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The vertical distribution of infauna was examined at eighteen

stations in Coos Bay, Oregon. Twelve stations were located in the

dredged shipping channel; six samples were taken in South Slough.

The faunal assemblages of South Slough (with the exception of one

station) and the main dredged channel were found to be quite distinct.

One hundred seventy three taxa were identified in the samples; forty

five were coon to the two areas. Faunal differences are postulated

to be due to the more frequent disturbance in the dredged channel

compared to the largely intertidal South Slough samples.

Phoronopsis harmeri was the only taxon consistently found to have

a subsurface abundance maximum. All other taxa either showed a con-

sistent decline in numbers with increasing depth in the sediment, or

minor and isolated subsurface abundance maxima, South Slough faunas

were consistently distributed to deeper levels in the sediment, prob'-

ably due to the lower frequency of disturbance.

Multiple regression analysis of Shannon diversity on water con-
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tent, grain size, and depth in the sediment accounted for 82% of the

variation seen in diversity, when only the dredged channel stations

were considered. Addition of the South Slough samples to the model

resulted in a multiple R2 of 0.63. This pejorative effect is postu-

lated to be due to the difference in environment and frequency of dis-

turbance in the two areas.

Dredging, shipping traffic, and industrial activity in the upper

reaches of the dredged channel appear to have a deleterious effect on

faunal diversity, due most probably to increased water and organic

content, decreased grain size, and physical disturbance and removal

of surface sediment layers. This area is depauperate in regard to

species; those which do occur are generally cosmopolitan, opportunistic

ones, restricted to the upper ten centimetres of the deposit. The

lower reaches of the dredged channel, and all but one of the undredged

stations exhibit a much more speciose fauna distributed to deeper

levels in the sediment.
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THE VERTICAL DISTRIBUTION OF INFAUNA: A COMPARISON

OF DREDGED MID UNDREDGED AREAS IN COOS BAY, OREGON

INTRODUCTION

Study of the vertical distribution of infauna has heretofore been

almost exclusively limited to examination of intertidal sandy beaches.

Surprisingly little work has attempted to relate observed distribution

patterns to various environmental parameters. The research described

herein represents an attempt to compare vertical distribution to water

and organic content of the sediment, grain size, and frequency of dis-

turbance.

Terminology

The term "vertical distribution" has alternatively been used to

describe the zonation of flora and fauna on a shoreline (eg., the

surface of a beach, cf. Ricketts et al., 1968), to describe the strati-

fication of organisms seen in the water column (eg., the stratification

of fish faunas seen in the open ocean - mesopelagic vs bathypelagic,

cC Wieser, l960b, and Hardy, 1960), and to describe the distribution

of organisms within a sediment deposit (Fenchel, 1971). It is the

latter usage with which I shall be concerned. An attempt by investi-

gators of any of these three phenomena to remove ambiguity in their

terminology would be highly proficuous.

Infauna may be defined as those organisms which live within the

sediment, as opposed to epifauna, which dwell at the sediment-water



interface. Infauna generally includes three size classifications:

microfauna, those organisms which pass the finest sieves and are gen-

erally sampled by culturing; tneiofauria (Mare, 1942), those organisms

passing a 0.5 to 1.0 mm sieve, but larger than microfauna; and macro-

fauna, the larger metazoans retained on a 0.5 to 1.0 mm sieve (McIn-

tyre, 1969). As I utilized a sieve with meshes of 0.5 mm, my samples

can probably be considered to quantitatively represent the macrofauna,

and qualitatively represent the meiofauna (Reish, 1959, has stated

that quantitative meiofaunal sampling requires a mesh size of 0.37 mm).

Previous Studies

Growing recognition of the importance of meioinfauna has prompted

several ecological studies on small invertebrates (Jansson, 1966;

Renaud-.Debyser, 1963; Wieser and Kanwisher, 1961; Smidt, 1951; Muus,

1967; Renaud-Debyser and Salvat, 1963; Pennak, 1951; and Wieser,

l960a), Despite the rapidly enlarging literature on the vertical dis-

tribution of intertidal psammal organisms (Purasjoki, 1947; Delamare-

Deboutteville, 1960; Swedmark, 1964; Bush, 1966; Fenchel and .Jansson,

1966; Fenche]. et al., 1967; Schmidt and Westheide, 1971; Salvat, 1964;

and Johnson, 1967), information on vertical distribution of subtidal

faunas remains scant (McIntyre, 1969; Mare, 1942; Molander, 1928;

Moore, 1931; Bougis, 1946; McIntyre, 1961; and Thiel, 1966). Fenchel,

Jansson, and Renaud-Debyser have contributed nearly all that is known

about the vertical distribution of infauna, and most of their research

has concerned the smaller members of the meiofauna, primarily the
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dilates and nematodes of intertidal sandy beaches.

McIntyre (1964) provided data on biomass and production for in-

faunas as a whole, For intertidal faunas, the macrofauna to meiofauna

biomass ratio may vary from 1:4 (Smidt, 1951) to 1:42458 (Rees, 1940),

and for subtidal faunas, values ranging from 1:16 (Muus, 1967) to

1:770 (Wigley and McIntyre, 1964) have been recorded

Vertical Distribution

Holme (1953, p. 9) has stated that "from observation on intertidal

banks it is known that a majority of individuals are to be found in

the top 15 cm or so" while McIntyre (1973, p. 3) has written "on sand

the fauna is found in the interstitial space down to more than 30 cm.

while on less porous mud it is restricted to about the top 6 cm,"

Holme (1964) later revised his estimate to the top 30 cm, MacGinitie

(1935, 1939) has sampled certain animals at depths of two feet or more

on intertidal flats, and believes that offshore faunas may penetrate

to that depth as well. Meiofauna has been recorded at over one metre

in sand (McIntyre, 1971, 1973; Renaud-Debyser, 1963), and is usually

to be found throughout a sandy core if shallower than that (Ganapati

and Ran, 1962; Bush, 1966; Fenchel and Jansson, 1966; and McIntyre,

1968), Many workers have noted that population maxima, while occur-

ring near the surface at the low water line, move deeper in the sedi-

ment as one samples closer to the high water line (Schmidt and West-

heide, 1971; McIntyre, 1968; Bush, 1966; and Ganapati and Rao, 1962).

Animals have been detected at 52 cm in a tideless beach in the Øresund
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(Fenchel et al., 1967). Bush (1966) noted the fauna extending down-

wards to the water table at 46 cm. The situation can be quite differ-

ent in a muddy environment; Rees (1940) found the bulk of the fauna

in the 0 to 1 cm section, with little life below 4 cm.

On a sandy beach in the Danish Waddensea, Smidt (1951) found 83%

of the nematodes in the surface two centimetres; they extended to six

centimetres, which was the deepest level sampled. Perkins (1958) took

nematodes at the bottom of a seven centimetre thick lens of sand over-

lying stiff clay, but they were undetected in the clay. Teal and

Wieser (1966) found nematodes to deeper than 14 cm, and Ganapati and

Rao (1962) found maximum densities of nematodes between 10 and 20 cm,

extending to 75 cm. Fenchel et al. (1967) found nematode maxima at 35

cm, extending to the deepest level sampled at 52 cm.

McIntyre (1971) stated that copepods were largely restricted to

the top centimetre of mud in an estuarine environment. On an inter-

tidal mud flat, Barnett (1968) found 95% of the harpacticoids in the

0,0 to 0.5 cm level, with only occasional individuals below one centi-

metre. Perkins (1958) found copepods to be restricted to a surface

layer four millimetres thick. Pennak (1942) stated that copepods

could be found at a depth of 25 cm in his study area. Renaud-Debyser

(1963), in sampling an intertidal sandy beach to 65 cm, found

tastacus spinicauda to 65 cm with a maximum density at 45 cm; Steno-

earls pygmaea with a maximum at 35 cm; Psammotopa polyphylla only from

35 to 65 cm; and Arenopontica subterranea only from 45 to 65 cm.

Fenchel et al. (1967) recorded the oligochaetes Narionina p-
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clitellochaeta and H. subterranea as surface forms, but Aktedrilus

monospermatecus as occurring exclusively below 20 cnn They also listed

the polychaetes Diurodrilus minimus as occurring from 12 to 24 cm, and

Nerilla antennata at 48 cm.

Ciliates have been shown to exhibit a distinct zonation (Fenchel

and Jansson, 1966); they may occur to more than 20 cm in clean sand,

and to eight centimetres even in strongly reducing, although capillary,

sediments (Fenchel, 1967) Maximum concentrations were found in

sulphureta (Fenchel, 1967).

Ganapati and Rao (1962), on an intertidal sandy beach, considered

the following groups to be generally restricted to the upper 20 cm:

Hydrozoa, Turbellaria, Nemertea, Rotifera, Archiannelida, Polychaeta,

Ostracoda, Halacaridse, and Nudibranchiata, They recorded kinorhynchs

and isopods from 70 cm, and in their deepest samples, 75 cm, they

identified a few ciliates, nematodes, oligochaetes, gastrotrichs,

tardigrades, and crustaceans,

Johnson (1967) cored to 25 cm on an intertidal sand flat, finding

80% of the individuals in the upper 15 cm. The median depth for all

species, except Phoronopsis harmeri, was 8 cm.

Fenchel and Jarisson (1966) found the fauna in a tideless harbour

(in 5 to 10 cm of water) to be restricted to the upper two centimetres,

with only nematodes deeper in the sediment, They noted a condition of

marked oxygen depletion and an Eh reduction at a depth in the sediment

of only one centimetre.

There has been a debate in the literature for some fifty years



concerning the depth to which organisms may be found in subtidal and

offshore deposits (Holme, 1964; Thorson, 1951). Nolander (1928)

sampled to 15 cm in the Gullmar fjord and concluded that the majority

of species and individuals were to be found in the upper five centi-

metres of sediment, with few occurring below ten centimetres. Wieser

and Kanwisher (1961) have stated that the vertical distribution in

sublittoral and some littoral deposits is restricted to eight centi-

metres, with the majority above four centimetres, Holme (1964) gave

ten centimetres as the line of demarcation, animals below that depth

being often large but infrequent. lie went on to state that it may be

necessary to sample to 30 cm to collect all Individuals of certain

species. Johansen (1927) wrote "invertebrates are not taken beyond

about 12-25 cm down in the sea floor." However, Barnard and Hartinan

(1959) noted collections of Listriolobus made with an orange-peel grab

that had penetrated at least 60 cm into the sediment, These echiuroids

were frequently snagged by the bottom claws of the instrument, indi-

cating the possibility of even deeper individuals.

There is a great paucity of published accounts of the vertical

distribution of subtidal infaunas. Nuus (1967) and Hopper and Meyers

(1967), in examining sea grass communities in less than one metre of

water, found most melofauna to be restricted to the upper two centi-

metres, On a sandy bottom in eight metres of water, McIntyre (1969)

found harpacticoids, turbellarians, gastrotrichs, and nematodes

throughout 23 cm cores, but their numbers were much reduced below 16

cm. Molander (1928) investigated the vertical distribution of infauna
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in the Gulimar fjord. He stated that the majority of individuals

occurred in the upper five or ten centimetres, only polychaetes being

found to 15 cm, the maximum depth sampled. In examining the fauna of

muddy bottoms at 20 to 40 in depth, Mare (1942), Moore (1931), and

Bougis (1946) found copepods, ostracods, turbellarians, kinorhynchs,

bivalves, and polychaetes primarily in the upper two centimetres, and

at some sites only in the surface half centimetre. Nematodes were

occasionally found with maximum concentrations in the one to two centi-

metre layer, and occurring deeper, but numbers below five centimetres

were very low. In sediments in 73 to 166 m of water, Moore (1931) and

McIntyre (1961) found the top four centimetres to contain the bulk of

the fauna, only nernatodes occurring continuously to seven or eight

centimetres. At 5030 m, Thiel (1966) found harpacticoids and ostra-

cods confined to the surface two centimetres. Nematodes occurred at

seven centimetres depth, but 90% of the population was found in the

zero to two centimetre layer.

Nematodes have been recorded to a depth of 50 cm in a peat bog

(Kischke, 1956). Ohlmacher and Schlichting (1967) found higher popu-

lations of algae, bacteria, and protozoa in the hydrosol layer of a

lake (mud-water interface) than in the first and subsequent sediment

sections.

Environmental Factors Influencing Vertical Distribution

I should now like to consider the available information on the

effects of various environmental factors on the vertical distribution



of infaunal organisms. Purdy (1964, p. 238) has stated that grain

size is generally a controlling factor in the distribution of benthic

organisms:

"Distribution patterns of aquatic benthos, for example,

are correlated usually with the texture, or, more spe-

cifically, with the silt and clay content of the sedi-

ment rather than with its mineral composition. This

relationship results from the fact that current veloci-

ties not only determine the proportion of silt and clay

in the sediments, other factors being equal, but also

control the ecologically important variables of sub-

strate mobility and concentration of organic matter."

Pennak (1951), however, has stated that the grain size has no constant

relationship to either number or distribution of organisms.'t I think

he has been adequately refuted in recent years (eg., Jansson, 196Th;

Kinner et al., 1974).

Prenant (1960) has an exhaustive bibliography on the granulo-

metric literature. It appears likely that rather than grain size, p

se, it is the physiographic environment of which grain size is but

an indicator, to which organisnis react (Jones, 1950). Jansson (1967a)

has given grain size preferences of an interstitial oligochaete and

the harpacticoid Parastenocaris vicesima, which has a strong affinity

for sediments with a median diameter of 125 to 250 i. The copepod is

incapable of movement when placed in sediments in the 500 to 1000 31

range. Icinner et al. (1974) have shown grain size correlations for

several organisms; they list Heteromastus filiformis as being charac-

teristic of sediments of greater than 50% silt and clay, and also

record higher diversities for localities with less than 25% silt and

clay. Prenant (1961) listed Arenicola marina and Lanice conchilega as



tolerating a wide range of particle sizes, but Rullier (1959) stated

that Arenicola marina, Lanice conchilega, and Capitella capitata were

restricted to a narrow range of grain sizes, while elegans

and Cardium edule were more eurygranular. Interesting dichotomy!

Jansson (1966) demonstrated preferences of the oligochaete Marionina

for varying grain sizes.

The work of Chapman (1949) and Ekman (1947) has suggested that

different degrees of packing may influence infaunal distribution or

burrowable depth through thixotropic and dilatancic properties of the

sediment. The work of 0.5.11. (1977) has confirmed this in part.

Wieser (1959) has postulated a morphologic barrier at a median

grain size of 200 p, separating interstitial sliding organisms (grain

size greater than 200 p) from those which burrow (less than 200 p).

He has listed Spiochaetopterus costarum as an indicator of silt and

fine sand. In his work in Puget Sound, Wieser (op. cit.) found

Leptochelia dubia, Rhynchospio arenincola1 and Cumella vulgaris females

only in sediments with a median diameter of less than 200 p. Cumella

vulgaris males were found in sediments with a mean diameter of up to

300 p. The males of this species are noticeably smaller than the

females, of quite a different shape, and may well utilize a different

mode of locomotion; King (1977) noted differences in swimming patterns

between the 'sexes. Species of Boccardia were found in sediments of

up to 250 p mean diameter, while Corophium salmonis was found exclu-

sively in deposits of less than 200 p mean grain size. Jansson (1967c)

stated that this critical grain size of 200 p is related more to pore



10

water content than to space restrictions, and that creeping and bur-

rowing animals are less influenced by grain size than are interstitial

sliders. The mode of locomotion apparently governs an organism's

ability to remain In a sand layer of optimum humidity (Wieser, 1959).

Boaden (1962) found graded sand to be differentially colonized by

different infaunal organisms.

Temperature

Temperature may also play a significant role in determining ver-

tical distribution. Jansson (1966) has correlated the vertical distri-

bution of some metazoans with temperature; he has also demonstrated

temperature preferences for the oligachaete Narionina. Salvat (1967)

has studied the influence of air and sea water temperatures on sand

temperature at different depths in the sediment. Jansson (1967d)

examined vertical temperature gradients over 24-hour periods in several

seasons; surface layers showed the largest fluctuations, especially in

summer. Perkins (1958) has demonstrated a marked meiofaunal downward

migration when the surface temperature falls below 4°C. Renaud-

Debyser (1963) and Gray (1965) have also recorded vertical migrations

of infauna in relation to temperature.

Salinity

Remane and Schulz (1934) have stressed the importance of the

salinity of the interstitial water (Kllstengrundwasser); Icinne (1964)

has a comprehensive review of recent studies. Jansson (1966) has



correlated vertical distribution of in fauna with salinity, and has

given salinity preferences for Paraleptastacus and Parastenocaris

Barnett (1968), on an intertidal mud flat, recorded 95% of the har-

pacticoids in the first half-centimetre of sediment even in a consi-

derably diluted environment, and noted that they did not migrate down-

wards to the 1.5 to 2.0 cm level, where normal salinities were avail-

able However, Bush (1966) has noted marked downward migrations

during periods of heavy rains.

