
AN ABSTRACT OF THE THESIS OF

JOSEPH EDWARD MCCARTHY for the DOCTOR OF PHILOSOPHY
(Name) (Degree)

in General Science (Biologcal Science) presented on
(Ma3) (Date

Title: THE DISTRIBUTION, SUBSTRATE SELECTION AND SEDI-

MENT DISPLACEMENT OF COROPHIUM ALMONIS

(STIMPSON) AND COROPHIUM SPINICORNE (STIMPSON)

ON THE COAST OF OREGON

Abstract approved:
John H. rd,

The arnphipbda, Corophiurn salmonis (Stimp son) and C.

spinicorne (Stimpsori) were examined from three aspects. The first

study involved the distribution and natural habitat of these species

on the Oregon coast. Sediments were sieved in an effort to detect the

animals Five areas were selected for prolonged examination Ani-

mals were removed from these study areas in triplicate 100 cm2

sediment samples, counted and sexed. The seasonal average of ani-

mals ranged from 40/rn2 to 3, 300/rn2 depending upon the area. Both

species were found in freshwater (<40/00 salinity) and in estuarine

water up to 10°/oo salinity (C spinicorne) and 29°/oo salinity (C

salmonis). Bothspeciesdisappearedinwintermonths, reoccurringinin-

creasing numbers during spring months and reaching highest densities in the
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summer. Under natural conditions C. salmonis was found most fre-

quently in mud sediments while C. spinicorne occurred more often in

sand. The males of the species were less numerous than the females.

Evidence to date suggests that a behavioral difference on the part of

the males allows for selective predation. Both species formed bur-

rows in sediments and tubes upon submerged surfaces.

The second study was to determjne how specific these animals

were in selecting substrates. The animals were exposed simultane-

ously to their native sediments, acid-cleaned sand and a foreign mud

or sand. The animals were removed from the sediments where they

had established burrows and were tallied. These multiple choice

experiments demonstrated that these species of Corophium can

readily determine their native substrate. Corophium salmonis does

not react as a species to a single sediment type as has been found in

other species but returns to its native substrate, whether mud or

sand. Both species, when occurring in sand, could distinguish the

native sand from similar sand of other areas.

The third study determined the amount of material removed

when the animal established a burrow. The animals were introduced

into containers with sand covered by a fine layer of pulverized white

marble. After Z4 hours the burrow material which had settled on

this white layer was removed, dried, weighed and its volume mea-

sured. There was no significant difference in the amount of material



removed by the two species. The average for both species was

0.07977 gm(0.032 ml)/burrow.
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THE DISTRIBUTION, SUBSTRATE SELECTION AND SEDIMENT
DISPLACEMENT OF COROPHIUM SALMONIS (STIMPSON)

AND COROPHITJM SPINICORNE (STIMPSON) ON THE
COAST OF OREGON

INTRODUCTION

v'Then we consider numerical dominance and species diversity

as indicators, of biological success then the amphipoda of the 'genus

Corophium can be designated a relatively' prosperous organism.

Various' species' of these' benthic cru.stacea''.;occur. in. 1age'..

numbers in European waters (Ingle, 1963), the Atlantic and Pacific

coasts of the United States (Aldrich, 1961; Y3anard, 1952, 1954, 1958a,

b; Bradley, 1908; Coe and Allen, 1937; Gory, 1967; Crawford, 1937a;

Filice, 1959; Graham and Gay, 1945; Hazel and Kelly, 1966; Sanders,

et al., 1962; Shoemaker, 1949; Weiss, 1948), and in the Orient

(Nayor, 1950; Rao and Shyamasundari., 1963). At least one species,

C. acherusicum, demonstrates a world wide distribution (Hedgpeth,

1957) which is'thiusaa11jnthät,thés,e'-anjthà1s are gererally.restrLcted.:

to estuarine conditions and the young do not appear to aid in the dis-

persal of the species (Meadows and Reid, 1966).

Much of our knowledge concerning this genus derives from the

intense attention received by a species common to European waters,

C. volu.tator. This animal typifies the genus in its general morphol-

ogy and habits. Unlike most of the amphipoda, Corophium are dorso-
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ventrally compressed as opposed to the lateral compression of the

commonly noted genera. Corophium volutator and the many other

species di Corophium are tube buIlders and/or burrowing

forms. Whether a given species burrowed in bottom material or

formed a tube on a substrate surface was thought to be a character

istic of that species though some observations demonstrated that

several species did not follow this pattern. Corophium insidiosum,

C. multisetosum (Stock, 195Z); C. bonelli (Enquist, 1949); C.

salmonis and C. spinicorne are exceptions in that each of these

species have been found in burrows and tubes. It is quite likely that

closer observations of other species will reveal that this dual habit is

not really uthqie.

Tube construction becomes a matter of possible economic

interest as these arnphipoda make up a substantial part of the fouling

community (Banard, 1958a; Coe and Allen, 1937) which affects harbor

pilings and shipping. Such fouling can have an adverse influence on

the efficient operation of a ship, but it has been suggested that the

fouling mat protects pilings from woodbo ring organisms (Banard,

1958a; Rao and Shyamasundari, 1963; Weiss, 1948). Another eco-.

nornic consideration regarding the species of Corophium is their

possible place in the food web which leads to the sport and food fishes

utilized by man, Flounder, perch, the very popular salmon, and

other fishes spend portions of their life cycles in the estuaries.
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Heubach, Tothand McCready (1963) found that Corophium were a

substantial food item for young striped bass, Roccus saxatilis, but

the full importance of such benthic crustaceans as Corophiurn in rela

tion to these other animals is, unfortunately, not well known. It is

interesting to note that the first report of C. salmonis was made from

specimens taken from the stomach of a salmon by W. Stimp son

(Bradley, 1908). Foyle (1969) observed that juvenile coho salmon,

Oncorhynchus kisutch, fed upon the males of C. salmonis. This

selectivity may be due to the feeding behavior of the fish or the pres-

ence of only the male Corophium.

These experiments and observations make but a small dent in

the unknowns of estuarine ecology. At this stage we can onlymake

educated estimates of the relative importance of Corophium and

other small organisms to the marine ecosystem and man. We know

less about the full effects of landfills, dams and pollutants on our

estuaries. The wood industries in the Pacific Northwest, pulp pro-

cessing in particular, create waste products which may affect both

shellfish and game fish (Bartsch, etal., 1967; U. S. D. 1., 1967).

The increased power requirements of the Northwest are leading to the

constructionof dams and nuclear reactors. Unless carefully

regulated, this technological progress can lead to increased thermal

loading and radioactive pollution (Krumholz, Goldberg and Boroughs,

1957) of estuarine waters which may go on to affect entire oceans
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(Revelle and Schaefer, 1957). These conditions can lead todrastic

shifts in our total environment. If we continue on our present course,

demonstrating our inability to understand the natural world about us,

then our estuaries can only become monumental cesspools for our

society. In a small effort to aid in the gathering of information on

this problem, the following experiments were designed to accumulate

some basic information about the species of Corophium common to

the Oregon coast, their natural habitats, and some of the relations

between these organisms and their environment.



