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Figure 205
Density and biomass of Echinodermata in relation to bottom sediments.
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Bathymetric Distribution

Holothurians were collected at depths ranging from 6
to 3,820 m, and were present in all depth classes over
this broad depth range (Table 11; Fig. 210). Densities
were highest (average 4 to 10 individuals/ m?) at inter-
mediate depths (50 to 500 m) and somewhat lower (0.7
to 1.9/m?) in both shallower and deeper bathymetric
classes.

Biomass distribution of holothurians differed sub-
stantially from the depth-density relationship (Table
13; Fig. 210). Highest biomass averages (13 to 37 g/m2)
were found in depths less than 100 m. Lowest biomass
0.2 g/m2) occurred at 500 to 999 m; intermediate
quantities (1 to 6 g/m2) were found in other depth
classes.

Individual holothurians from shallow water (0 to 24
m) were larger, averaging nearly 25 g each, and size
decreased with increasing depth to less than 1 g each at
depths greater than 500 m.

The frequency of holothurian occurrence was higher
in samples from deep water than in those from shallow
water (Table 15). At depths less than 50 m they were
present in 8 to 9% of the samples, whereas, in water

depths greater than 50 m they occurred in 14 to 33% of
the samples.

Relation to Sediments

Holothurians were relatively numerous in till substrates
and much less common in all other bottom types (Table
16; Fig. 211). Their average density in till was 25 indi-
viduals/m?, whereas, in the other types of sediments
their density was only 2.0 to 7.4/m?.

The relationships of holothurian biomass to sedi-
ments were entirely different from those pertaining to
density. The biomass was high (25 to 29 g/m?) in sand-
silt and silt-clay (Table 18; Fig. 211). In fact, holothuri-
ans accounted for from 15 to over 33%, respectively, of
the total benthic biomass in those two sediment types
(Table 19). In other types of sediments their biomass
was moderate to small (4.7 to 0.4 g/m?).

The presence of relatively fewer but larger specimens
in soft sediments and numerous small specimens in till
sediments accounts for the disparity between the biom-
ass and density values in these substrates. In the other
sediment types they were generally more equally dis-
tributed in density and biomass.
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Figure 206
Density and biomass of Echinodermata in relation to the annual range of
bottom water temperature.

Frequency of occurrence was moderate to low in all
sediment types, and the relationship of holothurians
with various sediments was similar to that described for
numerical density (Table 20). Occurrence was highest
(50%) in till, lowest (8%) in sand, and intermediate
(16 to 36%) in the other sediment types.

Relation to Water Temperature
The relation of holothurian numerical density to the
range in water temperature was the opposite of that
exhibited by their biomass. Density generally decreased
as the temperature range increased (Table 21; Fig.
212). The average density of holothurians was about 6
individuals/m? where the temperature range was less
than 4°C and decreased to about 2 individuals/m? where
the temperature variation was 16° to 19°C.

Conversely, the biomass of holothurians increased as
water temperature ranges increased (Table 23; Fig. 212).
Their biomass was relatively small (3 g/m?) where the

temperature range was small (<4°C). With increased
annual temperature range, the biomass of holothuri-
ans increased substantially to an average of 128 g/ m?2
where the range was greatest (20°-23.9°C).

Size disparity of specimens in the various tempera-
ture range classes was the principal cause of the re-
versed trends. The size of specimens increased mark-
edly in waters having a broad temperature range,
whereas the numerical density diminished slightly.

Holothurians contributed a moderately large pro-
portion (4-9%) of the total biomass in five of the six
temperature range classes. In the other class, where the
temperature variation was high (>20°C), they contrib-
uted an extraordinarily large share (>30%) of the bio-
mass (Table 24).

Frequency of occurrence was quite uniform at a mod-
erate level (14-25%) in all temperature range classes
except one (16°719.9°C), in which holothurians con-
tributed only 8% of the samples (Table 25).
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Figure 207
Density and biomass of Echinodermata in relation to sediment organic carbon.