Light

Gray (1966) has described vertical migration of infauna (both

positively and negatively phototaccic) in response to light 1eve1s

Oxygen

Oxygen availability may be a very important factor influencing

the distribution of infauna. Many species are undetected in sediment

layers lacking in oxygen. Very coarse sediments may be well oxygen-

ated to at least 20 cm (Fenchel, 1971), but in finer deposits oxygen

is often lacking below 1 cm (Wieser and Kanwisher, 1961). Oxygen

tenor may limit the distribution of some species, but many can survive

anoxically for long periods. Intertidal plants such as Spartina may

furnish oxygen to deeper levels in the sediment than it is normally

available, but only in a narrow zone around their roots (Wieser and

Kanwisher, 1961). Nematodes especially are able to survive long

periods without oxygen (Moore, 1931), and Wieser and Kanwisher (op
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cit.) have related their distribution to oxygen availability. Jansson

(1966) has correlated the distribution of some metazoans with oxygen

availability, and has given figures on the influence of oxygen on

Derocheilocaris. Any group with species which can withstand anaerobic

and reducing conditions may be represented in the deeper levels of a

deposit (McIntyre, 1969)

Pore Water

Jansson (1967b) has noted the importance of water flow for oxygen

availability in the interstitial water. He has also stated (1967c)

that pore water content of a sediment is probably more important than

grain size, p se, in influencing infaunal distributions (he is wri-

ting of the sandy intertidal environment). Salvat (1964) has proposed

a four-fold classification system for sandy beaches based on inter-

stitial water content and frequency of interchange. Wieser (1959) has

noted a break in the crve of water holding capacity of variously

sized sediments at 200 i; Krogerus (1932) stated that sediments may

vary from closely packed fine sand in which capillary forces are high

(and, consequently, water content is high), to coarse sand in which a

system of interstitial spaces is developed and capillary forces (and

water content) are low, Jansson (1968) found harpacticoids to be most

sensitive to decreasing amounts of pore water, turbellarians next, and

oligochaetes relatively indifferent. He also (1966) has correlated

the vertical distribution of some metazoans with water content of the

sediment.
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Tidal Variation

Johnson (1967) and Boaden (1968) have described migrations of in-

fauna in relation to tidal fluctuations. Rieger and Ott (1971) re-

corded a turbellarian and nematode which moved to surface layers when

the tide was high, and retreated to lower levels when the tide receded.

They noted another nematode, lower on the shore, which exhibited pre-

cisely the opposite behaviour.

Seasonal Variation

Studies of seasonal fluctuations in vertical distribution are

few; Renaud-Debyser (1963) found maximum densities as deep as 70 cm in

a sandy beach in January, with the maximum moving to upper layers in

the summer. MacCoy (1966), studying the tidal creeks of an estuary,

noted a threefold change in population abundance from July to Septem-

ber in the zero to two centimetre layer, a sixfold change in the two

to four centimetre layer, and a tenfold change in the four to six

centimetre section. The upper layer constituted 69% of the total pop-

ulation, the middle section had 22%, and the bottom (four to six cm)

level contained the remaining 92. He postulated a downward migration

of organisms over the season.

Dredging

The effects of dredging may be compared to conditions obtaining

in a deposit characterized by high rates of biologic reworking.

Unstable and reworked bottoms are primarily restricted to deeper sub-
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tidal areas (Rhoads and Young, 1970), for intertidal and shallow sub-

tidal bottoms are frequently stabilized by benthic diatoms (VanStraaten

and Kuenen, 1958), shallow water algal mats and grasses (Ginsburg and

Lowenstam, 1958), and high densities of tubicolous polychaetes (Fager,

1964). Highly reworked bottoms, produced by high densities of infaunal

deposit feeders, result in uncompacted surfaces of sand-sized biogenic

particles of low bulk density (faecal pellets and clasts of semicon-

solidated mud), high turnover rates of bottom muds through resuspen-

sion by weak tidal currents, high turbidity at the mud-water interface,

water contents of greater than 60Z at the surface (water contents of

30 to 50Z and lower are nre usual for areas with fewer deposit-

feeding bivalves), and better oxygenation, to about six centimetres in

the deposit (Rhoads and Young, 1970). Rhoads and Young have also

noted the production of textural and compositional grading correspon-

ding to the maximum depth of biologic reworking, which they were able

to identify as an X-ray opaque zone, This physical instability can be

stressful to filter feeding organisms by clogging filtering structures,

resuspending and burying newly settled larvae, and discouraging settle-

ment of suspension-feeding larvae. Rhoads and Young (op. cit.) have

shown significantly lower growth rates (less than fifty per cent that

of the upper) for juvenile bivalves at 10 cm above the surface of

highly reworked sediments, than for those 45 and 75 cm above,

Muus (1966) pointed out that although many larvae of suspension

feeders show high settling discrimination, some larvae do settle and

metamorphose in areas where adult populations are rare or absent.
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In cases where the instability of the bottom is not totally lethal to

a population, surviving individuals may exhibit stunted growth (Hallam,

1965). McNulty et al. (1962) have noted that unstable bottoms do not

affect all feeding types equally, and Rhoads and Young (1970) have de-

fined the following three-part trophic-group division. In homogene-

ously suspension-feeding faunas, deposit feeders are excluded by an

inadequate food source (eg., rocky bottoms). Sediment instability and

water turbidity exclude suspension feeders in areas where the fauna is

a deposit feeding one. However, Driscoll (1967) and Sanders (1958)

consider that a limiting food supply is the controlling factor in the

distribution of suspension feeders in Buzzard's Bay. A mixed fauna

indicates a physically stable bottom, according to Rhoads and Young.

Dredged areas are frequently characterized by this physically

unstable bottom condition, but water and sediment chemistry, as well

as physical removal of organisms, appear to play a larger part. Highly

organic sediments, rapid sedimentation rates, and low dissolved oxygen

act in concert to produce faunal impoverishment in dredged silt-clay

sediments (Taylor and Saloman, 1968), Kaplan et al. (1975) listed

acute effects of dredging as siltation, changes in water chemistry,

and physical removal of plankton and benthic organisms. Chronic ef-

fects of dredging are primarily changes in sediment deposition and

current velocity regimes. In a small estuarine lagoon, Kaplan et al.

(op. cit.) found that stations most diverse before dredging recovered

least; one sandy habitat showed increased diversity following dredging.

Reish (1962) found that dominant forms appeared within four months
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following dredging, and gradually increased in numbers. He also

noted the presence of temporarily dominant, or opportunistic, species.

Parr (1974), studying the upper reaches of the Coos Bay dredged chan-

nel, recorded a return of numerical abundance to pre-dredging levels

within 28 days following dredging. He noted that dredge-induced

changes were non-persistent, and postulated that the fauna was already

well adapted to periodic disturbance.

In summary, it would appear that the physiographic environment,

with concomitant factors of grain size, oxygen tenor, pore water con-

tent, and instability of the deposit, are most important in determining

the vertical distribution of subtidal infaunas Dredged deposits

frequently exhibit what would seem to be limiting values for these

factors; small median grain size, low oxygen content, high water con-

tent, and high mobility often characterize such areas, Silty, high-

liquidity environments tend to exclude suspension feeders (Rhoads and

Young, 1970), while low oxygen tensions may influence the depth to

which deposit feeders may be found, Highly instable sediments may

reduce numbers of both feeding types, as may high levels of organic

matter.

Intertidal faunas, of which there are no representative samples

from dredged areas in this study, should, in addition, be correlated

with those factors which are liable to vary more extensively in that

environment: temperature, rapid salinity changes, and tidal fluctu-

ations.
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METHODS

This research was designed to complement a study of the environ-

mental effects of dredging in.Coos Bay, being conducted by O,SOIJO

(1977). Primary objectives have been to determine if there are dif-

ferences in vertical distribution of infauna between dredged and un-

dredged areas, if so, whether they are ones of abundance, faunal compo-

sition, or homogeneity of vertical distribution, and whether they may

be attributed to differing grain size, organic content of the sediment,

or sediment mobility.

The study area consisted of stations selected at most areas of

the Coos Bay, Oregon, estuary (see Figure 1). Percy et aL (1973) and

the U,SOD.I. (1971) have given detailed descriptions of hydrologic

conditions in the bay. The mean tidal range is l6 m (Johnson, 1972);

the average tidal current velocity is LO m/sec at the mouth (Bcurke

et aL, l97l) During periods of low runoff the estuary is classed as

well mixed; the bay becomes partially mixed when runoff is high (McAl-

ister and Blanton, 1963)., Tidal flushing is usually of greater impor-

tance to the character of the estuary than stream runoff (Rudy, 1970).

The most serious difficulty facing the student of vertical dis-

tribution is one of sampling. Grab samplers generally fail to take a

sample adequately undisturbed to permit sectioning. Geologic core

samplers would be ideal in this regard, but the cross sectional area

is far too small for quantitative study of any but the microfauna.

Gleason and Ohimacher (1965) have developed such a coring device to
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study the microvertical stratification of microfauna. The instrument

described by Prych and Hubbell (1966), though large and cumbersome, is

apparently highly effective, but again the diameter of 4.75 cm makes

it less than useful for macrofauna, Gulliksen and Der&s (1975) devised

a pumping system for sampling bottom fauna, but stratification is lost

in sampling. Brett (1964) stated that stratified samples were obtain-

able with his diver-operated suction dredge, but the device is limited

to areas where a diver can work in safety. High current velocities

and traffic volume make this less than feasible in the dredged channel

of Coos Bay. The Knudsen sampler (1927) takes good quantitative sam-

ples, with stratification intact, but it requires the winch capabili-

ties of a very large support vessel, The Bouma box corer (Bouma, 1969)

proved satisfactory for the deeper portion of the sampling program.

The Bouma sampler, as well as the related Reineck box sampler (Reineck,

1961) for intertidal work, are gravity driven corers with a mechanism

ensuring closure of the bottom of the box. The Bouma sampler is a

large and sometimes unwieldy instrument requiring considerable winch

capabilities. This box corer takes a sample 21 by 30 cm in cross sec-

tic'', with a maximum sample depth of 45 cm (see Figure 2). The 83-ft

RJV CAYUSE was used for an operating platform with this instrument

The box corer took satisfactory samples on all substrates encountered,

with the exception of large (10 to 15 cm) shell,

The shallow depth of South Slough prevents operation of a vessel

large enough to permit use of the box corer. A lightweight instrument

was required which could be employed in either intertidal areas, or
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subtidally by a diver. Kaplan et al. (1974) have devised a suction

sampler with a reversing bucket, which is usable from a small boat.

Their model samples only to 30 cm, however, and is limited to water

shallower than the handle. Walker (1967) described a coring system

consisting of an anchor chamber which the diver pushes into the sedi-

ment, and a pressure driven piston which forces the coring tube into

the sediment. His device is again primarily a geological tool,

designed for cores of 2.4 to 4.3 m in length.

Barnett and Hardy (1967) have implemented an airlift pump to

drive a sampling cylinder into the deposit, with subsequent removal of

the lid, and excavation of the interior with a suction pump. The in-

strument which Mr. Danil Hancock and I devised utilizes an airlift

pump to drive a core barrel into the sediment, removal of the core

being aided by a winch.

The airlift principle has been employed by several workers, pri-

marily for excavation of sediment (Fleinming, 1962; Nackereth, 1958;

Simpson and fleydorn, 1965).

Appendix A gives specifications and operating procedures for

the airlift corer used in this study.

Cores were taken with the Bouma box corer at twelve stations in

the dredged shipping channel of Coos Bay. Six cores were taken with

the airlift corer in South Slough. Figure 1 shows the station loca-

tions; Table 1 provides date of collection, depth of water in which

the cores were taken, depth of penetration, and sediment type. All

cores were sectioned at five centimetre intervals, fixed in 10% forina-
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Table 1. Station data0 Water depth, depth of core
general sediment type, and distance from

Coos Bay0 CB indicates dredged channel;
South Slough0

penetration,
the mouth of
W refers to

Water Depth of Distance from

Station Depth Cm) Core (cm) Mouth (nm) Sediment Type

CB-1 12.8 23.5 1.0 sand

CB-2 8,5 10.0 2.0 sand

CB-3 8.4 25.0 3.0 sand

CB-4 9.3 12.0 4.0 shell

CB-5 8.4 22.0 5.0 sand

CB-6 9.5 27.5 6.0 sand

CB-7 9.6 21.5 7.0 sand, wood

CB8 10,3 15.0 8.0 sand, shell

CB-9 10,6 15.0 9.0 sand, wood, shell

CB1O 10.3 45.0 10.0 clayey mud

CB-ll 11.5 22.0 11.0 sand, wood

CB-12 11.6 45..0 12.0 clayey mud

W-1 1,2 50.0 2.3 sandy mud

W-2 3.0 80.0 3.1 sand, shell, mud

W-3 1,0 55.0 3.7 sandy mud

W-4 1.2 50.0 4.0 mud

W-5 2,0 52.5 5,0 mud

W-6 0,6 57.5 4.1 sand
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un-seawater solution, and stored in plastic bags for transport to the

laboratory4 Approximately forty grams of sediment were removed from

each box core section and frozen for granulometric and volatile solids

determinations

The sections were washed in the laboratory, using a 0.5 mm screen,

one to two weeks after collection, Material remaining on the sieve

was stained with Rose Bengal (a bacteriological protein stain) and

preserved in 70% isopropanol. Animals were removed by hand picking

under a dissecting microscope, and identified to the lowest possible

taxon. Nematodes and oligochaetes presented insurmountable taxonomic

difficulties, and were not identified to species.

Grain size analysis was performed by the hydrometer method (Emery,

1938; Krumbein and Pettijohu, 1938; Bouyoucos, 1936). Volatile solids

were determined as weight loss on ignition to 550° C. Dr. C. Sollitt

(Department of Ocean Engineering, Oregon State University, Corvallis)

provided sediment samples (sectioned at 10 cm intervals) for the South

Slough stations.

STATI S TICS

Diversity

Most recent community ecologists, in attempting to compare dif-

ferent biocoenoses, have used the concept of species diversity as an

index measuring both the absolute number of species (richness), and

the distribution of individuals among those species (evenness or

equitability). The efficacy or pertinence of various of these indices



24

has been much debated in recent literature. Most community ecologists

would agree that some measure of diversity, as defined above, has

utility in comparative studies0 Many, however, fall into the trap

suggested by Pielou "The belief (or superstition) of some ecologists

that a diversity index provides a basis (or talisman) for reaching a

full understanding of community structure is wholly unfounded" (Pielou,

1975, p. 19). One must beware the all too common pitfall of employ-

ing a single statistic in attempting to describe a community. When

used in conjunction with a measure of evenness, and a precise defini-

tion of taxocoenotic, temporal, and spatial limits, a diversity index

may have considerable heuristic utility.

With this caveat in mind, I have utilized Shannon's index of di-

versity (Shannon and Weaver, 1949). This is probably the most widely

used diversity statistic in community ecology. It was originally pro-

posed as a measure of the information content of a code. The index,

H", is
5

H" = -Z
p

log p1
1

where represents the proportion of individuals belonging to the ith

species. Any base may be used for the logarithm; base 2 and base e

are the most common - I have used the latter. The index varies from

zero (one species present) to the theoretical maximum of the logarithm

of the number of species.

Evenness

The evenness measure which I employed is simply the ratio of ob-
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served Shannon diversity to the theoretical maximum:

max S

where H" = log S.
max S

A related redundancy index, R1, is derived from H" and its theo-

retical maximum and minimum for a given number of species:

I'

max S

H"15

where H" is the observed Shannon diversity, H" = log 5, and
max S

H" is
mm S

N-S+l N-S+l
H" .

_[(S_IXA log +
N

log
Nminis N

where S is the number of species and N is the total number of indivi-

duals in the collection. This redundancy index varies from zero, in a

condition of maximum evenness, to unity, when maximum dominance (or

redundancy) is encountered.

Heip (1974) has shown that H"/H" remains constant when the
max J S

number of individuals is incremented by a common multiple, and Sheldon

(1969) has demonstrated that this evenness index is essentially inde-

pendent of the number of species. Figure 3 demonstrates the superior-

ity of H"/H" over 1-It Case I illustrates the change in the two
maxS I

evenness measures when S and N increase, but the m's remain constant
1

and equal for all species. The measure, l-R1, exhibits a similar, but

even greater, dependence on S when N remains constant at one thousand

individuals, and all species have an equal proportion of the individu-

als, The two lower curves (Case II) ilustrate the behaviour of these

indices when all but one species have unit representation in a collec-
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tion of one thousand individuals

where equal to zero

In this instance, l-R1 is every-

The Equivalent Number of Equally Common Species

Given an observed value of H" less than the theoretical maximum,

one may calculate the number of species, which, if equally abundant,

would generate the observed value of K". This quantity, E, is equal

to the antilogarithm of U", and is known as the equivalent number of

equally common species. This expression probably has some utility in

comparing samples from different biocoenoses. The index is related to

both diversity and evenness, and may be thought of as a measure of

niche diversity and level of occupation. A community with a low value

of E has a high degree of dominance by one or more species. The other

species are relatively underrepresented, giving rise to low diversity,

low evenness, and a consequently low equivalent number of equally

common species.

