarid polychaetes as important sedentary

worms in the diet. However, these families were never found in

Oregon stomach samples or box core samples. The other primary

sedentary family, the Terebellidae, were important in both studies,

occurring more frequently in RaeLs work, however. Other families

of common importance included the Maldanidae, Oweniidae and

Ampharetidae. Rae listed the Cirratulidae, Capitellidae, Nephtyidae,

and Glyceridae as occurring rarely, although these families occurred

frequently in Dover sole near Heceta Bank, Crustacea occurred in

between. 45-60% of the stomachs taken off Scotland and between 60-85%

of the stomachs taken off Oregon. However, volumetric percentages

of crustaceans were small for both species. Lemon sole preyed on

larval and young .decapods much more heavily than Dover sole. This

may again have been a question of relative availability. Molluscs were

closetocrustaceans intermsoffrequencyofoccurrenceandcontributeda



larger percentage of volume than crustaceans in the lemon sole,

similar to the Dover, Rae meritionedthatpelecypod shells were rarely

found except in the case of "young forms. . . eaten complete with

shell." Most molluscs occurred as pieces such as gastropod feet

and pelecypod siphons. Scaphopods and aplacophorans occurred

rarely. Ophiuroids occurred as whole juveniles (2-4 mm disc

diameter), and Rae remarkedthat "this group [Echinodermata] in-

cludes one or two of the few animals which may occur in fairly large

numbers in individual stomachs. " In several locations, ophiuroids

occurred in more than 30% of the stomachs sampled.

Diet of both Dover and lemon sole changed with increasing size

of fish. As in the case of the Dover sole, ampharetids were common

in small lemon sole (less than 25 cm), while terebellids occurred

more frequently in large fish. Large lemon sole ate few crustacea,

while amphipods (Ampeliscidae) occurred more often in smaller

fishes. Ophiuroids occurred more frequently in stomachs of fish

21-30 cm than smaller fish. Unlike the Dover sole, however, the

lemon sole increased its consumption of molluscs and coelenterates

(Cerianthes) with size. Thus, with the exception of mollusc and

coelente rate predation by large lemon sole, few large differences can

be found which might not arise out of differing availabilities between

areas.

Steven (1930) reviewed the feeding behavior of the lemon sole
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with respect to its morphology and food types consumed and available.

Based on aquarium observation, he described the "search and pounce'

behavior used by the fish in attacking tubiculous worms, a common

food of the lemon sole off Plymouth, England. Although hermit crabs

were abundant inthe area, fish sampled generally limited their diets

to polychaete s, which Steven sugge sted were withdrawn whole from the

tube, andwere less elusive than the hermit crabs. Thus, polychaetes

again appeared as selected prey species. The sole (Solea vulgaris)was

described by Steven as using tactile methods, "a kind of patting and

grubbing motion of the snout" (which may also incorporate olfaction

in locating prey). This tactic enabled the sole to capture "sluggish

and vulnerable species such as the Pectinaridae which inhabit shallow

and friable tubes." Pectinaridae provi.ded a substantial proportion of

the biomass in the diet of large Dover sole in the Oregon sampling

area, and may also be efficiently exploited by a "erch and pounce"

behavior.

Criteria for selectivity by flatfishes were presented by Arritz

(1977) and Moore and Moore (1976). Selectivity patterns of Dover

sole off Oregon were somewhat similar to those of the dab (Lirnanda

limanda) studied by Arntz (1977) at two locations in the Baltic Sea.

Ophiuroids and crustaceans were positively selected by dab.

Molluscs were avoided by dab, Selection of polychaetes varied

between locations and depended on prey species. Diets of both dab
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and Dover sole changed with fish size. Small polychaetes and

crustaceans were avoided by larger fishes, These two species seem

to have developed similar feeding strategies at the major taxon level,

in spite of the difference in physical environments and gut morpho-

logies (deGroot, 1971).

Moore and Moore (1976) listed seven criteria involved in choice

of prey by flounders (Platichthysflesüs). They defined availability as

"the number of organisms of suitable length in the environment,

but suggested other factors were important in explaining variability in

diets. These included (1.). the spatial distribution of prey in the water

column, (2) its degree of concealment, (3) its degree of motility and

ability to escape predation, (4) the hunting efficiency of the fish,

(5) conditioning for certain foods and (6) the turbidity and temperature

of the water, With the exception of turbidity and temperature effects

peculiar to estuarine environments, these criteria closely matched

those for food selection by Dover sole.