Relation to Sediment Organic Carbon

Holothuroidea was one of only a very few taxonomic
groups for which definite, consistent trends were clearly
demonstrated in relation to the amount of organic
carbon in the sediments.

The trend was the reverse of that pertaining to water
temperature. The organic carbon-density relationship
was in general negatively correlated, whereas the or-
ganic carbon-biomass relationship was essentially posi-
tively correlated. Seven of the eight carbon content
classes were occupied; the one exception was the high-
est class (5.0+%).

Holothurian average density was highest (18 indi-
viduals/m?) where no measurable organic carbon was
found (Table 26; Fig. 213). Much lower average densi-
ties (ranging from 8 to 2/ m?2) prevailed in the other
carbon content classes with a general tendency of de-
creasing with increasing organic carbon content.

Average biomass, on the other hand, showed a trend
that was the reverse of the one for density (Table 28; Fig.
213). Average biomass was lowest (6 g/m?) in the 0%

carbon content class and steadily increased with. in-
creasing organic carbon content, culminating in excep-
tionally large biomasses in the two highest classes occu-
pied. There was nearly a threefold increase between
the 1.50 and 1.99% class and the 2.00 and 2.99% class
(41 vs. 104 g/m?) and a fivefold increase from the latter
class to the 3.00-4.99% class (562 g/m?).

Frequency of occurrence was quite uniform at a mod-
erate level (15 to 40%) in all organic carbon content
classes (Table 30).

Echinoidea—Sea urchins are the second largest (after
bivalves) contributors to the New England benthic bio-
mass, providing 20% of the total (Table 3). This large
contribution was made by a group with low taxonomic
diversity. Fewer than six species contributed over 95%
of the specimens. The major contributors were sea
urchins, heart urchins, and sand dollars.

The feeding habits of echinoids are varied. Most are
bottom feeders (carnivores, herbivores, or omnivores),
but some common species are plankton feeders, and
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Figure 208
Geographic distribution of Holothuroidea: A—number of specimens per square meter
of bottom; B—biomass in grams per square meter of bottom.

the distinction is not always maintained. When the pre-
ferred food types are unavailable, echinoids may may
revert to other food sources, or in some species, to a
different mode of feeding.

Echinoids in turn are preyed upon by a variety of
benthic and nektonic animals. They have been observed
in the diet of crabs, starfish, finfish, lobsters, birds, and

mammals, including man. The quantity utilized for
human consumption in recent years has increased with
an annual harvest worth several million dollars.
Coloration of most of our echinoids was rather drab
consisting largely of grays, brown, reddish-browns, and
brownish-violet. In many species the color was gray or
brown with suffusions of white, green, pink, or violet.
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Density and biomass of Holothuroidea in each of the six geo-
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Figure 210
Density and biomass of Holothuroidea in relation to water depth.
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Sizes ranged from 2 mm in diameter, in juvenile speci-
mens, to large adults having a test diameter of 5 cm. The
majority of specimens ranged between 0.5 and 3 cm.

Echinoids occurred in 293 samples (27% of the to-
tal). Their density averaged 29.3/ m? and their biomass
averaged 36.8 g/m? (Table 5).

Geographic Distribution

Echinoids occurred extensively throughout most of the
study area (Fig. 214), but their distribution pattern was
somewhat patchy and irregular in density. Intermedi-
ate and high densities (10 to 1,051 individuals/m?2)
were common from Georges Bank to the Southern New

England Shelf areas. The biomass of echinoids was
especially high (100 to 1,027 g/m?) on Georges Bank
where they made up 50% of the total benthic biomass
in Northeast Channel, and in coastal areas of central
and Southern New England (24%).

Among the six standard geographic areas, the aver-
age density of echinoids was moderately high (over 100
individuals/m?) on Georges Bank, intermediate (4 to
22/m?) in the Nova Scotia, Gulf of Maine, and South-
ern New England Shelf areas; and low (0.2 and 0.3/m?)
in the two slope areas (Table 6; Fig. 215).