Niche Bread

Niche breadth is a statistic measuring the proportion of sites at

which a taxon occurs. I have utilized the following measure of niche

breadth, based on relative rather than absolute abundances, and attri-

butable to Levins (1968):

B = exp [ - E-1 log1RJ eR1

where k is the number of sites, is the proportion of individuals

of species j occurring at site i, and is the sum of the p.'s for



species j over all sites. The measure ranges from unity to k, the

number of sites at which the taxon occurs,

Mean niche breadth is an assessment of the average niche breadth

of species at one station, or how 'cosmopolitan' in character a station

is. The unweighted mean niche breadth, B., is

S.
1

B. = I B.
1 Si1 3

and the weighted average, B. , is

5.

B.
1

13 J

where B. is the niche breadth of species j and is the proportion

of individuals of species j at site i.

ES IML

Correlations between pairs of species were calculated as ESIMI:

Ai Bi

ESINI =
k

2
k

2
1/2

1Ai Bi

where is the proportion of individuals in species A at station i,

and
Bi

is the proportion of individuals in species B at station i.

Summation occurs over all sites at which the taxa are present. This

measure is analogous to a correlation coefficient, but varies from

zero to unity rather than from 1 to +1,
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S 1141

A similar statistic may be calculated for pairs of stations (see

Stander, 1970):

SIMI =

'Aj Bj

2 2
1/2

[Ep. Ep J
Aj Bj

where
Aj

is the proportion of individuals found in species j at sta-

tion A, and
Bj

is a similar quantity for station B. Summation occurs

over all species common.to the two stations. The ESIMI and 51141 stat-

istics are closely related, both mathematically, and intuitively, to

Levin's (1968) niche overlap index, which was derived from equations

due to Volterra (1926) and Gause (1934).

Clustering

Two clustering algorithms were utilized: one for grouping spe-

des over stations; one for grouping stations. The former necessitated

the use of Melntire's (unpublished) CLUSB program, which uses a divi-

sive nonhierarchical method; the latter required Richardson's (unpub-

lished) MCRLIB (due to the large size of the data set), which is an

agglomerative hierarchical method. The CLUSE program maximizes the

homogeneity of each group by minimizing the within-cluster sum of

squares (55):
k p -2

SS z I (x.. -x.)
h=l iSSh

]J 3
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where Xjj is the proportionalized abundance of species i at station j,

k is the number of clusters, and lESh denotes the subset of observa-

tions in cluster h

RichardsojYs algorithm utilizes the Bray-Curtis dissimilarity

measure (Bray and Curtis, 1957) as the basis for clustering. This

index has Seen used by many workers in community ecology (Day et aL,

1971; Field, 1969, 1970, 1971; Field and Macfarlane, 1968; Stephenson

and Williams, 1971; Stephenson et a10, 1972). This index (BC) is as

follows:

BC =

'Aj Bj

Aj
+

where s is the number of species, and and are the proportions

of individuals of species j at sites A and B

Diversity, evenness, the equivalent number of equally common

species, niche breadth, ESIMI, and SIMI were calculated by the AIDONE

(Analysis of Information and Diversity for ONE block of data) and AIDN

(Analysis of Information and Diversity for N blocks of data) programs

developed by Overton (1974), and run on Oregon State University's

Open Shop Operating System (053).

Multiple regression analysis was performed in the SIPS (Statisti-

cal Interactive Programming System) subsystem of 0S3 The independent

variables were added according to the STEPWISE procedure.

The MCRLIB clustering algorithm was run on the CYBER operating

system of the Oregon State University Computer Center.
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Twelve Bouma box cores were obtained from the dredged channel of

Coos Bay on 5 May 1975; six airlift cores were taken in South Slough

on 19 and 20 April 1975. Station locations are shown in Figure 1;

GB and W refer to box and airlift cores, respectively0 Table 1 lists

pertinent station data. A total of 23,834 individuals in 173 taxa

were identified and enumerated from 107 5-cm sections.

Figure 4 demonstrates how numbers of taxa varied with station;

Figure 5 gives similar information for numbers of individuals (Figures

4 through 35, and Tables 2 through 7 may tIe found at the end of this

section, in the order discussed, beginning on page 36). It may be

seen that station CB-4 had by far the greatest number of species, while

the core at W-3 showed maximal numbers of individuals0 Figures 6, and

7 through 9 demonstrate the general trend of decreasing species, and

individual, abundances with increasing depth in the sediment, The

South Slough cores were significantly deeper than the dredged channel

samples, owing to the greater efficiency of the airlift corer used in

that area.

The raw species abundance data are presented in Appendix B. As

the box corer samples an area 3.57 times as great as the airlift

corer, counts for GB stations would need to be reduced by that fraction,

and occurrences of one, two, and three organisms at those stations

eliminated, to produce strict statistical equality in the two portions

of the data set. As all statistical calculations performed were based
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on proportional (relative rather than absolute) species abundances,

such a modification was deemed unnecessary.

The dredged channel stations (CE) were found to contain a large

number of taxa not present at the South Slough stations (see Table 2).

Figure 10 demonstrates diversity (H") values for individual sta-

tions; corresponding evenness (H"/H"15) values may be found in

Figure 11. It may be seen that station CB-4 shows the highest diver-

sity for a sample, and 14-5 the lowest. Station 14-5 also shows the

lowest evenness (highest redundancy or dominance), while CB-9 shows

the highest evenness. Diversity and evenness values with depth in

each core are plotted in Figures 12-14 and 15-17, respectively. It

may be seen that diversity generally decreases with increasing depth

in the sediment, while evenness remains fairly constant.

The equivalent number of equally common species (B) is given,

for each core, in Figure 18; CB-4 exhibits the highest value, and

W-5 the lowest. Figure 19 shows the ratio of B to S (number of

species actually present) for the same samples.

Niche breadth values and k's (number of stations at which the

taxon occurs) for all taxa with B greater than 3.0 are given in Table

3. It may be seen that the value for B is always less than k, as no

taxon is completely evenly distributed over its range of occurrence,

Figure 20 demonstrates how mean niche breadth varies with station.

Station 14-5 exhibits the lowest weighted mean niche breadth; a further

analysis of this statistic may be found in the Discussion section.

Analysis of correlations between pairs of species (ESIMI) yielded
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Figure 21. In the body of the matrix itself, only the fourteen most

coon tan occurring in both CB and W samples are considered. Below

those figures may be found high ESIMI values for tan which are re-

stricted to one area or the other (one or more members of the pairs

are localized tan - see Table 2).

Values for SIMI (correlations between pairs of stations) may be

found in Figure 22. Stations W-2 and W-4 have a 51141 value of 0.95,

indicating an extremely high degree of similarity between the two

samples.

The results of species clustering are given in Table 4. This is

a method for isolating tan which vary in abundance and distribution

in a similar manner. Clustering was continued to the twelve cluster

stage, the output limit of the program with a data set of this size.

Figure 23 presents the results of station clustering using the

Bray-Curtis dissimilarity index. Stations CE-lU and CE-U, CB-5 and

CB-6, W-1 and W-3, and CB-1 and CB-2 cluster at a dissimilarity of

less than 0.50.

Sediment parameters measured for all stations include grain size,

per cent volatile solids, and percentage of water, Grain size data

are given in Table 5 as percentages of sand, silt, and clay. Although

these values were obtained by hydrometer analysis, it was later deemed

unnecessary to record percentages of ten different grain diameters for

each sample. Figure 24 gives a graphical representation of percentage

of sand for cores CE-i through CB-12; values for W-1 through W-6 may

be found in Figure 25. Volatile solids (a measure of organic matter)



34

and water content are given as percentages (by weight) in Table 5.

Figures 26 and 27 demonstrate how volatile solids vary with depth in

each GB and W core, respectively; percentage water as a function of

depth in the sediment may be seen in Figures 28 and 29.

Multiple regression analysis of Shannon diversity as a function

of depth in core, organic content, percentage water, and grain size

for the CE cores yielded the functions in Table 6. It may be seen

that percentage of water alone accounts for about 60% of the variance

seen in divecsity values. Depth in core and percentage of sand are

also significant above the cxO.99 level. Addition of organic matter

concentration to the model is not significant, when the other sediment

parameters are already present. The first three variables account for

82% of the variation seen in diversity. The addition of values for

the South Slough stations reduces the regression coefficients signi-

ficantly (see Table 7). The sediment parameters retain their relative

importance, but the amount of variation explainable by each is markedly

reduced. The regression of diversity on percentage water, depth in

core, and percentage sand is significant above the a=O,99 level, but

the addition of volatile solid concentration to the model is not signi-

ficant, The first three variables account for 63% of the variation

seen in diversity.

Figures 30, 31, and 32 demonstrate the relationship between di-

versity and percentage water, depth in core, and percentage sand, res-

pectively, for the dredged channel samples. The regression of diver-

sity on volatile solids has a regression coefficeint of -0.56 and is
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not plotted. The relationship between diversity and percentage water,

depth in core, and percentage sand, for the pooled data (dredged chanT

nel and South Slough) are plotted in Figures 33, 34, and 35, respec-

tively. The regression of diversity on water content has the highest

regression coefficient, -0.63; none of the individual regressions

explains more of the variance in diversity than this.

The multiple regression coefficient of evenness with volatile

solids, percentage sand, percentage water, and depth in core is only

0.51. None of the regressions of these variables with evenness has a

regression coefficient greater than 0.42, and none is plotted.
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Figure 8. Number of individuals (N) as a function of depth in the
sediment for stations CB-7 through CB-12 (dredged channel).
Logarithmic scale; curve hand-fitted.
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as a function of distance from the mouth of Coos Bay (dredged channel

stations), and as a function of station number in South Slough.
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Figure 12. Diversity (H") as a function of depth in the sediment for
stations CB-1 through CB-6 (dredged channel). Curve hand-
fitted.
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Figure 13. Diversity (H") as a function of depth in the sediment for stations CB-7 through CB-12

(dredged channel). Curve hand-fitted.



2.0

1.0

6

2

I 4

6
3

4

j6
5 5 52 52 52

15 20 25

3

3

4

3

45
DEPTH IN SEDIMENT (cm)

Figure 14. Diversity (H") as a function of depth in the sediment for stations W-1 through W-6

(South Slough). Curve hand-fitted.
0'



WI

H"

H',,QX Is

0 i

47

5 10 15 20 25

DEPTH IN SEDIMENT (cm)

Figure 15. Evenness (H"/H1' as a function of depth in the sedi-

ment for stations CB-1 through CB-6 (dredged channel).
Curve hand fitted.



R11

0.8'

f-i"

H' 'max 5

0.61

.4

0.2

D 2
2

0

7 ID

9

7

3, 0
Ii

I2

8
8

ID

a
'I

3. 12 0 '2 12 12

5 0 IS 20 25 30 35 40
DEPTH IN SEDIMENT (cm)

Figure 16. Evenness (H"/H"s) as a function of depth in the sediment for stations CB-7 through

CB-12 (dredged channel). Curve hand fitted.



I.0c

0.8'

0.4

0.2

4

0

4%

0. 6
6

3
3 3

2
5

3

2

4

o
6

2 4
4

3 6

0.
I I

I

3 3

5 I

5 5 52 52 52

5 tO 15 20 25 30 35 40 45 50

DEPTH IN SEDIMENT (cm)

Figure 17. Evenness (li"/H"5) as a function of depth in the sediment for stations W-1 through W-6

(South Slough). Curve hand fitted.



50

E

.8

IS

/
I2

I TK
I 2 3 4 5 6 7 8 9 ID II '2 I 2 3 4 5 6

DREDGED CHANNEL SOUTH SLOUGH

Figure 18. The equivalent number of equally common species (E) as a
function of distance from the mouth of Coos Bay for the
dredged channel stations, and as a function of station
number for South Slough.
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Figure 19. The ratio of the equivalent number of equally common
species (E) to the observed number of taxa (5), expressed

as per cent, as a function of distance from the mouth of
Coos Bay for the dredged channel stations, and as a func-

tion of station number for South Slough.
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distance from the mouth of Coos Bay for the dredged channel stations, and as a function
of station number for South Slough. NJ



TAXON 1 2 3 4 5 6 7 8 9 10 11 12 13 14

1 Neniatoda spp. 1.00
2 Oligochaeta app. .368 1.00

3 Heteromastus filiformis .224 .633 1.00
4 Medjomastus acutus .036 .035 .019 1.00
S Mediomastus californiensis .142 .602 .153 .004

6 Streblospio benedicti .473 .047 .019 .002

7 Macorna inguinata .203 .145 .056 .004

8 Modjolus modjolus .373 .227 .020 .009

9 Transennella tantilla .286 .123 .000 .001

10 Harpacticoida spp. .504 .100 .031 .004

11 Ostracoda spp. .640 .138 .003 .006

12 Cumella vulgaris .314 .232 .035 .044

13 !poxus spinosus .501 .341 .039 .032

14 Eggs .487 .079 .049 .011

1.00
.009 1.00
.147 .025 1.00
.079 .110 .878

.039 .000 .123

.026 .868 .057

.038 .061 .130

.238 .086 .067

.060 .042 .113

.032 .360 .116

1.00
.195 1.00
.108 .067
.158 .614
.084 .341
.167 .310
.377 .085

1.00
.080 1.00
.130 .309 1.00
.086 .540 .821

.314 .114 .099

tFabricia sabella oregonica, Mediomastus acutus: 0.999 tLeptochelia dubia, Ostracoda: 0.766

1.00
.057 1.00

*Tellina modesta, Macoma inguinata: 0.976 tPygospio elegans, Mediomastus acutus: 0.714

*Actiniaria, *Ophelia limacina: 0.942 tPygospio elegans, tFabricia sabella oregonica: 0.689

*Tellina raodesta, Modiolus modiolus: 0.840 tPygospio elegans, Paraphoxus spinosus: 0.678
tLeptochelia dubia, Paraphoxus pinosus: 0.821 tPygospio elegans, Cumella vulgaris: 0.647
tLeptochelia dubia, Cumella !sis: 0.777 tPygospio elegans, tLeptochelia dubia: 0.641

* occurs only in dredged channel
t occurs only in South Slough

Figure 21. Matrix of species similarity (ESIMI) for the 14 most common non-localized taxa, with
additional values for 12 pairs of localized tan.



STATION GB-i 03-2 GB-3 CB-4 03-5 CB-6 CB-7 03-8 03-9 GB-b GB-fl 03-12 W-i W-2 14-3 14-4 14-5 14-6

GB-i 1.00
03-2 .59 1.00
03-3 .55 .84 1.00
GB-4 .37 .31 .25 1.00
03-5 .70 .60 .57 .34 1.00
03-6 .50 .59 .38 .30 .80 1.00
03-7 .73 .18 .40 .10 .58 .21 i.00
03-8 .07 .07 .08 .13 .08 .09 .03 1.00
03-9 .11 .fl .13 .10 .17 .18 .07 .64 1.00
03-10 .33 .50 .20 .19 .66 .84 .05 .07 .10 1.00
GB-li .13 .25 .37 .13 .27 .22 .10 .08 .08 .33 1.00
GB-12 .38 .57 .36 .27 .71 .80 .10 .10 .14 .92 .49 1.00
14-1 .15 .24 .31 .14 .28 .21 .08 .28 .20 .20 .29 .30 1.00
14-2 .17 .16 .20 .22 .21 .16 .10 .80 .46 .16 .19 .22 .40 1.00
14-3 .25 .44 .56 .22 .50 .34 .15 .16 .16 .29 .40 .47 .85 .32 1.00
14-4 .10 .15 .20 .14 .17 .13 .05 .83 .48 .14 .17 .20 .38 .95 .32 1.00
14-5 .01 .01 .01 .01 .05 .02 .00 .03 .02 .01 .01 .01 .04 .03 .04 .05 1.00
14-6 .07 .12 .17 .08 .15 .10 .04 .17 .14 .09 .17 .15 .92 .26 .71 .22 .12 1.00

U'
Figure 22. Matrix of station similarity (SIMI) for all stations. *
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Figure 26. Percentage of volatile solids as a function of depth in the
sediment for stations CB-1 through CB-12 (dredged channel).
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Figure 28. Percentage of water as a function of depth in the sediment
for stations CB-1 through CB-12 (dredged channel).
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Figure 31. Diversity (H") vs. depth in the sediment for the dredged
channel samples. R = -0.73 for the regression line shown.
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line shown.
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Table 2. Localized taxa. A list of taxa occurring only in the dredged
channel, those occurring only in South Slough, and those

common to both areas.

