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Cascadia Basin and the deeper Tuft's Abyssal Plain are inhabited

by a common set of holothuroid species but differ markedly in propor-

tional composition and apparent abundance. Seventy-six trawl samples

were collected in a grid on Cascadia Basin. Depth appeared to be the

major factor affecting the proportional composition of the dominant

species. The fauna became progressively more uniform as the depth gra-

dient decreased. The region adjacent to the base of the slope was

distinct in its low diversity and low proportions of small specimens of

the most common holothuroid species. These features might be due to in-

creased competition and predation in that region. Sixteen trawl samples

were examined from Tuft's Plain. Again the fauna appeared to be

affected primarily by depth. While the abundance of holothuroids

remained uniform across the flat Cascadia Basin, it appeared to

decrease exponentially with depth across Tuft's Plain.

The uniformity of proportional composition and abundance of the

holothurian fauna across the floor of Cascadia Basin is in marked

contrast with previously reported patterns of infaunal organisms. It
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is suggested that the differences reflect basic differences in the

ecologies of the infauna and the motile epifauna, and that the size

distribution of food material from overlying water may be of importance

in determining the benthic fauna composition.

A geometric representation of the analyses used is given0 Concepts

of deep-sea benthic ecology are reviewed, and current diversity

hypotheses are reviewed relative to the findings of the study.
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PATTERNS OF ABUNDANCE AND RELATIVE ABUNDANCE OF BENTHIC HOLOTHURIANS

(ECHINODERMATA:HOLOTHURIOIDEA) ON CASCADIA BASIN AND TUFT'S ABYSSAL

PLAIN IN THE NORTHEAST PACIFIC OCEAN

I. INTRODUCTION

General Considerations

Most samples of the deep-sea benthos have been collected along

transects where both distance to land and water depth increased

together. Thus it has been difficult to determine the relative

importance of depth-related and distance-related factors in causing

the observed variations in faunal composition and abundance. Depth

primarily affects hydrographic parameters that are of physiological

importance (see Kinne, 1970). However, depth may also determine

sediment composition through dissolution of calcium carbonate

arid affect the amount of surface productivity reaching the bottom.

Distance to land is of primary importance in determining the amount

of terrestrial sediment in the bottom, the flux of near-shore pro-

duction to the benthos, and the level of productivity in the over-

lying surface water.

This present study is directed at describing the distribution of

the fauna on Cascadia Basin and Tuft's Abyssal Plain. The relative

importance of depth and distance was assessed by comparison of

transects in which depth varied but distance from land had a

relatively fixed value. Cascadia Basin is a southward tilting plain

lying at approximately 2800 m depth off the coast of Oregon, U.S.A.

For much of the world ocean this depth occurs on the relatively

steep face of the continental slope and rise. The sampled portion of

Tuft's Plain tilts westward so that depth increases from 3354 m to 3900 m

seaward.
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The echinoderm class Holothurioidea, sea cucumbers, is the

faunal component studied in detail. With few exceptions the deep-

sea species feed by ingestion of surface sediments atd any associated

organic materjal. Because of the uniformity of feeding type the

holothurians may be studied both as a functional ecological unit and

as a taxonomic unit. The class is strictly marine, but otherwise

cosmopolitan and eurybathiç. They are one of the most abundant

taxa collected in trawis below 2000 in nd may be numerically

dominant in hdal trenches (Belyaev, 1972, and Hansen, 1975). The

distribution of sediment feeding reported by Sokolova (1959) was

primarily reflective of the distribution of holothuroids more than

any other taxa.

General Approach

Examination of Distribution Patterns

Distribution patterns were examined in hierarchical fashion,

alternately treating the region sampled as a whole and then as

subunits. Similarly all holothurians specimens were first treated

together as a whole, separately as species, and then individual size

classes within each species. My intent in performing this hierarchical

examination was to let the findings of each step provide a framework

for interpretation of the next more detailed examination.

l The holothuroid specimens from Tuft's Plain, Cascadia Basin,

the continental slçpe and continental shelf were identified. This

placed the faunas of the two principal sites into a larger regional

and bathymetric context.
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2. The holothuroids were related to the rest of the invertebrates

collected in the same trawls. This placed the holothuroids into a

larger faunal context and indicated the extent to which my conclusions

might predict findings based on the entire invertebxate fauna.

3. The relative abundance and statistics based upon relative abundance

such as diversity, were examined for pattern across the 1asin and plain.

4. The pattern of absolute abundance, as reflected by catch size, for

total holothurians was examined and then patterns of absolute abundance

of individual species.

5. The abundant species were divided into two size classes in order

to seek possible size specific variation in distribution across

the region sampled.

Evaluation of Importance of Depth and Distance

A multivariate factorial analysis of variance (Section VI) was

used to evaluate the relative importance of depth-related and

distance-related environmental parameters upon the proportional

composition of the holothurian fauna. This analysis was possible

due to the bathymetry of Cascadia Basin (Section IV) and the grid

system of samples (Section V). Depth increased from north to

south along each uniform distance from land transect.

1. The total variation of the proportions of holthuroids was

computed.

2 The total variation was partitioned into that due to position

in the sampled region and that due to the trawl samples.
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3. The variation due to position was then partitioned into its

distance component and its north-south cotnponeit which corresponded

with depth.

4. The variation among the individual trawls was the residual

variation by which the significance of other sources of variation

was tested.
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II. REVIEW OF CONCEPTS

Curiosity as to the changes undergone by the fauna of the ocean

bottom as it slopes downward beyond the reach of the early dredges

provided the scientific impetus for deep-sea studias in the nineteenth

century. In the eighteenth century it had been established that the

coastal bottom fauna could be classified into bathymetric zones. These

zones had sufficient regularity in their similarity to one another

that some worters even predicted the type of faunal changes that might

be found in deeper unsampled areas. Good reviews of the ideas concerning

the biology of the ocean bottom prior to azd after the voyage of

H. M. S. Challenger have been given by T. H. Htxley (1873) and Sir

John Murray (1895). Two major postulations stand out in these reviews.

Edward Forbes had extrapolated from his Adriatic saiipling that the deep

oceans were devoid of life below a depth of approximately 600 meters,

and Sir Wyville-Thompson had extrapolated from the occurrence of Crinoids

at deep continental shelf depths that the abyss would be populated by

an archaic fauna. The Darwin-Wallace theory of natural selection had

only recently been proposed, so there was considerable general scien-

tific interest in the relationships between organisms and extreme en-

vironmental conditions. Forbes was primarily concerned with the extreme

conditions of pressure and darkness, while Wyville-Thompson was concerned

with extremely low environmental fluctuation rather than absolute

values of environmental parameters. If natural selection proceeded

in response to a fluctuating environment , then a relatively constant

deep-sea must be filled with animals that had changed little since



entering the abyss. So certain was A. Aggassiz that the deep-sea

fauna would prove to be archaic that he announced this very

conclusion on the basis of both the Challenger and his own expeditions,

even though detailed studies had not been completed (A. Aggassiz cited

in Anon., 1877). Unlike the English workers, he considered this to

be contrary to tha predictions based upon natural selection theory,

rather than supportive of them.

Although the initial deep-sea sampling programs were organized

around specific objectives that were based upon current biological

concepts, they contributed surprisingly little to the body of knowledge

that gave rise to the field of ecology (Hedgpeth, 1957). The major

naturalists associated with these expeditions did, however, develop

general opinions on what we could now call deep-sea benthic ecology.

Unfortunately, these overviews are generally overlooked although they

are often strikingly simUar to conclusions being drawn anew today.

The most extensive account is that of Murray (1895), but the published

lectures on the subject by Mosely (1880) and Jeffreys (1881) are also

informative. It was well noted by all three that the deep-sea had a

fauna that was both far more numerous and diverse than had been

anticipated. Murray devoted several pages of his summary to a careful

documentation of the fact that sample for sample the deep-sea contained

more species and less dominance by a single species than was encountered

in temperate shallow seas. The abyss was acknowledged not to contain

a fossil fauna, although some distinctly primitive animals were taken

there. It was also noted that there was mpnotony in the fauna over

large areas of the oçeans, but that samples from far apart were more
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dissimilar than samples taken close together. Having found an un-

expectedly diverse and abundant fauna it was suggested that the sinking

of dead organisms from the overlying water column was the primary source

of nutrition supplemented by nutrient material discharged from land.

Moseley reported that the sinking rate of dead saips was so great that

they could sink to 2000 fathoms in as little as four days. He con-

cluded that this fast rate was partial confirmation that the deep-sea

bottom fauna relied upon the productivity of the overlying water, and

that investigation of the fauna to be found between producer surface

and consumer bottom was the major area of research in the deep-sea.

That the above ecological conclusions were nmager for such grand

expeditions as the Challenger is obvious in the contemporary criticism

of Anton Stuxburg (1883). He charged that the collection and classi-

fication of specimens was inadequate to assess anything of the syneco-

logical nature of the fauna in each area. Stuxburg listed the type

of data that must be obtained and analyzed to gain an understanding

of those factors which give rise to the observed distribution of animals

upon the seafloor. In addition to the obvious environmental parameters

Stuxburg required that the relative "plurality" of all species sampled

in each trawl be compiled, and that only through the examination of

such data coul4 any understanding of the "laws" governing distributions

be gained. This present study is thus the extension of the type of

taxonomic studies demanded by Stuxburg. I have combined the study of

holothurians as items of considerable taxonomic interest with the study

of their patterns of relative plurality, or abundance.
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The holothurians collected from the deep-sea by the Challenger

expedition were so abundant and distinct from shallow water forms that

they resulted in a two-volume monograph containing considerable

revision (Theel, 1882, 1886). Most major deep-sea expeditions have

produced at least a single work devoted to the identity and taxonomic

relationships of the numerous holothurian specimens, but very little

concerning possible ecological relations of this Qbviously abundant

component of the deep-sea benthic fauna.

Just as English benthic studies of the deep-sea during the Chal-

lengr era were an out-growth of the great interest in animal-environment

relations inspired by the theory of natural selection, a large portion

of modern American studies are conducted within the conceptual frame-

work of current ecological thought. In the nineteenth century notions

of the effect of severe environments lead to the inaccurate prediction

that the deep-sea would be devoid of life. In this second half of the

twentieth century a prediction drawn from modern niche theory (Hutch-

inson, 1953) that a uniform environment, such as the deep-sea benthos

is assumed to be, must be dominated by a few competitively superior

species hab been found to be incorrect. As indicated earlier in this

section the discovery of high diversity in samples from the deep-sea

is a published conclusion of the Challenger expedition, however, the

levels of species richness and equitability found by Sanders and Hessler

(summarize4 in Hessler and Sanders, 1967) off the northeast coast of

the United States exceeds even that found by the Challenger, Addi-

tionally, these contemporary workers were the first to discuss this

unexpected diversity in the context of niche theory.



Interestingly there have been several explanations as to why the

deep-sea benthos has not been taken over by a few competitively

superior species, but none have entertained the simple explanation

that the competitive exclusion hypothesis is simply wrong, and that

similar species utilizing similar environmental resources can indeed

co-exist. The proposed explanations, usually put forward as hypotheses,

each deny or admit certain assumptions about the deep-sea environment.

The most basic assumption that the benthiç environmental is so physical-

ly uniform as to provide no boundaries or refuges from competition

has been rejected by Gray (1974). His contention is that the very high

diversit.es in the deep-sea are associated with sediments which have

the highest variability of composition. Diversity in the deep-sea is

explained by envjiormental heterogeneity and no special mechanism is

required to allow for the high faunal diversities. The Stability-

Time hypothesis formalized for the deep-sea by Slobodkin and Sanders

(1969) and the Cropper hypothesis proposed by Dayton and Hessler (1972)

can be considered opposing views, yet they are quite similar in that

both assume the deep-sea benthos to be a vast, homogenous environment.

The two hypotheses differ only in the suggested mechanisms which pre-

vent competitive exclusion in a structurally simple environment. The

Stability-Time hypothesis proposes that in a physically uniform

environment natural selection has been due more to biological inter-

actions than physical stress. Evolution under these conditions of

selection should give rise to a community o species that are "bio-

logically accommodated" to one another. The accommgdation would

manifest Itself in the form of reduced competition for the limited
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resources available. The Cropper hypothesis also assumes a biological

control acting to reduce competition, but rather than slow coadaptive

evolution involving many species, intense nonselective predation is

invoked. The envisioned predation must be so intense as to keep all

potentially competing species below the carrying capacity of the en-

vironment and thus prevent exclusion through monopolization of the

common resources.

As Menzies et al. (1973) pointed out the Stability-Time hypothesis

is similar to a number of hypotheses put forward to explain the high

diversities found in the terrestrial tropics. All are firi1y based

upon the old idea that the trqpics have remained climatically un-

changed over millions of years. Therefore all of these hypotheses have

been greatly weakened by the increasing body of paleontological evidence

indicating that there was considerable environmental variation during

the Quaternary in what is today the tropics (Livingstone, 1975).

Eventually determinations of paleotemperature from benthic foraminif era

collected at abyssal depths may also cause revision of the Stability-

Time hypotheses. However, even now it has been suggested that the

deep-sea has not been a stable envLronment over a geological time

span (Benson, 1975). The diversity of fossil faunas does not increase

in vertical sections assumed to represent millions of years of relatively

unchanged climatic conditions (Boucot, 1975). Between environments

which differ mainly by the variation in physical parameters, high

diversity is not seen in the more stable environment (Abele, 1976).

The Cropper hypothesis is an admitted extension of concepts

obtained from the study of inter-ti4al rock epifauna in Puget Sound,
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Washington, U. S. A. Similar predator-control of diversity have been

suggested for the tropics (Jansen, 1970). The two most effective

attacks on this hypothesis have come from Van Valen (1974) and Grassle

and Sanders (1973). Both demonstrate that random predation will not

prevent competing prey organisms from outcompeting one another.

However, as admitted by these latter authors, the randomness of the

predation is only implicit in the Cropper hypothesis and not actually

specifically claimed by Dayton and Hessler. It is a simple task to

envision predation which would act more strongly against a prey species

which was beginning to dominate the environment and thus maintain

diversity by reducing the dominance of that one prey species. This

may have been what Dayton and Hessler had in mind. Alternately, they

could have intended a model such as that proposed by Levin and Paine

(1975) in which a "patch" of resource cleared by a random disturbance

is re-populated by a sussesional sequence. In this disturbed environ-

ment there would be a mosaic of sccessiona1 stages contributing to an

overall high diversity.

The Stability-Time and Cropper hypotheses may be classed as homo-

genous environment explanations of high diversity as opposed to Grey's

explanation of diversity simply reflective of a heterogenous environ-

ment. However, the latter two are quite different fron the Stability-

Time hypothesis in that they include a relatively nonselective biologi-

cal control of diversity. Grey suggests that one component of the

variability in the deep-sea benthic community may be due to the action

of sediment burrowing and ingesting animals such as holothurians.

Unfortunately, the genus Psolus which he chose to cite as an example
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is a sedentary suspension feeder; nevertheless there are numerous

other species which might fill the role. In the Cropper hypothesis

holothurians are among the large epifaunal animals suggested as the

source of the needed high intensity, nonselective predation. In both

hypotheses the sediment feeding behavior of holothurians Ia seen as a

possible biological control allowing for the maintenance of a high

infaunal diversity.

Studies of the zonation of the deep-sea fauna are one of the main

descriptive activities in deep-sea research. Unlike diversity studies

which are largely dopiinated by Americans working with the melofauna

and macrofauna, zonation studies are more universal in both scope and

nationality. Summary works such as that of Ekman (1953) recognized

that the fauna was vertical],y zoned on the continental slopes, but a

appeared dispersed at random with the abyssal plains. Le Danols

(1948) compiled the results of trawling in the eastern Atlantic and

found a distinctly zoned fauna down to 2500 meters. Beyond this depth

the distinctive zonation with depth disappeared. Since the holothurians

collected in the cruises in the eastern Atlantic had received careful

taxonomic study, they were an important portion of the fauna considered

by LeDanois. As Rowe (198) has noted)samples collected to specifically

study vertical zonation have usually been restricted to a narrow

transect. The faunal changes seen along a narrow transect into deeper

water will appear to be depth dependent even though there may be

great horizontal changes at any one isobath. Such horizontal change

was Rowe's (1968) finding. The densities of mega-epifauna seen In

bottom photographs taken off the coast of North Carolina, U. S. A. were
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found to vary considerably along any horizon, presumably due to effects

of deep currents. To the contrary, Sanders et al. (1965) found that

the infaunal species collected by dredge do show very strict circum-

scribed depth zonation in the Atlantic. Obviously, there are those

species which do show a considerably variation in depth and those that

do not. As to whether the deep-sea is to be typified as strictly

zoned or not, depend mostly upon what animals are considered. The

possibility exists that the difference in findings between people like

Rowe (1968) who worked with the motile mega-epifauna and those like

Sanders and associates who worked with potentially less motile, smaller

infauna illustrates a real, basic dissimilarity in the ecologies of

these two general ategories of benthic animals. A much fuller review

of zonations schemes along with a few new suggestions is to be found

in Menzies, George, and Rowe (1973). More recently, photogammetric

surveys have been utilizing the deep submersible Alvin (Grassle et al.

1975). This present study stands out as the most extensive trawl sur-

vey of relatively level bottom fauna at lower bathyal and abyssal

depths.

Soviet zonation studies have been of particular interest in that

their sampling has been done at the deepest of hadal depths and also

over wide areas of the central pceans. Zenkevitch (1963) presents a

summary of the zonation studies done primarily by Vinogradova. Belyaev

(1972) simiar1y summarizes studies in the hadal depths. A beam trawl

is a standard piece of collecting gear on Soviet expeditions, there-

fore, holothurians are a major component of the collections. Belyaev

(1972, English translation, p. 85) characterizes the hadal environment
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as the "kingdom of the holothurian". In a series of papers Sokalova

(see 1972, for a full list of references) has modeled the areal

distribution of the abyssal fauna of the central abyssal plains in terms

of trophic level. At the continental margins she claims that motile

sediment ingesers such as holothurians abound and are predominant due

to the high productivity of the overlying water. This high food

input from above is coupled with a high sedimentation rate which serves

to bury and preserve the food raining down. In the central areas of

the ocean with low productivity and low sedimentation rate sediment

feeders cannot be successful because the low input is not preserved

by sediments, thus suspension feeders predominate. Hessler and Jumars

(1974) working with polychaeres did not confirm Sokolova's findings

of a suspension feeder fauna in these areas.

Since the Challenger expedition deep-sea holothurians have

received greater interest as items of taxonomic tudy than of ecology.

The published taxonomic works reflect the pattern of sampling, with

greatest information coming from the Atlantic Ocean. Early information

specifically on the holothurian fauna of the Pacific Ocean came mainly

from the Pacific stations of the H. H. S. Challenger and the U. S. F. S.

steamer Al1atross. This latter vessel sampled with a trawl along the

Pacific Rim from Peru to Northern Japan. The holothurian specimens have

been studied by many workers and described piece meal by six authori-

ties so far (Ludwig, 1894; Oshima, 1915; Fisher, 1907; Edwards, 1907;

H. L. Clark, 1920; and Mitsukuri, 1912). More recently the results

of Soviet sampling in hadal trenches of the northwestern Pacific
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(Belyaev, 1970, 1971) and the resi1ts of the Galathea expedition

which included Eastern Pacific samples (Hansen, 1975) have been pub-

lishad.

Hansen's recent monograph on the order Elasipoda, that taxon

most restricted to the deep-sea, is the most comprehensive account

currently available. In addition to the taxonomic work, Hansen has

begun a lengthy synthesis which will ultimately allow the placing of

the holothurians in a larger ecological context. However, at the

present a summary of their known or presumed ecological significance

can be brief.
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III. BIOLOGY OF THE HOLOTHURIOIDEA

Holothuroids, sea cucumbers, are one of the five living classes

of echinoderms. The approximately 1100 species (Hansen, 1975) have

the pentaradial symmetry of most echinoderms but are usually

elongated orally-aborally and have assumed varying degrees of bilateral

symmetry. Historically the holothurians have received less study than

other echinoderms. Thus, only a few comprehensive biologies have

been compiled (Cuenot, 1948; Deichmann, 1930; Frizzel and Exline,

1966; Hyman, 1955; and Pawson, 1969). Although the general biology

of holothurians has been learned from the study of shallow water forms,

the increased deep-sea sampling of the past few decades has resulted

in increased interest in the biology of the abundant deep-sea forms.

As has been pointed out by Pawson (in press) the striking differences

in morphology between the shallow and deep forms are suggestive of

major ecological differences that have yet to be studied.

The current taxonomy of holothurians is in flux, but the system

proposed by Pawson and Fell (1965) provides an adequate framework

for revision. There are six orders which are distinguished both by

morphology and ecology. The order Dendrochirotida Grube 1940, has

bushy oral tentacles with which it feeds upon material suspended in

the water, In the deep-sea only two genera of this order are found,

Psolus and Abyssocucumis. The order Dactylochirotida Pawson and

Fell, 1965, is similar to Dendrochirotida, but the oral tentacles are

reduced to short digits. These animals are restricted to the deep-

sea and appear to be infaunal forms feeding from the sediment surface.
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Only the genus Ypsiolothuria of this order has been collected off

Oregon. Most species of deep-sea holothurians are members of either

the order Aspidochirota Grube, 1840, or Elasipoda Theel, 1882.

Both of these orders are motile sediment ingesters. The order

Aspidochirotida is most typical of the shallow water trophics where

the families Holothuridae and Stichopidae may achieve very high

densities. The order is represented in the deep-sea by the family

Synallactidae which shows considerable morphological variation. The

order Elasipoda is considered the most typically deep-sea of all

holothurian orders. The genera of this order are distinct in that

most have elaborate development of the dorsal podia. Hansen (1975)

has produced a very complete monograph on the order Elasipoda. It

was Hansen's finding that variations in tentacle structure and gut

size indicated some feeding specializations within the order. This

is excellently seen in three common elasipodes off Oregon, Peniagone

cf. dubia, Scotoplanes globosa, and Psychropodes longicaudata. While

Peniagone has relatively long, bushy tentacles and a narrow gut with

very large mesentral blood sinuses, Scotoplanes and Pyschropodes

have shorter, simpler tentacles and very large mud-filled intestines.

The significance of these distinctions, however, is not known.