Strategies of predation used by co-occurring species should be

studied and competitive interactions delineated in order to character-

ize the food webs and production dynamics of Oregon shelf flatfish

assemblages. The Dover sole is part of a multispecies fishery.

Rex sole (Glyptocephalus zachirus) frequently co-occur in catches

in deeper shelf water. Both species feed on polychaetes, although

crustaceans are also important in the diet of rex sole (Pearcy and
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Hancock, in press). Pearcy and Hancock (in press) found only one

principal polychaete species common to diets of both fishes,

Ste rnaspis fossor. However, of the four polychaete species found in

larger (15-25 cm) rex sole, two (Sternaspis fossor, Myriochele

oculata) are common in the diets of Dover sole of about the same

size. Sternaspis fossor is an especially important energy source of

smaller (2 1-28 cm) fish because its body size is large and it is

easily accessible. If competition between Dover sole and rex sole

exists over this size range, and food is limited, strong year classes

of Dover sole could influence rex sole reproductive potentia.1 by

reducing available ration. Conversely, strong rex sole year classes

could affect Dover sole growth rates. The study of dietary overlap

of these two species should be the next step in describing the trophic

dynamics of offshore pleuronectid assemblages.
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SUMMARY

1. Dover sole off the Oregon coast in mid-summer are poly-

chaete-echinoderm-mollusc feeders, according to analysis of stomach

contents. Polychaetes and ophiuroids are more important than

molluscs and crustaceans as food in terms of frequency of occurrence,

weight, and numbers,

2. Dover sole are selective feeders. Polychaetes and ophiu-

roids are positively selected and comprise higher proportions of fish

diets than of box core samples from the same location. Molluscs

are generally negatively selected. Crustaceans may be positively

selected (e. g. SG 29) or non-selectively consumed (SG 10).

3. Dependency of diet on fish size varies with location. Dover

sole sampled in a region of high polychaete abundance (e. g. SG 29)

show size-related changes in diet. Dover sole sampled in a region

of relatively low polychaete abundance (e. g. SG 10) show few size-

related changes in diet.

4. When size-related changes in diet are observed, prey body

size is positively correlated with predator length at which the prey

taxon shows a significant increase in frequency of occurrence.

5. Polychaete availability to Dover sole is a function of depth

of prey taxon within the sediment and the size of the fish consuming

the prey. The mean depth of a prey taxon within the sediment is



positively correlated with the predator length at which the prey taxon

showed a significant increase in frequency of occurrence (SG 29).

Where polychaetes are distributed closer to the surface, ew size-

related changes in diet are observed.
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APPENDIX I. TRACK LINES AT SAMPLING LOCATIONS
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APPENDIX II. Parts Required for Identification of Imperfect
Specimens.

Polychaeta

Ampharetidae.: Thoracic and some abdominal segments
Apistobranchidae: First 6-7 segments
Capitellidae: 8-10 segments

*
Chaetopteridae : At least 8 segments and setigers
Cir ratulidae: Usually whole specimen required
Cos sundae: Tail for specific identification
Flabellige ridae

Glyceridae: Parapodia, proboscis
Goniadidae: Parapodia, proboscis
Lurnbrineridae: Long section

Magelonidae: 10 setigers
Maldanidae: Tail for generic/specific identification
Nephtyidae: Head plus 10 setigers
Nereidac: Head plus 10-15 setigers
Onuphidae: Head plus .6-7 setigers
Opheliidae: Usually whole specimen required
Orbiniidae: Mid and posterior segments
Oweniidae: First few setigers, tube helpful
Paraonidae: Mid and posterior section

*Pectinaridae : Whole specimen

Phyllodocidae: 10-12 segments
Polynoid.ae: Elytra, whole specimen
Sabellidae: Whole specimen

SigalIonidae: Elytra, shole specimen
Spionidae: Head and 7-8 setigers, sometimes mid- and

posterior sections



APPENDIX II. (Continued)

*
Syllidae

*Terebellidae Thoracic and some abdominal segments

*
Specimen must be in. good condition for gene rlc/speczfLc
identification.