Taxa occurring only in the
dredged channel

Actiniaria spp.
Hydrozoa spp.
Acoela spp.
Polychaeta

Arenicola cristata
Amaeana occidentalis
Armandia bioculata
Armandia brevis
Autolytus prismaticus
lioccardia proboscidea
Brania brevipharyngea
Capitella capitata oculata
Cirratulus cirratus
Eteone dilatae
Eteone longa
Eteone pacifica
Eteone (Nysta) tchangsii
Eurnida bifoliata
Eusyllis assimilis
Eusyllis blomstrandi
Eusyllis magnifica
Exogene lourei
Glycera robusta
Lumbrineris latreilli
Naineris guadricuspida
Naineris uncinata
Nephtys parva
Nerinides maculata
Nerinides tridentata
Ophelia limacina
Ophelia sp.
Ophryotrocha puerilis
Paleanotus bellis
Pionosyllis magnifica
Protodorvillea gracilis
Pseudopolydora kempi
Pygospio californica

Taxa common to both areas

Foraminifera spp.
Nematoda spp.
Nemer tea spp.
Turbellaria spp
Phoronida

Phoronopsis harmeri
Oligochaeta spp
Polychaeta

Abarenicola sp.
Capitella capitata
Eteone californica
Eunoe depressa
Glycera tenuis
Glycinde armigera
He teromastus filiformis
Langerhansia heterochaeta
Lumbrineris zonata
Nagelona pitelkai
Nediomastus acutus
Mediomastus californiensis
Paraonides platybranchia
Polydora socialis
Rhynchospio arenincola
Streblospio benedicti



Table 2. (Continued).

Taxa occurring only in the
dredged channel

Sabellaria cementarium
Scoloplos acmeceps
Spiophanes bombyx

Syllis gracilis
Typosyllis acicu.lata
TvnosvUis alternata
Typosyllis fasciata
Typosyllis hyalina
Typosyllis pulchra
Capitellidae spp.
Phyllodocidae juvenile spp.
Polynoidae juvenile spp.
Syllidae spp.
Polychaeta juvenile sp. A
Polychaeta juvenile sp. B
Polychaeta juvenile spp.

Pelecypoda
Macoma acolasta
Pro to thaca s taminea
Pro to thaca tene rrima

Saxidomus giganteus
Tellina bodegensis
Tellina carpenteri
Tellina modesta
Tellina nuculoides
Tresus nuttallii
Zirfaea pilsbryi
Pelecypoda sp. B
Pelecypoda juvenile spp.

Gas tropoda
Barleeia haliotiphila
Odostomia (Evalea) phanea
Olivella biplicata

Cirripedia spp.
Balanus sp.
Chthamalus dalli

Copepoda
Acartia tonsa

Taxa common to both areas

Pelecypoda
Clinocardium nuttallit
Macoma inguinata
Macoma sects
Modiolus modiolus

arenaria
Transennella tantilla
Tellinidae spp.

Gas tropoda
Aglaja diomedea

Ostracoda spp.
Cirripedia

Balanus improvisus

Copepoda
Clausidium vancouverense
Eurytemora sp.
Harpac ticoida spp.



Table 2. (continued).

Mysidacea
Archaeomysis grebnitzkii

Isopoda
Caecianiropsis psammophila

Cumacea
Diastylis alaskensis
Lamprops guadriplicata

Pycnogonida
Achelia chelata
Achelia simplissima

Brachyura larva spp.
Anomura

Upogebia pugettensis
Paguridae spp.

Amphipoda
Anisogainmarus confervicolus
Eohaustorius washingtonianus
Grandidierella japonica
Mandibulophoxus gilesi
Paraphoxus milleri
Parapleustes pugettensis
Photis californica
Amphipoda juvenile spp.

Insecta
Diptera adult spp.
Heiniptera adult spp
Insecta larva spp.

Arachnida
Arachnida adult spp.
Chelonethida app.
Hydrachnida sp. A
Hydrachnida sp. B

Echinodermata
Dendraster excentricus
Pisaster ochraceus

Pisces
Aiomodytes hexapterus
Pisces larva spp.

70

C umacea
cumella vulgaris
Leucon subnasica

Anomura
Callianassa californiensis

Ainphipoda
Corophiurn brevis
Paraphoxus spinosus

Insecta
Chironomida larva sp. B
Collembola adult sp. A
Diptera larva sp. B

Arachnida
Halacaridae

Eggs spp.
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Table 2. (Continued).

Taxa occurring only in South Slough

Polychae ta
Amphisanytha bioculata
Barantolla americana
Chone acaudata
Fabricia sabella oregonica
Glycinde polygnatha
Haploscoloplos panamensis
Neomediomas tus glabrus
Notoinastus (Clistomastus) tenuis

Pygospio elegans
Pelecypoda

Macoma nasuta
Nacoma sp.
Veneridae spp.

Gas tropoda
Tenellia adspersa

Copepoda
Hemicyclops thysano tus

Tanaidacea
Leptochelia dubia
Pancolus californiensis

Carides
Crangon franciscorum

Mnphipoda
Allorchestes angusta
Amphithoe valida
Corophium acherusicum
Corophium salmonis
Paraphoxus epistomus
Mnphipoda spp.

Insecta
Diptera latva sp. A
Diptera larva sp C

Paraclunio alasicensis



Table. 3 Niche breadth (B) and ic (number of stations at which the taxnn occurs) for all taxa with B
greater than 3.0.

CB w

TAXON B 123456789101112123456 k

Foraminifera spp. 4,6765
Actiniaria spp. 3.4766
Hydrozoa spp. 4.1342
Nematoda spp. 14.6378
Nemertea spp. 9.7219
Turbellaria spp. 7.1114

Oligochaeta spp. 6.6893
Polychaeta

Amaeana occidentalis 3.0474
Eteone californica 5.6649
Mediomastus californiensis 3. 7709

Nerinides tridentata 3.0482
Ophelia limacina 3. 2865

Paraonides platybranchia 4.1580
Pygospio elegans 3. 7831

Rhynchospio arenincola 3.0588
Scoloplos acmeceps 3.0391

Pelecypoda
Clinocardiuxn nuttallii 3. 2212

Macoma inguinata 4.3004
Modiolus niodiolus 8.6536
Protothaca staminea 3.7080
Tellina nuculoides 6.0427

Ostracoda spp. 4.1795

x x x x x x x x x x x

x x x x x
x x x x x x

x x x x x x x x x x x x x x x x x x

x x x )c x X X X X X X X X X

x x x x x x x x x x x x x

x x x x xx x x x x x x x x x x x

x x x x
x x x
x x x x

x x x
x x x x x x

x x x

x
x x x x

x x xx
x x x x x x
x

x x x
x x x x x x

x x x

x x x
x x x x x x x
x x x c x x x x x x
x x x x

x x x x x x x
x x

x
x x x

x x x x x

x x x

11

5

6

18
14
13
17

4

7

10
4

6

6

6

4

4

'A

x 11

x 16
5

7

x 6
-4
NJ



Table 3 (Continued)

GB W

TAXON B 123456789101112123456 k

Gopepoda
Acartia tonsa 6.3657 x x x x x x x x 8

Harpacticoidaspp 52281 x x x x x x x x x x x x x x x x x 17

Girripedia
Balanus improvisus 3.1520 x x x x X 5

Mys idacea
Archaeomysis grebnitzkii 3.4459 x x x x x 5

Gumacea
Guniellavulgaris 5.3953 x x x x x x x x x x x x x 13

Leucoi,subnasica 6.1131 x x x x x x x x x x x x 12

Tanaidacea
Leptochelia dubia 3.2353 X X X X X X 6

Ainphipo da

Eohaustorius washingtonianus 4.2387 x x x x x x x 7

Paraphoxus sinosus 4.4393 x x x x x x x 7

Halacaridae spp. 6.4897 x x x x x x x x x 9

Pisces larva spp. 4.6354 x x x x x 5

Eggs spp. 7.1034 x x x x x x x x x x x x x x x 15
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Table 4. Results of species clustering using the cJLUSB algorithm.

Number of
Clusters Cluster Membership

2 Oligoehaeta, Leptochelia dubia, Eggs, Nematoda / remainder

3 Eggs, Nematoda / Oligochaeta / remainder

4 Eggs, Nematoda / Oligochaeta I Leptochelia dubia / remainder

5 Eggs, Nematoda / Oligochaeta / Leptochelia dubia /

Foraminifera / remainder

6 Eggs / Nematoda / Oligochaeta I Leptochelia dubia I
Foraminifera / remainder

7 Eggs / Nematoda / Oligochaeta I Leptochelia dubia /
Foraminifera I Harpacticoida / remainder

8 Eggs / Nematoda / Oligochaeta / Leptochelia dubia /
Foraminifera I Rarpacticoida / Mediomas tus acutus / remainder

9 Eggs I Nematoda I Oligochaeta I Leptochelia dubia I
Foraminifera I Harpacticoida / Mediomastus acutus / Ophelia
limacina, Modiolus modiolus, Nacoma inguinata, Nemertea,
Actiniaria, Fiydrozoa / remainder

10 Eggs / Nematod.a / Oligochaeta / Leptochelia dubia /
Poraminifera / Harpacticoida / Mediomastus acutus /
Ophelia limacina, Nodiolus modiolus, Macoma inguinata,
Nemertea, Actiniaria, Hydrozoa I Mediomastus californiensis,
Clausidium vancouverense I remainder

11 Eggs / Nematoda I Oligochaeta / Leptochelia dubia I
Foraminifera I Rarpacticoida / Mediomas tus acutus I Ophelia
limacina, Actiniaria / Mediomastus californiensis, Clausi-
dium vancouverense / Modiolus modiclus, Macoma inguinata,
Tellina modesta, Nemertea, Rydrozoa I remainder

12 Eggs I Nematoda / Oligochaeta / Leptochelia dubia /
Foraminifera / Rarpacticoida / Mediomastus acutus / Ophelia
limacina, Actiniaria / Mediomastus catiforniensis, Clausi-
dium vancouverense / Modiolus modiolus, Macoma inguinata,
Tellina modesta, Rydrozoa / yllis gracilis, Eohaustorius
washingtonianus, Turbellaria, Nemertea / remainder
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Table 5. Sediment data. Grain size given as percentages of sand,

silt, and clay. Volatile solids and water content also

expressed as percentages. Sample numbers give -rea first,

then station number, finally section number0 .1 sections

are at five centimetre intervals0 (eg., CB-5-3 is the
third section (10-15 cm) at station five in the dredged

channel).

SAMPLE % SAND % SILT % CLAY % VOL. SOL. % WATER

CB-'l-1 96.6 - 3.4 1.35 10.35

2 98.1 - 2.9 1.26 7.78

3 96.7 0.3 3.0 2.42 14.61

4 96.6 0.5 2.9 2.07 10.61

5 96.7 0.2 3.1 6.62 12.23

2-1 96.9 0.5 2,6 1.65 8.52

2 95.5 1.7 2.8 3.34 13.40

3-1 96.1 1.7 2.2 0.89 6.07

2 95.0 2.9 2.1 1.22 7.27

3 95.6 1.1 3.3 1.03 8.46

4 95.3 1.9 2.8 0,86 12.95

5 96.4 0.8 2.8 1.07 15.04

4-1 88.8 5.0 6.2 6.88 16.24

2 83.7 9.1 7.2 12.94 16.42

3 89.4 5.4 5.2 13.24 15.2..

5-1 95.9 1.6 2.5 0.96 12.88

2 97.7 2.3 0.83 11.77

3 97.3 0.5 2,2 1.07 13.03

4 95.9 1.3 2.8 1.38 15.84

5 96.5 1.1 2.4 1.08 22.29

6-i 95.9 0.4 3.7 2.05 8.10

2 97.0 0.5 2.4 0.89 12,27

3 95.5 1.1 3.4 1.63 17.56

4 95.6 1.9 2.5 1.95 18,26

5 96,4 1.4 2.2 3.35 15.29

6 98.6 1.3 0,1 2.88 22.41

7-1 99.8 0.2 5.41 18.95

2 98.2 1.6 0,2 5.58 18,68

3 98.9 0.9 0,2 3.62 18.33

4 99.8 0.2 1.05 18.53

5 99.8 0.2 - 2.61 23.12

8-1 90.0 5.2 4.8 10,64 20.09

2 89.2 5.9 4.9 14.52 16.00

3 86.7 8.3 5.0 9.85 24.71

9-1 97.5 2.1 0,4 1.98 17.99

2 94.4 4.2 1,4 2.03 19.24

3 97.8 1.0 1.2 1.67 15.95
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Table 5. (continued).

SAMPLE % SAND % SILT % cLAY % VOL. SOL. % WATER

CB-1O-1 31.3 33.9 34.8 8,93 52.04

2 44.0 36.7 19.3 8.55 46.58

3 56.0 26.0 18.0 7.20 40.86

4 54.9 27.1 18.0 8.70 45.55

5 54.4 27.8 17.8 8.35 43.62

6 53.1 29.3 17.6 10.82 46,84
7 43,0 32.5 24.5 13.52 52.06

8 41.9 38.5 19.6 9.63 45.89

9 22.9 47.0 30.1 11.64 48.93

11-1 78.8 14.1 7.1 5.11 35.58

2 73.8 17.3 8.9 6.75 37.19

3 82.1 8.9 9.0 22.01 49.68

4 82.7 9.3 8.0 9.56 37.95

5 73.0 16.5 10.5 7.44 39.99

12-1 8.5 51.1 40.4 12.47 59.10

2 7.0 52.7 40.3 12.70 62.75

3 8.6 57.1 34.3 11.77 60.35

4 7.6 56.0 36.4 12.72 58.78

5 5.1 48.5 46.4 13.02 58.27

6 5.4 49.0 45.6 13.06 56.11

7 6.5 50.2 43.3 13.40 5 68

8 10.6 49.4 40.0 11.50 50.51

9 8.4 50.7 40.9 12,36 49.58

W-1-1 87.0 12.0 1.0 2,14 20.56

2 82.0 12.0 7.0 2.14 17,57

3,4 82.06 10.69 7.25 2.32 23,1

5,6 88.06 5.16 6,78 2.59 21.2C.

7,8 90.09 5.44 4.47 1.72 17,28
9,10 89.19 5.56 5.25 1.65 20.02

2-1 96.0 4.0 - 1,11 22.26

2 96.0 4.0 - 1,28 26.78

3,4 98.08 1.92 - 0.72 19.53

3-1 93.0 6.0 1.0 2.05 27.26

2 93.0 6.0 1.0 1.97 24.30

3,4 97.31 1.89 0.80 0.69 18.29
5,6 94.66 2.59 2.75 0.68 18.28

7,8 94.96 2.52 2.52 0.84 17.74

9,10 93.04 3.65 3.31 1.53 18.36

11 92.11 4.45 3.44 1.42 19,84

4-1 87.0 12.0 1.0 1,19 26.76

2 87.0 12.0 1,0 1.19 20.72

3,4 88.30 7.14 4.56 5.55 19.97

5,6 86.27 8.58 5,15 2.05 18.88
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Table 5. (Continued).

SAMPLE % SAND % SILT % CLAY % VOL. SOL. % WATER

W-4-7,8 83.30 10.59 6.11 2.56 20.60

9,10 87.15 7.67 5.18 2.53 23.38

5-1 20 64 16.0 8.04 58.19

2 20 70 10.0 8.23 59.95

3 20 63 17.0 6,20 58.50

6-1 92.0 7.0 1.0 1.82 21.38

2 93.0 6.0 1.0 1.67 21.90

3,4 87.50 6.05 6.45 2.06 23.82

5,6 83.72 7.94 8.34 2.99 28.29

7,8 70.13 19.37 10.50 3.11 28.15
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Table 6. Results of stepwise regression analysis of Shannon diversity

(H") on percentage water (Pct H20) depth of sample in the
sediment (Depth), percentage sand size material (Sand), and

concentration of organic matter (Voltl). Multiple regression

coefficient (R) and multiple R2 given. Regression is for

dredged channel (CB) samples only.

1, H" = 2.512 0.0384 (Pct 1120)

entering F158: 76.7 p > .99

R = 0.75 R2 = 0.57

2. H" = 2.923 - 0.2099 (Depth) 0.0272 (Pct H20)

entering F157: 48.0 p > .99

R = 0.88 R2 = 0.77

3, H" = 5.017 - 0.2253 (Depth) 0.0557 (Pct Hp) 0.0169 (Sand)

entering F156: 18.33 p > .99

R = 0.91 R2 0.82

4. H" = 5.017 0.2250 (Depth) 0.0568 (Pct H 0) 0,0169 (Sand)

+ 0.00476 (Volti)
2

entering F155: 0.0939 not significant

R = 0.91 R2 = 0.82
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Table 7. Results of stepwise regression analysis of Shannon diversity
(H") on percentage water (Pct 1120), depth of the sample in
the sediment (Depth), percentage sand size material (Sand),
and concentration of organic matter (Voltl). Multiple re-
gression coefficient (R) and multiple R2 given. Regression
is for all samples (dredged channel and South Slough).

1, H" = 2.216 - 0.0324 (Pct 1120)

entering F1104: 69.68 p > .99

R -0.63 R2 = 0.40

2. 11" = 2.678 0.1263 (Depth) - 0.0303 (Pct 1120)

entering F1103: 45.87 p > .99

R = 0.77 R2 = 0.59

3. 11" = 4.577 0.1341 (Depth) - 0.0561 (Pct 1120) - 0.0151 (Sand)

entering F1102: 12.21 p > .99

R = 0.79 R2 = 0.63

4. H" = 4.545 0.1332 (Depth) 0.0569 (Pct H20) - 0.0149 (Sand)
+ 0.0059 (Void)

entering F1101: 0.1427 not significant

R = 0.79 R2 = 0.63



DISCUSSION

In this section I shall first consider the information given by

community composition parameters (diversity, evenness, the equivalent

number of equally common species, niche breadth, and mean niche

breadth); secondly, the insights available from community similarity

measures (ESIMI, SIMI, species and station clustering); and finally,

the relationships derivable from regression analysis.