The artificial order Apodida Brandt, 1835, and Molpadida

Haeckel, 1896, are the most worm-like of holothurians with virtually

no podia along the sides of the body. The molpadids are clearly

infaunal sediments feeders in shallow water while the apodes have a

wide variety of ecologles. Examples of both orders were taken in the

collection off Oregon.
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While shallow water holothurians are relatively sedentary

animals, it appears that as many of the deep-sea forms of both the

order Aspidochirotida and Elasipodita are morphologically adapted to

perform some swimming off the bottom. The early evidence for of f-

bottom swimming of abyssal holothurians has been reviewed by Hansen

and Madsen (1956). More recently Pawson (in press) has collected

information gained from observation in deep submersibles and observa-

tion of 80,000 deep-sea bottom photographs. Of the species collected

of f Oregon both the genus Paelopatides and Psychropodes have been

known to swim. The other common genera Scotoplanes and Penagpne,

to the contrary, have never been observed to swim when disturbed

by submersibles.

From the examination of bottom photos it would appear that

holothurians in the deep-sea often form dense aggregations possibly

in response to feeding conditions. On the basis of bottom photographs

from baited cameras there is some evidence that holothurians can

detect and respond to the bait (Pawson, ibid, and Hessler, 1972).

There is, however, no evidence that holothurians ever eat anything

other than ingested sediment, nor that they are capable of consuming

larger organisms. Early speculation by Hansen (1956) that the deep-

sea molpadid Ceroplectana might be carnivorous was not confirmed by

examination of speciments in this study.

Extrene1y little is known about the mode or periodicity of

reproductioni the deep-sea holothurians. As Hansen (1975) has noted,

even the smallest ova found in the elasipoda are large by comparison

to those of other echinodrms. The ova from specimens of Psychropodes
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are the largest ever recorded for any echinoderm, measuring over

4 mm in diameter. This preponderance Df large ova is suggestive of

a lecitotrophic development.
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IV. THE ENVIRONMENT SAMPLED

The only portions of the vast deep-sea bottom that have been

subjected to extensive faunal surveys are the small areas within a

few days cruising of oceanographic research facilities. Even though

the usual goal of such surveys is to gain a general understanding of

the whole deep-sea ecosystem, some of the findings must reflect

strictly local phenomena. While the vastness and monotony of the

ocean's surface encourages a tendency towards making general statements

from localized observations, it is extremely important that unique

aspects of each locality be considered during the planning, actual

collection, and final analysis of data. The greatest understanding

of ecosystems under study will be obtained through the examination

of the faunal differences that may be found along gradients of envir-

onmental change.

Without attention to unique environmental conditions, the presence

of very important physical gradients might be overlooked in the rush

to draw conclusions with wide application. The area of this present

study must then be considered both as representative of the rest of

the deep-sea benthos and distinctive from it. The following dis-

cussion will establish that in many, if not most regards, Cascadia

Basin is a unique deep-sea environment.

The continental borders of the Pacific Ocean are distinct in

that there is almost a continuous hadal trench extending around the

Pacific Rim. These trenches are of possible ecological importance

because they are the deepest marine environments and may serve as
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traps preventing the seaward transport of terrigenous material.

Unlike the rest of the Pacific Rim, from Central America to the

Aleutian chain there is no distinctive deep trench. The holothurian

specimens discussed in this present study were collected within this

atypical region.

The northeastern Pacific border has a slope composed of basins

and ridges that have been extensively studied geologically (Emery,

1960) and biologically (Hartmann, 1955) particularly off California.

Menard (1955) classed this continental margin as a ridge and trough

province, noting that Cascadia Basin off Oregon, Washington, and

British Columbia is by far the largest of the basins. This large

basin covers L7O,OOO square kilometers and is walled to the north and

east by the North American continental slope, to the south-southwest

by the Gorda Ridge, and to the west-northwest by the Juan deFuca

Ridge. The general reference on the bathynietry of the Basin is

MacManus (1964) who arbitrarily placed the upper boundary of the basin

at the 2400 in contour.

Cascadia Basin may be a recent feature no older than Miocene.

This age is inferred from magnetic anomalies associated with the

Blanco Fracture Zone and the Juan deFuca Ridge (Atwater, 1970). Some

workers interpret these structures to be part of the East Pacific

Rise which disappears into the North American Continent off Lower

California. In this interpretation the Gorda and Juan deFuca Ridges

represent a sea floor spreading region much like that associated

with the Mid-Atlantic Ridge (Wilson, 1965). Ewing, et al. (1968)

and more recently Kulu' and Fowler (1974) have stated that a hadal
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trench may have existed along the coasts of Oregon and Washington

similar to other sections of the Pacific Rim. The rate of terrigenous

sedimentation into this trench must have been greater than the rate

at which sediments were subduc ted under the continental margin by

the spreading sea floor. As a result the former trench is now

completely filled with sediments.

The bathymetry of Cascadia Basin is unique. The Basin extends

from the arbitrary upper isobath at 2400 m to apprqximately 3000 m

at its deepest corners. Unlike most of the ocean bQttom at these

depths, Cascadia Basin slopes to the south parallel to the continent.

It is mostly a level plain from one wall, seaward to the other. It

is thus a large area with the depths and hydrographic conditions

usually associated with a narrow zone on the steep continental margin.

Menard (1955) has characterized Cascadia Basin and Tuft's Plains as,

"A smooth plain communicating with a deeper smooth plain, separated by

a ridge and trough province." There are two gaps in the seaward

walls of the basin through which it communicates with deeper areas;

the Blanco Gap to the south at the base of the continental slope and

Cascadia Gap at the southwestern corner. Because these gaps coincide

with the areas of the basin's maximal depth the walls do not form a

continuous sill. The Basin can exchange both bottom water and

possibly fauna with the deeper water to the south and west rather

than being faunally and hydrographically isolated. The Juan deFuca

Ridge is actually not a bathymetrically marked structure except

around the associated seamounts. At its shallowest points it rises

only about 400 m above the floor of the adjacent Cascadia Basin.
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The sedimentary features within Cascadia Basin and Tuft's Abyssal

Plain are of interest because they both determine depth of the present

environment and reflect terrestrial influence through geological time

(Figure 1). Extending into the basin from the continental shelf

adjacent to the mouth of the Columbia River is the Astoria Submarine

Fan studied by Nelson (1968) and Duncan (1968). Two deep-sea channels

are associated with this fan, The presently inactive Astoria Fan

Channel (Carlson, 1968) runs across the face of Astoria Fan then due

south along the base of the slope exiting Cascadia Basin through the

Blanco Gap. The Willapa Channel passes between Astoria Fan and Nitinat

Fan to the north. At the base of the fans it merges with the larger

Cascadia Sea Channel. The Cascadia Channel is the major feature of the

central portion of the basin. Menard (1955) has classed this channel

system as one of the world's longest. The channel is a major route for

the transportation of terrigenous material across the basin (Griggs

and Kuim, 1970). Structurally and sedimentologically the Cascadia

Channel represents a physical environment distinct from the adjacent

sea floor. The densities and biomass estimates taken from within the

channel also suggest that its fauna may be dissimilar from that surround-

ing it (Griggs, Carey, and Kulm, 1969). Tuft's Plain lies seaward of

Cascadia Basin, and is not as extensively studied. It is crossed by

several sea channels that originate on the North American continental

slope. The largest is Cascadia Channel which links the plain with

Cascadia Basin.

In the surface sediments of Cascadia Basin there is a progressive

decrease in terrigenous sediment (silt and sand layers) and increase
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in pelagic-hemipelagic sediments progressing seaward. The detailed

distribution of surface sediment facies is the result of processes

which may be only about 12,500 years old. At the end of the last

glaciation (about 12,500 BP) terrigenous sedimentation into the ocean

basins was greatly altered by the rising sea level. The sediment load

of rivers was increasingly restricted to estuarine systems and the

continental shelf. At the present the terrigenous sediments of Cascadia

Basin are derived from two sources. The Columbia River discharge

acts as a point source radiating seaward. Other coastal rivers and

coastal erosion deposit sediment on the continental shelf. This

material is resuspended, sorted, and transported across the shelf in

turbid flows to serve as the second source of terrigenous input

(Kuim, et al., 1975).

The general input of terrigenous sediments from along the entire

coast has caused the terrigenous component of Cascadia Basin sediments

to be zoned parallel to the coast (Figure 2-4). It is only at the

base of the slope that there is a large terrigenous component (Nelson,

1968), and differences between the holothurian fauna in this area and

elsewhere on Cascädia Basin may reflect the sedimentological dif-

ference. The Holocene influence of the Columbia River discharge is

seen in the distribution of clay minerals rather than in the coarse

fraction which easily identifies the shelf derived input. The clay

mineral facies delineated by Duncan et al. (1970) (Figure 5) are

concentrically arrayed about the mouth of the Columbia River rather than

parallel to the coast. Although the Cascadia Channel serves as an

avenue of transport across the basin, very little terrigenously derived
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sediment reaches Cascadia Basin west of the channel or large areas

of Tuft's Plain.

During the Pleistocene the sedimentary envirorment on Cascadia

Basin was considerably different from that now present, Sea level

lowering exposed large portions of the shelf to erosion and decreased

the amount of river deposition on the shelf. Terrigenous material was

transported across the narrowed shelf, deposited upon the slope, and

carried into the basin by frequent turbidity currents. As a result

areas of the Cascadia Basin now covered with fine pelagic sediments

were then covered by terrigenous silt and sand (Duncan and Kuim, 1970).

While the processes of sedimentation may have completed a transition

from Pleistocene to Holocene, the surface sediments of some portions

of Cascadia Basin may still reflect Pleistocene conditions. On the

basis of sedimentation rates estimated by Dunca.n (1968) it may be

suggested that on the western half of Cascadia Basin Pleistocene sedi-

ments may easily have been mixed into the 10 or 20 cm thick Holocene

surface 1ayer Thus sedimentary environment of Cascadia Basin and

Tuft's Plain has undergone a major change intextures in the last few

thousand years This implies that the holothurian fauna now inhabiting

these areas may thus represent species which have relatively recently

arrived.

The pattern of productivity in the surface above Cascadia Basin

is strongly influenced by coastal upwelling of nutrient-rich water.

These upwelling events are the subject of continuing study; the most

recently published description is that of Mooers, Collins, and Smith

(1976), The seaward extent of the biological influence of the upwelling
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has not been firmly established. Anderson (1964) traced a subsurface

chlorophyll maximum, presumably produced in upwelled water, farther

than 200 kilometers seaward. Pearcy (1976) placed the limit of effects

upon higher tropic level standing stocks at about 100 km from land.

Cushing (1971) placed the influence farthest seaward when he

concluded that productive upwelled water off S. California could be

traced as far as 500 km seaward. The variance in findings of seaward

extent and the localized nature of upwelling events suggests that food

input to the benthos from upwelling production may be quite variable in

time and space. The bottom nearest to the upwelling may receive

greatest input, although there is no evidence to support such a

conj ecture.

The water overlying Cascadia Basin is a mixture of Subarctic

Pacific Water transported south by the California Current System and

water transported north by the Davidson Current and abyssal circulation

(Rosenburg, 1972). Subarctic Water is the major component to a depth

of about 1000 m. In the sampled region Equatorial Pacific Water is

the major component of the bottom water. Beyond 1400 km seaward the

surface Subarctic Water grades into Eastern North Pacific Water.

Near-shore there is a coastal water mass extending to a depth of about

400 m. It is greatly affected by seasonal weather patterns. In

spring and summer the same wind reversal that causes upwelling deflects

the Columbia River plume south and westward over the eastern half of

Cascadia Basin (see Barnes et al., 1972, for a full review). Small

and Cross (1972) found that the plume did alter the distribution of

at least two species of copepods. In addition to whatever alterations
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in near surface ecology are caused by the seaward extension of the

plume, it is the agent for transport of clay minerals from the Columbia

River. Gross (1972) concluded from radionuclide studies that sedi-

mentation from the plume water was the major ecological impact of the

Columbia River on the floor of the Basin.

The trawl samples examined in this study come from portions of

Cascadia Basin and Tuft's Plain that must differ in the input of

particulate material from terrestrial and surface water sources. Along

the base of the continental slope terrigenous sediment input and

input from upwelling productivity are probably greater than elsewhere

in the sampled region. Progressively seaward terrestrial and coastal

influences must decrease while depth remains fairly uniform. Samples

taken near the mouth of the Columbia River or under its summer plume

may reflect the influence of the bottom sediments or the altered surface

ecology.
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V. SAMPLING

Larger epifauna of Cascadia Basin and Tuft's Abyssal Plain is

being sample through an ongoing program of deep-sea trawling. In

the present study detailed analyses are restricted to the holothurian

contents of 95 beam trawl samples collected from 19 areas on the basin

and plain. The Cascadia Basin samples are arrayed in a grid pattern

which parallels lines of latitude and longitude and is thus parallel

and perpendicuLar to the coast (Figures 6a and 6b). The planned grid has

not been fully sampled, but the Cascadia Basin portion is largely

complete. On the basin all but one sample area has been trawled, (3-B).

An extra (1-x) area was added to the series (CP-l) along the base of the

continental slope. Generally each area has been visited on two separate

cruises. Details as to location, depth, and date may be found in

Appendix I, Table 1. Additional holothurian specimens were collected

in 298 otter and beam trawl hauls which were not a portion of the grid

system. These specimens were examined to determine the vertical

ranges of species present in the grid samples.

The grid pattern of trawl locations allows the variation in

sampled fauna to be analyzed with a two factor analysis of variance

explained in the next section. Fauna collected from the three completed

offshore series, CP-1, CP-2, and CP-3 may reflect the influence of

environmental factors which change with distance from shore. Fauna

collected along the cross basin series CP-A, CP-B, CP-C, CP-D, and

CP-E may reflect environmental factors that vary north to south over





Figure 6b. Identifying codes for the sample grid on Cascadia Basin and three sampled regions on

Tuft's Plain.
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the basin. However, I have pointed out in the previous section that

depth, sediment type, and Columbia River influence do not vary parallel

to either latitude of longitude. Most conspicuous is the southward

tilt of the basin floor which causes both sets of grid lines to

contain a depth gradient.

The beam trawl consists of a hollow aluminum beam bolted across

the top of two net-lined steel skids with an otter trawl net fastened

to the trailing edges of the skids and beam (Carey and Heyomoto, 1972).

This design is little different than that used for bottom fishing as

early as the sixteenth century (Davis, 1958) except that it is smaller

and constructed of more modern materials. Earlier bicycle rim odometer

wheels have been replaced by heavier, spiked aluminum disks which do

not turn in the water and resist damage during launch and recovery.

The axle of each wheel is coupled to a hub odometer, Veeder Root model

54-794962 (Veeder Root Corp., Hartford, Connecticut). The beam trawl

net was 4.1 cm stretch mesh lined with 1.3 cm mesh netting to improve

retention of smaller organisms. The otter trawl design was a semi-

balloon Gulf of Mexico shrimp trawl equipped with hydro-f low doors.

The net used on the otter trawl varied with the specific project but

was commonly 4.1 cm stretch mesh sometimes including a full or partial

1.3 cm liner.

Both nets were played out underway to prevent overturning and

fouling of the net on the cable. Playing out while underway causes

bottom contact to occur so far behind the vessel that detection of

bottom contact is difficult. Since bottom contact could not be posi-

tively determined,a wire Out versus depth table was used (Carey and
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Heyomoto, Table 18.1, 1972). The trawis were considered to be on

bottom once the appropriate amount of wire was played out, and were

then towed with that amount of wire for two hours.

Upon retrieval the specimens were preserved in 10% buffered

formalin until sorting. The total trawl contents were hand sorted,

counted, and weLghed by species when possible. All holothurian specimens

not destroyed by other analyses were re-examined by myself to validate

or determine identity. If not badly damaged the specimens were measured

and appropriate morphological features noted.

Evaluation of the Beam Trawl

The towing of beam or otter trawls over several hundred square

meters of ocean bottom is the only practical means of collecting large

epifauna]. organisms such as holothurians and asteroids. Unfortunately

trawis are considered to be non-quantitative samplers unfit for the

estimation of faunal densities (Holme, 1971 and McIntyre, 1971). It

was hoped that the beam trawl used to collect the material examined

in this thesis might provide quantitative data. Because the trawl

mouth had a fixed aperture of 3.00 m or 2.72 m and carried odometers

to measure distance trawled it might be possible to determine the area

sampled.

Attempt to Determine Area Sampled

The effectiveness of using odometers to determine the distance

the beam trawl was on bottom has been examined in a separate study
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(Carney and Carey, in preparation). In summary, it was found that

the wheels were positively correlated with other estimates of the

distance trawled, However, when several measures of catch size

were compared with the indicated area no convincing positive correla-

tions could be found. Subsequent photographic evaluation of the trawl

on the bottom has shown that the foot chain, sampling edge, is often

clear of the bottom while the odometer wheels are tending the sediment.

Although the attached photographic gear may have aggravated this

design defect, the lifting of the lead line while trawling without

the cameras is fully consistent with the lack of correlation between

wheel counts and the trawl catch. The wheels have been measuring the

distance traversed and not the area sampled. Lack of knowledge con-

cerning the percent of time the lead line is on bottom prevents

conversion of the wheel counts into area sampled. Figure 7 shows

the scatter when total holothurians per trawl is plotted against the

odometer estimates of the area.

On only seventeen deep-sea tows a time depth recorder was

mounted to the trawl in order to compare the assumed two hours on

bottom with actual time on bottom. On the average the trawl was on

bottom 23 minutes longer than the assumed two hours. The time on

bottom ranged from as much as 75 minutes shorter to 65 minutes

longer than the two hours decided from wire out tables. Comparison of

catch size is thus made cautiously because the duration of tow might

differ by a factor of three, one hour versus three hours.
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Sampling Efficiency

The selectivity of a trawl as it moves over bottom encountering

organisms has been the object of study due to its obvious application

in net fisheries. An excellent, thoughtful, discussion of this

selectivity can be found in Beverton and Holt (1957). The probability

that an animal encountered by the trawl will be included in the catch

can be estimated by the proportion encountered which are caught. This

probability can be partitioned into components such as escapement,

avoidance and net selectivity that may be evaluted through experimental

design as done by Kuipers (1975) on flat fish. Although some holothurian

species are capable of swimming off of the bottom, they can be consid-

ered sedentary relative to fishes and not likely to avoid or escape

from the net. Being lightweight in water they may be blown from in front

of the trawl by the preceeding wire, and small specimens may slip

through the mesh or pass under the lead line.

Size selectivity, as expressed by the probability that an animal

of a certain size will be included in the catch, generally takes the

shape of a sigmoid curve similar in shape to a cumulative normal

distribution (Beverton and Holt, 1957 and Stander, 1970). Such a

curve, or ogive, indicates that below a certain small size the

probability of capture and the proportion captured is exceedingly

small. Once some larger size is encountered, the proportion captured

rapidly increases until further size increase no longer improves

probability of capture. As the size of the encountered organism gets

even larger it will eventually become so big relative to the aperture
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of the samples that there will be a decreasing probability that it

can even fit into the sampler. The holothurians encountered here,

however, are so small relative to the large mouth of the beam trawl

that the simpler sigrnoid selection ogive is a reasonable model of

possible selection by the trawl.

The number of holothurians collected by the beam trawl will often

be treated as if all species have the same probability of capture. I

assume the selection ogive for each species is about the same, and

more importantly that the sizes encountered at each site are about

equally vulnerable to being captured by the trawl. Figure 8 illustrates

what might happen if this were not the case. Assume there is a species,

A, which has a very marked distribution pattern with respect to the

size of specimens occupying different areas of the bottom; very small

individuals in one place and very large in another. In both areas

species A is distinctly the dominant species on the bottom, but the

selection probability for the large specimens is at its maximum with

the net, while the small specimens have a very low probability of

capture. Following collection and specimen counts we would conclude

that in one area species A is clearly the dominant animal while in the

other it is represented by only a few small specimens. Since the size

distribution in the net is the product of the actual on bottom sizes

and the selection ogive of that particular net, it is of great impor-

tance that we gain some feeling of where the specimens collected fall

on the selection ogive even if we do not know the exact probability

values. Otherwise, we will end up interpreting areal patterns in

population size structure as areal patterns in species dominance.
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Figure 8, Effec.t of selection ogive upon the fauna sampled. A two

species assemblage (1), sampled by a trawl with a selection

ogive (2) would produce a sample (3) in which species "B"

appears to be dominant.
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It is obviously desirable that future trawl surveys include an

evaluation of trawl selectivity in their design by that method

suggested by Stander (1970) or by simultaneous photographic inventory.

A simple examination of the sizes of holothurians caught, is, never-

theless, quite informative, From the size frequency histograms, seen

in Figures 28a to 28g a conspicuous feature of most of the histograms

is a marked central peakedness. Assuming that these lengths are

reflective of the dimensions with which the trawl selects encountered

specimens, it can be easily seen that no species collected has a maxima

in the 0 to 3 cm long range, although literally thousands of specimens

have been collected at sizes greater than this. Generally, the speci-

mens in the 0 to 3 cm range would be less than a centimeter in cross

section and quite prone to slipping through the mesh of the net. It

is reasonable to assume as a first estimate that this 0 to 3 cm

range falls on the low probability portion of the selective ogive and

that very few of the encountered specimens are actually retained in

the catch (Figure 9).

Of special interest is that both Peniagone cf. dubia and Scotoplanes

globosa are taken in large numbers in the 4 cm size class, a size next

to the apparently low probability of capture 3 cm size. The possibility

must then be considered that a 4 cm animal has a probability of capture

considerably less than a 5 or 6 cm specimen. If a poorly sampled size

class is caught in abundance it suggests that on the bottom these two

species may be far more abundant than indicated by the trawl contents.

In summary, I have no information concerning the actual selecti-

vity ogive of the trawl other than knowing the size of the mesh employed
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Cumulative Size Frequency Histogram for

I 1,320 Measured Specimens
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Figure 9. The cumulative size frequency histogram for 11,320 specimen

lengths taken from seven species. Specimens three cm long

or less may be poorly sampled by trawl.
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and knowing the size of specimens collected. In general, the sizes

collected tend to agree with the selection one might expect due to the

mesh; specimens 0 to 3 cm long may have been poorly retained. Two

important species were taken in the size class immediately adjacent

to these apparently poorly sampled sizes. The possibility does then

exist that these two species were even more abundant on the bottom than

indicated by the net and that size selection may have distorted the

patterns of relative abundance With the information at hand it is

not possible to assess the extent of any such distortion.
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VI. ANALYSES

General Considerations

The basic process by which spatial patterns are recognized envolves

the determination of the inter-location similarities across the area

being examined. Therefore, a method of assessing similarity must be

adopted before spatial patterns in the faunal composition can be

sought and described. If a sample can be characterized by a single

scalar quantity, then similarity is easily represented as the differences

between the values taken by that scalar measure over the sampled region.

It is informative simply to map these values and visually inspect for

patterns. In this study maps were prepared of the total holothuroid

catch per trawl, the number of species per trawl, the number of each

separate species, and Simpson's D2 diversity index (SDSQ).