THE DISTRIBUTION OF COROPHIUM

Any one species of Corophium may occur over a wide geo-

graphic area (Crawford, 1937a, b; Ingle, 1963), but the distribution

within any given estuary may be quite localized depending on the

adaptations of the animals and environmental influences on the orga-

nisms. Some of the more common environmental factors which have

been studied in their relation to Corophium are:

1. Chlorinity (Aldrich, 1961)

2. Salinity (Faletans, 1958; Gee, 1961; Goodhart, 1941;

McLusky, 1967, 1968a, b, 1970a; Stock 1952; Watkins, 1941)

3. Slope of banks (Gee, 1961; Watkins, 1941)

4. Tidal effects (Morgan, 1965)

5. Turbidity:(Bánard, 1958.a;Côry, 1967 Rao and.

Shyamasundari, 1963)

6. Current (Hazéland Kelly, 1966)

7. Light (Meadows and Reid, 1966)

8. Water content of substrate (Gee, 1961)

9. Substrate quality (Aldrich, 1961; Crawford, 1937a;

Faletans, 1958; Gee, 1961; Goodhart, 1941; Hart, 1930;

Hazel and Kelly, 1966; Ingle, 1963, 1966; McLusky, 1967,

1968a, b; Meadows, 1964a, b, c; Stock, 1952)



Most of this work involved the European forms oiCorophium,

and in particular, C. volutator. From these literature descriptions

some members of the genus appear to have fairly specific require-

ments regarding their existence in a particular habitat. Their some-

times spotty distribution in the estuary supports this line of thought.

Further evidence comes from some laboratory studies involving C.

volutator. Meadows (1964c) found that when this animal is confronted

with mud and sand substrates, it will burrow in the mud and not in the

sand. If the sand is covered with a fine layer of mud (0.5 - 1.0 mm

thick), C. volutator will burrow in this material. This seems logical

if the animal is at least a partial detritus feeder (Meadows and Reid,

1966) and the surface of the substrate may be important in the

food getting activities. Meadows (1964a) demonstrated that altera-

tion of the surface material rendered the substrate unattractive to

C. volutator.

Existing under the fluctuating conditions of the estuarine envi-

ronrnent, Corophium can be exposed to a relatively wide range of salt

concentrations during each tidal cycle.. Corophium volutator has been.

recorded under natural conditions in water from as low as Z°/oo

salinity (McLusky, 1968a) to as high as 34°/oo salinity (Jones, 1948).

Corophim volutator will survive in 50°/oo salinity, but grows fastest

in 15. 4°/oo salinity (McLusky, 1968a). This same organism has

survived sixteen days in freshwater (Hart, 1930). tn spite of this
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ability to exist in this wide r.ange of salt concentrations and a demon-

stratedability to osmoregulate (McLusky, ].968a,. 1970b), C. voluta-

toii remains in specific areas not normally moving into freshwater or

strictly marine conditions (McLusky, 1968a, 1970a).

There are exceptions to this estuarine existence. Corophium

curvispinum devium is a member of the freshwater community found

in the rivers of Europe and is currently extending its range (Ingle,

1963). Corophium spinicorne has been taken from freshwater in

California (1-lazel and Kelly, 1966; Shoemaker, 1949). Corophium

stimpsoni is found in freshwater areas of San Francisco Bay (Hazel

and Kelly, 1966).

Shoemaker (1949) described thirteen species of Corophium from

the west coast of America and Banard (195Z) listed a fourteenth

species from the coast of Southern California. Banard (1954) lists

four of these species as occurrhig in Oregon: C. acherusicum,

C. brevis, C. salmonis and C. spinicorne. In this study only two

of these species have been found with any regularityalong the Oregon

coast, C. salmonis 3nd C. spinicorne. When the literature repre-

sented some of the European species as being selective of sediment,

it was decided to examine the conditions under which C.: salrnonis

and C. spinicorne inhabit the coast of Oregon.



Previous studies of Corophium on the west coast have been

primarily taxonomic observations (Banard, 1952, 1954; Bradley,

1908; Shoemaker, 1941, 1949). Only recently have there been studies

which took note of ecological considerations involving Corophium

(Aldrich, 196 1; Hazel and Kelly, 1966). In particular there have

beenno studies which have examined the distribution of this genus

on the Oregon coast, or the correlation with sediment types in which

Corophium might be found.

Methods and Materials

As a preliminary to this study, most of the larger estuaries

and many of the smaller rivers on the coast were checked for the

presence of Corophium (Figure 1). This involved sieving sediment

from all the intertidal areas which might contain Corophium. This

was done in July and August of 1968, the months when Corophium are

expected to be most abundant (Watkins, 1941). A few of these areas

were then selected because of the variety of habitats present and

were examined in detail from March 1969 to December 1969. These

study areas were as follows:

__ 'A



Fgnre 1, The lcnown distribUtiOfl of and along the coast
of Oregon. Areas noted without pofitS were examined 2nd neither specias was found.
The asterisks denote the type of sediment in each area.
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1. Netarts Bay, Netarts, Oregon

2. Eckman Slough, Waldport, Oregon

3. Yachats River, Yachats, Oregon

4. Cleawox Lake, Honeyrnan State Park, Oregon

5. Siltcoos River, Westlake, Oregon

A monthly sampling program was established in these study areas

to observe relative changes in the density of the animals and the tern-

perature and salinity. In the intertidal areas sampling was easily

accomplished by removing triplicate portions of the sediment from

selected one meter square areas. These areas were selected for

having consistent populations of Corophium based on the preliminary

search for the animals. Each sample was obtained by pressing a

100 cm2 plastic square (Figure 2) two and a half centimeters into the

sediment and then removing the enclosed material.

In deeper nontidal areas a dredge would have been the obvious

choice but for the fact that the animals are relatively small ( 4 mm

long) and the sediments in some areas are fine and of low density.

The use of a dredge in this case would havemeant a possible loss of

both animals and sediment, making a valid quantitative measurement

improbable.