Species and Individual Abundances and Vertical Distribution

The plots of species and individual abundances (Figures 6 through

9) produce the generalization of decreasing abundances with increasing

depth in the sediment, a not unexpected result0 There are, however,

some notable exceptions: stations W-1, W-3, and W-4 show distinct

secondary species maxima at depths in the sediment between 30 and 55

cm0 Several cores also show subsurface maxima in abundance of indivi-

duals: CB-1, 7, 10, 12, W-1 3, and 4 show distinct secondary peaks

at depths of 25, 5-20, 10-20, 15-30, 10-45, 25-55, and 30-40 cm, res-

pectively. The only individual abundance maximum which correlates

well with a measured sediment parameter is that for CB-l; there is

a pronounced maximum in volatile solid concentration in section five

(20-25 cm). Volatile solids show slight increases at the depths of

secondary individual maxima for W-1 and W-3,

This may be indicative of conditions obtaining in the cores show-

ing subsurface maxima in species or individual abundance. It is pos-



sible that these deeper maxima are representative of higher food con-

centrations, higher oxygen tensions, or simply a better physiographic

environment than obtains at the surface

The deeper maxima (W-1, 3, and 4) are most likely related to the

fact that these very sandy sediments will be well oxygenated to some

depth; predation will be much lower in deeper levels of the deposit,

and environmental perturbations much reduced, especially in intertidal

areas. Organisms which can survive at deeper levels, given adequate

oxygen and food resources, will be much less affected by predators and

environmental fluctuations. Thes three South Slough stations are

located above MLLW, and have sediments overwhelmingly of sand-sized

particles. Stations CB-1 and CE-i show shallower subsurface maxima;

they are subtidal stations (13 and 10 tn, respectively); the environ-

mental variability should be much less, thereby obviating the necessity

of deep burrowing to avoid the rigours of an intertidal environment

Subsurface maxima in numbers of individuals for CB-1O and CB-12

are probably related to the frequency of disturbance The maxima are

shallow compared to the South Slough cores, and of lesser magnitude.

Organisms occurring at these two stations can be assumed to be already

adapted to low oxygen tensions, high organic concentrations, and small

grain size These parameters do not change significantly at levels

deeper than 1 cm or so; individuals may assumedly avoid removal and

mortality by remaining in slightly deeper levels of the deposit.

The only taxon consistently occurring in higher numbers at lower

levels is Phoronopsis harmeri. This tubicolous lophophorate was shown



to have maximal populations at 8 cm depth in an intertidal flat in

Tomales Bay, California (Johnson, 1967). At station CB-8, it occurred

from the surface to 15 cm depth (the maximum sampled), and exhibited

the largest numbers in the second section (5-10 cm), The worm also

occurred at W-1 and 11-4; at the former, it extended from 5 to 40 cm,

with a maximum at the 20-25 cm level; at W-4, Phoronopsis was found

from 5 to 20 and 25 to 40 cm, with the largest numbers occurring in

the third and fourth sections (10-20 cm).

Phoronopsis harmari is essentially an intertidal, species. Johnson

(1967) found it at only one of 300 subtidal stations. This organism

secretes a stiff sandy tube 3.5 to 18.0 cm in length. Johnson found

the top of this tube at depths of up to 20 cm below the sediment sur-

face. He also noted that many individuals are shorter than their

tubes, and remain in the lower portions. I have found entire animals

at depths of 35-40 cm in the sediment. This species has been shown

to be capable of surviving six weeks in an anaerobic environment

(Ramby, cited in Johnson, 1967).

The relationship between diversity, evenness, and various sedi-

ment parameters will be considered below, in the section 0 regres-

sions.

Community Composition Parameters

When one considers the numerical dominance of "localized" over

widespread taxa (see Table 2), the relatively low niche breadth values

are not particularly surprising. Nematodes are the most ubiquitous



of taxa considered: they occur at all eighteen stations, and show a

niche breadth of 14.6, indicating a relatively even distribution. As

specific identification of this and a few other taxa (Nemertea, Tur-

bellaria, OligOchaeta, Foraminifera, and Coelenterata) was found to be

inordinately difficult, it is highly possible (even probable) that in-

dividual species in these groups would be found to be much less widely

distributed> The species showing the highest niche breadth, Modiolus

modiolus, was found to occur widely in the bay (at sixteen stations),

and frequently to considerable depth in the sediment (to the 40-45 cm

level)> Note the niche breadth for Oligochaeta: 6>7; while this

group occurred at 17 of 18 stations, individuals were present in very

low numbers in all of the CS cores (except CB-8), and in relatively

high numbers in the W cores.

The figures for mean niche breadth are quite interesting. Both

weighted and unweighted mean niche breadth values have, been presented

in Figure 20, as something different may be learned from each. Un-

w> ighted mean niche breadth is simply the geometric mean of the niche

breadth values for all taxa occurring at the sits> Weighted mean

niche breadth produces a density-dependent statistic; each species'

niche breadth is multiplied by the proportion of individuals in the

sample belonging to that species> Note the values! for station W-5,

The value for unweighted mean niche breadth is low, about 3.7; when

species abundances are considered, the value drops to 2.0. Examina-

tion of the data in Appendix B provides the answer to this marked re-

duction> Station W-5 is characterized by large numbers of three



polychaete taxa: Pygospioelegans, Mediomastus acutus, and Fabricia

sabe.11a oregonica. The first of these has an abundance 40% greater at

W-5 than at any other station; the number of M, acutus is two orders

of magnitude greater than at any other station. Fabricia occurs only

at W-5, and numbers are high. The station is also characterized by a

large number of insect taxa, many of which were found only there.

Station W-5 is anomalous among the other South Slough stations,

The sediment is characterized by a water content higher than any other

locality sampled in the bay, except CB-l2. Volatile solids are high,

and median grain size is very small. Station W-5 is very similar to

CR-b and CB-l2 in terms of measured sediment parameters, but the

faunas are quite different. Station W-5 is located very far up South

Slough in a backwater (not in the central channel of the Slough), and

must be assumed to be very seldom disturbed. Sampling operations at

this site are most likely the most catastrophic events to which the

fauna is exposed. However, the physiographic environment is similar

to CR-b and CB-12 in frequently disturbed or even polluted areas; the

fauna may be expected to reflect this. Mediomastus ambiseta has been

noted as an opportunistic species characteristic of polluted or distur-

bed environments, as have Polydora ligni and bosi2 benedictiL

(Grassle and Crassle, 1974). The latter two spionid taxa are probably

fairly closely related to Pygospio, and all would seem to be charac-

teristic of low oxygen, small grain size environments. This physic-

graphic regime is probably produced at W-5 solely as a function of

current velocity, while conditions obtaining at CR-b and CB-12 are



the result of dredging, industrial activity, and frequent disturbance.

Station W-3 is represented by a group of species very similar to

those found in other South Slough stations (except W-5), especially

W-1 and W-6, The difference is one of abundance; individuals are rla-

tively evenly distributed over most species, the exceptions being cos-

mopolitan species. This overabundance of species with high niche

breadth values contributes to the high weighted mean niche breadth

value seen for the station.

The case for stations CB-lO, 11, and 12 may be similarly argued.

These stations have high proportions of cosmopolitan tan, and conse-

quently, high values for weighted mean niche breadth, Grassle and

Grassle (1974) have shown that species characteristic of disturbed en-

vironments are generally cosmopolitan. For example, Streblosplo bene-

dicti, the dominant species at C3-ll and CB-12, is widespread on the

western and eastern coasts of North America and in Europe. The capi-

tellids, Mediomastus acutus, N. californiensis, M, ambiseta, and Het-

eromastus filiformis are closely related, and widely occurring. Parr

(1974) found Streblospio benedicti to be the dominant organism at

stations in the dredged channel near CB-lJ. and CB-l2,

Station CB-4 had a remarkably high number of species, as well as

high diversity, and shows a low value for mean niche breadth. Of 75

species encountered at the station, 28 were found only at CB-4, This

may be similarly related to the thesis of Grassle and Grassle: endemic

species are characteristic of stable environments, Station CB-4 exhi-

bited a sediment composed mostly of shell, but with relatively high



m
organic content. This can probably be extrapolated to indicate a

well-oxygenated, but reasonably food-rich environment0 Many species

are present in low abundances, indicating an extensive subdivision of

available resources into relatively equal microhabitats of niches

the classical high-diversity, stable community.

Consideration of the values for the equivalent number of equally

common species (E) at each station may have some utility. For example,

CB-9 has an E value of fourteen species. Twenty seven species were

actually present, yielding an P2 to S ratio of 51.9%. This may be

construed to mean that 51.9% of the species present could account for

100% of the diversity observed, had they been equally represented.

Ergo, the observed distribution of individuals among species was rela-

tively uneven. According to Levins (1968), a community in which

niches are equally broad can hold fewer species than one with non-

uniform niche breadths. He has stated that as a community matures it

is capable of supporting more species: "Thus a waif fauna of diverse

origins should reach a demographic equilibrium with fewer species than

old faunae hold." (Levins, 1968, p. 55). An uncertain environment

forces niche expansion. The number of species present in a community

is roughly, inversely proportional to the degree of environmental un-

certainty. The number of species should be higher in stable environ-

ments, smaller in groups with good homeostasis, and smaller in newly-

derived faunas.

Community Similarity Measures

Similarity values for pairs of species (ESIMI) were calculated in



[:f4

an attempt to describe taxa which vary concurrently. For example, the

value for Nacoma inguinata and Nodiolus modiolus (0.878) indicates a

fairly high level of co-occurrence at relatively constant levels of

abundance. The high values for the Harpacticoida Streblospio bene-

dicti and Cumella vulgaris - Paraphoxus spinosus pairs may be inter-

preted in a similar fashion. The Actiniaria Ophelia limacina pair

shows a high value primarily because both occur at stations CB-1, 2,

3, 6, and 7; Actiniaria occur nowhere else; a few Ophelia limacina are

additionally found at CB-5, but at no other stations. The extremely

high value for Nediomastus acutus and Fabricia sabella oregonica is

due to the fact that the latter occurs only at W-5; N. acutus has the

highest abundance of any taxon at that station; and this station is

also where the species shows its greatest abundance. The values for

the Leptochelia dubia pairs presented are high because of the fact

that L. dubia shows great numerical dominance at stations where it

occurs; any taxa which occur at those stations in fairly high numbers

will correlate well with L. dubia.

Similarity values for pairs of stations (SINI) are fairly self-

explanatory (see Figure 22). Stations with high 51141 values have

similar relative abundances, for those taxa which occur at both sta-

tions. It should be noted that this index does not reflect taxa which

occur at one station, but are absent from the other; it is merely a

measure of the similarity of relative abundances of species which

occur at both sites. For example, stations W-2 and W-4 have a S1MI

value of 0.95, indicating a high similarity in relative abundance of



common taxa. Yet, of 34 taxa occurring at W-4, only 13 are common to

W-2

Species clustering using the CLUSB algorithm was carried to the

twelve cluster stage (see Table 4). At that point, seven of the clus-

ters had unit representation, indicating little relation to other taxa.

However, the multiple member clusters are quite interesting0 Note that

Modiolus modiolus, Macoma inquinata, Tellina modesta, and Hydrozoa

have been placed in a single cluster0 The Hydrozoa occur only in

higher salinity environments; Macoma inquinata is found in low numbers

throughout the estuary, with minor exceptions; Modiolus modiolus is

found through most of the bay as well, but is much less abundant in

the upper (lower salinity) portions of both South Slough and the

dredged channel (see Table 8). Tellina modesta occurs at only one

station, CB-4, but in large numbers. Modiolus modiolus and Macoma

inquinata also have maximal populations at CB-40 Recall the high ESIMI

values (all greater than 0,80) seen for the relationships among these

three pelecypod taxa.

The cluster containing Syllis gracilis, Eohaustorius washington-

janus, Turbellaria, and Nemertea may also be interpreted as a high

salinity assemblage. Syllis gracilis and E. washingtonianus occur

only in the dredged channel, with maximal populations at CB-5 and

CB-6, Turbellaria and Nemertea show maximum abundances in the lower

reaches of the dredged channel and South Slough; they are found in the

lower salinity portions of both areas, but in much reduced numbers0

Specific identification for these two groups might show more distinct
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Table 8. Salinity data for those stations corresponding to stations
implemented by the NSF-RANN (O.S.U., 1977) research team.
Measurements were taken in July, 1974, and the data supplied

by Dr. K. Williamson, School of Engineering, Oregon State
University, Corvallis.

STATION

CB-3
CB-12
W-1
W-2
W- 3

W-4
W-5
W-6

SALINITY (°/)

36.0
24.0-27.0
29.5-30.5
31. 0-31.5

31. 0-31.5

30,0-32.0
29.0
31,0-32.0
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zonation patterns.

The Ophelia limacina - Actiniaria cluster is another high salinity

assemblage. Ophelia limacina does not occur above CB-7 or in South

Slough, and exhibits a maximum at CB-2. Actiniaria are similarly

limited to station CB-7 and below, also with maximum abundance at CB-2,

The Nediomastus californiensis Clausidium vancouverense group

exhibits maximum populations at CB-8, CB-9, and W-l. These stations

have lower salinities than those considered heretofore, and slightly

higher water content (15-20%).

Use of the Bray-Curtis dissimilarity index in station clustering

overcomes the problem encountered with SIMI: namely, the fact that

SIMI does not account for species which occur at only one of the two

stations. The Bray-Curtis measure considers all taxa which occur, and

derives relationships between stations based on faunal composition and

relative abundance.

Clusters derived at a dissimilarity of less than 0.50 are: CB-lO

and CB-l2; CB-5 and CB-6; W-1 and W-3; and CB-1 and CB-2 (see Figure

23). Examination of the similarity index values (Figure 22) confirms

the fact that the members of these groups are closely related. For

example, CB-lO and 12 cluster at a BC value of 0.41; their SINI value

is 0.92. Stations CB-lO and 12 have seven common species (see Appen-

dix B) which all show similar relative abundances; station CB-l2 has

eight taxa which do not occur at CB-lO; of these, four are represented

by single individuals. Three of five taxa occurring at CE-b but not

at CB-12 are single individuals.
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It is interesting to note that station W-5 does not cluster with

any other until the 0.96 level of dissimilarity is reached0 Station

W-5 exhibits relatively few species, numerous individuals, and the

lowest diversity and evenness of any station sampled0

Note also that CB-8 and W-4 cluster at BCO.57. Although these

stations are far distant geographically, values for measured sediment

parameters are in close agreement for the two stations, and their

faunas are quite similar0 Co-dominant taxa include Oligochaeta, Phor-

onopsis harmeri, Mediomastus californiensis, Glycinde armigera, Macama

inguinata, arenaria, and Modiolus modiolus.

Sediment Parameters

Concentration of organic matter has been noted (Purdy, 1964) as a

possible controlling factor in faunal distributions0 Volatile solids

at CB-lO and CB-12 vary in a similar fashion; stations CB-2, 3, 5, 6,

and 9 also show like values0 Station CB-ll, which demonstrated the

lowest diversity in the dredged channel, also is shown to have the

highest organic content (greater than 22% volatile solids) 0 When the

samples were taken, it was noted that the sediment at station eleven

contained large quantities of wood chips, a byproduct of industrial

activity in the area, All of the South Slough cores, except W-5, show

similar values for volatile solids. Station W-5 exhibits concentra-

tions of organic matter of 6-8% by weight, over the depths sampled0

These values are in the same range as those for CB-10. Station W-5

with the highest levels of organics in South Slough, also shows the
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lowest diversity.

Rhoads and Young (1970) have noted that a high water content,

especially in surficial layers, prevents the occurrence of suspension-

feeding organisms, and may reduce abundances of deposit feeders as

well (see Introduction, pp. 13-15). Stations CB-lO, 11, and 12, all

with greater than 35% water content, show the lowest diversities in

the dredged channel, South Slough station W-5 has a water content

above 55%, placing it in the same range as CB-l2, and also shows the

lowest diversity in South Slough,

Regression Analysis

Results of the regression analysis of diversity on percentage

water, depth of the sample in the sediment, and percentage sand have

been shown to be highly significant (see Table 6). The fact that

57% of the variation seen in diversity can be accounted for by water

content in the sediment (in the CB cores) is notable. When depth of

the sample is added to the model, another 20% of the variation can be

explained; the further addition of a measure of grain sie (percentage

sand) increases the explainable variation to eighty two per cent. At

that point the multiple correlation coefficient between Shannon diver-

sity and the model containing three sediment parameters is 0,91, an

impressively high value.