A more versatile and comprehensive method is to consider the entire

sample as a multivariate entity characterized by a column vector of

species counts or proportions. In this study I have been primarily

concerned with the proportional composition of the holothurian fauna,

and thus have used a column vector of within sample proportions. Since

no single value characterizes a sample, it is impractical to look for

spatial patterns by mapping. However, a matrix of inter-sample

similarities can be computed between all pairs of sample vectors. The

great versatility of this method lies in the manipulations that may

be performed upon certain similarity and related inatricies. The

matrix may be partitioned to construct analyses of variance or to reduce

the dimensionality of the data.
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The multivariate analyses in this study were all based upon

basic manipulations of a matrix of inter-sample similarities. The

basic index used was an index of proportional similarity termed SIMI

in a program for the Analysis of Information and Diversity over N

samples (AIDN) developed by Dr. Scott Overton of Oregon State Univer-

sity. A factorial analysis of variance was performed by techniques

described below with the assistance of AIDN to test the significance

of any effect due to location, distance from shore, and north-south

position upon the faunal composition of Cascadia Basin. Then, to

graphically present the areal patterns in similarity, the SIMI matrix

was reduced in dimension to three principal axes and the SIMI's

between each sample and the axes were mapped out. Principal axes

were fitted by a portion of the Calgary-Brown Factor Analysis (CABFAC)

program (Kiovan and Imbrie, 1971). AIDN and CABFAC are complimentary

in that the first evaluates the significance of factors included in the

experimental design, while the second separates orthogonal factors

latent in the SIMI matrix (Imbrie and Van Andel, 1964). Both CABFAC

and AIDN are available on the 0S3-CDC3300 computer system of Oregon

State at the time of writing. AIDN is on public file as *AIDNEX.

SDSQ, SINI, and related indices were selected because they derive

from a common geometric model in which each sample is represented

by a vector in euclidean species space. Because of the simplicity

of the model, the indices are readily interpretable, and the Investi-

gator can use a large body of preexisting analytical tools. A full

development of the statistical properties of the model is beyond the

scope of this thesis. However, there is no clear exposition in the
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literature of the technique, so a full intuitive development for a

three-dimensional case Is presented. Stander (1970) has presented

an excellent discussion of most of the Indices, concentrating on the

relationship between sample and population parameters. The present

discussion will extend Stander's work and give a description of the

factorial analysis of variance. Some general background can be

obtained from books by Sneath and SIcal (1973), Clifford and Stephenson

(1975), Cooley and Lohnes (1971). Zelinsky's (1968) linear algebra

text is extremely helpful because he consistently explains linear

algebra through its geometric representation.

Vector psentation of a Sample

A sample containing some measure of abundance for each of S

species can be represented as a column vector (eq. ,1). In this

study the raw data consisted of specimen counts for each of i (1iS)

species.

x. = x.
ij

x.
2j 1

Geometrically each value x,. is a coordinate of the head of the
13 3

vector in S-dimensioned euclidean space. The tail of the vector lies

at the origin. In Figure lOa two samples are plotted as points 1

and 2 in three dimensional species space. Each point is the head of

a sample vector, and 22. In this way samples which contain a

long list of species may be compared and characterized by use of the

simple geometric concepts of distance between points and angles between

vectors.



Vector Lengths - Distances

Two distances, that is vector lengths, are commonly used to

characterize a sample and one distance used to compare samples in

multidimensional space. A sample point may be characterized by

determining the distance between the point and the origin or the

point and a hypothetical point E. E contains the same number of

specimens as the sample, but equal proportions of all species

(Figure lob). The for each t. is obtained from equation 2. E

is a point representing the within sample mean. The distance from

to the corresponding sample point (DE., eq. is a measure of

the equitability of the sample. The distance from the origin

eq. 4) is the square root of the within sample uncorrected

4
sums of squares, the length of x',.

S

if w. x . then . = ) x.. = x.

3 lj 3 iiJ 3

xj
:

ii
x.. S
13

Xj

The inter-sample distance (D12, eq. 5) is the euclidean distance

measure of similarity commonly used to compare two samples (see

Sneath and Sokal, 1973).
I,).,

DE.
(l

= [(?)t(]½ 3

49



5C

Species I = X( i, I)

Figure lOa. Samples 1 and 2 modeled as two points in three

dimensional species space.

Figure lOb. Three distance, vector length, measures. See text

for explanation.
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=(

(x - 0) (x. x) = IIx.II 4
ij 3 j 3

Is "a
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D12 =( (x.1-x12 [(x1-x) (x1-x2)] 5

i=l

gLes Between Vectors - SIMI

The cosine of the angle Theta between any pair of sample vectors

is the similarity index SIMI (Figure lOc). It is easily computed

from the trignometric identity of the cosine of an angle in a triangle

(eq. 6). In this present study SIMI is preferable to intersample

distance as a measure of similarity. If a sample vector were

multiplied by a constant, all of the above distance measures would be

alterred. The vector would change in length, but not in direction.

Thus SIMI is unaffected by changes in vector length that are due to

variation in the number of specimens caught caused by the unknown

variation in size of the area sampled by each trawl.

D1+D2D2
SIMI12 = __________

2\J'D1ID2

-,-5
xl x,

L 6

14
x1 Xj x2

Just as with distances, angles may be measured from different

points in species space. The cosine of the angle Rho(Figure lOd and

e) is analogous to the product moment correlation coefficient used

to compare two variables. Conceptually, Rho is the angle of rotation

between the two sample points, about the central vector that contains
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Figure lOc. Comparing two sample points by the angular separation

Theta between the two vectors.

Figure lOd. Comparing two sample points by the angular separation

Rho between the two translated D vectors.
Ej



Figure lOe. The angle Rho when looking from the center-line of
space towards the origin.

Figure lOf. Insertion of the proportion surface. See text for

explanation.

53
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all E. points. Computationally, the two sample points are trans-

lated to a plane containing the origin and perpendicular to the vector

containing all E's. Following this translation the cosine of Rho

is obtained from the same trignometric identity as SIMI (eq. 7).

2
DE2_Dl2 xl x2

7CO12
-5-)2$f D2 iIji *: ii x2E2II

The cosine of Rho is of little use when the data set contains a

large number of zero's. By inspection of equations 6 and 7 it can be

seen that the cosine of Rho will approach SIMI as the number of

zero's within each sample vector causes the values in the B'. vectors

to become small. In this present study approximately 4/5ths. of the

data matrix contained zero's, and the values of cosine of Rho were

very similar to SIMI.

Restraining Surfaces

Although SIMI is conceptually simple and insensitive to variation

in abundance and to numerous zero's, it cannot directly be used in an

analysis of variance because angles cannot be partitioned. Lengths

are partitioned by projecting a vector onto orthogonal axes; an angle

becomes 0 if projected onto a single axis. However, the distances

generated by sample vectors intersecting a restraining surface can

be partitioned. The proportion-surface is inserted into species

space simply by converting each sample vector i. into a within-

sample, proportion vector (eq. 8). This insertion is shown in

Figures lOf and g.
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;:} 8

cSj
psi

Since the transformation to within sample proportions involves

nothing more than multiplication of each sample vector by a scalar,

SIMI and Cosine Rho are not altered. Distances are no longer measured

to the actual sample point, but to the transformed point on the

proportion-surface, at the head of the vector. The distance from

the origin is the vector length, or SDSQ½. Simpson (1949) pro-

posed this length as an index of diversity because of its probabilistic

interpretation. As computed by AIDN (eq. 9) it is a biased estimator

of the population parameter (Simpson, 1949). The distance between

points on the proportion-surface, DIST12, is simply euclidean

distance computed from proportions (eq. 10). Equitability may be

measured as distance from the center (E) of the proportion-surface

to a sample point on that surface. A geometric summary of the

indices that may be determined for any pair of points on the proportion

surface is given in Figure lOh.

-)'-
SDSQ = p p = ( 1I1

)2 9

94t3 ½ 44
D15T12 = E(P1P2) (p1-p2)J H12II 10
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1.0 Species I

1.0 Species 2

1.0 Species 3

Figure lOg. Distance measures and the angle Rho on the proportion

surface. See text for explanation.

OriQin

Cen
E

LI

Sample 2

Ie I

Figure lOh. The right tetrahedron of diversity, equitability, and

similarity. See text for explanation.
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AIDN Analysis of Variation on the Proportion-Surface

To this point I have only considered determination of similarity

between two p vectors. It is my desire, however, to evaluate the

effect of sample position upon the data set as a whole. While trellis

diagrams or clustering techniques may be informative, they do not

readily allow evaluation of the relative importance of factors that

were the basis of the design of the sampling program. Therefore, a

factorial analysis of variance will be used for analyzing the data

collected from the two-factor grid of samples on Cascadia Basin.

Conceptually, the analysis contained in AIDN is identical to a

univariate factorial analysis of variance (see Snedecor and Cochran

1967, Chapter 12). Total variability is first computed. This is then

partitioned into the component due to treatment blocks and that due

to error. The treatment blocks variability may then be partitioned

into the variability due to the separate factors and that due to

interaction of these factors. F ratiots are then computed between

appropriate mean squares to test the significance of any factor or

interaction.

Each vector in the data set is identified by three subscripts,

The number of the trawl is given by j; k gives the level of

the first factor, and m the level of the second. In this study the

first factor is the offshore series, and the second factor is the

north-south series. The data set is represented by the rectangular

SxN (species x samples) matrix [F] (eq. 11).
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Pi- ijkm p12km lNkm

2lkm p22km 2Nkm

Slkm S2km SNkm

+
= [ Nkm'

11

If this data matrix were to be analyzed in the usual manner of a

inultivariate analysis of variance (see Cooley and Lohnes, 1971), the

determinate of the variance-covariance matrix computed from [F] would

be used as the estimate of total dispersion. The variance-covariance

matrix is obtained by equation 12. Note that the vector is a

column vector of within species average proportions. This vector

represents a centroid sample derived from all samples. Because the

columns of [P] sum to 1.0, LV] is a singular

N
*
a , [V] = ([P]-?) ([P]-)

1 N 12

0
N

N

ps.jl

matrix with a determinate of 0.0. Thus the determinate cannot be

used as an estimate of total dispersion of proportional data.

The estimate of total dispersion used by Overton in the AIDN

analysis of variance is the average square of the distance from the

centroid sample to all vector heads. The squares of the

distances from each to the centroid are the diagonal elements of

the square array[Q] (eq. 13). Note that [Q] is obtained simply by
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reversing the order of multiplication used to compute [VI. Thus the

trace of [VI (written tr[V]) is equal to the trace of [Q] divided by

N (eq. 14). The corrected sum of squares summed over all S species

is equal to the sum of squared distances from the centroid to all

sample points on the proportion-surface. The primary difference

between the AIDN factorial analysis of variance and regular multi-

variate analysis lies in the use of the trace of the variance-

covariance matrix rather than the determinate.

[QI = ([PJ-'([PJ- 13

tr[V] = tr[QJ 14

The remainder of the analysis is fairly straight-foward. The

columns of [P1 are replaced by columns of within-species mean propor-

tions for each treatment block. In this study the blocks are the

15 positions on Cascadia Basin around which trawis were located.

The overall mean vector a is subtracted, the resulting deviation

matrix postmultiplied by its transpose, and the trace of the variance-

covariance matrix obtained. Subsequently a matrix of columns of

mean proportions for each level of factor 0 is similarly converted

to a variance-covariance matrix. The same is done for all levels

of factor Two. The sums of squares for error and for interactions

are obtained by subtraction. The procedure is almost identical to

that used in a univariate factorial analysis of variance.

Once the total sum of squares has been partitioned into an

error component and a position (treatment blocks) components, the

significance of position on the proportional composition of the
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fauna can be tested by an F ratio, Then the sums-of-squares due to

position can be partitioned into the components due to each factor

and to factor interaction. The significance of these components are

also tested against the error term by an F ratio.

At this time the AIDN analysis of variance is still undergoing

development. Rather surprisingly, the statistical properties of

distances on the proportion-surface for many dimensions have not been

evaluated (Webb, 1974). Since the trace of a variance-covariance

matrix is the sum of variances, the ratio of traces should have

an F distribution. However, until the actual distributions of

distances on a proportion surface have been evaluated through Monte

Carlo techniques, the appropriate degrees of freedom for testing

significance of a given F ratio remains unknown. Until these evalu-

ations are made, the degrees of freedom are approximated by multiplying

the degrees of freedom appropriate for a univariate analysis of

variance by S-i. Thus if there are a total of 76 trawls, 15 locations,

3 levels of factor one, and 5 levels of factor two, there will be

75(S-l), 14(S-1), 2(S-1) degrees of freedom respectively for

evaluation of total variation, location effects, and factor effects.

Computational Form of the AIDN Analysis of Variance

In the preceeding presentation of the AIDN analysis of variance,

vector and matrix notation were used to facilitate comparison with

other forms of multivariate analysis of variance. However, as the

AIDN analysis uses only the trace of the variance-covariance matrix
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as a dispersion estimate it is pointless to compute the entire matrix.

The total corrected sums of squares for any species is given by

equation 15. The trace of the variance-covariance matrix [V] is

the sum of all corrected sums of squares divided by N (eq. 16 ).

SUMSQ = (Pijkm_(Pijkm) / N )

2 15

tr[V]
/ N 16

Equation 16 can be expanded and rearranged into equation 17 which is

equivalent to equation 18. Thus total corrected sums of squares is

easily computed from the SDSQ values of samples and pooled samples.

SDSQa is the diversity of the pooled centroid sample.

tr[V] =(
- PiJkm))

17

j=1 i=l i=1 j=l

tr[V] SDSQj - NSDSQ
)

18

Computation of the corrected sums of squares for treatment blocks

and factors is done in a similar manner. [P] is replaced with a

matrix of within-species mean proportions for each level of the

appropriate factor. The SDSQ for each of these pooled vectors

is computed. Each SDSQ is weighted by the number of sample vectors

contributing to it, and then NXSDSQ is subtracted to obtain the

corrected sums of squares due to that factor.
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Reducing the Dimensionality of a SIMI Matrix

A matrix of inter-sample SIMI's may be conveniently computed from

the [PJ matrix if each is first divided by its own length (eq. 19)

Where as [PJ gives the position of each vector head as a list of S

coordinates, [SIMIJ gives the direction of each vector as a list of

cosines of the angles between that vector and all other sample

vectors

12 PN1
[SIMI] = [T]'[T] where [T] .; 19

LIP21I f PfJ

The task of finding patterns of inter-sample similarity within a

[SIMI] is greatly simplified if a few reference vectors are selected.

Then sample vectors may be compared with one another by their similari-

ties with the common reference vectors. One method of providing

reference vectors is to insert a set of orthogonal axes into species

space using a principal component technique. CABFAC was intended as

a Q-mode factor analysis. However, as with other factor analyses,

it determines the number of factors present by first performing a

Q-mode principal component analysis.

CABFAC computes [SIMI] as shown above in equation 19. Geometri-

cally this transformation sets all sample vector lengths to unity

(Figure lOi), but does not alter the [SIMI] matrix. CABFAC then

proceeds to fit orthogonal axes such that each succeeding axis is a

decreasing component of the total length of sample vectors (Figure

lOj). Since all vectors are unit length, the total length is equal

to N. The new reference axes, termed "principal factors" in CABFAC,
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Figure lOi. Insertion of the unit sphere restraining surface upon
sample vectors.

Figure lOj. Position of new, orthogonal axes (factors) relative to
to old axes and sample vectors.
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can be considered wholly dissimilar (SINI = 0.0) faunal assemblages

that mix to form the assemblages in the data. In CABFAC a factor

score, FS, serves to locate the new principal factor axis relative

to the original species axes, A factor loading, FL, locates the

sample vectors relative to the principal factor axis. Although both

FS's and FL's are usually the lengths of vector projections, both

loadings and scores are equal to the SIMI between vectors, since

all vectors in CABFAC are unity.

Once a limited number of principal axes are extracted to serve

as reference vectors, the factor loadings of each sample onto each

principal axis may be separately mapped. These maps may then be

visually examined for pattern.

Analysis of Size Relationships

While identifying holothurian specimens from Cascadia Basin it

became apparent that small specimens of several species were generally

collected in bunches. They were either missing in a sample or were

relatively numerous. Assuming that the small individuals represented

young specimens, an analysis was needed to test the hypothesis that

young specimens might be non-randomly distributed over the area

occupied by the whole species. Since holothurians depend upon

hydrostatic pressure and elastic gels to maintain support, dead

specimens are so flabby and mucoid that they are uninviting to an

advocate of meristic studies. Nevertheless length to the nearest

centimeter was selected as the measurement of size because it is easily
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taken and reflects the overall body size of the animal. For all

species length was measured from the center of the mouth to the

center of the anus. Anterior brims and posterior appendages were

thus excluded. Distorted specimens were pressed flat to facilitate

measurement. Only samples which were well preserved were included

in the compilation and are identified in Appendix II.

The lengths for each species were compiled into a histogram

that was used to define "small" and "large" specimens (Figure 26a-

26g). The "small" size class generally was below the modal size

and corresponded with an Inflection in the histogram. Once a small

and a large size category are established, body length can be

modelled as a binomial attribute. The hypothesis that the propor-

tion of small specimens is independent of the region sampled is

easily tested by constructing contingency tables (see Snedecor

and Cochran, 1967).
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VII. RESULTS

Vertical Zonation

More than 15,000 specimens of holothurians have been collected

in the 393 beam and otter trawl samples that were surveyed in this

study. At least thirty-five species were collected and all orders of

holothurians. Excluding two species of the genus Psolus which inhabits

hard substrates, the vertical ranges of these species suggest three

bathymetric zones (Table 1). Above the 300 meter isobath is the Shelf

Zone. Infaunal sediment eaters such as Molpadia intermedia and Para-

caudina chilensis probably are numerically dominant in this zone but

much more poorly sampled than the larger epifaunal Parastichopus sp.

Of these shelf species only Molpadia intermedia has ever been recorded

from the basin floor, and then only sporadically near the base of the

slope. Between 300 meters and 2000 meters is the poorly sampled Upper

Bathyal Zone which is poor in holothurians above about 800 meters.

This area of few holothurian species and specimens generally corresponds

to the zone of lowest oxygen concentration and the change from surface

hydrographic conditions to those of the deep-sea. In the deeper

portion of the Upper Bathyal Zone three species are sometimes taken in

large numbers, Pannychia fecundum, Scotoplanes theeli, and Pannychia

inoesleyi. Only this last mentioned common slope species is found on

the basin floor. It is very similar to Pannychia fecundum in morpho-

logical features, but is generally found deeper. Similarly, Scotoplanes
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plobosa, which is abundant on the floor of the basin, is very similar

to Scotoplanes theeli but may be distinguished by the podial arrange-

ment0 The transition to the Lower Bathyal-Abyssal Zone is marked by

the first appearance at 2000 meters by five species. Above 3000 meters

Paelqpatides confundens, Peniagone cf. dubia, and Scotoplanes globosa

are very distinctly the most abundant holothurians. Below 3000 meters

these species are still often collected, but Abyssocucumis albatrossi,

Benthodytes sanguinolenta, and Onierophanta mutabilis have become

numerically dominant.

Simply on the basis of presence or absence the lower bathyal-

abyssal zone which spans both Cascadia Basin and Tuft's Plain can not

be divided into two sections. Only 7 species have been collected

only on Tuft's Plain. Of these Myriotrochus bathybius, Myriotrochus

giganteus, and Scotoplanes clarki may prove to be conspecific with

Cascadia Basin species.

It must be noted that the two boundaries I have drawn coincide

with intervals of zero samples (400 m and 2000 m). As such they may

ultimately prove to be arbitrary lines drawn across a relatively

uniform gradient of faunal change with depth. However, it is not my

purpose by establishing these zones to indicate that any zone is

absolutely dissimilar from another. I simply wish to stress the

dissimilarities which can be seen, and to simplify the pattern of

changing holothurian species so that segments of the gradient may be

isolated for further examination0 In general the holothurians

collected in the Lower Bathyal-Abyssal Zone are different species than

those collected on either the continental slopes or the continental

shelf and the proposed zones simply reflect this fact.



Holothurian Catch vs. Total Invertebrates

Holothurians were consistently collected in all trawl samples

taken on Cascadia Basin and Tuft's Plain. Above 2000 m on the con-

tinental slope and the shelf they were frequently absent from samples.

Across the basin they comprised a highly variable proportion of

the total catch of invertebrates (Figure 11). The pattern of

proportion is apparent when all the proportions for series CP-1,

CP-2, CP-3, and TP A-C are tallied as the percent of total catch:

Average Median Minimum Maximum No. Trawis

CP-1 7.137 5.468 1.345 25.649 24

CP-2 6.082 5.312 .300 19.618 30

CP-3&4 7.166 5.952 1.247 30.692 25

Tuft's 2.114 .927 .063 7.362 16

On Cascadia Basin the proportion varies about a common

median but then decreases markedly across the width of

Tuft's Plain. On the eastern side of the plain, sample area TP-A,

the proportion is similar to those seen on Cascadia Basin. The

minimum proportion is seen at the far from land and deepest

sample area TP-C.

Holothurians are not only a relatively consistent percent of

the total invertebrates catch on Cascadia Basin, they also occupy a

relatively consistent position in the species rank-abundance diagrams.
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When the rank of the first and second most abundant holothurian in

each trawl sample are compiled (Figure 12) they have adjacent modes

at the seventh and eighth most abundant species in the total contents.

The exact species in these positions change across the sampled area,

but the two or three most abundant holothurians usually are found in

adjacent rank classes.
With very few exceptions the 6 or fewer species more abundant

in a sample than holothurians are ophiuroids, brittle starfish. On

Cascadia Basin the most abundant holothurians" is usually Paelopatides

confundens or Peniagone cf. dubia, which are surpassed in abundance

by the ophiuroid species Ophiocten pacificum, Ophiura leptoctenia,

Ainphlura koreae, Ainphilepis platytata, Pandelia carchara, and Ophiacan-

tha bathybia. On Tuft's Plain the most abundanj holothurians are

Benthodytes sangulnolenta and Abyssocucumis albatrossi, which are

generally preceeded in rank by the ophiuroid species Ophiura bathybia

and a variety of other fauna. The number of ophiuroids in a sample

may be one or two orders of magnitudes greater than the number of

holothuroids.

Abundance of Holothurians

The number of animals living in a given area at any moment in

time can be considered the end product of a myriad of processes

involving a host of biological and physical factors. This number

must ultimately bear some relationship to the food available

for conversion into tissue and offspring. It is this single
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relationship out of many which has received the greatest consideration

by deep-sea biologists, because of the lack of a primary producer

population in the abyss. It is hoped that something can be inferred

as to the origins, forms, and routes of food input to the deep through

investigation of the number of organisms present in samples from

different areas of the ocean floor.