In an attempt to remedy the problem of sampling deeper water,

a resident bottom sampler (Figure 3) was designed. This had three

wells (each 100 cm2 x 2. 5 cm deep) to be filled with material from
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Plastic square sampler. This 100 cm2 x 2. 5 cm deep
plastic sampler is shown on the surface of the sediment
before pressing into the proper depth. Inside the square
are the tubes and burrows of Corophium.
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Figure 3. Resident bottom sampler. Thts bottom sampler contains
three wells each 100 cm2 x 2. 5 cm deep to be filled with
material from the sample site and one 100 cm2 plywood
plate to provide a flat surface for the possible attachment
of tubes by Corophium. There are four eye-bolts imbedded
in the concrete to use for a rope harness to retrieve the
sampler.
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the study area. A wooden plate (100 cm2) was built into the platform

to pick up those Corophiuni which might utilize a clear area on which

to build tubes. This samples could be left on the bottom for a month

and retrieved by ropes. At the time of sampling animals were

removed from the sediments with sieves (1. 5 mm and 0. 5 mm mesh)

and animals scraped from the wooden plate. The samplerwas re-

filled and returned to its position. In some instances the animals

were preserved along with the sediment in 70% isopropyl alcohol and

the sieving done later in the laboratory. If after sieving, additional

separation from larger organic debris and rocks was required, a

flotation medium (Anderson, 1959) was used. The material was

examined undera ZOX binocular microscope to insure that all

Corophium were removed. The Corophium were classified as to

sex and size. Animals under three millimeters were not sexed and

were classified as juveniles.

The use of the resident bottom sampler and the plastic 100 cm2

sampler introduced the possibility of sample variatio.n because two

different techniques were used. A statistical comparison of animal

counts taken by the two techniques in the same area at the same time

(Appendix) showed no variation in the mean of the sample counts for

the resident bottom sampler and the plastic sampler.

Temperature and salinity measurements were made with a

Beckman salinorneter (Model No. 257) each time the sediments were

checked for Corophium. In shallow water where the instrument probe
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could not be utilized, a standard laboratory centigrade thermometer

recorded temperature and a ten inch hydrometer was used to calculate

salinity. In a few instances dissolved oxygen measurements were

made (Winkler method) and in all instances the water was saturated

with oxygen. In nearly all instances there was not enough water in

the intertidal area to fill bottles and oxygen measurements were not

continued.

Habitat Description

These five study areas were selected based on the variations in

habitat noted during the preliminary survey in 1968.

1. Netarts Bay

The northernmost study area was Netarts Bay (Figure 4). This

particular bay is more like a protected area of ocean water than the

usual coastal estuary where one finds a salinity gradient and a major

influx of freshwater from one or more rivers mixing with the ocean

water. Netarts Bay is a coastal indentation aboul 7. 5 km long, pro-

tected from the ocean on the west side by a sandy peninsula and with

a narrow mouth (250 m) at its northern end. There are no rivers

entering the bay and only a few small streams entering from the

eastern or landward side. The overall result is a very small influx

of freshwater into the bay. This was demonstrated by the high



0.5 km

Figure 4. Map of Netarts Bay. The stippled areas designate the
known distribution of Corophium salmonis. The arrow
shows the sampling area.

/

Bay

/

Highway 34

15

Figure 5. Map of Alsea Bay and Eckman Slough. The stippled areas
indicate the known distribution of Corophium sairnonis.
The arrow indicates the sampling area.
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salinity (27'/oo) of the water on the incoming tide at the south end of

the bay.

The fact that Netarts Bay is well protected from wave action and

lacks strong tidal or river currents over much of its area creates

unusual substrate conditions for the benthic flora and fauna. Very

fine (< 0. 125 mm) material, which in most estuaries would be

removed or remain suspended due to the water movement, settles

out in Netarts Bay to create a fine silty mud (Table 1). When samples

of this mud were taken to determine the particle size distribution, the

sievedmaterial had to stand for two or three days to allow for settling

of the smallest size fraction. In the collecting area on the southeast

margin of the bay, the fine substrate had some small depressions

and the stream itself supported clusters of C. salmonis. The areas

not covered by water at low tide did not show any evidence of

Corophium. This was particularly noticeable close to shore where

there were varying amounts of decaying leaves and other vegetation

on the surface of the mud.

2. Eckman Slough

Thenext study area to the south was Ec1man Slough on Alsea

Bay at Waldport, Oregon (Figure 5). This area, while muddy, had a

greater proportion of larger (>0. l5 mm) particles in the sediment



Table 1. Sediment size in the study areas: The average percentage composition, byweight,. based on
samples from each area ± the standard deviation.

Particle Size Class
Study
Areas Fine Gravel Sand Fine Sand Mud Fine Mud

(>1.00mm) (<1.00 >0.50mm) (<0.50 >0.25mm) (<0.25 >0.125mm) (<0.125mm)

Netarts 0.17 ± 0.26 0.30 ± 028 0.34 ± 026 < 0.01 99.10 ± 0.7

Eckman 1.91 ± 1.05 1.33 ±0.43 14.90 ±2.50 32.8 ±1.0 48.90 ±2.80

Yachats 0.18 ± 0.16 0.02 ± 0.01 77.64 ± 1.67 21.88 ± 1.70 <0.01

Cleawox 0.19 ± 0.34 0.30 ± 0.18 48.3 ± 2.40 48.5 ± 2.0 2.47 ± 1.96

Siltcoos 1 32 ± 0 85 0 59 ± 0 22 84 51 ± 1 37 13 35 ± 1 61 0 28 ± 0 23



18

than Netarts Bay. The sampling area was at the margin of a large

stream draining from Eckman Lake. The intertidal area here was a

large flat surface cut by a variety of seepage channels up to a meter

wide and 0.Z5 m to 0.50 m deep.

Two shallow (2 - 3 cm) tidalpools supported a population of C.

salmonis (up to 1500/rn2) during the late summer and fall of 1968.

During this time the larger elongate stippled area shown in Figure 5

was utilized as a test area for sampling techniques. From 1968

through 1969 when observations were carried out in more detail,

some changes occurred in the slough which affected the Corophium

population. As a result of these changes during 1969, the normal

benthic community in the Eckman slough area was all but eliminated.

In the winter of 1968-1969 there was a shifting of material from the

gravel banks bordering the mud flats and possibly a shift in sediment

deposition. These occurrences, with associated changes in the drain-

age pattern, created a drier surface during low tides in l969. There

was an increase in surface vegetation, particularly Enteromorpha

intestinalis. The Corophium disappeared altogether in the mud areas

where this increase in vegetable matter occurred. Small bivalves

and gammarid amphipoda which had been abundant the previous year

were greatly decreased based on observations made during collection

periods. Corophium sairnonis was found at the sampling site only

during August, 1969,
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3. Yachats River

The third sampling area, on the Yachats River (Figure 6),

represented a radical difference in substrate quality from those pre-

viously described. Corophium salmonis was found in this area on a

relatively clean sandy bottom in areas where there was little current.