The fact that addition of the South Slough cores to the regression

model causes pejoration of the fit, is most likely due to the differ-

ence in environment, The South Slough fauna seems to be more deeply
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distributed (with the exception of W-5, which is much more similar to

cs-to and CB-12 than to any other South Slough station), the sediments

in South Slough are mostly intertidal, and are less frequently dis-

turbed. The percentage of water is high enough at only one station

in South Slough (W-5) to cause a marked change in faunal composition.

The lack of frequent mechanical disturbance at the South Slough sta-

tions would imply a greater diversity, compared to the dredged channel

stations, were that the only factor operating. However, the inter-

tidal location of all the South Slough stations (with the exception of

W-2, which is only 3 m deep) implies a tidal variation in various

chemical parameters of the sediment: salinity, temperature, and in-

terstitial oxygen. These variables are not operating, at least on

such a short time span, in the dredged channel stations. Intertidal

stations are also notoriously less diverse than their subtidal coun-

terparts (Boucot, 1977),

Sediment reworking, such as that seen in dredging, or that caused

by infaunal deposit feeders, has been shown to produce sediments with

a high water content, especially in upper layers (Rhoads and Young,

1970). A high water content implies a mobile sediment, affording

little chance of attachment, or even the manufacture of burrows. Few

organisms have adapted to life in extreme habitats of this type. The

exceptions are generally small organisms, capable of withstanding low

oxygen and high organic matter concentrations.

The most important chronic effects of dredging in Coos Bay on

the vertical distribution of infauna are liable to be the increased
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water content of the surface layers of the sediment, and the reduction

in grain size seen in these indesinently disturbed deposits) The fauna

in the upper portion of the dredged channel (stations CE-b, 11, and

12, especially the latter) is apparently adapted to frequent distur-

bance (Parr, 1974); dredging does not represent a "catastrophe" to this

suite of organisms. Dredging has occurred on a recurrent basis in

this area of Coos Bay since the mid 1800's. The infaunal community

has evolved to one able to withstand frequent disturbance of the sur-

face, and high concentrations of water and organic matter in the de-

posit. A concomitant result seems to be a low oxygen tenor. The most

notable result seen in the vertical distribution pattern is that or-

ganisms appear to be more limited to the upper layers of the deposit

at these stations (CE-b, 11, and 12) than at undredged sites, and at

dredged stations lower in the bay.

It would seem that dredging has a relatively minor influence on

faunas in the lower reaches of the estuary. In the upper reaches, the

higher water and organic content, and the much reduced grain size

appear to have a deleterious effect on the faunal diversity, and depth

of distribution. Stations CB-lO and CB-12 show low numbers of species

and individuals, mostly restricted to the upper layers. Those species

which do occur are generally cosmopolitan, opportunistic ones Station

W-5, far up South Slough, also has high water and volatile solids

concentrations, as well as a small grain size, most likely due only

to current velocity and circulation patterns; this station exhibits

the lowest diversity of any sampled.
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In the upper reaches of the dredged channel, it is, however,

difficult to distinguish between the effects of dredging, £2! se,

shipping traffic (which can contribute to the instability of the

bottom through propwash and anchor dragging), and industrial activity

The large amounts of organic matter (especially wood chips) continu-

ally being added to the sediments in the area of CB-1O, 11, and 12

appear to be at least partially responsible for the reduction in

evenness and diversity.

Samples taken in the course of this survey have shown organisms

to be living at depths of up to 55 cm in a sedimentary deposit. This

is in general agreement with recent research (Fenchel, 1971; Fenchel

and Jansson, 1966; Fenchel et al., 1967; JansEon, 1966, 1968; Renaud-

Debyser, 1963; Renaud-Debyser and Salvat, 1963; and Ganapati and Rao,

1962), but older studies (prior to about 1960) put forth the belief

that organisms were restricted to about the surface 15 cm (egO,

Thorson, 1957), It is unfortunate that this older view is still pro-

pounded to undergraduates and beginning students of benthic eco1ogy

Organisms have been shown to occur deeper in the sediment in rela-

Lively undisturbed areas (South Slough), although this may reflect the

intertidal location of all but one of these stations, or may simply

be a sampling artifact, It would be highly proficuous to examine the

vertical distribution of particular species in areas such as these,

with an eye toward defining how a particular organism deals with fre-

quency of disturbance. Smaller sections (eg., 1 cm), and many more

samples, would be required in order to test an hypothesis of differing



reactions to differing frequencies of disturbance, It would also be

useful to take deeper cores, in order to determine maximum depth limi-

tations in various physiographic environments. I have found organisms

in the last (bottom) section in 14 of 18 cores, indicating the possi-

bility of individual occurrences at even greater depths, especially

in coarser sediments,

This study is one of many which has refuted Pennak (1951), who

stated that grain size has "no constant relationship to either number

or distribution of individuals." I have shown that grain size and

water content, rather than frequency of disturbance, are limiting fac-

tors in regard to both vertical distribution and faunal diversity.

Station W-5 (in an undisturbed area) is remarkably similar to both

CB-lO and CB-l2 as concerns grain size, volatile solid concentration,

and water content, Although the respective faunal assemblages are

quite distinct, both areas are characterized by high numerical domi-

nance by one or a few opportunistic species At W-5, these organisms

are Fabricia sabella oregonica, Pygospio elegans, and Mediomastus

acutus, while at CB-lO and CB-l2, the dominant species is Streblospio

be.nedicti, Although Fabricia was undetected at any of the other sta-

tions in my study, the work of OOS,U, (1977) has shown it to be a domi-

nant organism in a diked spoil area upstream from CB-l2, All these

species are opportunistic ones, well adapted to life in stressful

environments. Reproductive cycles are short, on the order of a few

months (see Parr, 1974), and they all seem to be highly capable of

outcompeting other organisms in low oxygen, small grain size, high
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liquidity environments. Fabricia appears to be restricted to surface

layers (both O.S.U., 1977 and I have found this organism only in sur-

face layers), and thus it is not well adapted for existence in an

environment of frequent mechanical disturbance.

The faunal assemblages in the lower reaches of the dredged chan-

ne]. appear to reflect firstly, the coarser sediment type, and secondly,

the role of mechanical disturbance. These assemblages are far more

diverse, and more 'normalt, than those further up the bay (CB-lO

through CB-12). The taxa encountered in the lower reaches of the

dredged channel are less liable to be 'cosmopolitan' ones, than in the

upper reaches of the dredged channel. In South Slough, with the excep-

tion of W-5, the faunal assemblages exhibit a similar trend; evenness

is higher, and mean niche breadth lower, than in the stressed environ-

ment of W-5. The fauna is distributed to deeper levels in the sediment

in South Slough, reflecting the lower frequency of disturbance com-

pared to the dredged channel.

The depth to which organisms are found in the sediments of South

Slough may be a response to increased environmental variation in the

intertidal, as well as a lower frequency of disturbance The sedi-

ments are coarse grained, and should be well oxygenated to some depth,

thereby allowing organisms to avoid the increased predation and envi-

ronmental variation obtaining in surface layers, by occupying deeper

levels in the sediment. The faunal assemblages in the lower reaches

of the dredged channel do not have to contend with environmental van-

ation on such a large scale, due to their subtidal location; increased



pressure from mechanical disturbance may further limit them to surface

layers. Periodic disturbance may not only remove sediment, but may

also redeposit it at another location; the concentration of dissolved

oxygen frequently decreases during dredging operations (Parr, 1974),

and the water column may experience an increase in fine-grained sus-

pended matter. All of these factors may possibly be considered to be

stressful to organisms deep within the sediment. The disadvantage of

possible removal by remaining in surface layers is apparently out-

weighed by advantages accruing to an organism through a near-surface

position in the deposit, at least in frequently disturbed areas.

The respective faunal assemblages of the dredged channel and

South Slough are postulated to reflect the fact that the former is

periodically disturbed. Conceivably, the two communities were quite

similar before dredging and marine commerce became important in the

ecology of Coos Bay. The first major dredging operation presumably

eradicated a goodly number of taxa in the bay, possibly with subsequent

repopulation. When the frequency of disturbance became too high to

permit repopulation by taxa present in the undisturbed environment,

a situation was created wherein opportunistic species possessed a com-

petitive advantage. Wass (1967) has described these opportunistic

species in a most succinct manner as "weeds which proliferate over

broad areas of man's disclimaxes." Reproductive strategies are pro-

bably the most important feature these organisms possess, in allowing

them to outcompete nearly all other taxa. These "weed" species require

frequent disturbance to maintain their competitive advantage. Were



shipping and dredging in Coos Bay suddenly to cease, one would expect

the faunal composition to return to some approximation of a pre-

dredging community, given some aoristic interval.
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CONCLUSIONS

1. A study of the vertical distribution of meio and macroinfauna at

twelve dredged and six undredged sites in Coos Bay, Oregon, has

shown the respective faunas to be quite distinct.

2. A total of 173 taxa were identified in the samples; 101 were re-

stricted to the dredged channel, and 27 taxa were found only in

the undredged South Slough environment. The difference is postu-

lated to be related to tidal level differences in station location

(dredged channel stations were in 10 m of water and deeper, while

all but one South Slough station (W-2, 3 m water depth) were inter-

tidal), and to frequency of disturbance.

3. All but one taxon exhibited maximum abundance in surface layers,

with declining numbers of individuals in deeper layers.

4. Phoronopsis harmeri consistently showed a subsurface abundance

maximum, due either to an ability to maintain a connection with

the sediment surface, or, in the absence of such a connection, to

withstand prolonged periods (up to six weeks) of anaerobiosis,

5. South Slough faunas were consistently distributed to deeper levels

in the sediment than dredged channel associations, due most prob-

ably to differences in frequency of disturbance, and the intertidal

location of all but one station.

6. Regression analysis of Shannon diversity on water content, depth

in the sediment, and grain size produced a multiple correlation

coefficient of 0.91 for the dredged channel samples. The addition
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of organic matter concentration to the regression model did not

produce a significant increase in the correlation coefficient

7. consideration of all samples in the regression model yielded a

multiple correlation coefficient of 0.79; volatile solid concen-

tration was again not significant. The pejorative effect of addi-

tion of the South Slough samples is postulated to be due to a dif-

ference in frequency of disturbance,

B. Dredging, shipping traffic, and industrial activity in the upper

reaches of the dredged channel appear to have a marked effect on

the faunal diversity and depth of distribution, due most probably

to increased water and organic matter concentrations, decreased

grain size, and physical disturbance and periodic removal of sur-

face layers of the deposit. Those species which do occur are

generally cosmopolitan, opportunistic ones, restricted to the

upper ten centimetres of the sedimentary column,

9. Stations in the lower reaches of the dredged channel, and all but

one of the undredged stations (W-5, which was more closely allied

to the up-bay dredged channel stations, due to an aberrant sedi-

mentation and current velocity pattern) showed far more speciose

faunas distributed to deeper levels in the deposit,
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APPEMDTX A

A DIVER-OPERATED AIR-LIFT CORE SAMPLER1

K, Jefferts and D.R. Hancock

ABSTRACT

A diver-operated air-lift corer for use in sampling shallow water

sediments is described. Advantages of the sampling device are porta-

bility, ease of operation, and large sample size. Undeveloped, but

apparently feasible, modifications for use in deeper water or for sedi-

ment chemistry investigations are discussed. Additionally, an extruder

capable of extruding large (15 cm) diameter cores of length up to 1.5

m is detailed. The device has been used to study infaunal distribu-

tion with depth in the sediments of South Slough, Coos Bay, Oregon.

INTRODUCTION

A research program designed to investigate infaunal stratifica-

tion In estuarine sediments necessitated the development of a samp-

ling device which could penetrate one metre into unconsolidated sedi-

ments, yet be operable in an intertidal or shallow subtidal area, The

Bouma box sampler (Bouma and Marshall, 1964), satisfactory in the

deeper areas of the estuary, required the winch capabilities of a

large support vessel, Operation depth of the box corer became limited

by the draught of the ship, the type of substrate, and the depth of

1. This manuscript was prepared for the December, 1975 meeting of the

Western Society of Naturalists, and the January, 1976 meeting of the

Oregon Marine Biological Society; it was presented at the latter,
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water necessary for effective sampling, as the only impetus to pene'-

tration is gravity: gravitational acceleration during free-fall of

the instrument to the bottom, and the gravitational force imparted

to the box by the lead weights ahovs it. On some substrates (gravel

and shell), a water depth of ten metres was
insufficient to obtain

adequate cores (see Table Al).

A sampling device was required which could take cores in one metre

of water as easily as in thirty. The sampling cylinder designed by

Barnett and Hardy (1967) appeared to have good possibilities, with

modification. The air-lift principle has been used to anchor samplers

in the bottom (Mackereth, 1958; Walker, 1967) or, as by Barnett and

Hardy, to provide a sampling frame. The coring device herein descri-

bed utilizes an air-lift pump to drive a core barrel into the sedi-

ment. Penetration to 80 cm requires from one to five minutes, depen-

ding on substrate type. The primary resistance of the cylinder to

pepetration is proportional to circumference; driving force is pro-

portional to the cross-sectional area. Larger cylinders should, there-

fore, penetrate more efficiently.

DESCRIPTION

The barrel of the corer (Figure Al) is an 80 cm length of 15.2 cm

outside diameter aluminum irrigation pipe (wall thickness 0.1 cm). An

aluminum flange, 2.1 cm high by 1.9 cm wide, with a 0.32 cm 0-ring

groove, is welded flush with one end of the barrel. Aluminum supports

for clamps to secure the lid and for a bridle are welded to the barrel
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Table Al. Relative efficiencies of Louina box corer (EEC) and air-lift 

corer (Aic) in the dredged channel (CE) and South Slough (W) of Coos 

Bay, Oregon. 

Station Instrument Sediment type Water depth Penetration depth 

CE-i BEC sand 14 m 23 cm 

CE-2 BEC sand 9 10 

CB-3 EEC sand 9 25 

CB-4 EEC shell 10 12 

CE-S EEC sand 9 22 

CE-6 EEC sand 10 28 

CE-7 EEC sand, wood 10 21 

CE-B EEC sand, shell 11 15 

CE-9 EEC sand, wood, shell 11 15 

CE-b EEC mud 11 45 (maximum) 

CE-li EEC wood, sand 13 22 

CE-12 EEC mud 13 45 (maximum) 

W-i ALC sandy mud 1 50 

W-2 ALC sand, shell 3 80 (maximum) 

W-3 ALC sandy mud 1 55 

W-4 ALC mud 1 50 

W-5 ALC mud 1 53 

W-6 ALC sand 1 58 
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o RING

FLANGE

BARREL

5 cm

Figure Al. Air-lift corer, showing component parts.
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and flange, respectively.

The lid, a 0.95 cm thick piece of aluminum, with slots for

clamps, is fitted with a handle to aid initial positioning of the

corer. A 15.2 cm section of 1.3 cm (112" NPT) diameter pipe is bolted

through the lid. The lower end of the pipe is fitted with a screen of

appropriate mesh size, in order to retain light animals at the

sediment-water interface within the sample. A ball valve is attached

to the upper end of the pipe. Above the ball valve is a T-connection,

followed by a hose-clamp connection to a 3.0 in length of 2.5 cm clear

Tygon tubing, and terminating in a float.

A compressed gas (air, oxygen, or nitrogen) flows through 23 in

(length dependent upon water depth) of 1.3 cm inside bore rubberized

high pressure hose, through a needle valve, where flow rate is Thgu-

lated, through the T-connection, and into the water column which ex-

tends from the interior of the core barrel to the end of the Tygon

tubing. Oxygen is currently being used in the system. A high pres-

sure cylinder and regulator, of the sort used in welding, are required.

Gas in the water column reduces the density of the water and causes

it to rise, thus reducing the pressure inside the core barrel (pro-

viding there is a good seal between the sediment and the lower end of

the barrel), The pressure differential between the head of water

above the corer and the reduced pressure inside the barrel forces the

corer into the sediment.

After the corer has penetrated, it is withdrawn from the sediment

with a three horsepower gasoline-powered winch mounted on the support
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vessel. A 5 m catamaran operable in 0.2 m of water, with a central

well, has been used for sampling. The central well facilitates de-

ployment and retrieval of the corer and divers.

As the corer emerges from the sediment, a diver places a cap

over the end of the barrel. The cap consists of an aluminum plate

identical to that used for the lid, and three rubber tie-down straps.

The rubber straps are
hooked over a ring on the bottom of this plate,

pass through slots in the plate, up alongside the barrel, and are

hooked together atop the lid. If straps of length appropriate to the

length of the barrel are selected, a very good seal is made between

the barrel and the cap.

With the cap in place, the entire apparatus is transported to the

surface to be extruded. To section the core at appropriate intervals,

an extruder was constructed to the barrel specifications. It consists

of a structure to maintain the barrel in a vertical position and a

hand winch to pull the barrel down, the core itself remaining stati-

onary. The extruder (Figure A2) is built almost entirely of clear,

kiln-dried, Douglas Fir. The post consists of a central 4x4, 95 cm in

length, with 80 cm lengths of 1x2 and 1" hardwood half-round centered

on each face. The base is constructed of 2x4's using edge cross lap

joints around the base of the central post. The hand winch is mounted

at one end of the base. Pulleys are mounted on threaded rod as shown.