Due to the vagaries of the beam trawl used in this study it is

not possible to convert catch sizes into densities. This does not,

however, prevent cautious comparison of the number of holothurians

collected in each area. The average number of holothurians collected

per trawl at TP-C (27.4) is approximately a full order of magnitude

smaller than the average catch at CP-3-E (300.2). Unless the beam

trawls collects specimens exponentially with area sampled, then this

ten-fold difference is greater than the possible two or three fold

difference in actual square meters sampled. If the entire invertebrate

catch at TP-C was low, then unusually brief on bottom times might

be suspected. However, the total catches were not markedly reduced,

and there were no other indications of low sampling intensity such as

very low odometer counts. It is therefore reasonable and informative

to examine the average holothurian catch in each area as an actual

estimate of abundance relative to the other sample areas.

Cascadia Basin and Tuft's Plain samples represent approximately the

same span in depth and distance from land yet they are wholly different

with respect to the areal variation in the total number of holo-

thurian specimens collected per trawl. In spite a 1000 m depth range
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and 100 km distance from land range the number of specimens collected

in the Cascadia Basin series shows only a large scatter, Figures 13

and 14. There are no discernable trends in catch size either either

depth or distance from land. The fewest specimens taken were 29 in

BMT's 90 and 160. These two outliers may represent two of the few

times that the trawl-odometer system worked. They have the lowest

recorded odometer readings, suggesting that the trawis sampled an

unrepresentatively short time and do not reflect the abundance of

holothurians on bottom. The largest number of specimens were taken at

BMT-ll9 in the E series at the base of the slope where 452 specimens

were collected. The other samples in the E area and all along the

entire slope base were not distinctly higher than those collected

elsewhere. When samples were averaged together to represent an

area, CP-3-E was the highest area due largely to the large catch in

BMT-l19. The average catch and the range in each area are shown in

Table 2. These values confirm the lack of consistent pattern found when

individual samples are examined. It is important to note that the

offshore trend in average catch is different from one series of

samples to another; no one series can represent the whole basin.

Across the breadth and depth of the entire basin no trends can

be detected in total holothurians other than a range of catch varying

over about one order of magnitude and showing no consistent localized

high or low values.

On Tuft's Plain an entirely distinct and different pattern is

immediately obvious in Figures 13 and 14. Depth and distance from land

here increase together so that plotting of abundance against both
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Table 2. The average, maximum, and minimum catch of Holothuroids

per trawl at each sampling area.

Ave.

(Max.)

(Mm.)

TP-C TP-B TP-A CP-4 CP-3 CP-2 CP-1

193 205 128

(259) (313) (167)

(117) ( 91) C 88)

223 168

(342) (262)

(137) ( 29)

275 236 106

(367) (394) (177)

(214) ( 29) ( 47)

27 73 240 .212 156 224

( 58) (124) (311) (331) (274) (274)

( 3) ( 27) (112) (174) ( 38) (118)

107 162 231 300

(127) (266) (333) (452)

( 79) ( 85) (141) ( 99)

183

(276)

( 77)

A

B

E

x

77
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variables is redundant but has been done to facilitate comparison.

The total number of holothurians per trawl decreases exponentially with

depth and distance from land in such a manner that the catch diminishes

by approximately two orders of magnitude for each 1000 meters increase

in depth or 100 kilometers movement seaward. At the shallow and land-

ward end of the Tuft's series catch sizes were similar to the values

seen all over the Cascadia Basin. If the low values found at CP-4

are taken as representative of the density in that area, then the

eastern Tuft's samples reflect comparable numbers of holothurians to

those on the shallower and more laudward western Cascadja Basin. The

extreme low of 3 specimens in BMT-310 is not simply reflective of a

poor total catch because a representative number of about 5000 total

invertebrates were in that sample. Although it must be considered

only a preliminary observation, because all the trawl contents have

not been sorted to the level of species, the total invertebrate catch

does not seem to show the same distribution as the holothurian catch.

As is clearly seen in Figure 11, the total invertebrate catch in both

the Tuft's and Cascadia series fall within the same range of from

about 1000 to 10,000 specimexs but in the Cascadia series there is not

the depth or distance from land decreases so obvious for holothurian's

on Tuft's.

When the summed counts of holothurians per trawl are broken down

into the component species the results for the Cascadia and Tuft's

series again are distinctly different. On Tuft's the exponential

decrease can be found in the major species, Abyssocucumis albatrossi,

Benthodytes sanguinolenta, and Onierophanta mutabilis (Figure 15).
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In the Cascadia series the apparent uniformity seen in the data for

total holothurian catch obscures considerable variation in abundance

shown by individual species. Both Peniagone cf. dubia and Paelopatides

confundens have high catches at the base of the slope, CP-1, while

the third most abundant Cascadia species, Scotoplanes globosa is not

common in this region (Figures 1-l8). West of the slope base large

catches of both the former two species become less common while

Scotoplanes reaches its greatest concentrations at the CP-2 line

off-setting the decrease in the number of the other two species

(Figure 17). Scotoplanes is somewhat lower in number in the CP-3

series of samples (Figure la) but sporadic highs for Peniagone and

Paelopatides combine with lesser numbers of the other species to.

maintain the usual one order of magnitude range in holothurian catch.

typical of the rest o the basin. The manner in which the species

counts relate to one another at the same stations is, however, a

topic covered more appropriately under the discussion of relative

abundance relationships.

Within Sample Relative Abundance

AIDN Analysis of Variance

Due to the southward tilt of Cascadia Basin both the sample

series perpendicular to land and those parallel to land lie along

a depth gradient. Therefore it is not possible to structure a factorial

analysis of variance in which depth variation is associated with a

single position factor. However, it is still possible to determine
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the significance of depth effects upon the fauna because each sample

series lies along depth gradients of appreciably different slope.

Of the three series parallel to land, CP-1 spans 970 m; CP-2 spans

244 m and CP-3 spans 285 m. Actually, all but two samples in the CP-3

series fall within a relatively narrow 110 m range, and I consider it

to be the flatest of the three sample series. If the faunal variation

along these three series is independent of the depth gradient, the

effect of north-south position within the series should be independent

of the effect due to position offshore. However, if depth is an

important factor, then there should be strong interaction between

the effects due to north-south position and those due to offshore

position.

Through use of the AIDN factorial analysis of variance the

total variability of the proportional data was partitioned, and the

following null hypotheses tested:

1. That there are rio significant differences in the composition

of the holothuroid fauna at different positions in the sample

grid.

2. That there is no interaction between faunal variation due to

offshore position and that due to north-south position.

The results are shown in Table 3. There is a significant

(p < .005) effect due to position in the grid, and there is significant

interaction between the two factors.

The interaction between north-south effects and offshore effects

is quite apparent in Table 4. When separate analyses were conducted

on each of the CP-1, 2, and 3 series the effect of north-south



Table 3. AIDN Analysis of Variance for Cascadia Basin Series

Source of Degrees of
Variance Freedom

Sums of Squares
Corrected

Mean Square F

POSITION

Offshore

North-South

Interaction

14

2

5

7

6.8111

3.8920

.9712

1.9478

.4865

1.9460

.1942

.2783

6.9105 *

3.9531 *

RESIDUAL 61 4.2935 .0704

TRAWLS 75 11.1046

17 spp. * p. K .005

Co
LI,



Table 4. Separate Analyses of Variance for Each Offshore Series

Source of Degrees of Sums of Squares Mean Square F

Variance Freedom Corrected

CP-1

12 spp.

North-South Pos. 5 2.3660 .4732 4.083 *

Residual 24 2.7808 .1159

Trawis 29 5.1468 ,1775

CP-2

11 spp.

North-South Pos. 4 .39956 .0999 3.000

Residual 20 .66691 .3230

Trawis 24 1.06647 .04444

CP-3

14 spp.

North-South Pos. 3 .15295 .05098 1.085

Residual 18 .84576 .04699

Trawis 21 .99871 .04756

* p. < .005

cc
0\



Table 5 AIDN Analysis of Variance for Tuft's Plain Samples

'-4



position within each series can be seen to decrease across the basin.

The north-south position has a significant effect at CP-1, a significant,

but smaller effect at CP-2, and no significant effect in the CP-3

series. The total variances at CP-2 and CP-3, as estimated by the

trawl mean square, are approximately the same. At CP-2, which is

closer to land, there appears to be greater north-south structure to

the faunal variation than Is seen at CP-3. The greatest total

variance, north-south effects, and unexplained residual are all

associated with CP-l. In that series there are both the greatest

depth range and the greatest terrestrial effect.

A similar single factor analysis was performed on the available

Tuft's Plain data (Table 5). As with the Cascadia results, there is

a significant effect due to position. Most interesting is the fact

that the total variance, position effect and residuals at CF-i closely

resemble those on Tuft's Plain. The depth span on Tuft's is 636 m;

not greatly different than that at CP-l.

Inter-Area Similarities

The triangular similarity matrix needed to fully display all

possible pairs of samples in this study contains 4500 separate

entries. During data analysis this large array was generated, but its

full inclusion here is unnecessary. The preceeding analysis of

variance contains much of the information in that table and the

examination of the much smaller similarity matrix for pooled sample

areas is equally informative, Table 6.



Table 6. Inter-sample Area SIMI Similarity Values, Part I.

CP-l-A CP-2-A CP-3-A CP-l-B CP-2-B CP-l-C CP-2-C CP-3-C

CP-1-A 1.0000
CP-2-A .5873 1.0000
CP-3-A .4737 .7758 1.0000
CP-l-B .7865 .6675 .6112 1.000
CP-2-B .3074 .8456 .8880 .3389 1.0000
CP-1--C .7830 .6791 .5920 .9987 .3333 1.0000
CP-2-C .3225 .8222 .9283 .3739 .9940 .3637 1.0000
CP-3-C .4515 .8363 .9883 .5612 .9452 .5473 .9700 1.0000
CP-1--D .5962 .7407 .9616 .7846 .7476 .7648 .8010 .9206
CP-2-D .4780 .9322 .9274 .5585 .9685 .5550 .9681 .9694
CP-3-D .4282 .9014 .9354 .5016 .9817 .4961 .9839 .9776
CP-1-E .4992 .6844 .9815 .6685 .7863 .6439 .8439 .9412
CP-2-E .4374 .8626 .9710 .5296 .9684 .5186 .9839 .9544
CP-3-E .4795 .8325 .9857 .6010 .9196 .5868 .9475 .9912
CP-4-E .3750 .9226 .8290 .4017 .9760 .4048 .9534 .9024
CP-1-X .6201 .7636 .9371 .8060 .7343 .7895 .7819 .9015
TP-A .0157 .1769 .4350 .0473 .3931 .0295 .4334 .4237
TP-B .0042 .2139 .5372 .0396 .4909 .0179 .5279 .5249
TP-C .0000 .0024 .0014 .0001 .0013 .0004 .0012 .0062

co



Table 6. Part 2.

CP-l-D CP-2-D CP-3-D CP-j.-E CP-2-E CP-3-E CP-4-E CP-1-X

CP-l-D 1.0000
CP-2-D .8484 1.0000

CP-3-D .8386 .9934 1.0000

CP-l-E .9851 .8484 .8528 1.0000

CP-2-E .8893 .9853 .9905 .9096 1.0000

CP-3-E .9338 .9570 .9670 .9472 .9835 1.0000

CP-4-E .7050 .9722 .9701 .7136 .9370 .8852 1.0000

CP-1--X .9820 .8451 .8300 .9564 .8738 .9179 .7087 1.0000

TP-A. .3657 .3429 .4124 .4276 .4092 .5075 .3417 .3482

TP-B .4441 .4217 .5005 .5243 .5049 .5916 .4088 .4161

TP-C .0001 .0007 .0205 .0000 .0014 .0604 .0401 .0414

Table 6. Part 3.

TP-A TP-B TP-C

TP-A 1.0000
TP-B .9745 1.0000

TP-C .4357 .3755 1.0000
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The greatest dissimilarities are for comparisons between areas

most separated in depth and distance. TP-C and CP-l-A have a simi-

larity of .000000, so they share absolutely no holothurian fauna

in common. TP-C also has low values of similarity with the other

two stations in the Tuft's Plain series. It can be seen that the

similarity between CP-1-A and the farthest Cascadia stations, CP-3-E

and CP-4-E, are comparable to the similarities between TP-C and the

other TP stations. These comparison span about the same depth

difference of 1000 meters.

The increasing similarity between samples in the CP-1 series

and those seaward on the basin with increasing depth along the CP-1

line is evident. When each of the C-i-A through CP-i-E areas'

similarities are examined it is seen that all three of the deeper

CP-1 stations, CP-D, E, and X are actually more similar to the

stations seaward on Cascadia Basin than they are to the shallower

stations in CP-l.

Results of Cabfac, Vector Analysis

The 22 species dimensions in which the angles of the full

similarity matrix are arrayed was reduced to a smaller number of

orthogonal reference axes by CABFAC. The relatively high proportions

of Paelopatides confundens, Peniagone cf. dubia, Scotoplanes globosa,

Abyssocucumis albatrossi, and Benthodytes sanguinolenta resulted in

the formation of relatively few new axes or tFactor$tI.

From the principal factor score matrix, Table 7, the first new

axis is seen to lie between Paelopatides confundens, and Peniagone



Table 7. Unrotated Factor Scores (Cosine of Angle Between Factor and Species)

Factor (Orthogonal Assemblages)
Species Axis 1 2 3 4 5 6 7

Paelopatites confundens .647 -.729 .207 -.039 .036 -.057 .001

Peniagone cf. dubia .658 .571 -.104 -.464 -.095 .061 .002

Scotoplanes globosa .376 .205 -.320 .838 .050 -.041 .005

Psychropodes longicaudata .043 .046 .054 .061 .094 -.028 .002

Abyssocucumis albatrossi .033 .176 .686 .245 -.639 .039 -.165

Benthodytes sanguinolenta .049 .247 .584 .081 .748 -.066 -.090

Oneirophnata mutabilis .007 .051 .171 .045 -.038 .003 .981

Pseudostichopus nudus .006 .006 -.004 .010 -.002 -.001 -.002

caphiera sulcata .006 .005 -.002 .016 .011 -.004 -.007

Synallactes gilberti .006 .007 .010 -.003 .019 -.003 -.025

Pannychia esleyi .014 -.056 .018 .059 .087 .979 -.002

Molpadia musculus .009 -.012 .003 .005 .011 .159 -.000

Molpadis granulata .002 .006 .007 -.000 .011 -.001 -.003

Ypsilothuria bitentaculata .015 .004 .004 -.064 -.034 .012 -.008

Pseudostichopus villosus .000 .002 .002 .003 .009 -.001 -.000

Mesothuria murrayi .000 .002 .011 .005 -.009 .000 -.025

Amperima rosea .000 .001 .001 -.001 .001 .000 -.000

Aperima narsei .003 -.001 -.001 .009 .005 .038 .000

Benthodytes incerta .000 .000 .003 .002 -.006 .000 -.005

Peniagone gracilis .000 .003 .013 .005 -.006 .000 -.008

Laetmopone i11e-thompsoni .000 .000 .002 .001 .005 -.001 -.001

Scotoplanes clarki . .000 .003 .012 .005 .001 -.001 -.022

Percent of Variance 63.76 15.54 9.61 5.31 2.52 1.83 .90
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cf. dubia and to a much lesser extent towards Scotoplanes. It

accounts for 64% of the sample vector length. The istribution of

the individual sample's loadings on to this first axis are Interesting

in that they show the uniformity of faunal composition suggested

in the ANOVA. In Figure 19a the samples in CP-1 can be seen to be

increasingly nearer this axis as they are progressively closer to

the deeper end of that series. The CP-2 line consists of two different

values of loading. While the samples in the northern half of CP-2

have loadings in the .80's, those at the southern end of CI'-2

have loadings typicaliy in the .90's. The CP-3 and the CP-E series

can be seen to be quite similar with regard to this single niost

important factor,

The second factor, or new axis, reflects only 15.54% of the

sample vector length, about 1/4th that of the first principal factor.

It is bimodal and can be seen from the factor score matrix to be a

combination of Paelopatides and Peniagone. Large negative loadings

on this factor, Figure 19b simply reflect sizable abundance of

Paeiopatides in the absence of Peniagone so this is interpretable as

Paeiopatides alone. This band in the CF-i series of high Paelopatides

dominance is obvious in the map of loadings.

The third factor reflects the combination of Abyssocucumis

albatrossi and Benthodytes sanguinolenta which are characteristically

the most abundant species taken on Tuft's Plain. The map of this factor

simply reflects that the major fauna on Tuft's Plain Is different from

that on Cascadia Basin (Figure 19c).
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The remaining factors explain very little variance, but are

interesting in the pattern of species occurrence that they reflect.

Factor 4 is obviously Scotqplanes globosa in the absence of Peniagone

cf. dubia and thus has high loadings in the trawis of CP-2-A where

Scotoplanes was the dominant holothurian. While factor 3 was a

combination of Abyssocucuxnis and Benthodytes sanguinolenta, factor 5

reflects that these two species do not have the same distribution in

their extension onto Cascadia Basin, and reflects the separate

occurrence of each without the other. Factor six and seven reflect

the distributions of Pannychia moeselyi and Onierophanta mutabilis

respectively.

As none of the new axes or factors had more than two species

highly loaded upon them, they were not especially more informative

than direct examination of the distributions of the individual species

themselves. Since the analysis was greatly affected by the more

abundant and variable species, it tends to de-emphasize the importance

of examining the distributions of the rarer forms, which might be

quite informative.

Diversity Patterns

The number of holothurian species taken in each individual trawl

was generally lower in trawis containing few halo thurian specimens

than in trawis containing many. As suggested in Figures 20 and 21

the number of species may possibly decreased linearly with a decrease

in the number of holothurians collected. This inverse relationship with

abundance is most obvious in the Tuft's Plain series of samples due
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to the greater range in abundances. The diversity, as measured by

number of species collected, does not appear to be similarly related

to the total number of invertebrates collected.

The rank abundance curves for Tuft's Plain and Cascadia Basin are

strikingly similar when compared in Figure 22. In both areas three

species of holothurians comprise the greatest portion of the sampled

holothuroid fauna while the most species represent only 1.0% to .10%

of the sample As indicated on the diagrams, the rank of the species

comprising the two curves are markedly different. The curve for the

separate CP-1, CP-2, and CP-3 series are shown in Figure 23, along

with three measures of diversity previously discussed. CP-1 clearly

has the greatest dominance by a single species. The three most

abundant species are the most equable at CP-2. At CP-3 there is the

greatest number of species in the range below 1%, representing a

relatively diverse fauna of rare holothurians,

The Simpson's D squared diversity measure versus depth in each

of the CP-1 through CP-3, plus Tuft's Plain, are shown in Figures

16, 17, and 18. The diversity does not change regularly with depth,

but reflects the dominance of species over the depth range sampled.

In the CP-1 series the zone of Paelopatides confundens dominance

clearly controls all diversity trends. Below about 2500 m the Simpson's

D squared decreases slightly with depth, indicating an increased

diversity, until the far Tuft's Plain samples are reached. At these

samples diversity is low due to dominance by a few species.

In Table 8 three diversity measures are presented for the pooled

samples in a form suggestive of their map orientations. While the
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Table 8. Three measures of diversity in each sample area.

NUMBER OF SPECIES

TP-C TP-B TP-A 4 3 2

8 9 6

7 6

10 9 6

9 8 5

6 13 12 9 14 9 6

8

Simpson's D2 (Dominance)

.3597 .199 .4116

.3453 .6803

.3361 .3256 .9059

.2808 .3218 .4830

.5161 .2593 .2627 .3100 .2706 .3229 .4547
.3422

He Information Measure

1.1543 1.6995 1.2067
1.4427 .6054

1.2450 1.2629 .2624

1.4236 1.6453 .8601

.9417 1.6000 1.5420 1.3648 1.5914 1.3313 .8759
1. 3022

Number of Specimens in the Above Indc.es

963 1024 511
902 671

1373 1413 531

1061 781 1119

137 364 1440 292 1134 925 1501
1280
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diversity of each sample is given in Table 8, the pattern seen

in the pooled samples is essentially the same and easier to present.

On the basis of number of holothurian species taken)the extreme

sample areas with respect to depth and distance apart stand out as

lowest diversity. TP-C and CP-1 are marked by the lowest number of

species. The highest number of species are seen to have been taken

at TP-A & B and only at the deepest area of Cascadia Basin, CP-3-E.

The same pattern of diversity highs and lows is seen in an examination

of both Simpson's D squared and He the information measure.

Distribution of Species

Schematic maps showing the locations at which each of the 22

species were collected are shown in Table 9. Through examination of

these charts in conjunction with the larger depth range chart (Table

1) drawn from all available data, four distribution groups may be

constructed. Slope species which extend partially on to Cascadia

Basin are the first distinct group and consist of Pannychia moeslyei,

Molpadia musculus, Ypsilothuria bitentaculta, and Amperima narsei.

This last species has not been recorded from the slope in any Oregon

State University sample, but has been collected off the coast of

Washington State at slope depths (Alton, 1972). At the other extreme

there is a distinct group which is mostly collected on Tuft's Plain,

but also occurs at the deepest and farthest from land stations

along the CP-3 series. These species are Abyssocucumis albatrossi,
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Table 9. Proportion of Each Species In Each Pooled Sample Area

Species found only at the CP-1 series of samples

Pannychia moesleyi

TP-C TP-B TP-A CP-4 CP-3 CP-2 CP-1

o o .2077

0 .1568

0 0 .0011

o 0 0

0 0 0

0 0 0 0 0

Ypsilothuria bitentaculata

0 0 0

0 0

0 0 0

0 0 0

0 0 0 0 0 0 0

.0997

Species found in greatest proportion at CP-1 series of

samples

Paelopatides confundens

.3717 .3796 .5982
.1579 .8094

.2883 .2227 .9415

.2624 .3010 .6049

0 0 .0157 .2055 .2649 .2894 .4540
.4625

Peniagone cf. dubia

./455 .1751 .0524

.4120 0

.4583 .4243 .0059

.3476 .3627 .3389

0 .2164 .2670 .3082 .4019 .4124 .4967
.3380

A
B
C

B
E
x
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Species found in greatest proportion at CP-1 series of samples (con't)

Molpadia musculus

0 .0006 .0608

.0068 .0019

0 .0096 .0166

0 .0053 .0051

0 0 0 0 .0010 .0061 .0044
.0095

Apperima naresi

0 .0023 .0195

.0007 0

0 .0083 0

0 0 0

0 .0019 0 0 0 0 0

0

Species found only in the CP-2 series of samples

NONE

Species found in greatest proportion at CP-2 series of samples

Scotplanes globosa

.1499 .3772 .0615

.3867 .0248

.2042 .3089 .0141

.2969 .3155 .0490

0 0 0 .4144* .1868 .2618 .0437
.0719

Pseudostichopus nudus

.0018 .0058 0

.0044 0

.0043 .0073 0

.0035 0 0

0 0 0 .0100 .0066 .0015 .0004
0
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Species found only in CP-3 series of samples

NONE

Species found in greatest proportion at CP-3 series of samples

Caphiera sulcata

.0044 .0045 0

0 .0041

.0044 .0007 0

.0077 .0017 0

0 0 .0013 .0068 .0121 0 0

0

Species found only at TP-A series of samples

NONE

Species found in greatest proportion at TP-A series of samples

Synallactes gilberti

0 0 0

0 0

.0028 0 0

0 .0017 0

0 0 .0157 .0068 .0123 .0055 0

.0056

Species tound only or in greatest proportion at TP-B.