There were a few spots where shallow (10 cm) water ran more swiftly

and deeper areas ( m) where the sand was covered by a thin layer

(< 0. 5 mm) of mud which supported a population of Corophium. The

collecting area was 1 meters downstream from the U. S. Highway

101 bridge and received an influx of saltwater only during higher high

tides. The animals were not found in the river area affected by

average tidal changes. A collection of animals was not made during

any one of the exceptionally high tides so there is no record of salt-

water at this site. Each time it was sampled the Yachats River site

was completely freshwater and it is assumed that for a major portion

of the time these animals exist under freshwater conditions. There

is a sand bar whtch forms a sill at the river's mouth and one would

expect that the denser saltwater that does move across this sill

settles in the deeper portion of the river, but this situation was not

directly observed.
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Figure 6. Map of the Yachats River. The stippled area designates
the known distribution of Corophium salmonis. The arrow
indicates the sampling area.

300 m

Figure 7. Map of Cleawox Lake. The stippled area designates the
known distribution of Corophium spinicorne. The arrow
indicates the sampling area. The X shows the head of
the Cleawox River where some organisms were found.
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4, Cleawox Lake

The fourth sampling area was in Honeyman State Park, a

recreation area centered on Cleawox Lake (Figure 7). This body of

water lacks inlets from other lakes in the area. It has a small outlet

(about one meter wide and 3 5 cm deep) which runs west through

extensive sand dunes to the ocean 2.2 km away. In spite of this rela-

tive isolation from the ocean or estuarine areas, Cleawox Lake has

C. spinicorne in the sandy sh11ow margins of the lake and in deeper

(8 m) areas in silt, This is one area which was unusual in that the

Corophium population was not exposed to tidal changes and the rapidly

fluctuating temperature, water level and salinity which are part of the

estuarine environment.

5. Siltcoos River

The Siltcoos River was the southernmost study area (Figure 8).

Siltcoos Lake, the source of the river, is part of a series of lakes

associated with an extensive sand dune system extending 86 km from

Hec eta Head to Coos Bay, Oregon. The previously mentioned Cleawox

Lake is also one of these lakes. Woahink Lake south of Cleawox is

connected to Siltcoos Lake. Another lake to the south, Tahkenitch,

empties into the ocean via Tahkenitch Creek. Siltcoos is the largest

of these lakes and does have Corophium present, many of which have
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Figure 8. Map of the Siltcoos River. The stippled areas designate
the known distribution of Corophiurn almoni5 and Coro-
phium !P1 come. The nu'.bers and arrows indicate the
sampling a:rea,
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been found on fish nets and gear left in the water for a period of time

(Bond, 1968).

The first record of Corophium from this area is from a collec-

tion made by I. Pratt of Oregon State University in 1949 (Banard,

1954; Pratt, 1968). This collection recorded only C. spinicorne from

the Siltcoos River about one kilometer from the lake, whereas the

present study found both C. spinicorneand C; salmonis at this same

location. Since the time of the collection made by Dr. Pratt, a dam

and associated fish ladder have been constructed which effectively

divide the river into fresh and saline portions. The original collec-

tion by Dr. Pratt was made near site 2 (Figure 8) in freshwater.

Results

The results of the sampling program carried out in the study

areas and the resulting graphed data concerning Corophium are shown

in Figure 9. The individual sample counts and species breakdown

arein the Appendix. The salinity and temperature ranges from the

areas are noted in Table 2. The ranges of these factors give a better

appreciation of the environment of Corophium than a mean calculated

from various samplings.

The use of the resident bottom sampler was disappointing. This

was not from any malfunction of the device, but because of the distur-

bance of the samplers after their initial placement, Thiswas not
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samples. In some areas no animals were found (.a..). The bar graph represents the
class breakdown based on sex and size. The study period covers from March through
December of 1969.



Table 2. Temperature and salinity in the study areas.

Site Salinity Ranges and Conditions Temperature Ranges and Conditions

Netarts 001 -29.6°foo: The salinity varied with the 11.0-21.7°C: The temperature varied
Bay tidal cycle. The freshwater recordings greatly during any one tidal cycle. During

came from the stream exposed at low tide, low tide some organisms were in shallow,
sun-warmed pools while others were in the
bottom of cold, running freshwater. The
incoming tide often represented a third
variation in water temperature.

0Eckman 0.06- 17.5 /00: This area did not appear
Slough to suffer as wide a variation in salinity as

Netarts Bay. There were no Corophium
found in the bed of the freshwater stream
leading into the site from Eckman Lake.

Yachats
River

C le aw ox
Lake

Sil tc 00 S

River

0.3 - 0. 5°/oo: During all sampling periods
the animals were covered by freshwater. It
is inferred from movements of drift logs that
higher tides covered the area between periods
of samplesbut averaghigh tide did not.
0. 1°/oo: This site was freshwater at all
times. The animals were always submerged.
0. 1 100/00: The upper freshwater areas
were subject to seasonal change. The areas
affected by tides showed more variation.

12.5- 18. 3°C: Variations in temperature
during tidal cycle were caused by warmer
freshwater from Eckman Lake and the
Alsea River mixing with the saltwater.

014.5- 18.0 C: There was little tempera-
ture change noted except for seasonal
variations.

14.5- 15.5°C: The temperature changed
only with season and depth.
11 - 20°C: There was seasonal variation
occurring above the dam and the intertidal
area varied to a greater degree.

t'J

u-t
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completely unexpected as most sample areas were heavily utilized by

the public. In all instances where the resident bottom sampler was

disturbed, its samples were discarded and fresh samples were taken

using the plastic sampler. The only area where the resident bottom

sampler was consistently undisturbed was Siltcoos Z. After the June

sample period all other samples from other areas utilized the plastic

sampler.

The use of the wooden plate as a site for the construction of

Corophium tubes was a failure. The animals constructed tubes on the

concrete surface of the sampler but not the wooden plate. At Siltcoos

Z, where the resident bottom sampler remained in use throughout the

study, no animals were ever found on the plate. On one of the dis-

turbed samplers at Siltcoos 4, three ttibes were found where silt had

settled on the wood. The plywood utilized in these resident bottom

samplers was only a few days old when it was first cut to size and

mounted in the concrete. It is assumed that the highly caustic exter-

ior glue utilized in the plywood could have repelled the Corophium.
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SUBSTRATE SELECTION BY COROPHIUM

Introduction

.CorophIum volutator in laboratory tests is specific in returning

to its native mud substrate (Meadows, 1964a). On the west coast C.

spinicornehas been found, to date, only in sandy areas (Aldrich, 1961;

Hazel and Kelly, 1966) suggesting that this species might react to the

substrate in a manner akin to that of C. volutator. The natural habitat

where C. salnionis has been detected by the author varies from fine

mud to sand (Table 1) suggesting that this species may not be specific

in its reaction to the substrate. A similar case was demonstrated by

Meadows (1964a) for C. arenarium. With this apparent contrast in

mind an experiment was designed to determine the ability of C.

salmoni-s and C. !p.nicorne to detect their native substrate when

presented with a variety of mat&rial.

Methods and Materials

Substrate samples from the study areas were collected in plastic

containers and frozen until they were required for the experiments.