Biomass was moderate to very high in all areas. It was
especially high (averaging 117 g/m?) in the Georges
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Figure 212
Density and biomass of Holothuroidea in relation to annual range of

Bank area. Moderately high (13 to 33 g/m?) biomasses
of echinoids were found off Nova Scotia, in the Gulf of
Maine, and on the Southern New England Shelf. Low-
est biomass averages occurred in the slope areas (Table
8; Fig. 215).

Echinoids were present in only moderate to small
percentages of the total number of samples. Frequency
of occurrence was moderate (19 to 51%) in the four

continental shelf areas, and low (8 to 9%) in the two
slope areas (Table 10).

Bathymetric Distribution

Echinoids occurred in water depths ranging from 7 to
2,950 m. Average densities were highest (127 individu-
als/m?2) near mid-shelf depths (25 to 49 m) and dimin-
ished in both shallower and deeper regions (Table 11;
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Density and biomass of Holothuroidea in relation to sediment organic carbon.
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Fig. 216). At depths greater than 100 m, their density
was drastically reduced (2.0 or fewer individuals/m?).

The pattern of biomass distribution was quite similar
to that for density. Average biomass was exceptionally
high (154 g/m?) near mid-shelf depths (25 to 49 m)
and decreased in both shallower and deeper regions
(Table 13; Fig. 216). The decrease was only moderate
in the shallower depth class but was severe (0 to 1.8 g/
m?) in depths greater than 500 m.

Occurrence of echinoids in the samples was moder-
ate to low in all depth classes and followed the same
trend as density and biomass. They were presentin 57%
of the samples near the mid-shelf depths and decreased
in samples from both shallower and deeper bathymet-
ric classes (Table 15).

Relation to Sediments

The correlation of echinoids with sand substrates was
exceedingly high (Table 16; Fig. 217). Although they
were present in all other types of sediments, their den-

sity averaged 67 individuals/m? in sand but only 3.4 or
less per square meter in other sediments.

Precisely the same pattern was revealed for biomass.
The average biomass in sand sediments was 81 g/ m2; in
all other sediments the biomass of echinoids averaged
7.3 g or less/m? (Table 18; Fig. 217). The proportion of
the total benthic biomass that was formed by echinoids
in the sand sediments was 33%, which is an exception-
ally large contribution for one taxon (Table 19).

The occurrence of echinoids in the samples was mod-
erate to low in all sediment types (Table 20). As
expected, it was highest (47%) in sand substrates. Some-
what unexpectedly, the incidence rate was lowest
(8%) in sand-silt sediments and relatively high (32%)
in tll.

Relation to Water Temperature

Echinoids were most abundant in terms of both density
and biomass in areas where the annual range in bottom
water temperature was moderate, 12° to 15.9°C.
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Figure 214

Geographic distribution of Echinoidea: A—number of specimens per square meter of
bottom; B—biomass in grams per square meter of bottom.

Echinoid density averaged 93 individuals/m? at mid-
range (Table 21; Fig. 218). From this peak the average
density diminished to 1.4/m?, where the temperature
range was less than 4°C, and to about 15/ m? where the
temperature change was 20°C or more.

The biomass of urchins was distributed in essentially
the same manner as their numerical density among the

various temperature range groupings, with one excep-
tion (Table 23; Fig. 218). Large biomass (148 g/m?)
occurred in the mid-range; moderate biomass (about
14 to 38 g/m2) in intermediate ranges; and small biom-
ass (6 g/m?) in the stable areas. The one exception was
a relatively large biomass (135 g/m?) in the broadest
(20°-23.9°C) temperature range class.
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Figure 215

Density and biomass of Echinoidea in each of the six geographic areas.
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Figure 216

Density and biomass of Echinoidea in relation to water depth.
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Density and biomass of Echinoida in relation to bottom sediments.
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The proportion of the number of individuals in the
total macrobenthos made up by urchins was low to
moderate (0.3-5%, Table 22), but in terms of biomass
they contributed extraordinarily large amounts (8-47%,
Table 24) of the total.