Mesothuria murrayi

0 0 0

0 0

0 0 0

0 0 0

0 .0148 0 0 .0017 0 0

0

Laetmogone wyville-thompsoni

O 0 0

U U

0 0 0

0 0 0

0 .0028 0 0 0 0 0

0
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Species found in greatest proportion at TP-B

Molpadia granulata

.0010 0 0

0 0

.0012 .0009 0

.0021 .0007 0

0 .0150 .0014 0 .0037 .0008 0
0

Scotoplanes clarki

0 0 0

0 0

0 0 0

0 0 0

0 .0131 .0022 0 0 0 0

0

Pseudostichopus villosus

0 0 0

0 0

0 0 0

0 0 0

0 .0028 .0007 0 .0024 0 0

0

Benthodytes sanguinolenta

.0014 .0017 0

0 0

.0005 0 0

.0255 0 0

.0820 .3816 .3798 .0171 .0436 .0027 0

0

Psychropodes longicaudata

.0242 .0532 0

.0312 .0030

.0334 .0172 .0109

.0463 .0115 .0024

.0207 .0664 .03558 .0103 .0270 .0198 .0008
.0005
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Species found only at TP-C

Benthodytes incerta

0 0 0

0 0

0 0 0

0 0 0

.0048 0 0 0 0 0 0

0

Species found in greatest proportion at TP-C

Peniagone gracilis

o o 0

0 0

0 0 0

0 0 0

.0125 0 .0044 0 0 0 0
0

Abyssocucumis albatrossi

0 0 0

0 0

.0024 0 0

.0080 0 0

.6865 .2466 .1948 .0204 .0316 0 0

.0279

0neirophata - mutabilis

o 0 0

0 0

o 0 0

0 0 0

.1935 .0309 .0868 0 .0039 0 0

0

:ima rosea

0 0 0

0 0

0 0 0

0 0 0

0 .0027 0 0 0 0 0

0
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Benthodytes sanguinolenta, Onierophanta inutabilis, Molpadia granulata.

There is a gtoup of rare species which appears to be found on Tuft's

Plain but they are so rare as to make their distribution obscure.

In beam trawl samples these are Laetmogone wyville-thomsoni, Benthodytes

incertae, Mperima.. roseae, Mesothuria murrari, Pseudostichopus

villosus, and three species collected only by otter trawl, Ceroplectana

trachyderma, Myriotrochus giantea, and Myriotrochus bathybius. It

is likely that more intensive sampling on Tuft's Plain and the slope

base beyond 3000 m will increase information on these distributions.

The third major group blankets almost the entirety of the Cascadia

Basin and extends to the eastern edge of Tuft's Plain. These are

the numerically abundant Paeloptides confundens, Peniagone cf. dubia,

and Scotoplanes globosa. The exact extension of these species west-

ward onto Tuft's Plain is partially obscured by taxonomic difficulties

surrounding the differences between Peniagone cf. dubia on Cascadia

and the presumably separate Peniagone gracilis on Tuft's Plain.

Similarly, Scotoplanes clarki on Tuft's Plain may represent a mere

mophological variant of Scotoplanes globosa of Cascadia Basin.

The fourth is distinct, but not abundant. It can be seen on

Cascadia Basin, sometimes extending westward to the eastern edges of

Tuft's Plain, generally absent from the CP-1 line. These are Synal-

lactes gilberti, Caphiera sulcata, and Pseudostichopus nudus. Not

conforming to any of these and remarkable for its great range

including all but the relatively shallow CP-1-A and CP-l-B areas is

Psychropodes longicaudata.
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These groupings are intended only as an initial classification of

trend; there are exceptions consisting of positive records of speci-

inens collected well beyond the range of most other specimens of that

species. Caphiera sulcata which is otherwise noticeably rare or

absent at the slope base, has been collected commonly on the continental

slope off Washington between 1189 m and 1463 m, but has previously been

incorrectly identified as Mesothria (Zygothuria) lactea (Carney, 1971

and Alton, 1972). A single specimen of Abyssocucumus albatrossi which

seems distinctly limited to depths at or below 3000 meters has been

collected on the Oregon Continental slope at 2000 meters.

The 22 species of holothurians collected in the beam trawling

series on Cascadia Basin and Tuft's Plain may also be grouped according

to the series, CF-i through 3 and TP-A through C, at which they occur

solely or in the greatest proportion regardless of the magnitude of

the proportion.

Two species occur solely at CF-i, Ypsilothuria bitentaculata

at 1-X in the deep end and Pannychia moesleyi at the shallower end,

CF-i-A through C. Two species of abundant holothurian are found

proportionately most important at the CP-1 series, Paelopatides

confundens and Penlagone cf. dubia. Molpadia musculus and Amperiina

naresi also have their proportionately greatest occurrence at the

CP-1 series but show very different pattern seaward. Molpadia musculus

is not found at the CP-3-A, C and D areas yet is common in equally

deep CP-1 samples. The Amperima naresi is found only at CP-l--A and does

not go along the slope base but extends out onto the shallowest portion

of the CP-2 series on the apron of Astoria Fan.
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No species of holothuroid is found only in the CP-2 series. The

abundant species Scotoplanes globosa is most important at the northern

and shallow end of this series. Psychropodes longicaudata is similarly

most important at the northern and shallow end. Both species are

similar in that they are relatively rare along the entire depth of

the slope base, CF-i, series, but relatively common at similar depths

in the CP-3 series. The rarer species Pseudostichopus nudus is again

more important at the northern end of the CP-2 series where samples

were taken on the Astoria Fan apron. The proportions there, however,

were very similar to those encountered at the CP-3 series.

Molpadia granulata and Caphiera sulcata were most abundant in

the CP-3 series, especially at the CP-3-E area. Although no species

were collected only at the CP-3 series, four 3pecies found there are

Tuft's Plain species found nowhere else on Cascadia Basin, Two other

species, most common on Tuft's Plain, have their highest Cascadia

Basin proportions at CP-3-E. The transition between the fauna of

Cascadia Basin and Tuft's Plain is thus most distinct at CP-3-E.

Although CP-2 is undistinctive compared to the other Cascadia

Basin or Tuft's series, the fauna which occurs at CP-2 falls into a

class in which the highest proportions are in the A through C areas

on the apron of Astoria Fan and a class with highest proportions off

the apron at D and E. With the highest proportions at either A, B,

or C are Scotoplanes globosa, Psychropodes longicaudata, Pseudostichopus

nudus, PaeJ.opatides confundens, Amperima naresi,Molpadia musculüs
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and Caphiera sulcata. Peniagone cf. dubia is not appreciably more

dominant at CP-2-B and CP-2-C than it is at CP-2--E. However, it has

a distinctly low dominance at the relatively shallow CP-2-A area.

Molpadia musculus is somewhat similar in that it is most dominant

in the CP-2-B and CP-2--C regions yet is markedly low in the CP-2-A

area. Those species which have distinctly higher proportions in

the CP-2-D and CP-2-E areas are Synallactes gilberti and Molpadia

granulata. Benthodytes sanguinolenta has been taken only at CP-2-A

and CP-2-E, where it is slightly more common. All three of these

species are most abundant and reach their highest proportions on

Tuft's Plain below 3000m. Although no specimens of Abyssocucumis

albatrossi have been collected along the CP-2 line by beam trawl,

a few specimens were taken by otter trawl in the general vicinty

of CP-2-E. The presence of these four deeper water holothuroid

species at the southern end of the CP-2 sample series is reflective

of the significant vertical zonation found in the AIDN analysis of

variance previously discussed. However, the proportions of most of

the species which do show zonation along CP-2 are too low to have

contributed to the results of that analysis.

More extensive sampling in the CP-3-E, CP-2-E, and CP-l-E areas

may demonstrate that the deep, southern portion of Cascadia Basin

has a holothurian fauna which is more similar to the holothurian

fauna of Tuft's Plain that to that of the shallower portions of the

basin.



114

At the easternmost Tuft's Plain area, TP-A, no species were

found restricted to that area but yallactes gilberti was most

important there. Benthodytes sanguinolenta was about as equally

important at TP-A as at TP-B. TP-B was more distinctive than TP-A.

One species is restricted to TP-.B and six others taken most abun-

dantly there. Of special interest is the importance of Psychropodes

which is of similar importance at the CP-2 series. Only one species

was confined to the TP-C area, although two reached their greatest

importance there.

Abundance Versus Occurrence

At each of the sample areas the number of specimens (abundance)

of each species collected and the number of trawl samples from that

area in which it was taken (occurrence) provide two measures of the

local distribution of the species in that location. If the species

is distributed in some uniform manner over the area sampled then

increasingly larger catches should coincide with an increasing pro-

portions of trawl samples which contain that species. This relation-

ship is quite distinctly shown in Figures 24a through 24c where the

percent of trawis in each area containing the species are plotted

against the average number of specimens found in those trawis containing

that species. For all but four species, in any area in which 20 or

more animals were taken on the average, the animal was taken in 100

percent of the trawis in that area. On Cascadla Basin Pannychia

moesleyi, and Peniagone dubia are taken in numbers much larger than

20 specimens but were not collected in all samples in those areas.



115

In the former instance, this is simply reflective of inclusion in the

sample area of a few very shallow samples in which Pannychia dominated

The case of Peniagone is far more interesting. Those stations where

it was captured in fewer trawis than expected from the abundance are

in areas at the extreme of its distribution, and these points fall

on a very straight line. The high abundance coupled with low occurrence

reflects that Peniagone and Pannychia occur in dense but scattered

clusters at the extremes of their range. The linear fit of Peniagone

is unexplainable at this time, but it may be due to the aggregation

pattern of that species. On Tuft's Plain Benthodytes sanguinolenta

and Synaliactes gilberti show similar indication of dense aggregates,

high counts in areas where they were not taken in all the

samples.

Psychropodes longicaudata is presented on a separate graph,

Figure 24e, because it appears to be a special case. It is the only

species which was repeatedly collected at less than 10 specimens

per sample, yet was in every trawl in those areas. Only Benthodytes

sanguinolenta was ever in such low abundance yet so prevalent in the

samples and this was only in a single area It thus appears that

Psychropodes longicaudata is either more uniformly distributed than

any other species or it is more available to the trawl. Additionally,

Psychropodes was found in more of the sampling areas than any other

species.
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Body Sizes

Size Frequency Histograms
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The size-frequency histograms for the seven most abundant species

of holothurians on both Cascadia Basin and Tuft's Plain are presented

in Figure 25. The areaunder the histograms have been normalized

to facilitate comparisons. With the exception of the morphologically

spectacular species Psychropodes longicaudata the histograms are

similar. Each hayea modal length located near the midrange of the

observed body lengths. Although the histograms suggest that both

large and small individuals are relatively rare, both the upper and

lower tail of each histogram ha,z'probably been distorted. As I have

discussed, the lower tail may be greatly reduced by size selection

of the net, and the largest specimens may represent deformed shorter

individuals. Peniagone cf. dubia, Paelopatides confundens, and

Benthodytes sauguinolenta are the most mucoid and subject to excessive

elongation upon preservation. However, even in these species the

largest measured specimens were never more than twice the length of

the modal class.

Psychropodes longicaudata shows the least peaked histogram with a

slight modal" at lengths between 4 to 8 centimeters long. The maximum

length recorded is 3 to 4 times longer than the modal length. This

is a firm, muscular species more subject to shrinkage upon preservation.

Therefore the largest classes may be somewhat truncated. It is the

only species In which there apparently is a greater number of relatively

small specimens in the sampled population.
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Species most abundant on Cascadia Basin.
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Figure 25. Size frequency histograms of body lengths for the
seven most abundant holothurian species. The
histograms have been normalized to an area of 1.0.
The number of specimens is shown.
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Intraspecies Size Distributions

Designation of Small and Large

The subjective impression that several of the species would show

polymodal size-frequency histograms proved to be invalid. Only in

Benthodytes sanguinolenta is there suggestion of a second mode.

Being unable to divide the histograms into small and large size

categories on the basis of distinct small and large modes, I made a

division on the basis of the following criteria: 1. The division

must be at a size class shorter than the modal size ; 2. The

division should coincide with a natural break if possible. The

small vs. large divisions for A. albatrossi and Psychropodes

longicaudata were the most arbitrary. The former show no natural

break, while the latter shows no distinct modal class. The other

species were less subjectively divided. In subsequent analyses the

small and large categories are:

Peniagone cf. dubia

Paelopatides confundens

Scotoplanes globosa

Pschropodes longicaudata

Abyssocucumis albatrossi

Benthodytes sanguinolenta

small = 0-3 cm. long

small = 0-8 cm. long

small = 0-4 cm. long

small = 0-9 cm. long

small = 0-4 cm. long

small = 0-11 cm. long

Due to the low number of specimens of Oneirophanta mutabilis taken

in a single trawl, it was omitted from further analyses.
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Dependence of Small:Large Upon the Regon Sampled

Contingency tables and computed Chi squared values for the 6

major species are presented in Table 10. The null hypothesis for each

test is the same: that the proportion of small specimens collected

from each sampling region is the same. The number of regions was

determined by the abundance of the species in each sampling series

CP-1, CP-2, etc. Series were combined if they contained only a few

specimens.

Abyssocucumis albatrossi was the only tested species for which

the null hypothesis was accepted. It showed no significant difference

in the proportion of small specimens in the collections from Tuft's

Plain or Cascadia Basin. All the other species did show significant

differences in the proportion of small specimens. Peniaone ef. dubia,

Paelopatides confundens, Scotoplanes globosa, and Psychropodes

longicaudata specimens collected along the base of the continental

slope (CP-1 sample series) had fewer small specimens than expected.

Excepting Psychropodes longicaudata the proportion of small specimen

was equal or higher than expected away from the slope base. Psychropodes

had fewer small specimens than expected on Tuft's Plain as well as

at the slope base. However, the significantly large Chi squared

value was due primarily to the absence of small specimens from the

CP-1 series coupled with the few large specimens in the same region.
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Table 10. 2xC Contingency Tables of Large and Small Specimens

Feniagone cf. dubia

Tuft's Cascadia Basin Totals

Plain 3&4 2 1

Small obs. 41 290 167 30 528

(0-3 cm.)
exp. (25) (190) (167) (147)

Large obs. 195 1500 1406 1357 4458

( 3 cm.)
exp. (211) (1601) (1406) (1240)

Totals: 236 1790 1573 1387 4986

= 173.6 df. = 3 p. < .005

Paelopatides confundens

Tuft's Cascadia Basin Totals

Plain 3&4 2 1

Small obs. 163 185 158 506

(0-8 cm.)
exp. (107) (129) (272)

Large obs. 684 853 2025 3562

( 8 cm.)
exp. (750) (909) (1912)

Totals: 857 1038 2183 4068

= 117.3 df. = 2 p. .005
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Scotoplanes globosa

Tuft's Cascadia Basin

Plain 3&4 2 1 Totals

Small obs. 136 190 14 340

(0-4 cm.)
exp. (111) (211) (18)

Large obs. 246 538 49 833

( 4 cm.)
exp. (271) (517) (45)

Totals: 383 728 63 1173

= 12.2 df. = 2 p. < .005

Psychropodes longicaudata

Tuft's Cascadia Basin

Plain 3&4 2 1 Totals

Small obs. 22 57 65 0 144

(0-9 cmv)
exp. (26) (57) (57) (8)

Large obs. 25 47 39 9 120

( 9 cmj,)

exp. (21) (47) (47) (6)

Totals: 47 104 104 14 264

= 13.4 df. = 3 r. < .005
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Benthodytes sanguinolenta

Tuft's Cascadia Basin Totals
Plain Combined

Small obs. 83 10 93

exp. (69) (24)

Large obs. 105 54 159

exp. (119) (40)

Totals: 188 64 252

= 16.3 df. = 1 p. < .005

Abyssocucumis albatrossi

Tuft's Cascadia Basin Totals

Plain
3&4 1

Small obs. 59 7 3 69

(0-4 cm,)
exp. (57) (7) (5)

Large obs. 280 35 28 343

( 4 cm.)
(282) (35) (26)

Totals: 339 42 31 412

L
= 1.04 df. = 2 p. < .500
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Summary of Results

The many results presented in this section and its appendices can

be summarized as six major findings.

1. Cascadia Basin and Tuft's Abyssal Plain share a cnimon set of

holothurian species whose patterns of relative proportions distinguish

one area from the other. On Cascadia Basin, Peniagone cf. dubia,

Paelopatides confundens and Scotoplanes globosa are the dominant

species. On Tuft's Plain Abyssocucuniis albatrossi, Benthodytes

sanguinolenta, and Oneirophanta mtabilis are the most abundant

species.

2. As a taxon the holothurians are the second most abundant group

collected from these areas; only the ophiuroids are more numerous.

Across Cascadia Basin the holothurian portion of the total inverte-
brate catch is variable about a median of approximately 5%. Tuft's

Plain is distinctly different in that the number of specimens and
proportion of the total catch that are holothurians decreases markedly
across the Plain. This 4ecrease in numbers is accompanied by a

decrease in the number of species collected which greatly affects
the proportional composition of the liolothurian fauna. The decrease

in numbers appears to be exponential with linearly increasing depth

and distance from land.

3. When statistical analyses most affected by dominant species are

undertaken the greatest variability of faunal composition within any

sample series was at CP-1, which is parallel to the continent, and
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covers a depth range of 970 meters along the junction of the Astoria

Fan and the Continental Slope. Along this depth range three distinc-

tive faunal groups were found: one dominated by a slope species,

Pannychia moeselyi; the next dominated solely by Paelopatides

confundeis; and the deepest dominated by a mixture of Paelopatides

and Peniagone dubia, but largely depauperate in Scotoplanes globosa

abundant at the very same depths but farther to sea, At CP-2 there

was 1/5th the depth range found at CP-1, 1/4th the overall variability

in faunal composition, and only slight faunal zonation by depth. The

fauna along the whole series was dominated by the three typically

abundant) Paelopatides confundens, Peniaone cf. dubia, and Scotoplanes

gpbosa. This last species was distinctly more abundant at the

shallower and more northerly samples along the series taken on the

apron of Astoria Fan. At CP-3 there was the same overall variability

in the faunal composition as at CP-2, but there was no distinct zona-

tion of the dominant fauna along its slight vertical drop of about

110 meters.

4. Analyses of similarity that were most reflective of the dominant

species were necessarily complimentary to the results of analysis of

variance. CP-1 was found to be increasingly like the deeper fauna

at CP-2 and CP-3 with increasing depth. At CP-l--E and CP-l-X the

sampled faunas were most similar to the faunas at CP-2 and CP-3.

The similarities between the Tuft's Plain and Cascadia Basin sample

areas were reflective of the distance and depth between the areas

being compared.
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5. When all species were mapped and examined for pattern the zonations

found coincided with the statistical analysis at CP-1, and CP-2, but

were completely different for CP-3. Despite the absence of vertical

zonation along the slight 110 meter relief of CP-3 shown for the

abundant species, CP-3-E and to a lesser extent CP-3-D to the north

were distinct from the other Cascadia Basin areas. At these two

areas in the Basin the greatest number of species more common on

Tuft's Plain were encountered. Additionally, it was found that the

increasing similarity between CP-1 series samples and CP-2 and CP-3

series was largely restricted to the dominant fauna. Rarer species

such as Psychropodes longicaudata, Caphiera sulcata, Synallactes

gilberti, and Pseudostichopus nudus were rare or absent from the

deeper CP-1 series but relatively common at the same depths seaward.

6. The three species which occur in the greatest proportion on Cascadia

Basin, Peniagone cf. dubia,Paelopatides confundens, and Scotoplanes

globosa have fewer than expected small specimens in the slope base

region (CP-1 sample series). The proportion of small specimens of

Psychropodes raripes and Benthodytes sanguinolenta is also dependent

upon the region sampled, while the proportion of small specimens of

Abyssocucumis albatrossi is apparently independent.
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VIII. DISCUSSION

Depth Controlled Species Composition

The major factor determining the composition of the holothurian

fauna on Cascadia and Tuft's Abyssal Plain appears to be the depth of

water. Where depth is relatively constant along any sample series

there is minimal change in composition and abundance of major species.

Sanders and Hessler (1969) first concluded that depth was the

major factor affecting the species composition of the infauna because

the greatest between station dissimilarities occurred on the continen-

tal slope where the depth gradient is also the greatest. The results

of this study show that the same generalization can be extended to

the large epifaunal holothurians, although it is not apparent exactly

how depth actually limits the distributions.

The large variation in proportional composition of the holothurian

fauna at the slope base region (CP-1 series) is another example of

sharp bathymetric zonation of fauna on a continental slope. It might

be attributable to variation in the sediment, increasing segregation

from the productive surface water, or physiological limitations of

the component species. It seems unlikely that physiological tolerance

of hydrostatic pressure or a hydrographic variable is the sole agent

controlling composition. Peniagone cf. dubia, Scotoplanes globosa,

Abyssocucumis, Ypsilothuria bitentaculata, and Caphiera sulcata have

all been collected sporadically as much as 1000 m shallower than the

depths at which they are more commonly encountered. More intensive

sampling between 1000 m and 2000 m on the face of the slope might
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result in additional unusually shallow capture records. In the

Gulf of Mexico the holothurian fauna of the slope is distinctly zoned,

but the depth of the zones is variable around the margin of the Gulf

(Carney, 1971). Rowe (1968) similarly found that the mega-epifauna

off North Carolina were distinctly zoned, but that these faunal zones

did not follow isobaths. instead they appeared to be influenced

directly or indirectly by bottom currents.

The faunal variation found in the CP-2 series of samples can not

be easily attributed to a single depth related factor. As I have

reviewed earlier, the samples located on the slightly shallower Astoria

Fan apron are also under the regions in which surface ecology is

influenced by the summer extension of the Columbia River plume. The

ecological coupling with the surface may be different in this area,

the sedimentary regime is slightly different than the adjoining areas,

and there may be increased seasonal fluctuations.