Substrates were chosen to provide a conpast with the native material

plus the artificial substrate, acid-cleaned sand (Meadows, 1964a). The

last two experiments (Series 4, 5) utilized two similar sand types and the

acid-cleaned sand to test the ability of Corophium to detect slight



changes in substrate quality. For use the substrates were placed in

a 15°C water bath to thaw and distributed two and a half centimeters

deep into triple-section plastic boxes (Figure 10). These containers

were set in the water bath in groups of three. The substrates were

arranged in a different order ineachof the three containers to be sure

that the organisms were orienting to the substrate andnotto some extrin-

sic factor in the laboratory such as light or heat. Fifteen animals,

three to five millimeters long, were introduced by pipette into each

container .( 13 cm x 7 cm x 7 cm) with 50 milliliters of water from their

native area. A majority of the animals burrowed within a half hour

from the time they were introduced into the test containers, but they

were left undisturbed for at least Z4 hours before each section of each

box was sieved with a 1, 5 mn-i mesh sieve to remove the animals from

their established burrows.

To test the reactions of different populations to different substrate

types, five series, each with fifteen experimental trials were arranged

(Table 3). Allanimalswereusedwithinthree days of capture.

Results

The response of C. salmonis and C. spinicorne to the sub-

strates are shown in Tables 4 - 8 The data from each experiment

were subjected tochi-squareanalysis. The null hypothesis assumed

a random distribution of the animals in the three sections of each



29

I

I

I

I

I

I

jZ

I

I

I

I

I

I

2

I

I

I

I

I

I

I

I

I

I

3

I

I

I

1

I

I

I

I

I

I

12

Figure 10. The arrangement of the plastic boxes (13 cm x 7 cm x
7 cm) and substrates in testing the reactions of Coro-
phium salmonis and Corophium spinicorne. The numbers
show the staggering of sediment materials: 1. mud; 2.
sand; 3. acid-cleaned sand. The dotted lines indicate
plastic material between sediments. The depth of the
substrate was two and a half centimeters. Animals
were introduced into the lower left hand corner of each
container,



Table 3. Substrate selection, experimental series.

Series No. Test Species Native Area Test Substrates

1 C. spinicorne Siltcoos River Siltcoos sand
Netarts mud
Acid-cleaned sand

Z C. salmonis Yachats River Yachats sand
Netarts mud
Acid-cleaned sand

3 C. salmonis Netarts Bay Netarts mud
Yachats sand
Acid-cleaned sand

4 C. spinicorne Siltcoos River Siltcoos sand
Yachats sand
Acid-cleaned sand

5 C. salmonis Yachats River Siltcoos sand
Yachats sand
Acid-cleaned sand

0
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Table 4. Sediment series 1: Corophium spinicorne from the Siltcoos
River with sand from the Siltcoos River, mud from Netarts
Bay and acid-cleaned sand.

Experiment Siltcoos Netarts Acid-Cleaned
Number Sand Mud Sand

1* 11 0 4

2* 10 2 3

3* 14 1 0

4 9 2 4

5 9 1 5

6* 10 0 5

7* 13 2 0

8* 8 7 0

9 9 2 4

10* 13 2 0

11 6 7 2

12* 10 5 0

13* 12 2 1

14 6 5 4

15* _..!!

Total** 151 39 35

* This distribution significant at the 95% level according to chi-
square analysis.

** This distribution significant at the 99% level according to chi-
square analysis.
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Table 5. Sediment series 2: Corophium salmonisfrom the Yachats
River with sand from the Yachats River, mud from Netarts
Bay and acid-cleaned sand.

Expe riment Yachats Netarts Acid-C leaned
Number Sand Mud Sand

1* 10 4 1

2* 10 4 1

3* 12 3 0

4* 10 5 0

5* 12 3 0

6* 11 z

7* 11 0 4

8* 15 0 0

9* 11 2 2

10* 10 5 0

U 8 6 1

12* 13 1 1

13 8 6 1

14* 12 1 2

15*

Total** 163 47 15

* This distribution significant at the 95% level according to chi-
square analysis.

** This distribution significant at the 99% level according to chi-
square analysis.
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Table 6. Sediment series 3: Corophium salrnonis from Netarts Bay
with sand from the Yachats.R.iver, rnu.d from Netarts Bay
and acid-cleaned sand.

Expe rirnent Ne tarts Yac hats Acid -C leaned
Number Mud Sand Sand

1* 11 1 3

2 8 4 3

3* 11 3 1

4* 10 1 4

5* 13 1 1

6* 12 2 1

7* 10 2 3

8* 8 7 0

9* 10 3 2

10 9 5 1

11* 11 3 1

12 8 4 3

13* 11 2 2

14* 12 1 2

15

Total** 151 43 31

* This distribution significant at the 95% level according to chi-
square analysis.

** This distribution significant at the 99% level according to chi-
square analysis.
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Table 7. Sediment series 4: Corophium spinicorne from the Siltcoos
River with sand from the Siltcoos River and Yachats River
and acid-cleaned sand.

Experiment Siltcoo s Yac hats Acid-Cleaned
Number Sand Sand Sand

1* 8 7 0

2* 14 1 0

3* 12 2 1

4 9 3 3

5* 1 U 4

6* 11 z z

7 9 4 2

8* 12 2 1

9* 10 3 2

JO 9 4 2

11* 13 0 2

12 8 2 5

13* 10 1 4

14 9 5 1

15 8 3

Total** 126 49 33

* This distribution significant at the 95% level according to chi-
square analysis.

** This distribution significant at the 99% level according to chi-
square analysis.
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Table 8. Sediment series 5: Corophium salmonis from the Yachats
River with sand from the Siltcoos River and Yachats River
and acid-cleaned sand.

Expe rim ent Yachats Siltcoo s Acid-Cleaned
Number Sand Sand Sand

1* 10 3 2.

2 8 4 3

3 4 7 3

4* 12 2 1

5* 14 1 0

6 7 7 1

7 8 4 3

8 6 5 4

9* 10 4 1

10* 5 10 0

11 8 5 2

12* 11 3 1

13* 12 1 2

14* 12 3 0

15 9 6 0

Total** 137 65 23

* This distribution significant at the 95% level according to chi-
square analysis.

** This distribution significant at the 99% level according to chi-
square analysis.
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container. The alternate hypothesis is one of nonrandom distribution

and implicit is the ability of the organisms to distinguish the sub-

strate types. At the 95% confidence level some of the individual ex-

periments illustrate an apparent random distribution bu the majority

of the experiments in each series indicate nonr3ndom distribution at

the 95% confidence level as did the sum of the fifteen experiments at

the 99% confidence level.
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SEDIMENT DISPLACEMENT BY COROPH1UM

Introduction

The burrowing or feeding: activity of some benthic organisms

can serve to rework and return seclimentedmaterials to the surface of

the substrate (Foxetal., 1948; Rhoads, 1963). This represents the

return of potential energy sources to consumer species (Darnell, 1967)

and the estuarine ecosystem which would become unavailable in the

formation of deep sediments (Raymont, 1963, pp 59 1-592) or organic

shales (Emery etak, 1957). Benthic organisms, by utilizing the

sedimented materials in growth and the production of pelagic eggs or

larvae, recycle materials and energy to the nekton (Raymont, 1963,

pp 592-596).