Mollusc a

Pelecypoda: hinge must be present for identification to
species

speimens with shell in poor condition may be
tentatively assigned to hiA_typeu (.Adontorhina
cyclia or .Axinopsida serricata or Macoma sp.)
based on

1) body shape
2) body size
3) length and orientation of sipons

Gastropoda: ape rtu.re mu,st be intact

Aplacophora: specific identification not attempted

Sc aphopoda: shell usually fragmented, specific identification
not attempted



APPENDIX III. Dry Weight per Cm of Food Organism

Polychaetes mg/cm

Aedicira antennata .28
Amaena occidentalis 1. 33
Arnellina yssalis .51
Amphareteacutifrons 44
Ampharetidae .44
Amphictes micronuta 4. 11
Anaitides gfoenl.andica .09
Apistobranchus ornatus .23
Aricidea ramosa 11
Aricidea suecica .06
Chaetozone setosa 39
Cirratulidae 27
Cossura sp. 13
Decamastus gracilis . 18
Eteone sp. . 19
Enteroptoeusta* . 18
Glycera americana 1.59
Glycera capitata 1.59
Glycinde picta .81
Goniada sp. 1.47
Goniada brunnea 1.73
Goniada maculata .25
Haploscolopios e1ogatus .06
Laonicecirrata 4.03
Lu.snbrineridae . 16

Lumbrineris latreiflj 16

Magelona sp. 1.42
Magelona pitelki .62
Maldanidae .90
Maldanesarsi .55
Melinna sp. .51
Melinna heerodonta .51
Melinnaoculata .51
Myriochele sp. . 09
Myriochele been . 10
Myniochelt oculata .09
Nephtyidae .33
Nephtys sp,. .21
Nephtys feruginea . 58
Ninoe gemmea .33
Nothriaelegans 1.28
Nothnia iridescens 1. 28
Ophelina acumlnata 4.58
Owenia collanjs . 18

Paraonidae . 10
Paraonis gracilis .08
Paraonis gracilis oculata .07

*non-polychaete

109

based on Melinna sp.
based on Axnpharetidae

basedonE. dilatae

based onC. capitata

based onL. latreilli

based on Melinna sp.
based on Melinna sp.
based onM. heeri andM. oculata

based onN. elegans



110

Pectinaria californiensis 5.04
Pherusapapillata 6.00
Pistadisjuncta 2.33
Polydora sp. . 14
Polydora socialis 22
Pnonospio sp. . 30
Sigalionidae .49
Spiochaetopterus costarum 27
Spiochaetoptems sp. .27 based on S. coStarum
Spionidae . 17

Spiophanes berkel.eyorum . 39
Spiophanessp. .18
Syllidae . 07
Terrebellidae 1.76
Terebellides stroemii 2.64
Tharyx sp. . 28
Tharyx monilaris .21
Tharyx multifilis . 15

Tharyx tesselata .53
Travisia foetida 2. 34
Typhosy11is aciculata .04
Typhosyllis alternata .04 based on T. aciculata

Sternaspis fossor Conversion factor
(-0.28279 +4.23971ength(cTn)

Molluscs mg

Gastropoda 5.35 per cm
Mitrella gouldii 2.98 per individual
Nassarius foss atus 5.33 based on Gatropoda
Pteropoda 2.74 per cm

'A-type° pelecypods .026 per Individual 0. 1 cm long
.086 per individual 0.2 cm long
147 per individual 0. 3 cm long

Macosna sp. .324 per individual 0.1-0.3 cm
1.70 per individual 0.4-0.6cm
6.94 per individual 0.7-0.9cm
7.69 per individual 1. 0 cm

Huxleyia munita . 146 per individual
enelladecussata .030 per individual 0.1cm long

.090 per individual 0. .5 cm long
121 per individual 0.2 cm long

Odontogena borealis same as Crenella decussata.