When the similarities between samples on Tuft's Plain and those

on Cascadia Basin are considered together it appears that there is a

complete change in the dominant holothurian fauna for every 1000 m

or so increase in depth regardless of distance from land. On Tuft's

Plain, there appears to be a decrease in the abundance of holothurian

as well as a compositional change. This will be discussed in greater

detail when I compare the holothurian fauna with the infauna.

The presence of Tuft's Plain species at CP-3-E&D suggests that

there may be a distinct faunal composition associated with Cascadia

Sea Channel. Rowe (1972) has suggested submarine canyons may also

have a distinct fauna, although he has not presented convincing
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evidence. It can not now be determined whether the channel represents

a favorable environment for deeper water species, or simply an avenue

of migration by larvae and adults. The channel and its associated

levies certainly provide a different structural and sedimentary envir-

onment than the surrounding basin fipor. Griggs et al. (1969) reported

an apparent increase of infaunal density in the axis of the channel

and suggested that it might be due to a high organic carbon content

in the channel sediments. However, the channel is distinct from the

surrounding area in so many ways that many combinations of factors

might be suggested as causing the faunal distinctiveness.

While some environmental factors which vary with depth may be

the cause of the marked faunal zonation at the slope base (CP-1

series), depth can not explain the more subtle difference between the

fauna at the deep slope areas, CP-1-D&E and fauna at the same depth

seaward. In these areas and the deeper CP-1-X there is a relatively

low species richness due to the low densities or absences ot species

common at the CP-2 and CP-3 series of samples. Additionally, it is

in these areas that the unexpectedly low numbers of Peniagone cf.

dubia and Paelopatides confundens are found.

Distribution of Size Classes

When patterns of distribution are being related to physical

factors all individuals of a certain species are usually considered

to be a single variable0 Treating all specimens of a species as

an ecological entity is of great analytical expediency but it ignores

the fact that the organism-environment interactions of a given species
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may change radically over a lifetime. This is most obviously the

case for benthic invertebrates whose metamorphic stages have radically

different ecologies and morphologies. However, even animals like the

holothurians, whose post-larval forms are morphologically fixed, must

experience a changing set of organism-etwironment interactions during

post-larval growth in size. Additional understanding of both deep-sea

life and deep-sea habitats may possibly be derived through the study

of the distribution of different life history stages of benthic organ-

isms.

When the distributions of small specimens of the six major species

are combined with the distribution of total specimens of those species

three patterns are suggested.

1. There are those species in which unexpectedly low proportions

of small specimens coincide with regions in which the species are a

relatively low proportion of the holothurian fauna.

2. There are species in which unexpectedly low proportions of small

specimens coincide with regions in which the species are a relatively

high proportion of the hQlothurian fauna.

3. There are species in which the proportion of small specimens is

in expected proportion regardless of the relative abundance of the

species.

Scotoplanes giobosa and Benthodytes sanguinolerita are clear

examples of the first situation. S. globosa is proportionately less

important at the CP-. series than anywhere else on Cascadia Basin.

B. sanguinolenta similarly is proportionately unimportant on Cascadia

Basin and has the low proportion of small specimens in that area.
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Poor reproductive success at the edge of a range is the most likely

explanation for this pattern. Psychropodes longicaudata may also be

an example, but it is less evident. P. longlcaudata shows the same

few specimens and low proportion coincidence at the slope base, but

also has fewer than expected small specimens on Tuft's Plain where

it is a more common species.

While the first situation is basically what one might expect,

the second is more intriguing and difficult to explain.

The significant rareity of presumid young specimens of Peniagone

cf. dubia and Paelopatides confuridens from the region adjacent to

the base of the slope may be due to a great variety of causes. As

I have detailed earlier, sediments in that area have a component of

coarse, terrigenous sediment greater than that seaward. Such a

sediment may be unsuitable for ingestion by. the smallest holothurian

specimens, although quite sufficient for larger specimens migrating

into the region. The large specimens of Paelopatides confundens in the

slope base region undergo a gonad cycle suggestive of active reproduc-

tion (Huf ford, 1968). However, unknown conditions of larval drift and

settlement may result in a low recruitment of larva into the benthic

populations at the slope base.

Alternately it may be hypothesized that Peniagone cf. dubia and

Paelopatides confundens are subject to size specific predation by

opportunistic predators. As individuals grow they become subject to

decreasing predation due to size alone, improved avoidance ability,

or improved defensive mechanisms. The low numbers of small specimens

adjacent to the base of the slope may then be due to an increased

level of predation upon smaller forms in that area.
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Although general works such as Byuiann's (1955) state that virtually

nothing except man feeds upon holothurians, specimens have been found

in the stomachs of a variety of predators. I have personally found

identifiable fragments or whole bodies in abyssal fishes, shallow reef

fishes, abyssal nudibranchs, and the stomach of a walrus. Beam trawl

sampling on Cascadia Basin has shown that a large nudibranch gastropod,

Bathydoris sp. is most abundant in the slope base region. Similarly,

the catches of abyssal fishes are greatest in the same region (unpub-

lished data, W. Pearcy). From stomach content examination it has been

shown that some deep water fishes do ingest holothurians (Pearcy and

Ambler, 1975). During a cursory examination of Bathydoris I found

it to contain an entire small specimen of Peniagone cf. dubia, and

fragments of the apode holothurian Protankyra pacifica.

The hypothesis that there is size specific predation upon holo-

thurians by predators more abundant at the base of the slope than

seaward is supported by the above coincidences in distribution and

feeding. A test of the hypothesis may be possible through stomach

content and distribution studies which consider the size and identi-

fication of the specimens trawled and those ingested.

The only tested species to have the proportion of small specimens

appear independent of sample region was Abyssocucumis albatrossi.

This species is morphologically and systematically distinct from the

other major deep-sea species. As the name implies it is a member of

the normally suspension feeding Cucumariidae. Although its feeding

type cannot be ascertained with certainty, it morphologicallr resembles

shallow water suspension feeders. Unlike the other major species
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which are distinctly bilaterally symmetrical, A. albatrossi i

radially symmetric and has no apparent modifications for mobility

over the sediment. If this apparent lack of mobility is real, then

it may be the cause of the relatively constant proportion of small

specimens. As the other species are adapted to moving over the

sediments, there is the possibility of considerable post larval

mobility. The adults may be capable of dispersing well beyond the

range within which reproduction is successful. A. albatrossi may be

motile only uring the larval phase. If settlement occurs only in

areas where reproduction is possible, young and older specimens should

occupy the same regions.

HolothurQid Size and Diversity Hypotheses

The size-frequency histograms of deep-sea holothurians are of

interest because the size structure of benthic populations have been

used in an attempt by Grassle and Sanders (1973) to refute the Cropper

hypothesis (Dayton and Hessler, 1972). By extension of the Lotka-

Volterra population growth model life history strategies may be

classified between two extremes, "r", and "K". Southwood et al.

(1974) have developed a discrete model of interest to deep-sea biologist

because it defines "r", and "K" as extremes in an adaptive spectrum

corresponding to a spectrum of environmental persistance and predic-

tability. In their model n r-selected animal is one that has histori-

cally lived below the carrying capacity, has a short generation time,

a high reproductive rate, and is reproductively capable of tracking an

unpredicatable fluctuating environment. At the other extreme are the
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K-selected animals living in an environment which is either highly

persistent of fluctuates predictably. K animals tend to live at

populations near carrying capacity and are modified to make most

efficient use of resources for which they must compete. This can be

construed to mean long generaion time, low fecundity, and long life.

During a generally successful and thorough attack upon the Dayton-

Hessler cropper hypothesis (Dayton and Hessler, 1972), Grassle and

Sanders (1973) concludedmainly from egg sizes,that most deep-sea

animals are K-selected. On the basis of body size it was further

concluded that they are not only K-selected, but do not undergo the

extensive predation demanded by the cropper hypothesis. The cate-

gorization of the bulk of deep-sea fauna as either r or K suffers from

many weaknesses. Firstly, the concepts depend upon knowledge of a

complex of life history parameters which are simply unknown for deep-

sea animals; in order to know the reproductive success of an animal

far more is needed than ova count and maximum diameter. Secondly,

deep-sea conditions may be so extreme as to render the models

inapplicable. Thirdly, the concepts of r and K are so loaded with

relative terms that they can easily be turned into logical circles

with little effort. The best review of the factual knowledge of

reproduction in the deep-sea is that given by Scheltetna (1972).

There appears to be a wide range of life history strategies in the deep-

sea, rather than all only one kind.

Grassle and Sander's conclusion that a heavily preyed upon species

population must show an abundance of small, young forms is offered

without supporting reference. They must have assumed that predation
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increases with prey size, so that very few Individuals live to a large

size. The Cropper hypothesis distthctly does not make reference to

such a scheme. On the contrary, the predatory pressure envisioned

by Dayton and Hessler is a function of the number of predators bigger

than a given prey individual. As the animal grows the number of

predators sufficiently large to eat it decreases, ad so might the

overall predatory pressure on that individual. This type of predation

would result In population that was top heavy with large, old

individuals who had survived the life cycle stages of intense predation.

Therefore, when Grassle and Sanders cited size frequency histograms

for deep-sea benthos wh.ch showed few small specimens, they were not

refuting the presence of intense predation required by the Cropper

hypothesis.

The predator apparently intended by Grassle and Sanders must be

an archtypical "prudent predator" sensu Slobodkin (1971). This animal

is so finely tuned to the reproductive strategy of its prey that it

feeds only on large, old senile individuals. In this manner it harvests

its crop so as to maximize the productivity of the prey population.

A predator which is so "biologically accommodated" to its prey would

be expected only in the deep-sea community as envisioned by the

Stability-Time hypothesis. By provipg that this type of predation

is unlikely in the deep-sea, Grassle and Sanders may have refuted the

hypothesis that they were attempting to defend.

Of the seven species col]!ected in large enQugh numbers to compile

size-frequency histograms, only Psychropodes longicaudata had more

small individuals than large. This species appears to be quite



139

uniformly distributed across almost the entire width of Cascadia

Basin and Tuft's Plain. It is collected in relatively small numbers,

and appears to be cosmopolitan. Tle ovary is small relative to the

rest of the body, yet contains a few of the large ova ever measured

in an echinoderm, 4 mm in diameter (Hansen, 1975). The morphology is

elaborate, indicating considerable specialization of the tube feet.

Although this species might be considered to be a "K" strategist, it

is the only species with a size-frequency distribution that Grassle

and Sanders would consider indicative oe a "r" strategist living in a

highly unpredictable environment.

In summary, the size distribution of each species, excepting

Psychropodes, is similar to that found in many other abyssal benthic

invertebrates. The larger size classes predominate. However, unless

all the underlying assumptions about the selectivity of holothurian

predators can be proved, then compiled size frequencies cannot be

used to refute the Cropper hypothesis. Even if the size frequency

of trawl collected animals does reflect the actual size frequency of

the sampled population, the observed distributions may be obtained

by a great variety of hypothetical predatory schemes and reproductive

strategies.

Enfauna-Holohuro id Comparisons

The infauna of Cascadia Basin and Tuft's Plain have not been as

intensively sampled as the mega-epifauna, nor have all samples been

processed to the level of species. It is, thus, not yet possible to

make a full comparison between epifauna and infauna distribution
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patterns. However, a series of anchor box dredge samples have been

collected along a transect coinciding with the CP-E series (Carey and

Hancock, 1965). Although it is premature to claim that this single

narrow transect is typical for the entire Basin, comparisons with the

holothurian fauna show very marked differences.

The infaunal polychaetes identified by Hancock (1969) were sub-

jected to similarity analysis by Stander (1970). Among the indices

used was SIMI, making possible a comparison of the polychaete and

holothuroid results. The polychaete analysis came from five anchor

box dredge stations: NAD 21 with 7 samples, NAD 22 with 4 samples,

NAD 22A with 2 samples, and NAD 21 and NAD 24 with only a single sample

each. This series corresponds to the CP-l-E and CP-2-E beam trawl

stations. In Table 11 the SIMI values for both the holothurians the

polychaetes are shown. Only a single pair of

were even as similar as .50000, while none of

samples were any less similar than .9075. Th

the CP-E line is extremely variable while the

thurian fauna is strikingly uniform.

The great variation of the infauna along

the polychaete samples

the pairs of holothurian

a polychaete fauna along

larger epifaunal holo-

the CP-E series appears

to be found in other groups beside the polychaete worms. Dickinson

(1976) examined the amphipod fauna collected by epibenthic sledge

(Hessler and Sanders, 1967) at CP-l-E and CP-3-E. Again, while the

holothurian faunas between these two areas are highly similar, there

is great variation in the amphipod fauna. Barnard (1969) also

identified gammarid amphLpods of the CP-E line from the same samples

along the CP-E line in which Hancock identified the polychaetes.



CP-1-E

CP-2-E

CP-3-E

Table 11. Comparison of SIMI matrices of the holothurian fauna and the infaunal
polychaetes along the CP-E beam trawl series and the Newport Line
anchor dredge series seaward across Cascadia Basin.

CP-l-E CP-2-E CP-3-E

1.0000

.9097 1.0000

.9472 .9835 1.000

SIMt of holothurian fauna across the
CP-E series of samples, extracted
from Table

NAD 21

NAD 22

NAD 22A

NAD 23

NAD 24

NAD 21 NAD 22 NAD 22A NAD 23 NAD 24

1.0000

.4229 1.0000

.0904 .2319 1.0000

.6893 .3230 .2040 1.0000

.1815 .2399 .1373 .4064 1.000

SIMI of polychaete infauna along the Newport Anchor
dredge line which coincides with the CP-E series
of Trawls. From Stander (1970, Table 3).

I-.
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Although no analysis of similarity was undertaken on the relatively

few specimens, an examination of Barnard's findings shows considerable

variation in the species composition along the series.

Just as the holothurian fauna shows an entirely different pattern

of variation across the Basin when compared to the polychaetes and

ganmiarid amphipods, they show different abundance patterns as well.

Carey (unpublished manuçript) has studied the total infaunal den-

sities along the CP-E and outward onto Tuft's Plain. As seen in his

figure which is reproduced here (Figure 26) the infauna is most

abundant at the slope base stations and decreases in an apparently

exponential way across the Basin. The abundance may have reached a

fairly uniform low as close to land as CP-3-E (300 km seaward) showing

little change out onto Tuft's Plain. The complete opposite may be

seen with the holothurians. They show a very variable abundance

across the Basin and they undergo a distinct exponential decrease

only out on Tuft's Plain.

The differences in sample sizes and techniques used to collect

infauna and epifauna makes it difficult to categorically state that

the two have distinctly different distribution patterns. Neverthe-

less there is increasing evidence that infauna and epifauna are

distinctly different. In the same areas in which Sanders and Hessler

(1969) have found narrowly zoned infauna Haedrick et al. (1975) and

Grassle et al. (1975) have round the larger, motile epifauna to have

wider zones. Grassle et al. (1975) have also noted that the diversity

of the epifauna observed from submersibles does not reflect the high

levels of diversity of the infauna collected by epibenthic sledge in the

same areas.
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Hessler and Jumars (1973) were among the first to directly

discuss contradictions between the distributions of feeding types

based on epifauna and those based on their own work on meiofaunal

polychaetes. While Sokolova (1972) has indicated that the epifauna

of the oligotrophic central gyres is predominantly composed of

suspension feeders, Hessler and Jutnars found that the polychaetes

were predominately sediment feeders. Jumars (1975 a, b) has

subsequently presented a concetuai framework by which infauna and

epifaunal animals can be compared. It is based upon differences

in their mobility. It is his opinion that the mobility of the species

is of great importance in determining the ecology of that species.

It may be assumed that holothurians may be considered highly mobile

invertebrates when compared with most infauna. As Grassle et al.

(1975) have pointed out, a sediment ingester must be motile because

it soon exhausts the resources close at hand. The uniformity of

the Cascadia holothurian fauna is thus reflective of organisms which

maintain a well mixed fauna through continual movement along the bottom

of the Basin while remaining within the physiological limits of each

species.

The difference between holothurian and infaunal abundance across

the Basin and Tufts Plain are more difficult to explain. The very

high densities of infauna at the base of the slope may simply reflect

a much greater input of nutrient material to the bottom in that

area (Carey, unpublished manuscript). This Is conceivably due to the

influence of coastal upwelling which seems to affect the midwater

fauna to approximately the CP-1 area (Pearcy, 1976). It is difficult
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to explain why the holothurians do not show a similar distinct increase

in abundance at the slope base if there is an increased supply of

food. It could, of course, be argued that the holothurians obtain

their nutrition from some entirely different source than that of the

infauna. Alternately, it may be suggested that the form as well as

rate of nutrient input determines the fauna on the bottom.

Rowe et al. (1974) have summarized the findings in which an

exponential decrease in the number of animals with depth has been

noted, and concluded that decrease is due primarily to depth rather

than distance from land. His conclusion is based upon a similar

decrease in both the zooplankton in the water column and the fauna on

the bottom and the assumption that terrestrial input to the bottom

proceeds outward from the continent only along the bottom. If

terrestrial materials did move seaward in only this way there should

be little effect upon the zooplankton in the overlying water. Rowe

et al. (1974) reason that since there is a concurrent decrease in

zooplankton and bottom fauna with distance from land, it must be due

to increasing depth and not the distance. While this logic is not at

all compelling, there is so little evidence as to the actual effect of

nearby land upon either the bottom or the water column, that I am not

able to refute it.

The Suggested Importance of Food Grain Size

Just as the exact ties between terrestrial input to the benthos

are not known, even he nature of input from the overlying waters if

very poorly understood. Menzel (1967) has concluded on the basis of
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the study of dissolved organic carbon that even in the areas of

extremely high surface productivity there is very little input of

organic carbon to the bottom. He concludes that 1y far the greatest

carbon production and consumption in the ocean occurs above 300 meters.

Some support of this can be found in the benthic literature. Franken-

berg and Menzies (1968) were not able to f.nd any appreciable increase

in the biomass of the infauna below the area of the Peruvian upwelling.

Rowe (1971) has partially refuted these findings by comparing the data

from the Peru Upwelling area with that from the low productivity Gulf

of Mexico. However, the Gulf of Mexico differs from the Pacific

Ocean off Peru in so many ways that it hardly seems a valid comparison,

and the fact remains that the benthos below upwelling areas has not

been categorically demonstrated to be highly productive. In a

popular artiqle by Issas and chwrtz1ose (1975) there is a very

interesting observation on th results of baited camera studies in

the deep-sea. They conclu4e that beneath areas of very high surface

productivity the baited cameras attracted far fewer motile scavengers

than they did in areas of much lower productivity. It may be inferred

that beneath an upwelling area with its intense surface biological

activity that little of the nutrient input making it to the bottom is

in the larger particulate form that the scavenger species are adapted

to locate.

It can be tentatively suggested that nutrient material both from

land and from the overlying water arrives at the bottom In a wide

spectrum of sizes ranging from colloidal material to large carcasses.

The actual forms reaching the bottom in any given part of the ocean
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are determined by the iature of the biological activity in the

overlying water. In highly productive upwelling areas consumption of

phytoplankton, carcasses, and even feca]. material within the water

column may be so intense that only very fine particulate material makes

it to the bottom. This fine material is probably of such low specific

gravity that its distribution over the bottom is greatly affected

by deep currents and topography. It would then not simply carpet the

bottom, but would probably collect in topographic lows producing

patches of high benthic pro4uctivity. Progressing away from an area

of high productivity the intensity of consumption in the water column

may decrease. Thus, a greater proportioz of large particulate material

such as fecal pellets and carcasses survive to the bpttom although

total input is less. Thus there may be a gradient in the type of

food input with increasing distançe from land as well, as a decrease

in the total. amount 91 material reaching the bottom.

It has been suggested by Jumars (1974 a, b) that many meiofaunal

animals gather their resources from an area little bigger than the

animal itself. If this is so, then such an animal could exist only

in an area where food input from the surface qas such as to guarantee

having food withIn reach. This would be the case if the food was

raining down in a fine particulate form. If, however, it was In the

form of larger particles çhen most mIght fall, beyond the reach of the

individual. A motile anlma]. such as the holothurian could benefit

from both types o input, although in areas of high infauna density it

would be in competition with the more sedentary infauna. With respect

to the results discussed herein, the absence of a distinctly high
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holothurian density at the slope base may be due in part to competition

with the very abundant infauna which is supported by the seasonal

input from high upwelling productivity. Across the plain this fine

particulate material decreases aftdis replaced by input of larger

particles that the holothurians are more successful at exploiting.

Across Tuft's Plain this larger particle input could progressively

decrease as the productivity of the overlying water approaches the

oligotrophic conditions of the central gyres. The density of

holothurians may thus become progressively lower because they require a

larger foraging area to support a single individual, Not only do the

faunal densities change in response to the change in form and amount

of input, but the species which are present also change. The holo-

thurian fauna which is seen on Tuft's Plain .s both less dense than

that seen on Cascadia and basically different in composition.

The control of faunal composition by the interaction of resource

size and specie size is the basic tennant of the Cropper Hypothesis.

Although Iayton and Hessler (1972) have primarily limited their

discussion of resource to prey species, non-living f pod material is

also a resource whose size spectrum will determine its availability to

consumer species. The larger the consumer, the wider the range of

sizes of nqn-living material that may be injested by it without pre-

processing by other consumers. The deep-sea holothurians, which are

motile sediment ingeters, are adapted to consume a relatively wide

range of non-living food material. The maintenance costs of large

size combined with the low levels of food available in the sediments

of one locality, however, necessitates that these animals be motile.
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Although shallow water holothurians are distinctly sluggish animals,

the distinctive morphologies of the deep-sea forms indeed seem to be

adaptations to increase mobility (Pawson, in press). Moving over large

areas of the bottom to obtain nutrition, holothuian cannot monopolize

the food input. A dense, sedentary infaunal population may tend to

use all the nutrient and thus partially exclude the slow, motile

holothuroids. When the rate of food input is sufficiently 1iigh and of

the proper grain to support a relatively sedentary infauna, then

competition between the infauna and the motile sediment ingesters

may be great. This competition may be the reason that species such

as Scotoplanes globosa, Psychropodes longicaudata, Caphiera sulcata,

Synallactes gilberti, and Pseudostichopu nudus are rare or absent

from the base of the slope where infauna density is at its greatest.
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IX. CONCLUSIONS

1. The major factor determining the composition of the Holothurian

fauna on Cascadia Basin and Tuft's Abyssal Plain appears to be the

depth of water. Where depth is relatively constant across the width

of the Basin there is minimal change in either composition or abundance

of the dominant holothurian species. This constancy of composition

of the dominant tauna is found over an area within which there is

a change ir both sediment facies and terrestrial input 10 the bottom.