Qualitative and quantitative aspects of sedimentation have been

examined from the physical perspective (Kuim and Byrne, 1967;

Postma, 1967). There is a paucity of biological studies with quanti-

tative measurements demonstrating the possible effect of organisms

on the reworking of sediment materials. Rhoads (1963) observed that

a deposit feeding pelecypod, Yoldia limatula, reworked 5 to 5 1 liters

of substrate matter/m2/year. Polychaete worms have also been

studied with regard to turnover of substrate (Gordon, 1966; Rhoads,

1967) with some six grams per day being reworiced bya single worm

(Gordon, 1966). Fox et al., (1948) estimated that worms in a bed of

sand 500 miles long, ten feet wide and a foot deep with 3, 000 worms



per square foot were capable of cycling 7. 3 x 106 tons of sand per

year. This demonstrates a great potential on the part of small

organisms for influencirg the placement and the organic content of

sediments.

Methods and Materials

Corophium are relatively abundant and it was suspected that

they had the ability to influence substrate placement with their bur-

rowing. A technique similar to those of Rhoads (1963, 1967) and

Gordon (1966) was developed to examine the action of Corophium on

the substrate. Fifty milliliter beakers were filled to a depth of two

centimeters with sand substrate, White aquarium gravel was ground

to a fine powder, mixed with water from the animal's natural habitat

and the beakers filled to provide about a centimeter of water over the

sand. The fine white material settled to a thin, contrasting layer

(<0. 5 mm thick) on the surface of the substrate. An animal was

introduced into each beaker and allowed to burrow. The burrow

castings settled on the white layer and were carefully removed with

a fine pipette after. 24. hours.. The removed material was dried to a

constant weight at 105°C. The volume of material cast up in the bur-

rowing process was determined by water displacement of the dried

material in a graduated capillary tube.

Thirty adults (> 4.0 mm long) of each species were selected for
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the experiment. Corophium salmonis from the Yachats River and C.

spinicorne from the Siltcoos River were used as the sandy sediments

of these areas could support the contrasting layer of material and the

fine silts could not.

Re suits

The results of the sediment displacement from Corophium bur-

rows are shown in Table 9. There was no significant difference in

the amount of material cast up by the two species. The average

amount of matter cast from the burrows of both species was

O.O?977gm (0.032 ml)/burrow.



Table 9. Substrate displacement of Corophium salmonis and
Corophium spinicorne.

C. spinicorne C. salmonis

40

Animal Weight Volume Animal Weight Volume
Number (g) (ml) Number (g) (ml)

1. O.041E6 0.010 1. 0.20687 0.080
2. 0.08605 0.020 2. 0.14288 0.051
3. 0,07225 0.028 3, 0.07613 0.029
4. 0. 07487 0. 030 4. 0. 14676 0. 056
5. 0.11499 0.042 5. 0.08515 0.034
6. 0.06925 0.026 6. 0.02780 0.011
7. 0.08806 0. 045 7. 0. 07032 0. 063
8 0 16510 0 060 8 0 02651 0 010
9. 0. 04658 0.010 9. 0. 05786 0.022

10. 0.15650 0.060 10. 0.13218 0,050
11. 0.07816 0.026 11. 0.03392 0.013
12. 0.03349 0.015 12. 0.13710 0.042
13. 0.03006 0.010 13. 0.05523 0.031
14. 0. 13370 0.050 14. 0.03693 0.014
15. 0.08672 0.034 15. 0.06642 0.026
16. 0.04768 0.016 16. 0.03130 0.010
17, 0.02717 0.010 17. 0.01690 0.008
18. 0.06875 0.025 18. 0.05120 0.017
19. 0.02068 0.060 19. 0.12270 0.046
20. 0,02722 0.009 20. 0.06742 0.027
21. 0.05822 0.018 21. 0.19867 0.075
22. 0. 06525 0.015 22. 0. 00790 0.002
23. 0.01550 0.009 23. 0.13708 0.051
24. 0.06495 0.021 24. 0.14061 0,050
25. 0.16288 0.062 25. 0.06531 0.025
26. 0.06575 0.027 26. 0.08817 0.044
27. 0.03702 0.011 27. 0.16523 0.061
28. 0.20663 0.079 28. 0.05523 0.030
29. 0. 14533 0. 052 29. 0. 06671 0. 026
30. 0,02761 0.011 30. 0,03122 0.011

Sum 2.31808 0.891 Sum 2.54771 1.015
Mean 0. 07477* 0. 030* Mean 0. 08476* 0. 034*
Stddev, *0.02485 ±0.004 Std.dev. ±0.02994 ±0.004

* These means were compared by means of a t-test and there was
no significant difference in the amount of material dug up by the
two species. Weights were determined by aMett1er balance H-. 16.



41

DISCUSSION

Examining the distribution of C. salmonis and C. spinicorne on

the coast of Oregon has illustrated the variety of conditions under

which these species may exist. Within the habitat of a given popula-

tion there can be the variations of environmental factors associated

with the estuari.ne condition, i.e., changes in salinity, temperature

and exposure. In addition to this, there is the variety found in corn-

paring the habitats of different populations of these species. These

diverse conditions under which C. salmonis and C. spinicorne exist

emphasize the question of what factor(s) control the distribution of

these orgaiisms.

The literature concerning the European species C. volutator

mentions salinity as the "master ecological factor" (McLusky, 1968a)

in the upper estuaine area. Most authors propose that the nature of

the sediment is the principle factor influencing the distribution of

Corophium (Crawford, 1937b; Gee, 1961; Hart, 1930; Meadows and

Reid, 1966; Meadows, 1964a, b, c; Watkins, 1941). The distribution

of C. volutator is discussed in relation to sediment types and various

qualities of the sediment such as particle size, surface films and

depth (Meadows, 1964a, b, c). Gee (1961) mentions that the sediment

type is the chief factor in the distribution of C. volutator and C.

arenarium. Meadtws and Reid (1966) concur about C. volutator
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stating it is extremely limited in its choice of sediments.