Ap1acopora .987 per cm
Scaphopoda 1.363 per cm
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Crustaceans

Mysidacea .50 per 0.4cm individual
.94 per 0.7-0. 8 cm individual

Tanaidacea
. 10 per cm

Isopoda 1.03 per individual
Euphausiacea 9. 16 per 2.0 cm individual

7.58 pe 1.4 cm individual
Shrimp 1.29 per 0.6-0.8 cm individual

6.86 per 1.0-1.2 cm individual
Decapod 2.55 perindividual

Diastylis sp. 2.00 per 0.5 cm individual
Diasty1iarapmulosa .25 per individual based on D. pellucida
Diaspellucida .25 per individual
Eudorella pacifica .20 per individual
Campylaspis sp,

. 30 per individual, 11 species
Lamprops sp. .20 per individual

Ampeliscidae 0.13375 +(1.0868 x length2)
Phoxocephalidae .025 per 0. 2 cm individual

.040 per 0.15 cm individual
-0. 2242 + (1.49 x length) for length greater

than0.l5czn
2Other amphipoda 0.32148 +(2.429 x length) +(5.0733 x length
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APPENDIX IV. SC 29 Species List of Prey Consumed by Dover Sole, Including Dry Weight
Approximations, Number, and Frequency of Occurrence

Dry Weight (ing) Number Percent Frequency
of Occirrence

Polychaeta

Ampharetidae 12. 10 59 14. 9
A,p11i xbya33s .459 1

Aniphicteis micronutis 30. 825 4 2. 1
Melinna sp. 4. 590 7 3.2
Meilmia heerodonta 1. 938 1 0. 5
Me1innacu1ata 87 1 0.5

50.782 73 19. 1'o

Api$tobr anchidne
Apistobranchus ornatus 4. 048 49 18. 1

4.048 49 18.1

Arerucolidae (1) 1 0.5
1

0. 5

Capitellidac
Decainastus gracilis 58. 608 282 52.7
Medioxnastijs califomiensis (1) 1 0. 5

56. 608 283 53. 2

Chaetopteridae
Spiochaetopterus costarum 2.052 5 2. 6

Spiochaetopterus sp. (1) 1 0. 5

2.052 6 2.6

Cirratulidar 1. 026 6 2.7
Tharyx sp. 8. 344 507 16. 5
Chaetozone setosa 1. 911 4 2. 1
Tharyx monilaris 1. 134 5 2. 1

Tharyx rnultifilis 0.990 9 3.7
Tharyx tesselata 5, 194 7 3.7

18. 599 81 26. 1

Cossuridae
Cossura sp. 7.481 160 33.5

7.481 160 33.5

Flabelligeridae (1) 2 1. 1

PherusaDaDjilata 124.80 15 4.8
124.80 17 5.9



APPENDIX IV. (COntinied)

Glyceridae
Glycera americana
Glycera cpitata
Clycinde picta

Goniadidae
Goniada sp.
Goniada annulata
Gouiada bmnnea
Goniada maculata

Lumbrineridae
Lunibrineris sp.
Lumbrineris bicirrata
Lumbririeris latreilhi
Lumbrineris bifilaris
Lumbrineris ionata
Ninoe lemmea

Magelothdae
Mae1ona sp.
M agelona ite1ki

Maldanidae
Jsl aldane Li.
Notoproctus acificus
Asychis disradentata

Nephtyidae
Nephtys sp.
Nephtys ferruginea
Nephtys glabra

Nereidae
Nereis sp.

Dry Weight (mg number

48. 336 3

189.528 75
50.017 60

287. 881 138

Percent Frequency
of Occurrence

1.6
26.6
22.9

43. 6

.882 1 0.5
(1) 1 0.5

26.123 4 1.6
.275 2 Li

27.280 8 3.2

0.080 1 0.5
1.696 2 1.1

129. 768 677 79. 3
0.736 1 0.5
0.944 1 0.5

17.985 20 10.1
151.209 702 81.4

9.514 7 3.7
3.782 5 2.6

13.295 12 6.4

111.645 140 37.2
21.615 16 7.4

(1) 1 0.9
(1) 1 0.5

133.26 158 39. 9

0.281 2 Li
8.82 115 29.3
6.699 10 4.8

1 0.5
15. 800 128 34. 6

(1) 2 1.1
2 Li

113
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APPENDIX IV. (Continued)

Dry Weight (mg) Number Percent Frequency
of Occurrence

Onuphidac
Nothria e1eans 102.016 31 12. 8
Nothria iridescens 22.656 3 1. 1

124.672 34 13.8

Opheliidae
Qlln.acurninata 18. 778 1 0. 5
Travisia foetida 2. 574( ) 2 1. 1

21.352 3 1.6

Orbinidae
Haploscoloplos elongatus 0.414 7 3.7
Sco1op1os5s (1) 1 0.5
Haploscoloplos pn1nenss (1) 2 1. 1