Echinoids were present in 14 to 44% of the samples
in the various temperature range classes. Frequency of
occurrence, as for density and biomass, was highest in
the mid-range classes and decreased in both the broader
and narrower range classes (Table 25).

Relation to Sediment Organic Carbon
Echinoids showed a marked preference for low levels of
sediment organic carbon and were entirely absent where
levels of 2% or more prevailed. Their density was high-
est, but only at moderate levels (24 individuals/ m?2), in
the lowest carbon content class (0.01-0.49%) and fell off
drastically where organic carbon was absent (2.6/ m?), as
well as in the classes between 0.50 and 1.99% where
density ranged from only 0.6 to 1/m? (Table 26; Fig. 219).
Biomass was similarly distributed among the carbon
content classes. The lowest content class contained

nearly 28 g/m? and biomass values fell off markedly in
adjacent classes (Table 28; Fig. 219).

Frequency of occurrence of echinoids in the samples
was generally low, ranging between 6 and 34%, and
paralleled the trend exhibited by density and biomass
measures (Table 30).

Ophiuroidea—Ophiuroids formed a moderately small
but significant component of the New England benthos.
On the average they made up about 3% of the number
of animals and 2% of the biomass in the total
macrobenthos.

Two orders of ophiuroids (Euryalae—basketstars, and
Ophiurae—brittlestars) inhabit the study area. The
basketstars have a limited distribution within the region
and are relatively rare. Brittlestars, however, are widely
distributed and form the bulk of all ophiuroids in our
collections. They have the greatest diversity of species
of all echinoderm groups; more than a score of species
have been identified within the region.

The size of brittlestars in our samples ranged from
large specimens of Ophiomusium, with disc diameters of
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Figure 218
Density and biomass of Echinoidea in relation to the annual range of bottom
water temperature.

about 25 mm and arm lengths over 12 cm, to small
specimens of Amphipholis and Ophiura, with disc dia-
meters of less than 2 mm and arms 10 mm long.

The coloration exhibited by ophiuroids in our samples
was varied. Some genera, such as Ophiura and
Ophiomusium, were uniformly whitish or light gray. Oth-
ers were more colorful because of their mottled pat-
terns of contrasting hues, including dark red, pink,
brown, and orange. Among the more brightly colored
genera were Ophiopholis, Amphiura, and Ophioscolex.

Ophiuroids obtain their food by a variety of different
feeding methods; feeding types represented in our
samples were carnivores, detritus feeders, filter feeders,
and omnivores. A large share of the New England spe-
cies generally combines the ingestion of bottom mate-
rial with selective carnivorous feeding. The diet thereby
consists of detritus, diatoms, and other small-size foods,
as well as polychaete worms, crustaceans, bivalve mol-
lusks, and other similar types of organisms. Brittlestars,
in turn, are preyed upon by other echinoderms, but
most significantly by demersal fishes.

Ophiuroidea occurred in 487 samples (45% of the
total). Their density averaged 44.2/m? and their biom-
ass averaged 3.26 g/m? (Table 5).

Geographic Distribution

Brittlestars occurred over approximately three-fourths
of the study area (Fig. 220). Their average density over
most of their range was between 1 and 49 individuals/
m?. High densities (100 to 680/m?) were widespread
along the outer continental shelf south of Nantucket
Shoals. Brittlestars were absent from large portions of
central Georges Bank, Nantucket Shoals, and much of
the New York and New Jersey region.

Biomass distribution of ophiuroids tended to parallel
their density distribution. Moderate (1-10 g/m?) and
large (10-80 g/ m?) biomasses were widespread off
Southern New England on the outer continental shelf,
and in the eastern Gulf of Maine.

The average density of ophiuroids was moderate to
moderately high in all six standard geographic areas
(Table 6; Fig. 221). Highest average density (94/m?)