Thr first cable passes through a hole drilled in the base, around the

pulley on the side opposite to the winch, and is attached to the

barrel at its upper surface. The second cable passes through a pulley
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Figure A2. Extruder for airlift corer, showing construction details.
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on the same side of the post as the winch and attaches to the barrel

180° from the first. The actual extruder plate is aluminum, of the

same stock as the corer lid and bottom plate, machined to fit the in-

side of the core barrel, and is screwed onto the top surface of the

post. The post is sanded to fit the barrel fairly tightly, and all

wood surfaces are coated with an oil sealer to prevent swelling when

wet.

Any water remaining above the core is removed prior to extrusion.

A section of the Irrigation pipe cut to the desired section height is

placed atop the barrel and used as a guide. When the top of the guide

reaches the top of the sediment, a thin aluminum cutting plate is in-

serted between the guide and the barrel, the section removed to a

sample container, labeled, and fixed with formalin.

OPERATION

Operation of the sampling device requires two divers and a tender

on the support vessel. The lid, and bridle with attached winch cable,

are secured to the corer while still on board. The divers carry the

corer to the bottom with the ball valve open and the needle valve

closed. The tender pays out winch cable and high pressure hose (the

gas cylinder and regulator remain aboard and turned off). On the

bottom, the divers place the corer in a vertical position, and start

the corer into the sediment. It is necessary to ensure a good seal

between the lower end of the barrel and the sediment. This may be

accomplished by imparting a semi-rotary motion to the sampler during
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the coring operation. As soon as the corer has been started into the

sediment, the needle valve is opened, and one of the divers signals

the tender to turn on the gas. The device should now proceed into the

sediment. It is important to prevent too rapid a flow of gas through

the system, for if the exhaust hose is completely filled with gas, the

airlift principle ceases to operate. When the corer has penetrated

fully, the ball valve is turned off, and then the needle valve, main-

taining a slightly lower pressure inside the barrel, which aids in

retaining the core during removal from the sediment. The apparatus is

pulled clear of the sediment with the winch, and the bottom plate

rapidly attached. Once aboard, the lid and attached plumbing are

removed, any water remaining above the core siphoned off, and the

barrel placed on the extruder post. This maneuver is accomplished by

sliding the cutting plate between the cap and the bottom of the core

barrel, then placing the barrel and cutting plate on the extruder post,

centering the barrel Qver the post, and withdrawing the cutting plate.

The cables from the hand winch are attached to the barrel with the

bridle shackles, the guide is positioned, and the barrel is drawn down

until the top of the sediment is flush with the top of the guide. One

then slides the cutting plate under the guide, and removes the first

section. The process is repeated until the entire core has been sec-

tioned. It is a time-conserving measure to use more than one core

barrel, for while one core is being sectioned, another is being taken.

DISCUSSION

The air-lift corer described above has been used in Coos Bay,
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Oregon. A coring device was needed which would supply a large enough

sample for the enumeration and
identification of the zoological compo-

nent. The corer, as now in use, will take a sample of up to sixteen

five-centimetre
sections, each 15.0 cm in diameter. Longer cores could

easily be taken using a longer barrel, but extrusion of cores longer

than 1.5 m would probably have to be horizontally in a V-shaped tray,

unless sectioned core liners were used. The current version has taken

samples in water as shallow as 1 m, while the depth maximum is limited

only by the available gas pressure. Cylinder pressure must be only

slightly greater than in situ hydrostatic pressure for effective pene-

tration. The depth limit, as a diver-operated tool, is probably less

than 60 m, due to diver decompression tine. Below that depth, it most

probably could be effectively used by a submersible, the only diff i-

culty being a source of compressed gas. We are currently using oxygen

due to availability and a slight density advantage over compressed air.

Nitrogen has a slightly greater density advantage, and could also be

used, but care must be exercised in using fittings and a regulator

designed for the particular gas. A 6500 cm3 cylinder, filled to

2
600 kg/cm , provides enough gas for three cores in 10 m of water.

This coring device could be used for sediment chemistry investi-

gations if inert core liners were used. Aluminum was chosen as the

main component for reasons of strength, resistance to corrosion, and

light weight. The corer has penetrated effectively in all unconsoli-

dated sediments attempted, except large (greater than 10 to 15 cm)

shell.
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Appendiu B. Species abundance data. Number of individuals of each taxon identified from each five-fentimetre section.

CB-1 CB-2 CB-3 CB-4 C0-5

TAXON sectionnunber: 1 2 3 4 5 1 2 1 2 3 4 5 1 2 3 1 2 3 4 5

Furamiciferu spp. 30 47 80 32 72 12 5 2 6 7 9 3 2 3 2 25 4 16 30 2

Actiojaria epp. 12 20 21 16 40 91 50 3 18 7 13 5

Hydruzea epp. 17 13 17 48 40 29 19 5 26 35 35

Nenetoda spp. 57 4 4 6 34 120 8 25 28 24 1 3 37 32 21 18 51 19 2

Nemertea spp. 52 5 2 5 11 33 3 9 3 2 1 20 17 3 15 13 10

Accela upp. 2

Turbcllaria spp. 40 3 3 5 25 22 1 7 2 4 14
Phurorida

Phorcucpuis harmeri
Oligcchaeta opp. 3 1 2 1 1 13 6

Polychae cc

Abarenjccla op.
Anaeaea cccideutaliu 1 1 7 5

Nsam the biuculata
Arenicula cristata
Armaudia biuculata 1

Armacdia bcevis 3 4 14

4ypc peinmaticus
Baran tclla americana
Buccardiu prcboscidea 1

Braula brevipharyogea 1

Capitelic cupitata
Capitclla capicata uculuta 1

there ecaudata
Cicratulus cirratus
Etocue califcrnica 2 6 3

Ntecse dilator
ee 6 6

Stecee paclfica 1

ue () sii 2 2

Eunida bifuliata 1

BonuS depressa
Susyllin asuimilis
Euuv2.3i blunutrandi 4

Eusyllis nagnifica 2

e ei 1

Fabricia sabella cregunica
a sta 2

Glycera tenuis 9 4 1

45 22 4 10 3 5

Nerinidru tridentata

Notunastus (Clistomastas) tenuis
Q9ja llmacioa 15 2

a up.
rccha 1iu

Falcauctus bellis
Faracoides platybrarchia
Piceesyllis
Polydoca 4g
ycr3 soclalia

Frotodorvillea gracilis

Fseudopclydora )oossi!
9guspio 55S
xzisio californica
!yphospio creole cola
Sabellarla cemec tariam

lcs s

anen

!1op21e benedict!
4ps ygcircata

4jy elongate
gracilis

Typosyllis aciccla ta
ypcuyl1is alteruata
Typ9y5 fasciata
yposy1lis )l-ma
Typosyllis
Capitellidae npp.
Phylludocidae juvesile spp.
Polyecidae j uveufle spp.
Syllidae spp.
Polychaeta juveuile upp.
Polychacca juvenile op. A
Folychaeta juveeile up. B

Pelecypuda
Clirocardfurc ruttallii
Maccue acolasta

ua cata 12
Macoma easuta
Macama sec ta
Macuse sp.

1

1 119 13 48 9

1 2

1

1 1

1

4

1

5 2

1

1

1

4 4 1

1
1 2 11

1

1

1 1

2 4 2

1 1

9 2

8 12 3

1

10
1 2

33
3 4 4 4

1

46 3

11 4 62 116

1 4

1

28
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Appeedia B. (Coetitued).

CB-1 CB-2 CB-3 18-4 CO-S

TAX0N sectioteamber 1 2 3 4 5 1 2 1 2 3 4 5 1 2 3 1 2 3 4 5

Modioluamodjolue 9 8 28 9 26 6 21 2 2 2 109 100 42 6 4 9 9(yaareearia 2 2
othuca irea 1 1Peotothaca tererrima

Saxidomus giganteus
a sis

ina teri
4Teilisa vodeuta 109Tvltitaouculoides 9 1 2 7 3 7 6 2 2Traosrrnsella tue tilla 14 5 1 4 1 4Treausoa ttallii

faea r1 111Talliaidaa spp.
'Jaoeridae app.
Palvcypoda up. B
Pelecypoda javeulln app. 2 1

lastropo da
Burleela 4otihi1a 5 11 6

om1a (Evalea) 1
ve 110 cata

4laja diornedea 2ll4a
Ostracoda spp. 2 2
Copepoda

Aoar tic toosa 3 1 10 7 2 2 2
Clausidjumvanoouveressr 1

ora sp.
c1os otus

Ourpacticolda app. 1 5 1 1 2 2 3 2 3Cirripedia spp.
Balaeas improvisas 6 12 9 10 13 2

up. 1Cht4alss dullS 1 1
Mysidacea

eopg)s jpggitokii 3 24 1

Cusoella vulgoris 2 1 0
!0!Y1ts alaskensis

s lioata 1
Leucar subeasica 4 2 7 2

Tasaldacea
Leptochelia dabia
Paecolus californiensls

Isopada
anjro sfs la 24

Amphipoda
Allarchestes !flhOO.S8

ha8 lida
contervicolus

Corophium ache rustaum
Corophium brevls
Caraphium salmoais
Eohasatorias 5vtorian80 8 2 1 3 1 20 15 0lraadidieralla g2p4ca 1

balohasus i 2pus !istamas
Paraphoxas milleri 2 1 2
Paraphosas 1 3 4
Z0E4EAehAc!8 pMgt tensis 2Phatis califarsica 2
Amphipoda jovesile spp.

Carides
franciscorum

Ars oroura
Callianassa califarniessls

a tsis
Paguridae spp. 1

Brachyura
Orachyura larva spp. 1

Insec Ca
Pacaclunio alaskensis
Chir000nida larva up. B
Collembola adult sp. A
Diptera larva sp. A
Diptera larva sp. B
Diptera larva sp.
liptera adult spp.
Remip tvra adult spp.
BoseCta larva app.

Araohv Ida
Arachnida adult app.
5{alacarfdae app. 1 1 1 1 1 1
ChlunnthIda app.
aydrachoida sp. A
Hydrarhaida sp. B

Pycoagesida
Ac5rnlia rhelata 4
AmAmlia ss1

Echlnadermata
Deadraster nacestricus 2 5 1 1 6 2
Pisoster aobraoeas 1

es erus 1 1
Piaras larva app. 1 3

Eggs app. 45 12 22 12 12 80 24 2 1 16 15 14 39 32 7
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Appendix B. (Coxtixand).

CB-6 CB-7 CB-8 CB-9 GB-lB

TAXON sectjoexuxber 1 2 3 4 5 6 1 2 3 4 5 1 2 3 1 2 3 1 2 3

spp. 1 3 3 4 6 5 22 24 6 2 1
Actixiaria spp.

3 1 2 1
Hpdrozoa xpp. +
Nxmxioda spp. 14 18 4 1 7 1 3 22 6 3 3 1 2 20 3 2
Nexertex spp. 4 13 4 3 2 1 3 1 11 7 6 1 4
Acxelx spp.

Txrbolixria spp. 6 9 3 3 1 2
Phxrccida

Poroeoss harmeri 3 10 7
011gxchaeta spp. 1 1 150 88 41 9 4 6 5
Polychaa La

Abaranicola xp. 1

2 1
5F(5!sam Lxx bixculata

Acexicola cristata
P.rmxxdla biosalxtx
Armxxdia brevis

5txs rixmxticux
Baraetxlla americana
Boccardix praboseidex

cia hareex
Capitelix capitatx
£!04Oella capi Lxix acalata
CIsc C n xc auda to

Cirrxtulascdrrxtux
EN-one Calitornica

xxe xtae 1 3
xoxx lax go

iteane pacifica

hence jXp) tehxx8uii
Fomida bifxliata
x8ressx

3p)is ausimilis 4
is stmxedi

14s ixa
e ei

iC4x 11a ixa
a N-stx

ix
xda mi era 423
eUx hx

)(422xc01x120 panamenuBs
Neterxxastus filifarmis
Ixegerhanslx heteroehaeta

3-

Lambnixeris latreilli
Lambrienris Banata

bp9x pitelkxi 2

Mediamastus axutus

112 60 17 3 13 4Medixmautauxxllfxfxiensis 3

eerBx ninudx
Nadneris aeciexta 2

ndtxtus s

parva
Nerinidesmaculata
Net ixides tcl.dentxtx

Natomastus (Clistxmxstxs) txxuis
SpiCe 110 lirnxxBxa 4

iphei Ia sF

Ohyp3-ac6a £pxnilix
Pitcaxotus N-Ills
PIN-oxides plo tXbraxchia
4pxp37lis ipa

rx

Folydora sxxialis
Pro tadervillea zr02!1

Purxdopxlydxrx )p
spix s

farx fox

Rhynchnspio aemnincala
Sabellaria semen tariam

a1xu xcxecxps 2

aens 4

xuix dioti
des irrBtx

tx

Ovum g1is 6 19 3 3
is x1ota

11is txrxxta

faxciaN-
s11is ea

1iis
Capitellidxe tpp.

Phyilxdxci000 3 uvxxilx spp.
Pxlyxoddae juvenile app. 2

Syllidxe spp.

2Fxlychxxta juvenile spp.
pelychanta juvenile sp. A
Polychueta jxvexile up. B

Polnoypoda
xxcardiux a11ii 2 3

Tacoma acalauta
liacoma pxjxatx 10 1 4 2

Tacoma nasuta
tI005masxC Lx

oma sp.
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Appeedix B. (Coetieued).

CB-6 CB-7 CB-8 CB-9 CO-lO

TAXOI7 sectjossumber: 1 2 3 4 5 6 1 2 3 4 5 1 2 3 1 2 3 1 2 3

Madiulus sodialus
yp aresaria

Protothaca stauinea
Protothaca tenerrizr.a
Saxidomus giganteus
Teflioa bodegensia
.el1ina carpeateri
Tellina rsodeata
Tellioa noculoides
Iransesnella tantilla
Tresusuttallii
Zirfaea pilsbryi
Tellioidae app.
Veneridae app.
Pelecypada sp. B
Pelecypoda juvenile spp.

Gas tropoda
Barieeia haliotiphila
Odastesia (Evalea) flp
Olivella biplicata
gpj diumedea

Tenellia adapersa
Ostracoda app.
Copepoda

Acartia tossa
Clausidium vancauvereuae
Euryteruora np
ilemicyclops pyotus
}iarpac ticoida app

Cirripedia app.
Balasaa ppyp3iaus
Balanus up.
Chthanalua dxlii

Mysidacea
Archacornysis grebeitzkii

Camelia vulgaris
Diastylia alaskeaaia
pgp9gp guadriplicatu

Leucos auboasica
Tanaidacea

Leptochelia dubia
Pancolus califarniensis

isopoda
Caecianiropaia B0S0l1la

Asphipodc app.
Allorchestes

Paraphoxusapiuosus
Parapleustea pugettensis
Photia califoroica
Arsphipoda juvenile app.

Caridea
franciscorum

Anamura
Callianassa californiensia
828p)036 pugettenaia

Paguridue app.
Brachyura

Bradhyura larva app.
Insecta

Paraclunio alaskensia
Chiror,omida larva sp. B
Colleubola adult ap. A
Diptera larva up. A
Dip tera larva sp. B
Diptera larva ap.
Diptera adult app.
Hemiptera adult app.
Insecta larva app.

Arachaida
Arachoida adult app.
Halacaridae app.
Cheloaethida app.
Hydrachaida sp. A
Hydrauhuida np B

Pycuogonida
Achelia chelata
Achelia simplissima

Echinaderaata
Dendraster excen teicua
Piaaster ochraceus

Pisces
Aimnodytea hexapterua
Places larva app.

Eggs app.

2 1 3 4 6 2 2 1 5 2 1 5
2 1 5 1

1 2 4 1

1 1 3 1

8 1 2

1 8 2

1 4 2 27 3

1 3 4 1 1 4 16 3 6

1 2 2 1

10 2 3 1 1

6 2 1. 1 4

Li. 1 1 1 8

1 1 4 1 1 1 6

7 15 1

9 10 1 1 1 1

4 2 3 7 1 1

1 1 1

25 33 19 3 6

1
1

1

1

1 1 1 1 79 7
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Appendix 8. (Continued).