0.414 10 4.3

Oweniidae
Myriochele heeri 7.63 82 25.0
Myriochele oculata 17.523 223 46. 3
Myriochele sp. 0.243 3 1.6
Owegta collaris 2. 376 13 4. 2

27.772 321 56.9

Paraonidae 0.560 8 3.2
Aediciraantaimata 92.736 391 61.7
Aricidea rainosa 35. 618 372 56.4
Aricidea suecica 0. 361 7 2,6
Aricidea ap. 0. 127 2 1. 1

Paraonis gracilis 6. 260 95 28. 6
Paraonis gracilis oculata 0.602 10 3. 2

136. 264 885 78, 7

Pectinar idae
Pectinaria californiensis 446. 544 42 11. 7

446.544 42 11.7

Phyllodocidae (1) 1 0. 5
Ariaitides groenlandica 1.786 27 13. 3

Eteone sp. .466 4 1. 6

Eteone dilatae 1. 387 8 3. 2

3.639 40 17.0

Pilargidae
Ancistrocillis sp. (1) 1 0. 5

1 0.5
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APPENDIX IV. (Continued)

Dry Weight (mg) Number Percent Frequency
of Occurrence

Polynoidae (1) 1 0,5
Lagiscasp. (1) 1 0.5

2 1.1

Sabellidae
Euchone arenae (1) 1 0.5

1 0.5

Sigalionidae 5.853 60 23.9
Pholoeniinuta (1) 2 0.5

5.853 62 24.4

Sph aerodorid ae

phaerodoridiuin minutem (1) 1 0. 5
1 0.5

Spionidae 0.705 8 4. 2
Laonice cirrata 116. 064 9 4. 8
Polydorasp. .469 8 3.7
Polydora socialis 1.320 19 9.
Prionospiosp. 18.482 59 22.8
Prionospio cirrifera (1) 1 0. 5
Prionospio rtenstrusi (1) 1 0,5
Spiophanes berkeleyorurn 15. 210 67 18. 1
Spiophnes sp. 3.771 47 10. 6

156.021 219 51.6

Sternaspidae
Sternaspis fossor 176.407 79 32.4

176.407 79 32.4

.Syllidae 0.238 8 3.2
Exogene lourei (1) 2 0.5
Typhosyllis aciculata 0.072 4 2. 1
Typhosyllis alternata 0.042 1 0. 5
Typhosyl.lis 1chris (1) 1 0. 5

0.352 16 6.9

Terebellidae 20. 592 7 1.6
Axnaena occidentalis 3,724 3 1. 6

rtacama coniferi (1) 1 0. 5
Pistadisjuncta 439. 671 102 22.3
Terebelljdes stxoelnhi 125. 136 27 10. 6

589.123 140 31.9



APPENDIX IV. (Continued)

Dry Weight (mg) Number Percent Frequency
of Occurrence

Unid polychaetes (2) 18

TOTAL POLYCI-IAET.A 2581. 508 3692 97. 3%

crustacea

Ostracoda
Copepoda
M alacostraca: Minor Pericarida

Mysidacea
Tanaidacea

Malacostraca; Eucarida
Euphausiacea
Decapoda: Natantia

All miscellaneous crustacea
Malacostraca: Pericarida

Cu mace a
Campylaspis rubicanda
Diastvlis parapmulosa
Diastylis sp.
Eudorella pacifsca
Leucon sp.

Amphipoda; Gammaridea
Ampeliscidse

iiplisca gssizi
Ampelisca macroceph ala
Bylis veleronis

Aoridae
Aorides columbine

Argiserridne
Argissa hamatip
Corophidne

lsaeidae
Photis brevipes
Photis sp.
Pr oton1. prud ens
Protornedia sp.