From the distribution study (Figure 1) we can correlate the

distribution of C. salmonis and C. spinicorne with the sediments

(Figure 11). Based on this histogram and the environmental observa-

tions it might be inferred that C salmonis and C spinicorne may be

correlated with the mud and sand sediments, respectively, as have

C. volutator and C. arenarium (Gee, 1961; Meadows, 1964a, c). If

this were a valid hypothesis we would expect that C. salmonis frori

the sand areas of the Yachats River would burrow in the mud if given

the opportunity. Such a hypothesis is not supported by laboratory

results of the sediment series (Tables 4 - 8). Corophium salmonis

from sandy sediments returned to sand and C. salrnonis from mud

sediments returned to mud. This test indicated that C. spinicorne

responded to its native sand in preference to sand from nearby areas.

The sediment series show that C. salmonis and C. spinicorne

react specifically by burrowing in their native sediment. Corophium

salmonis is not restricted or selective in the same sense as C. volu-

tator or C. arenarium. While C. volutator can be correlated with a

respective sediment type, C. salmonis does not react as a whole

species to one substrate. We may be dealing with different denies of

C. salmonis.

Corophium spinicorne utilized in the sediment series came only

from sand areas and readily burrowed in this native material as
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Figure 11. Frequency appearance of Corophium species
in relation to substrate types.
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opposed to non-native sand and mud. This is as specific a reaction as

observed in C. volutator (Meadows, 1964a, c) towards its individual

sediment. Yet the author is wary of making the same correlation of

this one species (C. spinicorne) with this one sediment (sand).

Corophium spinicorne has been observed in fine silt (< 0. 125 mm) at

Cape Perpetua and Cleawox Lake and though these were limited areas

there remains the possibility that C. spinicorne may react to two seth-

ments as did C. salmonis.

The series of experiments with sediments serves to point up

the problem of discerning factors affecting the distribution of an

organism. Much has been written on limiting factors including the

effects of salinity (McLusky, 1968a, 1970a) and sediments (Gee, 1961;

Meadows, 1964a, b, c) and it seems that pointing out a given factor as

the limiting one in an organism's distribution negates recognition of

the diverse ecological interactions which re a part of every environ-

ment. Thorson (1966) points out that the establishment of benthic

communities may be the result of a series of selective forces involv-

ing environmental changes and ethological traits. While we may

correlate a given population of animals (i. e. , Corophium) with a

particular factor (i.e., sediments), it seems misleading to label this

as the limiting factor for a species until we have a rather complete

knowledge of the organism's responses to environmental pressures at

every stage of its life.
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Stock (1952) found C. insidio sum and C. inultisetosum each

formed two types of tubes: (1) a burrow in the substrate and (2) a

tube built upon submerged öhjet. He considered these two species

exceptions tp the rule that a given species could construct only one or

the other type of tube. Corophium salmonisand C. spinicorne are

also exceptions having been observed in nature and in the laboratory

inhabiting both types of tubes. Corophium salmonis and C. corne

have been noted in sand and on vegetation in the Siltcoos River. The

most graphic demonstration of burrow variety was noted in freshwater

(1 - 5°/oo salinity) seepage pools at Cape Perpetua. In this area C.

spinicorne existed amidst fine mud k 0. 125 mm). On the bottornof

the pool the animals created conventional burrows in the mud. On the

tops and sides of the rock surface tubes were built vertically with a

basal attachment. In other cases the tubes were horizontal with a

longitudinal attachment the length of one side of the tube. The rock

surface except for the pool bottom was free of detrital material and

it appeared that the amount of material available may have affected

the type of tube constructed.

The population counts (Figure 9) of the selected areas showed that

the average percentage of males exceeded the percentage of females in

only4%ofthe samplingperiodswhenanimalswere found. Thepercentage

ofmalesis highest in the springmonths. This percentage is similar to

that found in the life cycle of C. volutator where the males never
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averaged more than 30.4% of the population (Watkins, 1941). It has

been suggested that the predominance of females is due to the 'die

off" of males from the preceding season and a late: summer "die offH

of the present season males (Watkins, 1941). There exists the possi-

bility that this discrepancy in the male-female ratio is due to a behav-

ioral difference on the part of the male. Goodhart (1941) found that

C. volutator spent considerable time out of their burrows before the

mud plots dried off at low tide. Watkins (1941) noted that on many

occasions numbersof adult males are left on the surface of the sedi-

ment with the retreating tide. These observations correspond with

my own for C. salmonis and C. spinicorne. In the laboratory, males

were noted moving on the surface of the sediments probing the other

burrows with their second antennae. If a burrow was occupied they

would move off to another. The females of these species normally

did not follow this pattern. This exploratory behavior would allow

for a selective predation upon the males resulting in their lower

numbers in contrast to the females. This hypothesis is supported

by evidence presented by Foyle (1969). In her analysis of the

stomach contents of juvenile silver salmon, Oncorhynchus kisutch,

she found 409 male Corophium and no females.

The disappearance of C. salmonis and C. spinicorne during the

wintermonthsis not fully understood. A similar cycle in C. volu-

tator maybe due to increased mortality (Watkins, 1941) and/or
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migration (McLusky, 1968a). Meadows and Reid (1966) suggest that

the adult may move while the small immature forms may remain

unnoticed. However, in areas where the mature C. salmonis and C.

spinicorne disappeared, the immature forms normally retained by the

half millimeter sieve were not found. The problem remains one of

determining mortality and/or migrations in the populations.

If the animals move into more saline waters, this would mean

an open coast existence for some populations where there is little or

no saline gradient in the environment (such as at Yachats, where

there is no estuary). Although C. volutator is recorded on open

coasts (34°/oo salinity) (Hart, 1930), the normal pattern of life

involves rivers and estuaries (Ingle, 1963). Corophium lacustre was

exposed to a maximum salinity of 7. 9°/oo (Faletans, 1958) and in

Chesapeake Bay, C. lacustre diminished in areas of Z0°/oo salinity

(Cory, 1967). Optimum conditions for growth and moulting for C.

volutator include a salinity around lS°/oo (McLusky, 1967).

While it is by no means certain that C. salmonis and C. spini

come do not exist on the open ocean beaches in the winter months,

information on these other species leads one to suspect this may not

be the case. The only evidence of Corophiurn on the open coast comes

from the presence of C. spinicorne in fine silt (< 0. 125 mm) of high

seepage pools at Cape Perpetua. The salinity in these pools was
0from 1 to 5 /oo. Corophium were not found in tidal poois exposed to



each tide and, consequently, a higher salinity. The fact that onlythree

or four such. pools have been foundsupportingCooprn populations

leads to the suspicion that they may be introduced to the area from

bait material utilized by the fishing public.

The densities of Corophium in the study areas have seasonal

averages ranging from 40/rn2 at Eckman Slough to 3,300/rn2 at the

Siltcoos River. The highest monthly average was 10, 500/rn2 from

Siltcoos No. 2. It is not unusual to find species of Corophium in high

concentrations. Counts of C. volutator showed 7,000/rn2 (Watkin,

1941), 11,000/rn2 (Spooner and Moore, 1940), and Z8,O0O/rn

(McLusky, 1968). On underwater supports, such as timbers

(Barnard, 1958a) and test plates, the tubes of Corophium are even

more closely built. Gory (1967) found C. lacustre on test plates often

exceeded 100, 000/m2.