2. Depth is, however, not simply reflective of the extent of removal

from the surface productivity. Depth variation due to the sedimentary

structure of Astoria Submarine Fan reflects the influence of the

Columbia River discharge upon the oceanic ecosystem. Thus the faunal

variation which can be seen in comparison of the Fan holothurlans

to the rest of Cascadia Basin might be due to the slight depth decrease,

the different sediment fades, high sedimentation rates, or the

variation in food input from the altered ecosystem in the overlying

water.

3. Sample areas at the base of the slope but at depths as great as

those on the Basin floor contain many of the same species found

farther to sea,but are distinctive in the proportions found. It is

in these areas that great concentrations of infauna have been collected

suggesting an increased input of food. The holothurian abundances

do not reflect the same high input rates. Holothurians may not be

feeding upon the same food source, or the increased conpetition with

the dense infauna may limit both numbers and species present.
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4. Of any Cascadia Basin samples, those from CP-3-E&D bear the

greatest; resemblance with the Tuft's Plain samples. The proximity

of Cascadia Sea Channel with these Cascadia Basin sampling areas

suggests that the Channel may be faunally unique.

5. The differences in the change in abundance of holothurians across

the sampled areas and in the constancy of composition whea compared

with the few available data on infauna suggest wholly different

ecological strategies for these two extreme components of the benthic

ecosystem. It is suggested that species composition and abundance is

determined to some extent by the rate of input and the size spectrum

of non-living detrital material from the overlying water. While the

rate of input may be directly determined by the productivity of the

water column, the size spectrum must be determined by far more complex

relationships such a the species composition and food web structure

in the overlying water. As holothurians are large and motile their

species composition is relatively unaffected directly by changes in

size structure of the food input. However, through competition

with smaller infauna which may be more efficient at feeding on certain

size ranges of detritus, the holothurian species and abundance are

indirectly determined by the size structure of the resource, as well

as the input levels.

6. The areas whee. unexpectedly few small specimens of Peniagone

cf. dubia and Paelopatides confundens are found coincide with the

same slope base samples whère these two species are numerous. These

areas are also sdimentologically distinct, have very high infauna

densities, and relatively high occurrences of predatory fishes and
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gasropods. The hypothesis that this apparent rareness of small

specimens is due to size specific predation as implied by the Cropper

hypothesis sho4d be testable.
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Appendix I. Station Data for Beam Trawls

Trawl Date Depth N. Lat. W. Long.

BMT 113 Oct. 3 1969 2156 in 46 03.2 125 35.2

BNT 115 Oct. 4 1969 2195 in 45 48.3 125 38.4

BMT 194 Mar. 7 1970 2030 in 45 55.5 125 38.8

BMT 195 Mar. 7 1970 2265 in 45 57.8 125 44.2

BMT 89 Jul. 14 1969 2225 in 45 43.8 125 26.8

BMT 90 Jul. 14 1969 2283 in 45 37.5 125 36.4

BMT 192 Mar. 19 1970 2450 in 45 39.6 125 48.5

BMT 193 Mar. 19 1970 2425 in 45 38.7 125 48.5

BHT 93 Jul. 15 1969 2669 in 45 09.3 125 38.3
BIff 116 Oct. 5 1969 2500 in 45 23.6 125 37.0

BMT 117 Oct. 5 1969 2633 in 45 18.2 125 40.2
BMT 190 Mar. 18 1970 2597 in 45 19.5 125 47.4

BMT 191 Mar. 18 1970 2260 in 45 18.0 125 47.2

BMT 94 Jul. 16 1969 2688 in 44 58.8 125 34.0
BMT 95 Jul. 16 1969 2706 in 44 55,0 125 35.0
BMT 118 Oct. 5 1969 2652 in 45 03.4 125 35.].

BMT 187 Mar. 17 1970 2760 in 44 56.1 125 39.8

BMT 188 Mar. 17 1970 2792 in 44 58.5 125 44.3

BMT 97 Jul. 17 1969 2862 in 44 37.4 125 39.4

BMT 119 Oct. 5 1969 2779 in 44 42.5 125 35.6

BMT 120 Oct. 6 1969 2825 in 44 41.7 125 33.5

BMT 185 Mar. 16 1970 2816 in 44 37.6 125 39.9

BMT 186 Mar. 16 1970 2816 in 44 35.6 125 35.2

BMT 288 Jun. 14 1972 2940 in 44 05.3 125 23.6

BMT 289 Jun. 15 1972 2938 m 44 04.2 125 24.1

BMT 290 Jun. 15 1972 2938 in 44 04.9 125 24.5

BMT 291 Jun. 15 1972 2938 in 44 05.0 125 24.0

BMT 292 Jun. 16 1972 2992 in 43 44.7 125 26.0

BMT 293 Jun. 17 1972 2997 in 43 34.2 125 29.6

BMT 294 Jun. 17 1972 3000 in 43 44.0 125 26.0
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Trawl Date Depth N. Lat, W, Long.

BMT 154 Jan. 16 1970 2666 m 45 53.1 126 39.0
BMT 148 Jan. 17 1970 2651 m 45 504 126 29.0
BMT 258 Feb 15 1971 2670 m 45 56.3 126 35.7 CP-2--A
BMT 259 Feb. 15 1971 2665 m 45 46.9 126 35.5
BNT 260 Feb. 16 1971 2650 m 45 50.7 126 29.2

BMT 156 Jan. 17 1970 2661 m 45 35.0 126 20.5
BMT 261 Feb. 16 1971 2670 m 45 38.5 126 41.5
BMT 262 Feb 17 1971 2721 rn 45 38.2 126 47.9 CP-2-B
BMT 263 Feb. 17 1971 2730 m 45 36.4 126 42.6

BMT 157 Jan. 17 1970 2606 in 45 27.8 126 17.4
BMT 159 Jan. 18 1970 2721 in 45 17.0 126 38.8
BMT 160 Jan. 18 1970 2784 in 45 10.8 126 43.0 CP-2-C
BMT 264 Feb. 17 1971 2750 in 45 20.6 126 35.7
BMT 265 Feb. 18 1971 2750 in 45 18.7 126 34.4
BMT 266 Feb. 18 1971 2710 in 45 18.0 126 26.4

BMT 161 Jan. 19 1970 2770 in 44 55.0 126 29.9
BMT 162 Jan. 19 1970 2774 in 44 54.4 126 35.0
BMT 267 Feb. 18 1971 2795 m 44 58.0 126 35.8 CP-2-D
BMT 268 Feb. 19 1971 2770 in 44 59.3 126 39.6
BMT 269 Feb. 19 1971 2770 in 44 57.3 126 37.3

BNT 163 Jan. 19 1970 2787 in 44 45.2 126 30.1
BMT 270 Feb. 20 1971 2850 in 44 38.5 126 40.6
BMT 271 Feb. 20 1971 2832 in 44 39.1 126 43.6 CP-2-E
BMT 272 Feb. 20 1971 2832 m 44 40.0 126 46.6
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Trawl Date Depth N. Lat. W. Long.

BMT 276 May 17 1971 2761 in 45 56.3 127 36.6
BMT 277 May 17 1971 2765 in 45 55.3 127 35.0
BMT 321 Mar. 11 1973 2763 m 45 56.6 127 31.6 CP-3-A
BMT 322 Mar. 12 1973 2740 in 46 01.4 127 31.0
BMT 323 Mar. 13 1973 2763 in 45 56.0 127 37.1

BNT 278 May 18 1971 2811 m 45 23.4 127 36.9
BMT 280 May 18 1971 2800 in 45 21.5 127 33.0
BMT 318 Feb. 03 1972 2783 in 45 27.1 127 29.0 CP-3-C
BMT 319 Feb. 04 1972 2780 m 45 27.5 127 26.3
BMT 324 Mar. 14 1973 2809 in 45 13.2 127 32.0

BNT 332 Nov. 4 1973 2826 in 44 55.0 127 28.5
BMT 333 Nov. 4 1973 2838 in 44 53.0 127 27.3
BMT 334 Nov. 5 1973 2838 in 45 01.0 127 32.0 CP-3-D
BMT 335 Nov. 5 1973 2884 in 45 00.7 127 28.8
BMT 336 Nov. 5 1973 2850 in 45 00.2 127 30.0

BMT 281 May 19 1971 2816 in 44 38.8 127 36.8
BMT 282 May 19 1971 2816 in 44 37.6 127 33.4
BMT 315 Feb. 2 1972 2803 in 44 44.4 127 28.6
BMT 316 Feb. 2 1972 2749 in 44 36.1 127 36.5 CP-3-E
BMT 317 Feb. 3 1972 2818 in 44 43.1 127 29.3
BMT 359 Jun. 11 1974 3025 in 44 42.3 127 23.0
BMT 360 Jun. 12 1974 3021 in 44 41.8 127 22.7

BMT 328 Nov. 3 1973 2780 in 44 42.0 128 23.5
BMT 330 Nov. 3 1973 2794 in 44 40.0 128 25.5 CP-4-E
BMT 331 Nov. 3 1973 2820 in 44 34.5 128 21.5



165

Trawl Date Depth N. Lat. W. Long.

BMT 228 May 30 1970 3354 in 44 46.3 131 25.6
BMT 229 May 31 1970 3358 m 44 52.9 131 25.1
BMT 230 Jun. 1 1970 3655 in 44 27.0 132 14.0 TP-A

BMT 298 Oct. 5 1972 3585 m 44 59.0 132 12.0
BMT 300 Oct0 6 1972 3580 in 44 57.6 132 11.5
BMT 299 Oct. 5 1972 3585 in 44 58.6 132 11.5

BMT 232 Jun. 3 1970 3724 in 44 40.2 133 35.7
BMT 233 Jun. 4 1970 3717 in 44 40.7 133 28.1
BMT 302 Oct. 7 1972 3700 in 44 58.6 133 14.2 TP-B
BMT 303 Oct. 7 1972 3700 in 45 04.3 133 10.9
BMT 304 Oct. 8 1972 3700 m 45 05.9 133 11.0

BMT 305 Oct. 9 1972 3900 in 45 05.0 132 42.8
BMT 306 Oct. 9 1972 3900 in 45 03.3 134 43.4
BMT 307 Oct. 10 1972 3900 in 45 01.8 134 44.2 TI>-C

BMT 308 Oct. 10 1972 3932 in 45 01.1 135 12,0
BMT 309 Oct. 10 1972 3990 in 45 00.3 135 22.7



Appendix II. Faunal Composition of Each Beam Trawl

Species

Paelopatites confundens
Peniagone cf dubia
Scotoplanes globosa
Pychropodes longicaudata
Ayssocucumis albatrossi
Benthodytes sanguinolenta
Oneirophanta mutabiis
Pseudos tichopus nudus
Caphiera sulcata
Synallactes gilberti
Pannychia moesleyi
Molpadia musculus
Molpadia granulata
Ypsilothuria bitentaculata
Pseudostichopus villosus
Mesothuria murrayi
Amperima rosea
Amperima naresi
Benthodytes incerta
Peniagone grac ilis
Laetmo gone wyville-thoinp soni
Scotolanes clarki

Total Holothurians

Approximate Total Invertebrates

Simpson's D Squared

H Information
e

Sample Area CP-l-A

BMT 113 BMT 115 BMT 194 BMT 195 Pooled

.2316 * .7066 * 4545 * 1.0000 * .5982

0 .2096 * 0 0 .0524

0 .0299 * .2159 * 0 .0615

0 0 0 0 0

0 0 0 0 0

0 0 0 0 0

0 0 0 0 0

0 0 0 0 0

0 0 0 0 0

0 0 0 0 0

.5789 .0359 .2159 0 .2077

.1682 .0180 .0568 0 .0608

0 0 0 0 0

0 0 0 0 0

0 0 0 0 0

0 0 0 0 0

0 0 0 0 0

.0211 0 0 0 .0195

0 0 0 0 0

0 0 0 0 0

0 0 -o o 0

0 0 0 0 0

95 167 88 161 511

5054 4772 12738 13841

.4176 .5457 .3063 1.0000 .4116

1.0365 .8697 1.3462 0 1.2067

*Specimens included in size study.
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Species

Paelopatites confundens
Peniagone cf dubia
Scotoplanes globosa
Psychropodes lon2icaudata
Abyssocucumis albatrossi
Benthodytes sanguinolenta
Oneirophanta mutabilis
Pseudostichopus nudus
Caphiera sulcata
Synallac tes gilber ti
Pannychia moesleyi
Molpadia musculus
Molpadia granulata
Ypsilothuria bitentaculata
Pseudostichqpus villosus
Mesothuria murrayi
Ainperima rosea
Amperima naresi
Benthodytes incerta
Peniagone &racilis
Laetmogone wyville-thompsoni
Scotoplanes clarki

Total Holothurians

Approximate Total Invertebrates

Simpson's D Squared

H Information
e

Sample Area CP-l-B

BMT 89 BMT 90 BM] 192 BMT 193 Pooled

.2824 * 1.0000 * .9961 * .9590 * .8094
0 0 0 0 0

.0992 * 0 0 0 .0248
0 0 .0039 * .0082 * .0041
0 0 0 0 0

0 0 0 0 0

0 0 0 0 0

0 0 0 0 0

0 0 0 .0164 .0030
0 0 0 0 0

.6107 0 0 .0164 .1568

.0072 0 0 0 .0019
0 0 0 0 0

0 0 0 0 0

0 0 0 0 0

0 0 0 0 0

0 0 0 0 0

0 0 0 0 0

0 0 0 0 0

0 0 0 0 0

0 0 0 0 0

0 0 0 0 0

262 29 258 122 671

2480 1270 14012 9096

.4642 1.0000 .9923 .9203 .6803

.9247 0 .0254 .2143 1.2067

C'
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Sample Area CP-l-C

Species BNT 93 BMT 116 BMT 117 BMT 190 BMT 191 Pooled

Paelopatites confundens .8824 * .9887 * .9825 * .9787 * .9250 * .9514
Peniagone cf dubia .0294 * 0 0 0 0 .0059
Scotoplanes globosa .0706 0 0 0 0 .0141
Psychropodes longicaudata .0118 0 .0175 * 0 .0250 * .0109
Abyssocucumis albatrossi 0 0 0 0 0 0

Benthodytes sanguinolenta 0 0 0 0 0 0

Oneirophanta mutabilis 0 0 0 0 0 0
Pseudostichopus nudus 0 0 0 0 0 0

Caphiera sulcata 0 0 0 0 0 0

Synallactes gilberti 0 0 0 0 0 0

Pannychia moesleyi 0 .0056 0 0 0 0

Molpadia musculus .0059 .0056 0 0 0 .0011

Molpadia granulata 0 0 0 0 0 .0166
Ypsilothuria bitentacu1ata 0 0 0 0 0 0

Pseudostichopus villosus 0 0 0 0 0 0

Mesothuria murrayi 0 0 0 0 0 0

Amperima rosea 0 0 0 0 0 0

Amperima naresi 0 0 0 0 0 0

Benthodytes incerta 0 0 0 0 0 0

Peniagone gracilis 0 0 0 0 0 0

Laetmogone wyville--thonipsoni 0 0 0 0 0 0

Scotoplanes clarki 0 0 0 0 0 0

Total Holothurians 170 177 57 47 80 531

Approximate Total Invertebrates 16611 25211 21211 15675 5844

Simpson's D Squared .7846 .9776 .9655 .9584 .8588 .9059

He Information .4838 .0697 .0883 .1030 .3141 .2624



Sample Area CP-l-D

Species BMT 94 BMT 95 BMT 118 BMT 187 BMT 188 Pooled

Paelopatites confundens .9470 * .3285 * .9576 * .3595 * .4318 * .6049
Peniagone cf dubia .0076 .6460 * 0 .5166 * .5227 * .3386
Scotoplanes globosa .0455 .0219 .0085 .1239 .455 * .0490
Psychropodes longicaudata 0 .0036 * .0085 0 0 .0024
Abyssocucuinis albatrossi 0 0 0 0 0 0
Benthodytes sanguinolenta 0 0 0 0 0 0
Oneirophanta mutabilis 0 0 0 0 0 0
Pseudostichopus nudus 0 0 0 0 0 0
Caphiera sulcata 0 0 0 0 0 0
Synaliactes gilberti 0 0 0 0 0 0
Pannychia moesleyi 0 0 0 0 0 0
Molpadia musculus 0 0 .0254 0 0 .0024
Molpadia granulata 0 0 0 0 0 0
Ypsilothuria bitentaculata 0 0 0 0 0 0
Pseudostichopus villosus 0 0 0 0 0 0
Mesothuria murrayi 0 0 0 0 0 0
Amperima rosea 0 0 0 0 0 0
Amperima narsi 0 0 0 0 0 0
Benthodytes incerta 0 0 0 0 0 0
Peniagone gracilis 0 0 0 0 0 0
Laetxnogone wyville-thoinpsoni 0 0 0 0 0 0
Scotoplanes clarki 0 0 0 0 0 0

Total Holothurians 132 274 118 331 264 1119

Approximate Total Invertebrates 2963 1672 2466 4753 3550

Simpson's D Squared .8989 .5257 .9178 .4115 .4618 .4830

a Information .2291 .7521 .2157 .9677 .8422 .8601
e



Sample Area CP-l-E

Species BMT 97 BMT 119 BMT 120 BMT 185 BMT 186 Pooled

Paelqptites confundens .6364 * .3584 I .3805 .3760 * .5187 * .4540
Penigoue ef dubia .3535 .5819 * .5786 .5388 * .4305 * .4967
Scotoplanes globosa .0101 .0487 * .0314 .0775 * .0314 * .0437
ychropodes longicaudata 0 0 0 0 0 .0008

Abyssocucumis albatrossi 0 0 0 0 0 0
Benthodytes sanguinolenta 0 0 0 0 0 0
Oneirqphanta mutabilis 0 0 0 0 0
Pseudostichopus nudus 0 .0022 0 0 0 .O004
Caphiera sulcata 0 0 0 0 0 0
Synallactes gilberti 0 0 0 0 0 0
Pannychia moesleyi 0 0 0 0 0 0
Molpadia musculus 0 .0088 .0094 .0039 0 .0044
Molpadia granulata 0 0 0 0 0 0
Ypsilothuria bitentaculata 0 0 0 0 0 0
Pseudostichopus villosus 0 0 0 0 0 0
Mesothuria murrayi 0 0 0 0 0 0
Amperima rosea 0 0 0 0 0 0
Amperima naresi 0 0 0 0 0 0
Benthodytes incerta 0 0 0 0 0 0
Peniagone gracilis 0 0 0 0 0 0
Laetmogone wyville-thompsoni 0 0 0 0 0 0
Scotoplanes clarki 0 0 0 0 0 0

Total Holothurians 99 452 318 258 374 1501

Approximate Total Invertebrates 1043 2304 2465 8134 9382

Simpson's D Squared .5300 .4695 .4807 .4377 .4570 .4547

He Information .7017 .8853 .8370 .9423 .8547 .8759 I-
-.40



Species BMT 288

Paelopatites confundens .6397

Peniagone cf dubia .2154 *

Scotoplanes globosa .0103 *

Psychropodes longicaudata 0

Abyssocucumis albatrossi .0462 *

Benthodytes sanguinolenta 0

Oneirophanta mutabilis 0

Pseudostichopus nudus 0

Caphiera sulcata 0

Synallactes gilberti 0

Pannychia moesleyi 0

Mopadia musculus .0103

Molpadia granulata 0

Ypsilothuria bitentaculata .0872

Pseudostichopus villosus 0

Mesothuria murrayi 0

Amperima rosea 0

Amperima naresi 0

Benthodytes incerta 0

Peniagone gracilis 0

Laetmogone wyville-thompsoni 0

Scotoplanes clarki 0

Total Holothurians 195

Approximate Total Invertebrates 5186

Simpson's D Squared .4542

He Information 1.0700

Sample Area CP-1-X

BMT 289 BMT 290

.5181 * .7403 *

.2536 * .1169 *

.1377 0

.0036 * 0

.0217 * .0519 *

0 0

0 0

0 0

0 0

0 .0390
0 0

.0181 0

0 0

.0471 .0519
0 0

0 0

0 0

0 0

0 0

0 0

0 0
o 0

276 77

BMT 291

.5217

.2783 *

.1652
0

0
0

0

0

0

0

0

.0043
0

.0304
0

0

0

0

0

0

0

0

230

BMT 292

.1676 *

.5081 *

.0270
0

.0108 *

0

0
0

0

0

0

.02 70

0

.25 95

0

0
0

0

0

0

0

0

185

6939 1319 3362 3128

.3548 .5686 .3779 .3551

1.2818 .9072 1.1228 1.2375

BMT 293

.5333

.3533 *

0
0

.0467 *

0

0

0

0

0

0

.0067
0

.0600
0

0

0

0

0

0

0

0

150

2386

.4151

1.0481
I-.
-1



Sample Area CP-l--X Continued

Species BMT 294 pooled

Paelopatites confundens .1257 * .4625

Peniagone cf. dubia .6407 * .3380

Scotoplanes globosa .0539 .0563

Psychropodes longicaudata 0 .0005

Abyssocucumis albatrossi .0180 * .0279

Benthodytes sanguinolenta 0 0

YneIrophanta mutabilis 0 0

Pseudostichopus nudus 0 0

Caphiera sulcata 0 0

Synallactes gilberti 0 .0056

Pannychia moesleyi 0 0

Molpadia musculus 0 .0095

Molpadia granulata 0 0

Ypsilothuria bitentaculata .1617 .0997

Pseudostichopus villosus 0 0

Mesothuria murrayi 0 0

Amperima rosea 0 0

Amperima naresi 0 0

Benthodytes incerta 0 0

Peniagone gracilis 0 0

Laetmogone wyville-thompsoni 0 0

Scotoplanes clarki 0 0

Total Holothurians 167 1280

Approximate Total Invertebrates 2436

Simpson's D Squared .4557 .3422

H Information 1.0702 1.2919e I-.