Lilj eborgidae
Listriella albing

Oedicerotidae
Bthvmedozi covilhani
B athymon obtusifions
Monoculodes hsrrnanse
Synchelidiurn shoernakeri
Westwoodilla caecula

(1) 1

(1) 14

2,82 3

0.020 1

41.66 6
16.52 7

61.02 32

(2)
0. 300
0. 250

(2)
9.440
0.450

(2,4)
0.539
1.022
4. 176
1.056

0,088

0.071
(1)

0, 049
Q. 187
0.632
0.049

0. 049
0.088
0. 077
0.077
1.107
0. 258
0.070

10. 440

3

1

1

1

59

3

S

2

3

13

3

2

1

I

I

4

7

1

1

2

2

2

1

5

2

68

0. 5 Wo

5. 8

1.6
0.5

3.2
3.7

1. 1

0. 5
0. 5
0. 5

22.9
1.6

2. 6
1. 1

1.6
5. 8
1.6

1. 1

0. 5
0. 5

0. 5
2. 1

3. 2

0. 5

0. 5
1. 1

0. 5
1. 1

0. 5
2. 7
1. 1

116

15. 3%

26. 6
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APPDIX IV. (Continued)

Dry Weight (mg) Numnber Percent Frequency
of Occurrence

Paxdaiiscidae 0.193 2 1. 1
Halice ulcisor 0.031 1 0.5

Phoxocephalidae
Harpiniopsis excavata 10. 167 43 i 5
Harpiniopsis fulgens 3. 160 32 12. 8
Heterophoxus oculata 6. 686 16 6. 3
Metaphoxus freguens 0. 370 3 1. 6

Pleustidae
Pleusymntes coguilla 0. 039 1 0. 5

Podoceridae
Dulichna sp. (1) 1 0.5

Stenothoidae 0.088 2 1. 1
Metopasp. 0.511 9 3.2

Synopiidae
Nicipe tumida 0. 690 1 0. 5

Amphipoda: Caprellidae 0. 100

TOTAL CRUSTACEA

Mollusca

Gastropoda 10.433
Columbellidae: Mitrella gouldii 14. 90
Cylichnidae: Cylichna attonsa 4.815
Naticidae unid. 2.625

Calinaticina oldroydii .525
Naticinae 1.050
Pyramnidella: Turbonilla sp. 2. 675

Pelecypoda 140.424
Carditidae: Cyclocardia

veior 1. 272
M anzanellidae: Huxleyia

munita 2. 100
Nucuianidae unid. 5.454

Nuculana sp, 0.663
Yoldiasp. 61.713
Yoldiella sp. 1. 326

Tellinidae: Macoma sp. 357. 918
Thyasiridae: 'A-type"

(Adontorhina cyclia and
Atinopsida serricata) 13, 334

31. 530 168

3

0. 100 3

103.090 271

37. 023

7

5

1

1

1

1

2

1

15

1

1

4
2

70

141

18

1.6

62. 2%

3. 7

2. 1

0, 5
0. 5
0. 5
0. 5
1. 1

49. 5

0. 5

6. 3
0. 5
0. 5
21
1. 1

25. 5

38. 3

48. 9

1.6

8.0



APPENDIX IV. (continued)

Dry Weight(nig)

Veneridae: Corrrnsomyax
subdiapheta 12.423

596.627
Scaphopoda 40.120
Aplacophora 26. 631

TOTAL MOLLUSCI. 700.401

Qphiuroidea 8204. 332

Miscellaneous
Enteropneusta 4.068
Nematoda (1)
Turbellaria (1)
Nemertea (1)
Holothuroidea: Pentamerasp. (1)

Molpadia interniedia (1)
(Lngwig)

Number Percent Frequency
of Occurrence

0.5
315 61.2

30 12.2
32 16.9

395 68. 6%

(119 occurrences) 63.0%

46 9.6%
4
1 0.5
6

1 0.5
0.5

118

representatives weighed: insufficient sample size. (In some cases, estimates based on weights
of other members of family would not be accurate since relative weight of species within a

family may vary.)

(2)
Weight unestimable due to poor condition of specimens.

3Length not recorded.for one specimen: weight value for species does not include one individu1.

4Specimens not identified to any lower taxanoniic level.