The densities of Corophiurn observed in the study areas should

not be extrapolated to estimate populations of the entire bays or

rivers. These nurnbers represent small select spots of intertidal

areas (except for Cleawox Lake and the Siltcoos River, above the

darn) and probably have no bearing on the population density of Coro-

phium in subtidal areas of the larger bays such as Netarts or Alsea,

However, we can cornbine the observed population densities

in the field with the laboratory experiments on sedirnent displacement

by individual Corophiurn to obtain an estimate of the effect of these



organisms on the substrate of limited areas (Table 10).

The turnover of sediment based on these figures represents a

most conservative estimate of the influence of Corophium on the sub-

strate as they are based on a single burrow for each animal. During

the experiments on the displacement and selection of sediments,

Corophium created only one burrow/animal. In two holding trays

utilized for observing the. two species, each animal created a single

burrow. If the Corophium were disturbed by the investigator, they

would attempt to enter other burrows rather than dig new ones. This

parallels the activity of C. volutator (Meadows and Reid, 1966), The

Table 10. Sediment turnover in sample areas.

Seasonal Calculated
Animal Sediment

Area Density* Displacement2
(No. animals/m ) (ml sediment/rn )

Netarts Bay 500 16.

Eckrnan Slough 40 1

Yachats River 2, 400 76

Cleawox Lake 300 8. 5

Siltcoos No. 1 1, 300 42

Siltcoos No. 2 2, 800 89

SiltcoosNo. 3 100 3. 4

Siltcoos No, 4 3, 300 110

*Based on all the, samples taken during the study in each area.
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number of times these animals burrow may depend upon how often

they are disturbed. This, in turn, depends on environmental condi-

tions, such as water currents, and the actions of other organisms. in

the area. Meadows and Reid (1966) estimated that C. volutator may

dig fresh burrows every one to four days under laboratory conditions.

No estimate of how often Corophium burrows under natural conditions

is available.

This experiment is the first attempt to examine the amount of

material removed from burrows by Corophium. The experimental

period was Z4 hours and the resulting mound of expelled material was

a small cone approximately Z millimeters high and 3 millimeters

across the base. In holding trays these mounds have been observed

for a week with no visible change in the amount of material after the

initial burrowing.

In the highly unlikely case that Corophium burrow only once,

they would have very little influence on the turnover of sediments.

The full effect of Corophium on the sediments will not be known until

it is established how often they burrow under natural conditions.
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CONG LUSIONS

1. Corophium salmonis and C. spinicorne are the most widely dis-

tributed and numerically dominant species of Corophium at the

sites; examined in this work.

2. The habitatsóf bothspecies extend into freshwater.

3. Populations of Gorophium on the coast of Oregon follow a pattern

similar to that of C. volutator with increased numbers in the sum-

mer months and complete absence or reduced numbers in the

winter months.

4. Differential behavior of the sexes is the probable cause of the

lowered ratio of males to females by allowing a higher predation

on males.

5. Both species form burrows in sediments or tubes on submerged

surfaces.

6. Under natural conditions C. salmonis occurs most frequently in

mud and C. spinicorne most frequently in sand.

7. Corophium spinicorne can detect its native sand from acid-

cleaned sand, mud or similar sand from other areas.

8. Corophium salmonis can also detect its native material, but is

unique because it Occurs in mud and sand and each population

returns to its respective sediments.

9. The average amount of material removed in the burrowing process
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during a 24-hour period is 0. 07977 g (0. 032 ml)/burrow. In areas

where it is not unusual for a species to occur in densities of 5, 000/rn2

to 10, 000/rn2 such burrowing may redistribute from 400 g (160 ml)/m2

2to 800 g (320 ml)/m of sand.
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Sampling data obtained during the study period from March through
December 1969. Each sample count represents the number of ani-
mals/l00 cm2.

Area Time Sample Sum Average Devi-
1 2 3 ation

Netarts March 0 0 0 0 0 0

April 16 0 0 16 5 8

June 34 0 0 34 11 16
July 35 0 0 35 12 15
Aug. 0 0 0 0 0 0

Sept. 22 0 0 22 7. 10
Dec. 0 0 0 0 0 0

Eckman March 0 0 0 0 0 0
Slough April 0 0 0 0 0 0

June 0 0 0 0 0 0

Aug. 3 5 0 8 2 4
Sept. 0 0 0 0 0 0

Dec. 0 0 0 0 0 0

Yachats March 0 0 0 0 0 0

April 21 29 0 50 17. 26
June 106 40 84 220 73 33
Aug. 26 29 43 98 33 8

Sept. 46 30 0 76 25 19
Dec. 0 0 0 0 0 0

Honeyman March 0 0 0 0 0 0

(Cleowax April 0 0 0 0 0 0

Lake) June 13 14 21 48 16 2

Aug. 0 0 0 0 0 0

Sept. 0 0 0 0 0 0

Dec. 0 0 0 0 0 0

Siltcoos March 9 18 0 27 9 8

No. 1 April 15 0 0 15 5 3

June 122 1 0 123 41 57
Aug. 0 42 28 70 23 18

Sept. 0 0 0 0 0 0

Dec. 0 0 0 0 0 0



(continued)

Sample Devi-Area Time Sum Average
1 2 3 ation

Siltcoos March 0 0 0 0 0 0
No.2 April 4 0 0 4 1 2

June 41 253 21 315 105 103
Aug. 58 1 55 114 35 25
Sept. 32 37 0 69 23 17
Dec. 0 0 0 0 0 0

Siltcoos March 0 0 0 0 0 0

No.3 April 0 0 0 0 0 0

June 0 0 0 0 0 0
Aug. 7 9 3 19 6 2

Sept. 0 0 0 0 0 0

Dec. 0 0 0 0 0 0

Siltcoos March 10 22 0 32 10 9
No. 4 April 18 24 0 42 14 10

June 100 33 21 154 51 34
Aug. 44 46 0 90 30 21
Sept. 70 40 29 139 45 17
Dec. 36 47 56 139 45 8
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A Comparison of Sampling Techniques

To compare the results of the different techniques samples

were taken from a Corophium population with the resident bottom

sampler and the plastic sampler. The means obtained from these

samples were compared utilizing a t-test for small samples and

there was no significant difference in the average number of animals!

100 cm2 in the two sample

The number of Corophium
retained by the resident
bottom sampler.

The number of Corophium
retained by the plastic
sampler.

21 23

29 27

0 17

15 8

29 20

9 7

0 0

0 0

Total 104 113

Mean 1J 100 cm2 13/100 cm2