Sample Area CP-2--A

Species BMT 154 BNT 158 BMT 258 BMT 259 BMT 260 pooled

Paelopatities confundens .3917* .3636 * .2365 * .3898 * .5165 * .3796
Peniagone cf. dubia .2167* .1278 * .2095 * .1789 * .1429 * .1751
Scotoplanes globosa .3250* .4886 * .5000 * .3195 * .2527 * .3772
Psychropodes longicaudata .0417* .0057 * .0541 * .0767 .0879 * .0532
Abyssocucumis albatrossi 0 0 0 0 0 0
Benthodytes sanguinolenta .0083* 0 0 0 0 .301?
Oneirophanta mutabilis 0 0 0 0 0 0
Pseudostichopus nudus .0167 .0028 0 .0096 0 .0058
Caphiera sulcata 0 0 0 .0224 0 . J045
Synallactes gilberti 0 0 0 0 0 0
Pannychia moesleyi 0 0 0 0 0 0
Molpadia musculus 0 0 0 .0032 0 .3006
Molpadia granulata 0 0 0 0 0 0
psi1othuria bitentaculata 0 0 0 0 0 0
Pseudostichopus villosus 0 0 0 0 0 0
Mesothuria murrayi 0 0 0 0 0 0
Amperima rosea 0 0 0 0 0 0
Aniperima naresi 0 .0114 0 0 0 .0023
Benthodytes incerta 0 0 0 0 0 0
Peniagone gracilis 0 0 0 0 0 0
Laetmogone wyville-thompsoni 0 0 0 0 0 0
Scotoplanes clarki 0 0 0 0 0 0

Total Holothurians 120 352 148 313 91 1024

Approximate Total Invertebrates 2544 7639 577 4012 3270

Simpson's D Squared .3081 .3875 .3527 .2925 .3588 .3199

H Information 1.3043 1.0777 1.1727 1.3845 1.1806 1.2800e I-.

-.4



Species

Paelopatitides confundens
Peniagone cf. dubia
Scotoplanes globosa
Psychropodes longicaudata
Abyssocucumis albatrossi
Benthodytes sanguinolenta
One1rophant mutabi1j
Pseudostichopus nudus
Caphiera sulcata
Synallactes gilberti
Pannychia moesleyi
Molpadia musculus
Molpadia granulata
Ypsilothuria bitentaculata
Pseudostichopus villosus
Mesothuria murrayi
Amprima rosea
Amperima maresi
Benthodytes incerta
Peniagone gracilis
Laetiuogone wyville-thompsoni
Scotoplanes clarki

Total Holothurians

Sample Area CP-2-B

BMT 156 BMT 261 BMT 262 BMT 263 pooled

.2281 * .2009 * .0949 * .1078 .1579

.4825 * .3333 * 4745 * .3578 * .4120

.2544 * .4155 * .3869 * .4902 * .3867

.0117 * .0502 * .0292 * .0343 * .0314
0 0 0 0 0
0 0 0 0 0

0 0 0 0 0
.0175 0 0 0 .0044

o 0 0 0 0
0 0 0 0 0
0 0 0 0 0

.0029 0 .0146 .0098 .0068
0 0 0 0 0

0 0 0 0 0
0 0 0 0 0

0 0 0 0 0
0 0 0 0 0

.0029 0 0 0 .0007
0 0 0 0 0
0 0 0 0 0
o o 0 0 0

0 0 0 0 0

342 219 137 204 902

Approximate Total Invertebrates 3922

Simpson's D Squared .3500

H Information 1.1941
e

2771 3516 1169

.3267 .3848 .3812 .3543

1.2038 1.1095 1.1185 1.1959



Species

Paelopatites confundens
Peniagone cf. dubia
Scotoplanes globosa
Psychropodes longicaudata
Abyssocucumis albatrossi
Benthodytes sanguinolenta
Oneirophanta mutabilis
Pseudostichopus nucius
Caphiera sulcata
Synallactes gilberti
Pannychia moesleyi
Molpadia rausculus
Molpadia granulata
Ypsilothuria bitentaculata
Pseudostichopus villosus
Mesothuria murrayi
Amperima rosea
Amperima tiaresi
Benthodytes incerta
Peniagone gracilis
Laetmogone wyville-thompsoni
Scotonlanes clarki

Total Holothurians

Approximate Total Invertebrates

Simpson's D Squared

H Information
e

Sample Area CP-2--C

BMT 157 BMT 159 BMT 160 BMT 264 BMT 265 BMT 266 pooled

.6180 * .1391 * .0345 .1415 * .1523 * .2511 * .2227

.1011 * .6464 * .5862 * .4031 * .4365 .3723 * .4243

.2697 * .1739 * .3103 * .3908 * .3756 .3333 * .3089

0 .0203 * 0 .0360 * .0330 .0130 .0172

0 0 0 0 0 0 0

0 0 0 0 0 0 0

0 0 0 0 0 0 0

0 .0058 0 .0123 0 .0260 .0073

0 0 0 0 0 .0043 .0007

0 0 0 0 0 0 0

0 0 0 0 0 0 0

.0112 .0116 .0345 .0154 0 0 .0096

0 .0029 0 0 .0025 0 .0009

0 0 0 0 0 0 0

0 0 0 0 0 0 0

0 0 0 0 0 0 0

o o 0 0 0 0 0

0 0 .0345 .0154 0 0 .0083

0 0 0 0 0 0 0

0 0 0 0 0 0 0

0 0 0 0 0 0 0

0 0 0 0 0 0 0

157 345 29 325 394 231 1413

2634 3033 1021 2461 2929 2297

.4650 .4680 .4435 .3370 .3560 .3136 .3256

.9330 1.0382 1.0245 1.2503 1.1440 1.2558 1.2629

Ui



Species

Paelopatites confundens
Peniagone ct. dubia
Scotoplanes globosa
Psychropodes longicaudata
Abyssocucumis albatrossi
Benthodytes sanguinolenta
Oneirophanta mutabilis
Pseudostichopus nudus
Caphiera sulcata
Syriallactes gilberti
Pannychia moesleyi
Molpadia musculus
Molpadia granulata
Ypsilothuria bitentaculata
Pseudostichopus villosus
Mesothuria murrayi
Amperima rosea
Amperima naresi
Benthodytes incerta
Peniaone gracilis
Laetmogone wyville-thompsoni
Scotoplanes clarki

Total Holothurians

BMT 161

.2368

.4474 *

.3158 *

0

0

0

0

0

0

0

0

0

0

0

0

0
0

0
0

0

0

0

38

Approximate Total Invertebrates 419

Simpson's D Squares .3560

He Information 1.0650

Sample Area CP-2-D

BMT 162 BMT 267

.3429 *

.3429 *

.2786 *

.0214 *

0

0

0

0

0

0

0
.0143

0

0

0

0

0

0
0

0

0

0

140

1595

.3134

1.2331

.2737 *

.2810 *

.4124 *

.0219 *

0

0

0
0

0

0

0

.0073

.0036
0

0

0

0

0

0

0

0

0

274

4230

.3245

1. 2167

BMT 268 BMT 269 pooled

.3388 *

.3719 *

.2727 *

0

0

0

0

0

.0083

.0083
0

0

0

0

0

0

0

0

0

0

0

0

121

3449

.3276

1. 1682

.3125 *

.3702 *

.2981 *

.0144 *
0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

208

7679

.3238

1.1789

.3010

.362 7

.3155

.0115
0

0

0

0

.0017

.0017
0

.005 3

.0007
0

0

0

0

0

0

0

0

0

781

.3218

1.6453



Sample Area CP-2-E

Species BMT 163 BMT 270 BMT 271 BMT 272 pooled

Paelopatites confundens .3448 * .2192 * .2105 * .3830 * .2894
Peniagone cf. dubia .4100 * 4354 * .4000 * .4043 * .4124
Scotoplanes globosa .1992 * .3003 * .3421 * .2057 * .2618
Psychropodes longicaudata .0192 * .0180 * .0421 * 0 .0198
Abyssocucumis albatrossi 0 0 0 0 0
Benthodytes sanguinolenta .0038 * 0 0 .0070 .0027
Oneirophanta mutabilis 0 0 0 0 0
Pseudostichopus nudus 0 .0060 0 0 .0015
Caphiera sulcata 0 0 0 0 0
Synallactes gilberti .0077 .0090 .0053 0 .0055
Pannychia moesleyi 0 0 0 0 0
Molpadia musculus .0153 .0090 0 0 .0061
Molpadia granulata 0 .0030 0 0 .0003
Ypsilothuria bitentaculata 0 0 0 0 0
Pseudostichopus villosus 0 0 0 0 0
Mesothuria murrayi 0 0 0 0 0
Amperima rosea 0 0 0 0 0
Amperima naresi 0 0 0 0 0
Benthodytes incerta 0 0 0 0 0
Peniagone gracilis 0 0 0 0 0
Laetmogone wyville-thompsoni 0 0 0 0 0
Scotoplanes clarki 0 0 0 0 0

Total Holothurians 261 333 190 141 925

Approximate Total Invertebrates 4145 17446 7214 3437

Simpson's D Squared .3273 .3284 .3232 .3524 .3229

H Information 1.2526 1.2614 1.2225 1.0941 1.2436e

H
-1



Species

Paelopatites confundens
Peniagone cf. dubia
Scotoplanes globosa
Psychropodes longicaudata
Abyssocucumis albatrossi
Benthodytes sanguinolenta
'tieirophanta mutabilis

Pseudostichopus nudus
Caphiera sulcata
Synallactes gilberti
Pannychia moesleyi
Molpadia musculus
Molpadia granulata
Ypsilothuria bitentaculata
Pseudostichopus villosus
Mesothuria nlurrayi
Amperilna rosea
Amperinia iaresI
Benthodytes incerta
Peniagone gracilis
Laetmogone wyville-thompsoni
Scotoplanes clarki
Total Holothurians

Approximate Total Invertebrates

Simpson's D Squared

H Informatione

Sample Area CP-3-A

BMT 276 BMT 277 BMT 321 BMT 322 BMT 323 pooled
.5214 * .4861 * .2398 * .3320 * .2792 * .3717.3077 * .3958 .5650 * .5174 * .4416 * .4455.1538 * .0972 * .1301 * .1197 .2487 * .1499.0171 * .0139 * .0528 * .0270 * .0102 * .0242

0 0 0 0 0 0
0 .0069 0 0 0 0
0 0 0 0 0 .0014
0 0 .0041 0 .0051 0
0 0 .0081 .0039 0102 .0018
0 0 0 0 0 .0044
0 0 0 0 0 0
0 0 0 0 0
0 0 0 0 .0051 0
0 0 0 0 0 .0010
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 C)

0 0 0 0 0 C)

0 0 0 0 0 0

117 144 246 259 197 963

4123 4758 7176 20776 10397

.3905 .4027 .3966 .3930 .3351 .3597

1.0598 1.0380 1.1472 1.0802 1.2101 1.1543 -4



Sample Area CP-3-C

Species BMT 278 BMT 280 BMT 318 BNT 319 BMT 324 pooled

Paelopatites confundens .3133 .2210 * .2568 * .1362 * .5140 * .2883
Peniagone cf. dubia .3433 * .5843 * .4897 * .6594 * .2150 * .4583
Scotoplanes globosa .3348 * .1798 * .1815 * .1662 * .1589 .2042
Psychropodes longicaudata 0 .0112 * .0445 * .0272 * .0841 * .0334
Abyssocucumis albatrossi 0 .0037 * .0034 * 0 .0047 * .0024
Benthodytes sanguinolenta 0 0 0 .0027 * 0 .0005
Oneirophanta mutabilis 0 0 0 0 0 0
Pseudostichopus nudus .0086 0 .0103 .0027 0 .0043
Caphiera sulcata 0 0 .0034 0 .0187 0044
Synallactes gilberti 0 0 .0068 .0027 .0047 .0028
Pannychia moesleyi 0 0 0 0 0 0
Molpadia musculus 0 0 0 0 0 0
Molpadia granulata 0 0 .0034 .0027 0 .0012
Ypsilothuria bitentaculata 0 0 0 0 0 0
Pseudostichopus villosus 0 0 0 0 0 0
Mesothuria raurrayi 0 0 0 0 0 0
Amperima rosea 0 0 0 0 0 0
Ainperima narsei 0 0 0 0 0 0
Benthodytes incerta 0 0 0 0 0 0
Peniagone gracilis 0 0 0 0 0 0
Laetmogone wyville-thompsoni 0 0 0 0 0 0
Scotoplanes clarki 0 0 0 0 0 0

Total Holothurians 233 267 292 367 214 1373

Approximate Total Invertebrates 1571 3467 10048 7472 3064

Simpson's D Squared .3282 .4227 .3409 .4818 .3431 .3361

H Information 1.1378 1.0275 1.2865 1.0070 1.2976 1.2450e
-4



Species

Paelopatites confundens
Peniagone cf. dubia
Scotoplanes globosa
Psychropodes longicaudata
Abyssocucuniis albatrossi
Benthodytes sanguinolenta
Oneirophanta mutabilis
Pseudostichopus nudus
Caphiera sulcata
Synallactes gilberti
Pannychia moesleyi
Molpadia musculus
Molpadia granulata
Ypsilothuria bitentaculata
Pseudostichopus villosus
Mesothuria murrayi
Amperima rosea
Amperima naresi
Benthodytes incerta
Peniagone gracilis
Laetmogone wyville-thompsoni
Scotolanes clarki

Total Holothurians

BMT 332

.4031 *

.2449 *

.2755 *

.0561
0

0

0

0

.0153
0

0

0

.0051
0

0

0

0

0

0

0
0

0

196

Approximate Total Invertebrates 3990

Simpson's D Squared .3017

H Information 1.3185

Sample Area CP-3--D

BMT 333 BMT 334 BMT 335

.4520 * .1366 .1724 *

.2260 * .4208 * .4080 *

.2825 * 3497 * .2356 *

.0339 * .0328 * .0632 *
0 .0055 * .0287 *

.0056 * .0437 .0690 *
0 0 0
0 0 .0115
0 .0055 .0115
0 0 0

0 0 0
0 0 0
0 .0055 0
0 0 0
0 0 0
0 0 0

0 0 0
0 0 0

0 0 0

0 0 0
0 0 0

0 0 0

177 183 174

1482 2518 1171

.3363 .3211 .2616

1.1961 1.3379 1.5731

BMT 336

.1480 *

.4381 *

.3414

.0453 *

.0060 *

.0091 *

0

.0060

.0060
0

0

0

0

0

0

0

0

0

0

0

0

0

331

8402

.3326

1. 2867

Pooled

.2624

.3476

.2969

.0463

.0080

.0255
0

.0035
0077
0

0

0

.0021
0

0

0

0

0

0

0

0

0

1061

.2808

1.5534
C



Sample Area CP-3-E

Species BMT 281 BMT 282 BMT 315 BMT 316 BMT 317

Paelopatites confundens .3846 * .3412 .4511 .2204 .3092
Peniagone cf dubia .4231 * .4706 * .3421 * .5424 * 4539 *
Scotoplanes globosa .0385 * .0588 * .1541 * .1582 * .2171 *
Psychropodes longicaudata .0192 * .0235 * .0263 * .0226 * .0066 *
Abyssocucumis albatrossi .0865 * .0588 .0038 .0056* 0
Banthodytes sanguinolenta 0 .0118 .0150 * .0282 * 0
Oneirophanta mutabilis .0096 .0118 0 .0056 0
Pseudostichopus nudus 0 .0118 0 .0056 0
Caphiera sulcata 0 0 .0038 0 0
Synallactes gilberti 0 0 .0038 .0056 0
Pannychia moesleyi .0385 0 0 0 0
Molpadia musculus 0 0 0 0 0
Molpadia granulata 0 0 0 .0056 .0132
Ypsilothuria bitentaculata 0 0 0 0 0
Pseudostichopus villosus 0 0 0 0 0
Mesothuria murrayi 0 .0118 0 0 0
Amperima rosea 0 0 0 0 0
Amperima naresi 0 0 0 0 0
Benthodytes incerta 0 0 0 0 0
Peniagone gracilis 0 0 0 0 0
Laetmogone wyville-thompsoni 0 0 0 0 0
Scotoplanes clarki 0 0 0 0 0

Total Holothurians 104 85 266 177 152

Approximate Total Invertebrates 1662 1158 3051 8559 5519

Simpson's D Squared .3378 .3459 .3453 .3692 .3490

H Information 1.3145 1.3522 1.2361 1.2894 1.1431
e



Species

Sample Area CP-3-E (continued)

BMT 359 BMT 360 Pooled

Paelqpatites confundens .1190 * .0286 * .2649
Peniagone cf. dubia .1952 .3857 .4019
Scotoplanes globosa .3667 * .3143 * .1868
Psychropodes longicaudata .0381 * .0571 * .0276
Abyssocucumis albatrossi .0095 * .0571 * .0316
Benthodytes sanguinolenta .1857 * .0643 * .0436
Oneirophanta mutabilis 0 0 .0039
Pseudostichopus nudus 0 .0286 .0066
Caphiera sulcata .0381 .0429 .0121
Synallactes gilberti .0381 .0429 0123
Pannychia moesleyi 0 0 0
Molpadia musculus 0 .0071 .0010
Molpadia granulata 0 .0071 .0037
Ypsilothuria bitentaculata 0 0 0
Pseudostichopus villosus .0095 .0071 .0024
Mesothuria murrayi 0 0 .0017
Amperima rosea 0 0 0
Miperima naresi 0 0 0
Benthodytes incerta 0 0 0
Peniagone gracilis 0 0 0
Laetmogone wyville-thompsoni 0 0 0
Scotoplanes clarki 0 0 0

Total Holothurians 210 140 1134

Approximate Total Invertebrates 2981 3194

Simpson's D Squared .2258 .2618 .2706

H Information 1.7149 1.6788 1.5914
I-



Sample Area TP-A

Species BNT 228 BMT 229 BMT 230 BMT 298 BMT 299 BMT 300 Pooled

Paelopatites confundens .0359 * 0 0 .0043 .0161 .0032 .0099
Peniagone cf. dubia .4215 .4603 .1250 .1379 .3023 * .1548 * .2670
Scotoplanes globosa 0 0 0 0 0 0 0
Psychropodes longicaudata .0179 .0159 * .0446 * .0560 .0256 * .0548 * .0358
Abyssocucumis albatrossi .1300 .1865 * .3482 * .2112 * .1447 * .1484 * .1948
Benthodytes sanguinolenta .2960 .3294 * .3929 * .4009 * .4116 * .4484 * .3798
Oneirophantamutabilis 0 0 .0714 .1724 * .0868 * .1903 .0868
Pseudostichopus nudus 0 0 0 0 0 0 0
Caphiera sulcata 0 .0079 0 0 0 0 .0013
Synallactes gilberti .0942 0 0 0 0 0 .0157
Pannychia moesleyi 0 0 0 0 0 0 0
Molpadia musculus 0 0 0 0 0 0 0
Molpadia granulata 0 0 0 .0086 0 0 .0014
Ypsilothuria bitentaculata 0 0 0 0 0 0 0
Pseudostichopus villosus 0 0 0 0 0 0 .0W7
Mesothuria murrayi 0 0 0 0 0 0 0
Amperima rosea 0 0 0 0 0 0 0
Amperima naresi_ 0 0 0 0 0 0 0
Benthodytes incerta 0 0 0 0 0 0 0
Peniagone gracilis 0 0 .0089 .0043 .0129 0 .0044
Laetmogone wyville-thompsoni 0 0 0 0 0 0 0
Scotoplanes clarki .0045 0 .0089 0 0 0 .0022

Total Holothurians 223 252 112 232 311 310 1440

Approximate Total Invertebrates 4656 3423 3933 7418 5562 9151

Simpson's D Squared .2927 .3555 .2985 .2573 .2903 .2863 .2627

H Information 1.4280 1.1403 1.4059 1.5441 1.4355 1.4251 1.7805e
I-.

(A)



Sample Area TP-B

Species BMT 232 BMT 233 BMT 302 BMT 303 BMT 304 Pooled

Paelopatites confundens .0032 .0286 0 0 0 .0057
Peniagone cf. dubia 0 0 .6613 * .4206 * 0 .2164
Scotoplanes globosa 0 0 0 0 0 0
Psychropodes lougicaudata .0571 * 0 .0645 * .1121 * .0986 * .0665
Abyssocucumis albatrossi .3714 * .5556 * .0484 .1308 * .1268 * .2466
Benthodytes sanguinolenta .4571 * 3333 * .1613 .2804 * .6761 * .3816
Oneirophanta mutabilis .0286 * 0 .0323 * .0374 * .0563 * .0309
Pseudostichopus nudus 0 0 0 0 0 0
Caphiera sulcata 0 0 0 0 0 0
Synallactes gilberti 0 0 0 0 0 0
Pannychia moesleyi 0 0 0 0 0 0
Molpadia musculus 0 0 0 0 0 0
Molpadia granulata .0286 0 .0323 0 .0141 .0150
Ypsilothuria biteritaculata 0 0 0 0 0 0
Pseudostichopus villosus 0 0 0 0 .0141 .0028
Mesothuria murrayi 0 .0741 0 0 0 .0148
Amperitna rosea 0 0 0 0 .0093 .0019
Amperima naresi 0 0 0 0 .0093 .0019
Benthodytes incerta 0 0 0 0 0 0
Peniagone gracilis 0 0 0 0 0 0
Laetmogone wyville-thompsoni 0 0 0 0 .0141 .0028
Scotoplanes clarki .0286 .0370 0 0 0 .0131

Total Holothurians 35 27 124 107 71 364

Approximate Total Invertebrates 13322 11661 20857 27073 2597

Simpson's D Squared .3534 .4266 .4719 .28672 .4866 .2593

Information 1.2956 1.0076 1.1127 1.4425 1.0971 1.6000



Species

Paelopatites confundens
Peniagone cf. dubia
Scotoplanes globosa
Psychropodes longicaudata
Abyssocucumis albatrossi
Benthodytes sanguinolenta
Oneirophanta mutabilis
Pseudostichopus nudus
Caphiera sulcata
Synallactes gilberti
Pannychia moesleyi
Molpadia musculus
Molpadia granulata
Ypsilothuria bitentaculata
Pseudostichopus villosus
Mesothuria murrayi
Amperima rosea
Amperima naresi
Benthodytes incerta
Peniagone gracilis
Laetmogone wyville-thoinpsoni
Scotolanes clarki

Total Holothurians

Sample Area TP-C

BMT 305 BMT 306 BMT 307 BMT 308 BMT 309 Pooled

0 0 0 0 0 0

0 0 0 0 0 0

0 0 0 0 0 0
.0238 * .0625 * 0 .0172 0 .0207
.7857 * .5625 * .8889 * .8621 * .3333 * .6865
.1429 * .2500 * 0 .0172 0 .0820
.0230 * .0625 * .1111 * .1034 * .6667 * .1935

0 0 0 0 0 0

0 0 0 0 0 0

0 0 0 0 0 0

0 0 0 0 0 0

0 0 0 0 0 0

0 0 0 0 0 0

0 0 0 0 0 0

0 0 0 0 0 0

0 0 0 0 0 0

0 0 0 0 0 0

0 0 0 0 0 0

.0238 0 0 0 0 .0048
0 .0625 0 0 0 .0125

0 0 0 0 0 0

0 0 0 0 0 0

42 16 18 58 3 137

Approximate Total Invertebrates 8312

Simpson's D Squared .6395

H Information 1.7344
e

1293 16857 9413 4796

.3906 .8025 .7545 .5556 .5161

1.1901 .3488 .5027 .6365 .9417