5Specisnens unavailable for weighing,
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APPENDIX V. SC 10: Species list of Prey Consumed by Dover Sole Including Dry Weight
Approximations, Number, and Frequency of Occurrence

Dry Weight (mg) Number Percent Frequency
of Qccurence

Polychaeta

Alnpharetidae 5.984 27 28.6 9
Ampharete acutifrons 2. 024 9 7. 1

8.008 36 34.5'.
Apistobranchidae

Apistobranchus ornatus 0. 046 1 1. 8

0.046 1 1.8
C apitellidae

Decmastusgacilis 4.878 31 30. 9
4.878 31 30.9

Cirratulidae
Chaetozone setosa 2. 067 3 1. 8
Tharyx sp. 1.624 9 7. 1
Tharyx multifilis 1. 155 9 10. 7

4.846 21 18.2
Dorvallidae

Protodorvillia gracilis (1) 4 3.6
4 3.6

G1yceridae
capitata 22. 260 7 7. 1

12. 393 10 16.3
34. 653 17 18. 2

Flabelligeridae
Pherusapapillata 7.500 4 3,6

7.500 4 3.6
Goniadidae (1) 1. 1.8

Goniadasp. 0. 735 1 1.8
Goniada annulata (1) 2 3. 6
Goniadabrunnea 33.043 6 9.4

33. 778 10 15.0
Lutnbrineridae

Lumbrineris latreilli 2.496 17 23. 6
Ninoe mmea 2.640 1 1.8

5.136 18 23.6
Magelonid ae

M agelona sp. 3. 124 3 S. S

3.124 3 5.5
Maldanidae 7.200 15 18.2

Maldane sarsi 1.760 2 3,6
Praxiella affinispacifica (1) 1 1.8

8.960 18 21.8
Nephtyidae

Nephtys sp. 8.463 104 60.0
8.463 104 60.0
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APPENDIX V. (Continued)

Dry Weight(uig) Number Percent Frequency
of Occurrence

Onuphidae
Nothria eleans 1.664 3 3.6

1.664 3 3.6
Opheliidae

Travisiafoetida 21. 778 21 25.S
Travisiagigas (1) 1 1.8

21.778 22 27.3
Oweniidae

Myriochele heeri 0.320 4 7.4
Myriocheleoculata 0.108 3 5.4

0.428 7 12.7
Paraonidae 0.110 3 3.6

Aedicira antennata 17. 458 56 40.0
Paraonis gracilis 0.064 2 3. 6

17. 632 61 43.7
Pectinaridae

Pectinaria ealiforniensis 58. 464 13 18. 2

S8.464 13 18.2
Phyllodocidae

.Anaitidesgroenlandica 2. 155 12 7. 3

2.155 12 7.3
Sigalionidae 5. 365 17 29. 1

5.365 17 29. 1

Sabellidae (1) 2 3.6
2 3.6

Spionidae 0.085 1 1.8
Laonice cirrata 3.627 1 1. 8

Nerinides igrnentata (1) 1 1. 8

Polydora socialis 0. 154 2 3. 6

Prionospio malmgreni 0.646 2 3. 6

Spiophanes berkeleyoruni 0. 351 1 1. 8

4.863 8 10.9
Sternaspidae

Sternaspis fossor 4.267 4 5.5
4.267 4 5.5

Syllidae 0.049 1 1. 8

Typhosyllis aciculata 0.036 2 3. 6

0.085 3 7.3
Terebellidae

Amaena occidentalis 9.576 6 8.4
Terebellides stToemii 22, 440 6 8, 9

32.016 12 16,4
Polychaeta juvenile unid. species 1) 2 3. 6

2 3.6

TOTAL POLYCHAETES 268. 109 432 83. 6%



APPDIX V. (Conthiued)

Weight (mg) Number Percent Frequency
of Occurrence

Crustac ea

Ostracoda (1)
Malacostraca: Peracarida

Mysidacea 0.500
Tanaidacea 0. 165
Isopoda 2.060

Malacostraca: Eucarida
Decapoda: Natantia 9.440

Reptanti a 2.550
Miscellaneous crustaceans
Malacostraca: Peracarida

Cumacea (2)
Campylaspis rubromaculata (1)
Campylasnis E 6. 85
Carnpylaspis F 1.80
Cainpylaspis sp. . 60
Diastylidae .25
Diastylis sp. 8.00
Laniprops sp. 0.60
Leucon sp. . 15

Mnphipoda: Gamniaridea
Ampeliscidae

Ampelisca agassizi 3.700
Anipelisca macrocephala 5.224
Ainpelisca sp, . 177
Byblis veleronis 1. 332(e)