CB-10 18-11 CB-12

TAXON nectinnnaxber 4 5 6 7 8 9 1 2 3 4 5 1 2 3 4 5 6 7 8 9

Foramloifera spp.
Actieiaria spp.
Hydrozoa spp. 12
Nematoda npp. 2 502 1 82 2
Neniertea spp.
bomb xpp.
rirbellarja spp. 4
Phoroeida

osin ri
Oligochaota 32 9
Polychaeta

Abareoicola np
Axaeana occidentalis

atha a1a
Areolcola cristata
Armandia bioculata
Armandia brevis

(B3tun prixnmticus
Barantolla americana
Boccaedia proboscidea
Brania brevipharyngea
Capitella capitata 1

Lla cap itata ta
Chone ncaudata
Cirratulus cirratus
Et0050 califarnica 6
Eteane dilatae

ee
mene canm () nfi

oregonica

Medioniastus acutus
Meomentus tafornnis
Naineris guadricuspida
Naineris uncinata
Nnamediomastun b4jp

Bleninides maculata
Nerinides tridentata

4
Notomastus (Clintomasmun) tenain

rachu 1in
Paleanctus bellia
Paracoides platybraochia 9

5!cp1in mageifica
ra

1gro macjaiLs
cdorvi11ea 1is

Pseudopulydora )5!N24
o S

8ornica
arenfncola

Sabejlarja cemeetarium
5001os acneceps

aens boyn
1onio benedicti 232 16 43

Sylildes pp8ffirrata

ZP2!XPin aciculata
ix maeata
is taumiata
is a
is a

Capitellidae spp.
Fhyllodocidae juvenile spp.
Folynaidae juvenile spp.
Syllidae spp.
Polychanta juvenile spp.
Polychaeca juvenile sp. A
Polychania juvenile np

Pelecypoda
Clioocaedium outtallil
Macoslo acolanta
Macems inguinata 6
M800ma nasuta

3
Macama
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Appeodix B. (Coetdeued).

Ca-la CB-l1 cB-12

TAXON sectiooeuraber: 4 5 6 7 8 9 1 2 3 4 5 1 2 3 4 5 6 7 8 9

Modjolux modloloo 1 12 1 2arenaria
Pro to thaca s taainea
Pro to thaoa teoerrim.a
Saaidomua gigaoteua
Tellioa boppp4s

ieo teri
Tellioa modesta
Telliea ouculoides
Transennella tantilla
Tre000 nuttallil
Zirfaea pilabryl
Tellinidae spp.
Veoeridae app.
Pnlecypoda op. B

Gas tropoda
Barleeja halio tiphila
OdootosAa (Ovalea) E98
Olivella biplioata

dioaedea
Tooellia adsporaa

Ostracoda app.
Copepoda

Acartla toosa
Clausidjoro vanroaverense
Eurytemora sp. 10
Bemicyclops ('aano tus
Horpartiooida app. 1 917 5 40Cirripedia Spp.

ous isoO
Balaoos sp.
Chtharoalos dull!

Mysidacea
a15 grebeltokil

1a s 9
Odastylis alaxkooaia
Lamprops y1iruta
Leucoo oubnasjoa 50 1 35 2

Taoaidaoea
helia daa

Pancolos californiensis
Isopoda

cpaolroAXis psammophila
Amphipoda app,

Allorohes tea
Aohitho8 valida

49o4ya9r79s coofervicolos 2Corophiura acherosicun
Corophiurs boevis
Corophiors salmonis
Eohaustorius yaSpyipm9s
GraodidinreLLa japooica

ulohoxus i

Paraphoxus !P9tomos
Paraphoxus roi.11eri
Paraphoous yp4posos
Ay8eNytes pogettoosla

Photis oaljfornioa
drsphipoda juvenile app.

Carldes
9j52j franoiscoruu

Aooaura
Callianassa califorojensis

ia nois
Pagueidae app.

Brachyura
Brachyora larva spp.

Insec ta
Paracloojo alaskeosis
Chjr000mida larva op. 0
Collembola adult op. A
Diptera larva op. A
Diptera larva op. B 3Diptora larva sp.
Diprera adult spp.
Oemiptera adult app.
tosecta larva spp.

Arachoida
Arachoida adult app.
Halacaridae spp.
Cholonethida app.
Hydrachoida op. A 5Hydrachoida op. 0

4Pycoogonida
Achelia chelata
Acbelia airsplissiaa

Echinodormata
Deodraster excentrirus
Pisaster ochraceuo

Pisces
lasssrdytoa hexopteras
Pisces larva app.

Eggs spp. 17 55 1 29 20 29
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Appendix B. (Contirnmd).

w-1 W-2 W-3

TAXON snctiornon,ber: 1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 1 2 3

Poraulnifera pp.
1 2Actiniaria spp.

Hydr000o spp.
Nenatoda app. 478 162 9 4 4 1 5 6 4 11 5 4Nemertna opp. 3 4 5 1 2
Acoela npp.
lurbellaria spp. 2
Phoronida

j7couisharmeni 1 9 39 60 18 11 7
Oligcchaeta Opp. 258 106 9 2 8 3 6 17 50 11Polychanta

Abarenioala op. S
Amaeaoa occidentajis

ap0&j9a bioculata
Arenicola crintata
Arrsaedia biocalata
Armandia brevis
Autoivttsp prinmaticus
Barao tolla americana

Boccardia 2pcidea
Maia harea
Capitella pppata
ç4e11a capitata ooulota
Chone ncaudata
Cirratulus cirratuS
Eteone californica
Etnoen dilatae

ee lon
Eteone pacifica

Eteoee Qz9!8) tchangnii
Eamida bifoliata
Eunc8 denressa

Lumbrineris zonata
Magelona pitelkal
Mediomastus acutus
Medjomastus californinesis
Nainerix casi
Nainrrisuncieata
l9eootediomastun pn

Nerinides maculate
Nerjoides tridentata
Nctooiastus (Clistoroastus) tenuin

Pro todorvillea 0pp1is
oo1dnra

Z82!2(Z californica
Bhynchnspio arenincola
Sabellaria centre tarium

1ou e

hanes
1oxio dicti
dns ircata
s ta
n ix

is u1ata
Typosyllis alterrata

iata
ir na
ix

CapitelLidae npp.
Phyllcdocidan juvenile upp.
Polyeeidae juvenile spp.
Syllidae spp.
Polychaeta juvenile app.
Polychaeta juvenile op. A
Polycharta juvenile up. B

Pelecypoda
Clioocardium outtallil
Maccue acolosta
Ma nota
Macoma nasuta
Maconto sonic
Mamasp.

1

4 3

13 20 5

122

1 2 2 2

1

1

1 1

1 1 2

1 2

1

3023 10

206 48 52

15

2 1

25
10 3

1

322

16

1
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Appesdie B. (toetisued).

W-1 W-2 W-3

SAXON section smther: 1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 1 2 3

Modiolas sudielus
5) arenaria
Protothaca stasoisea
Protothaca tenerrima
Saxidomus gigan teus
Tellina bodegessis
Tellina carpeeteri
Tellisa sodesta
Tellina euculoidee
Transernella tantilla
Tresue nuttallii
Zirfara pilsbryi
Tellisidee spp.
Veseridae spp.
Pelecypoda sp. B
Pelecypoda juvenile spp.

Gas tropoda
Barleeia halia tiphila
Odsstcuiu (Evulea) 9!E!8Olivella biplicata
54jp dismedea
Tesellia !4ppEsa

Ostracoda spp.
Copepoda

Acartia tossa
Clausidium vancouveresse
Eurytemora sp.
Neroicyclops thysano tus
Rarpacticoida spp.

Cieripedia spp.
Balanus improvisus
Balanus np
Chtharnainos dalli

Mysidacea
geebuitzkii

a is
Diastylis alaskessis

s 1icata
Leucos subnasica

Tasaidacea
he1ia daa

Pancolus califorejeesis
Isopoda

ira ads psam5rop)70
Pasphipoda app.

Allorchestes !ENaN(°
.Aarphitho8 valida

con fervicolus
Corophiurs acherusicusi

rvis
Corophiurs saitsonis
Eohaustorius
GeandidioroiLa japosica

bulohoues i
orooxus epistomus

Paraphoxus mulleri
Paraphoxus !EEE2A
Parapleustes PBZ0S(!°j
Photis califorsica
Arsphipoda juvenile spp.

Carides
frasciscorurn

Asomura
Calliasassa oauiioroiessjs

ia osis
Paguridae spp.

Brochyuea
Brachyura larva spp.

Insecta
Paraclunia alaskessis
Chironomida larva sp. B
CollesrhoLa adult op. A
Diptera larva sp. A
Diptera larva op. B
Dtptera larva sp.
Reaiptera adult spp.
Insecta larva spp.

Arachsida
Aracheida adult spp,
Ralacaridar spp.
Chelosethida spp.
Hydracheida sp. A
Hydrachsids up. B

Pyceoganida
Lobelia chelata
Achelia simplissirsa

Echinoderreata
Dendraster excentricus
Plsaster ocheaceus

Pisces
Ammodytes hesapterus
Pisces larva spp.

Eggs spp.

7 1 1 1 2 1 9 2
1 4 3 2

136

1 5 2

1
60 1 1

1

125 9 1 3 2

138 1 1 1

1186 26 2 1 1 14 4 3 1 3

1

122 1

87

2 2

6

5 1

113 2

24

14 1

5

1677 18 2

1
4
1

3

282 3 1



Appendix 0. (Contieued).

0-3 0-4

TAXON seutlonnumber: 4 5 6 7 8 9 10 11 1 2 3 4 5 6 7 8 9 10

Foremjejfere spp.
Articianja Spp.
Hydrooca app.
Nernatoda Spp.
Nemertea SF?.
Accela spp.
iurbellarja spp.
Phutunida

Phnronopsis harmeri
Oli6achaeta spp.
?Olychaeta

Abarenicola np
Arneeana oceiden talisaxtha Uata
Arenicala cristata
Armacdia bioculota
Anriandia brevis
dUa1tua prisSa tiCUS
Barantalla americana
}3occardia pjpbnscidea

ia harnea
ella ata
e1la a sta

Choneecaudata
Cirratuln.s Cirratus
Eteoee californica
Oteone dilatae
Umene
itenee pucificane () Sii
Runida bifoliata

8 4AXsa
is milis

jpyis blomstrandi
is ca
e ei

Pabricia sabefla oregonica
a Tanta

AXaTameiS3ycinde !fra
3ycinde plygnatha

cole1os sis
Heteremas tus filiformin

hanniarochaeTa
Lumbrineris latreilli
Lun,brineris 200ata
Magelnea 7pi
Medinmastus acutus
Mediomastus californiensis
Naieeris 3 tacos Ida
Naineris uncinata

diaSastus

Neninides maculata
Beninides triden tata
Octoniastun (Clistomastus) tennis

a Unecina
Ophnlia sp.

is

aLtereata
fear La Ta

Typunyllis )5ypna
Typesyllia 7j37
Capitellidae Spp.

Phyllcdocidae juvenile app.
Pclynoidae juvenile spp.
Syllidae spp.
Pulychaeta juvenile spp.
Polychaeta juvenile sp. A
Polychenta juvenile up. B

Pelecypada
Clicccardiuiu nuttaliji
MacnSa acoLasta
Macone inguinata
Macasia nanuta
Macusia see Ta
Macuma up.

1 2 1 4 1 1 1 138315 6 6 1 1 1 2
1 3 3 3 2 2 2 1

1 1

2 5 5 0 1 1
6 6 1113 3 1 4 2482125 74 20 7 4 3 2

1 1 5 1

1 2

1 1

147 16 3 1

6 6
3 1 7 16 9 6 11. 7 6

2 1 4

2 1

11

11

1

130
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Appendix B. (Continued).

W-3 W-4

TABOO sectioseumbes: 4 5 6 7 8 9 10 11 1 2 3 4 5 6 7 8 9 10

Modiolus oxdiolus 1 3
jp arenaria 1 2 2
protothaca stasdeea
Pro to thaca tenerrima

doeua eus
Tullisa

isa teri
Tellina sodenta
Tellisa nuculoiden
Transennella tan tub
Treaus uuttallli

aeo i

Tellisidee spp.
Veneridae spp.
Pelecypoda up. B
Pelecypodo juvenile app.

Gas tropoda

Barleeia halio tiphila
Odos torola (Evalea)

Olivella biplicata
diomedea

1hia sa
Ostracoda app.
Copepoda

Acar tia tonsa

Clauaidiue Vancouverease
Eurytemora op.
Hemicyclaps thysarro tue

2
Slarpacticoida spp. 2 9 4

Cirripedia spp.
Balanus improvisur

us up.
Chthasalua dali

Mysidacea

Archaeamyuis gyeboitakii

Curuelbavulgaria 3
Diastylis alaskeesis
Lamprops guadriplicata
Leuros suboasica

Tasaidacea
Leptochelia dubia 2 9 5 15 4 7
Pancolus califoroiensis

isopoda
aeirosia psa=

Amphipeda spp.
rhea tea

1 1

1 1 2 1 2 1 2

Carides
s frsocisruruv

Anamura

Calliasasaa californiensis
Upugebia pugetteusis
Paguridae spp.

Brachyura
Brachyura larva spp.

Inrecta
Paraclunmo alaskeesis
Chirosumida larva up. B
Collembola adult sp. A
Diptera larva up. A
Dip tera larva sp. B
Diptera larva up.
Diptera adult spp.
henriptera adult upp.
Insecta Larva spp.

Arachnida
Ararhnida adult spp.
rraiacaridae spp.

Chelorethida app.
Hydracheido ap. A
Hydracheida op. B

Pyceugunida
Arheila chelata
Achelia simplissirna

Ochmnodermata
Dendraster cares tricus
Pinaa tsr ochraceus

Anesudytes hrsapterus
Pircea larva app.

Eggsupp. 1 1 3 5 6
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Appendix B. (Continued).

W-.5 W-6

TAXON seotioeeumber: 1 2 3 4 5 6 7 2. 2 3 4 5 6 7 B 9

Foraxisifera spp.
Aotieisria spp.
Hydrozea spp.
Nemateda spp. 47 1 28 32 14 22 4 3Nemertea spp. -2
Aooela spp.
T.rbellaria spp.
Phoronida

OsiS ni
Oligoohaeta 61 4 3 3 10 41 6 2 2 4 3Polychaeta

Abareejeola ep. 2 13
Amaeaea occjdentaljssaha ulata
Arenicola cnistata
Areaedia bioculata
Arrnaodia btevis
Autolytus BLi5rti0ux
Baraetolla aruericana
Ooccardia proboscidea
Brania breviphXOB
p4ella capitata 4ella ta ate

Chose ecaudata
Cirratulus Cirratus
Eteone califorsica 1 6Eteone dilotae

lee

orppppa 861

st.us filiforrols 1 4cola heterochaeta
ne latreilli
xis conata

ai
tan Ocutus 2251 4 18
toe califorxieesi 6 2 3

dniouspida
uncinata

unAXun s 2paa
S maculata
s tnideetata
us (Clistonastus) teeuis

ecri1io
us baum
es 10 14lis oa

1
socialis

villea gracilis

502 5 127 4
cal jfornica

arenincola 9
la enmentaniusi

axmeceps

o!o beoedicti 9

Uapltekuloae Spp.

Phyllodocidue juvenile spp.
Polyeoidae juvenile Spp.
Syilidae spp.
Polychaeta juvenile spp.
Poiychaeta juvenile up. A
Polychaeta juvenile up. B

Pelecypoda
Clieocardium euttallii
Nacona acolasta

na eata 7
Macoma nasuta
Maeoma secta
N000sra up.



Appendix B. (Coetisoed).

w-s 99-6

TAlON sectioenund,er 1 2 3 4 5 6 7 1 2 3 4 5 6 7 8 9

P9odiolun sodlolus
Mya arenaria
Protothaca staminea
Protothaca tenernjysa
Saxidomus

isa is
iea teri

Telliea modesta
Teliioa rnculoides
Transennella tantilla
Tresus outtallii
Zirfaea pilsbryi
Sellisldae SF9.
Veeeridae spp.
Pelecypoda SF. B
Pelecypoda juvenile upp.

Gautropoda
Barleeia halio tiphila
Odostomia (Evalea)

vella cata
dea

llia sa

Ostracoda spp.
Copopuda

Acartia toosa

Clatsstdiumvamccuvmcmsxe
Eurytemora Sp.
Heedcyclopp ptus
Harpauticoida Spp.

Cirripedia spp.
ouS isuu

Balanussp.
Chthamalus dalli

Mysidacea
eomsis tekii

Curoella vulgaris

DiaStyliS a1ekmosis
Lamprops 050cat4
Leu000 subnasica

Taoaidacea
Leptochelia debia
Pancolus californiensis

isupoda
çp40irop0is psammophile

Arophipoda spp

Allorchostes
AmphithoB valida
An iso gamma coo fervicolus

Ampoipoda Juvenile SP.
Cacides

isizojo francisco rum
Anomura

Callianassa califorelensis
TJpogebia gjpgfpexis
Paguridae SPP.

Brschyura
Brachyura larva spp.

Is Sec ta

Paraclunjo alaskeesis
Chdroeomida larva sp. B
Collembola adult op. A
Diptera larva SF. A
Diptera larva sp. B
Diptera larva sp.
Diptera adult spp.
Hemiptera adult app.
Iooecta larva app.

Aracheida
Arachuida adult spp.
Halacaridan SPp.
Chelonethida Spp.
Uydrachslda op. A
Hydracheida np B

Pycnogoeida
Achelia chelata
Achelia simplisuima

Echinoderxata

Dendraster excentricus
Pisaster ochraaeus

Aomudyteu GA42.fEru5
Pisces larva spp.

Eggs spp.

5 1

1 4

4 6 3 13

93 4

354 20
1

84 1

2 3
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