Byblis sp. .213
Aoridae

3)
Aørides columbiae . 219

Dexazninidae 0. 039
Dexamonica reducans 618

Eusirid ae

Ithachotropus clemens 0.098
Rhachotropus SF. .049

Isaeid ac
Photjs sp. . 162
Protomedia pmdens .211

Lepechineflidae
Lepechinella sp. .049

Lilj eborgiidae
Lilieborgia cota .455
Listriella albina . 161

Lysianassidae .201
Hipposnedon sp. 1.037

14. 715

18.25

1

1

5

2

5

1

2
1

21

6
2

1

4
3

I

10

17

I
7
1

5

1

9

2

1

1

2

1

3

1

2

10

15

41

1. 8

18
5.4
3.6

7. 1
1. 8

3,6
1. 8

32. 1
10. 1
3.6
1.8
5.4
5.4
1.8

7. 1
16. 1

1. 8
9. 1

1.8

1. 8

1. 8
10. 7

3.6
LB

1. 8

1. 8

1. 8

5.4
1.8
3.6
9.0

18. 29

47. 3

12 1
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APPENDIX V. (Continued)

Dry Weight ( mg) Number Percent Frequency
of Occurrence

Orchon,ene pacific a - 375 1 1. 8
Melphidippidae

M elphidippa amorita 4. 686 17 25.0
Oedicerotidae

Bathymedon pumilis .049 1 1.8
Monoculodes emarginatus 404 4 7. 3
MonocuIodesgyçonica . 039 1 1. 8
Monoculodes spinipes . 162 1 1. 8
Westwoodilla caecula . 039 1 1. 8

Pardaliscidse .039 1 1. 8
Halice u1ior 049 1 1. 8

Phoxocephalidne
Harpinia excavata 074 1 1. 8
Harpiniopsis enIeryi .223 1 1. 8

Harpiniopsisexcavata . 743 3 5.4
Harpiniopsis fulgens . 297 2 1. 8
Heterophoxusoculata 1. 116 2 3.6
Stenothoidae 0.080 2 1.8

Metopa sp, . 034(s) 10 16. 1
Stegocephalidae

Phipiel1a viscaina .039 1 1. 8
Synopiidae

Bruzelia inlex 0.088 2 3. 6
Nicipe tumida 5. 351@) 11 16. 1

Total Gammaridae 27. 832 137 76.4
Amphipoda: Caprellidae .450 B 3. 6

.450 8 3.6

TOTAL CRUSTACEA 61. 247 201 83.6%

Mollusca

Gastropoda 5. 250 4 7, 1%

Cylichnidae: Cylichna sp. 2. 675 1 1. 8

Trochidae: Margarites ap. 1.070 1 1. 8

Solariella sp. 3. 150 3 5.4
Thecosomata 7. 946 8 10.7

20. 091 17 20.0%
Pelecypoda 9.047 26 28. 6

Cuspidariidae: Cardiomya
oldroydia 3.015 1 1. 8

Lasaeidae: Odontogena borealis . 960 8 12.5
Manzanellidae: Huxleyia munita 1. 540 11 12. 5

Mytilidae: CMne1laecussata 3. 000 25 17. 9
Nuculanidae: Yoldiella sp. 21. 414 3 5.4

38. 976 74 50.9
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APPENDIX V. (Continued)

Dry Weight (mg) Number Percent Frequercy
o Occurrence

Scaphopoda 6.800 11 16.1
6.800 11 16.1

Aplacophora 6.088 13 14. 3
6.088 13 14.3

TOTAL MOLLUSCS 71. 955 115 69. 1%

Ophiuroidea 7035. 904 (44 cccurrences) 80. 0%

Miscellaneous
Acoela S <109
Enteroptneusta 8 <10%
Nemertea 3 <10%
Nematoda 1

Faminifera 8 12. 5%

1
No representative weighed: insufficient Sample size. (In some cases, estimates based on weights
of other members of family would not be accurate since relative weight of species within a family
may vary.)

2Weight unestiniatable due to poor condition of specimens.

3Length not recorded for one specimen: weight value for species does not include one individual.

4
Specimens not identified to any lower taxonoxnic level.

5Speciniens unavailable for weighing.




